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Catalogue Data in Spring Semester 2020

Agricultural Sciences Bachelor
 2. Semester

 First Year Examinations
Number Title Type ECTS Hours Lecturers

529-2002-02L Chemistry II O  5 credits 2V+2U J. Cvengros, J. E. E. Buschmann,
P. Funck, H. Grützmacher,
E. C. Meister, R. Verel

Abstract Chemistry II: Redox reactions, chemistry of the elements, introduction to organic chemistry
Objective General base for understanding of inorganic and organic chemistry.
Content 1. Redoxreactions


2. Inorganic Chemistry
Rules for nomenclature of inorganic compounds. Systematic description of the groups of elements in the periodical system and the most
important compounds of these elements. Formation of compounds as a consequence of the electronoc structure of the elements.

3. Introduction to organic chemistry
Description of the most important classes of compounds and of the functional groups. Principal reactivity of these functional groups.
Stereochemistry. 
Rection mechanisms: SN1- and SN2-reactions, electrophilic aromatic subtitutions, eliminations (E1 and E2), addition reactions (C=C and
C=O double bonds). Chemistry of carbony and carboxyl groups.

Lecture notes C.E.Housecroft, E.C.Constable, Chemistry, 4rd Edition, Pearson, Harlow (England), 2010 (ISBN 0-131-27567-4), Chap. 18-33
Literature Theodore L. Brown, H. Eugene LeMay, Bruce E. Bursten, CHEMIE. 14. Auflage, Pearson Studium, 2018.


D.W.Oxtoby, H.P.Gillis, N.H.Nachtrieb, PRINCIPLES OF MODERN CHEMISTRY, 8th Edition, Thomson, London, 2016.

401-0252-00L Mathematics II
as of 4 March 2020: The lecturer and many students are
in the lecture hall, but some students are absent. The
lecture is recorded.
as of 16 March 2020: The lecturer is alone in the lecture
hall, without the students.

O  7 credits 5V+2U A. Cannas da Silva

Abstract Continuation of the topics of Mathematics I. Main focus: multivariable calculus and partial differential equations.
Objective Mathematics is of ever increasing importance to the Natural Sciences and Engineering. The key is the so-called mathematical modelling

cycle, i.e. the translation of problems from outside of mathematics into mathematics, the study of the mathematical problems (often with the
help of high level mathematical software packages) and the interpretation of the results in the original environment.

The goal of Mathematics I and II is to provide the mathematical foundations relevant for this paradigm. Differential equations are by far the
most important tool for modelling and are therefore a main focus of both of these courses.

Content - Multivariable Differential Calculus:
functions of several variables, partial differentiation, curves and surfaces in space, scalar and vector fields, gradient, curl and divergence.

- Multivariable Integral Calculus:
multiple integrals, line and surface integrals, work and flow, Gauss and Stokes theorems, applications.

- Partial Differential Equations:
separation of variables, Fourier series, heat equation, wave equation, Laplace equation, Fourier transform.

Lecture notes See literature
Literature - Thomas, G. B.: Thomas' Calculus, Part 2, Pearson Addison-Wesley.

- Kreyszig, E.: Advanced Engineering Mathematics, John Wiley & Sons.
Prerequisites /
notice

Mathe-Lab (Assistance):
Mon 12:30-14:30 in room HIT K 51 (Hönggerberg campus); Tue 17-19 and Wed 17-19 in room HG E 41.

551-0002-00L General Biology II O  4 credits 4G U. Sauer, K. Bomblies, O. Y. Martin
Abstract Basics of biochemistry (macromolecules, membranes, cellular structures, metabolism), molecular genetics (gene expression and its

regulation; from gene to protein), and physiology of higher plants (structure, growth, development, nutrition, transport, reproduction)
Objective The understanding of basic concepts of molecular biology and physiology.
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Content How cells function at the level of molecules and higher structures.
Molecular processes during gene expression.
Plant physiology.

The following Campbell chapters will be covered:

Week 1-5: 
5    Biological macromolecules and lipids
7    Cell structure and function
8    Cell membranes
10    Respiration: introduction to metabolism
10    Cell respiration
11    Photosynthetic processes

Week 6-9: 
16    Nucleic acids and inheritance
17    Expression of genes
18    Control of gene expression
19    DNA Technology

Week 9-13: 
35    Plant Structure and Growth
36    Transport in vascular plants
37    Plant nutrition
38    Reproduction of flowering plants 
39    Plants signal and behavior

Lecture notes No script
Literature Campbell, Reece et al: "Biologie" (11th global edition); Pearson 2018.

751-0270-00L Systematics and Ecology of Alge and Fungi O  2 credits 2G M. Maurhofer Bringolf
Abstract Fundamentals of morphology, systematic and ecology of algae, fungi and lichens
Objective Basic knowledge in systematics and morphology of algae and fungi and on their significance in ecosystems based on practical examplesl

examples
Content Introduction into the systematics and ecology of Algae and Fungi. Development and life cycles in the natural and androgenic environment.


The course will provide knowledge on what characteristics common or different between groups are used a) for systematic classification
and b) to promote or suppress the organisms depending on the system (agroecosystem, aquatic ecosystems, food production systems,
medical systems). Examples from plant pathology, medicine, food production and use, biotechnology and marine/sweet water ecology will
be shown to demonstrate the significance of these organisms for humans and ecosystems.

Lecture notes German Script will be sold in the first lecture

751-0280-00L Crops in the World Food System O  2 credits 2V A. Walter, A. Lüscher
Abstract Crops in the World Food System presents selected crop species in the context of various cropping systems in Switzerland and the tropics

and depicts mutual relations. Common principles with respect to cultivation and to importance for the World Food System will be depicted
for these showcase species.

Objective This course will foster comprehension for the origin of our food and for basic principles, possibilities and limits of its production. Selected
showcase species will help strengthening the capability of students to analyse cropping systems and to appreciate cropping systems in the
context of ecological, economical and political boundary conditions.

Successful participation in this course will enable students to
a) know the most important arable crops of Switzerland. 
b) analyse cropping systems and relations between them in a global context.
c) understand the relevance of cropping systems in the context of ecological and economic boundary conditions of the World Food System.
d) comprehend the effects of the market (domestic and export-oriented) and of ecological and political boundary conditions on the intensity
and the procedure of cultivating certain crops

Content Die Veranstaltung gliedert sich in zwei Abschnitte, die von  Dozierenden aus dem jeweiligen Fachgebiet unterrichtet werden. 

Im ersten Abschnitt von acht oder neun Doppelstunden werden vor allem zentrale Kulturpflanzen der Schweiz und angrenzender Länder
behandelt. Ein besonderer Schwerpunkt wird dabei auf Weizen gelegt. Für die wichtigsten ackerbaulichen Kulturpflanzen werden zentrale
Aspekte der Produktion, aber auch der Nutzung und Qualitätskriterien der Produkte vorgestellt. Auch Weiterentwicklungsmöglichkeiten für
Anbau und Entwicklung neuer Sorten sowie Forschungsfelder werden angesprochen. Ferner werden ausgewählte tropische Nutzpflanzen
in für sie typischen Nutzungssystemen dargestellt. Bei allen Kulturpflanzen werden folgende Themen in unterschiedlicher Intensität
behandelt: Ihre Bedeutung im Ernährungssystem, daraus gewonnene Produkte, Botanik, Oekophysiologie, Anbautechnik, Züchtung sowie
ernährungsphysiologische Aspekte.

Im zweiten Abschnitt werden die Bedeutung der Wiesen und Weiden als Landnutzungsform und das Leitbild des Schweizerischen
Futterbaus vorgestellt. Morphologische Eigenschaften und Ansprüche der wichtigsten Gräser- und Leguminosenarten zur
Raufutterproduktion im gemässigten Klima werden dargestellt. Darauf aufbauend wird beispielhaft die Bewirtschaftung intensiv und
extensiv genutzter Wiesen behandelt und aufgezeigt wie sich diese unterschiedliche Bewirtschaftung auf die botanische
Zusammensetzung und die Leistungen der Wiese auswirkt.

751-0282-00L Animal Sciences in the World Food System O  2 credits 2V S. E. Ulbrich, S. Thanner
Abstract Species-specific behaviour and common housing system of several farm animal species and the food products of animal origin will be

introduced.
Objective In dieser Vorlesung wird der Bedeutung der landwirtschaftlichen Nutztiere in der Lebensmittelwertschöpfungskette nachgegangen. Dabei

lernen die Studierenden sowohl die physiologischen Grundlagen, Haltungsformen und Verbreitung verschiedener Nutztierarten im World
Food System sowie deren Produkte und Produktionsverfahren kennen. Kritisch hinterfragt werden insbesondere der nutritive Wert von
verschiedenen Lebensmitteln tierischer Herkunft, die ökonomische Beurteilung von Produktionsverfahren, die Diskussion um „Feed vs.
Fork“, ökologische Fussabdrücke von Nutztieren im Zusammenhang mit standortangepasster Nutzung, kulturelle Hintergründe sowie das
ethische Verständnis der Nutztierhaltung. Diese Spannungsfelder werden einzeln und verknüpft in Kontexte gestellt, um zu
Beurteilungsansätzen nachhaltiger Produktion zu gelangen. Die Studierenden werden lernen, Zusammenhänge und Zielkonflikte zu
verstehen und sich mit Fragen zur Sicherung der Welternährung auseinanderzusetzen, um zukünftige Entwicklungsmöglichkeiten von
Nutztieren in der Lebensmittelwertschöpfungskette einschätzen zu können.
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Literature Nutztiere in der Lebensmittelkette (Reinhard Fries, UTB Verlag)
Anatomie und Physiologie der Haustiere (Klaus Loeffler, UTB Verlag)
Krankheitsursache Haltung (Thomas Richter Hrsg., Enke Verlag)
Farbatlas Nutztierrassen (Hans Hinrich Sambraus, Ulmer Verlag)
Domestic Animal Behaviour (Katherine A. Houpt, Wiley-Blackwell)
Lebensmittel-Warenkunde für Einsteiger (Rimbach et al., Springer, Berlin 2010)

751-0014-00L Agricultural Economics in the World Food System O  2 credits 2V D. J. Wüpper
Abstract Die Veranstaltung vertieft Grundlagenwissen und präsentiert Anwendungen im Feld der Ökonomie des Agrar- und Ernährungssektors. Die

adressierten Fragestellungen umfassen einzelbetriebliche Entscheidungen, Analysen von Märkten sowie agrarpolitische Aspekte.
Objective Studenten sollen am Ende der Vorlesung Fragestellungen und Probleme im Bereich der Agrar- und Ernährungswirtschaft mittels

ökonomischer Konzepte analysieren können. Dabei stehen Ihnen betriebs- und volkswirtschaftliche Instrumente zur Verfügung.
Content Anhand von Fallstudien in Europa und Entwicklungsländern werden verschiedene Konzepte vermittelt. Dabei stehen folgende Themen im

Vordergrund: i) Produktionsentscheidungen landwirtschaftlicher Betriebe, die Ökonomie des Agribusiness, Agrarpolitik, Agrarmärkte,
Landwirtschaftliche Systeme  in Entwicklungsländern

Lecture notes Vorlesungsunterlagen werden im Laufe des Semesters zur Verfügung gestellt

851-0708-00L Introduction to Law
Introduction to Law as GESS Compulsory Elective
Course:
Students who have attended or will attend the lecture
"Introduction to Law for Architecture" (851-0703-01L),
"Introduction to Law for Civil Engineering"  (851-0703-03L)
or " Introduction to Law" (851-0703-00) , cannot register
for this course unit. 

Particularly suitable for students of D-HEST, D-MAVT, D-
MATL, D-USYS.

O  2 credits 2V A. Stremitzer

Abstract This class introduces students to basic features of the legal system. Questions of constitutional and administrative law, contract law, tort
law, corporate law, intellectual property law, as well as procedural law are covered.

Objective Introduction to fundamental questions of public and private law which serves as a foundation for more advanced law classes.
Content 1. Öffentliches Recht

Staatsrecht: Funktion und Quellen des Rechts, Aufbau und Organisation des Staates, Grundrechte, Grundzüge des Völker- und
Europarechts. Verwaltungsrecht: Verwaltungsverhältnis, Verfügung, Verwaltungsorganisation, Durchsetzung des Verwaltungsrechts,
Verwaltungsverfahrensrecht, Grundzüge des Polizei-, Umwelt- und Raumplanungsrechts.

2. Privatrecht
Vertragsrecht: Vertragsfreiheit, Vertragsentstehung, -erfüllung und -verletzung, Grundzüge des Kauf- und Mietvertrags. Haftungsrecht:
Verschuldenshaftung und Kausalhaftung, Beschränkung der Haftung. Grundzüge des Gesellschafts,- Immaterialgüter- und
Zivilprozessrechts.

Literature Weiterführende Informationen sind auf der Moodle-Lernumgebung zur Vorlesung erhältlich (s.
http://www.ip.ethz.ch/education/grundzuege).

 Field Trips
Number Title Type ECTS Hours Lecturers

751-0304-00L Excursions in the World Food System
Only for studients from Agricultural Science BSc and Food
Science BSc (2nd Semester).

O 1 credit 2P B. Dorn, H. Adelmann

Abstract Auf den «Exkursionen im World Food System» erweitern und vertiefen die Studierenden der Agrar- und Lebensmittelwissenschaften
Vorlesungsinhalte der ersten beiden Studiensemester und setzen sie in Bezug zur Praxis entlang der
Nahrungsmittelwertschöpfungsketten.

Objective Die Studierenden 
- erweitern und vertiefen Themen aus den Vorlesungen «World Food System», «Kulturpflanzen im World Food System»,
«Nutztierwissenschaften im World Food System», «Agrarökonomie im World Food System» sowie «Diversität der Algen und Pilze» in der
Praxis
- erarbeiten sich anhand von Vorbereitungsmaterialien vor der Exkursion selbständig Wissen zu einem gegebenen Exkursionsthema 
- formulieren Fragen an die Exkursionsleitung und Exkursionsbeteiligten und diskutieren diese mit ihnen und untereinander
- geben Feedback zu den besuchten Exkursionen

Content Es werden mehrere eintägige Exkursionen angeboten, welche verschiedene Themenbiete der Studiengänge Agrar- und
Lebensmittelwissenschaften abdecken. Für jede Exkursion sind themenspezifische Lernziele formuliert.

Lecture notes Exkursionsbeschreibungen und Vorbereitungsmaterial für die Exkursionen finden sich auf der Moodle Lehr-Plattform.
Prerequisites /
notice

Die Anmeldung zu den Exkursionen erfolgt gemäss separater Ausschreibung im Dezember 2019.

 Basic Courses II: Examination Block
Number Title Type ECTS Hours Lecturers

402-0062-00L Physics I O  5 credits 3V+1U A. Vaterlaus
Abstract Introduction to the concepts and tools in physics with the help of demonstration experiments:  mechanics of point-like and rigid bodies,

elasticity theory, elements of hydrostatics and hydrodynamics, periodic motion and mechanical waves, electricity and magnetism.
Whenever possible, examples relevant to the students' main field of study are given.

Objective Introduction to the scientific methodology. The student should develop his/her capability to turn physical observations into mathematical
models, and to solve them.

Lecture notes A script will be distributed
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Literature Friedhelm Kuypers
Physik für Ingenieure und Naturwissenschaftler
Band 1: Mechanik und Thermodynamik
Wiley-VCH Verlag, 2012, 448 S, ca.: Fr. 30.-

Douglas C. Giancoli
Physik
Pearson Studium

Paul A. Tipler
Physik
Spektrum Akademischer Verlag, 1998

David Halliday     Robert Resnick     Jearl Walker
Physik
Wiley-VCH, 2003

dazu gratis Online Ressourcen (z.B. Simulationen): www.halliday.de

 Agricultural Sciences Basic Courses
Number Title Type ECTS Hours Lecturers

751-8001-00L Agricultural Production Systems O  2 credits 2V T. Anken, M. Sax
Abstract Der Weg „Vom Gras zur Milch“ und „Vom Korn zum Ei, Poulet oder Steak“ wird von Feld bis Stall durch zahlreiche Produktionsschritte und

Verfahren bewältigt. Dabei stehen die Bodenbearbeitung, Futterernte und Futterqualität sowie die Tierhaltung in einem sehr engen
ökonomischen und ökologischen Zusammenhang.

Objective Die Studierenden sollen die wichtigsten agrartechnischen Produktionstechniken und –verfahren in der Aussen- und Innenwirtschaft kennen
lernen sowie deren praktischen Einsatz planen und beurteilen können. Die vermittelten fundierten Kenntnisse helfen den Studierenden, die
ökonomischen und ökologischen Auswirkungen von den aufgezeigten Techniken und Verfahren darzustellen.

Content Vom Gras zur Milch 
1. Grünfutterernte 
2. Hofdünger- und Mineraldüngertechnik
3. Silier- und Heulagertechnik 
4. Fütterungsstrategien Milchvieh 
5. Aufstallungssysteme Milchvieh 
6. Einstreu- und Entmistungssysteme

Vom Korn zum Ei, Poulet oder Steak
7. Bodenbearbeitung und Bestellung 
8. Leistung und Energiebedarf von Traktoren 
9. Pflanzenschutz und Erntetechnik 
10. Aufstallungs- und Fütterungssysteme Schweine und Federvieh 
11. Digitale Technologien und Datenmanagement in der Aussenwirtschaft
12. Digitale Technologien und Datenmanagement in der Innenwirtschaft (Nutztierhaltung)

751-5000-00L Sustainable Agroecosystems I O  2 credits 2G J. Six, M. Hartmann, A. Hofmann,
C. Schöb

Abstract This lecture with integrated exercises and farm visit introduces the factors, processes and interactions that control the functioning of
temperate and tropical agroecosystems. Students will be guided to critically examine agricultural practices and management strategies to
increase resource use efficiency, while minimizing negative impacts on the environment and ensuring socio-economic viability.

Objective Students critically analyze concepts of sustainable agriculture.
Literature Gliessman, S.R. (2015) Agroecology: The ecology of sustainable food systems, CRC Press, 371 p.
Prerequisites /
notice

The integrated exercises allow students to put their knowledge into practice in a greenhouse experiment, the "Complex vegetable system
challenge".

 Agricultural Sciences Disciplines
 Agricultural Economics

Number Title Type ECTS Hours Lecturers

751-2312-00L Agricultural Policy O  3 credits 2V R. Huber
Abstract In dieser Vorlesung werden die Grundlagen einer rationalen Agrarpolitik vermittelt. Anhand von aktuellen Beispielen aus der nationalen und

internationalen Agrarpolitik werden Zusammenhänge zwischen Märkten und Politikmassnahmen illustriert und wohlfahrtsökonomische
Grundlagen zur Beurteilung dieser Massnahmen vorgestellt.

Objective Die Studierenden kennen die ökonomischen und politischen Grundkonzepte der Agrarpolitik und deren konkrete Umsetzung in der
Schweiz. Sie kennen die Wirkungsweise von agrarpolitischen Massnahmen und Instrumenten, können diese kritisch beurteilen und auf
unterschiedliche Fragestellungen anwenden.

Content Einleitung und historischer Entwicklung; Ziele und Zielsysteme der Agrarpolitik; Grundzüge der Wohlfahrtstheorie;  Instrumente der
Agrarpolitik (Markt- und Preispolitik; Agrarstrukturpolitik; Agrarumweltpolitik; Agrarsozialpolitik); aktuelle Agrarpolitik in der Schweiz,
Grundzüge der neuen politischen Ökonomie

751-1101-10L Finances and Accounting System W 2 credits 2G C. Müller
Abstract To understand accounting and calculation of costs.
Objective Ability to keep accounts and calculate costs
Content The course includes the steps of establishing and evaluation of financial accounting, including balance sheet, income statement and

double-entry accounting. Furthermore, cash flow statement and financial ratios are discussed. Finally, management accounting including
cost accounting and cost-performance analysis are presented. The course includes exercises.

Lecture notes script in German
Literature Meyer, C., 2012, Betriebswirtschaftliches Rechnungswesen, 3. Überarbeitete Auflage, Schulthess, Zürich.

751-1304-00L Management for Enterprises in the Agri-Food-Chain W+ 2 credits 2V M. Weber
Abstract Introduction of basics for the management of institutions, particularly companies, with regard to institutional and personal aspects.
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Objective Am Ende der Vorlesung sollen die Studierenden

- über einen Orientierungsrahmen (Landkarte zur Orientierung) verfügen, der ihnen erlaubt,
die wichtigen Fragestellungen im Zusammenhang mit dem Management von Institutionen einzuordnen, ihr Denken und Vorgehen zu
strukturieren sowie sich mit anderen in einer gemeinsamen Sprache darüber auszutauschen.

- die wichtigsten Management-Ansätze aus der Geschichte kennen.

- die wichtigsten Grundsätze, Aufgaben und Werkzeuge der personalen Führungstätigkeit in Institutionen kennen.

Content Die Vorlesung geht auf folgende Inhalte ein:

Im Zentrum steht der institutionelle Aspekt des Managements von Institutionen, insbesondere Unternehmen. Dabei wird ein Management-
Modell behandelt, welches die Analyse- und Handlungsfähigkeit der Anwender im Kontext von unternehmerischen Fragestellungen
erweitern hilft (Orientierungshilfe). Dabei geht es immer um die Unterstützung von Entscheidungen bei der Gestaltung, Lenkung und
Entwicklung von komplexen Systemen, z.B. Unternehmen.

Im weiteren werden die wichtigsten Management-Ansätze in kurzer Form behandelt. Zudem wird im Sinne eines kurzen Überblicks auch
auf die personalen Aspekte des Managements eingegangen (Grundsätze, Aufgaben, Werkzeuge).

Lecture notes Die in der Vorlesung behandelten Darstellungen und Fallbeispiele werden den Studierenden in elektronischer Form zu Verfügung gestellt.

Zusätzlich zu den Unterlagen werden die Inhalte des Buches "Das neue St. Galler Management-Modell" von J. Rüegg-Stürm behandelt.

Literature Johannes Rüegg-Stürm (2003): "Das neue St. Galler Management-Modell. Grundkategorien einer integrierten Managementlehre. Der
HSG-Ansatz." Haupt, Bern.

751-1560-00L Production, Investment and Risk Management in
Agriculture

W+  3 credits 2V R. Finger

Abstract Vertiefung und Anwendung von betriebswirtschaftlichem Konzepten, Analyse- und Planungsinstrumenten sowie Aspekten des
Risikomanagements in Unternehmen der Agrar- und Ernährungswirtschaft

Objective Studenten sollen am Ende der Vorlesung i) grundlegende Unternehmensentscheide selbstständig strukturieren können, ii) verschiedene
Methoden und Instrumente auf Fragestellungen der Produktionsplanung, Investition und Finanzierung sowie der Risikoanalyse und des
Risikomanagements anwenden können, iii) über verschieden Werkzeuge zur unternehmerischen  Entscheidungsunterstützung verfügen
und dabei insbesondere die Umsetzung mit relevanter Software (z.B. Tabellenkalkulationsprogrammen) beherrschen.

Content Die Vorlesung geht auf folgende Inhalte, mit spezifischen Anwendungen im Agrar- und Ernährungssektors ein:

Produktionstheorie & Produktionsprogrammplanung
Integrierte Planung von Investition & Finanzierung 
Risikoanalyse & Risikomanagement im Unternehmen 

Die Veranstaltung kombiniert Vorlesungen, die eigenständige Aufarbeitung von Inhalten, Übungsblöcke und Anwendungen in relevanter
Software

Lecture notes Vorlesungsunterlagen werden im Laufe des Semesters zur Verfügung gestellt
Literature Musshoff, O. und Hirschauer, N. (2016). Modernes Agrarmanagement: Betriebswirtschaftliche Analyse- und Planungsverfahren. 4.

Auflage. Vahlen http://www.vahlen.de/productview.aspx?product=16441820 

Debertin, D. L. (2012). Agricultural production economics. University of Kentucky. http://uknowledge.uky.edu/agecon_textbooks/1/

751-1500-00L Development Economics W+  3 credits 2V I. Günther, K. Harttgen
Abstract Introduction into basic theoretical and empirical aspects of economic development. Prescriptive theory of economic policy for poverty

reduction.
Objective The goal of this lecture is to introduce students to basic development economics and related economic and developmental contexts.
Content The course begins with a theoretical and empirical introduction to the concepts of poverty reduction and issues of combating

socioeconomic inequality. Based on this, important external and internal drivers of economic development and poverty reduction are
discussed as well as economic and development policies to overcome global poverty. In particular, the following topics are discussed:

- measurement of development, poverty and inequality, 
- growth theories
- trade and development
- education, health, population and development
- states and institutions
- fiscal,monetary- and exchange rate policies

Lecture notes None.
Literature Günther, Harttgen und Michaelowa (2020): Einführung in die Entwicklungsökonomik.
Prerequisites /
notice

Voraussetzungen: 
Grundlagenkenntisse der Mikro- und Makroökonomie. 

Besonderes:
Die Veranstaltung besteht aus einem Vorlesungsteil, aus eigener Literatur- und Recherchearbeit sowie der Bearbeitung von
Aufgabenblättern. 

Die Vorlesung basiert auf: Günther, Harttgen und Michaelowa (2019): Einführung in die Entwicklungsökonomik. Einzelne Kapitel müssen
jeweils vor den Veranstaltungen gelesen werden. In den Veranstaltungen wird das Gelesene diskutiert und angewendet. Auch werden
offene Fragen der Kapitel und Übungen besprochen.

751-1552-00L Agrarian Resource and Environmental Economics W+  2 credits 2V W. Hediger
Abstract Theoretical, formal and methodological foundations for the economic analysis of actual problems of environmental and natural resource

use in agriculture and the evaluation of related policy measures (issues of optimal land and water allocation, optimal forest management,
methods of environmental valuation, economics of nature conservation, treatment of uncertainty and irreversibility).

Objective At the end of the course, the students are able to use economic principles (theory and methods) to critically analyze and discuss actual
issues and problems of agricultural resource and environmental and policy appraisal  in particular in the domain of land and water use  and
to provide a problem adequate and economically sound argumentation.

Content Principles of economic efficiency and optimal resource allocation; Valuation and use of land and water; Multifunctionality; Economics of
forestry; Environmental valuation; economics of nature conservation; Irreversibility, risk and uncertainty.

Lecture notes no script
(Handouts to the course will be made available on Moodle, timely in advance).
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Literature - Textbook: Perman, Ma, Common, Maddison, McGilvray: Natural Resource and Environmental Economics, 4th edition. Pearson, Harlow,
2011 (selected chapters).
- Distribution of complementary literature during the course.

Prerequisites /
notice

Knowledge of the basics of resource and environmental economics (LV 751-1551-00L or equivalent) is a prerequisite; principles of
microeconomics (LV 751-0901-00 or equivalent) are recommended); willingness to investigate in formal analyses is expected.

363-0570-00L Principles of Econometrics
Prerequisites: previous knowledge in economics.

W+  3 credits 2G J.-E. Sturm, A. Beerli

Abstract This course introduces the fundamentals of econometrics. We cover simple and multiple regression analysis using different data formats.
An emphasis is on hypothesis testing, interpretation of regression results, and understanding threats to the causal interpretation of
relationships in the data.

Objective The course targets both the theoretical understanding as well as the application of basic econometric methods to real world problems. 
 
The educational objective of this course is that, after completion, students should be able to: 
1. understand different forms of data (cross-sectional, panel, time-series) and their strengths and weaknesses for answering different
research questions. 
2. understand how to translate questions about economic policy issues and human behaviour into research hypotheses that can be tested
with data. 
3. apply their theoretical knowledge about econometrics to concrete examples based on the knowledge they acquired in tutorial sessions
using the statistical software package STATA and interpret estimation results. 
4. name and identify potential threats for causal interpretations of relationships in the data and explain whether (and how) they can be
addressed.

Content The term “econometrics” stands for the application of specific statistical methods to the field of economics. Econometrics aims at providing
empirical evidence using observational data that can be used to learn about the real-world existence of specific relationships postulated in
economic theories. Typical research questions that economists analyse by using econometric methods include for instance: Do minimum
wages reduce employment? Does a gender wage gap exist and how large is it? Does foreign aid affect economic growth? How do interest
rate changes influence exports? Is there an effect of economic outcomes on politicians’ chances to get re-elected?  

Starting from simple regression analysis, the course introduces the statistical framework that is used in econometrics to answer such
empirical research questions. A major focus is on understanding and mastering methods of hypothesis testing using multiple regressions.  
The lecture discusses different issues regarding assumptions, interpretation, and inference in multiple linear regression models. Among
others, the course addresses the following questions: How well or badly does the applied model fit the observed facts? How large is the
estimate of the effects of one variable on another and how reliable is the estimate? Can the model be used to predict the specific variable
of interest and how precise is that prediction? What are the crucial assumptions of the estimation strategy used, (how) can they be tested,
and does the estimated relationship represent a causal effect?  

The course lectures introduce the methods and computer tutorials give the students the opportunity to apply and deepen their knowledge
using the software package STATA.

Literature Wooldridge, Jeffrey M. (2018) Introductory Econometrics : A Modern Approach. Seventh ed. ISBN: 978-1-337-55886-0 [access to relevant
chapters will be provided]

Prerequisites /
notice

This course is intended for students interested in econometrics who have already taken an introductory course in economics (e.g., the
course "Principles of Macroeconomics"). Knowledge of the statistical software STATA is no prerequisite and will be acquired during the
course.

752-2121-00L Consumer Behaviour II W+  2 credits 2G M. Siegrist, J. Ammann
Abstract This course examines important concepts and theories in order to describe and to explain consumer behavior. The focus is on decision

making processes, influencing consumer behavior, consumer research, and market segmentation. Selected topics are explained in some
depth.

Objective This course examines important concepts and theories in order to describe and to explain consumer behavior. The course Consumer
Behavior I provides an overview, whereas in this course selected topics are explained and discussed in some depth. The focus is on
decision making processes, influencing consumer behavior, consumer research, and market segmentation.

 Plant Sciences
Number Title Type ECTS Hours Lecturers

751-4513-00L Crop Health: Plant Pathology O 1 credit 1V B. McDonald
Abstract Plant Pathology topics: plant diseases in agroecosystems, categories of pathogens, pathogen life histories, pathogen attack and plant

defense, gene-for-gene systems, and disease control strategies.
Objective Gain an understanding of the causes and consequences of plant diseases in agroecosystems. 
Content Plant pathology and human affairs, A short history of plant pathology. Koch's Postulates. Abiotic diseases. Categories of infectious agents.

Pathogen life cycles and disease cycles. Disease development. Plant resistance mechanisms. Genetics of plant resistance. Epidemiology
and disease forecasting. Control strategies: exclusion and quarantines, sanitation, crop rotation, biocontrol, genetic resistance. Fungicides
and risk assessment. Genetic engineering of resistance. Integrated management strategies.

Lecture notes Lecture notes will be available for purchase at the cost of reproduction.
Literature Agrios, G.N. 2005. Plant Pathology, 5. Edition, Academic Press, Inc.


Lucas, J.A. 1998. Plant Pathology and Plant Pathogens. 3. Edition, Blackwell Science. pp. 274

751-4107-00L Production of Crops and Forage, Including Aspects of
Herbology and Plant Taxonomy

O 4 credits 4G A. Walter, U. J. Haas, S. Hassold,
V. Klaus, A. Lüscher, W. Richner,
B. Streit

Abstract This lecture provides an introduction into crop and forage sciences. Aspects of sustainable production, interaction with and control of
weeds will be topics as well as an introduction to the wide diversity of local plants and their groups in general. Scientific and application-
related literature will be discussed; excursions provide an in-depth-learning experience.

Objective Die Studierenden kennen die grundlegenden Prozesse und Bewirtschaftungsmethoden des Acker- und Futterbaus in der Schweiz und in
Mitteleuropa. Die Studierenden können den Einfluss von Umweltfaktoren und Bewirtschaftung nicht nur auf Einzelpflanzen, sondern auch
auf Wiesen- und Weidebestände und auf ihre Erträge beurteilen. Sie kennen darüber hinaus die wichtigsten Unkräuter und sind über
Wirkungsmechanismen und Konsequenzen verschiedener Verfahren zur Kontrolle der Unkräuter informiert. Die wichtigsten
Pflanzenfamilien des schweizerischen Mittellandes sind den Studierenden bekannt und können von ihnen im Feld erkannt werden. Sie
können mit Hilfe eines Bestimmungsschlüssels einige Familien, Gattungen und Arten selbständig identifizieren und lernen, wie man sich
dank systematischer Botanik Artenkenntnisse selbst aneignen kann. Sie verstehen die Relevanz von Fruchtfolgemassnahmen und können
Empfehlungen zur Etablierung von Landbewirtschaftungsmethoden geben. Den Studierenden sind nachhaltige, klimaneutrale und die
Biodiversität erhaltende oder fördernde Bewirtschaftungsmassnahmen bekannt, und sie verstehen den Wert einer artenreichen Vegetation
für die Bereitstellung von Ökosystemdienstleistungen. Sie können sowohl mit praxisnaher als auch mit wissenschaftlicher Literatur dieses
Fachgebietes umgehen und die darin enthaltene Information analysieren, kritisch reflektieren und ihre Meinung dazu angemessen
schriftlich auf Deutsch zum Ausdruck bringen.
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Content Die Vorlesung ist in vier grosse inhaltliche Abschnitte untergliedert. Dies sind die Abschnitte Ackerbau, Futterbau, Herbologie und
systematische Botanik. Diese Abschnitte werden durch unterschiedliche Dozierende unterrichtet. Während zweier obligatorischer
Exkursionen sowie durch Literaturarbeit werden die Inhalte vertieft. Zudem werden Verbindungen zwischen den einzelnen Aspekten
aufgezeigt.
Der Teil ‘Ackerbau’ befasst sich mit grundlegenden Schritten des ackerbaulichen Feldmanagements wie Bodenbearbeitung, Aussaat und
Pflanzenpflege. Einwirkungen auf die Bodenstruktur, unterschiedliche Bearbeitungsmassnahmen für unterschiedliche Kulturen sowie
Unterschiede in der Intensität des Eingriffes im Vergleich einer konventionellen und einer bodenschonenden Bearbeitung (z.B. Direktsaat)
werden erklärt. Ebenso werden die wichtigsten Unterschiede konventioneller, integrierter und biologischer Produktion angesprochen. Ein
besonderer Schwerpunkt liegt auf der Etablierung von Fruchtfolgen unter Berücksichtigung der betrieblichen Gegebenheiten. Die
Vorlesung bezieht sowohl wissenschaftliche Literatur als auch anwendungsnahe Publikationen ein; letztere werden mit den Studierenden
im Hinblick auf acker- und futterbauliche Anwendung intensiver diskutiert. 
Im Teil ‘Futterbau’ werden die verschiedenen Typen des Futterbaus und die wichtigsten Mischungen, aber auch natürliche
Pflanzengemeinschaften in Mitteleuropa vorgestellt (Bestandesbeurteilung). Basierend auf der Ökophysiologie von Einzelpflanzen wird die
Ökophysiologie von Pflanzenbeständen erarbeitet. Es werden verschiedene Arten der Bewirtschaftung vorgestellt (z. B. Bestandeslenkung
durch Düngung, Beweidung, Schnitttermine, etc.) und ihre Auswirkungen auf die Bestandeszusammensetzung und auf die Erträge
diskutiert. Feedback-Mechanismen zwischen Umwelt und Futterbausystemen werden angesprochen. Die Rolle von Biodiversität von
Graslandsystemen wird thematisiert. 
Der Teil ‘Herbologie’ vermittelt Grundkenntnisse über Biologie und Ökologie der Unkräuter, Unkraut-Kulturpflanzen-Interaktionen sowie
Prinzipien chemischer, physikalischer und biologische Unkrautkontrolle. Weiter werden Mechanismen des gezielten Unkrautmanagements
in unterschiedlichen Anbausystemen und Kulturen erläutert.
Im Teil ‘’Systematische Botanik’ werden die bedeutendsten Pflanzenfamilien, welche für den Pflanzenbau wichtig sind, systematisch
vorgestellt und anhand von Pflanzenmaterial anschaulich erklärt. Der systematische Ansatz steht im Zentrum dieser Vorlesung und dient
als elementares Element zum selbständigen Bestimmen und Aneignen von Artenkenntnissen. Als Grundlage dazu werden auch die
wichtigen morphologischen Begriffe zum Benennen von pflanzlichen Organen vorgestellt und angewendet. Darüber hinaus hilft ein
Überblick zur Systematik der Pflanzen beim Einordnen der behandelten Pflanzenfamilien.

Lecture notes Kein Skript
Literature Handouts werden elektronisch zur Verfügung gestellt.


Teil Systematische Botanik: für einen vertieften und detaillierteren Einblick in die systematische Botanik der Schweiz wird das Buch
„Botanische Systematik – Einheimische Farn- und Samenpflanzen“ von M. Baltisberger et al., 4. Auflage, 2013 empfohlen.

Prerequisites /
notice

Die Veranstaltung baut auf der Ökophysiologie-Vorlesung und anderen Veranstaltungen des 3. Semesters auf. Sie bereitet u.a. die
Vorlesung Graslandsysteme vor. Der Vorlesungs-Teil Systematische Botanik baut auf den Grundlagen der Biologievorlesungen der ersten
beiden Semester auf. Dieser Teil der Veranstaltung kann als Vorbereitung für Wahlfächer im Bereich Systematischer Botanik dienen (701-
0362-00L, 701-0314-00L, 701-0314-01L, 701-0264-01L).

751-4514-00L Crop Health: Entomology O 2 credits 2G C. De Moraes, M. Greeff
Abstract This course entails lectures, a practicum and outdoor excursions, which provide an overview of the diversity of insects and related

arthropod groups. Students will learn to identify insects and make inferences about their behavior, ecology, and agricultural relevance.
Objective Students completing this course will become familiar with the morphology, physiology, and behavior of insects and other agriculturally

relevant arthropod groups. Practical training will provide hands-on experience in identifying insects at different developmental stages.
Students will collect samples and apply their knowledge during excursions to nearby habitats.

Content Diversity of insects and related arthropod groups. Principles of insect physiology, morphology, and behavior. Insect interactions with plants
and other animals, i.e. as pollinators, herbivores, predators, and disease vectors. Special focus on the role of insects in agricultural
ecosystems.

Lecture notes Lecture notes will be provided on the Moodle platform.
Literature Suggestions for further reading will be provided.

751-4002-00L Grassland Systems W+  2 credits 2G N. Buchmann
Abstract This course focuses on grasslands globally and their respective properties. Spatial distribution, vegetation composition, soils,  management

and productivity as well as the impact of fire, invasion or over-exploitation will be discussed.
Objective The students will know important grassland systems globally as well as their ecological characteristics. They will be able to evaluate the

various impacts on yields and biogeochemical cycles in grassland systems in different climates. Furthermore, they will be able to
independently work with scientific literature, summarize scientific argumentation/Interpretation in writing and with oral presentations in
class.

Content In diesem Kurs werden Grasländer weltweit betrachtet und ihre Besonderheiten, v. a. in der Artenzusammensetzung, den Stoffumsätzen
und ihrer Bewirtschaftung, im Vergleich zu Schweizer Grasländern erarbeitet. Faktoren wie Feuer, invasive Arten, Übernutzung,
Extensivierung und Intensivierung werden besprochen. Auswirkungen von globalem Wandel, d. h., Änderungen im Klima und in der
Landnutzung, auf Grasländer und ihre Erträge sowie Auswirkungen internationaler Verträge (Kyoto-Protokoll, Biodiversitätskonvention,
Desertifikationskonvention) werden diskutiert.

Lecture notes Handouts stehen online.
Prerequisites /
notice

Dieser Kurs basiert auf den Kursen "Öko- und Ertragsphysiologie" und "Crop Science: Teil Futterbau". Er bildet die Basis für den ebenfalls
systemorientierten Kurs "Biogeochemistry and Sustainable Management" im Master.

751-4505-00L Plant Pathology II W+  2 credits 2G B. McDonald
Abstract Plant Pathology II focuses on disease control in agroecosystems based on biological control, pesticide applications and breeding of

resistant crop cultivars. The genetics of pathogen-plant interactions will be explored in detail as a basis for understanding the development
of boom-and-bust cycles and methods that may be used to prevent the evolution of pathogen virulence and fungicide resistance.

Objective An understanding of the how biological control, pesticides and plant breeding can be used to achieve sustainable disease control.  An
understanding of the genetic basis of pathogen-plant interactions and appropriate methods for using resistance to control diseases in
agroecosystems.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 8 of 1785

Content Plant Pathology II will focus on disease control in agroecosystems based on biological control, pesticide applications and breeding of
resistant crop cultivars. The genetics of pathogen-plant interactions will be explored in detail as a basis for understanding the development
of boom-and-bust cycles and methods that may be used to prevent the evolution of pathogen virulence and fungicide resistance.

Lecture Topics and Tentative Schedule

Week 1     Biological control: biofumigation, disease declines, suppressive soils. 

Week 2     Biological control: competitive exclusion, hyperparasitism.  

Week 3    Chemical control: History of fungicides in Europe, fungicide properties, application methods. 
 
Week 4     Fungicide categories and modes of action, antibiotics, fungicide development, fungicide safety and risk assessment (human
health). 

Week 5    Resistance to fungicides. Genetics of fungicide resistance, ABC transporters, risk assessment, fitness costs. FRAC risk
assessment model vs. population genetic risk assessment model. 

Week 6     Genetics of pathogen-plant interaction:  genetics of pathogens, genetics of plant resistance, major gene and quantitative
resistance, acquired resistance. Flor's GFG hypothesis and the quadratic check, the receptor and elicitor model of GFG, the guard model of
GFG. 

Week 7    Resistance gene structure and genome distribution, conservation of LRR motifs across eukaryotes. Genetic basis of quantitative
resistance.  QTLs and QRLs. Connections between MGR and QR.  Durability of QR. 

Week 8    Genetic resistance: Costs, benefits and risks. 

Week 9    Non-host resistance. Types of NHR. NHR in Arabidopsis with powdery mildews.  NHR in maize and rice. Avirulence genes and
pathogen elicitors. PAMPs, effectors, type-III secretion systems, harpins in bacteria.  Fungal avirulence genes.

Week 10     Easter holiday no class. 

Week 11     Sechselauten holiday no class.

Week 12     Host-specific toxins. GFG for toxins and connection to apoptosis. Fitness costs of virulence alleles. Diversifying selection in
NIP1. 

Week 13    Boom and bust cycles for resistance genes and fungicides and coevolutionary processes. Pathogen genetic structure and
evolutionary potential. Genetic structure of pathogen populations in agroecosystems, risk assessment for pathogen evolution and breeding
strategies for durable resistance.

Week 14     Resistance gene and fungicide deployment strategies for agroecosystems.

Week 15    Genetic engineering approaches to achieve disease resistant crops.
Lecture notes Lecture notes will be available for purchase at the cost of reproduction.
Literature Lecture notes will be available for purchase at the cost of reproduction.
Prerequisites /
notice

Plant Pathology I provides a good preparation for Plant Pathology II, but is not a prerequisite for this course.

751-3402-00L Plant Nutrition II - Integrated Nutrient Management
Only for Students in BSc/MSc Agricultural Sciences and
Students in MSc Environmental or Food Sciences. 
Number of participants limited to 40.

W+  2 credits 2V A. Oberson Dräyer

Abstract Teaching knowledge on nutrient fluxes in agroecosystems so as to maximize nutrient use efficiency by crops and minimize losses to the
environment while providing optimal nutrient supply to crops. Methods to establish nutrient budgets are presented. Nutrient input and
output variables (e.g. losses by various pathways) are treated and their optimal management presented.

Objective At the end of the lecture the students can establish nutrient budgets, can critically evaluate agricultural systems as source of elements for
the environment and can propose agricultural practices that limit these losses while maximizing nutrient use efficiency and optimizing
nutrient supply to crops.

Content This course provides understanding of integrated nutrient management in agro-ecosystems so as to maximize nutrient use efficiency by
crops while minimizing nutrient losses to the environment at optimal nutrient supply to the crop. The characteristics of input and output
variables will be treated. These variables encompass organic (e.g. animal manure, plant residues, recycled organic wastes) and mineral
fertilizers (e.g. minerals and products from recycling), symbiotic nitrogen fixation, nutrient deposition and pathways of nutrient losses.
Measures to mitigate nutrient losses to the environment will be presented. Different methods will be taught so as to calculate nutrient
budgets at various levels of the agro-ecosystem. Using case studies on nutrient rich and nutrient poor agro-ecosystems, strategies for an
optimal nutrient management will be discussed that integrate attributes of soils, plants and fertilizers.

In particular the treatment of case studies results in interactive lectures. Exercises done outside the classes help to foster the matter.
Finally, they work on a focal topic of their interest. This is either i) the analysis and presentation of a paper, or ii) the analysis of the nutrient
status of a farm by the means of nutrient budgeting and the development of integrated fertilization system including a modified scenario of
that farm. In either case, they work in groups and present the outcome in an oral presentation (including peer feedback) of in a short written
report.

751-3500-00L Plant Breeding W+  2 credits 2V A. Hund, R. Kölliker
Abstract The course «Pflanzenzüchtung» builds on the knowledge acquired in the course “Agrargenetik”. It conveys the basics of the most important

breeding aims, the legal framework for plant breeding, sources of genetic variation, as well as variety types and breeding methods. Besides
the classic methods, modern approaches like precision phenotyping, genomic selection and genome editing will be introduced.
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Objective Das Hauptziel der Vorlesung ist, Sie mit den Grundlagen der Pflanzenzüchtung vertraut zu machen und Ihnen das nötige Wissen zu
vermitteln, um die meist kontrovers diskutierte Themen rund um die moderne Pflanzenzüchtung besser einschätzen und diskutieren zu
können. Dabei ist es besonders wichtig, dass Sie sowohl die Geschichte der Pflanzenzüchtung als auch die Rechtlichen
Rahmenbedingungen und die biologisch-technischen Grundlagen kennen. 
Im Kurs werden dazu folgende Lernziele vermittelt:
-    Sie kennen die wichtigsten Meilensteine in der Geschichte der Pflanzenzüchtung.
-    Sie kennen die wichtigsten Zuchtziele und können die Erfolge der Pflanzenzüchtung anhand von Beispielen benennen.
-    Sie kennen die gesetzlichen Rahmenbedingungen welche die Pflanzenzüchtung in der Schweiz und Europa regeln.
-    Sie kennend die Bedeutung der genetischen Ressource für die Pflanzenzüchtung.
-    Sie können die Züchterformel und können den erwarteten Züchtungserfolg basierend auf der Erblichkeit eines Merkmals abschätzen.
-    Sie kennen wichtigsten Fortpflanzungssysteme der Pflanzen und die dazu gehörenden Züchtungsstrategien.
-    Sie können die verschiedenen Zuchtstrategien bezüglich ihrer Effizienz und Eignung für spezifische Zuchtziele beurteilen.
-    Sie können die Methoden der Gentechnologie und des Genome Editing erklären und mit herkömmlichen Methoden vergleichen.
-    Sie wissen wie die markerunterstützte Züchtung und die genomische Selektion im Züchtungsablauf integriert sind.
-    Sie kennen die jüngsten Entwicklungen um die rechtlichen Rahmenbedingungen der Gentechnologie bzw. des Genom Editing und
können ihre Auswirkung diskutieren.

Literature We recommend "Heiko Becker (2011), Pflanzenzüchtung, ISBN 
978-3-8252-3558-1", as companion of this course.

 Animal Sciences
Number Title Type ECTS Hours Lecturers

751-6301-00L Animal Breeding O 2 credits 2V S. Neuenschwander
Abstract Introduction to basics of animal breeding. Importance of animal production. Species of livestock and their products, performance recording,

functional traits, genetic diversity, breeding goals. Qualitative and quantitative traits. Basic knowledge of breeding methods: genetic and
environmental variation, heritability, genetic correlation, estimation of breeding values, selection, mating systems.

Objective Show the importance of animal production for Swiss and international agriculture. Name the livestock species, their products, systematic
classification and breeding and production goals. Describe methods to measure animal performance (performance recording) and
functional traits. Define the most important parameters and methods in animal breeding.

Content Evolution, domestication, history of animal breeding.
Definition, models of animal production, species of livestock, numbers, distribution.
Genetic polymorphisms and their applications in animal breeding.
Genetic diversity, breeds, production and breeding goals.
Traits: performance, fucntional.
Performance recording. herd replacement.
Qualitative (monogenic) and quantitative (polygenic) traits, Mendelian genetics, quantitative genetics.
Genetic and environmantal variation, heritability, genetic correlation, selection, selection response.

Lecture notes Transparencies and single chapters of textbook are made available on homepage.
Literature Tierzucht (Willam/Simianer) UTB 3526 (2011)

Additional literature to be announced in the lecture.
Prerequisites /
notice

Übungen:
Es stehen 6 Kurzübungen zur Vertiefung des Lehrinhaltes zur Verfügung. Werden mindestens 3 ausreichend bearbeitete Übungen
abgegeben, wird zur Semesterendnote 0.25 Punkte dazugezählt.

Praktische Übung:
Zur obligatorischen praktischen Übung «Lineare Beschreibung von Kühen» treffen wir uns am 19.4.2018 um 13:30 Uhr auf dem Agrovet-
Strickhof, Eschikon 27, 8315 Lindau. Die Übung dauert bis ca. 16:30. Es gibt keine Überschneidungen mit andern Vorlesungen. Geeignete
Schutzkleider und Stiefel sowie Schreibzeug müssen von den Teilnehmern selber mitgenommen werden.

Recherche:
Am Semesteranfang wird ein Thema für eine Recherche abgegeben. Ein Bericht im Umfang von 3 bis 5 A4-Seiten wird mit 10% in der
Schlussnote berücksichtigt, Abgabetermin 12.04.2018. 

751-7002-00L Basics in Animal Nutrition O  2 credits 2V M. A. Boessinger, M. Kreuzer
Abstract This course builds on "Nutritional Science" by translating the information on nutrition to individual farm animal species and purposes. The

emphasis is on the principles of utilisation of and requirements for energy and nutrients and the resulting feed evaluation systems as
applied for the relevant forms of livestock nutrition (cattle, pig, poultry).

Objective Der Besuch der Lehrveranstaltung erlaubt es den Studierenden, die wichtigsten Grundzusammenhänge von Ernährung und Verdauung
und Energiewechsel zu erklären. Sie vermögen die Palette an Futtermitteln zu benennen und anzuwenden. Sie sind in der Lage, den
Bedarf der wichtigsten Nutztiere abzuleiten. Mittels einer Reihe von Übungen wird ihnen vermittelt, wie sie die Kenntnisse für konkrete
Aufgaben im Bereich der Tierernährung anwenden können.

Content  Umsatz und Verwertung von Nährstoffen und Energie im Tier (Begriffsdefinition, Umsatz im Tierkörper, Bilanzen, Verwertung) 
 Futtermittelbewertung bei Rindvieh, Schwein und Geflügel (energetische Futtermittelbewertung, Bewertung der stickstoffhaltigen
Futtersubstanz) 
 Ernährung von Rindvieh, Schwein und Geflügel (Grundlagen der Fütterung, physiologische Eigenheiten, Bedarf und Bedarfsdeckung,
Fütterungsnormen, Rationengestaltung) 
 Futtermittelkunde (Einzelfuttermittel, wirtschaftseigenes Futter)

Lecture notes Script is available and can be obtained at the start of the lecture.
Literature Eine ausführliche Literaturliste ist im Skript enthalten.
Prerequisites /
notice

Rechenübungen sind Bestandteil der Lehrveranstaltung. Dazu ist ein Taschenrechner erforderlich.

751-6102-00L Anatomy and Physiology of Man and Animals II O  2 credits 2G S. E. Ulbrich, A. Grahofer,
S. Thanner

Abstract Imparts a basic understanding of physiology an anatomy in man and domestic animals, focusing on the interrelations between morphology
and function of the organism, in particular of domestic animals. This is fostered by discussing all subjects from a functional point of view.
The lecture consists of two consecutive parts.

Objective Die Lehrveranstaltung befähigt die Studierenden Basiswissen über Anatomie und Physiologie von Mensch und Tier zu beschreiben,
grundlegende Funktionen des Organismus zu verstehen, Zusammenhänge zwischen Morphologie und Funktion von Organsystemen zu
verstehen, die Entwicklung der Organsysteme zu beschreiben und pathophysiologische Zusammenhänge nachvollziehen zu können.

751-7400-00L Animal Health W+  2 credits 2V A. Grahofer
Abstract This course imparts basic knowledge of general signs and causes of illness in individuals and polulations as well as of the interactions

between the organism and its living and non-living environment. The focus is on the understanding of the complex relationships between
animal husbandry, behavior, health and productivity of farm animals.
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Objective The course enables students to recognize factors leading to disease and suffering in farm animals and to draft basic recommendations for
its amelioration.

Prerequisites /
notice

Obligatorische Exkursion ans BLV am Freitag 20. März 2020

751-7500-00L Applied Ethology and Animal Welfare W+  2 credits 2V S. Goumon
Abstract The course provides basic knowledge of behaviour of captive animals, and of interactions between behaviour, physiology and husbandry.

There will also be a special focus on animal welfare including its definition, assessment and link to ethical values.
Objective Students will

- understand the basic concepts of Applied Ethology and Animal welfare
- be able to critically analyse behavioural data
- be trained to understand interdisciplinary and disciplinary research. 
- be able to critically analyze published research data.
- be able to present precise scientific reports in oral and written form.

Content Topics:

- Applied ethology : definition and how to measure behaviour
- Social behaviours
- Animal handling 
- Behavioural needs
- Enrichment
- Animal welfare: definitions and assessment
- Positive welfare
- Behavioural assessment of pain and distress
- Welfare challenges associated with animal captivity
- Animal ethics
- Normal behaviour and of behavioural disorders
- Low arousal behaviour (e.g. boredom)



The final grade will be based on a home assignment - leaflet (30%) and a final written exam (70%, end of semester)

Lecture notes The PP slides for the lectures will be provided
Literature Further literature and internet links will be mentioned during the lecture.
Prerequisites /
notice

Interest in Animal behaviour and Welfare

The lectures will be in English

751-7800-00L Quality of Products of Animal Origin W+  2 credits 2G M. Kreuzer, K. Giller, M. Terranova
Abstract Relevant quality traits of meat, milk and eggs a well as the influencing factors and the evaluation methods are taught in the form of lectures

and laboratory training. Effects throughout the whole chain from production on farm via processing to the products ready for sale are
covered with special emphasis on economically relevant issues.

Objective After attending the course, the students are able to name, describe and interpret the important properties describing the quality of meat,
milk and eggs. They know about the possibilities to modify the quality in the areas genetics, feeding, husbandry and processing. They have
learned in a laboratory exercise how to operate the corresponding devices for measuring quality.

Content - Kapitel 1. Einführung (Qualitätsbegriff, Literatur) - Modul A: Einführung
- Kapitel 2. Produkte der Schlachtung (Schlachtkörper, Häute und Haare einschl. Wolle: Gewinnung, Qualitätsermittlung, Hygiene,
Qualitätsbeeinflussung - Modul B: Schlachtkörpergewinnung, Modul C: Schlachtkörperqualität, Modul D: Leder und Wolle
- Kapitel 3. Diätetische Qualität tierischer Lebensmittel (Fleisch und Fettgewebe, Milch, Ei: Nähr- und Wirkstoffe, unerwünschte Stoffe,
Schadstoffe, Keimbelastung, Qualitätsbeeinflussung) - Modul E: Diätetische Qualität
- Kapitel 4. Beschaffenheit tierischer Lebensmittel (Fleisch und Fettgewebe, Milch, Ei: Übersicht über Kriterien der Beschaffenheit,
Sensorische Qualität, Fette und ihre Eigenschaften, Proteine und ihre Eigenschaften, produktespezifische Beschaffenheitskriterien und ihre
Beeinflussung, Prozesse der Weiterverarbeitung der Rohwaren) - Modul F: Sensorische Qualität, Modul G: Fettbedingte
Qualitätseigenschaften, Modul H: Proteinbedingte Qualitätseigenschaften, Modul I: Safthaltevermögen von Fleisch, Modul K: Zartheit von
Fleisch, Modul L: Verarbeitung von Fleisch, Modul M: Milch und Verarbeitung von Milch, Modul N: Ei und Verarbeitung von Eiern
- Kapitel 5. Produktpalette aus der Weiterverarbeitung (Fleisch und Fettgewebe, Milch, Ei: Fleischwaren, Fleischerzeugnisse,
Milchprodukte, Eiprodukte) - Modul L: Verarbeitung von Fleisch, Modul M:     Milch und Verarbeitung von Milch, Modul N: Ei und
Verarbeitung von Eiern
- Kapitel 6. Vermarktung qualitativ hochwertiger Produkte (Fleisch und Fettgewebe, Milch, Ei: Qualitätsbezahlungssysteme,
Labelproduktion, ISO-Zertifizierung) - Modul O: Vermarktung

Lecture notes Script is available in German and English language and can be downloaded via Moodle in "Kurs Nutztierwissenschaften". The access code
will be communicated by e-mail.

Literature Eine ausführliche Literaturliste ist im Skript enthalten.
Prerequisites /
notice

Mit Übungen im Labor. Fach mit benoteter Semesterleistung durch eine schriftliche Prüfung nach Ende der Lehrveranstaltung (Hinweis:
keine Open Books-Prüfung).

 Methods
Number Title Type ECTS Hours Lecturers

751-0201-00L Scientific Methods Part I O  0 credits 1G R. Kölliker, B. Studer
Abstract Die Lehrveranstaltung bereitet die Studierenden auf die grundlegenden Methoden des wissenschaftlichen Arbeitens vor.
Objective Die Studierenden kennen die Grundlagen des wissenschaftlichen Arbeitens und können diese für ihre Arbeit umsetzen. Sie sind in der

Lage, relevante Literatur in Katalogen und Fachdatenbanken zu finden und das Gelernte bei der Literatursuche für ihre Rechercheaufgabe
im 4. Semester sowie für ihren kritischen Literaturbericht im 5. Semester umzusetzen.

Content In der Vorlesung werden erste Grundlagen für das wissenschaftliche Schreiben in den Agrarwissenschaften vermittelt. Diese beinhalten
Grundsätze des wissenschaftlichen Arbeitens, Literaturrecherche, Literaturverwaltung und Umgang mit Daten. In Übungen und Aufgaben
werden einige dieser Themen selbständig vertieft.

Prerequisites /
notice

Die Note für die LV Wissenschaftliches Arbeiten (Teil I: Grundlagen (WiA) und Teil II: Wissenschaftliches Schreiben (WiSch)) setzt sich aus
den Leistungen der Lehrveranstaltungen im 4. und 5. Semester zusammen. Die Leistungskotntrolle für WiA (4. Sem.) zählt zu 20% zur
Gesamtnote und beinhaltet die Bearbeitung und termingerechte Abgabe der Rechercheaufgabe.

 Electives
The electives listed are recommended.
However, electives can be chosen from the complete course offer of the ETH Zurich and University of Zurich.
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Number Title Type ECTS Hours Lecturers

751-4002-00L Grassland Systems W+  2 credits 2G N. Buchmann
Abstract This course focuses on grasslands globally and their respective properties. Spatial distribution, vegetation composition, soils,  management

and productivity as well as the impact of fire, invasion or over-exploitation will be discussed.
Objective The students will know important grassland systems globally as well as their ecological characteristics. They will be able to evaluate the

various impacts on yields and biogeochemical cycles in grassland systems in different climates. Furthermore, they will be able to
independently work with scientific literature, summarize scientific argumentation/Interpretation in writing and with oral presentations in
class.

Content In diesem Kurs werden Grasländer weltweit betrachtet und ihre Besonderheiten, v. a. in der Artenzusammensetzung, den Stoffumsätzen
und ihrer Bewirtschaftung, im Vergleich zu Schweizer Grasländern erarbeitet. Faktoren wie Feuer, invasive Arten, Übernutzung,
Extensivierung und Intensivierung werden besprochen. Auswirkungen von globalem Wandel, d. h., Änderungen im Klima und in der
Landnutzung, auf Grasländer und ihre Erträge sowie Auswirkungen internationaler Verträge (Kyoto-Protokoll, Biodiversitätskonvention,
Desertifikationskonvention) werden diskutiert.

Lecture notes Handouts stehen online.
Prerequisites /
notice

Dieser Kurs basiert auf den Kursen "Öko- und Ertragsphysiologie" und "Crop Science: Teil Futterbau". Er bildet die Basis für den ebenfalls
systemorientierten Kurs "Biogeochemistry and Sustainable Management" im Master.

751-4505-00L Plant Pathology II W+  2 credits 2G B. McDonald
Abstract Plant Pathology II focuses on disease control in agroecosystems based on biological control, pesticide applications and breeding of

resistant crop cultivars. The genetics of pathogen-plant interactions will be explored in detail as a basis for understanding the development
of boom-and-bust cycles and methods that may be used to prevent the evolution of pathogen virulence and fungicide resistance.

Objective An understanding of the how biological control, pesticides and plant breeding can be used to achieve sustainable disease control.  An
understanding of the genetic basis of pathogen-plant interactions and appropriate methods for using resistance to control diseases in
agroecosystems.

Content Plant Pathology II will focus on disease control in agroecosystems based on biological control, pesticide applications and breeding of
resistant crop cultivars. The genetics of pathogen-plant interactions will be explored in detail as a basis for understanding the development
of boom-and-bust cycles and methods that may be used to prevent the evolution of pathogen virulence and fungicide resistance.

Lecture Topics and Tentative Schedule

Week 1     Biological control: biofumigation, disease declines, suppressive soils. 

Week 2     Biological control: competitive exclusion, hyperparasitism.  

Week 3    Chemical control: History of fungicides in Europe, fungicide properties, application methods. 
 
Week 4     Fungicide categories and modes of action, antibiotics, fungicide development, fungicide safety and risk assessment (human
health). 

Week 5    Resistance to fungicides. Genetics of fungicide resistance, ABC transporters, risk assessment, fitness costs. FRAC risk
assessment model vs. population genetic risk assessment model. 

Week 6     Genetics of pathogen-plant interaction:  genetics of pathogens, genetics of plant resistance, major gene and quantitative
resistance, acquired resistance. Flor's GFG hypothesis and the quadratic check, the receptor and elicitor model of GFG, the guard model of
GFG. 

Week 7    Resistance gene structure and genome distribution, conservation of LRR motifs across eukaryotes. Genetic basis of quantitative
resistance.  QTLs and QRLs. Connections between MGR and QR.  Durability of QR. 

Week 8    Genetic resistance: Costs, benefits and risks. 

Week 9    Non-host resistance. Types of NHR. NHR in Arabidopsis with powdery mildews.  NHR in maize and rice. Avirulence genes and
pathogen elicitors. PAMPs, effectors, type-III secretion systems, harpins in bacteria.  Fungal avirulence genes.

Week 10     Easter holiday no class. 

Week 11     Sechselauten holiday no class.

Week 12     Host-specific toxins. GFG for toxins and connection to apoptosis. Fitness costs of virulence alleles. Diversifying selection in
NIP1. 

Week 13    Boom and bust cycles for resistance genes and fungicides and coevolutionary processes. Pathogen genetic structure and
evolutionary potential. Genetic structure of pathogen populations in agroecosystems, risk assessment for pathogen evolution and breeding
strategies for durable resistance.

Week 14     Resistance gene and fungicide deployment strategies for agroecosystems.

Week 15    Genetic engineering approaches to achieve disease resistant crops.
Lecture notes Lecture notes will be available for purchase at the cost of reproduction.
Literature Lecture notes will be available for purchase at the cost of reproduction.
Prerequisites /
notice

Plant Pathology I provides a good preparation for Plant Pathology II, but is not a prerequisite for this course.

751-3402-00L Plant Nutrition II - Integrated Nutrient Management
Only for Students in BSc/MSc Agricultural Sciences and
Students in MSc Environmental or Food Sciences. 
Number of participants limited to 40.

W+  2 credits 2V A. Oberson Dräyer

Abstract Teaching knowledge on nutrient fluxes in agroecosystems so as to maximize nutrient use efficiency by crops and minimize losses to the
environment while providing optimal nutrient supply to crops. Methods to establish nutrient budgets are presented. Nutrient input and
output variables (e.g. losses by various pathways) are treated and their optimal management presented.

Objective At the end of the lecture the students can establish nutrient budgets, can critically evaluate agricultural systems as source of elements for
the environment and can propose agricultural practices that limit these losses while maximizing nutrient use efficiency and optimizing
nutrient supply to crops.
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Content This course provides understanding of integrated nutrient management in agro-ecosystems so as to maximize nutrient use efficiency by
crops while minimizing nutrient losses to the environment at optimal nutrient supply to the crop. The characteristics of input and output
variables will be treated. These variables encompass organic (e.g. animal manure, plant residues, recycled organic wastes) and mineral
fertilizers (e.g. minerals and products from recycling), symbiotic nitrogen fixation, nutrient deposition and pathways of nutrient losses.
Measures to mitigate nutrient losses to the environment will be presented. Different methods will be taught so as to calculate nutrient
budgets at various levels of the agro-ecosystem. Using case studies on nutrient rich and nutrient poor agro-ecosystems, strategies for an
optimal nutrient management will be discussed that integrate attributes of soils, plants and fertilizers.

In particular the treatment of case studies results in interactive lectures. Exercises done outside the classes help to foster the matter.
Finally, they work on a focal topic of their interest. This is either i) the analysis and presentation of a paper, or ii) the analysis of the nutrient
status of a farm by the means of nutrient budgeting and the development of integrated fertilization system including a modified scenario of
that farm. In either case, they work in groups and present the outcome in an oral presentation (including peer feedback) of in a short written
report.

751-3500-00L Plant Breeding W+  2 credits 2V A. Hund, R. Kölliker
Abstract The course «Pflanzenzüchtung» builds on the knowledge acquired in the course “Agrargenetik”. It conveys the basics of the most important

breeding aims, the legal framework for plant breeding, sources of genetic variation, as well as variety types and breeding methods. Besides
the classic methods, modern approaches like precision phenotyping, genomic selection and genome editing will be introduced.

Objective Das Hauptziel der Vorlesung ist, Sie mit den Grundlagen der Pflanzenzüchtung vertraut zu machen und Ihnen das nötige Wissen zu
vermitteln, um die meist kontrovers diskutierte Themen rund um die moderne Pflanzenzüchtung besser einschätzen und diskutieren zu
können. Dabei ist es besonders wichtig, dass Sie sowohl die Geschichte der Pflanzenzüchtung als auch die Rechtlichen
Rahmenbedingungen und die biologisch-technischen Grundlagen kennen. 
Im Kurs werden dazu folgende Lernziele vermittelt:
-    Sie kennen die wichtigsten Meilensteine in der Geschichte der Pflanzenzüchtung.
-    Sie kennen die wichtigsten Zuchtziele und können die Erfolge der Pflanzenzüchtung anhand von Beispielen benennen.
-    Sie kennen die gesetzlichen Rahmenbedingungen welche die Pflanzenzüchtung in der Schweiz und Europa regeln.
-    Sie kennend die Bedeutung der genetischen Ressource für die Pflanzenzüchtung.
-    Sie können die Züchterformel und können den erwarteten Züchtungserfolg basierend auf der Erblichkeit eines Merkmals abschätzen.
-    Sie kennen wichtigsten Fortpflanzungssysteme der Pflanzen und die dazu gehörenden Züchtungsstrategien.
-    Sie können die verschiedenen Zuchtstrategien bezüglich ihrer Effizienz und Eignung für spezifische Zuchtziele beurteilen.
-    Sie können die Methoden der Gentechnologie und des Genome Editing erklären und mit herkömmlichen Methoden vergleichen.
-    Sie wissen wie die markerunterstützte Züchtung und die genomische Selektion im Züchtungsablauf integriert sind.
-    Sie kennen die jüngsten Entwicklungen um die rechtlichen Rahmenbedingungen der Gentechnologie bzw. des Genom Editing und
können ihre Auswirkung diskutieren.

Literature We recommend "Heiko Becker (2011), Pflanzenzüchtung, ISBN 
978-3-8252-3558-1", as companion of this course.

751-7400-00L Animal Health W+  2 credits 2V A. Grahofer
Abstract This course imparts basic knowledge of general signs and causes of illness in individuals and polulations as well as of the interactions

between the organism and its living and non-living environment. The focus is on the understanding of the complex relationships between
animal husbandry, behavior, health and productivity of farm animals.

Objective The course enables students to recognize factors leading to disease and suffering in farm animals and to draft basic recommendations for
its amelioration.

Prerequisites /
notice

Obligatorische Exkursion ans BLV am Freitag 20. März 2020

751-7500-00L Applied Ethology and Animal Welfare W+  2 credits 2V S. Goumon
Abstract The course provides basic knowledge of behaviour of captive animals, and of interactions between behaviour, physiology and husbandry.

There will also be a special focus on animal welfare including its definition, assessment and link to ethical values.
Objective Students will

- understand the basic concepts of Applied Ethology and Animal welfare
- be able to critically analyse behavioural data
- be trained to understand interdisciplinary and disciplinary research. 
- be able to critically analyze published research data.
- be able to present precise scientific reports in oral and written form.

Content Topics:

- Applied ethology : definition and how to measure behaviour
- Social behaviours
- Animal handling 
- Behavioural needs
- Enrichment
- Animal welfare: definitions and assessment
- Positive welfare
- Behavioural assessment of pain and distress
- Welfare challenges associated with animal captivity
- Animal ethics
- Normal behaviour and of behavioural disorders
- Low arousal behaviour (e.g. boredom)



The final grade will be based on a home assignment - leaflet (30%) and a final written exam (70%, end of semester)

Lecture notes The PP slides for the lectures will be provided
Literature Further literature and internet links will be mentioned during the lecture.
Prerequisites /
notice

Interest in Animal behaviour and Welfare

The lectures will be in English

751-7800-00L Quality of Products of Animal Origin W+  2 credits 2G M. Kreuzer, K. Giller, M. Terranova
Abstract Relevant quality traits of meat, milk and eggs a well as the influencing factors and the evaluation methods are taught in the form of lectures

and laboratory training. Effects throughout the whole chain from production on farm via processing to the products ready for sale are
covered with special emphasis on economically relevant issues.

Objective After attending the course, the students are able to name, describe and interpret the important properties describing the quality of meat,
milk and eggs. They know about the possibilities to modify the quality in the areas genetics, feeding, husbandry and processing. They have
learned in a laboratory exercise how to operate the corresponding devices for measuring quality.
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Content - Kapitel 1. Einführung (Qualitätsbegriff, Literatur) - Modul A: Einführung
- Kapitel 2. Produkte der Schlachtung (Schlachtkörper, Häute und Haare einschl. Wolle: Gewinnung, Qualitätsermittlung, Hygiene,
Qualitätsbeeinflussung - Modul B: Schlachtkörpergewinnung, Modul C: Schlachtkörperqualität, Modul D: Leder und Wolle
- Kapitel 3. Diätetische Qualität tierischer Lebensmittel (Fleisch und Fettgewebe, Milch, Ei: Nähr- und Wirkstoffe, unerwünschte Stoffe,
Schadstoffe, Keimbelastung, Qualitätsbeeinflussung) - Modul E: Diätetische Qualität
- Kapitel 4. Beschaffenheit tierischer Lebensmittel (Fleisch und Fettgewebe, Milch, Ei: Übersicht über Kriterien der Beschaffenheit,
Sensorische Qualität, Fette und ihre Eigenschaften, Proteine und ihre Eigenschaften, produktespezifische Beschaffenheitskriterien und ihre
Beeinflussung, Prozesse der Weiterverarbeitung der Rohwaren) - Modul F: Sensorische Qualität, Modul G: Fettbedingte
Qualitätseigenschaften, Modul H: Proteinbedingte Qualitätseigenschaften, Modul I: Safthaltevermögen von Fleisch, Modul K: Zartheit von
Fleisch, Modul L: Verarbeitung von Fleisch, Modul M: Milch und Verarbeitung von Milch, Modul N: Ei und Verarbeitung von Eiern
- Kapitel 5. Produktpalette aus der Weiterverarbeitung (Fleisch und Fettgewebe, Milch, Ei: Fleischwaren, Fleischerzeugnisse,
Milchprodukte, Eiprodukte) - Modul L: Verarbeitung von Fleisch, Modul M:     Milch und Verarbeitung von Milch, Modul N: Ei und
Verarbeitung von Eiern
- Kapitel 6. Vermarktung qualitativ hochwertiger Produkte (Fleisch und Fettgewebe, Milch, Ei: Qualitätsbezahlungssysteme,
Labelproduktion, ISO-Zertifizierung) - Modul O: Vermarktung

Lecture notes Script is available in German and English language and can be downloaded via Moodle in "Kurs Nutztierwissenschaften". The access code
will be communicated by e-mail.

Literature Eine ausführliche Literaturliste ist im Skript enthalten.
Prerequisites /
notice

Mit Übungen im Labor. Fach mit benoteter Semesterleistung durch eine schriftliche Prüfung nach Ende der Lehrveranstaltung (Hinweis:
keine Open Books-Prüfung).

751-1560-00L Production, Investment and Risk Management in
Agriculture

W+  3 credits 2V R. Finger

Abstract Vertiefung und Anwendung von betriebswirtschaftlichem Konzepten, Analyse- und Planungsinstrumenten sowie Aspekten des
Risikomanagements in Unternehmen der Agrar- und Ernährungswirtschaft

Objective Studenten sollen am Ende der Vorlesung i) grundlegende Unternehmensentscheide selbstständig strukturieren können, ii) verschiedene
Methoden und Instrumente auf Fragestellungen der Produktionsplanung, Investition und Finanzierung sowie der Risikoanalyse und des
Risikomanagements anwenden können, iii) über verschieden Werkzeuge zur unternehmerischen  Entscheidungsunterstützung verfügen
und dabei insbesondere die Umsetzung mit relevanter Software (z.B. Tabellenkalkulationsprogrammen) beherrschen.

Content Die Vorlesung geht auf folgende Inhalte, mit spezifischen Anwendungen im Agrar- und Ernährungssektors ein:

Produktionstheorie & Produktionsprogrammplanung
Integrierte Planung von Investition & Finanzierung 
Risikoanalyse & Risikomanagement im Unternehmen 

Die Veranstaltung kombiniert Vorlesungen, die eigenständige Aufarbeitung von Inhalten, Übungsblöcke und Anwendungen in relevanter
Software

Lecture notes Vorlesungsunterlagen werden im Laufe des Semesters zur Verfügung gestellt
Literature Musshoff, O. und Hirschauer, N. (2016). Modernes Agrarmanagement: Betriebswirtschaftliche Analyse- und Planungsverfahren. 4.

Auflage. Vahlen http://www.vahlen.de/productview.aspx?product=16441820 

Debertin, D. L. (2012). Agricultural production economics. University of Kentucky. http://uknowledge.uky.edu/agecon_textbooks/1/

751-1500-00L Development Economics W+  3 credits 2V I. Günther, K. Harttgen
Abstract Introduction into basic theoretical and empirical aspects of economic development. Prescriptive theory of economic policy for poverty

reduction.
Objective The goal of this lecture is to introduce students to basic development economics and related economic and developmental contexts.
Content The course begins with a theoretical and empirical introduction to the concepts of poverty reduction and issues of combating

socioeconomic inequality. Based on this, important external and internal drivers of economic development and poverty reduction are
discussed as well as economic and development policies to overcome global poverty. In particular, the following topics are discussed:

- measurement of development, poverty and inequality, 
- growth theories
- trade and development
- education, health, population and development
- states and institutions
- fiscal,monetary- and exchange rate policies

Lecture notes None.
Literature Günther, Harttgen und Michaelowa (2020): Einführung in die Entwicklungsökonomik.
Prerequisites /
notice

Voraussetzungen: 
Grundlagenkenntisse der Mikro- und Makroökonomie. 

Besonderes:
Die Veranstaltung besteht aus einem Vorlesungsteil, aus eigener Literatur- und Recherchearbeit sowie der Bearbeitung von
Aufgabenblättern. 

Die Vorlesung basiert auf: Günther, Harttgen und Michaelowa (2019): Einführung in die Entwicklungsökonomik. Einzelne Kapitel müssen
jeweils vor den Veranstaltungen gelesen werden. In den Veranstaltungen wird das Gelesene diskutiert und angewendet. Auch werden
offene Fragen der Kapitel und Übungen besprochen.

751-1304-00L Management for Enterprises in the Agri-Food-Chain W+  2 credits 2V M. Weber
Abstract Introduction of basics for the management of institutions, particularly companies, with regard to institutional and personal aspects.
Objective Am Ende der Vorlesung sollen die Studierenden


- über einen Orientierungsrahmen (Landkarte zur Orientierung) verfügen, der ihnen erlaubt,
die wichtigen Fragestellungen im Zusammenhang mit dem Management von Institutionen einzuordnen, ihr Denken und Vorgehen zu
strukturieren sowie sich mit anderen in einer gemeinsamen Sprache darüber auszutauschen.

- die wichtigsten Management-Ansätze aus der Geschichte kennen.

- die wichtigsten Grundsätze, Aufgaben und Werkzeuge der personalen Führungstätigkeit in Institutionen kennen.
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Content Die Vorlesung geht auf folgende Inhalte ein:

Im Zentrum steht der institutionelle Aspekt des Managements von Institutionen, insbesondere Unternehmen. Dabei wird ein Management-
Modell behandelt, welches die Analyse- und Handlungsfähigkeit der Anwender im Kontext von unternehmerischen Fragestellungen
erweitern hilft (Orientierungshilfe). Dabei geht es immer um die Unterstützung von Entscheidungen bei der Gestaltung, Lenkung und
Entwicklung von komplexen Systemen, z.B. Unternehmen.

Im weiteren werden die wichtigsten Management-Ansätze in kurzer Form behandelt. Zudem wird im Sinne eines kurzen Überblicks auch
auf die personalen Aspekte des Managements eingegangen (Grundsätze, Aufgaben, Werkzeuge).

Lecture notes Die in der Vorlesung behandelten Darstellungen und Fallbeispiele werden den Studierenden in elektronischer Form zu Verfügung gestellt.

Zusätzlich zu den Unterlagen werden die Inhalte des Buches "Das neue St. Galler Management-Modell" von J. Rüegg-Stürm behandelt.

Literature Johannes Rüegg-Stürm (2003): "Das neue St. Galler Management-Modell. Grundkategorien einer integrierten Managementlehre. Der
HSG-Ansatz." Haupt, Bern.

751-1552-00L Agrarian Resource and Environmental Economics W+  2 credits 2V W. Hediger
Abstract Theoretical, formal and methodological foundations for the economic analysis of actual problems of environmental and natural resource

use in agriculture and the evaluation of related policy measures (issues of optimal land and water allocation, optimal forest management,
methods of environmental valuation, economics of nature conservation, treatment of uncertainty and irreversibility).

Objective At the end of the course, the students are able to use economic principles (theory and methods) to critically analyze and discuss actual
issues and problems of agricultural resource and environmental and policy appraisal  in particular in the domain of land and water use  and
to provide a problem adequate and economically sound argumentation.

Content Principles of economic efficiency and optimal resource allocation; Valuation and use of land and water; Multifunctionality; Economics of
forestry; Environmental valuation; economics of nature conservation; Irreversibility, risk and uncertainty.

Lecture notes no script
(Handouts to the course will be made available on Moodle, timely in advance).

Literature - Textbook: Perman, Ma, Common, Maddison, McGilvray: Natural Resource and Environmental Economics, 4th edition. Pearson, Harlow,
2011 (selected chapters).
- Distribution of complementary literature during the course.

Prerequisites /
notice

Knowledge of the basics of resource and environmental economics (LV 751-1551-00L or equivalent) is a prerequisite; principles of
microeconomics (LV 751-0901-00 or equivalent) are recommended); willingness to investigate in formal analyses is expected.

363-0570-00L Principles of Econometrics
Prerequisites: previous knowledge in economics.

W+  3 credits 2G J.-E. Sturm, A. Beerli

Abstract This course introduces the fundamentals of econometrics. We cover simple and multiple regression analysis using different data formats.
An emphasis is on hypothesis testing, interpretation of regression results, and understanding threats to the causal interpretation of
relationships in the data.

Objective The course targets both the theoretical understanding as well as the application of basic econometric methods to real world problems. 
 
The educational objective of this course is that, after completion, students should be able to: 
1. understand different forms of data (cross-sectional, panel, time-series) and their strengths and weaknesses for answering different
research questions. 
2. understand how to translate questions about economic policy issues and human behaviour into research hypotheses that can be tested
with data. 
3. apply their theoretical knowledge about econometrics to concrete examples based on the knowledge they acquired in tutorial sessions
using the statistical software package STATA and interpret estimation results. 
4. name and identify potential threats for causal interpretations of relationships in the data and explain whether (and how) they can be
addressed.

Content The term “econometrics” stands for the application of specific statistical methods to the field of economics. Econometrics aims at providing
empirical evidence using observational data that can be used to learn about the real-world existence of specific relationships postulated in
economic theories. Typical research questions that economists analyse by using econometric methods include for instance: Do minimum
wages reduce employment? Does a gender wage gap exist and how large is it? Does foreign aid affect economic growth? How do interest
rate changes influence exports? Is there an effect of economic outcomes on politicians’ chances to get re-elected?  

Starting from simple regression analysis, the course introduces the statistical framework that is used in econometrics to answer such
empirical research questions. A major focus is on understanding and mastering methods of hypothesis testing using multiple regressions.  
The lecture discusses different issues regarding assumptions, interpretation, and inference in multiple linear regression models. Among
others, the course addresses the following questions: How well or badly does the applied model fit the observed facts? How large is the
estimate of the effects of one variable on another and how reliable is the estimate? Can the model be used to predict the specific variable
of interest and how precise is that prediction? What are the crucial assumptions of the estimation strategy used, (how) can they be tested,
and does the estimated relationship represent a causal effect?  

The course lectures introduce the methods and computer tutorials give the students the opportunity to apply and deepen their knowledge
using the software package STATA.

Literature Wooldridge, Jeffrey M. (2018) Introductory Econometrics : A Modern Approach. Seventh ed. ISBN: 978-1-337-55886-0 [access to relevant
chapters will be provided]

Prerequisites /
notice

This course is intended for students interested in econometrics who have already taken an introductory course in economics (e.g., the
course "Principles of Macroeconomics"). Knowledge of the statistical software STATA is no prerequisite and will be acquired during the
course.

752-2121-00L Consumer Behaviour II W+  2 credits 2G M. Siegrist, J. Ammann
Abstract This course examines important concepts and theories in order to describe and to explain consumer behavior. The focus is on decision

making processes, influencing consumer behavior, consumer research, and market segmentation. Selected topics are explained in some
depth.

Objective This course examines important concepts and theories in order to describe and to explain consumer behavior. The course Consumer
Behavior I provides an overview, whereas in this course selected topics are explained and discussed in some depth. The focus is on
decision making processes, influencing consumer behavior, consumer research, and market segmentation.

103-0427-00L Regional Economics W  4 credits 2G B. Buser, C. Abegg
Abstract The lecture on Regional Economics focusses on the theoretical aspects of spatial factor allocation and of growth determinants. The course

takes a top down stance and looks at regional development from a macroeconomic perspective. Implications of theoretical models on
regional and growth policy will be discussed in and connections to the course Site Management will be made.

Objective Students shall know the theoretical basics of spatial economy and growth theories an a regional scale; they shall gain the competence to
apply concepts and theories of spatial science as well as regional economics to concrete problems of their area of study.
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Content Origin of "Spatial Economics"
Indices of regional economics and growth analysis
Regional  advantages in competition and growth theories
Regional innovation theory (innovation processes, cluster theory and innovation policy)
Theory and political implications with examples (New Regional Policy NRP, Regional Innovation Systems RIS)
External Speaker and discussion of topicality by press

Lecture notes Download two days before lecture: http://irl.ethz.ch/de/education/vorlesungen/msc/regional_economics.html

https://ilias-app2.let.ethz.ch/goto.php?target=crs_118394&client_id=ilias_lda

Literature Literature is optional, there will be given hints to:

Bathelt, H., Glückler J. (2012): Wirtschaftsgeographie.
Ökonomische Beziehungen in räumlicher Perspektive. 3. Auflage. ISBN: 978-3-8252-8492-3

Eisenhut, P. (2014): Aktuelle Volkswirtschaftslehre 2018/2019.
Rüegger Verlag, Zürich. ISBN: 978-3-7253-1066-1

Eckey, H.-F. (2008): Regionalökonomie. GWV Fachverlag GmbH, Wiesbaden. ISBN: 978-3-8349-0999-2

252-0840-02L Application-Oriented Programming W  2 credits 2G L. E. Fässler, M. Dahinden
Abstract This course provides important basic concepts for interdisciplinary programming projects. The programming language is Python and

Matlab.
Objective Students learn


- how to encode a problem into a program, test the program, and correct errors.
- to understand and improve existing code.
- to implement models from the natural sciences as a simulation.

Content The following programming concepts are introduced in the lecture:

1. Variables, data types
2. Condition check, Loops, logics
3. Arrays
4. Functions
5. Matrices
6. Random

In the practical part of the course, students work on small programming projects with a context from natural sciences. Electronic tutorials
are available as preparation.

Literature L. Fässler, M. Dahinden, D. Komm, and D. Sichau: Einführung in die Programmierung mit Python und Matlab. Begleitunterlagen zum
Onlinekurs und zur Vorlesung, 2016. ISBN: 978-3741250842.

Prerequisites /
notice

No prior knowledge is required for this course.It is based on application-oriented learning. The students spend most of their time working
through programming projects with data from natural science and discussing their results with teaching assistants. To learn the
programming basics there are electronic tutorials available.

701-0972-00L Introduction into Organic Farming Systems W  3 credits 2V P. J. Mäder, D. M. Dubois,
B.  Oehen

Abstract The lecture provides an overview over the principles and practices of organic agriculture. Lessons in the disciplines soil sciences, plant and
animal production, and socio-economics are held by different experts. The students deepen their knowledge with an exercise on the topic
of resilience. The course closes with an excursion on organic farms, and gives the opportunity for critical reflections.

Objective The students are familiar with the principles and practices of organic farming and can identify its strengths and weaknesses. They are
familiar with the specific challenges in plant and animal production in organic farming and have the capability for critically assessing
potential solutions in organic farming to resolve the challenges society is facing.

More detailed Information about the objectives are published on moodle:
https://moodle-app2.let.ethz.ch/course/view.php?id=11851
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Content PART I: Lecture: Introduction in Organic Farming Systems

INTRODUCTION
1. Roots of organic farming, historical development of farming systems, share of organic farming in Switzerland and Europe
Basic principles and requirements organic farming, standards

PLANT PRODUCTION
2. Soil fertility - Results from long-term experiments 

3. Reduced soil tillage
Non-chemical weed control

4. Sustainable crop rotations
Organic fertilisation concepts

5. Plant protection: Regulation of diseases and pests

6. Increasing biodiversity
Organic breeding strategies and variety selection

ANIMAL PRODUCTION
7. Animal health and complementary veterinary Medicine

8. Sustainability, ethics and product quality in animal husbandry   


FOOD 
9. Food quality of organic produces, latest meta-analyses on food quality in organic farming


10. Multifunctionality of organic farming
Agricultural Policy

EXCURSION
11. Farm visit Goetsch, Zurich and optional  "Meh als Gmües"

SUSTAINABILITY
11. Sustainability assessment of organic farms 
SMART, LCA

RESILIENCE
13. Presentation/discussion of student papers

14. Examination (written test)

Lecture notes Power Point presentations on Moodle for registred students.

Scripts on Moodle for registred students

https://moodle-app2.let.ethz.ch/course/view.php?id=11851

Literature Recommended: 
Otto Schmid and Robert Obrist Robert (2001): Biologischer Landbau. Landwirtschaftliche Lehrmittelzentrale, Zollikofen, 267 pp (in
German)
 
Nic Lampkin Nic, Measures Mark and Padel Susanne (2006):  Organic Farm Management Handbook. University of Wales, Aberystwyth.
240pp

Prerequisites /
notice

This lecture (701-0972-00L FS 2020) is recomended for the participation in the second part en bloc "Comparison of ecological farming
systems" 701-0974-00L FS 2020.

The lecture can be taken alone without the second part.

Conditions for the credit points is a written test.

Structure:
Lecture (Part I): 14 times 2h weekly lectures plus exercice (3 CRPT)

Second part en bloc (Part II): One study week with excursions, exercices and workshops (end of spring Semester: 8. - 12. June 2020) (3
CRPT)

701-0974-00L Comparison of Different Swiss Farming Systems
Number of participants limited to 30.

W  3 credits 3G B.  Oehen, P. J. Mäder

Abstract The students are able to make comparisons between farming systems (organic, integrated, conventional) and to assess their contribution
to a sustainable development.

Objective The students are familiar with the different methods of agriculture (organic, integrated, conventional) in Switzerland and are able to assess
their performance on an ecological, economic and social level.
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Content Course content Block II: Comparison of agricultural systems (IP and Bio) 

We will visit the Research Institute of Organic Agriculture and get to know research projects for the further development of sustainable
agriculture.

We will deepen the implementation of the concept of sustainable agriculture in practice by visiting 6 different farms. The farm managers
describe their farm strategy, their goals, the difficulties and opportunities they see for their farm. 

On the last day, the various elements are reflected upon and feedback for the farms is compiled.


The course will take place all day from Tuesday, 12 June 2020 - Friday, 09 June 2020. From 09 June 2019 to 10 June 2019 we will be
staying overnight at a company.

Students pay a maximum of CHF 100 per person for accommodation, meals and transport.

Lecture notes Scripts are distributed in the course

Scripts can be downloaded from the web with an access code from MOODLE System: https://moodle-
app2.let.ethz.ch/course/view.php?id=1986

Prerequisites /
notice

Precondition for this course is the participation in the introductionary course "Organic Farming Systems" in the former courses.

The course cannot  only be taken when the Part I has been followed or with good documented knowledge of organic farming

Condition for credit points is the active participation in the course.

Structure:
one study week with excursions, exercices and workshops.

 Field Trips
Number Title Type ECTS Hours Lecturers

751-0300-00L Agricultural Excursions I
Only for students from Agricultural Science BSc, 4.
Semester.

O  1 credit 2P B. Dorn

Abstract Auf den Exkursionen stellen die Studierenden den Bezug zwischen dem in den Vorlesungen und im Selbststudium erworbenen Wissen zur
Praxis und zur Forschung her. Sie analysieren verschiedene Fragestellungen, erweitern und vertiefen Themen aus den Fachvorlesungen
der ersten vier Studiensemester und diskutieren die Ergebnisse und Erkenntnisse mit Mitstudierenden, Lehrpersonen und
Exkursionspartnern.

Objective Die Studierenden
- erweitern und vertiefen Themen aus den Fachvorlesungen; 
- können das erlernte Wissen mit den Themen der Exkursion verknüpfen und anwenden;
- können die Zusammenhänge zwischen den verschiedenen Disziplinen der Agrarwissenschaften aufzuzeigen;
- formulieren Fragen an die Exkursionsleitung und Exkursionsbeteiligten und diskutieren diese mit ihnen und untereinander.
- geben Feedback zu den besuchten Exkursionen.

Lecture notes Inhaltliche und organisatorische Exkursionsbeschreibungen finden sich auf der Moodle Lehr-Plattform. Zu jeder Exkursion wird ein
Exkursionsprogramm mit fachlichen und administrativen Informationen zur Verfügung gestellt.

Prerequisites /
notice

Die Anmeldung zu den Exkursionen erfolgt gemäss separater Ausschreibung im Dezember 2019.

751-0302-00L Agricultural Excursions II
Only for students in BSc Agricultural Sciences, 6.
Semester.

O  1 credit 2P B. Dorn

Abstract Auf den Exkursionen stellen die Studierenden den Bezug zwischen dem in den Vorlesungen und im Selbststudium erworbenen Wissen zur
Praxis und zur Forschung her. Sie analysieren verschiedene Fragestellungen, erweitern und vertiefen Themen aus den Fachvorlesungen
des gesamten Bachelor-Studiums und diskutieren die Ergebnisse und Erkenntnisse mit Mitstudierenden, Lehrpersonen und
Exkursionspartnern.

Objective Die Studierenden
- erweitern und vertiefen Themen aus den Fachvorlesungen;
- können das erlernte Wissen mit den Themen der Exkursion verknüpfen und anwenden;
- können die Zusammenhänge zwischen den verschiedenen Disziplinen der Agrarwissenschaften aufzuzeigen;
- formulieren Fragen an die Exkursionsleitung und Exkursionsbeteiligten und diskutieren diese mit ihnen und untereinander.
- geben Feedback zu den besuchten Exkursionen.

Lecture notes Inhaltliche und organisatorische Exkursionsbeschreibungen finden sich auf der Moodle Lehr-Plattform. Zu jeder Exkursion wird ein
Exkursionsprogramm mit fachlichen und administrativen Informationen zur Verfügung gestellt.

Prerequisites /
notice

Die Anmeldung zu den Exkursionen erfolgt gemäss separater Ausschreibung im Dezember 2019.

 Agricultural Practical
Number Title Type ECTS Hours Lecturers

751-0208-00L Farming Internship O 10 credits B. Dorn
Abstract Das Agrar-Praktikum umfasst eine Praktikumsvorbereitung, einen Praktikumsaufenthalt von zehn Wochen Dauer in der vorlesungsfreien

Zeit nach dem 4. Semester sowie eine Praktikumsnachbereitung im 5. Semester.
Objective Die Studierenden

- verknüpfen erworbenes Fachwissen mit der landwirtschaftlichen Praxis in der Schweiz
- bearbeiten Fragestellungen auf den Landwirtschaftsbetrieb
- reflektieren ihr Handeln
- präsentieren ihr Praktikumsaufenthalt anhand einer Poster-Präsentation

Content Im Agrar-Praktikum verknüpfen die Studierenden die im Studium erworbenen Fachkenntnisse mit der landwirtschaftlichen Praxis in der
Schweiz. Durch das Mitarbeiten auf einem gemischtwirtschaftlichen Haupterwerbsbetrieb stellen die Studierenden den Bezug zwischen
Theorie und Praxis her. Dadurch fördert das Agrar-Praktikum das systemorientierte kritische Denken und Handeln. Die Studierenden
bearbeiten Aufgaben, die mit dem Landwirtschaftsbetrieb zusammenhängen. Zudem reflektieren und präsentieren sie den
Praktikumsaufenthalt und die Praktikumsaufgaben.

 Bachelor's Thesis
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Number Title Type ECTS Hours Lecturers

751-1020-10L Bachelor's Thesis O  14 credits 30D Lecturers
Abstract The thesis completes the Bachelor program and consists of a scientific project carried out independently under the tutorship of a lecturer of

the study program in Agricultural Science.
Objective The independent writing of a scientific thesis
Content A scientific project carried out independently under the tutorship of a lecturer at the study program in Agricultural Science.

 Complementary Courses
Number Title Type ECTS Hours Lecturers

701-0972-00L Introduction into Organic Farming Systems Z  3 credits 2V P. J. Mäder, D. M. Dubois,
B.  Oehen

Abstract The lecture provides an overview over the principles and practices of organic agriculture. Lessons in the disciplines soil sciences, plant and
animal production, and socio-economics are held by different experts. The students deepen their knowledge with an exercise on the topic
of resilience. The course closes with an excursion on organic farms, and gives the opportunity for critical reflections.

Objective The students are familiar with the principles and practices of organic farming and can identify its strengths and weaknesses. They are
familiar with the specific challenges in plant and animal production in organic farming and have the capability for critically assessing
potential solutions in organic farming to resolve the challenges society is facing.

More detailed Information about the objectives are published on moodle:
https://moodle-app2.let.ethz.ch/course/view.php?id=11851

Content PART I: Lecture: Introduction in Organic Farming Systems

INTRODUCTION
1. Roots of organic farming, historical development of farming systems, share of organic farming in Switzerland and Europe
Basic principles and requirements organic farming, standards

PLANT PRODUCTION
2. Soil fertility - Results from long-term experiments 

3. Reduced soil tillage
Non-chemical weed control

4. Sustainable crop rotations
Organic fertilisation concepts

5. Plant protection: Regulation of diseases and pests

6. Increasing biodiversity
Organic breeding strategies and variety selection

ANIMAL PRODUCTION
7. Animal health and complementary veterinary Medicine

8. Sustainability, ethics and product quality in animal husbandry   


FOOD 
9. Food quality of organic produces, latest meta-analyses on food quality in organic farming


10. Multifunctionality of organic farming
Agricultural Policy

EXCURSION
11. Farm visit Goetsch, Zurich and optional  "Meh als Gmües"

SUSTAINABILITY
11. Sustainability assessment of organic farms 
SMART, LCA

RESILIENCE
13. Presentation/discussion of student papers

14. Examination (written test)

Lecture notes Power Point presentations on Moodle for registred students.

Scripts on Moodle for registred students

https://moodle-app2.let.ethz.ch/course/view.php?id=11851

Literature Recommended: 
Otto Schmid and Robert Obrist Robert (2001): Biologischer Landbau. Landwirtschaftliche Lehrmittelzentrale, Zollikofen, 267 pp (in
German)
 
Nic Lampkin Nic, Measures Mark and Padel Susanne (2006):  Organic Farm Management Handbook. University of Wales, Aberystwyth.
240pp
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Prerequisites /
notice

This lecture (701-0972-00L FS 2020) is recomended for the participation in the second part en bloc "Comparison of ecological farming
systems" 701-0974-00L FS 2020.

The lecture can be taken alone without the second part.

Conditions for the credit points is a written test.

Structure:
Lecture (Part I): 14 times 2h weekly lectures plus exercice (3 CRPT)

Second part en bloc (Part II): One study week with excursions, exercices and workshops (end of spring Semester: 8. - 12. June 2020) (3
CRPT)

Agricultural Sciences Bachelor - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Agricultural Sciences TC
Detailed information on the programme at: www.didaktischeausbildung.ethz.ch

 Educational Science
Number Title Type ECTS Hours Lecturers

851-0240-03L Introduction to Test Theory and Test Construction in
Educational Contexts (University of Zürich)
Does not take place this semester.
Enrolment only possible with Teaching Diploma or DC
matriculation.

No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: 200b800f

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  4 credits 2S University lecturers

Abstract The seminar will provide theoretical and applied knowledge in the construction of psychological questionnaires. The students will construct,
translate, and adapt instruments from different areas. Afterwards, data on these instruments will be gathered in an online survey. The
survey will be analyzed (under the guidance of the seminar leaders) and presented in a scientific report. 

Objective The learning outcomes are:
- Acquiring theoretical and applied knowledge in the construction, translation, and adaption of psychological instruments
- Conducting online surveys and statistical analyses
- Becoming more familiar with relevant statistical procedures (e.g., factor analysis, reliability, correlation, and regression analyses)
- Estimating and evaluating the psychometric properties of instruments
- Scientific description and communication of the results (using APA-style)

Content Die Lehrveranstaltung soll Studierenden theoretische und praktische Kenntnisse in der Konstruktion von Fragebogen vermitteln. Es werden
Instrumente aus verschiedenen Bereichen durch die Studierenden konstruiert, übersetzt und adaptiert. Danach erfolgt eine Online-
Erhebung dieser Instrumente, die anschliessend unter Anleitung ausgewertet und in einem wissenschaftlichen Bericht präsentiert wird.

Lecture notes Alle Unterlagen werden im OLAT-Kurs zur Verfügung gestellt
Voraussetzung für die Teilnahme ist ein eigener Laptop mit einem Statistikprogramm (z.B. SPSS) und einem Office-Paket.

Literature Alle Unterlagen werden zur Verfügung gestellt.
Prerequisites /
notice

Der Leistungsnachweis besteht aus einem schriftlichen Leistungsnachweis, der benotet wird, ausserdem werden die unten genannten
Aspekte von aktiver Teilnahme für das Bestehen des Moduls vorausgesetzt. Der schriftliche Leistungsnachweis besteht aus einem
wissenschaftlichen Bericht zur psychometrischen Prüfung einer im Rahmen des Seminars selbst adaptierten, konstruierten oder
übersetzten Skala. Die aktive Teilnahme besteht aus Vorbereitung auf die Sitzungen, Rekrutierung von Teilnehmenden für die
gemeinsame Datenerhebung, zwei kurzen Präsentationen zur praktischen Aufgabe sowie aktiver Teilnahme am Seminar.

Voraussetzung für die Teilnahme ist ein eigener Laptop mit einem Statistikprogramm (z.B. SPSS) und einem Office-Paket.

851-0240-17L Designing Learning Environments for School:
Educational Foundations (EW2 TC)
- Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".
- Addresses to students enrolled in "Teaching Certificate
in a non-college Discipline (TC)". 
- The simultaneous enrolment in course 851-0240-25
Designing Learning Environments for School: Vocational
Education  (EW2 TC)" is recommended, but not a
mandatory prerequisite.

O  2 credits 1V S. Peteranderl, P. Edelsbrunner,
U. Markwalder

Abstract Teaching is also a craft. In this lecture, students get to know and, wherever possible, also practice practical aspects of the teaching
profession within the framework of relevant theories rom the Learning Sciences. 

Objective Students acquire basic knowledge and skills needed for planning, preparing, and implementing effective instruction. They can reflect and
adapt these skills based on knowledge about findings from research in the learning sciences.  

Content We discuss characteristics of successful lessons and how to design such lessons by using curricula and lesson plans, teaching goals,
classroom management, and a variety of teaching methods.

Lecture notes The lecture comprises interactive parts where the participants  elaborate and extend their knowledge and skills. Thus, there is no
comprehensive written documentation of the lecture. The participants can download presentation slides, learning materials, and templates
from "Moodle".

Literature The necessary literature can be downloaded from "Moodle".
Prerequisites /
notice

The lecture EW2 can only be attended by students who already successfully completed the lecture Human Learning (EW1).
There will be two independent lectures for different groups of students. You will get further information in an email at the beginning of the
semester.

851-0240-25L Designing Learning Environments for School:
Vocational Education  (EW2 TC)
- Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".
- Addresses to students enrolled in "Teaching Certificate
in a non-college Discipline (TC)". 
- The simultaneous enrolment in course 851-0240-17L
Designing Learning Environments for School: Educational
Foundations (EW2 DZ)" is recommended, but not a
mandatory prerequisite.

O  2 credits 1V G. Kaufmann

Abstract Participants acquire knowledge in vocational training system and in theory and practice of vocational education. They get to know
characteristics of functions, tasks and roles in the professional world. They deduce consequences for the planning and execution of
learner-tailored and effective learning in vocational education taking into account the theory and practice of vocational education.

Objective Participants would be able to structure and execute learner-tailored and effective learning in vocational education taking into account the
theory and practice of vocational education.

851-0242-03L Introduction to General Pedagogy
Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate.


W  2 credits 2G L. Haag
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Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".

Abstract The basics of educational science and the field of activity of the school are conveyed in as much as they are of relevance to the field of
activity of the teachers. Basic knowledge is taught methodically by the lecturers which is further deepened by the reading of selected texts
and corresponding work assignments in individual and small groups.

Objective 1. Basics of educational science
1.1 Historical survey of education and school
1.2 Fundamental educational terms
- Education as field of activity of the school
- Education at school
- Socialization
2. Field of activity of the school
2.1 Theory of school
- Theory of school
- Curriculum theory
- School development
2.2 Theory of instruction
- Didactic analysis
- Principles of learning
- Handling of heterogeneity

851-0242-06L Cognitively Activating Instructions in MINT Subjects
Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

This course unit can only be enroled after successful
participation in, or during enrolment in the course 851-
0240-00L "Human Learning (EW 1)".

W  2 credits 2S R. Schumacher

Abstract This seminar focuses on teaching units in chemistry, physics and mathematics that have been developed at the MINT Learning Center of
the ETH Zurich. In the first meeting, the mission of the MINT Learning Center will be communicated. Furthermore, in groups of two, the
students will intensively work on, refine and optimize a teaching unit following a goal set in advance.

Objective - Get to know cognitively activating instructions in MINT subjects
- Get information about recent literature on learning and instruction

Prerequisites /
notice

Für eine reibungslose Semesterplanung wird um frühe Anmeldung und persönliches Erscheinen zum ersten Lehrveranstaltungstermin
ersucht.

851-0242-07L Human Intelligence
Number of participants limited to 30.

Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

This course unit can only be enroled after successful
participation in, or imultaneous enrolment in the course
851-0240-00L "Human Learning (EW 1)" .

W  1 credit 1S E. Stern

Abstract The focus will be on the book "Intelligenz: Grosse Unterschiede und ihre Folgen" by Stern and Neubauer. Participation at the first meeting
is obligatory. It is required that all participants read the complete book. Furthermore, in two meetings of 90 minutes, concept papers
developed in small groups (5 - 10 students) will be discussed.

Objective - Understanding of research methods used in the empirical human sciences
- Getting to know intelligence tests
- Understanding  findings relevant for education

851-0242-08L Research Methods in Educational Science
Number of participants limited to 30.

This course unit can only be enroled after successful
participation in, or imultaneous enrolment in the course
851-0240-00L "Human Learning (EW 1)" .

W  1 credit 1S P. Edelsbrunner, T. Braas,
C. M. Thurn

Abstract Literature from learning sciences will be read and discussed. Research methods will be in focus.
At the first meeting all participants will be allocated to working groups and two further meetings will be set up with the groups.
In the small groups students will write critical short essays about the read literature. The essays will be presented and discussed in the
plenum at the third meeting.

Objective - Understand research methods used in the empirical educational sciences
- Understand and critically examine information from scientific journals and media
- Understand pedagogically relevant findings from the empirical educational sciences

851-0242-11L Gender Issues In Education and STEM
Number of participants limited to 20.

Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

Prerequisite: students should be taking the course 851-
0240-00L Human Learning (EW1) in parallel, or to have
successfully completed it.

W  2 credits 2S M. Berkowitz Biran, T. Braas,
C. M. Thurn

Abstract In this seminar, we introduce some of the major gender-related  issues in the context of education and science learning, such as the under-
representation of girls and women in science, technology, engineering and mathematics (STEM). Different perspectives, controversies and
empirical evidence will be discussed.

Objective - To familiarize students with gender issues in the educational and STEM contexts and with controversies regarding these issues.
- To develop a critical view on existing perspectives. 
- To integrate this knowledge with teacher's work.
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Content Why do fewer women than men specialize in STEM (science, technology, engineering and mathematics)? Are girls better in language and
boys better in math? These and other questions about gender differences relevant to education and STEM learning have been occupying
researchers for decades. In this seminar, students will learn about major gender issues in the educational context and the different
perspectives for understanding them. 

Students will read and critically discuss selected publications on these topics and their implications for the classroom context. There will be
weekly (or bi-weekly) assignments as well as a final project in which students will integrate and elaborate on the topics learned in the
seminar.

Prerequisites /
notice

Recommended: Completion of the course 851-0240-00L Human Learning (EW1).

Active participation in the seminar.

 Subject Didactics and Professional Training
Important: You can only enrole in the courses of this category if you have not more than 12 CP left for possible additional requirements.

Number Title Type ECTS Hours Lecturers

751-9020-00L Teaching Internship Including Examination Lessons
Agricultural Science
The teaching internship can just be visited if all other
courses of TC are completed.
Repetition of the teaching internship is excluded even if
the examination lessons are to be repeated.

W  6 credits 13P G. Kaufmann

Abstract Students apply the insights, abilities and skills they have acquired within the context of an educational institution. They observe 10 lessons
and teach 20 lessons independently. Two of them are as assessed as Examination Lessons.

Objective - Students use their specialist-subject, educational-science and subject-didactics training to draw up concepts for teaching.
- They are able to assess the significance of tuition topics for their subject from different angles (including interdisciplinary angles) and
impart these to their pupils. 
- They learn the skills of the teaching trade. 
- They practise finding the balance between instruction and openness so that pupils can and, indeed, must make their own cognitive
contribution.
- They learn to assess pupils' work.
- Together with the teacher in charge of their teacher training, the students constantly evaluate their own performance.

Content Die Studierenden sammeln Erfahrungen in der Unterrichtsführung, der Auseinandersetzung mit Lernenden, der Klassenbetreuung und der
Leistungsbeurteilung. Zu Beginn des Praktikums plant die Praktikumslehrperson gemeinsam mit dem/der Studierenden das Praktikum und
die Arbeitsaufträge. Die schriftlich dokumentierten Ergebnisse der Arbeitsaufträge sind Bestandteil des Portfolios der Studierenden.
Anlässlich der Hospitationen erläutert die Praktikumslehrperson ihre fachlichen, fachdidaktischen und pädagogischen Überlegungen, auf
deren Basis sie den Unterricht geplant hat und tauscht sich mit dem/der Studierenden aus. Die von dem/der Studierenden gehaltenen
Lektionen werden vor- und nachbesprochen. 
Die Themen für die beiden Prüfungslektionen am Schluss des Praktikums erfahren die Studierenden in der Regel eine Woche vor dem
Prüfungstermin. Sie erstellen eine Vorbereitung gemäss Anleitung und reichen sie bis am Vortrag um 12 Uhr den beiden Prüfungsexperten
(Fachdidaktiker/-in, Departementsvertreter/-in) ein. Die gehaltenen Lektionen werden kriteriumsbasiert beurteilt. Die Beurteilung umfasst
auch die schriftliche Vorbereitung und eine mündliche Reflexion des Kandidaten/der Kandidatin über die gehaltenen Lektionen im Rahmen
eines kurzen Kolloquiums.

Lecture notes Dokument: schriftliche Vorbereitung für Prüfungslektionen.
Literature Wird von der Praktikumslehrperson bestimmt.

751-9013-00L Subject Didactics Agricultural Science I O 4 credits 3G G. Kaufmann
Abstract In der Fachdidaktik I werden Unterrichtstechniken im Sinne von Bausteinen von typischen Lektionen behandelt. Dies geschieht auf Basis

der Erkenntnisse der Lehr- und Lernforschung und deren Umsetzung in der Praxis. Ziel ist die Planung und Durchführung von
lernwirksamen Unterrichtssequenzen sowie deren Evaluation und Reflexion. 

Objective • Die Studierenden können Einzellektionen aufgrund von Bildungsvorgaben lernwirksam planen, durchführen und reflektieren.
• Sie orientieren sich an Lernzielen und berücksichtigen die Vorkenntnisse, das berufliche Umfeld und die Ambitionen der Lernenden.
• Sie können die grundlegenden Unterrichtstechniken in ihrem Fach lernwirksam umsetzen und die Lernphasen geeignet rhythmisieren.
• Sie können komplexe technische Fachinhalte lerngerecht reduzieren und darstellen.
• Sie kennen Beispiele von verbreiteten Fehlkonzepten der Lernenden und können den Unterricht entsprechend gestalten.

 Further Subject Didactics
Für Studierende mit Immatrikulation ab HS 2019: Die hier angebotenen Fächer werden unter der Kategorie «Fachdidaktik und Berufspraktische
Ausbildung» angerechnet.

Number Title Type ECTS Hours Lecturers

751-9005-00L Mentored Work Specialised Courses in the Respective
Subject with an Educational Focus Agricul. Sc A

O  2 credits 4A G. Kaufmann, K. Koch, U. Lerch

Abstract In the mentored work on their subject specialisation, students link high-school and university aspects of the subject, thus strengthening
their teaching competence with regard to curriculum decisions and the future development of the tuition. They compile texts under
supervision that are directly comprehensible to the targeted readers - generally specialist-subject teachers at high-school level.

Objective The aim is for the students
- to familiarise themselves with a new topic by obtaining material and studying the sources, so that they can selectively extend their
specialist competence in this way.
- to independently develop a text on the topic, with special focus on its mathematical comprehensibility in respect of the level of knowledge
of the targeted readership.
- To try out different options for specialist further training in their profession.

Content Thematische Schwerpunkte:
Die mentorierte Arbeit in FV besteht in der Regel in einer Literaturarbeit über ein Thema, das einen Bezug zum gymnasialem Unterricht
oder seiner Weiterentwicklung hat. Die Studierenden setzen darin Erkenntnisse aus den Vorlesungen in FV praktisch um.

Lernformen:
Alle Studierenden erhalten ein individuelles Thema und erstellen dazu eine eigenständige Arbeit. Sie werden dabei von ihrer
Betreuungsperson begleitet. Gegebenenfalls stellen sie ihre Arbeit oder Aspekte daraus in einem Kurzvortrag vor. Die mentorierte
Arbeit ist Teil des Portfolios der Studierenden.

Lecture notes Eine Anleitung zur mentorierten Arbeit in FV wird zur Verfügung gestellt.
Literature Die Literatur ist themenspezifisch. Sie muss je nach Situation selber beschafft werden oder wird zur Verfügung gestellt.
Prerequisites /
notice

Die Arbeit sollte vor Beginn des Praktikums abgeschlossen werden.
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751-9014-00L Subject Didactics Agricultural Science II O  4 credits 9G G. Kaufmann
Abstract Anspruchsvollere und umfangreichere Unterrichtsmethoden werden eingeführt und in Bezug den damit umgesetzten Lehr-Lern-Strategien

gesetzt. Die Umsetzung der Unterrichtsmethoden unter Berücksichtigung verschiedener Lehr-Lernstrategien erfolgt über die Planung,
Durchführung und Reflexion von grösseren Unterrichtseinheiten. Dies bedingt eine gegenüber der FD 1 vertiefte Auseinandersetzung mit
der did

Objective Ziel ist es, didaktische Modelle und zugehörige Unterrichtsmethoden mit aktuellen Forschungsergebnissen zusammenzuführen.
Die Studierenden
- lernen sich anhand einer ausführlichen didaktischen Analyse  in ein umfangreiches Unterrichtsthema einzuarbeiten 
- können anspruchsvolle Unterrichtsmethoden im Kontext von verschiedenen Lehr-Lernstrategien  wissensbasiert und reflektiert
anwenden.
- können zu ausgewählten Lehr-Lernstrategien geeignete Unterrichtsumgebungen zielgruppenorientiert entwickeln
- lernen den von ihnen gewählten Unterrichtszugang in berufsbildender, fachlicher, fachdidaktischer und eventuell gesellschaftlicher
Hinsicht zu reflektieren.

Agricultural Sciences TC - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Agricultural Sciences Master
 Major in Animal Sciences

 Disciplinary Competences
 LivestockSystems

Number Title Type ECTS Hours Lecturers

751-6502-00L Ruminant Science (FS) W+  4 credits 4G M. Kreuzer, A. Grahofer,
S. Neuenschwander

Abstract The course provides the scientific basis of the central aspects in ruminants of cattle, sheep and goat breeding, diseases and the
interrelationship of animal nutrition and environment. Aspects of organic farming and tropical livestock systems form part of the course.
Means of knowledge transfer include interdisciplinary approaches, disciplinary parts, web-based learning and self-study.

Objective At the end of the course the students are able to apply, by a comprehensive understanding of the underlying mechanisms, their knowledge
in various fields of ruminant science. They will be able to develop and recommend best strategies for large and small ruminant breeding, for
sustained animal health and disease prophylaxis, for environmentally friendly animal nutrition etc. They will be trained to carry out
interdisciplinary and disciplinary research at the highest level. The course Ruminant Science (HS) offered in autumn has a similar structure
but is complementary to this course.

Content Fields (contact hours)  
- Introduction 
- Interdisciplinary topics: 12 h
   - Organic Ruminant Systems
   - Tropical Ruminant Systems
   - Mastitis
- Disciplinary topics: 36 h
  - Cattle, Sheep and Goat Breeding: 12 h
  - Ruminant Diseases and Prophylaxis: 12 h
  - Ruminant Nutrition and the Environment (incl. general introduction): 12 h
- Lectures held by the students: 4 h
In summary
- Contact hours: 52 h
- Self-study within semester: 30 h (especially preparation for the interdisciplinary courses and the own lecture) 
- Self-study in semester break: 38 h
Total: 120 h

Lecture notes Documentations, links and other materials will be provided at the start of the course.
Literature Information on books and other references will be communicated during the course.
Prerequisites /
notice

The specialty of this course is that for the first time the animal science disciplines are unified. This is realised with a particular emphasis on
interdisciplinary focal areas and new forms of teaching. At the same time the essential basics in the central fields are communicated.

The field of Ruminant Science will also be a part of the spring semester (planned interdisciplinary topics: Lameness, Fertility in Cows, Food
Intake; disciplinary courses: Animal Husbandry, Ruminant Reproduction, Nutrition Physiology in Ruminants). However both courses are
organized independently. 

Conditions for successful participation: Background on animal science from the Bachelor is desired. In order to attend the Minor in
Ruminant Science without any animal science background, a realistic self-assessment concerning the need for additional self-study is
recommended (e.g. by choosing an appropriate bachelor course which then may be counted as 'optional courses'  in the master). These
efforts depend on the extent to which animal science courses have already been attended in the bachelor.

The control of performance will consist of:
- an own lecture
- an interdisciplinary final oral examination with focus on comprehension of the fundamental linkages rather than of specific details

751-6602-00L Pig Science (FS) W+  2 credits 2G S. Goumon, G. Bee,
S. Neuenschwander

Abstract The overall goal of the course is to provide the essential scientific knowledge of the genetic, physiological, behavioural and special
nutritional aspects of pigs metabolism, health and diseases, and of the implications for product quality and economics.

Objective Students will
 - understand the complex interactions of nutrition, quality traits of products, breeding and reproduction, health management and husbandry
as well as various production systems including economics.
 - be able to critically analyze published research data.
 - be able to present precise scientific reports in oral form.

Content After the Introduction (Aims of the course, organisation, program, student contribution & evaluation), actual topics that are relevant for pig
production will be presented: 
Nutrition; SGD; Breeding; Transport and Slaughter; Economic Aspects; Meat Quality; precision live farming and positive welfare.

Lecture notes Handouts/scripts are being individually distributed by the the lecturers.
Literature Specific literature is being indicated individually by the lecturers.

751-6802-00L Poultry Science W+  2 credits 1G S. Müller, R. Zweifel
Abstract The overall goal of the course is to provide the essential scientific knowledge of the genetic, physiological and special nutritional aspects of

poultry's metabolism, animal health and diseases, and of the implications for environment, product quality, housing and animal welfare, and
breeding programs.

Objective Students will
 - understand the complex interactions of nutrition, quality traits of products, breeding and reproduction, health management, diseases and
husbandry as well as various production systems including environmental aspects and sustainable resource use.
  - be able to critically analyze published research data.
 - be able to present precise scientific reports in oral and written form.
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Content After an introduction, the nutrition and health/diseases (2x2h each) are discussed. 
In addition to the lectures held at the ETH, there are two days external courses at the Aviforum in Zollikofen (held by Aviforum and FSVO).
In this two days, relevant topics important for poultry science/production are discussed: 

Aviforum: 
 - Introduction, development and impact of the poultry production (egg & meat, national & international), organization and division of work,
importance of the wholesale merchants; 
 - Poultry: production systems, Good Manufacturing Practice
 - Egg production: sorting, handling and storage, product quality, foodstuff legislation, production scheduling and economics. 
 - Genetics: breeds, gene reservoirs, hybrid breeding, organizations and hybrids
 - Hygiene: concept and needs, assessment
 - Actual experiments (hens and broiler): practical training (exterior and performance test, assessment of husbandry). 

FSVO: 
 - Origin of the chicken and its original habitat, wood hen -> requirements for livestock husbandry, anatomy and normal behavior,
development of alternatives
 - Animal welfare aspects of poultry production.

Lecture notes Handouts/scripts are being individually distributed by the lecturers.
Literature Specific literature is being indicated individually by the lecturers.

 Livestock Biology
Number Title Type ECTS Hours Lecturers

751-6122-00L Physiology of Lactation W+  3 credits 3G S. E. Ulbrich, R. Bruckmaier
Abstract As part of the course, students get to know the detailed processes that lead to the formation and secretion of milk in the context of

mammalian lactation, particularly in livestock and wildlife.
Objective The course aims at an understanding of the complex function of lactation. The acquired knowledge allows the students to assess both

current and future potentials and problems which arise during the different stages of lactation.
Content The interactive lecture, which is complemented by two days internship, allows students to aquire the detailed processes that lead to the

formation and secretion of milk in mammals.
These include the basic understanding of the development and functional stages of the mammary gland and its importance for the various
farm animal species and humans as food. Also, hormonal changes which are occuring during the different stages of lactation, are
discussed in detail. In addition, techniques of milk withdrawal are discussed in lectures and internship. These focus on the particularly
challenging interactions between milking technology and the animal.

Lecture notes Students will receive the slides of the lessons as pdf in advance.
Literature F. Döcke, "Veterinärmedizinische Endokrinologie"
Prerequisites /
notice

Requirement:
The course "Endocrinology and Biology of Reproduction" (751-6113-00L, takes place in HS) is an excellent prerequisite and
complementation of the "Physiology of Lactation".
Dates:
The course takes place on the following dates:
Friday 28.02.2020 – 10-17h(Strickhof)
Friday, 06.03.2020 – 10-17h (Bern)
Thursday/Friday, 12./13.03.2020 (Posieux) je 10-17h
Friday, 20.03.2020 – 10-17h (Zurich)
Friday, 24.04.2020 – 9-15h (Zurich) 

751-6124-00L Wildlife Ecophysiology and Epidemiology
Does not take place this semester.

W+  2 credits 2G S. E. Ulbrich

Abstract The course will convey basic principles of the physiology and epidemiology of wildlife in the context of disease transmission via animal
migration, transport, agricultural practice and food items.Adaptions of native wildlife to the urban and agricultural environment and wildlife
management will be illustrated. The course includes excursions and practical demonstrations.

Objective The aim of the course is to raise the awareness for the transmission of zoonotic diseases between agricultural animals, pets and humans.
Furthermore, the pros and cons of different wildlife management strategies should enable the understanding of physiological adaptations of
wildlife to human shaped environments. The ability to phrase own questions and to contribute to scientific discussions will be strengthened.

Content After a general introduction the following lectures will deal with specific topics such as animal migration, agricultural damage and population
control, emergence of new diseases, wildlife monitoring and management and physiology of native species. The course includes
excursions to a wildlife rehabilitation center and a walk through the woods of Zurich with a wildlife warden. Practical experience will be
gained in the autopsy of wild and domestic birds.

The dates and locations for the practical session and the excursions are the following:

29.04.2019: 
Practical course bird autopsy
Meeting point at 1:00 pm; Institute for Veterinary Pathology  Winterthurerstrasse 270, 8057 Zürich

13.05.19: 
Excursion to the "Wild animal rehabilitation center Landshut".
Meeting point at the rehabilitation center at 1:15 pm (http://www.wildstation.ch/kontakt.html)


20.05.2019
Excursion with wildlife warden of the city of Zurich
Meeting point SBB station Grünwald at 1 pm

Lecture notes It is expected that students take their own notes during the lectures. If possible, the lecture material and additional information will be
available online.

Literature Scientific literature will be referenced in the lectures.
Prerequisites /
notice

A general interest in wildlife is prerequisite. The students should have an understanding of basic principles of disease transmission.

751-7406-00L Current Problems of Herd Health and Management W+  1 credit 1S A. Grahofer
Abstract Current problems of animal health and husbandry with a view to latest scientific findings, statutory aspects and evolutions in practice.
Objective The students are informed about current problems. They know how to acquire information independently and to discuss a predefined topic

well informed

752-2302-00L Milk Science W+  1 credit 1V J. Berard, C. Lacroix
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Abstract The course provides information on synthesis and composition of milk, and the effects of various factors. Furthermore, specific hygienic
and microbial problems of milk and fermented milk products, as well as basics on processing of milk into dairy products will be presented
and discussed. The course is conceptually oriented towards the agri-food chain.

Objective Students attending this course get a comprehensive overview on milk and important milk products both from an agricultural and a food
science perspective. In this way they earn competence at this borderline which is a pre-requisite for an efficient collaboration between milk
producers, processors and consumers.

Content Topics (contact hours)  
- Milk synthesis and composition (Joel Berard): 6 h 
- Milk processing and hygienic aspects of milk and milk products  (Christophe Lacroix): 6 h
Total contact hours: 12 h
Self-study within semester: 16 h (especially preparation for the examination)

Lecture notes Documentations, links and other materials will be provided by each lecturer at the start of his part of the course. Additionally, an extensive
German documentation for the part of Joel Berard can be downloaded via Moodle in "Kurs Nutztierwissenschaften". The access code will
be communicated during the course.

Literature Information on books and other references will be communicated during the course.
Prerequisites /
notice

A special point for this course is that it is taught by professors from food and agricultural sciences and is aimed to integrate both fields and
provide a clear illustration of this important duality for the production of high quality, and safe dairy food.

This course is a core element of the Minor in Food Quality and Safety for students of the Master in Agroecosystem Science. It is optional (i)
in the Major of Animal Science, (ii) for students selecting Majors in Crop Science or Food & Resource Economics. No specific qualification
is demanded to attend the course.

Performance control is done by a final written examination of 60 min duration of the open-books type (all paper files can be brought and
used).

752-5106-00L Meat Technology
Number of participants limited to 40

The course will only be held with a minimum of 25
participants.

Prerequisite: Participation in "Quality of Products of
Animal Origin"  (751-7800-00L, course regularly offered
during the spring semester).

W+  1 credit 1G M. Kreuzer, A. Kilchör

Abstract The understanding of procedures and quality requirements in meat production and processing is the focus of this course. The basis for that
is a modern meat technology at all steps of processing. In the form of a block course carcass dissection and production of various meat
products are demonstrated in practice and explained in detail.

Objective The course in meat technology shall give in a hands-on manner an insight into meat production and processing. It shall provide knowledge
of the versatile aspects of meat production and meat processing technology. The language used in this MSc course is German.

Content - Kurze theoretische Einführung in Schlachtkörperzerlegung und Fleischtechnologie
- Zerlegung von Rinder- und Schweineschlachtkörper sowie Entbeinung (mit eigener Mitwirkung der Studierenden)
- Demonstration der Technologie zur Erstellung von Fleischwaren (Koch- und Rohpökelwaren) sowie Würsten (Koch-, Roh- und
Brühwürste)
- Technologieentwicklung (incl. Haushaltstechnik)

Der Blockkurs baut auf dem theoretischen Hintergrund auf, der vorab in der Lehrveranstaltung «Qualität tierischer Produkte» vermittelt
wurde.

Lecture notes Es werden Handouts verteilt.
Prerequisites /
notice

A) Der Blockkurs Fleischtechnologie findet in Spiez im Ausbildungszentrum für die Schweizer Fleischwirtschaft (ABZ) statt.

B) Die Kreditpunktbedingungen bestehen aus den folgenden beiden Elementen (Prüfungsmodus: unbenotete Semesterleistung):
1 - Teilnahme an beiden Kurstagen (ausser im belegten Krankheitsfall)
2 - Abgabe einer ca. zweiseitigen schriftlichen Arbeit von ausreichender Qualität. Mögliche Themen und Anforderungen an die Inhalte
dieser Arbeit werden vom Dozenten des ABZ im Kurs definiert. Die Arbeit kann auch nach dem Abschluss des Blockkurses an den
Dozenten des ABZ gesandt werden, spätestens aber 14 Tage danach.

C) Die Lehrveranstaltung "Qualität tierischer Produkte" ist Voraussetzung für die Belegung des Blockkurses.

 Livestock Genetics
Number Title Type ECTS Hours Lecturers

751-6212-00L Applied Genetic Evaluation in Livestock W+  1 credit 1G P. von Rohr
Abstract Swiss routine breeding value estimation/genetic evaluation systems of cattle, pig, sheep and goats are presented with methods and

evaluated traits. Examples will be demonstrated using the statistical software R.
Objective The students know the theoretical and practical application of breeding value estimation in Switzerland for cattle, pig, sheep and goats. The

students are able to interpret estimated breeding values.
Content basic principles of genetic evaluations

Applied genetic evaluation in cattle (data, methods, traits, national and international genetic evaluations)
Applied genetic evaluation in pigs (data, methods, traits)
Applied genetic evaluation in sheep and goats (data, methods, traits)

Lecture notes Course notes in the form of a monograph, copies of the slides and solutions to the exercise questions are available on the net.
Literature To be announced in the lectures.

751-6244-00L Genomic Animal Breeding W+ 3 credits 3G H. Pausch
Abstract Molecular marker-based methods and applications in animal breeding and genetics are introduced by discussing approaches to discover

genomic regions associated with monogenic and complex traits, genomic prediction as well as the properties of genomic breeding values.
Participants analyse real genomic data with the R-package and thus acquire the skills to carry out own research projects.

Objective After the course, students will be able to
-    work with widely-used formats of genomic data
-    process and interpret raw sequencing and genotyping data 
-    explain and identify the challenges, opportunities and risks associated with applying molecular marker data in animal breeding and
animal genetics
-    apply common statistical methods to correlate phenotypes and genotypes
-       carry out research projects that involve molecular marker data
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Content -    Principles of generating, processing and analysing whole-genome sequencing and genotyping data
-    Statistical approaches to map quantitative trait loci using genome-wide association studies
-    Calculation of genomic relationship and inbreeding coefficients
-    Principles of genomic prediction and selection
-    Bioinformatics approaches to characterize sequence variation at nucleotide level
-    Approaches to identify causal mutations underlying Mendelian traits
-    Strategies to consider Mendelian traits in genomic breeding programs

Lecture notes The slides will be provided in advance of each lecture.
Prerequisites /
notice

Laptop with the R software for exercises
Basic experience with the R environment for statistical computing (a brief introduction into R will be provided upon request)

 Methodology Competences
 Methods for Scientific Research

Number Title Type ECTS Hours Lecturers

751-7512-00L Practical Course in Applied Ethology W+  2 credits 3G S. Goumon
Abstract The course will introduce students to basic concepts of applied ethology and to the assessment of behaviour such as agonistic interaction,

nursing or response to novelty. This course will focus on practical observations and use of specific coding software. Students will
summarize and share what they have learnt through a poster presentation and a video.

Objective 1/ to become familiar with methods used in ethological studies 2/ to carry out live behavioural observations 3/ to illustrate a scientific
concept using two medium (poster and video)

Content You will learn about : 1/What applied ethology is, 2/How to measure behaviour and 3/ Basic concept of ethology such as social dominance,
affiliation interactions, nursing behaviour, response to stress. This will put in practice using live observations of animals. Students will use
coding softwares in order to analyse the observed behaviour. Students will document their observations using photos and videos, which will
be used later for poster and video presentations (see grading system). 

Grading system: During the course, each student will have to present (poster presentation) a topic of research related to applied ethology.
Within 4 weeks after completion of the course: pair of students will create a video (5 min max) on one of the topics described during the
course

Lecture notes none
Literature Martin, P & Bateson, P. Measuring Behaviour. 1993, 2nd edition, Cambridge University Press
Prerequisites /
notice

The course will take place on from  from June 29th to July 3rd 2020 at AgroVet-Strickhof, Lindau. Accomodation in AgroVet-Strickhof is
possible on request (150.- for a double room + 25.- per day if you want to eat at the restaurant, 3 meals/day). Please bring with you suitable
clothes and your laptop if available.

Registration until 31.05.2020, minimum number of participants: 4, maximum 15. 

The course will be in English.

751-7602-00L Applied Statistical Methods in Animal Sciences W+  1 credit 1V P. von Rohr
Abstract Genomic selection is currently the method of choice for improving the genetic potential of selection candidates in livestock breeding

programs. This lecture introduces the reason why regression cannot be used in genomic selection. Alternatives to regression analysis that
are suitable for genomic selection are presented. The concepts introduced are illustrated by excersises in R.

Objective The students are familiar with the properties of multiple linear regression and they are able to analyse simple data sets using regression
methods. The students know why multiple linear regression cannot be used for genomic selection. The students know the statistical
methods used in genomic selection, such as BLUP-based approaches, Bayesian procedures and LASSO. The students are able to solve
simple exercise problems using the statistical framework R.

Content - Introduction to multiple linear regression
- Problem n << p when using least squares in genomic selection
- BLUP based approaches of solving problem of n << p
- LASSO (Least Absolute Shrinkage and Selection Operator) as an alternative to approaches used in animal breeding
- Introduction to Bayesian Statistics and parameter estimation
- Application of Bayesian methods in genomic selection (BayesA, BayesB, BayesC, BayesN)

Lecture notes Course notes in the form of a monograph, copies of the slides and solutions to the exercise questions are available on the net.
Literature To be announced in the lectures.

 Project Management for Scientific Research
Number Title Type ECTS Hours Lecturers

751-1000-00L Interdisciplinary Project
Only for Master Students in Agricultural Sciences and
Food Sciences. 

Prerequisite: successful completion of the bachelor
programme.

W+ 4 credits 3U B. Dorn, C. Hartmann,
M. Schuppler, A. Walter,
H. Adelmann, J. Baumgartner,
U. Brändle, T. Dalhaus, M. Erzinger,
I. Gangnat, A. K. Gilgen,
A. Grahofer, A. Hofmann,
G. Kaufmann, M. Kreuzer,
M. M. Nay, C. E. Pohl,
M. Wiggenhauser

Abstract Die Studierenden der Agrar- und Lebensmittelwissenschaft erarbeiten in interdisziplinären Teams Lösungen für Fragestellungen, welche
ihnen von Projektpartnern entlang der Nahrungsmittelwertschöpfungskette gestellt werden. Die Studierenden präsentieren und diskutieren
die Lösungen an der Schlussveranstaltung und verfassen einen Projektbericht.

Objective Die Studierenden 
- können für Fragestellungen aus der Schweizer Nahrungsmittelwertschöpfungskette wissenschaftlich fundierte und praxistaugliche
Lösungen entwickeln. Sie arbeiten dabei inter- und transdisziplinär;
- können mit Hilfe von Grundlagen des Projektmanagements die Lösungsentwicklung zielgerichtet und effizient abwickeln sowie steuern;
- können die Grundlagen der Gestaltung effektiver Teamarbeit für eine erfolgreiche Lösungsentwicklung in einem Projektteam einsetzen; 
- können die entwickelten Lösungen in mündlicher und schriftlicher Form nachvollziehbar, überzeugend und adressatengerecht
präsentieren;
- können den Arbeitsprozess und die Projektergebnisse individuell und in Projektteams reflektieren und daraus Konsequenzen für
erfolgreiches Handeln in Projektteams ziehen.
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Content Die Studierenden der Agrar- und Lebensmittelwissenschaften bearbeiten Fragestellungen, welche ihnen von Projektpartnern aus der
Praxis entlang der Schweizer Nahrungsmittelwertschöpfungskette gestellt werden. Dabei werden sie von einem Coach beider
Studienrichtungen angeleitet und unterstützt. Sie lernen zudem selbstorganisiert ein praxisorientiertes Projekt in Zusammenarbeit mit dem
Projektpartner und dem Coach abzuwickeln. Die Studierenden wenden ihre erworbenen fachlichen und überfachlichen Kompetenzen in
ihrem Projektteam zur Erarbeitung und Entwicklung von Lösungen für die Fragestellungen des Projektpartners an. Die Studierenden
präsentieren und diskutieren die Lösungen an der Schlussveranstaltung mit den Projektpartnern und verfassen einen schriftlichen
Projektbericht zuhanden des Projektpartners. Die Studierenden reflektieren die geleistete Projektarbeit sowie ihre Team- und
Projektmanagementkompetenzen.

Vorlesungszeit, Selbststudium, externe Projekttage:
Die Lehrveranstaltung findet am Donnerstag während dem Semester von 12:30-15:00 statt. Ausnahme ist der Donnerstag 5.3.20 an
welchem die Lehrveranstaltung von 12:00-18:00 stattfindet. Während der Semesterzeit arbeiten die Studierenden zudem ausserhalb der
Vorlesungszeit im Selbststudium an den Projekten. Die externen Projekttage werden vom 15.6.20-18.6.20 im Seminarhaus Herzberg
durchgeführt.

Prerequisites /
notice

Unterrichtssprache: Deutsch

701-1502-00L Transdisciplinary Case Study
Does not take place this semester.
Number of participants limited to 25.

Students have to apply for this course by sending a two-
page motivation letter (why are you interested? what do
you want to learn? what can you contribute?) to
michael.stauffacher@usys.ethz.ch and
pius.kruetli@usys.ethz.ch (latest by 10th January 2020).

Important: for students in Agricultural Sciences, the case
study can replace the compulsory course 751-1000-00L
Interdisciplinary Project Work!

W  7 credits 15P M. Stauffacher

Abstract This course is a project-oriented and research based teaching activity organized in a real-world setting. Students work on societally
relevant problems. Sustainability issues and collaboration between science and society are key.
In 2020, the case area is Seychelles, a small developing island state in the Indian ocean.

Objective Students learn how to plan and implement their research work in interdisciplinary and intercultural teams of students. This includes:
structure ill defined problems; derive research questions; design research plans; apply qualitative and quantitative methods; work in
interdisciplinary and inter-cultural teams; organise transdisciplinary collaboration between research and people from outside academia.

Content The Seychelles is a Small Island Developing State (SIDS) in the Indian Ocean comprising some 115 islands spread over a sea area of 1.4
million km2. SIDS share some common characteristics. They are: small in size and economy; are remote and isolated from international
markets; are vulnerable against external disturbances and climate change effects. Seychelles is highly dependent on  intact nature.
Tourism and fishery are major economic pillars. Seychelles is in transformation from a developing to a developed country.

Between 2012-2015 ARUP, an international consultant, developed the Strategy Plan Seychelles 2040. The Seychelles Planning Authority
is currently working on the implementation of the strategy plan. Current major activity is land use planning.

The preparation of the case study happens in close collaboration with the Seychelles Planning Authority, major partner of the case study, to
secure that research is relevant for the local context and can have concrete impacts in the case area. Together we defined Sustainable
Land Use as umbrella theme. Topics to look at may include transport infrastructure, tourism, conservation, housing, agriculture, etc.

This is the third time that the transdisciplinary case study is organized in Seychelles. In 2016 and 2018 we were working on solid waste
management. While in 2016 the goal was to provide the 'big' picture of the Seychelles waste system, in 2018 the focus was on waste
sorting and waste treatment options, see: https://tdlab.usys.ethz.ch/teaching/tdcs/former/cs2016.html
https://tdlab.usys.ethz.ch/teaching/tdcs/former/cs2018.html



See as well the short movie here which explains what the transdisciplinary case study is
http://www.tdlab.usys.ethz.ch/teaching/tdcs.html

Prerequisites /
notice

The number of participants is limited. Students have to apply for this course by sending a two-page motivation letter. The letter should refer
to: Why are you interested? What do you want to learn? What can you contribute? The latter may include particular skills you have the
case study could benefit from. Please send the letter to michael.stauffacher@usys.ethz.ch and pius.kruetli@usys.ethz.ch (latest by January
10, 2020).

Important: for students in Agricultural Sciences, the case study can replace the compulsory course 751-1000-00L Interdisciplinary Project
Work!

751-6003-00L Training Course in Research Groups (Large) W+  6 credits 13P M. Kreuzer, S. M. Bernal Ulloa,
I. Gangnat, K. Giller,
S. Neuenschwander, H. Pausch,
M. Saenz de Juano Ribes,
M. Terranova, S. E. Ulbrich

Abstract The students will learn the conceptual and methodological background of research in the animal science groups of the Institute of Plant,
Animal and Agroecosystem Science. In addition to teaching the theoretical background, the major aim of the course is to integrate the
students into the research groups (on job training) and, hence, to focus on the practical application of the knowledge.

Objective - Introduction into the conceptual and methodological basis of research
- Integration of the students into the research groups (on job training)
- Application of the gained knowledge

Content The students will be integrated into the research groups day-to-day work and will thus deal with all aspects of scientific work. This
comprises the planning (conceptually and logistically), execution (data collection, laboratory analyses) and evaluation (statistics, data
presentation) of experiments as well as the basics of scientific writing (aim: later publication, Master thesis). The research topics and the
range of methodologies vary between the animal science research groups of the Institute of Plant, Animal and Agroecosystem Sciences.

Lecture notes None
Literature Specific readings after enlisting in a particular research group.
Prerequisites /
notice

The number of training slots in the various groups is limited. It is therefore highly recommended to contact the group leaders early enough
(first come first serve). 
The full integration in a research group often means to work on weekends. 
The total time budget is equivalent to about 180 hours. Active participation in group meetings (discussion, presentation) and short written
reports about the work conducted are required for the 6 credit points. There are no grades, it is only pass or fail.
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751-6003-01L Training Course in Research Groups (Small) W+  3 credits 6P M. Kreuzer, S. M. Bernal Ulloa,
I. Gangnat, K. Giller,
S. Neuenschwander, H. Pausch,
M. Saenz de Juano Ribes,
M. Terranova, S. E. Ulbrich

Abstract The students will learn the conceptual and methodological background of research in the animal science groups of the Institute of Plant,
Animal and Agroecosystem Science. In addition to teaching the theoretical background, the major aim of the course is to integrate the
students into the research groups (on job training) and, hence, to focus on the practical application of the knowledge.

Objective - Introduction into the conceptual and methodological basis of research
- Integration of the students into the research groups (on job training)
- Application of the gained knowledge

Content The students will be integrated into the research groups day-to-day work and will thus deal with all aspects of scientific work. This
comprises the planning (conceptually and logistically), execution (data collection, laboratory analyses) and evaluation (statistics, data
presentation) of experiments as well as the basics of scientific writing (aim: later publication, Master thesis). The research topics and the
range of methodologies vary between the animal science research groups of the Institute of Plant, Animal and Agroecosystem Sciences.

Lecture notes None
Literature Specific readings after enlisting in a particular research group.
Prerequisites /
notice

The number of training slots in the various groups is limited. It is therefore highly recommended to contact the group leaders early enough
(first come first serve). 
The full integration in a research group often means to work on weekends. 
The total time budget is equivalent to about 90 hours. Active participation in group meetings (discussion, presentation) and short written
reports about the work conducted are required for the 3 credit points. There are no grades, it is only pass or fail.

 Major in Plant Sciences
 Disciplinary Competences

 Agronomy and Plant Breeding
Number Title Type ECTS Hours Lecturers

751-4106-00L Crop Phenotyping W+  4 credits 4G A. Hund, H. Aasen, J. Leipner,
F. Liebisch, A. Walter

Abstract Phenotyping is mostly understood as a non-invasive, quantitative assessment of plant and organ morphology at different wavelengths. In
this course, standard and customized phenotyping platforms and approaches are introduced and applied to characterize crop performance
in the field and in the lab. The relevance of phenotyping for breeding, field management and precision agriculture is shown.

Objective At the end of the course you will know a range of different phenotyping methods and how to assess their utility for different issues. You also
know the critical stages of individual crops and you can identify promising traits and phenotyping approaches that are appropriate to
improve a crop or its management in the field.

Content Basic knowledge in physiology, breeding and management of our major crops will be combined with concepts of inheritance, experimental
design, crop modelling and abiotic stress. By lectures, discussions, and hands-on experiments, you will learn to use image-based
phenotyping methods for a performance assessment of genotypes of a breeding population and to assess the efficiency of measures of
field management.
Crops are exposed to different abiotic stress factors during their development. Adaptation of crops to extreme environmental conditions
likely to be encountered in the course of the year (e.g. cold and heat stress; water-saturated or dry soils) has been achieved by plant
breeding to a good extent. In many cases, however, there is enormous potential for optimization. 
The most important mechanisms of plant adjustment towards stress will be explained, as well as critical stages identified in which stress
affects yield most severely. You will learn methods by which the response of plants to environmental parameters is quantified non-
destructively. You learn how to deal with the challenge of spatial variability in the field, when it is necessary to analyze a lot of genotypes.
You will get to know different phenotyping methods in the field and under controlled conditions. An important parameter of analysis will be
the measurement of the growth of roots and shoots and the response of this parameter to environmental stress. Moreover, you will apply
thermography and multispectral image analysis as exemplary remote sensing methods and you will use these methods to calculate
parameters such as canopy cover, water status and leaf greenness of individual plants or crop stands. Also, you will learn the use of
chlorophyll fluorescence to assess the efficiency of the photosynthetic apparatus.

751-4204-01L Horticultural Science: Case Studies
Number of participants limited to 20.

W+  2 credits 2G L. Bertschinger, A. Bühlmann,
C. Carlen, M. Lutz, A. Näf

Abstract After an introduction (2h), lectures address 2 horticultural cropping systems and value chains, each one in 2 2h-lecture blocks. Afterwards,
students split in 2 groups for addressing a case study focusing on one of the cropping systems treated before. An excursion to a research
site might be included. In a final colloquium, each group presents a report on their case study and their conclusions.

Objective Achieve a deepened understanding of horticultural value chain challenges related with ecological intensification, resource efficiency,
climate change and healthy, safe food production, and the problem solution strategies and scientific principles behind.
Deliver in a team effort a report and presentation with a comprehensive insight into the studied problem and its science-based solution
strategy.

Content In the autumn semester, the two addressed cropping systems and value chains are fruit-production and viticulture.  
In the spring semester, the two addressed cropping systems and value chains are vegetable-production- and berry-production or
glasshouse-horticulture.
The selected topics address challenges with regard to ecological intensification, resource efficiency or climate change and branch into on-
going research and development projects.

Lecture notes Documents handed out during the case studies.
Literature Provided by the case study leaders.
Prerequisites /
notice

The course builds on basic knowledge delivered by 'Horticultural Crops  I & II' (BSc). If these courses have not been followed by interested
participants, equivalent knowledge and experience will greatly support a successful and productive participation of the participating student.
Language: spoken E, G or F, Documents: Preferably English, G/F possible.

751-3606-00L Molecular Plant Breeding W+  3 credits 2G B. Studer, C. Grieder, A. Hund,
R. Kölliker

Abstract Molecular tools have significantly contributed to improve the process of plant breeding throughout the last decades. The course Molecular
Plant Breeding illustrates - on the basis of lectures, exercises and practical examples - the most important molecular breeding tools (QTL,
association studies..) and how these tools are applied to plant breeding by means of marker-assisted or genomic selection.
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Objective At the end of the course Molecular Plant Breeding you will be able to:
- understand different molecular marker technologies and genotyping methods, and how the generated data can be used for genetic
distance measures and multivariate statistics in experimental and natural populations
- use the most important molecular breeding tools such as genetic linkage mapping, QTL analysis, genome-wide association studies and to
apply these tools to plant breeding by marker-assisted and genomic selection
- describe different sequencing technologies and strategies for genome sequencing, transcriptome profiling (RNAseq) and genotyping by
sequencing
- apply basic bioinformatics tools for sequence data management and comparative genomics (BLAST, simple assemblies, alignments and
gene annotations)

Content The course Molecular Plant Breeding is based on complementing lectures, exercises and practical examples. The examples cover a wide
range of species and traits and will be taught by four different experts in the field. A detailed program including dates and specific contents
will be provided through Moodle.

Lecture notes Scripts and slides for each lecture and will be made available through Moodle.
Literature For each lecture, additional literature covering the topic will be provided.
Prerequisites /
notice

The course will be held at ETH Zentrum (LFW building), where computers will be available for exercises with R or - if necessary - other
specific software packages. Attendance of the courses Pflanzenzüchtung and Plant Breeding is recommended; basic understanding of R
(as taught in Experimental Design and Applied Statistics in Agroecosystem Science) is advantageous.

 Crop Health
Number Title Type ECTS Hours Lecturers

751-5110-00L Insects in Agroecosystems W+  2 credits 2V C. De Moraes, M. Fenske,
D. Lucas Gomes Marques Barbosa

Abstract This class will focus on insect-plant interactions in agroecosystems, and how the unique man-made agricultural community effects insect
populations leading to pest outbreaks.   Key concepts in pest prediction and management will be discussed from an ecological perspective.

Objective At the end of this course, students will understand what biotic and abiotic factors contribute to pest outbreaks, why some modern pest
management techniques have failed over time, and the trade-offs associated with the use of different pest control methods. Our approach
will allow students to apply their knowledge to a variety of pest management situations. Additionally, students will learn about current
research goals in agroecology and how these goals are being addressed by scientists engaged in agricultural research.

Content The focus of this course will be on understanding how the ecologies of agricultural systems differ from natural ecosystems, and how these
difference affect the population dynamics of insect pests and natural enemies.  Each section of the course is centered around a basic
ecological, biological or engineering theme such as host shift, physiological time, or sampling techniques.  Different management
techniques will be discussed, as well as the ecological basis behind why these techniques work and why they sometimes fail.  The role of
insects in spreading economically important plant diseases will also be discussed. Recent advances in research will also be addressed
throughout the course and reinforced with periodic readings of primary literature.

Lecture notes Provided to students through ILIAS
Literature Selected required readings (peer reviewed literature, selected book chapters).

751-4904-00L Microbial Pest Control W+  2 credits 2G J. Enkerli, G. Grabenweger
Abstract This lecture provides conceptual as well as biological and ecological background on microbial pest management. Methods and techniques

applied to develop and monitor microbial control agents are elucidated.
Objective To know the most important groups of insect pathogens and their characteristics. To become familiar with the basic steps necessary for the

development of microbial control agents. To understand the techniques and methods used to monitor field applications and the procedures
involved in registration of products for microbial pest management.

Content Definitions and general terms used in microbial control are presented. Biological and ecological aspects of all arthropod-pathogenic groups
(virus, bacteria, fungi and nematodes) as well as their advantages and disadvantages in relation to biocontrol are discussed. Particular
emphasis is put on hypocrealean and entomophthoralean fungi. Examples are used to demonstrate how projects in microbial control can
be set up, how pathogens can be applied and how efficacy, non-target effects, persistence and dissemination are monitored. Furthermore,
the necessary steps for product development, commercial aspects and registration requirements are discussed.

Lecture notes Lecture notes comprising the basic aspects will be provided.
Literature Additional literature will be indicated in the lecture

751-4512-00L Plant Pathology IV
Only for MSc Agricultural Sciences
Number of participants limited to 20

W+  2 credits 2G M. Maurhofer Bringolf, G. Broggini,
P. E. De Werra, M. Gygax,
M. Kellerhals, M. Lutz, L. Tamm,
P. Triloff, O. Viret

Abstract Die LV besteht aus einer Mischung aus Infoelementen (Frontalunterricht), Lerneinheiten mit Beispielen (Mitarbeit Studierende),
Selbststudium, Gruppenarbeiten sowie Plenumsdiskussionen. Sie bezieht, wo möglich, die Epidemiologie mit ein, deren wichtigsten
Grundlagen zu Beginn repetiert werden.

Objective Die Studierenden verstehen den modernen Pflanzenschutz als eine System-Komponente der Pflanzenproduktion. Sie erkennen, basierend
auf aktuellen praktischen Beispielen, die Zusammenhänge zwischen verschiedenen Elementen des modernen Produktionssystems und
können diese auch gewichten. Sie sind dazu befähigt, bestehende Massnahmen auf ihre Systemeignung zu evaluieren und sich an der
Erarbeitung zukünftiger Pflanzenschutzkonzepte für verschiedene Kulturen und Anbausysteme aktiv zu beteiligen.
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Content Sieben halbtägige Workshops unter der Leitung von verschiedenen Pflanzenschutzexperten aus Forschung und Praxis. Nach einer
Einführung in ein spezifisches Thema bearbeiten die Studierenden in Gruppen eine Fragestellung oder ein aktuelles Problem und
entwickeln Pflanzenschutzkonzepte für spezifische Kulturen und Anbausysteme.

Die Workshops sind in folgende Themen unterteilt:

Workshop 1: Einjähriges System: Fruchtfolge und Bodenbearbeitung (Michel Gygax, Kant. Pflanzenschutzfachstelle, Bern)

Workshop 2: Einjähriges System: Krankheiten im Kartoffelanbau: Die Bekämpfung beginnt mit zertifiziertem Pflanzgut
(Patrice de Werra, HAFL, Zollikofen)

Workshop 3: Spezialkulturen: Sonderfall Gemüsebau: Systembezogene Unterschiede im Pflanzenschutz
(Matthias Lutz, Agroscope Wädenswil)

Workshop 4: Mehrjähriges System: Aktuelle Herausforderungen im Obstbau
(Peter Triloff, Bodensee Obstbauberatung, D-Lindau)

Workshop 5: Pflanzenschutz im Biolandbau auf dem Prüfstand:Stand der Technik, Chancen und Risiken
Lucius Tamm, FiBL, Frick

Workshop 6: Genetische Krankheitsresistenz: Konzepte  traditioneller und gentechnologischer Züchtung
(Markus Kellerhals, Agroscope Wädenswil / Giovanni Broggini, ETH Zürich)

Workshop 7: Zukunft des Pflanzenschutzes im Weinbau
(Oliver Viret, centre de compétence vitivinicole et cultures spéciales, Marcelin)

Lecture notes Unterlagen werden in der LV verteilt.
Prerequisites /
notice

Die LV integriert die Inhalte der Vorlesungen Pflanzenpathologie I, II und III.
Das Erhalten der Kreditpunkte setzt eine lückenlose Teilnahme an der LV voraus.

751-4902-00L Modern Pesticides - Mode of Action, Residues and
Environmental Fate

W+  2 credits 2V T. Poiger, M. E. Balmer, I. J. Bürge

Abstract The biochemical principles of the mode of action of plant protection products (PPP) are presented. Important topics are mechanisms for
selectivity, development of resistance, residue formation in crops and food safety as well as behavior in the environment.

Objective The structures and modes of action of modern pesticides (synthetical compounds, natural compounds) are presented. The structure-
activity relationships lead to considerations of actual use conditions in crops such as fungicides in viticulture, residues in edible parts of
treated plants, possible side effects and environmental fate.

Content After a short introduction on pesticide registration (administrative process as in Switzerland and EC, food safety), the biochemical
background of the mode of action of important groups of PPP active ingredients is presented. Furthermore, selectivity of pesticides,
leaching of herbicides to groundwater, accumulation of pesticides in soil, development of resistance of fungicides, formation of residues in
edible parts of the crops, and side-effects on non-target organisms shall be covered.

Lecture notes An e-script (pdf-files) is provided as download at the beginning of spring term.
Literature none

 Agriculture and Environment
Number Title Type ECTS Hours Lecturers

751-5102-00L Biogeochemical Modeling of Agroecosystems
Does not take place this semester.

W+  3 credits 2G J. Six

Abstract This class provides an introduction to biogeochemical modeling in the context of agricultural systems. It covers the general background and
principles of modeling agricultural biogeochemistry (e.g., plant growth and development, soil C and N dynamics and soil greenhouse gas
emissions).

Objective The aim of the class is to increase students' awareness of how important biogeochemical models are in environmental and ecological
assessments of various agroecosystems. The focus is on the understanding of the DayCent model and its site level application, including
model calibration, evaluation, and sensitivity/uncertainty analysis.

Content The class consists of lectures and modeling exercises and covers both the theoretical background and practical application of the DayCent
model to agroecosystems.

Literature Video tutorials: 
http://www.sae.ethz.ch/education/Masterlevel/biogeochemical-modeling-of-agroecosystems.html

Prerequisites /
notice

Students signing up for this course should have a strong interest in data analysis and modeling of agroecosystem processes. Please note
that the assignments will each require approximately 60 minutes preparation time.

751-3404-00L Nutrient Fluxes in Soil-Plant Systems: The Case of
Nitrogen
Only for MSc Agriculture Sciences and MSc
Environmental Sciences
Number of participants limited to 18.

Prerequisites: Successful completion of "Plant Nutrition I
(751-3401-00L)" and
" Pflanzenernährung II - Integriertes
Nährstoffmanagement (751-3402-00L) is mandatory.

W+  4 credits 4G A. Oberson Dräyer, T. I. McLaren,
F. Tamburini

Abstract The course teaches knowledge and experimental techniques to study pools and processes underlying nutrient fluxes in soil-plant systems.
Methods will be learned i) to analyze elements dynamics, ii) to determine the use efficiency by crops of nutrients added with fertilizers, iii) to
study the fate of fertilizer nutrients not taken up by the crop and iv) to estimate symbiotic N2 fixation by legumes.

Objective Using the element nitrogen (N) as model case, the student gets familiarized with techniques to assess the dynamics and availability of
nutrients in the soil-plant system and to determine the use efficiency by crops of nutrients added with fertilizers. He/she learns about the
use of stable isotope techniques for analyzing nutrient fluxes in soil-plant systems, and about the use of biochemical methods to obtain
indicators on nutrient transformations. He/she is able to evaluate critically the tools used in agricultural or environmental studies dealing
with fluxes of elements in soil-plant systems and the interpretation made of the results. Knowledge about processes and pools underlying
nutrient cycles in agro-ecosystems will be improved.
The student learns to work in the laboratory within a small team, to organize work in sub-groups, to exchange results obtained by these
sub-groups, to look for information outside of the course (e.g. in the library, in the internet), to read and analyze this information critically, to
synthesize both, the information from the literature and from the groups, and to present it in a written report and in an oral presentation.
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Content This course teaches knowledge and methods to analyze the dynamics of elements in soil-plant systems and to determine the use efficiency
by crops of nutrients added with mineral and organic fertilizers. It provides knowledge about various techniques (isotopic, chemical,
biochemical) that can be used to evaluate 
i)    content of elements in fertilizers, soils and plants;
ii)     availability of elements in soils and fertilizers for plants; 
iii)     transfer of elements from a fertilizer to a crop;
iv)     symbiotic N2 fixation by legumes.
Nitrogen will be used as model case.
The course will start with the discussion of analytical results on elemental contents in an organic fertilizer (e.g. animal manure, plant
material) that has previously been labeled with the isotope 15N. To test the N efficiency of this fertilizer, a pot experiment (glasshouse
study) will be designed. It will include soils with different characteristics, two test plants and fertilization treatments including the 15N
labeled organic fertilizer and appropriate reference treatments. 
Soils will be characterized for basic chemical properties and for biochemical characteristics that are related to the N dynamics. Plants will
be harvested and analyzed for their dry matter production, their N isotope composition and for elemental contents. From the direct (15N)
labeling approach, the proportion of N in the plant derived from the added fertilizers and the percentage of added fertilizer recovered in
plant material will be calculated. The 15N analyses in the soil and in the plant material after the crop cycle will allow drawing a balance of
the added fertilizer and discussing N losses. The comparison of 15N excess in legume and non-legume test plants will demonstrate the use
of the enriched dilution method to estimate symbiotic N2 fixation by the legume. 

The experiments are discussed and carried out by the students supervised by group members (two senior scientists, PhDs, laboratory
staff). The students carry out the data analysis and report their findings in a written report and in an oral presentation.

Lecture notes Documentations will be made available during the course.
Literature Indications during the course.

751-5118-00L Global Change Biology W+  2 credits 2G H. Bugmann, M. Gharun, B. Stocker
Abstract This course focuses on the impacts of global change on  forests and agro-ecosystems that will strongly affect  sustainable resource use

across the 21st century.
Objective Students will understand how global change, ecosystem processes, land use practices, politics, and society interact, and that it is critical to

act responsibly and work as an agricultural or environmental scientist in the future. 

Students will better understand the impacts of global change on ecosystems at a range of spatial and temporal scales, be able to
synthesize knowledge from various disciplines in the context of global change issues, and be able to evaluate management options for
sustainable resource use, climate mitigation and adaptation options. 

Students will learn to present scientific information to a scientific audience by preparing an executive summary and an oral presentation to
answer a specific scientific question. Students will get extensive feedback from teachers and peers. Thereby, students will also learn how
to give constructive feedback to peers.

Content Changes in climate and land use are major issues that students will be faced with during their working life, independently of where they will
work. Thus, an advanced understanding on how global change, ecosystem processes, land use practices, politics, and society interact and
that it is critical to act responsibly and work as an agricultural or environmental scientist in the future.

Thus, during this course, the effects of global change on forests and agro-ecosystems as well as their feedbacks to the climate system will
be presented and discussed. Effects on ecosystem structure, composition, productivity and biogeochemical cycling, but also on the stability
of production systems against disturbances will be addressed. 

Up-to-date scenarios and models for coupled human-environmental systems will be discussed. The advantages and disadvantages of
different management options will be evaluated, including sustainable resource use and climate mitigation as well as adaptation.

Prerequisites /
notice

This course is based on fundamental knowledge about plant ecophysiology, soil science, and ecology in general.

751-5127-00L The Microbiome of the Plant-Soil System: Part I W+ 2 credits 2G M. Hartmann
Abstract This class conveys the current knowledge and state-of-the-art methods for studying the plant-soil microbiome through a combination of

theoretical input lectures, selected case studies from ongoing research projects, and flipped classroom assignments.
Objective After the course, the participants will be able to

(1) explain how microorganisms influence and respond to changes in the plant-soil system
(2) evaluate the strengths and limitations of specific methods used in microbial ecology research
(3) critically assess current research findings in this field

Content The plant-soil microbiome is an essential component of agroecosystems, regulating crop growth, nutrient use efficiency, stress resilience,
and disease resistance. In this course, students will develop a fundamental understanding of (i) how microorganisms shape the functioning
of the plant-soil system, (ii) how ecosystem management and global changes are influencing diversity and functioning of these microbial
systems, and (iii) how the microbiome might be managed to improve sustainable agricultural production. A strong focus will be placed on
getting to know the methodological toolbox to study microbes in the environment including different next-generation DNA sequencing
applications such as metabarcoding and metagenomics. Theoretical input lectures will be combined with presentations of current research
projects. Flipped classroom assignments will be used to critically discuss research findings of specific publications or to evaluate the
strength and limitation of the specific methods.

Literature Madigan MT, Bender KS, Buckley DH, Sattley WM and Stahl DA (2019). Brock Biology of Microorganisms, 15th edition, Pearson Education
Limited.
Paul E (2014). Soil Microbiology, Ecology and Biochemistry, 4th edition, Academic Press.

Prerequisites /
notice

The participants should have some basic background in biology and a keen interested in learning and discussing how microorganisms
shape the functioning of our planet. Whereas this course unit can be taken as standalone class, it also serves as preparatory class for the
hands-on block course on microbiome analysis (The Microbiome of the Plant-Soil System: Part II).

751-5127-01L The Microbiome of the Plant-Soil System: Part II
The course 751-5127-00 The Microbiome of the Plant-Soil
System: Part I is a prerequisit of this course (for MSc
students).

PhD-students from the Plant Science Centre or from the
Life Science Zurich Graduate School should register via
the https://ethz.ch/services/en/service/courses-
continuing-education.html (> Select Plant Sciences)

W Dr 1 credit 2P M. Hartmann

Abstract This computer block course provides a thorough introduction to the application of next-generation sequencing techniques for analyzing
diversity of microbial communities. Using a combination of theoretical lectures and hands-on computer exercises, the participants learn the
computational steps from bioinformatic processing of sequencing reads down to the final statistical evaluations.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 33 of 1785

Objective After the course, the participants will be able to
1) understand the concept, potential and limitation of microbial NGS applications
2) know how to process raw metabarcoding data to obtain meaningful information
3) use multivariate statistical methods evaluate and visualize microbial community data 
4) make informed decisions on best practices for their own data

Prerequisites /
notice

The participants should have some background in microbial ecology and understand the basics of next-generation sequencing techniques
as a tool to study microbes in the environment. Participants that are not familiar with these topics are encouraged to take the course unit
«The Microbiome of the Plant-Soil System: Part I» as preparatory class (mandatory for master students). No programming or scripting
expertise is required, but some basic experience with using command line applications is of advantage since not all the basics can be
thoroughly covered in that short amount of time. However, some basic introduction to UNIX-based command line applications will be
provided on the first day. All hands-on exercises will be run on UNIX-environments (Linux, Mac) and participants are expected to bring their
own UNIX-based laptop (please consult your IT representative if necessary). All statistical analyses will be run in R using RStudio (any
operating system). Participants should have installed the following software packages on their computers: Miniconda, R and RStudio, all
other software tools will be installed on site using the Miniconda package manager.

 Methodology Competences
 Seminar in Plant Sciences

Number Title Type ECTS Hours Lecturers

751-4003-02L Current Topics in Grassland Sciences (FS) W+  2 credits 2S N. Buchmann
Abstract Research results from published or on-going studies in grassland as well as forest sciences will be presented and discussed by

experienced researchers as well as Ph.D. students and graduate students. Topics will range from plant ecophysiology, biodiversity and
biogeochemical cycling to management aspects in agro- and forest ecosystems.

Objective Students will be able to understand and evaluate experimental design and data interpretation of experimental studies, be able to critically
analyze published research results, practice to present and discuss results in the public, and gain a broad knowledge of recent research
and current topics in agro- and forest ecosystem sciences.

Content Citation classics as well as most recent research results from published or on-going studies will be presented and discussed. Topics will
range from plant ecophysiology, biodiversity and biogeochemical cycling to management aspects in agro- and forest ecosystems.

Lecture notes none
Prerequisites /
notice

Useful: Attendance of the courses "Öko- und Ertragsphysiologie", "Crop Science, Part Futterbau", "Graslandsysteme" in the Bachelor or
similar courses. Language will be English.

 Design, Analysis and Communication of Science
Number Title Type ECTS Hours Lecturers

751-1000-00L Interdisciplinary Project
Only for Master Students in Agricultural Sciences and
Food Sciences. 

Prerequisite: successful completion of the bachelor
programme.

W+ 4 credits 3U B. Dorn, C. Hartmann,
M. Schuppler, A. Walter,
H. Adelmann, J. Baumgartner,
U. Brändle, T. Dalhaus, M. Erzinger,
I. Gangnat, A. K. Gilgen,
A. Grahofer, A. Hofmann,
G. Kaufmann, M. Kreuzer,
M. M. Nay, C. E. Pohl,
M. Wiggenhauser

Abstract Die Studierenden der Agrar- und Lebensmittelwissenschaft erarbeiten in interdisziplinären Teams Lösungen für Fragestellungen, welche
ihnen von Projektpartnern entlang der Nahrungsmittelwertschöpfungskette gestellt werden. Die Studierenden präsentieren und diskutieren
die Lösungen an der Schlussveranstaltung und verfassen einen Projektbericht.

Objective Die Studierenden 
- können für Fragestellungen aus der Schweizer Nahrungsmittelwertschöpfungskette wissenschaftlich fundierte und praxistaugliche
Lösungen entwickeln. Sie arbeiten dabei inter- und transdisziplinär;
- können mit Hilfe von Grundlagen des Projektmanagements die Lösungsentwicklung zielgerichtet und effizient abwickeln sowie steuern;
- können die Grundlagen der Gestaltung effektiver Teamarbeit für eine erfolgreiche Lösungsentwicklung in einem Projektteam einsetzen; 
- können die entwickelten Lösungen in mündlicher und schriftlicher Form nachvollziehbar, überzeugend und adressatengerecht
präsentieren;
- können den Arbeitsprozess und die Projektergebnisse individuell und in Projektteams reflektieren und daraus Konsequenzen für
erfolgreiches Handeln in Projektteams ziehen.

Content Die Studierenden der Agrar- und Lebensmittelwissenschaften bearbeiten Fragestellungen, welche ihnen von Projektpartnern aus der
Praxis entlang der Schweizer Nahrungsmittelwertschöpfungskette gestellt werden. Dabei werden sie von einem Coach beider
Studienrichtungen angeleitet und unterstützt. Sie lernen zudem selbstorganisiert ein praxisorientiertes Projekt in Zusammenarbeit mit dem
Projektpartner und dem Coach abzuwickeln. Die Studierenden wenden ihre erworbenen fachlichen und überfachlichen Kompetenzen in
ihrem Projektteam zur Erarbeitung und Entwicklung von Lösungen für die Fragestellungen des Projektpartners an. Die Studierenden
präsentieren und diskutieren die Lösungen an der Schlussveranstaltung mit den Projektpartnern und verfassen einen schriftlichen
Projektbericht zuhanden des Projektpartners. Die Studierenden reflektieren die geleistete Projektarbeit sowie ihre Team- und
Projektmanagementkompetenzen.

Vorlesungszeit, Selbststudium, externe Projekttage:
Die Lehrveranstaltung findet am Donnerstag während dem Semester von 12:30-15:00 statt. Ausnahme ist der Donnerstag 5.3.20 an
welchem die Lehrveranstaltung von 12:00-18:00 stattfindet. Während der Semesterzeit arbeiten die Studierenden zudem ausserhalb der
Vorlesungszeit im Selbststudium an den Projekten. Die externen Projekttage werden vom 15.6.20-18.6.20 im Seminarhaus Herzberg
durchgeführt.

Prerequisites /
notice

Unterrichtssprache: Deutsch

701-1502-00L Transdisciplinary Case Study
Does not take place this semester.
Number of participants limited to 25.

Students have to apply for this course by sending a two-
page motivation letter (why are you interested? what do
you want to learn? what can you contribute?) to
michael.stauffacher@usys.ethz.ch and
pius.kruetli@usys.ethz.ch (latest by 10th January 2020).

Important: for students in Agricultural Sciences, the case
study can replace the compulsory course 751-1000-00L
Interdisciplinary Project Work!

W  7 credits 15P M. Stauffacher
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Abstract This course is a project-oriented and research based teaching activity organized in a real-world setting. Students work on societally
relevant problems. Sustainability issues and collaboration between science and society are key.
In 2020, the case area is Seychelles, a small developing island state in the Indian ocean.

Objective Students learn how to plan and implement their research work in interdisciplinary and intercultural teams of students. This includes:
structure ill defined problems; derive research questions; design research plans; apply qualitative and quantitative methods; work in
interdisciplinary and inter-cultural teams; organise transdisciplinary collaboration between research and people from outside academia.

Content The Seychelles is a Small Island Developing State (SIDS) in the Indian Ocean comprising some 115 islands spread over a sea area of 1.4
million km2. SIDS share some common characteristics. They are: small in size and economy; are remote and isolated from international
markets; are vulnerable against external disturbances and climate change effects. Seychelles is highly dependent on  intact nature.
Tourism and fishery are major economic pillars. Seychelles is in transformation from a developing to a developed country.

Between 2012-2015 ARUP, an international consultant, developed the Strategy Plan Seychelles 2040. The Seychelles Planning Authority
is currently working on the implementation of the strategy plan. Current major activity is land use planning.

The preparation of the case study happens in close collaboration with the Seychelles Planning Authority, major partner of the case study, to
secure that research is relevant for the local context and can have concrete impacts in the case area. Together we defined Sustainable
Land Use as umbrella theme. Topics to look at may include transport infrastructure, tourism, conservation, housing, agriculture, etc.

This is the third time that the transdisciplinary case study is organized in Seychelles. In 2016 and 2018 we were working on solid waste
management. While in 2016 the goal was to provide the 'big' picture of the Seychelles waste system, in 2018 the focus was on waste
sorting and waste treatment options, see: https://tdlab.usys.ethz.ch/teaching/tdcs/former/cs2016.html
https://tdlab.usys.ethz.ch/teaching/tdcs/former/cs2018.html



See as well the short movie here which explains what the transdisciplinary case study is
http://www.tdlab.usys.ethz.ch/teaching/tdcs.html

Prerequisites /
notice

The number of participants is limited. Students have to apply for this course by sending a two-page motivation letter. The letter should refer
to: Why are you interested? What do you want to learn? What can you contribute? The latter may include particular skills you have the
case study could benefit from. Please send the letter to michael.stauffacher@usys.ethz.ch and pius.kruetli@usys.ethz.ch (latest by January
10, 2020).

Important: for students in Agricultural Sciences, the case study can replace the compulsory course 751-1000-00L Interdisciplinary Project
Work!

 Major in Agriculture Economics
 Disciplinary Competences

 Decision Making and Management
Number Title Type ECTS Hours Lecturers

752-2123-00L Risk Awareness, Risk Acceptance and Trust W+  3 credits 2V M. Siegrist
Abstract The course provides an overview about risk perception and acceptance of new technologies. In addition, the most important findings of the

research related to decisions under uncertainty are presented.
Objective Students know the most important theoretical approaches in the domains of risk perception and acceptance of new technologies.

Furthermore, students understand the paradigms and the research results in the domain of decision making under uncertainty.

752-2121-00L Consumer Behaviour II W+  2 credits 2G M. Siegrist, J. Ammann
Abstract This course examines important concepts and theories in order to describe and to explain consumer behavior. The focus is on decision

making processes, influencing consumer behavior, consumer research, and market segmentation. Selected topics are explained in some
depth.

Objective This course examines important concepts and theories in order to describe and to explain consumer behavior. The course Consumer
Behavior I provides an overview, whereas in this course selected topics are explained and discussed in some depth. The focus is on
decision making processes, influencing consumer behavior, consumer research, and market segmentation.

751-1555-00L Empirical Agricultural Economics W+ 3 credits 2G D. J. Wüpper, T. Dalhaus
Abstract This course covers quantitative methods to answer empirical research questions in agricultural economics and related disciplines. Such

questions include causes of agricultural outcomes and effects of policies. Covered: Difference-in-Difference, Regression Discontinuity
Design, Instrumental Variables, Choice Experiments, Non-linear climate impacts and more. Lectures and practical exercises.

Objective After successful completion of the course, the students understand the potential and limitations of different econometric methods to answer
their research questions. They understand the assumptions that need to be fulfilled and they know how to apply the methods. When they
see applications of the methods, they can assess the reliability of the results.

Content Regression, 
Difference-in-Difference, 
Regression Discontinuity Design, 
Instrumental Variables, 
Choice Experiments, 
Non-linear Effects,
Weather Risks and Climate Change in Agriculture, 
Weather Data handling, 
Insurance design

Literature Angrist and Pischke: Mastering Metrics
Greene: Econometric Analysis

Prerequisites /
notice

Basic knowledge in microeconomic theory, statistics, and econometric analysis is clearly helpful but not required. Experience with the
application of statistical software is advantageous too.

363-0560-00L Financial Management W  3 credits 2V J.-P. Chardonnens
Abstract This course introduces students to the concept and principles of financial management that are of primary concern to corporate managers

and all the consideration needed to make financial decision. It involves investment and financing decisions through the application of
financial analysis.
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Objective By attending this course, students will be able to:
- increase the overall value of firms and improve their profitability. 
- ensure sufficient availability of funds to satisfy maturing short-term debt.
- improve the management of working capital and short-term financing. 
- make capital budgeting decisions under both certainty and uncertainty.
- discuss the capital structure theory. 
- understand the different sources of finance.
- describe the main motives and implications of mergers and acquisitions.

Content The course Financial Management follows the course Accounting for Managers. The principles of financial management are illustrated with
different cases. The course is divided into six main sections: 

1. The first section discusses the financial goals of the firm, value-based management, and the objectives of liquidity and profitability.

2. The second chapter explains the tools and methods of financial analysis and forecasting needed by managers in order to make
appropriate investing and financing decisions.

3. The third division demonstrates the importance of the management of working capital, cash planning, current asset management, short
term financing, and the cash flow statement.  

4. The fourth module introduces the static and dynamic methods of capital budgeting in order to improve the profitability of the organisation
and achieve the main objectives.

5. The fifth part relates to the financing of the company, the capital structure theory, the cost of capital, the different sources of equity and
debt financing. 

6. The last section of the course illustrates special topics of financial management, such as mezzanine finance, corporate restructuring,
mergers & acquisitions, and the valuation of shares.

Prerequisites /
notice

Requirement : Good knowledge of financial accounting (Accounting for Managers)

 Resource Economics and Agricultural Policy
Number Title Type ECTS Hours Lecturers

751-2700-00L Land Markets and Land Policy W+  2 credits 2G G. M. Giuliani
Abstract In this course the students acquire knowledge on the particularities of land markets and the effects of policy interventions such as ceiling

prices and land redistributions on land markets. Special emphasis is placed on the knowledge of land market structures and on the forms of
land markets.

Objective In this course the students acquire knowledge on the particularities of land markets and the effects of policy interventions such as ceiling
prices and land redistributions on land markets. Special emphasis is placed on the knowledge of land market structures and on the forms of
land markets.

Content The first part of the course deals with the following topics: historical outline of land use; historical models of individual and collective land
regulations; Swiss land regulations and land policies; specific theoretical aspects of agricultural land markets; empirical investigations on
land property and land markets; interconnections between land policy and agricultural policy. The second part of the course focuses on
land property structures in developing countries and in transition countries. After a general systematic and theoretical introduction on land
policies and land reforms in these countries, case studies and topcis of current political relevance are discussed. This course provides
principles contributing to the evaluation of the sustainability of land use and to the establishment of sustainable land use systems.

Lecture notes Will be provided in the course.
Literature Are included in the lecture notes.

363-0552-00L Economic Growth and Resource Use W+  3 credits 2G C. Karydas
Abstract The course deals with the factors that contribute to economic development. Throughout the course theoretical economic modelling will be

used to discuss the effects of factors – such as land, human/physical capital, technology, fossil energy resources, and climate change – on
economic growth and to draw conclusions for the future.

Objective The general objective of the course is to provide students tools and intuition to:

 i) think in a structured way – though economic modelling – about the factors that have lead to the different growth experiences among
countries, and still shape our contemporary situation; 
ii) assess and design policies on the basis of economic development; 
iii) draw conclusions for the future of economic development, that take into account prevalent issues such as the scarcity of fossil energy
resources and climate change.
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Content Why is economic growth worth studying? Which are the factors behind economic growth? What is the role of natural resources in shaping
economic development? Is our finite planet able to support sustainable long-term economic growth? Economics aims at explaining human
behaviour; how do we model it and how can we steer it for the better? How do you design an efficient economic policy for a sustainable
future? What is sustainable anyway?  These are some of the questions you will learn to answer in this course. 

After spending the first lecture on overviewing the course, and the second lecture on building our mathematical and economic foundation,
we begin with the three main modules that comprise this course.

The first module – called “Land and Economic Growth” – deals with the historical evolution of the factors behind economic development
from the pre-industrial times to our modern growth experiences. By studying the history of economic growth, we understand change and
how the society we live in came to be. In this module we will develop economic models that capture the transition from an era of miniscule
economic growth that persisted for millennia before the industrial revolution – with land and human labour as the main inputs to economic
activity, to our modern growth experience where the continuous improvement in technology and services is our status quo. 

The second module – called “Non-Renewable Resources and Growth” – deals with the problem of optimal exploitation of non-renewable
resources, as well as with the issue of “Resource Curse” – i.e., the observed negative relationship between economic development and
resource abundance. Emerging in the 1970s due to two oil crises, the problem of the economy’s extreme dependence on fossil and
depletable energy resources sparked a great deal of research to guide our way forward. Some important questions we will formally answer
in this module are the following. How do we optimally exploit a given stock of a non-renewable resource? What affects the prices of non-
renewable resources? If fossil energy sources – a (so far) important input to production – are getting ever depleted, is long-term growth
possible? How do we explain the “Resource Curse” and what are the policies that allow a sustainable future in countries that suffer from
such a curse?  

The third module – called “Climate Change and Growth” – deals with the pressing problem of our changing climate. Greenhouse gas
emissions – so far essential for economic activity – accumulate in the atmosphere and alter environmental patterns. This phenomenon –
commonly known as climate change – is responsible for the increase in the frequency and the intensity of natural disasters, which damage
our stocks of capital and put a drag on economic growth. To derive appropriate policies for a sustainable future, we will incorporate these
aspects in workhorse models of the economics and finance literature. Students will learn how to derive and set the “correct” price on the
use of polluting energy resources from the perspective of policy-makers. Additionally, pricing of climate change risks for financial markets is
important, both for individual investors and central banks, as it is they who provide liquidity to firms to pursue their long-term growth targets.
Accordingly, we will close the lecture with the pricing of climate change risks from an investor’s perspective.
 
After the last lecture of each of the three modules students will be handed out an exercise set which will be submitted by the beginning of
the following week’s lecture. That lecture will be an exercise session where we will discuss the solutions in class. Each exercise set will be
graded. The average grade from the best two exercise sets will account for 25% of the final grade; the rest 75% will be determined by a
written exam.

Lecture notes Lecture Notes of the course will be sent by email to officially subscribed students.
Literature The main reference of the course is the set of lecture notes; students will also be encouraged to read some influential academic articles

dealing with the issues under study.
Prerequisites /
notice

Knowledge of basic calculus (differentiation - integration) and basic statistics (e.g. what is an expectation; variance-covariance) is
considered as a prerequisite. Elementary knowledge of dynamic systems analysis, optimal control theory and economic theory is a plus but
not a prerequisite.

701-1653-00L Policy and Economics of Ecosystem Services W+  3 credits 2G R. Garrett, A. Müller
Abstract The course addresses ecosystem services, their value for society, the causes of their degradation, the stakeholders involved in their

provision and use, and policies to reduce their degradation. One focus is on environmental economics approaches, highlighting their
potential and limitations. During the spring of 2020 this course will focus on these issues through the case of the Brazilian Amazon.

Objective Students can describe, analyse and explain 
•    the basic concepts used to describe ecosystem services provision and management;
•    the basic social and natural science theory underlying ecosystem service degradation,
•    the role and characteristics of different key stakeholders involved in ecosystem services management, including their different value
systems;
•    the different types of policy instruments and institutional arrangements that can be used for improved ecosystem services management
and provision; and
•    empirical tools to assess the performance of various policy instruments and management systems for ecosystem services provision,
and to investigate the factors of success or failure of different policy instruments

Content Many of the world's ecosystem services are being degraded or used unsustainably, which has considerable impacts on human well-being.
Various aspects need to be taken into account to change this development, to work towards improved ecosystem services management
and to design appropriate policy instruments and institutional contexts. First, the societal value of different ecosystem services and the
trade-offs between them needs to be assessed. Second, an assessment of the causes of excessive ecosystem services degradation is
needed. Potential causes include the presence of externalities and public goods, improperly designed property rights systems, divergence
of private and social discount rates, and lack of information and knowledge. Third, we need to understand the drivers of human decision-
making in relation to ecosystem services use. Fourth, choosing an appropriate policy instrument (or a combination thereof) requires an
understanding of the relative strengths and weaknesses of different instruments, their preconditions for success and the political economy
of their implementation.
Finally, it is important to assess the actual impacts of different policy and management options. This requires a careful assessment of
appropriate baselines, of the situation after a policy or management change, and of the various stakeholder groups involved, etc. To
address all these issues, we will first work with some broad conceptual issues and theories relevant to this field and then deepen our
understanding through reading, presentations, and assignments focused on the case of the Brazilian Amazon.

Lecture notes Lecture notes, homework exercises and readings will be made available on Moodle.
Literature There is no single textbook for this class. Instead, a number of texts will be distributed and used during the lecture, and some texts for

further reading will be indicated.
Prerequisites /
notice

The course consists of a combination of lectures, homework assignments and discussions in small groups. The final grade will be based on
the homework assignments, class participation, and a group project.
A prerequisite for this course is a bachelor-level course in Environmental Economics (e.g. 363-0537-00L Resource and Environmental
Economics) or Quantitative Policy Analysis and Management. In particular, students are expected to be familiar with basic environmental
economics' concepts such as externality, public good, market failure, opportunity cost, social optimum and market equilibrium, the basic
types of policy instruments, and methods of policy analysis. Students with no background in environmental economics or policy analysis
will be expected to come up to the required standards on their own, prior to starting the class.

751-2904-00L Current Topics in Agricultural Economics and Policy W+ 3 credits 2A R. Finger
Abstract In this course students will deepen and apply their knowledge in a particular field of agricultural economic research. Furthermore, the

application of methodological skills on real world examples is enabled in this course. Examination is based on a term paper and a
presentation.

Objective This lecture enables students to further depend and apply theoretical knowledge in agricultural economics, methodological tool such as
econometric or optimization models to current research topics. The course enables students to improve their writing and presentation skills.
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Content Students will select among offered topics that are connected to current research projects of the Agricultural Economics and Policy Group.
A list of topics will be presented in the first week of the semester.

Lecture notes Key literature will be provided in the beginning of the lecture
Prerequisites /
notice

Prior knowledge from courses the field of agricultural economics is expected

 Development and International Policy
Number Title Type ECTS Hours Lecturers

751-2102-00L History of Food and Agriculture W+  3 credits 2V P. Aerni
Abstract Knowledge about the history of food and agriculture is crucial to understanding the emergence of modern agriculture and public resistance

to industrial farming. The lecture discusses the evolution of agriculture and its impact on social structures, human health and the
environment from an anthropological, a cultural, a political and a technological point of view.

Objective - to become familiar with the milestones of the history of food and agriculture
- to understand innovation in agriculture as one of the major forces of change in the history of mankind
- to learn how perceptions, politics and policies in food and agriculture are shaped by social, technological and environmental change
- to be able to embed the current debate on the food crisis and climate change into a historical context

Content This lecture starts with the Neolithic revolution and its cultural and environmental impact on humankind. In this context, it will discuss the
transition from hunter-and-gatherer societies to societies that rely more upon the domestication of nature (agriculture and pastoralism)
(Keeley 1996, Diamond 1999). 
The various forms of domestication of plants and animals and their economic, political and environmental implications for society will be
discussed using examples from different parts of the world (Stone et al.2007).
The emergence of civilization based on agrarian law will be discussed by using the example of the Roman Republic and later the Roman
Empire (Weber 1891, Love, 1996).
Subsequent innovations such as the three-field system in medieval times, the introduction of new plants and animals during the colonial
period, and scientific and technological breakthroughs in plant breeding, agricultural practices and food preservation in the 19th century
gave a major boost to agricultural productivity, food availability and agro-biodiversity. These prior developments also laid the foundation for
industrial agriculture at the beginning of the 20th century (Kingsbury 2009). The global implications resulting from change in food
preferences and agricultural innovation will be illustrated by using selected examples of innovations in food and agriculture (Braudel 2002,
Pendergast 2010). 
Public resistance to industrial agriculture manifested itself in the early 1920s with counter-movements such as biodynamic farming
(Kingsbury 2009) but also with organized lobbying groups that fought against change caused by refrigeration and cheap food (Freidberg
2009). Applying science to plant and animal breeding also caused a cultural divide in biology departments at universities between those
who changed nature (plant breeders) and those who wanted to preserve it (botanists, ecologists) (Anker 2001).
The period during and after the two World Wars changed the business of agriculture entirely. Food security became a matter of national
security and thus justified state intervention on all levels in the production of food from farm to fork. This also helps explain why the Green
Revolution was largely a public sector initiative that cared more for productivity increases on the supply side than for consumer preferences
on the demand side (Aerni 2007). After the end of the Cold War, attention shifted from the supply side to the demand side and thus from
food security to food safety. 
Food safety concerns were largely due to distrust of industrial agriculture and this led to major policy shifts in the way agricultural subsidies
and resources were allocated and how food safety was managed and monitored. While the public sector largely withdrew from investing in
productivity-related agricultural research, the private sector started to invest more. This led to the growing need to engage again in public-
private partnership, as had been the case in the 19th century. Despite the Agreement on Agriculture of the World Trade Organization,
agricultural trade remains highly restricted and the growing vertical integration of the food supply chain tends to concentrate market power
with global retailers. They have designed private standards that are meant to protect consumers from unsafe food and promote good
agricultural practices abroad, as well as ethical trade. Yet, the increasing importance of south-south trade in agriculture and the global food
crisis might again shift more power back to producers (Aerni 2009).

Lecture notes https://www.ethz.ch/content/specialinterest/gess/cis/international-relations/en/teaching/materials/history-of-food-and-agriculture.html
Literature Aerni, Philipp (2011) Food Sovereignty and its Discontents. ATDF Journal 8(1/2): 23-49.

Aerni, Philipp (2011) Do Political Attitudes Affect Consumer Choice? Evidence from a Large-Scale Field Study with Genetically Modified
Bread in Switzerland. Sustainability 3: 1555-1572.
Aerni, Philipp (2009) What is sustainable agriculture? Empirical evidence of diverging views in Switzerland and New Zealand. Ecological
Economics 68(6): 1872-1882.
Aerni, Philipp. 2007. Exploring the Linkages between Commerce, Higher Education and Human Development: A Historical Review. ATDF
Journal 4(2): 35-47.
Anker, Peder (2001) Imperial Ecology: Environmental Order in the British Empire, 1895-1945. Harvard University Press, Cambridge, MA.
Braudel, Fernand (2002) The Wheels of Commerce. Civilization and Capitalism 15th -18th, Volume II. Phoenix Press, London.
Cook, Harold (2008) Matters of Exchange: Commerce, Medicine, and Science in the Dutch Golden Age. Yale University Press, New
Haven.
Fagan, Brian (2001) The Little Ice Age: How Climate Made History. Basic Books, New York.
Morgan, Dan (1979) Merchants of Grain: The Power and Profits of the Five Giant Companies at the Center of the World's Food Supply.
iUniverse, Inc: Lincoln, NE.
Diamond, Jared (1999) Guns, Germs and Steel. Norton, New York.
Freidberg, Susanne (2009) Fresh: A Perishable History. Harvard University Press, Cambridge, MA.
Freidberg, S. (2007). Supermarkets and imperial knowledge. Cultural Geographies, 14(3): 321-342.
Kingsbury, N. (2009) Hybrid: the History and Science of Plant Breeding. University of Chicago Press, Chicago.
Love, John (1986) Max Weber and the Theory of Ancient Capitalism. History and Theory 25(2): 152-172.
Stone, Linda, Lurquin, P. F. and Cavalli-Sforza (2007) Genes, Culture, and Human Evolution: A Synthesis. Blackwell, Malden, MA.
The Economist, 2008. Hunters and Gatherers: Noble or Savage, Dec. 19th.
Keeley, Lawrence, H. (1996) War Before Civilization. Oxford University Press, Oxford.
Pendergast, M. (2010) Uncommon Grounds: The History of Coffee and how it transformed our World. Basic Books, New York.
Weber, M. (1891) Die römische Agrargeschichte in ihrer Bedeutung für das Staats- und Privatrecht. Stuttgart.

Prerequisites /
notice

The 2-hour course will be held as a series of lectures. The course materials will be available in form of an electronic Reader at the
beginning of the semester.
The class will be taught in English.
Students will be asked to give a (a) presentation (15 Minutes) or write a review paper based on a article selected from the electronic script,
and (b) they will have to pass a written test at the end of the course in order to obtain 3 credit points in the ECTS System. In the final mark
(a) will have a weight of 40% and (b) 60%.

751-2402-00L Agricultural Trade Agreements W+  2 credits 2G J. Niklaus
Abstract The course focuses on the legal aspects of agricultural trade agreements.
Objective 1. The students shall be able to understand the legal framework of agricultural trade agreements.


2. The course aims at analyzing legal, political and economic aspects of agricultural trade regulations. 

3. Special emphasis is placed on the ongoing negotiations on an agricultural free trade agreement between Switzerland and the European
Union.
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Content Content

- Overview on the international economic system

- Political and legal aspects of agricultural trade agreements

- Motivation and origin of agricultural trade agreements

- Implementation and monitoring of agricultural trade agreements 

- Impact-analysis of statal, parastatal and private trade barriers

- Reduction and elimination of statal, parastatal and private trade barriers 

- Case study 1: WTO Doha Round

- Case study 2: Agricultural free trade agreement Switzerland-EU

- Case study 3: Implementation of the Cassis de Dijon Principle in Switzerland

Lecture notes Handouts (power point slides)

 Methodology Competences
 Methods in Agricultural Economics

Number Title Type ECTS Hours Lecturers

363-1031-00L Quantitative Methods in Energy and Environmental
Economics
Does not take place this semester.

W+  4 credits 3G to be announced

Abstract The course provides an introduction to quantitative methods used to analyze problems in energy and environmental economics. Emphasis
will be put on partial and general equilibrium models, regression models to estimate demand functions, econometric techniques for policy
evaluations, and panel data methods.

Objective The objectives of the course are twofold. First, the course is intended to provide an introduction to the economic assessment of energy and
environmental policy. To this end, the course provides students with an overview of state-of-the-art tools to economic modeling and
econometric approaches. Second, the course is intended to familiarize master (and doctoral students) with the computer software
necessary to implement these quantitative methods to initiate their own research in energy and environmental economics. 

Ancillary objectives of the course include an introduction to environmental implications of energy use and the role of economic analysis in
designing policies which address issues of energy security, climate change and related environmental externalities.

Literature Lecture notes, exercises and reference material will be made available to students during the semester.
Prerequisites /
notice

Basic knowledge of microeconomics and calculus. Knowledge from the courses "Energy Economics and Policy (363-0514-00L)" and
"Principles of Microeconomics" are required.

Block course during two weeks before the start of the semester. Students work on a group project during the semester. Presentation of
group projects by students in week 8 and 9 of the semester. Performance assessment is based on group projects during the semester.

751-1575-00L Applied Optimization in Agricultural Economics W+ 3 credits 2G C. Flury, R. Huber
Abstract This course provides an overview of farm and sector modelling. Students learn how to design, implement and interpret agricultural

optimization models applied in the context of agricultural policy evaluations.
Objective Students know the state of the art in agricultural farm and sector modelling. They can interpret results from applied optimization models in

science and policy. In addition, the students learn how to practically implement optimization techniques in the simulation of a farm or the
agricultural sector. They get insides into the practical challenges of designing, implementing and interpreting optimization models.

Content There exists a wide range of agricultural simulation models in science and policy evaluations that use optimization techniques. In
Switzerland, for instance, the impact of policy reforms on agricultural production and structures is assessed using the SWISSland or the
CAPRI model. This course will introduce a broad set of applied optimization models and discuss their advantages and caveats. Based on
the theoretical background provided in the course «Optimierung landwirtschaftlicher Produktionssysteme», the students will also make
hands-on experience in designing, implementing and interpreting an optimization model.

Lecture notes Readings and software tutorials are handed out in the course
Prerequisites /
notice

751-0401-00L Optimierung landwirtschaftlicher Produktionssysteme (or equivalent course)

363-1000-00L Financial Economics W  3 credits 2V A. Bommier
Abstract This is a theoretical course on the economics of financial decision making, at the crossroads between Microeconomics and Finance. It

discusses portfolio choice theory, risk sharing, market equilibrium and asset pricing.
Objective The objective is to make students familiar with the economics of financial decision making and develop their intuition regarding the

determination of asset prices, the notions of optimal risk sharing. However this is not a practical formation for traders. Moreover, the lecture
doesn't cover topics such as market irrationality or systemic risk.

After completing this course:
1.    Students will be familiar with the economics of financial decision making and develop their intuition regarding the determination of asset
prices;
2.    Students will understand the intuition of market equilibrium. They will be able to solve the market equilibrium in a simple model and
derive the prices of assets.
3.    Students will be familiar with the representation of attitudes towards risk. They will be able to explain how risk, wealth and agents’
preferences affect the demand for assets.
4.    Students will understand the notion of risk diversification.
5.    Students will understand the notion of optimal risk sharing.
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Content The following topics will be discussed:
1. Introduction to financial assets: The first lecture provides an overview of most common financial assets. We will also discuss the
formation of asset prices and the role of markets in the valuation of these assets.

2. Option valuation: this lecture focuses on options, which are a certain type of financial asset. You will learn about arbitrage, which is a key
notion to understand the valuation of options. This lecture will give you the intuition of the mechanisms underlying the pricing of assets in
more general settings.

3. Introduction to the economic analysis of asset markets: this chapter will familiarize you with the notion of market equilibrium and the role
it plays concerning asset pricing. Relying on economic theory, we will consider the properties of the market equilibrium: In which cases
does the equilibrium exist? Is it optimal? How does it depend on individual’s wealth and preferences? The concepts defined in this chapter
are essential to understand the following parts of the course. 

4. A simplified approach to asset markets: based on the notions introduced in the previous lectures, you will learn about the key concepts
necessary to understand financial markets, such as market completeness and the no-arbitrage theorem.

5. Choice under uncertainty: this class covers fundamental concepts concerning agents’ decisions when facing risk. These models are
crucial to understand how the demand for financial assets originates. 

6. Demand for risk: Building up on the previous chapters, we will study portfolio choice in a simplified setting. We will discuss how asset
demand varies with risk, agent’s preferences and wealth.  

7. Asset prices in a simplified context: We will focus on the portfolio choices of an investor, in a particular setting called mean-variance
analysis. The mean-variance analysis will be a first step to introduce the notion of risk diversification, which is essential in finance. 

8. Risk sharing and insurance: in this lecture, you will understand that risk can be shared among different agents and how, under certain
conditions, this sharing can be optimal. You will learn about the distinction between individual idiosyncratic risk and macroeconomic risk. 

9. Risk sharing and asset prices in a market equilibrium: this course builds up on previous lessons and presents the consumption-based
Capital Asset Pricing Model (CAPM). The focus will be on how consumption, assets and prices are determined in equilibrium.

Literature Main reading material: 

- "Investments", by Z. Bodie, A. Kane and A. Marcus, for the
introductory part of the course (see chapters 20 and 21 in
particular).
- "Finance and the Economics of Uncertainty" by G. Demange and G. Laroque,    Blackwell, 2006.
- "The Economics of Risk and Time", by C. Gollier, MIT Press, 2001.

Other readings:
- "Intermediate Financial Theory" by J.-P. Danthine and J.B. Donaldson.
- Ingersoll, J., E., Theory of Financial Decision Making, Rowman and Littlefield Publishers.
- Leroy S and J. Werner, Principles of Financial Economics, Cambridge University Press,  2001

Prerequisites /
notice

Basic mathematical skills needed (calculus, linear algebra, convex analysis). Students must be able to solve simple optimization problems
(e.g. Lagrangian methods). Some knowledge in microeconomics would help but is not compulsory. The bases will be covered in class.

363-1017-00L Risk and Insurance Economics W  3 credits 2G I. Gemmo
Abstract The course covers economics of risk and insurance. Topics covered are fundamentals of risk, individual decision making under risk,

fundamentals of insurance, information asymmetries in insurance markets, and the macroeconomic role of insurers.
Objective The goal is to introduce students to basic concepts of risk, risk management and economics of insurance.
Content - fundamentals of risk

- individual decision making under risk 
- fundamentals of insurance
- information asymmetries in insurance markets 
- the macroeconomic role of insurers

Literature Main literature:

- Eeckhoudt, L., Gollier, C., & Schlesinger, H. (2005). Economic and Financial Decisions under Risk. Princeton University Press.
- Zweifel, P., & Eisen, R. (2012). Insurance Economics. Springer.


Further readings: 

- Dionne, G. (Ed.). (2013). Handbook of Insurance (2nd ed.). Springer.
- Hufeld, F., Koijen, R. S., & Thimann, C. (Eds.). (2017). The Economics, Regulation, and Systemic Risk of Insurance Markets. Oxford
University Press.
- Niehaus, H., & Harrington, S. (2003). Risk Management and Insurance (2nd ed.). McGraw Hill.
- Rees, R., & Wambach, A. (2008). The Microeconomics of Insurance, Foundations and Trends® in Microeconomics, 4(1–2), 1-163.

 Project Management and Communication of Science
Number Title Type ECTS Hours Lecturers

751-1000-00L Interdisciplinary Project
Only for Master Students in Agricultural Sciences and
Food Sciences. 

Prerequisite: successful completion of the bachelor
programme.

W+ 4 credits 3U B. Dorn, C. Hartmann,
M. Schuppler, A. Walter,
H. Adelmann, J. Baumgartner,
U. Brändle, T. Dalhaus, M. Erzinger,
I. Gangnat, A. K. Gilgen,
A. Grahofer, A. Hofmann,
G. Kaufmann, M. Kreuzer,
M. M. Nay, C. E. Pohl,
M. Wiggenhauser

Abstract Die Studierenden der Agrar- und Lebensmittelwissenschaft erarbeiten in interdisziplinären Teams Lösungen für Fragestellungen, welche
ihnen von Projektpartnern entlang der Nahrungsmittelwertschöpfungskette gestellt werden. Die Studierenden präsentieren und diskutieren
die Lösungen an der Schlussveranstaltung und verfassen einen Projektbericht.
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Objective Die Studierenden 
- können für Fragestellungen aus der Schweizer Nahrungsmittelwertschöpfungskette wissenschaftlich fundierte und praxistaugliche
Lösungen entwickeln. Sie arbeiten dabei inter- und transdisziplinär;
- können mit Hilfe von Grundlagen des Projektmanagements die Lösungsentwicklung zielgerichtet und effizient abwickeln sowie steuern;
- können die Grundlagen der Gestaltung effektiver Teamarbeit für eine erfolgreiche Lösungsentwicklung in einem Projektteam einsetzen; 
- können die entwickelten Lösungen in mündlicher und schriftlicher Form nachvollziehbar, überzeugend und adressatengerecht
präsentieren;
- können den Arbeitsprozess und die Projektergebnisse individuell und in Projektteams reflektieren und daraus Konsequenzen für
erfolgreiches Handeln in Projektteams ziehen.

Content Die Studierenden der Agrar- und Lebensmittelwissenschaften bearbeiten Fragestellungen, welche ihnen von Projektpartnern aus der
Praxis entlang der Schweizer Nahrungsmittelwertschöpfungskette gestellt werden. Dabei werden sie von einem Coach beider
Studienrichtungen angeleitet und unterstützt. Sie lernen zudem selbstorganisiert ein praxisorientiertes Projekt in Zusammenarbeit mit dem
Projektpartner und dem Coach abzuwickeln. Die Studierenden wenden ihre erworbenen fachlichen und überfachlichen Kompetenzen in
ihrem Projektteam zur Erarbeitung und Entwicklung von Lösungen für die Fragestellungen des Projektpartners an. Die Studierenden
präsentieren und diskutieren die Lösungen an der Schlussveranstaltung mit den Projektpartnern und verfassen einen schriftlichen
Projektbericht zuhanden des Projektpartners. Die Studierenden reflektieren die geleistete Projektarbeit sowie ihre Team- und
Projektmanagementkompetenzen.

Vorlesungszeit, Selbststudium, externe Projekttage:
Die Lehrveranstaltung findet am Donnerstag während dem Semester von 12:30-15:00 statt. Ausnahme ist der Donnerstag 5.3.20 an
welchem die Lehrveranstaltung von 12:00-18:00 stattfindet. Während der Semesterzeit arbeiten die Studierenden zudem ausserhalb der
Vorlesungszeit im Selbststudium an den Projekten. Die externen Projekttage werden vom 15.6.20-18.6.20 im Seminarhaus Herzberg
durchgeführt.

Prerequisites /
notice

Unterrichtssprache: Deutsch

363-1039-00L Introduction to Negotiation W+  3 credits 2G M. Ambühl
Abstract The course combines different lecture formats to provide students with both the theoretical background and the practical appreciation of

negotiation. A core element of the course is an introduction to the concept of negotiation engineering.
Objective Students learn to understand and to identify different negotiation situations, analyze specific cases, and discuss respective negotiation

approaches based on important negotiation methods (i.a. Game Theory, Harvard Method).
Content The course combines different lecture formats to provide students with both the theoretical background and the practical appreciation of

negotiation. A core element is an introduction to the concept of negotiation engineering. The course covers a brief overview of different
negotiation approaches, different categories of negotiations, selected negotiation models, as well as in-depth discussions of real-world
case studies on international negotiations involving Switzerland. Students learn to deconstruct specific negotiation situations, to
differentiate key aspects and to develop and apply a suitable negotiation approach based on important negotiation methods.

Literature The list of relevant references will be distributed in the beginning of the course.

701-1502-00L Transdisciplinary Case Study
Does not take place this semester.
Number of participants limited to 25.

Students have to apply for this course by sending a two-
page motivation letter (why are you interested? what do
you want to learn? what can you contribute?) to
michael.stauffacher@usys.ethz.ch and
pius.kruetli@usys.ethz.ch (latest by 10th January 2020).

Important: for students in Agricultural Sciences, the case
study can replace the compulsory course 751-1000-00L
Interdisciplinary Project Work!

W  7 credits 15P M. Stauffacher

Abstract This course is a project-oriented and research based teaching activity organized in a real-world setting. Students work on societally
relevant problems. Sustainability issues and collaboration between science and society are key.
In 2020, the case area is Seychelles, a small developing island state in the Indian ocean.

Objective Students learn how to plan and implement their research work in interdisciplinary and intercultural teams of students. This includes:
structure ill defined problems; derive research questions; design research plans; apply qualitative and quantitative methods; work in
interdisciplinary and inter-cultural teams; organise transdisciplinary collaboration between research and people from outside academia.

Content The Seychelles is a Small Island Developing State (SIDS) in the Indian Ocean comprising some 115 islands spread over a sea area of 1.4
million km2. SIDS share some common characteristics. They are: small in size and economy; are remote and isolated from international
markets; are vulnerable against external disturbances and climate change effects. Seychelles is highly dependent on  intact nature.
Tourism and fishery are major economic pillars. Seychelles is in transformation from a developing to a developed country.

Between 2012-2015 ARUP, an international consultant, developed the Strategy Plan Seychelles 2040. The Seychelles Planning Authority
is currently working on the implementation of the strategy plan. Current major activity is land use planning.

The preparation of the case study happens in close collaboration with the Seychelles Planning Authority, major partner of the case study, to
secure that research is relevant for the local context and can have concrete impacts in the case area. Together we defined Sustainable
Land Use as umbrella theme. Topics to look at may include transport infrastructure, tourism, conservation, housing, agriculture, etc.

This is the third time that the transdisciplinary case study is organized in Seychelles. In 2016 and 2018 we were working on solid waste
management. While in 2016 the goal was to provide the 'big' picture of the Seychelles waste system, in 2018 the focus was on waste
sorting and waste treatment options, see: https://tdlab.usys.ethz.ch/teaching/tdcs/former/cs2016.html
https://tdlab.usys.ethz.ch/teaching/tdcs/former/cs2018.html



See as well the short movie here which explains what the transdisciplinary case study is
http://www.tdlab.usys.ethz.ch/teaching/tdcs.html

Prerequisites /
notice

The number of participants is limited. Students have to apply for this course by sending a two-page motivation letter. The letter should refer
to: Why are you interested? What do you want to learn? What can you contribute? The latter may include particular skills you have the
case study could benefit from. Please send the letter to michael.stauffacher@usys.ethz.ch and pius.kruetli@usys.ethz.ch (latest by January
10, 2020).

Important: for students in Agricultural Sciences, the case study can replace the compulsory course 751-1000-00L Interdisciplinary Project
Work!

 Professional Internship
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Number Title Type ECTS Hours Lecturers

751-0210-00L Professional Internship
Only for MSc Agricultural Sciences


O 30 credits B. Dorn

Abstract Das Berufspraktikum ist ein obligatorischer Bestandteil des Master-Studiums. Es umfasst eine Praktikumsvorbereitung, einen
Praktikumsaufenthalt von mindestens 16 Wochen Dauer sowie eine Praktikumsnachbereitung.

Objective Im Berufspraktikum führen die Studierenden eine angemessene, anspruchsvolle Aufgabe im beruflichen Umfeld durch. Sie bearbeiten eine
definierte Aufgabenstellung oder ein (Teil-) Projekt im Bereich der Agrarwissenschaften. Dabei wenden sie im Studium erworbene
fachliche, überfachliche und methodische Kompetenzen im Arbeitsalltag an und erweitern und vertiefen diese. Zudem reflektieren und
präsentieren sie die geleistete Praktikumsarbeit.

Prerequisites /
notice

Der Praktikumsaufenthalt wird in der Regel im dritten Master-Semester, in jedem Fall vor Beginn der Master-Arbeit absolviert. Er kann erst
absolviert werden, wenn
• die Bachelor-Arbeit im Studiensekretariat abgebeben wurde;
• eine Einschreibung ins Master-Studium Agrarwissenschaften erfolgt ist;
• allfällige Zulassungsauflagen erfüllt sind.

 Minors
 Agricultural Economics and Policy

Number Title Type ECTS Hours Lecturers

751-2904-00L Current Topics in Agricultural Economics and Policy W+ 3 credits 2A R. Finger
Abstract In this course students will deepen and apply their knowledge in a particular field of agricultural economic research. Furthermore, the

application of methodological skills on real world examples is enabled in this course. Examination is based on a term paper and a
presentation.

Objective This lecture enables students to further depend and apply theoretical knowledge in agricultural economics, methodological tool such as
econometric or optimization models to current research topics. The course enables students to improve their writing and presentation skills.

Content Students will select among offered topics that are connected to current research projects of the Agricultural Economics and Policy Group.
A list of topics will be presented in the first week of the semester.

Lecture notes Key literature will be provided in the beginning of the lecture
Prerequisites /
notice

Prior knowledge from courses the field of agricultural economics is expected

751-2700-00L Land Markets and Land Policy W+  2 credits 2G G. M. Giuliani
Abstract In this course the students acquire knowledge on the particularities of land markets and the effects of policy interventions such as ceiling

prices and land redistributions on land markets. Special emphasis is placed on the knowledge of land market structures and on the forms of
land markets.

Objective In this course the students acquire knowledge on the particularities of land markets and the effects of policy interventions such as ceiling
prices and land redistributions on land markets. Special emphasis is placed on the knowledge of land market structures and on the forms of
land markets.

Content The first part of the course deals with the following topics: historical outline of land use; historical models of individual and collective land
regulations; Swiss land regulations and land policies; specific theoretical aspects of agricultural land markets; empirical investigations on
land property and land markets; interconnections between land policy and agricultural policy. The second part of the course focuses on
land property structures in developing countries and in transition countries. After a general systematic and theoretical introduction on land
policies and land reforms in these countries, case studies and topcis of current political relevance are discussed. This course provides
principles contributing to the evaluation of the sustainability of land use and to the establishment of sustainable land use systems.

Lecture notes Will be provided in the course.
Literature Are included in the lecture notes.

751-2402-00L Agricultural Trade Agreements W+  2 credits 2G J. Niklaus
Abstract The course focuses on the legal aspects of agricultural trade agreements.
Objective 1. The students shall be able to understand the legal framework of agricultural trade agreements.


2. The course aims at analyzing legal, political and economic aspects of agricultural trade regulations. 

3. Special emphasis is placed on the ongoing negotiations on an agricultural free trade agreement between Switzerland and the European
Union.

Content Content

- Overview on the international economic system

- Political and legal aspects of agricultural trade agreements

- Motivation and origin of agricultural trade agreements

- Implementation and monitoring of agricultural trade agreements 

- Impact-analysis of statal, parastatal and private trade barriers

- Reduction and elimination of statal, parastatal and private trade barriers 

- Case study 1: WTO Doha Round

- Case study 2: Agricultural free trade agreement Switzerland-EU

- Case study 3: Implementation of the Cassis de Dijon Principle in Switzerland

Lecture notes Handouts (power point slides)

751-1555-00L Empirical Agricultural Economics W+ 3 credits 2G D. J. Wüpper, T. Dalhaus
Abstract This course covers quantitative methods to answer empirical research questions in agricultural economics and related disciplines. Such

questions include causes of agricultural outcomes and effects of policies. Covered: Difference-in-Difference, Regression Discontinuity
Design, Instrumental Variables, Choice Experiments, Non-linear climate impacts and more. Lectures and practical exercises.

Objective After successful completion of the course, the students understand the potential and limitations of different econometric methods to answer
their research questions. They understand the assumptions that need to be fulfilled and they know how to apply the methods. When they
see applications of the methods, they can assess the reliability of the results.
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Content Regression, 
Difference-in-Difference, 
Regression Discontinuity Design, 
Instrumental Variables, 
Choice Experiments, 
Non-linear Effects,
Weather Risks and Climate Change in Agriculture, 
Weather Data handling, 
Insurance design

Literature Angrist and Pischke: Mastering Metrics
Greene: Econometric Analysis

Prerequisites /
notice

Basic knowledge in microeconomic theory, statistics, and econometric analysis is clearly helpful but not required. Experience with the
application of statistical software is advantageous too.

751-1575-00L Applied Optimization in Agricultural Economics W+  3 credits 2G C. Flury, R. Huber
Abstract This course provides an overview of farm and sector modelling. Students learn how to design, implement and interpret agricultural

optimization models applied in the context of agricultural policy evaluations.
Objective Students know the state of the art in agricultural farm and sector modelling. They can interpret results from applied optimization models in

science and policy. In addition, the students learn how to practically implement optimization techniques in the simulation of a farm or the
agricultural sector. They get insides into the practical challenges of designing, implementing and interpreting optimization models.

Content There exists a wide range of agricultural simulation models in science and policy evaluations that use optimization techniques. In
Switzerland, for instance, the impact of policy reforms on agricultural production and structures is assessed using the SWISSland or the
CAPRI model. This course will introduce a broad set of applied optimization models and discuss their advantages and caveats. Based on
the theoretical background provided in the course «Optimierung landwirtschaftlicher Produktionssysteme», the students will also make
hands-on experience in designing, implementing and interpreting an optimization model.

Lecture notes Readings and software tutorials are handed out in the course
Prerequisites /
notice

751-0401-00L Optimierung landwirtschaftlicher Produktionssysteme (or equivalent course)

752-2121-00L Consumer Behaviour II W 2 credits 2G M. Siegrist, J. Ammann
Abstract This course examines important concepts and theories in order to describe and to explain consumer behavior. The focus is on decision

making processes, influencing consumer behavior, consumer research, and market segmentation. Selected topics are explained in some
depth.

Objective This course examines important concepts and theories in order to describe and to explain consumer behavior. The course Consumer
Behavior I provides an overview, whereas in this course selected topics are explained and discussed in some depth. The focus is on
decision making processes, influencing consumer behavior, consumer research, and market segmentation.

751-2102-00L History of Food and Agriculture W  3 credits 2V P. Aerni
Abstract Knowledge about the history of food and agriculture is crucial to understanding the emergence of modern agriculture and public resistance

to industrial farming. The lecture discusses the evolution of agriculture and its impact on social structures, human health and the
environment from an anthropological, a cultural, a political and a technological point of view.

Objective - to become familiar with the milestones of the history of food and agriculture
- to understand innovation in agriculture as one of the major forces of change in the history of mankind
- to learn how perceptions, politics and policies in food and agriculture are shaped by social, technological and environmental change
- to be able to embed the current debate on the food crisis and climate change into a historical context

Content This lecture starts with the Neolithic revolution and its cultural and environmental impact on humankind. In this context, it will discuss the
transition from hunter-and-gatherer societies to societies that rely more upon the domestication of nature (agriculture and pastoralism)
(Keeley 1996, Diamond 1999). 
The various forms of domestication of plants and animals and their economic, political and environmental implications for society will be
discussed using examples from different parts of the world (Stone et al.2007).
The emergence of civilization based on agrarian law will be discussed by using the example of the Roman Republic and later the Roman
Empire (Weber 1891, Love, 1996).
Subsequent innovations such as the three-field system in medieval times, the introduction of new plants and animals during the colonial
period, and scientific and technological breakthroughs in plant breeding, agricultural practices and food preservation in the 19th century
gave a major boost to agricultural productivity, food availability and agro-biodiversity. These prior developments also laid the foundation for
industrial agriculture at the beginning of the 20th century (Kingsbury 2009). The global implications resulting from change in food
preferences and agricultural innovation will be illustrated by using selected examples of innovations in food and agriculture (Braudel 2002,
Pendergast 2010). 
Public resistance to industrial agriculture manifested itself in the early 1920s with counter-movements such as biodynamic farming
(Kingsbury 2009) but also with organized lobbying groups that fought against change caused by refrigeration and cheap food (Freidberg
2009). Applying science to plant and animal breeding also caused a cultural divide in biology departments at universities between those
who changed nature (plant breeders) and those who wanted to preserve it (botanists, ecologists) (Anker 2001).
The period during and after the two World Wars changed the business of agriculture entirely. Food security became a matter of national
security and thus justified state intervention on all levels in the production of food from farm to fork. This also helps explain why the Green
Revolution was largely a public sector initiative that cared more for productivity increases on the supply side than for consumer preferences
on the demand side (Aerni 2007). After the end of the Cold War, attention shifted from the supply side to the demand side and thus from
food security to food safety. 
Food safety concerns were largely due to distrust of industrial agriculture and this led to major policy shifts in the way agricultural subsidies
and resources were allocated and how food safety was managed and monitored. While the public sector largely withdrew from investing in
productivity-related agricultural research, the private sector started to invest more. This led to the growing need to engage again in public-
private partnership, as had been the case in the 19th century. Despite the Agreement on Agriculture of the World Trade Organization,
agricultural trade remains highly restricted and the growing vertical integration of the food supply chain tends to concentrate market power
with global retailers. They have designed private standards that are meant to protect consumers from unsafe food and promote good
agricultural practices abroad, as well as ethical trade. Yet, the increasing importance of south-south trade in agriculture and the global food
crisis might again shift more power back to producers (Aerni 2009).

Lecture notes https://www.ethz.ch/content/specialinterest/gess/cis/international-relations/en/teaching/materials/history-of-food-and-agriculture.html
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Literature Aerni, Philipp (2011) Food Sovereignty and its Discontents. ATDF Journal 8(1/2): 23-49.
Aerni, Philipp (2011) Do Political Attitudes Affect Consumer Choice? Evidence from a Large-Scale Field Study with Genetically Modified
Bread in Switzerland. Sustainability 3: 1555-1572.
Aerni, Philipp (2009) What is sustainable agriculture? Empirical evidence of diverging views in Switzerland and New Zealand. Ecological
Economics 68(6): 1872-1882.
Aerni, Philipp. 2007. Exploring the Linkages between Commerce, Higher Education and Human Development: A Historical Review. ATDF
Journal 4(2): 35-47.
Anker, Peder (2001) Imperial Ecology: Environmental Order in the British Empire, 1895-1945. Harvard University Press, Cambridge, MA.
Braudel, Fernand (2002) The Wheels of Commerce. Civilization and Capitalism 15th -18th, Volume II. Phoenix Press, London.
Cook, Harold (2008) Matters of Exchange: Commerce, Medicine, and Science in the Dutch Golden Age. Yale University Press, New
Haven.
Fagan, Brian (2001) The Little Ice Age: How Climate Made History. Basic Books, New York.
Morgan, Dan (1979) Merchants of Grain: The Power and Profits of the Five Giant Companies at the Center of the World's Food Supply.
iUniverse, Inc: Lincoln, NE.
Diamond, Jared (1999) Guns, Germs and Steel. Norton, New York.
Freidberg, Susanne (2009) Fresh: A Perishable History. Harvard University Press, Cambridge, MA.
Freidberg, S. (2007). Supermarkets and imperial knowledge. Cultural Geographies, 14(3): 321-342.
Kingsbury, N. (2009) Hybrid: the History and Science of Plant Breeding. University of Chicago Press, Chicago.
Love, John (1986) Max Weber and the Theory of Ancient Capitalism. History and Theory 25(2): 152-172.
Stone, Linda, Lurquin, P. F. and Cavalli-Sforza (2007) Genes, Culture, and Human Evolution: A Synthesis. Blackwell, Malden, MA.
The Economist, 2008. Hunters and Gatherers: Noble or Savage, Dec. 19th.
Keeley, Lawrence, H. (1996) War Before Civilization. Oxford University Press, Oxford.
Pendergast, M. (2010) Uncommon Grounds: The History of Coffee and how it transformed our World. Basic Books, New York.
Weber, M. (1891) Die römische Agrargeschichte in ihrer Bedeutung für das Staats- und Privatrecht. Stuttgart.

Prerequisites /
notice

The 2-hour course will be held as a series of lectures. The course materials will be available in form of an electronic Reader at the
beginning of the semester.
The class will be taught in English.
Students will be asked to give a (a) presentation (15 Minutes) or write a review paper based on a article selected from the electronic script,
and (b) they will have to pass a written test at the end of the course in order to obtain 3 credit points in the ECTS System. In the final mark
(a) will have a weight of 40% and (b) 60%.

 Agriculture and Environment
Number Title Type ECTS Hours Lecturers

751-5102-00L Biogeochemical Modeling of Agroecosystems
Does not take place this semester.

W+  3 credits 2G J. Six

Abstract This class provides an introduction to biogeochemical modeling in the context of agricultural systems. It covers the general background and
principles of modeling agricultural biogeochemistry (e.g., plant growth and development, soil C and N dynamics and soil greenhouse gas
emissions).

Objective The aim of the class is to increase students' awareness of how important biogeochemical models are in environmental and ecological
assessments of various agroecosystems. The focus is on the understanding of the DayCent model and its site level application, including
model calibration, evaluation, and sensitivity/uncertainty analysis.

Content The class consists of lectures and modeling exercises and covers both the theoretical background and practical application of the DayCent
model to agroecosystems.

Literature Video tutorials: 
http://www.sae.ethz.ch/education/Masterlevel/biogeochemical-modeling-of-agroecosystems.html

Prerequisites /
notice

Students signing up for this course should have a strong interest in data analysis and modeling of agroecosystem processes. Please note
that the assignments will each require approximately 60 minutes preparation time.

751-3404-00L Nutrient Fluxes in Soil-Plant Systems: The Case of
Nitrogen
Only for MSc Agriculture Sciences and MSc
Environmental Sciences
Number of participants limited to 18.

Prerequisites: Successful completion of "Plant Nutrition I
(751-3401-00L)" and
" Pflanzenernährung II - Integriertes
Nährstoffmanagement (751-3402-00L) is mandatory.

W+  4 credits 4G A. Oberson Dräyer, T. I. McLaren,
F. Tamburini

Abstract The course teaches knowledge and experimental techniques to study pools and processes underlying nutrient fluxes in soil-plant systems.
Methods will be learned i) to analyze elements dynamics, ii) to determine the use efficiency by crops of nutrients added with fertilizers, iii) to
study the fate of fertilizer nutrients not taken up by the crop and iv) to estimate symbiotic N2 fixation by legumes.

Objective Using the element nitrogen (N) as model case, the student gets familiarized with techniques to assess the dynamics and availability of
nutrients in the soil-plant system and to determine the use efficiency by crops of nutrients added with fertilizers. He/she learns about the
use of stable isotope techniques for analyzing nutrient fluxes in soil-plant systems, and about the use of biochemical methods to obtain
indicators on nutrient transformations. He/she is able to evaluate critically the tools used in agricultural or environmental studies dealing
with fluxes of elements in soil-plant systems and the interpretation made of the results. Knowledge about processes and pools underlying
nutrient cycles in agro-ecosystems will be improved.
The student learns to work in the laboratory within a small team, to organize work in sub-groups, to exchange results obtained by these
sub-groups, to look for information outside of the course (e.g. in the library, in the internet), to read and analyze this information critically, to
synthesize both, the information from the literature and from the groups, and to present it in a written report and in an oral presentation.
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Content This course teaches knowledge and methods to analyze the dynamics of elements in soil-plant systems and to determine the use efficiency
by crops of nutrients added with mineral and organic fertilizers. It provides knowledge about various techniques (isotopic, chemical,
biochemical) that can be used to evaluate 
i)    content of elements in fertilizers, soils and plants;
ii)     availability of elements in soils and fertilizers for plants; 
iii)     transfer of elements from a fertilizer to a crop;
iv)     symbiotic N2 fixation by legumes.
Nitrogen will be used as model case.
The course will start with the discussion of analytical results on elemental contents in an organic fertilizer (e.g. animal manure, plant
material) that has previously been labeled with the isotope 15N. To test the N efficiency of this fertilizer, a pot experiment (glasshouse
study) will be designed. It will include soils with different characteristics, two test plants and fertilization treatments including the 15N
labeled organic fertilizer and appropriate reference treatments. 
Soils will be characterized for basic chemical properties and for biochemical characteristics that are related to the N dynamics. Plants will
be harvested and analyzed for their dry matter production, their N isotope composition and for elemental contents. From the direct (15N)
labeling approach, the proportion of N in the plant derived from the added fertilizers and the percentage of added fertilizer recovered in
plant material will be calculated. The 15N analyses in the soil and in the plant material after the crop cycle will allow drawing a balance of
the added fertilizer and discussing N losses. The comparison of 15N excess in legume and non-legume test plants will demonstrate the use
of the enriched dilution method to estimate symbiotic N2 fixation by the legume. 

The experiments are discussed and carried out by the students supervised by group members (two senior scientists, PhDs, laboratory
staff). The students carry out the data analysis and report their findings in a written report and in an oral presentation.

Lecture notes Documentations will be made available during the course.
Literature Indications during the course.

751-5118-00L Global Change Biology W+  2 credits 2G H. Bugmann, M. Gharun, B. Stocker
Abstract This course focuses on the impacts of global change on  forests and agro-ecosystems that will strongly affect  sustainable resource use

across the 21st century.
Objective Students will understand how global change, ecosystem processes, land use practices, politics, and society interact, and that it is critical to

act responsibly and work as an agricultural or environmental scientist in the future. 

Students will better understand the impacts of global change on ecosystems at a range of spatial and temporal scales, be able to
synthesize knowledge from various disciplines in the context of global change issues, and be able to evaluate management options for
sustainable resource use, climate mitigation and adaptation options. 

Students will learn to present scientific information to a scientific audience by preparing an executive summary and an oral presentation to
answer a specific scientific question. Students will get extensive feedback from teachers and peers. Thereby, students will also learn how
to give constructive feedback to peers.

Content Changes in climate and land use are major issues that students will be faced with during their working life, independently of where they will
work. Thus, an advanced understanding on how global change, ecosystem processes, land use practices, politics, and society interact and
that it is critical to act responsibly and work as an agricultural or environmental scientist in the future.

Thus, during this course, the effects of global change on forests and agro-ecosystems as well as their feedbacks to the climate system will
be presented and discussed. Effects on ecosystem structure, composition, productivity and biogeochemical cycling, but also on the stability
of production systems against disturbances will be addressed. 

Up-to-date scenarios and models for coupled human-environmental systems will be discussed. The advantages and disadvantages of
different management options will be evaluated, including sustainable resource use and climate mitigation as well as adaptation.

Prerequisites /
notice

This course is based on fundamental knowledge about plant ecophysiology, soil science, and ecology in general.

751-5127-00L The Microbiome of the Plant-Soil System: Part I W  2 credits 2G M. Hartmann
Abstract This class conveys the current knowledge and state-of-the-art methods for studying the plant-soil microbiome through a combination of

theoretical input lectures, selected case studies from ongoing research projects, and flipped classroom assignments.
Objective After the course, the participants will be able to

(1) explain how microorganisms influence and respond to changes in the plant-soil system
(2) evaluate the strengths and limitations of specific methods used in microbial ecology research
(3) critically assess current research findings in this field

Content The plant-soil microbiome is an essential component of agroecosystems, regulating crop growth, nutrient use efficiency, stress resilience,
and disease resistance. In this course, students will develop a fundamental understanding of (i) how microorganisms shape the functioning
of the plant-soil system, (ii) how ecosystem management and global changes are influencing diversity and functioning of these microbial
systems, and (iii) how the microbiome might be managed to improve sustainable agricultural production. A strong focus will be placed on
getting to know the methodological toolbox to study microbes in the environment including different next-generation DNA sequencing
applications such as metabarcoding and metagenomics. Theoretical input lectures will be combined with presentations of current research
projects. Flipped classroom assignments will be used to critically discuss research findings of specific publications or to evaluate the
strength and limitation of the specific methods.

Literature Madigan MT, Bender KS, Buckley DH, Sattley WM and Stahl DA (2019). Brock Biology of Microorganisms, 15th edition, Pearson Education
Limited.
Paul E (2014). Soil Microbiology, Ecology and Biochemistry, 4th edition, Academic Press.

Prerequisites /
notice

The participants should have some basic background in biology and a keen interested in learning and discussing how microorganisms
shape the functioning of our planet. Whereas this course unit can be taken as standalone class, it also serves as preparatory class for the
hands-on block course on microbiome analysis (The Microbiome of the Plant-Soil System: Part II).

751-5127-01L The Microbiome of the Plant-Soil System: Part II
The course 751-5127-00 The Microbiome of the Plant-Soil
System: Part I is a prerequisit of this course (for MSc
students).

PhD-students from the Plant Science Centre or from the
Life Science Zurich Graduate School should register via
the https://ethz.ch/services/en/service/courses-
continuing-education.html (> Select Plant Sciences)

W Dr 1 credit 2P M. Hartmann

Abstract This computer block course provides a thorough introduction to the application of next-generation sequencing techniques for analyzing
diversity of microbial communities. Using a combination of theoretical lectures and hands-on computer exercises, the participants learn the
computational steps from bioinformatic processing of sequencing reads down to the final statistical evaluations.
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Objective After the course, the participants will be able to
1) understand the concept, potential and limitation of microbial NGS applications
2) know how to process raw metabarcoding data to obtain meaningful information
3) use multivariate statistical methods evaluate and visualize microbial community data 
4) make informed decisions on best practices for their own data

Prerequisites /
notice

The participants should have some background in microbial ecology and understand the basics of next-generation sequencing techniques
as a tool to study microbes in the environment. Participants that are not familiar with these topics are encouraged to take the course unit
«The Microbiome of the Plant-Soil System: Part I» as preparatory class (mandatory for master students). No programming or scripting
expertise is required, but some basic experience with using command line applications is of advantage since not all the basics can be
thoroughly covered in that short amount of time. However, some basic introduction to UNIX-based command line applications will be
provided on the first day. All hands-on exercises will be run on UNIX-environments (Linux, Mac) and participants are expected to bring their
own UNIX-based laptop (please consult your IT representative if necessary). All statistical analyses will be run in R using RStudio (any
operating system). Participants should have installed the following software packages on their computers: Miniconda, R and RStudio, all
other software tools will be installed on site using the Miniconda package manager.

 Agronomy and Plant Breeding
Number Title Type ECTS Hours Lecturers

751-4106-00L Crop Phenotyping W+  4 credits 4G A. Hund, H. Aasen, J. Leipner,
F. Liebisch, A. Walter

Abstract Phenotyping is mostly understood as a non-invasive, quantitative assessment of plant and organ morphology at different wavelengths. In
this course, standard and customized phenotyping platforms and approaches are introduced and applied to characterize crop performance
in the field and in the lab. The relevance of phenotyping for breeding, field management and precision agriculture is shown.

Objective At the end of the course you will know a range of different phenotyping methods and how to assess their utility for different issues. You also
know the critical stages of individual crops and you can identify promising traits and phenotyping approaches that are appropriate to
improve a crop or its management in the field.

Content Basic knowledge in physiology, breeding and management of our major crops will be combined with concepts of inheritance, experimental
design, crop modelling and abiotic stress. By lectures, discussions, and hands-on experiments, you will learn to use image-based
phenotyping methods for a performance assessment of genotypes of a breeding population and to assess the efficiency of measures of
field management.
Crops are exposed to different abiotic stress factors during their development. Adaptation of crops to extreme environmental conditions
likely to be encountered in the course of the year (e.g. cold and heat stress; water-saturated or dry soils) has been achieved by plant
breeding to a good extent. In many cases, however, there is enormous potential for optimization. 
The most important mechanisms of plant adjustment towards stress will be explained, as well as critical stages identified in which stress
affects yield most severely. You will learn methods by which the response of plants to environmental parameters is quantified non-
destructively. You learn how to deal with the challenge of spatial variability in the field, when it is necessary to analyze a lot of genotypes.
You will get to know different phenotyping methods in the field and under controlled conditions. An important parameter of analysis will be
the measurement of the growth of roots and shoots and the response of this parameter to environmental stress. Moreover, you will apply
thermography and multispectral image analysis as exemplary remote sensing methods and you will use these methods to calculate
parameters such as canopy cover, water status and leaf greenness of individual plants or crop stands. Also, you will learn the use of
chlorophyll fluorescence to assess the efficiency of the photosynthetic apparatus.

751-4204-01L Horticultural Science: Case Studies
Number of participants limited to 20.

W  2 credits 2G L. Bertschinger, A. Bühlmann,
C. Carlen, M. Lutz, A. Näf

Abstract After an introduction (2h), lectures address 2 horticultural cropping systems and value chains, each one in 2 2h-lecture blocks. Afterwards,
students split in 2 groups for addressing a case study focusing on one of the cropping systems treated before. An excursion to a research
site might be included. In a final colloquium, each group presents a report on their case study and their conclusions.

Objective Achieve a deepened understanding of horticultural value chain challenges related with ecological intensification, resource efficiency,
climate change and healthy, safe food production, and the problem solution strategies and scientific principles behind.
Deliver in a team effort a report and presentation with a comprehensive insight into the studied problem and its science-based solution
strategy.

Content In the autumn semester, the two addressed cropping systems and value chains are fruit-production and viticulture.  
In the spring semester, the two addressed cropping systems and value chains are vegetable-production- and berry-production or
glasshouse-horticulture.
The selected topics address challenges with regard to ecological intensification, resource efficiency or climate change and branch into on-
going research and development projects.

Lecture notes Documents handed out during the case studies.
Literature Provided by the case study leaders.
Prerequisites /
notice

The course builds on basic knowledge delivered by 'Horticultural Crops  I & II' (BSc). If these courses have not been followed by interested
participants, equivalent knowledge and experience will greatly support a successful and productive participation of the participating student.
Language: spoken E, G or F, Documents: Preferably English, G/F possible.

751-3606-00L Molecular Plant Breeding W+  3 credits 2G B. Studer, C. Grieder, A. Hund,
R. Kölliker

Abstract Molecular tools have significantly contributed to improve the process of plant breeding throughout the last decades. The course Molecular
Plant Breeding illustrates - on the basis of lectures, exercises and practical examples - the most important molecular breeding tools (QTL,
association studies..) and how these tools are applied to plant breeding by means of marker-assisted or genomic selection.

Objective At the end of the course Molecular Plant Breeding you will be able to:
- understand different molecular marker technologies and genotyping methods, and how the generated data can be used for genetic
distance measures and multivariate statistics in experimental and natural populations
- use the most important molecular breeding tools such as genetic linkage mapping, QTL analysis, genome-wide association studies and to
apply these tools to plant breeding by marker-assisted and genomic selection
- describe different sequencing technologies and strategies for genome sequencing, transcriptome profiling (RNAseq) and genotyping by
sequencing
- apply basic bioinformatics tools for sequence data management and comparative genomics (BLAST, simple assemblies, alignments and
gene annotations)

Content The course Molecular Plant Breeding is based on complementing lectures, exercises and practical examples. The examples cover a wide
range of species and traits and will be taught by four different experts in the field. A detailed program including dates and specific contents
will be provided through Moodle.

Lecture notes Scripts and slides for each lecture and will be made available through Moodle.
Literature For each lecture, additional literature covering the topic will be provided.
Prerequisites /
notice

The course will be held at ETH Zentrum (LFW building), where computers will be available for exercises with R or - if necessary - other
specific software packages. Attendance of the courses Pflanzenzüchtung and Plant Breeding is recommended; basic understanding of R
(as taught in Experimental Design and Applied Statistics in Agroecosystem Science) is advantageous.

 Crop Health
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Number Title Type ECTS Hours Lecturers

751-5110-00L Insects in Agroecosystems W+  2 credits 2V C. De Moraes, M. Fenske,
D. Lucas Gomes Marques Barbosa

Abstract This class will focus on insect-plant interactions in agroecosystems, and how the unique man-made agricultural community effects insect
populations leading to pest outbreaks.   Key concepts in pest prediction and management will be discussed from an ecological perspective.

Objective At the end of this course, students will understand what biotic and abiotic factors contribute to pest outbreaks, why some modern pest
management techniques have failed over time, and the trade-offs associated with the use of different pest control methods. Our approach
will allow students to apply their knowledge to a variety of pest management situations. Additionally, students will learn about current
research goals in agroecology and how these goals are being addressed by scientists engaged in agricultural research.

Content The focus of this course will be on understanding how the ecologies of agricultural systems differ from natural ecosystems, and how these
difference affect the population dynamics of insect pests and natural enemies.  Each section of the course is centered around a basic
ecological, biological or engineering theme such as host shift, physiological time, or sampling techniques.  Different management
techniques will be discussed, as well as the ecological basis behind why these techniques work and why they sometimes fail.  The role of
insects in spreading economically important plant diseases will also be discussed. Recent advances in research will also be addressed
throughout the course and reinforced with periodic readings of primary literature.

Lecture notes Provided to students through ILIAS
Literature Selected required readings (peer reviewed literature, selected book chapters).

751-4904-00L Microbial Pest Control W  2 credits 2G J. Enkerli, G. Grabenweger
Abstract This lecture provides conceptual as well as biological and ecological background on microbial pest management. Methods and techniques

applied to develop and monitor microbial control agents are elucidated.
Objective To know the most important groups of insect pathogens and their characteristics. To become familiar with the basic steps necessary for the

development of microbial control agents. To understand the techniques and methods used to monitor field applications and the procedures
involved in registration of products for microbial pest management.

Content Definitions and general terms used in microbial control are presented. Biological and ecological aspects of all arthropod-pathogenic groups
(virus, bacteria, fungi and nematodes) as well as their advantages and disadvantages in relation to biocontrol are discussed. Particular
emphasis is put on hypocrealean and entomophthoralean fungi. Examples are used to demonstrate how projects in microbial control can
be set up, how pathogens can be applied and how efficacy, non-target effects, persistence and dissemination are monitored. Furthermore,
the necessary steps for product development, commercial aspects and registration requirements are discussed.

Lecture notes Lecture notes comprising the basic aspects will be provided.
Literature Additional literature will be indicated in the lecture

751-4512-00L Plant Pathology IV
Only for MSc Agricultural Sciences
Number of participants limited to 20

W+  2 credits 2G M. Maurhofer Bringolf, G. Broggini,
P. E. De Werra, M. Gygax,
M. Kellerhals, M. Lutz, L. Tamm,
P. Triloff, O. Viret

Abstract Die LV besteht aus einer Mischung aus Infoelementen (Frontalunterricht), Lerneinheiten mit Beispielen (Mitarbeit Studierende),
Selbststudium, Gruppenarbeiten sowie Plenumsdiskussionen. Sie bezieht, wo möglich, die Epidemiologie mit ein, deren wichtigsten
Grundlagen zu Beginn repetiert werden.

Objective Die Studierenden verstehen den modernen Pflanzenschutz als eine System-Komponente der Pflanzenproduktion. Sie erkennen, basierend
auf aktuellen praktischen Beispielen, die Zusammenhänge zwischen verschiedenen Elementen des modernen Produktionssystems und
können diese auch gewichten. Sie sind dazu befähigt, bestehende Massnahmen auf ihre Systemeignung zu evaluieren und sich an der
Erarbeitung zukünftiger Pflanzenschutzkonzepte für verschiedene Kulturen und Anbausysteme aktiv zu beteiligen.

Content Sieben halbtägige Workshops unter der Leitung von verschiedenen Pflanzenschutzexperten aus Forschung und Praxis. Nach einer
Einführung in ein spezifisches Thema bearbeiten die Studierenden in Gruppen eine Fragestellung oder ein aktuelles Problem und
entwickeln Pflanzenschutzkonzepte für spezifische Kulturen und Anbausysteme.

Die Workshops sind in folgende Themen unterteilt:

Workshop 1: Einjähriges System: Fruchtfolge und Bodenbearbeitung (Michel Gygax, Kant. Pflanzenschutzfachstelle, Bern)

Workshop 2: Einjähriges System: Krankheiten im Kartoffelanbau: Die Bekämpfung beginnt mit zertifiziertem Pflanzgut
(Patrice de Werra, HAFL, Zollikofen)

Workshop 3: Spezialkulturen: Sonderfall Gemüsebau: Systembezogene Unterschiede im Pflanzenschutz
(Matthias Lutz, Agroscope Wädenswil)

Workshop 4: Mehrjähriges System: Aktuelle Herausforderungen im Obstbau
(Peter Triloff, Bodensee Obstbauberatung, D-Lindau)

Workshop 5: Pflanzenschutz im Biolandbau auf dem Prüfstand:Stand der Technik, Chancen und Risiken
Lucius Tamm, FiBL, Frick

Workshop 6: Genetische Krankheitsresistenz: Konzepte  traditioneller und gentechnologischer Züchtung
(Markus Kellerhals, Agroscope Wädenswil / Giovanni Broggini, ETH Zürich)

Workshop 7: Zukunft des Pflanzenschutzes im Weinbau
(Oliver Viret, centre de compétence vitivinicole et cultures spéciales, Marcelin)

Lecture notes Unterlagen werden in der LV verteilt.
Prerequisites /
notice

Die LV integriert die Inhalte der Vorlesungen Pflanzenpathologie I, II und III.
Das Erhalten der Kreditpunkte setzt eine lückenlose Teilnahme an der LV voraus.

751-4902-00L Modern Pesticides - Mode of Action, Residues and
Environmental Fate

W  2 credits 2V T. Poiger, M. E. Balmer, I. J. Bürge

Abstract The biochemical principles of the mode of action of plant protection products (PPP) are presented. Important topics are mechanisms for
selectivity, development of resistance, residue formation in crops and food safety as well as behavior in the environment.

Objective The structures and modes of action of modern pesticides (synthetical compounds, natural compounds) are presented. The structure-
activity relationships lead to considerations of actual use conditions in crops such as fungicides in viticulture, residues in edible parts of
treated plants, possible side effects and environmental fate.

Content After a short introduction on pesticide registration (administrative process as in Switzerland and EC, food safety), the biochemical
background of the mode of action of important groups of PPP active ingredients is presented. Furthermore, selectivity of pesticides,
leaching of herbicides to groundwater, accumulation of pesticides in soil, development of resistance of fungicides, formation of residues in
edible parts of the crops, and side-effects on non-target organisms shall be covered.

Lecture notes An e-script (pdf-files) is provided as download at the beginning of spring term.
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Literature none

 Functioning of Soil Systems
Number Title Type ECTS Hours Lecturers

751-3404-00L Nutrient Fluxes in Soil-Plant Systems: The Case of
Nitrogen
Only for MSc Agriculture Sciences and MSc
Environmental Sciences
Number of participants limited to 18.

Prerequisites: Successful completion of "Plant Nutrition I
(751-3401-00L)" and
" Pflanzenernährung II - Integriertes
Nährstoffmanagement (751-3402-00L) is mandatory.

W+  4 credits 4G A. Oberson Dräyer, T. I. McLaren,
F. Tamburini

Abstract The course teaches knowledge and experimental techniques to study pools and processes underlying nutrient fluxes in soil-plant systems.
Methods will be learned i) to analyze elements dynamics, ii) to determine the use efficiency by crops of nutrients added with fertilizers, iii) to
study the fate of fertilizer nutrients not taken up by the crop and iv) to estimate symbiotic N2 fixation by legumes.

Objective Using the element nitrogen (N) as model case, the student gets familiarized with techniques to assess the dynamics and availability of
nutrients in the soil-plant system and to determine the use efficiency by crops of nutrients added with fertilizers. He/she learns about the
use of stable isotope techniques for analyzing nutrient fluxes in soil-plant systems, and about the use of biochemical methods to obtain
indicators on nutrient transformations. He/she is able to evaluate critically the tools used in agricultural or environmental studies dealing
with fluxes of elements in soil-plant systems and the interpretation made of the results. Knowledge about processes and pools underlying
nutrient cycles in agro-ecosystems will be improved.
The student learns to work in the laboratory within a small team, to organize work in sub-groups, to exchange results obtained by these
sub-groups, to look for information outside of the course (e.g. in the library, in the internet), to read and analyze this information critically, to
synthesize both, the information from the literature and from the groups, and to present it in a written report and in an oral presentation.

Content This course teaches knowledge and methods to analyze the dynamics of elements in soil-plant systems and to determine the use efficiency
by crops of nutrients added with mineral and organic fertilizers. It provides knowledge about various techniques (isotopic, chemical,
biochemical) that can be used to evaluate 
i)    content of elements in fertilizers, soils and plants;
ii)     availability of elements in soils and fertilizers for plants; 
iii)     transfer of elements from a fertilizer to a crop;
iv)     symbiotic N2 fixation by legumes.
Nitrogen will be used as model case.
The course will start with the discussion of analytical results on elemental contents in an organic fertilizer (e.g. animal manure, plant
material) that has previously been labeled with the isotope 15N. To test the N efficiency of this fertilizer, a pot experiment (glasshouse
study) will be designed. It will include soils with different characteristics, two test plants and fertilization treatments including the 15N
labeled organic fertilizer and appropriate reference treatments. 
Soils will be characterized for basic chemical properties and for biochemical characteristics that are related to the N dynamics. Plants will
be harvested and analyzed for their dry matter production, their N isotope composition and for elemental contents. From the direct (15N)
labeling approach, the proportion of N in the plant derived from the added fertilizers and the percentage of added fertilizer recovered in
plant material will be calculated. The 15N analyses in the soil and in the plant material after the crop cycle will allow drawing a balance of
the added fertilizer and discussing N losses. The comparison of 15N excess in legume and non-legume test plants will demonstrate the use
of the enriched dilution method to estimate symbiotic N2 fixation by the legume. 

The experiments are discussed and carried out by the students supervised by group members (two senior scientists, PhDs, laboratory
staff). The students carry out the data analysis and report their findings in a written report and in an oral presentation.

Lecture notes Documentations will be made available during the course.
Literature Indications during the course.

701-1342-00L Agriculture and Water Quality
Does not take place this semester.

W  3 credits 3G C. H. Stamm, E. Frossard,
W. Richner, H. Singer

Abstract Linking scientific basics of different disciplines (agronomy, soil science, aquatic chemistry) with practical questions in the context of real-
world problems of diffuse pollution due to agricultural production.

Objective This course discusses the application of scientific understanding in the context of real-world situations of diffuse pollution caused by
agricultural production. It aims at understanding the relevant processes, analysing diffuse pollution and developing mitigation strategies
starting from legal requirements regarding water quality.

Content - Diversity of diffuse agrochemical pollution
- Agronomic background on the use of agrochemicals
- Transport of agrochemicals from soils to water bodies
- Development of legal requirements for water quality
- Monitoring strategies in water bodies
- Mitigation strategies

- Exercises including all major topics
- 1 field excursion

Lecture notes Handouts will be provided including reference list for each topic.
Prerequisites /
notice

Some exercises require R  (http://www.r-project.org/) and a laptop during the class.

701-0524-00L Soil Biology W  3 credits 2V O. Daniel, B. W. Frey
Abstract Soil organisms play a key role in natural soil functions. The course focuses on anthropogenic impacts such as management, land-use

change and climate change on soil biodiversity.
Objective Basic knowledge on biological structures and functions in soil. Discussion of biological interactions, nutrient cycles and energy fluxes in the

subsurface. Here we try to answer the following questions: How do environmental factors influence soil organisms? How they can be
studied and how they are influenced? Which ecosystem functions are performed by soil organisms? What are important microbial
processes in the carbon and nitrogen cycle?

Content Structure of the habitat soil: Chemical, physical and biological factors coupling soil-water-air. Structure of soil biocoenoses. Soil fauna-
environment and soil microorganism-environment interactions. Nutrient cycles, organic matter decomposition and biologically catalyzed
processes in soil. Evaluation of soil biological methods.

Lecture notes Handouts and student assignments will be distributed during the course.
Literature No specific books required. Some recommendations will be given in the course
Prerequisites /
notice

Prerequisites: basic knowledge in soil physics, soil chemistry, zoology and mikrobiology.
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701-0518-00L Soil Resources and Global Change W+  3 credits 2G S. Dötterl, M. W. Evangelou
Abstract Introduction into the importance, concepts and areas of action related to soil development and the use of soil resources in a changing

world.
Objective Understanding the 

- conditions under which soils develop and are used at the global scale

- consequences and problems of the use of soil and the resulting pressure on soil resources

- impact of climate and global change on the future development of soil resources

Content Soil functions and soil formation; regional and global soil development, impacts of land use on soil water and gas circulation; forms of soil
pollution and degradation; regional and global estimates of soil degradation; soil amendment and remediation of contaminated soils;
planning and legal implementation of soil protection.

Lecture notes Handouts will be available for download. Related scientific articles will be recommended after each session.
Literature Some useful text books to know of: 


- Scheffer/Schachtschabel - Soil Science, Springer, Heidelberg, 2016.

- Brady N.C. and Weil, R.R. The Nature and Properties of Soils. 14th ed. Prentice Hall, 2007.

- Press & Siever: Allgemeine Geologie, 7th ed., Springer, Heidelberg, 2016.  

- Mason/Burt - Physical Geography, 5th ed., Oxford Uni. Press, Oxford, 2015.

Prerequisites /
notice

Prerequisites: Interest in physical geography and soil development. Basic knowledge in chemistry, biology and geology. A previous
participation in lecture "Pedosphere" (701-0501-00L) is recommended.

751-5127-00L The Microbiome of the Plant-Soil System: Part I W+ 2 credits 2G M. Hartmann
Abstract This class conveys the current knowledge and state-of-the-art methods for studying the plant-soil microbiome through a combination of

theoretical input lectures, selected case studies from ongoing research projects, and flipped classroom assignments.
Objective After the course, the participants will be able to

(1) explain how microorganisms influence and respond to changes in the plant-soil system
(2) evaluate the strengths and limitations of specific methods used in microbial ecology research
(3) critically assess current research findings in this field

Content The plant-soil microbiome is an essential component of agroecosystems, regulating crop growth, nutrient use efficiency, stress resilience,
and disease resistance. In this course, students will develop a fundamental understanding of (i) how microorganisms shape the functioning
of the plant-soil system, (ii) how ecosystem management and global changes are influencing diversity and functioning of these microbial
systems, and (iii) how the microbiome might be managed to improve sustainable agricultural production. A strong focus will be placed on
getting to know the methodological toolbox to study microbes in the environment including different next-generation DNA sequencing
applications such as metabarcoding and metagenomics. Theoretical input lectures will be combined with presentations of current research
projects. Flipped classroom assignments will be used to critically discuss research findings of specific publications or to evaluate the
strength and limitation of the specific methods.

Literature Madigan MT, Bender KS, Buckley DH, Sattley WM and Stahl DA (2019). Brock Biology of Microorganisms, 15th edition, Pearson Education
Limited.
Paul E (2014). Soil Microbiology, Ecology and Biochemistry, 4th edition, Academic Press.

Prerequisites /
notice

The participants should have some basic background in biology and a keen interested in learning and discussing how microorganisms
shape the functioning of our planet. Whereas this course unit can be taken as standalone class, it also serves as preparatory class for the
hands-on block course on microbiome analysis (The Microbiome of the Plant-Soil System: Part II).

751-5127-01L The Microbiome of the Plant-Soil System: Part II
The course 751-5127-00 The Microbiome of the Plant-Soil
System: Part I is a prerequisit of this course (for MSc
students).

PhD-students from the Plant Science Centre or from the
Life Science Zurich Graduate School should register via
the https://ethz.ch/services/en/service/courses-
continuing-education.html (> Select Plant Sciences)

W 1 credit 2P M. Hartmann

Abstract This computer block course provides a thorough introduction to the application of next-generation sequencing techniques for analyzing
diversity of microbial communities. Using a combination of theoretical lectures and hands-on computer exercises, the participants learn the
computational steps from bioinformatic processing of sequencing reads down to the final statistical evaluations.

Objective After the course, the participants will be able to
1) understand the concept, potential and limitation of microbial NGS applications
2) know how to process raw metabarcoding data to obtain meaningful information
3) use multivariate statistical methods evaluate and visualize microbial community data 
4) make informed decisions on best practices for their own data

Prerequisites /
notice

The participants should have some background in microbial ecology and understand the basics of next-generation sequencing techniques
as a tool to study microbes in the environment. Participants that are not familiar with these topics are encouraged to take the course unit
«The Microbiome of the Plant-Soil System: Part I» as preparatory class (mandatory for master students). No programming or scripting
expertise is required, but some basic experience with using command line applications is of advantage since not all the basics can be
thoroughly covered in that short amount of time. However, some basic introduction to UNIX-based command line applications will be
provided on the first day. All hands-on exercises will be run on UNIX-environments (Linux, Mac) and participants are expected to bring their
own UNIX-based laptop (please consult your IT representative if necessary). All statistical analyses will be run in R using RStudio (any
operating system). Participants should have installed the following software packages on their computers: Miniconda, R and RStudio, all
other software tools will be installed on site using the Miniconda package manager.

701-0522-01L Applied Soil Ecology W  2 credits 2G A. M. Gramlich
Abstract This self-guided e-learning course gives students the possibility to deepen their knowledge and understanding in important areas of soil

science and to apply it in little case studies to real-world problems.
Objective To deepen the knowledge and understanding of important topics in soil science and to learn by means of selected example cases– how

this knowledge can be applied to solve in real-world problems in soil use and protection.
Content The course consists of 8 modules, of which three must be worked through to gain 2 credit points: 1) water storage in soil, 2) dynamics of

soil organic matter, 3) soil erosion, 4) soil aeration and soil compaction, 5) soil acidification, 6) fertility and sustainable use of soil, 7) soil
contamination and remediation, 8) soil salinization

Prerequisites /
notice

Basic knowledge in soil sciences.

 General Crop Science
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Number Title Type ECTS Hours Lecturers

751-4106-00L Crop Phenotyping W  4 credits 4G A. Hund, H. Aasen, J. Leipner,
F. Liebisch, A. Walter

Abstract Phenotyping is mostly understood as a non-invasive, quantitative assessment of plant and organ morphology at different wavelengths. In
this course, standard and customized phenotyping platforms and approaches are introduced and applied to characterize crop performance
in the field and in the lab. The relevance of phenotyping for breeding, field management and precision agriculture is shown.

Objective At the end of the course you will know a range of different phenotyping methods and how to assess their utility for different issues. You also
know the critical stages of individual crops and you can identify promising traits and phenotyping approaches that are appropriate to
improve a crop or its management in the field.

Content Basic knowledge in physiology, breeding and management of our major crops will be combined with concepts of inheritance, experimental
design, crop modelling and abiotic stress. By lectures, discussions, and hands-on experiments, you will learn to use image-based
phenotyping methods for a performance assessment of genotypes of a breeding population and to assess the efficiency of measures of
field management.
Crops are exposed to different abiotic stress factors during their development. Adaptation of crops to extreme environmental conditions
likely to be encountered in the course of the year (e.g. cold and heat stress; water-saturated or dry soils) has been achieved by plant
breeding to a good extent. In many cases, however, there is enormous potential for optimization. 
The most important mechanisms of plant adjustment towards stress will be explained, as well as critical stages identified in which stress
affects yield most severely. You will learn methods by which the response of plants to environmental parameters is quantified non-
destructively. You learn how to deal with the challenge of spatial variability in the field, when it is necessary to analyze a lot of genotypes.
You will get to know different phenotyping methods in the field and under controlled conditions. An important parameter of analysis will be
the measurement of the growth of roots and shoots and the response of this parameter to environmental stress. Moreover, you will apply
thermography and multispectral image analysis as exemplary remote sensing methods and you will use these methods to calculate
parameters such as canopy cover, water status and leaf greenness of individual plants or crop stands. Also, you will learn the use of
chlorophyll fluorescence to assess the efficiency of the photosynthetic apparatus.

751-4204-01L Horticultural Science: Case Studies
Number of participants limited to 20.

W  2 credits 2G L. Bertschinger, A. Bühlmann,
C. Carlen, M. Lutz, A. Näf

Abstract After an introduction (2h), lectures address 2 horticultural cropping systems and value chains, each one in 2 2h-lecture blocks. Afterwards,
students split in 2 groups for addressing a case study focusing on one of the cropping systems treated before. An excursion to a research
site might be included. In a final colloquium, each group presents a report on their case study and their conclusions.

Objective Achieve a deepened understanding of horticultural value chain challenges related with ecological intensification, resource efficiency,
climate change and healthy, safe food production, and the problem solution strategies and scientific principles behind.
Deliver in a team effort a report and presentation with a comprehensive insight into the studied problem and its science-based solution
strategy.

Content In the autumn semester, the two addressed cropping systems and value chains are fruit-production and viticulture.  
In the spring semester, the two addressed cropping systems and value chains are vegetable-production- and berry-production or
glasshouse-horticulture.
The selected topics address challenges with regard to ecological intensification, resource efficiency or climate change and branch into on-
going research and development projects.

Lecture notes Documents handed out during the case studies.
Literature Provided by the case study leaders.
Prerequisites /
notice

The course builds on basic knowledge delivered by 'Horticultural Crops  I & II' (BSc). If these courses have not been followed by interested
participants, equivalent knowledge and experience will greatly support a successful and productive participation of the participating student.
Language: spoken E, G or F, Documents: Preferably English, G/F possible.

751-3606-00L Molecular Plant Breeding W  3 credits 2G B. Studer, C. Grieder, A. Hund,
R. Kölliker

Abstract Molecular tools have significantly contributed to improve the process of plant breeding throughout the last decades. The course Molecular
Plant Breeding illustrates - on the basis of lectures, exercises and practical examples - the most important molecular breeding tools (QTL,
association studies..) and how these tools are applied to plant breeding by means of marker-assisted or genomic selection.

Objective At the end of the course Molecular Plant Breeding you will be able to:
- understand different molecular marker technologies and genotyping methods, and how the generated data can be used for genetic
distance measures and multivariate statistics in experimental and natural populations
- use the most important molecular breeding tools such as genetic linkage mapping, QTL analysis, genome-wide association studies and to
apply these tools to plant breeding by marker-assisted and genomic selection
- describe different sequencing technologies and strategies for genome sequencing, transcriptome profiling (RNAseq) and genotyping by
sequencing
- apply basic bioinformatics tools for sequence data management and comparative genomics (BLAST, simple assemblies, alignments and
gene annotations)

Content The course Molecular Plant Breeding is based on complementing lectures, exercises and practical examples. The examples cover a wide
range of species and traits and will be taught by four different experts in the field. A detailed program including dates and specific contents
will be provided through Moodle.

Lecture notes Scripts and slides for each lecture and will be made available through Moodle.
Literature For each lecture, additional literature covering the topic will be provided.
Prerequisites /
notice

The course will be held at ETH Zentrum (LFW building), where computers will be available for exercises with R or - if necessary - other
specific software packages. Attendance of the courses Pflanzenzüchtung and Plant Breeding is recommended; basic understanding of R
(as taught in Experimental Design and Applied Statistics in Agroecosystem Science) is advantageous.

751-5102-00L Biogeochemical Modeling of Agroecosystems
Does not take place this semester.

W  3 credits 2G J. Six

Abstract This class provides an introduction to biogeochemical modeling in the context of agricultural systems. It covers the general background and
principles of modeling agricultural biogeochemistry (e.g., plant growth and development, soil C and N dynamics and soil greenhouse gas
emissions).

Objective The aim of the class is to increase students' awareness of how important biogeochemical models are in environmental and ecological
assessments of various agroecosystems. The focus is on the understanding of the DayCent model and its site level application, including
model calibration, evaluation, and sensitivity/uncertainty analysis.

Content The class consists of lectures and modeling exercises and covers both the theoretical background and practical application of the DayCent
model to agroecosystems.

Literature Video tutorials: 
http://www.sae.ethz.ch/education/Masterlevel/biogeochemical-modeling-of-agroecosystems.html

Prerequisites /
notice

Students signing up for this course should have a strong interest in data analysis and modeling of agroecosystem processes. Please note
that the assignments will each require approximately 60 minutes preparation time.

751-4904-00L Microbial Pest Control W  2 credits 2G J. Enkerli, G. Grabenweger
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Abstract This lecture provides conceptual as well as biological and ecological background on microbial pest management. Methods and techniques
applied to develop and monitor microbial control agents are elucidated.

Objective To know the most important groups of insect pathogens and their characteristics. To become familiar with the basic steps necessary for the
development of microbial control agents. To understand the techniques and methods used to monitor field applications and the procedures
involved in registration of products for microbial pest management.

Content Definitions and general terms used in microbial control are presented. Biological and ecological aspects of all arthropod-pathogenic groups
(virus, bacteria, fungi and nematodes) as well as their advantages and disadvantages in relation to biocontrol are discussed. Particular
emphasis is put on hypocrealean and entomophthoralean fungi. Examples are used to demonstrate how projects in microbial control can
be set up, how pathogens can be applied and how efficacy, non-target effects, persistence and dissemination are monitored. Furthermore,
the necessary steps for product development, commercial aspects and registration requirements are discussed.

Lecture notes Lecture notes comprising the basic aspects will be provided.
Literature Additional literature will be indicated in the lecture

751-4512-00L Plant Pathology IV
Only for MSc Agricultural Sciences
Number of participants limited to 20

W  2 credits 2G M. Maurhofer Bringolf, G. Broggini,
P. E. De Werra, M. Gygax,
M. Kellerhals, M. Lutz, L. Tamm,
P. Triloff, O. Viret

Abstract Die LV besteht aus einer Mischung aus Infoelementen (Frontalunterricht), Lerneinheiten mit Beispielen (Mitarbeit Studierende),
Selbststudium, Gruppenarbeiten sowie Plenumsdiskussionen. Sie bezieht, wo möglich, die Epidemiologie mit ein, deren wichtigsten
Grundlagen zu Beginn repetiert werden.

Objective Die Studierenden verstehen den modernen Pflanzenschutz als eine System-Komponente der Pflanzenproduktion. Sie erkennen, basierend
auf aktuellen praktischen Beispielen, die Zusammenhänge zwischen verschiedenen Elementen des modernen Produktionssystems und
können diese auch gewichten. Sie sind dazu befähigt, bestehende Massnahmen auf ihre Systemeignung zu evaluieren und sich an der
Erarbeitung zukünftiger Pflanzenschutzkonzepte für verschiedene Kulturen und Anbausysteme aktiv zu beteiligen.

Content Sieben halbtägige Workshops unter der Leitung von verschiedenen Pflanzenschutzexperten aus Forschung und Praxis. Nach einer
Einführung in ein spezifisches Thema bearbeiten die Studierenden in Gruppen eine Fragestellung oder ein aktuelles Problem und
entwickeln Pflanzenschutzkonzepte für spezifische Kulturen und Anbausysteme.

Die Workshops sind in folgende Themen unterteilt:

Workshop 1: Einjähriges System: Fruchtfolge und Bodenbearbeitung (Michel Gygax, Kant. Pflanzenschutzfachstelle, Bern)

Workshop 2: Einjähriges System: Krankheiten im Kartoffelanbau: Die Bekämpfung beginnt mit zertifiziertem Pflanzgut
(Patrice de Werra, HAFL, Zollikofen)

Workshop 3: Spezialkulturen: Sonderfall Gemüsebau: Systembezogene Unterschiede im Pflanzenschutz
(Matthias Lutz, Agroscope Wädenswil)

Workshop 4: Mehrjähriges System: Aktuelle Herausforderungen im Obstbau
(Peter Triloff, Bodensee Obstbauberatung, D-Lindau)

Workshop 5: Pflanzenschutz im Biolandbau auf dem Prüfstand:Stand der Technik, Chancen und Risiken
Lucius Tamm, FiBL, Frick

Workshop 6: Genetische Krankheitsresistenz: Konzepte  traditioneller und gentechnologischer Züchtung
(Markus Kellerhals, Agroscope Wädenswil / Giovanni Broggini, ETH Zürich)

Workshop 7: Zukunft des Pflanzenschutzes im Weinbau
(Oliver Viret, centre de compétence vitivinicole et cultures spéciales, Marcelin)

Lecture notes Unterlagen werden in der LV verteilt.
Prerequisites /
notice

Die LV integriert die Inhalte der Vorlesungen Pflanzenpathologie I, II und III.
Das Erhalten der Kreditpunkte setzt eine lückenlose Teilnahme an der LV voraus.

751-4902-00L Modern Pesticides - Mode of Action, Residues and
Environmental Fate

W  2 credits 2V T. Poiger, M. E. Balmer, I. J. Bürge

Abstract The biochemical principles of the mode of action of plant protection products (PPP) are presented. Important topics are mechanisms for
selectivity, development of resistance, residue formation in crops and food safety as well as behavior in the environment.

Objective The structures and modes of action of modern pesticides (synthetical compounds, natural compounds) are presented. The structure-
activity relationships lead to considerations of actual use conditions in crops such as fungicides in viticulture, residues in edible parts of
treated plants, possible side effects and environmental fate.

Content After a short introduction on pesticide registration (administrative process as in Switzerland and EC, food safety), the biochemical
background of the mode of action of important groups of PPP active ingredients is presented. Furthermore, selectivity of pesticides,
leaching of herbicides to groundwater, accumulation of pesticides in soil, development of resistance of fungicides, formation of residues in
edible parts of the crops, and side-effects on non-target organisms shall be covered.

Lecture notes An e-script (pdf-files) is provided as download at the beginning of spring term.
Literature none

751-3404-00L Nutrient Fluxes in Soil-Plant Systems: The Case of
Nitrogen
Only for MSc Agriculture Sciences and MSc
Environmental Sciences
Number of participants limited to 18.

Prerequisites: Successful completion of "Plant Nutrition I
(751-3401-00L)" and
" Pflanzenernährung II - Integriertes
Nährstoffmanagement (751-3402-00L) is mandatory.

W  4 credits 4G A. Oberson Dräyer, T. I. McLaren,
F. Tamburini

Abstract The course teaches knowledge and experimental techniques to study pools and processes underlying nutrient fluxes in soil-plant systems.
Methods will be learned i) to analyze elements dynamics, ii) to determine the use efficiency by crops of nutrients added with fertilizers, iii) to
study the fate of fertilizer nutrients not taken up by the crop and iv) to estimate symbiotic N2 fixation by legumes.
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Objective Using the element nitrogen (N) as model case, the student gets familiarized with techniques to assess the dynamics and availability of
nutrients in the soil-plant system and to determine the use efficiency by crops of nutrients added with fertilizers. He/she learns about the
use of stable isotope techniques for analyzing nutrient fluxes in soil-plant systems, and about the use of biochemical methods to obtain
indicators on nutrient transformations. He/she is able to evaluate critically the tools used in agricultural or environmental studies dealing
with fluxes of elements in soil-plant systems and the interpretation made of the results. Knowledge about processes and pools underlying
nutrient cycles in agro-ecosystems will be improved.
The student learns to work in the laboratory within a small team, to organize work in sub-groups, to exchange results obtained by these
sub-groups, to look for information outside of the course (e.g. in the library, in the internet), to read and analyze this information critically, to
synthesize both, the information from the literature and from the groups, and to present it in a written report and in an oral presentation.

Content This course teaches knowledge and methods to analyze the dynamics of elements in soil-plant systems and to determine the use efficiency
by crops of nutrients added with mineral and organic fertilizers. It provides knowledge about various techniques (isotopic, chemical,
biochemical) that can be used to evaluate 
i)    content of elements in fertilizers, soils and plants;
ii)     availability of elements in soils and fertilizers for plants; 
iii)     transfer of elements from a fertilizer to a crop;
iv)     symbiotic N2 fixation by legumes.
Nitrogen will be used as model case.
The course will start with the discussion of analytical results on elemental contents in an organic fertilizer (e.g. animal manure, plant
material) that has previously been labeled with the isotope 15N. To test the N efficiency of this fertilizer, a pot experiment (glasshouse
study) will be designed. It will include soils with different characteristics, two test plants and fertilization treatments including the 15N
labeled organic fertilizer and appropriate reference treatments. 
Soils will be characterized for basic chemical properties and for biochemical characteristics that are related to the N dynamics. Plants will
be harvested and analyzed for their dry matter production, their N isotope composition and for elemental contents. From the direct (15N)
labeling approach, the proportion of N in the plant derived from the added fertilizers and the percentage of added fertilizer recovered in
plant material will be calculated. The 15N analyses in the soil and in the plant material after the crop cycle will allow drawing a balance of
the added fertilizer and discussing N losses. The comparison of 15N excess in legume and non-legume test plants will demonstrate the use
of the enriched dilution method to estimate symbiotic N2 fixation by the legume. 

The experiments are discussed and carried out by the students supervised by group members (two senior scientists, PhDs, laboratory
staff). The students carry out the data analysis and report their findings in a written report and in an oral presentation.

Lecture notes Documentations will be made available during the course.
Literature Indications during the course.

751-5118-00L Global Change Biology W  2 credits 2G H. Bugmann, M. Gharun, B. Stocker
Abstract This course focuses on the impacts of global change on  forests and agro-ecosystems that will strongly affect  sustainable resource use

across the 21st century.
Objective Students will understand how global change, ecosystem processes, land use practices, politics, and society interact, and that it is critical to

act responsibly and work as an agricultural or environmental scientist in the future. 

Students will better understand the impacts of global change on ecosystems at a range of spatial and temporal scales, be able to
synthesize knowledge from various disciplines in the context of global change issues, and be able to evaluate management options for
sustainable resource use, climate mitigation and adaptation options. 

Students will learn to present scientific information to a scientific audience by preparing an executive summary and an oral presentation to
answer a specific scientific question. Students will get extensive feedback from teachers and peers. Thereby, students will also learn how
to give constructive feedback to peers.

Content Changes in climate and land use are major issues that students will be faced with during their working life, independently of where they will
work. Thus, an advanced understanding on how global change, ecosystem processes, land use practices, politics, and society interact and
that it is critical to act responsibly and work as an agricultural or environmental scientist in the future.

Thus, during this course, the effects of global change on forests and agro-ecosystems as well as their feedbacks to the climate system will
be presented and discussed. Effects on ecosystem structure, composition, productivity and biogeochemical cycling, but also on the stability
of production systems against disturbances will be addressed. 

Up-to-date scenarios and models for coupled human-environmental systems will be discussed. The advantages and disadvantages of
different management options will be evaluated, including sustainable resource use and climate mitigation as well as adaptation.

Prerequisites /
notice

This course is based on fundamental knowledge about plant ecophysiology, soil science, and ecology in general.

751-4003-02L Current Topics in Grassland Sciences (FS) W  2 credits 2S N. Buchmann
Abstract Research results from published or on-going studies in grassland as well as forest sciences will be presented and discussed by

experienced researchers as well as Ph.D. students and graduate students. Topics will range from plant ecophysiology, biodiversity and
biogeochemical cycling to management aspects in agro- and forest ecosystems.

Objective Students will be able to understand and evaluate experimental design and data interpretation of experimental studies, be able to critically
analyze published research results, practice to present and discuss results in the public, and gain a broad knowledge of recent research
and current topics in agro- and forest ecosystem sciences.

Content Citation classics as well as most recent research results from published or on-going studies will be presented and discussed. Topics will
range from plant ecophysiology, biodiversity and biogeochemical cycling to management aspects in agro- and forest ecosystems.

Lecture notes none
Prerequisites /
notice

Useful: Attendance of the courses "Öko- und Ertragsphysiologie", "Crop Science, Part Futterbau", "Graslandsysteme" in the Bachelor or
similar courses. Language will be English.

751-5110-00L Insects in Agroecosystems W+  2 credits 2V C. De Moraes, M. Fenske,
D. Lucas Gomes Marques Barbosa

Abstract This class will focus on insect-plant interactions in agroecosystems, and how the unique man-made agricultural community effects insect
populations leading to pest outbreaks.   Key concepts in pest prediction and management will be discussed from an ecological perspective.

Objective At the end of this course, students will understand what biotic and abiotic factors contribute to pest outbreaks, why some modern pest
management techniques have failed over time, and the trade-offs associated with the use of different pest control methods. Our approach
will allow students to apply their knowledge to a variety of pest management situations. Additionally, students will learn about current
research goals in agroecology and how these goals are being addressed by scientists engaged in agricultural research.

Content The focus of this course will be on understanding how the ecologies of agricultural systems differ from natural ecosystems, and how these
difference affect the population dynamics of insect pests and natural enemies.  Each section of the course is centered around a basic
ecological, biological or engineering theme such as host shift, physiological time, or sampling techniques.  Different management
techniques will be discussed, as well as the ecological basis behind why these techniques work and why they sometimes fail.  The role of
insects in spreading economically important plant diseases will also be discussed. Recent advances in research will also be addressed
throughout the course and reinforced with periodic readings of primary literature.
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Lecture notes Provided to students through ILIAS
Literature Selected required readings (peer reviewed literature, selected book chapters).

 Non-Ruminant Science
Number Title Type ECTS Hours Lecturers

751-6602-00L Pig Science (FS) W+  2 credits 2G S. Goumon, G. Bee,
S. Neuenschwander

Abstract The overall goal of the course is to provide the essential scientific knowledge of the genetic, physiological, behavioural and special
nutritional aspects of pigs metabolism, health and diseases, and of the implications for product quality and economics.

Objective Students will
 - understand the complex interactions of nutrition, quality traits of products, breeding and reproduction, health management and husbandry
as well as various production systems including economics.
 - be able to critically analyze published research data.
 - be able to present precise scientific reports in oral form.

Content After the Introduction (Aims of the course, organisation, program, student contribution & evaluation), actual topics that are relevant for pig
production will be presented: 
Nutrition; SGD; Breeding; Transport and Slaughter; Economic Aspects; Meat Quality; precision live farming and positive welfare.

Lecture notes Handouts/scripts are being individually distributed by the the lecturers.
Literature Specific literature is being indicated individually by the lecturers.

751-6802-00L Poultry Science W+  2 credits 1G S. Müller, R. Zweifel
Abstract The overall goal of the course is to provide the essential scientific knowledge of the genetic, physiological and special nutritional aspects of

poultry's metabolism, animal health and diseases, and of the implications for environment, product quality, housing and animal welfare, and
breeding programs.

Objective Students will
 - understand the complex interactions of nutrition, quality traits of products, breeding and reproduction, health management, diseases and
husbandry as well as various production systems including environmental aspects and sustainable resource use.
  - be able to critically analyze published research data.
 - be able to present precise scientific reports in oral and written form.

Content After an introduction, the nutrition and health/diseases (2x2h each) are discussed. 
In addition to the lectures held at the ETH, there are two days external courses at the Aviforum in Zollikofen (held by Aviforum and FSVO).
In this two days, relevant topics important for poultry science/production are discussed: 

Aviforum: 
 - Introduction, development and impact of the poultry production (egg & meat, national & international), organization and division of work,
importance of the wholesale merchants; 
 - Poultry: production systems, Good Manufacturing Practice
 - Egg production: sorting, handling and storage, product quality, foodstuff legislation, production scheduling and economics. 
 - Genetics: breeds, gene reservoirs, hybrid breeding, organizations and hybrids
 - Hygiene: concept and needs, assessment
 - Actual experiments (hens and broiler): practical training (exterior and performance test, assessment of husbandry). 

FSVO: 
 - Origin of the chicken and its original habitat, wood hen -> requirements for livestock husbandry, anatomy and normal behavior,
development of alternatives
 - Animal welfare aspects of poultry production.

Lecture notes Handouts/scripts are being individually distributed by the lecturers.
Literature Specific literature is being indicated individually by the lecturers.

751-7406-00L Current Problems of Herd Health and Management W+  1 credit 1S A. Grahofer
Abstract Current problems of animal health and husbandry with a view to latest scientific findings, statutory aspects and evolutions in practice.
Objective The students are informed about current problems. They know how to acquire information independently and to discuss a predefined topic

well informed

751-7512-00L Practical Course in Applied Ethology W+  2 credits 3G S. Goumon
Abstract The course will introduce students to basic concepts of applied ethology and to the assessment of behaviour such as agonistic interaction,

nursing or response to novelty. This course will focus on practical observations and use of specific coding software. Students will
summarize and share what they have learnt through a poster presentation and a video.

Objective 1/ to become familiar with methods used in ethological studies 2/ to carry out live behavioural observations 3/ to illustrate a scientific
concept using two medium (poster and video)

Content You will learn about : 1/What applied ethology is, 2/How to measure behaviour and 3/ Basic concept of ethology such as social dominance,
affiliation interactions, nursing behaviour, response to stress. This will put in practice using live observations of animals. Students will use
coding softwares in order to analyse the observed behaviour. Students will document their observations using photos and videos, which will
be used later for poster and video presentations (see grading system). 

Grading system: During the course, each student will have to present (poster presentation) a topic of research related to applied ethology.
Within 4 weeks after completion of the course: pair of students will create a video (5 min max) on one of the topics described during the
course

Lecture notes none
Literature Martin, P & Bateson, P. Measuring Behaviour. 1993, 2nd edition, Cambridge University Press
Prerequisites /
notice

The course will take place on from  from June 29th to July 3rd 2020 at AgroVet-Strickhof, Lindau. Accomodation in AgroVet-Strickhof is
possible on request (150.- for a double room + 25.- per day if you want to eat at the restaurant, 3 meals/day). Please bring with you suitable
clothes and your laptop if available.

Registration until 31.05.2020, minimum number of participants: 4, maximum 15. 

The course will be in English.

 Principles of Livestock Systems
Number Title Type ECTS Hours Lecturers

751-6122-00L Physiology of Lactation W+  3 credits 3G S. E. Ulbrich, R. Bruckmaier
Abstract As part of the course, students get to know the detailed processes that lead to the formation and secretion of milk in the context of

mammalian lactation, particularly in livestock and wildlife.
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Objective The course aims at an understanding of the complex function of lactation. The acquired knowledge allows the students to assess both
current and future potentials and problems which arise during the different stages of lactation.

Content The interactive lecture, which is complemented by two days internship, allows students to aquire the detailed processes that lead to the
formation and secretion of milk in mammals.
These include the basic understanding of the development and functional stages of the mammary gland and its importance for the various
farm animal species and humans as food. Also, hormonal changes which are occuring during the different stages of lactation, are
discussed in detail. In addition, techniques of milk withdrawal are discussed in lectures and internship. These focus on the particularly
challenging interactions between milking technology and the animal.

Lecture notes Students will receive the slides of the lessons as pdf in advance.
Literature F. Döcke, "Veterinärmedizinische Endokrinologie"
Prerequisites /
notice

Requirement:
The course "Endocrinology and Biology of Reproduction" (751-6113-00L, takes place in HS) is an excellent prerequisite and
complementation of the "Physiology of Lactation".
Dates:
The course takes place on the following dates:
Friday 28.02.2020 – 10-17h(Strickhof)
Friday, 06.03.2020 – 10-17h (Bern)
Thursday/Friday, 12./13.03.2020 (Posieux) je 10-17h
Friday, 20.03.2020 – 10-17h (Zurich)
Friday, 24.04.2020 – 9-15h (Zurich) 

751-7602-00L Applied Statistical Methods in Animal Sciences W+  1 credit 1V P. von Rohr
Abstract Genomic selection is currently the method of choice for improving the genetic potential of selection candidates in livestock breeding

programs. This lecture introduces the reason why regression cannot be used in genomic selection. Alternatives to regression analysis that
are suitable for genomic selection are presented. The concepts introduced are illustrated by excersises in R.

Objective The students are familiar with the properties of multiple linear regression and they are able to analyse simple data sets using regression
methods. The students know why multiple linear regression cannot be used for genomic selection. The students know the statistical
methods used in genomic selection, such as BLUP-based approaches, Bayesian procedures and LASSO. The students are able to solve
simple exercise problems using the statistical framework R.

Content - Introduction to multiple linear regression
- Problem n << p when using least squares in genomic selection
- BLUP based approaches of solving problem of n << p
- LASSO (Least Absolute Shrinkage and Selection Operator) as an alternative to approaches used in animal breeding
- Introduction to Bayesian Statistics and parameter estimation
- Application of Bayesian methods in genomic selection (BayesA, BayesB, BayesC, BayesN)

Lecture notes Course notes in the form of a monograph, copies of the slides and solutions to the exercise questions are available on the net.
Literature To be announced in the lectures.

751-6244-00L Genomic Animal Breeding W+  3 credits 3G H. Pausch
Abstract Molecular marker-based methods and applications in animal breeding and genetics are introduced by discussing approaches to discover

genomic regions associated with monogenic and complex traits, genomic prediction as well as the properties of genomic breeding values.
Participants analyse real genomic data with the R-package and thus acquire the skills to carry out own research projects.

Objective After the course, students will be able to
-    work with widely-used formats of genomic data
-    process and interpret raw sequencing and genotyping data 
-    explain and identify the challenges, opportunities and risks associated with applying molecular marker data in animal breeding and
animal genetics
-    apply common statistical methods to correlate phenotypes and genotypes
-       carry out research projects that involve molecular marker data

Content -    Principles of generating, processing and analysing whole-genome sequencing and genotyping data
-    Statistical approaches to map quantitative trait loci using genome-wide association studies
-    Calculation of genomic relationship and inbreeding coefficients
-    Principles of genomic prediction and selection
-    Bioinformatics approaches to characterize sequence variation at nucleotide level
-    Approaches to identify causal mutations underlying Mendelian traits
-    Strategies to consider Mendelian traits in genomic breeding programs

Lecture notes The slides will be provided in advance of each lecture.
Prerequisites /
notice

Laptop with the R software for exercises
Basic experience with the R environment for statistical computing (a brief introduction into R will be provided upon request)

751-6212-00L Applied Genetic Evaluation in Livestock W+  1 credit 1G P. von Rohr
Abstract Swiss routine breeding value estimation/genetic evaluation systems of cattle, pig, sheep and goats are presented with methods and

evaluated traits. Examples will be demonstrated using the statistical software R.
Objective The students know the theoretical and practical application of breeding value estimation in Switzerland for cattle, pig, sheep and goats. The

students are able to interpret estimated breeding values.
Content basic principles of genetic evaluations

Applied genetic evaluation in cattle (data, methods, traits, national and international genetic evaluations)
Applied genetic evaluation in pigs (data, methods, traits)
Applied genetic evaluation in sheep and goats (data, methods, traits)

Lecture notes Course notes in the form of a monograph, copies of the slides and solutions to the exercise questions are available on the net.
Literature To be announced in the lectures.

 Ruminant Science
Number Title Type ECTS Hours Lecturers

751-6502-00L Ruminant Science (FS) W+  4 credits 4G M. Kreuzer, A. Grahofer,
S. Neuenschwander

Abstract The course provides the scientific basis of the central aspects in ruminants of cattle, sheep and goat breeding, diseases and the
interrelationship of animal nutrition and environment. Aspects of organic farming and tropical livestock systems form part of the course.
Means of knowledge transfer include interdisciplinary approaches, disciplinary parts, web-based learning and self-study.

Objective At the end of the course the students are able to apply, by a comprehensive understanding of the underlying mechanisms, their knowledge
in various fields of ruminant science. They will be able to develop and recommend best strategies for large and small ruminant breeding, for
sustained animal health and disease prophylaxis, for environmentally friendly animal nutrition etc. They will be trained to carry out
interdisciplinary and disciplinary research at the highest level. The course Ruminant Science (HS) offered in autumn has a similar structure
but is complementary to this course.
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Content Fields (contact hours)  
- Introduction 
- Interdisciplinary topics: 12 h
   - Organic Ruminant Systems
   - Tropical Ruminant Systems
   - Mastitis
- Disciplinary topics: 36 h
  - Cattle, Sheep and Goat Breeding: 12 h
  - Ruminant Diseases and Prophylaxis: 12 h
  - Ruminant Nutrition and the Environment (incl. general introduction): 12 h
- Lectures held by the students: 4 h
In summary
- Contact hours: 52 h
- Self-study within semester: 30 h (especially preparation for the interdisciplinary courses and the own lecture) 
- Self-study in semester break: 38 h
Total: 120 h

Lecture notes Documentations, links and other materials will be provided at the start of the course.
Literature Information on books and other references will be communicated during the course.
Prerequisites /
notice

The specialty of this course is that for the first time the animal science disciplines are unified. This is realised with a particular emphasis on
interdisciplinary focal areas and new forms of teaching. At the same time the essential basics in the central fields are communicated.

The field of Ruminant Science will also be a part of the spring semester (planned interdisciplinary topics: Lameness, Fertility in Cows, Food
Intake; disciplinary courses: Animal Husbandry, Ruminant Reproduction, Nutrition Physiology in Ruminants). However both courses are
organized independently. 

Conditions for successful participation: Background on animal science from the Bachelor is desired. In order to attend the Minor in
Ruminant Science without any animal science background, a realistic self-assessment concerning the need for additional self-study is
recommended (e.g. by choosing an appropriate bachelor course which then may be counted as 'optional courses'  in the master). These
efforts depend on the extent to which animal science courses have already been attended in the bachelor.

The control of performance will consist of:
- an own lecture
- an interdisciplinary final oral examination with focus on comprehension of the fundamental linkages rather than of specific details

751-6124-00L Wildlife Ecophysiology and Epidemiology
Does not take place this semester.

W+  2 credits 2G S. E. Ulbrich

Abstract The course will convey basic principles of the physiology and epidemiology of wildlife in the context of disease transmission via animal
migration, transport, agricultural practice and food items.Adaptions of native wildlife to the urban and agricultural environment and wildlife
management will be illustrated. The course includes excursions and practical demonstrations.

Objective The aim of the course is to raise the awareness for the transmission of zoonotic diseases between agricultural animals, pets and humans.
Furthermore, the pros and cons of different wildlife management strategies should enable the understanding of physiological adaptations of
wildlife to human shaped environments. The ability to phrase own questions and to contribute to scientific discussions will be strengthened.

Content After a general introduction the following lectures will deal with specific topics such as animal migration, agricultural damage and population
control, emergence of new diseases, wildlife monitoring and management and physiology of native species. The course includes
excursions to a wildlife rehabilitation center and a walk through the woods of Zurich with a wildlife warden. Practical experience will be
gained in the autopsy of wild and domestic birds.

The dates and locations for the practical session and the excursions are the following:

29.04.2019: 
Practical course bird autopsy
Meeting point at 1:00 pm; Institute for Veterinary Pathology  Winterthurerstrasse 270, 8057 Zürich

13.05.19: 
Excursion to the "Wild animal rehabilitation center Landshut".
Meeting point at the rehabilitation center at 1:15 pm (http://www.wildstation.ch/kontakt.html)


20.05.2019
Excursion with wildlife warden of the city of Zurich
Meeting point SBB station Grünwald at 1 pm

Lecture notes It is expected that students take their own notes during the lectures. If possible, the lecture material and additional information will be
available online.

Literature Scientific literature will be referenced in the lectures.
Prerequisites /
notice

A general interest in wildlife is prerequisite. The students should have an understanding of basic principles of disease transmission.

752-2302-00L Milk Science W+  1 credit 1V J. Berard, C. Lacroix
Abstract The course provides information on synthesis and composition of milk, and the effects of various factors. Furthermore, specific hygienic

and microbial problems of milk and fermented milk products, as well as basics on processing of milk into dairy products will be presented
and discussed. The course is conceptually oriented towards the agri-food chain.

Objective Students attending this course get a comprehensive overview on milk and important milk products both from an agricultural and a food
science perspective. In this way they earn competence at this borderline which is a pre-requisite for an efficient collaboration between milk
producers, processors and consumers.

Content Topics (contact hours)  
- Milk synthesis and composition (Joel Berard): 6 h 
- Milk processing and hygienic aspects of milk and milk products  (Christophe Lacroix): 6 h
Total contact hours: 12 h
Self-study within semester: 16 h (especially preparation for the examination)

Lecture notes Documentations, links and other materials will be provided by each lecturer at the start of his part of the course. Additionally, an extensive
German documentation for the part of Joel Berard can be downloaded via Moodle in "Kurs Nutztierwissenschaften". The access code will
be communicated during the course.

Literature Information on books and other references will be communicated during the course.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 55 of 1785

Prerequisites /
notice

A special point for this course is that it is taught by professors from food and agricultural sciences and is aimed to integrate both fields and
provide a clear illustration of this important duality for the production of high quality, and safe dairy food.

This course is a core element of the Minor in Food Quality and Safety for students of the Master in Agroecosystem Science. It is optional (i)
in the Major of Animal Science, (ii) for students selecting Majors in Crop Science or Food & Resource Economics. No specific qualification
is demanded to attend the course.

Performance control is done by a final written examination of 60 min duration of the open-books type (all paper files can be brought and
used).

751-7512-00L Practical Course in Applied Ethology W+  2 credits 3G S. Goumon
Abstract The course will introduce students to basic concepts of applied ethology and to the assessment of behaviour such as agonistic interaction,

nursing or response to novelty. This course will focus on practical observations and use of specific coding software. Students will
summarize and share what they have learnt through a poster presentation and a video.

Objective 1/ to become familiar with methods used in ethological studies 2/ to carry out live behavioural observations 3/ to illustrate a scientific
concept using two medium (poster and video)

Content You will learn about : 1/What applied ethology is, 2/How to measure behaviour and 3/ Basic concept of ethology such as social dominance,
affiliation interactions, nursing behaviour, response to stress. This will put in practice using live observations of animals. Students will use
coding softwares in order to analyse the observed behaviour. Students will document their observations using photos and videos, which will
be used later for poster and video presentations (see grading system). 

Grading system: During the course, each student will have to present (poster presentation) a topic of research related to applied ethology.
Within 4 weeks after completion of the course: pair of students will create a video (5 min max) on one of the topics described during the
course

Lecture notes none
Literature Martin, P & Bateson, P. Measuring Behaviour. 1993, 2nd edition, Cambridge University Press
Prerequisites /
notice

The course will take place on from  from June 29th to July 3rd 2020 at AgroVet-Strickhof, Lindau. Accomodation in AgroVet-Strickhof is
possible on request (150.- for a double room + 25.- per day if you want to eat at the restaurant, 3 meals/day). Please bring with you suitable
clothes and your laptop if available.

Registration until 31.05.2020, minimum number of participants: 4, maximum 15. 

The course will be in English.

751-7406-00L Current Problems of Herd Health and Management W+  1 credit 1S A. Grahofer
Abstract Current problems of animal health and husbandry with a view to latest scientific findings, statutory aspects and evolutions in practice.
Objective The students are informed about current problems. They know how to acquire information independently and to discuss a predefined topic

well informed

 Safety and Quality in Agri-Food Chain
Number Title Type ECTS Hours Lecturers

751-1652-00L Food Security - from the Global to the Local
Dimension
Number of participants limited to 20.
Only for Agriculture Science MSc and Environmental
Sciences MSc

Participants are selected after an application process.
Information regarding the application processes will be
given at the first information event on Feb 20th. Students
interested in the course are asked to send their application
latest on Feb 25th. Students selected will be informed
before March 1st 2020.

W+  2 credits 2G M. Sonnevelt, D. Barjolle

Abstract The food system serves as a basis for the livelihood of billions of people worldwide from the small-scale farmer to the inhabitants of
megacities. Food and nutrition security, environmental health and quality, and social well-being represent key outcomes of sustainable food
systems.

Objective The main outcomes of food systems are food and nutrition security, environmental quality and health (including the protection of natural
resources and the mitigation of climate change impacts) and livelihoods and social wellbeing. This year, the course focuses on
transformation pathways to sustainable food systems. Food security is depending mainly from availability of, as well as access to, food, but
as well from quality (safety playing an important role) and stability. 
Global food and nutrition security is currently threatened by multiple pressures: climate change, with direct impacts on water (availability
and access); health of the soils; demographic changes; health of the population; conflicts and governance. 

The concept of “Food systems” is key to understand the complex framework of actions to ensure food and nutrition security of present and
future generations around the globe. Agriculture and the related farming practices, food processing, storage and distribution as well ass the
consumers themselves are some of the key elements and key actors in food systems. Others are policy makers, public administration,
research institutions, farmers, private sector and many other such as input providers or retailers. Several methods and tools have been
developed to assess the sustainability of agriculture and of food systems. Different approaches have been set-up and tested to facilitate the
transition of food systems within their given local environment towards more sustainability. Learning from practical experiences may help to
understand more the complexity but as well the pathways to improve the functioning of local food systems.

During the course, we propose to learn and discuss approaches, tools, strategies and policies, which are economically viable and which
support the transition of food systems or specific elements of them at different scale: local, national or even global. We want to address
how the barriers to adopt them could be overcome. We want to learn and discuss with international experts from FAO and IFAD ideas and
experiences about how farmers and other actors of the food system could adapt to the developments in the food system in order to achieve
global food security and reduce poverty.
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Content Achieving a transformation to sustainability is a major challenge of the world. Because adverse impacts of climate change are very likely to
worsen with time, a global transformation to sustainable food and agriculture should begin now. At the World Food Summit (WFS) in 1996
food security was defined as follows: “Food security exists when all people, at all times, have physical, social and economic access to
sufficient, safe and nutritious food which meets their dietary needs and food preferences for an active and healthy life.”

Availability, access, utilization and stability are generally recognized as the four dimensions of food security, combining (i) availability of
food at a certain time and a certain place, (ii) individuals physical and monetary accessibility, (iii) appropriate use of the food to make sure
it’s healthy and of high quality and (iv) stability of the food system, especially regarding the economic, political and environmental
conditions. The fact that the four dimensions of food security are highly interconnected and under influence of many different drivers,
makes it a highly complex issue. 

According to the 2019 FAO report on “The State of Food Security and Nutrition in the World,” the world faces an unacceptably high burden
of malnutrition. Over 820 million people do not get enough food to eat, and malnutrition is responsible for more ill health than any other
cause. At the same time, obesity has contributed to 4 million deaths globally. Worldwide, there is an urgent need to improve the way food is
produced, consumed, and wasted in order to increase sustainability.
Three main aspects will support the learning process during the course:
-    Exploring concepts, approaches and tools that are leading to any improvement of functioning of the food system, such as among others
, Sustainability assessment methods, Agroecology, Nutrition-sensitive value chain approach, Climate-smart agriculture and tools (like
SAFA framework developed by FAO), Responsible investments, Circular economy and especially food waste management, Safe food
initiative, One-Health concept, etc.;
-    Identifying and analyzing examples of cities, regions, countries which have developed their own strategies and pathways to make a
transition to a sustainable food system;
-    Reflecting about the role of policy making processes, United-Nations Agencies like FAO, the research and especially the agriculture
research, and other institutional players, the NGOs and the civil society, the consumers, the private sector and the public administrations.

Eradicating hunger and ensuring food security for all at any time is one of the key challenges of our society. The specific issues related to
“food systems” will be at focus of this course. In desk research, discussions and by listening to experts, we critically reflect and analyze
how food security can be achieved, livelihoods improved and natural resources conserved. Based on case study analysis of examples from
FAO work and others, we will discuss promising pathways to address this global challenge.

Lecture notes Books and Articles. 
We will share literature and information and expect the students to actively search for relevant information and share them with their
colleagues. 

We will share the presentations and other material available and compose a document of the material elaborated by the students during
the workshop after the event.

Prerequisites /
notice

The Lecture is held in English and is limited to 20 MSc-students from agricultural and environmental sciences. 

To prepare the course, mandatory events are planned on 20.02.2020 (17:15-19:00), 19.03.2020 (17:15-19:00) and on 02.04.2020 (17:15-
19:00). 

The main part of the course is a three-days workshop/seminar at the FAO headquarter in Rome (15.04-17.04.2020, in the week after
Easter). This workshop will be organized with the Swiss Representation to FAO, IFAD and WFP in Rome. The Representation wants to use
our course and your inputs as supporting documents to prepare for a Global Food System Summit, planned in 2021. This is a great
opportunity to learn what all happens at the multinational level in the run-up to such a conference and additionally to exchange and prepare
material together with people attending this conference. However, as a consequence, we are still discussing the content and program of
our course and are hence at the moment not able to provide more concrete information on the content. 

This is why we suggest that all people interested in the course join the first preparatory event. We will then provide more information on the
objectives, the content, desired outputs, logistics and the involvement and deliverables expected from you. Because the course is limited to
20 participants, you will also learn details about the selection process.

751-0021-01L World Food System Summer School (FS)
Does not take place this semester.
Only a strictly limited number of places are available for
ETH students in this program.

Participation in this course is based on a competitive
application process, only selected students can
participate. Details of the application process are available
at http://www.worldfoodsystem.ethz.ch/education/summer-
schools.html

W Dr 4 credits 6P N. Buchmann

Abstract This 2 week residential summer school gives university students and young professionals the chance to understand the challenges and
opportunities of the world food system and explore their role in creating change. Participants actively engage in lectures, workshops, group
work, case studies, field trips and farm work. The course is hosted in Rheinau, Switzerland.

Objective Understand: the science, relationships, interactions and trade-offs in food systems; potential interventions; and the cultural, socio-political,
economic and environmental factors to be considered when designing interventions. Build skills in: systems thinking, multi-cultural and
multi-disciplinary collaboration, participatory processes. Connect to: a network of expert faculty/ scientists/ practitioners.

Content The content will include an overview of the world food system, challenges and solution approaches. The detailed course content will be
available in the course flyer, which will available at http://www.worldfoodsystem.ethz.ch/education/summer-schools.html

Literature Participants will receive pre-reading material and a pre-assignment to be completed before the course commences.
Prerequisites /
notice

No prerequisites. Program is open to Masters and PhD students and in special cases upper level Bachelor students. All students (including
those from ETH Zurich) must apply through a competitive application process that will open in Feb/March 2020 at
http://www.worldfoodsystem.ethz.ch/education/summer-schools.html. Participation is subject to successful selection through this
competitive process. Participants will be informed of the selection in April 2020.

752-2302-00L Milk Science W  1 credit 1V J. Berard, C. Lacroix
Abstract The course provides information on synthesis and composition of milk, and the effects of various factors. Furthermore, specific hygienic

and microbial problems of milk and fermented milk products, as well as basics on processing of milk into dairy products will be presented
and discussed. The course is conceptually oriented towards the agri-food chain.

Objective Students attending this course get a comprehensive overview on milk and important milk products both from an agricultural and a food
science perspective. In this way they earn competence at this borderline which is a pre-requisite for an efficient collaboration between milk
producers, processors and consumers.

Content Topics (contact hours)  
- Milk synthesis and composition (Joel Berard): 6 h 
- Milk processing and hygienic aspects of milk and milk products  (Christophe Lacroix): 6 h
Total contact hours: 12 h
Self-study within semester: 16 h (especially preparation for the examination)
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Lecture notes Documentations, links and other materials will be provided by each lecturer at the start of his part of the course. Additionally, an extensive
German documentation for the part of Joel Berard can be downloaded via Moodle in "Kurs Nutztierwissenschaften". The access code will
be communicated during the course.

Literature Information on books and other references will be communicated during the course.
Prerequisites /
notice

A special point for this course is that it is taught by professors from food and agricultural sciences and is aimed to integrate both fields and
provide a clear illustration of this important duality for the production of high quality, and safe dairy food.

This course is a core element of the Minor in Food Quality and Safety for students of the Master in Agroecosystem Science. It is optional (i)
in the Major of Animal Science, (ii) for students selecting Majors in Crop Science or Food & Resource Economics. No specific qualification
is demanded to attend the course.

Performance control is done by a final written examination of 60 min duration of the open-books type (all paper files can be brought and
used).

752-5106-00L Meat Technology
Number of participants limited to 40

The course will only be held with a minimum of 25
participants.

Prerequisite: Participation in "Quality of Products of
Animal Origin"  (751-7800-00L, course regularly offered
during the spring semester).

W  1 credit 1G M. Kreuzer, A. Kilchör

Abstract The understanding of procedures and quality requirements in meat production and processing is the focus of this course. The basis for that
is a modern meat technology at all steps of processing. In the form of a block course carcass dissection and production of various meat
products are demonstrated in practice and explained in detail.

Objective The course in meat technology shall give in a hands-on manner an insight into meat production and processing. It shall provide knowledge
of the versatile aspects of meat production and meat processing technology. The language used in this MSc course is German.

Content - Kurze theoretische Einführung in Schlachtkörperzerlegung und Fleischtechnologie
- Zerlegung von Rinder- und Schweineschlachtkörper sowie Entbeinung (mit eigener Mitwirkung der Studierenden)
- Demonstration der Technologie zur Erstellung von Fleischwaren (Koch- und Rohpökelwaren) sowie Würsten (Koch-, Roh- und
Brühwürste)
- Technologieentwicklung (incl. Haushaltstechnik)

Der Blockkurs baut auf dem theoretischen Hintergrund auf, der vorab in der Lehrveranstaltung «Qualität tierischer Produkte» vermittelt
wurde.

Lecture notes Es werden Handouts verteilt.
Prerequisites /
notice

A) Der Blockkurs Fleischtechnologie findet in Spiez im Ausbildungszentrum für die Schweizer Fleischwirtschaft (ABZ) statt.

B) Die Kreditpunktbedingungen bestehen aus den folgenden beiden Elementen (Prüfungsmodus: unbenotete Semesterleistung):
1 - Teilnahme an beiden Kurstagen (ausser im belegten Krankheitsfall)
2 - Abgabe einer ca. zweiseitigen schriftlichen Arbeit von ausreichender Qualität. Mögliche Themen und Anforderungen an die Inhalte
dieser Arbeit werden vom Dozenten des ABZ im Kurs definiert. Die Arbeit kann auch nach dem Abschluss des Blockkurses an den
Dozenten des ABZ gesandt werden, spätestens aber 14 Tage danach.

C) Die Lehrveranstaltung "Qualität tierischer Produkte" ist Voraussetzung für die Belegung des Blockkurses.

751-4204-01L Horticultural Science: Case Studies
Number of participants limited to 20.

W+  2 credits 2G L. Bertschinger, A. Bühlmann,
C. Carlen, M. Lutz, A. Näf

Abstract After an introduction (2h), lectures address 2 horticultural cropping systems and value chains, each one in 2 2h-lecture blocks. Afterwards,
students split in 2 groups for addressing a case study focusing on one of the cropping systems treated before. An excursion to a research
site might be included. In a final colloquium, each group presents a report on their case study and their conclusions.

Objective Achieve a deepened understanding of horticultural value chain challenges related with ecological intensification, resource efficiency,
climate change and healthy, safe food production, and the problem solution strategies and scientific principles behind.
Deliver in a team effort a report and presentation with a comprehensive insight into the studied problem and its science-based solution
strategy.

Content In the autumn semester, the two addressed cropping systems and value chains are fruit-production and viticulture.  
In the spring semester, the two addressed cropping systems and value chains are vegetable-production- and berry-production or
glasshouse-horticulture.
The selected topics address challenges with regard to ecological intensification, resource efficiency or climate change and branch into on-
going research and development projects.

Lecture notes Documents handed out during the case studies.
Literature Provided by the case study leaders.
Prerequisites /
notice

The course builds on basic knowledge delivered by 'Horticultural Crops  I & II' (BSc). If these courses have not been followed by interested
participants, equivalent knowledge and experience will greatly support a successful and productive participation of the participating student.
Language: spoken E, G or F, Documents: Preferably English, G/F possible.

751-4902-00L Modern Pesticides - Mode of Action, Residues and
Environmental Fate

W+  2 credits 2V T. Poiger, M. E. Balmer, I. J. Bürge

Abstract The biochemical principles of the mode of action of plant protection products (PPP) are presented. Important topics are mechanisms for
selectivity, development of resistance, residue formation in crops and food safety as well as behavior in the environment.

Objective The structures and modes of action of modern pesticides (synthetical compounds, natural compounds) are presented. The structure-
activity relationships lead to considerations of actual use conditions in crops such as fungicides in viticulture, residues in edible parts of
treated plants, possible side effects and environmental fate.

Content After a short introduction on pesticide registration (administrative process as in Switzerland and EC, food safety), the biochemical
background of the mode of action of important groups of PPP active ingredients is presented. Furthermore, selectivity of pesticides,
leaching of herbicides to groundwater, accumulation of pesticides in soil, development of resistance of fungicides, formation of residues in
edible parts of the crops, and side-effects on non-target organisms shall be covered.

Lecture notes An e-script (pdf-files) is provided as download at the beginning of spring term.
Literature none

751-3402-00L Plant Nutrition II - Integrated Nutrient Management
Only for Students in BSc/MSc Agricultural Sciences and
Students in MSc Environmental or Food Sciences. 
Number of participants limited to 40.

W  2 credits 2V A. Oberson Dräyer
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Abstract Teaching knowledge on nutrient fluxes in agroecosystems so as to maximize nutrient use efficiency by crops and minimize losses to the
environment while providing optimal nutrient supply to crops. Methods to establish nutrient budgets are presented. Nutrient input and
output variables (e.g. losses by various pathways) are treated and their optimal management presented.

Objective At the end of the lecture the students can establish nutrient budgets, can critically evaluate agricultural systems as source of elements for
the environment and can propose agricultural practices that limit these losses while maximizing nutrient use efficiency and optimizing
nutrient supply to crops.

Content This course provides understanding of integrated nutrient management in agro-ecosystems so as to maximize nutrient use efficiency by
crops while minimizing nutrient losses to the environment at optimal nutrient supply to the crop. The characteristics of input and output
variables will be treated. These variables encompass organic (e.g. animal manure, plant residues, recycled organic wastes) and mineral
fertilizers (e.g. minerals and products from recycling), symbiotic nitrogen fixation, nutrient deposition and pathways of nutrient losses.
Measures to mitigate nutrient losses to the environment will be presented. Different methods will be taught so as to calculate nutrient
budgets at various levels of the agro-ecosystem. Using case studies on nutrient rich and nutrient poor agro-ecosystems, strategies for an
optimal nutrient management will be discussed that integrate attributes of soils, plants and fertilizers.

In particular the treatment of case studies results in interactive lectures. Exercises done outside the classes help to foster the matter.
Finally, they work on a focal topic of their interest. This is either i) the analysis and presentation of a paper, or ii) the analysis of the nutrient
status of a farm by the means of nutrient budgeting and the development of integrated fertilization system including a modified scenario of
that farm. In either case, they work in groups and present the outcome in an oral presentation (including peer feedback) of in a short written
report.

752-1202-00L Food Safety and Quality Management W  3 credits 2G T. Gude
Abstract The course procures the general rules of a quality management system and its application in the food chain to guarantee food safety.

Therefore the HACCP concept will be touched in relation to risk management and risk assessment. Furthermore the origin of limits as well
as the analytical proof will be highlighted. Finally general principles of laboratory testing will be discussed.

Objective Comprehensive knowledge to take over the responsibility for and organisation of quality assurance in a food processing environment.
Content The following lists in note form the relevant topics:

Definition of (Food) Quality
TQM/quality management
Q.A in the food chain (manufacturer/retail)
Food Quality, -Safety (also give by examples)
Food Limits  - origin of and how to get them
HACCP introduction, risk management, -assessment
Self control concepts
GFSI/Standards BRC, IFS, ISO 
Statistical Process Control
Raw material/product control: sampling plans
Q.A. in laboratories, sampling
Sampling plans, Qs in an analytical lab

Lecture notes n/a
Literature n/a
Prerequisites /
notice

n/a

752-4010-00L Problems and Solutions in Food Microbiology
Number of participants limited to 28.

Prerequisites: It is essential to have a basic knowledge in
General Microbiology and Food Microbiology. If students
have not taken appropriate courses, it is strongly
recommended to consult with the lecturer before attending
this seminar.

W  3 credits 1G M. Loessner, J. Klumpp,
M. Schmelcher

Abstract A journal-club style seminar, in which preselected recent scientific articles are analyzed, presented and discussed by students. The
relevant topics are selected from the wider area of food microbiology, including fundamental and applied disciplines. Students learn how
state-of -the-art research is designed, conducted, appropriately analyzed, and presented.

Objective Students will learn how state-of -the-art research is designed, conducted, appropriately analyzed, and presented.
Content Several pre-selected, recently published papers will be up for selection by the students. All papers were selected from recent literature and

reflect the wider area of food microbiology, including fundamental research (molecular biology, genetics, biochemistry) and applied
disciplines (diagnostics, control, epidemiology). Groups of 2 students each will  pick a paper for in-depth analysis (mostly work done at
home and/or library) and presentation to the other students.

Lecture notes No script needed. Pre-selected papers will be assigned to student groups in the kick-off meeting (first lecture); PDF copies will be available
to all students.

Literature No specific books needed.  Access to a library and web-based literature search is required.
Prerequisites /
notice

Teamwork in small groups of 2 students

752-3024-00L Hygienic Design W  2 credits 2G J. Hofmann
Abstract The lecture course Hygienic Design covers the special requirements in the design of equipment and components used in food production.

Material science and surface treatments are as important as the cleaning mechanisms of these surfaces. Explanations of basic design
requirements in food production areas, as well as the relevant regulations associated, are covered in this course.

Objective To identify and evaluate hazards of food safety which can come from the equipment used in the food processing. Understanding of the
most important design principles for easy cleaning of machinery and equipment.

751-5500-00L Simulations and Sensors in Agri-Food Supply Chains W+ 3 credits 2G T. Defraeye
Abstract This course provides students with expert knowledge and skills on how to effectively apply numerical simulations and sensing in the supply

chain of horticultural crops. The main targets are to use these technologies to better preserve food quality, extend shelf life and reduce food
waste and the associated carbon footprint.
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Objective The course targets the postharvest part of the supply chain, as products pass through pre-cooling facilities, refrigerated containers and
trucks, and cold storage facilities, before arriving at the retailer and consumer. We target supply chains of both domestic and tropical
horticultural crops, including apple, citrus, mangoes, and berries. In addition, other applications in agri-food chains are highlighted, such as
preharvest sensing and monitoring for horticultural crops as well as simulations and sensing in supply chains of foods of animal origin
(meat or milk). 

In the course, we target innovative solutions that are enabled by the augmented insight that simulations and sensing provide with respect to
the biophysical processes driving food decay in the cold chain. A key focus of the course is on digital tools for the agri-food chain, such as
digital twins, food simulants, wireless and optical sensors, big data and blockchain technology.

A key objective is to gain specialized knowledge in order to:
-    Identify which postharvest practices are most suitable for a certain produce and supply chain (e.g. dynamic controlled atmosphere,
modified atmosphere packaging, ethylene scrubbing)
-    Identify which heat and mass transfer processes (e.g. conduction, convection, radiation, respiration, evaporation) play a key role for a
certain produce and supply chain
-    Identify which state-of-the-art sensing technology is most optimal for a certain produce and supply chain (e.g. wireless communication,
blockchain technology, and biophysical twins)
-    Assess if a mechanistic model and simulation is built up according to best practices, and if the reported results are realistic
-    Understand the link of the cooling process to the evolution of food quality attributes

Another key objective is to acquire skills in order to:
-    Perform hands-on computational multiphysics simulations of food cooling processes
-    Measure hands-on a food cooling process with several types of sensors
-    Calculate food shelf-life by experiments and kinetic-rate-law modeling
-    Quantify the environmental impact of postharvest technology and food waste on the horticultural value chain

Content The course is built up of lectures, exercise sessions, and an excursion. The student will then apply this knowledge to perform an expert
assessment of a postharvest problem (in a group), report the findings and present the solution strategies. Throughout the course, we also
review upcoming national and international startups and companies in these fields.

The content is as follows:
1.    Introduction to the postharvest value chain
2.    Postharvest quality and losses
3.    Bio-environmental heat and mass transfer
4.    Sensors & food simulants
5.    Modeling-simulation basics & best practice
6.    Current and emerging postharvest technologies
7.    Group assignment on simulation and sensors
8.    Food waste & environmental impact 
9.    Group project presentations of students
10.    Excursion

With this knowledge and skills, the student will be able to provide an expert assessment on a specific problem in postharvest engineering in
the context of a group assignment:
- Apply the learned analytical approach to comprehensively understand and quantitatively analyze a simple postharvest problem.
- Identify and quantify strategies and solutions to improve quality preservation, shelf life and reduce food waste, and explain the scientific
drivers behind these improvements.
- Identify challenges and prioritize solutions.
- Report the results in a report and presentation.

Lecture notes Handouts of the slides will be provided
Literature Recommended literature (not-obligatory):

Datta (2017), Heat and Mass Transfer: A Biological Context. CRC Press, Taylor & Francis Group.
Thompson (2008), Commercial cooling of fruits, vegetables and flowers, University of California. University of California, California.

Prerequisites /
notice

Bachelor in Agricultural Sciences or in Food Science.

 Transdisciplinarity for Sustainable Development
Number Title Type ECTS Hours Lecturers

701-1502-00L Transdisciplinary Case Study
Does not take place this semester.
Number of participants limited to 25.

Students have to apply for this course by sending a two-
page motivation letter (why are you interested? what do
you want to learn? what can you contribute?) to
michael.stauffacher@usys.ethz.ch and
pius.kruetli@usys.ethz.ch (latest by 10th January 2020).

Important: for students in Agricultural Sciences, the case
study can replace the compulsory course 751-1000-00L
Interdisciplinary Project Work!

W+  7 credits 15P M. Stauffacher

Abstract This course is a project-oriented and research based teaching activity organized in a real-world setting. Students work on societally
relevant problems. Sustainability issues and collaboration between science and society are key.
In 2020, the case area is Seychelles, a small developing island state in the Indian ocean.

Objective Students learn how to plan and implement their research work in interdisciplinary and intercultural teams of students. This includes:
structure ill defined problems; derive research questions; design research plans; apply qualitative and quantitative methods; work in
interdisciplinary and inter-cultural teams; organise transdisciplinary collaboration between research and people from outside academia.
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Content The Seychelles is a Small Island Developing State (SIDS) in the Indian Ocean comprising some 115 islands spread over a sea area of 1.4
million km2. SIDS share some common characteristics. They are: small in size and economy; are remote and isolated from international
markets; are vulnerable against external disturbances and climate change effects. Seychelles is highly dependent on  intact nature.
Tourism and fishery are major economic pillars. Seychelles is in transformation from a developing to a developed country.

Between 2012-2015 ARUP, an international consultant, developed the Strategy Plan Seychelles 2040. The Seychelles Planning Authority
is currently working on the implementation of the strategy plan. Current major activity is land use planning.

The preparation of the case study happens in close collaboration with the Seychelles Planning Authority, major partner of the case study, to
secure that research is relevant for the local context and can have concrete impacts in the case area. Together we defined Sustainable
Land Use as umbrella theme. Topics to look at may include transport infrastructure, tourism, conservation, housing, agriculture, etc.

This is the third time that the transdisciplinary case study is organized in Seychelles. In 2016 and 2018 we were working on solid waste
management. While in 2016 the goal was to provide the 'big' picture of the Seychelles waste system, in 2018 the focus was on waste
sorting and waste treatment options, see: https://tdlab.usys.ethz.ch/teaching/tdcs/former/cs2016.html
https://tdlab.usys.ethz.ch/teaching/tdcs/former/cs2018.html



See as well the short movie here which explains what the transdisciplinary case study is
http://www.tdlab.usys.ethz.ch/teaching/tdcs.html

Prerequisites /
notice

The number of participants is limited. Students have to apply for this course by sending a two-page motivation letter. The letter should refer
to: Why are you interested? What do you want to learn? What can you contribute? The latter may include particular skills you have the
case study could benefit from. Please send the letter to michael.stauffacher@usys.ethz.ch and pius.kruetli@usys.ethz.ch (latest by January
10, 2020).

Important: for students in Agricultural Sciences, the case study can replace the compulsory course 751-1000-00L Interdisciplinary Project
Work!

 Electives Courses
Elective courses can be chosen from the entire course programme of the ETH Zurich as well as from the course programme of the University of Zurich.

Number Title Type ECTS Hours Lecturers

Course Catalogue of ETH Zurich

751-5500-00L Simulations and Sensors in Agri-Food Supply Chains W+ 3 credits 2G T. Defraeye
Abstract This course provides students with expert knowledge and skills on how to effectively apply numerical simulations and sensing in the supply

chain of horticultural crops. The main targets are to use these technologies to better preserve food quality, extend shelf life and reduce food
waste and the associated carbon footprint.

Objective The course targets the postharvest part of the supply chain, as products pass through pre-cooling facilities, refrigerated containers and
trucks, and cold storage facilities, before arriving at the retailer and consumer. We target supply chains of both domestic and tropical
horticultural crops, including apple, citrus, mangoes, and berries. In addition, other applications in agri-food chains are highlighted, such as
preharvest sensing and monitoring for horticultural crops as well as simulations and sensing in supply chains of foods of animal origin
(meat or milk). 

In the course, we target innovative solutions that are enabled by the augmented insight that simulations and sensing provide with respect to
the biophysical processes driving food decay in the cold chain. A key focus of the course is on digital tools for the agri-food chain, such as
digital twins, food simulants, wireless and optical sensors, big data and blockchain technology.

A key objective is to gain specialized knowledge in order to:
-    Identify which postharvest practices are most suitable for a certain produce and supply chain (e.g. dynamic controlled atmosphere,
modified atmosphere packaging, ethylene scrubbing)
-    Identify which heat and mass transfer processes (e.g. conduction, convection, radiation, respiration, evaporation) play a key role for a
certain produce and supply chain
-    Identify which state-of-the-art sensing technology is most optimal for a certain produce and supply chain (e.g. wireless communication,
blockchain technology, and biophysical twins)
-    Assess if a mechanistic model and simulation is built up according to best practices, and if the reported results are realistic
-    Understand the link of the cooling process to the evolution of food quality attributes

Another key objective is to acquire skills in order to:
-    Perform hands-on computational multiphysics simulations of food cooling processes
-    Measure hands-on a food cooling process with several types of sensors
-    Calculate food shelf-life by experiments and kinetic-rate-law modeling
-    Quantify the environmental impact of postharvest technology and food waste on the horticultural value chain

Content The course is built up of lectures, exercise sessions, and an excursion. The student will then apply this knowledge to perform an expert
assessment of a postharvest problem (in a group), report the findings and present the solution strategies. Throughout the course, we also
review upcoming national and international startups and companies in these fields.

The content is as follows:
1.    Introduction to the postharvest value chain
2.    Postharvest quality and losses
3.    Bio-environmental heat and mass transfer
4.    Sensors & food simulants
5.    Modeling-simulation basics & best practice
6.    Current and emerging postharvest technologies
7.    Group assignment on simulation and sensors
8.    Food waste & environmental impact 
9.    Group project presentations of students
10.    Excursion

With this knowledge and skills, the student will be able to provide an expert assessment on a specific problem in postharvest engineering in
the context of a group assignment:
- Apply the learned analytical approach to comprehensively understand and quantitatively analyze a simple postharvest problem.
- Identify and quantify strategies and solutions to improve quality preservation, shelf life and reduce food waste, and explain the scientific
drivers behind these improvements.
- Identify challenges and prioritize solutions.
- Report the results in a report and presentation.
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Lecture notes Handouts of the slides will be provided
Literature Recommended literature (not-obligatory):

Datta (2017), Heat and Mass Transfer: A Biological Context. CRC Press, Taylor & Francis Group.
Thompson (2008), Commercial cooling of fruits, vegetables and flowers, University of California. University of California, California.

Prerequisites /
notice

Bachelor in Agricultural Sciences or in Food Science.

701-0900-00L The UN Sustainable Development Goals in Context W+  2 credits 2G B. Wehrli, O. Kassab
Abstract The United Nations Agenda 2030 and its 17 Sustainable Development Goals (SDGs) provide an opportunity for the international

community to shape the course of sustainable development. With their range of expertise, universities can develop the science to help
achieving the SDGs. The lectures center on sustainability challenges and provide context from academics and societal actors.

Objective 1.    Students know important dimensions of sustainable development and the discourses in the context of the SDGs 
2.    Students get an overview how ETH Zurich contributes to sustainable development and the achievement of the SDGs
3.    The lecture series enables students to contribute to sustainable development during their studies and research, as graduates on the
job market, and as members of the society
4.    Writing and reviewing a short blog post trains students to communicate acquired knowledge effectively for a broader audience.

Content Kick-Off: Introduction to the SDGs:
1 – Education, gender and inequality
2 – Health, well-being and demography
3 – Climate change, decarbonization and sustainable industry
4 – Sustainable food, land, water and oceans
5 – Sustainable cities and communities
6 – Digital revolution for sustainable development 
Conclusion: Student inputs: Wrap up and synthesis

Lecture notes 1-2 short papers will be posted on the Moodle each weak.
Literature Selected scientific articles: 


Sachs, J. D. (2019). Six Transformations to achieve the Sustainable Development Goals. Nature Sustainability, DOI:
https://doi.org/10.1038/s41893-019-0352-9

Schwan, G. (2019): Sustainable Development Goals: A call for global partnership and cooperation. GAIA 28/2, 73, DOI:
https://doi.org/10.14512/gaia.28.2.1

Prerequisites /
notice

Open to advanced Bachelor and all Master level students enrolled at ETH Zurich

701-0972-00L Introduction into Organic Farming Systems W  3 credits 2V P. J. Mäder, D. M. Dubois,
B.  Oehen

Abstract The lecture provides an overview over the principles and practices of organic agriculture. Lessons in the disciplines soil sciences, plant and
animal production, and socio-economics are held by different experts. The students deepen their knowledge with an exercise on the topic
of resilience. The course closes with an excursion on organic farms, and gives the opportunity for critical reflections.

Objective The students are familiar with the principles and practices of organic farming and can identify its strengths and weaknesses. They are
familiar with the specific challenges in plant and animal production in organic farming and have the capability for critically assessing
potential solutions in organic farming to resolve the challenges society is facing.

More detailed Information about the objectives are published on moodle:
https://moodle-app2.let.ethz.ch/course/view.php?id=11851
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Content PART I: Lecture: Introduction in Organic Farming Systems

INTRODUCTION
1. Roots of organic farming, historical development of farming systems, share of organic farming in Switzerland and Europe
Basic principles and requirements organic farming, standards

PLANT PRODUCTION
2. Soil fertility - Results from long-term experiments 

3. Reduced soil tillage
Non-chemical weed control

4. Sustainable crop rotations
Organic fertilisation concepts

5. Plant protection: Regulation of diseases and pests

6. Increasing biodiversity
Organic breeding strategies and variety selection

ANIMAL PRODUCTION
7. Animal health and complementary veterinary Medicine

8. Sustainability, ethics and product quality in animal husbandry   


FOOD 
9. Food quality of organic produces, latest meta-analyses on food quality in organic farming


10. Multifunctionality of organic farming
Agricultural Policy

EXCURSION
11. Farm visit Goetsch, Zurich and optional  "Meh als Gmües"

SUSTAINABILITY
11. Sustainability assessment of organic farms 
SMART, LCA

RESILIENCE
13. Presentation/discussion of student papers

14. Examination (written test)

Lecture notes Power Point presentations on Moodle for registred students.

Scripts on Moodle for registred students

https://moodle-app2.let.ethz.ch/course/view.php?id=11851

Literature Recommended: 
Otto Schmid and Robert Obrist Robert (2001): Biologischer Landbau. Landwirtschaftliche Lehrmittelzentrale, Zollikofen, 267 pp (in
German)
 
Nic Lampkin Nic, Measures Mark and Padel Susanne (2006):  Organic Farm Management Handbook. University of Wales, Aberystwyth.
240pp

Prerequisites /
notice

This lecture (701-0972-00L FS 2020) is recomended for the participation in the second part en bloc "Comparison of ecological farming
systems" 701-0974-00L FS 2020.

The lecture can be taken alone without the second part.

Conditions for the credit points is a written test.

Structure:
Lecture (Part I): 14 times 2h weekly lectures plus exercice (3 CRPT)

Second part en bloc (Part II): One study week with excursions, exercices and workshops (end of spring Semester: 8. - 12. June 2020) (3
CRPT)

701-0974-00L Comparison of Different Swiss Farming Systems
Number of participants limited to 30.

W  3 credits 3G B.  Oehen, P. J. Mäder

Abstract The students are able to make comparisons between farming systems (organic, integrated, conventional) and to assess their contribution
to a sustainable development.

Objective The students are familiar with the different methods of agriculture (organic, integrated, conventional) in Switzerland and are able to assess
their performance on an ecological, economic and social level.
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Content Course content Block II: Comparison of agricultural systems (IP and Bio) 

We will visit the Research Institute of Organic Agriculture and get to know research projects for the further development of sustainable
agriculture.

We will deepen the implementation of the concept of sustainable agriculture in practice by visiting 6 different farms. The farm managers
describe their farm strategy, their goals, the difficulties and opportunities they see for their farm. 

On the last day, the various elements are reflected upon and feedback for the farms is compiled.


The course will take place all day from Tuesday, 12 June 2020 - Friday, 09 June 2020. From 09 June 2019 to 10 June 2019 we will be
staying overnight at a company.

Students pay a maximum of CHF 100 per person for accommodation, meals and transport.

Lecture notes Scripts are distributed in the course

Scripts can be downloaded from the web with an access code from MOODLE System: https://moodle-
app2.let.ethz.ch/course/view.php?id=1986

Prerequisites /
notice

Precondition for this course is the participation in the introductionary course "Organic Farming Systems" in the former courses.

The course cannot  only be taken when the Part I has been followed or with good documented knowledge of organic farming

Condition for credit points is the active participation in the course.

Structure:
one study week with excursions, exercices and workshops.

 Master's Thesis
Number Title Type ECTS Hours Lecturers

751-1030-00L Master's Thesis
Only students who fulfill the following criteria are allowed
to begin with their master thesis:
a. successful completion of the bachelor programme; 
b. fulfilling of any additional requirements necessary to
gain admission to the master programme.

O  30 credits 64D Lecturers

Abstract The Master thesis is an independent scientific work. Normally the subject is selected among  the topics of the core subect. It is written
under the guidance of a agricultural science professor. 

Objective The independent writing of a scientific paper/thesis

 Complemantary Courses
Number Title Type ECTS Hours Lecturers

701-0972-00L Introduction into Organic Farming Systems Z  3 credits 2V P. J. Mäder, D. M. Dubois,
B.  Oehen

Abstract The lecture provides an overview over the principles and practices of organic agriculture. Lessons in the disciplines soil sciences, plant and
animal production, and socio-economics are held by different experts. The students deepen their knowledge with an exercise on the topic
of resilience. The course closes with an excursion on organic farms, and gives the opportunity for critical reflections.

Objective The students are familiar with the principles and practices of organic farming and can identify its strengths and weaknesses. They are
familiar with the specific challenges in plant and animal production in organic farming and have the capability for critically assessing
potential solutions in organic farming to resolve the challenges society is facing.

More detailed Information about the objectives are published on moodle:
https://moodle-app2.let.ethz.ch/course/view.php?id=11851
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Content PART I: Lecture: Introduction in Organic Farming Systems

INTRODUCTION
1. Roots of organic farming, historical development of farming systems, share of organic farming in Switzerland and Europe
Basic principles and requirements organic farming, standards

PLANT PRODUCTION
2. Soil fertility - Results from long-term experiments 

3. Reduced soil tillage
Non-chemical weed control

4. Sustainable crop rotations
Organic fertilisation concepts

5. Plant protection: Regulation of diseases and pests

6. Increasing biodiversity
Organic breeding strategies and variety selection

ANIMAL PRODUCTION
7. Animal health and complementary veterinary Medicine

8. Sustainability, ethics and product quality in animal husbandry   


FOOD 
9. Food quality of organic produces, latest meta-analyses on food quality in organic farming


10. Multifunctionality of organic farming
Agricultural Policy

EXCURSION
11. Farm visit Goetsch, Zurich and optional  "Meh als Gmües"

SUSTAINABILITY
11. Sustainability assessment of organic farms 
SMART, LCA

RESILIENCE
13. Presentation/discussion of student papers

14. Examination (written test)

Lecture notes Power Point presentations on Moodle for registred students.

Scripts on Moodle for registred students

https://moodle-app2.let.ethz.ch/course/view.php?id=11851

Literature Recommended: 
Otto Schmid and Robert Obrist Robert (2001): Biologischer Landbau. Landwirtschaftliche Lehrmittelzentrale, Zollikofen, 267 pp (in
German)
 
Nic Lampkin Nic, Measures Mark and Padel Susanne (2006):  Organic Farm Management Handbook. University of Wales, Aberystwyth.
240pp

Prerequisites /
notice

This lecture (701-0972-00L FS 2020) is recomended for the participation in the second part en bloc "Comparison of ecological farming
systems" 701-0974-00L FS 2020.

The lecture can be taken alone without the second part.

Conditions for the credit points is a written test.

Structure:
Lecture (Part I): 14 times 2h weekly lectures plus exercice (3 CRPT)

Second part en bloc (Part II): One study week with excursions, exercices and workshops (end of spring Semester: 8. - 12. June 2020) (3
CRPT)

751-1040-00L Responsible Conduct in Research
Please register at: 
https://www.ethz.ch/services/en/service/courses-
continuing-education.html
Choose  Plant Sciences

Z  1 credit 1U M. Paschke, N. Buchmann

Abstract When studying at a University, but especially when carrying out a Master's or doctoral thesis, students are joining the scientific community
and, therefore, have to learn about the codes of professional and responsible conduct in research.

Objective (1) Students know the questions, conflicts and ethically ambiguous situations that may arise in research.
(2) Students can apply codes of responsible conduct in research, i.e., they understand and can apply the professional values and ethical
norms of their profession.
(3) Students know how to deal with and communicate in ambiguous situations.
(4) Students will develop a professional attitude towards responsible conduct in research.
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Content When studying at a University, but especially when carrying out a Master's or a doctoral thesis, students are joining the scientific
community and, therefore, have to learn about the codes of professional and responsible conduct in research. In this course, we want to
increase the knowledge of our Master's and doctoral students about the specific rules, regulations and guidelines of responsible conduct in
their research fields but also rise awareness for potential conflicts of interest and give practical suggestions on how to react in cases of
uncertainty on e.g. questions of authorship and giving credits, data treatment and interpretation, communication and responsibility in the
public or on the role of graduate students in the research community. Students will discuss case studies with a conflict potential or a
dilemma. They will work together in teams, discuss the codes of conduct and values established in the scientists community, and apply
them to the case studies. The teams have to agree on actions to be taken for each case.

Students will deal with case studies on the following topics:

(1) Scientific Integrity, Error and Negligence in Science
(2) Conflicts in Authorship Practices
(3) Questions of Data Treatment
(4) Influence of Values on Data Interpretation
(5) Social Responsibility of Scientists (e.g. Communication with the public)

Student teams will discuss the case studies in role-play scenarios and present their consensus of responsible conduct in research.

Prerequisites /
notice

'Responsible Conduct in Research for Plant Scientists' is part of the Master's Courses and Master's Studies in Plant Sciences and of the
PSC Ph.D. Program in Plant Sciences. It is organized by the Zurich-Basel Plant Science Center. Please find details on the course at: 
http://www.plantsciences.uzh.ch/teaching/masters/responsibleconduct.html

751-9100-00L LERNfeld Z Dr 1 credit 2G S. Keller
Abstract Im Dialog mit Schülerinnen und Schülern, Lehrpersonen und Bäuerinnen und Bauern kennenlernen von praktischen Aspekten von

Biodiversität und Klimawandel. Unterstützung von Schülerinnen und Schülern bei Fragen rund um die Lernaktivitäten von LERNfeld,
Vermittlung von wissenschaftlichem Arbeiten, Beratung von Lehrpersonen. LERNfeld ist ein Projekt der Umweltbildungsorganisation
GLOBE.

Objective Siehe: http://www.globe-swiss.ch/de/Angebote/Landwirtschaft/Akteure/Forschung
Prerequisites /
notice

Voraussetzung für die Teilnahme sind sehr gute Deutschkenntnisse.

Anmeldung: Einschreiben auf myStudies
Auskunft: lernfeld@usys.ethz.ch
Projektstart: März 2020
Teilnehmerzahl beschränkt.

Agricultural Sciences Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Applied Geophysics Master
 Period ETHZ

Number Title Type ECTS Hours Lecturers

651-4079-00L Reflection Seismology Processing O 5 credits 6G D.-J. van Manen
Abstract Seismic data processing from field data to interpretation.
Objective Application of theoretical knowledge acquired in previous courses to the processing of a seismic data set and an extensive introduction to

commercial processing software.
Content Keywords: data conversion, amplitude reconstruction, filtering (in time and space), geometry assignment, static corrections, velocity

analyses, normal-moveout (NMO) corrections, deconvolution, stacking, migration, interpretation.
Literature Access to commercial processing software manuals and Yilmazs (2001) textbook Seismic Data Analysis
Prerequisites /
notice

Students usually work in teams of 2.

651-4104-00L Geophysical Field Work and Processing: Methods O 2 credits 3V C. Schmelzbach, M. Grab,
H. Maurer

Abstract The 'Methods' part of 'Geophysical Fieldwork and Processing' provides an overview over the most common methods used in Applied
Geophysics. Theoretical and conceptual aspects as well as data acquisition and processing of the methods used in the other two parts of
the course are introduced.

Objective Students should (1) acquire a basis knowledge on theory and working principles of the most common techniques in Applied Geophysics
and (2) acquire the necessary knowledge to plan, conduct, process and document a near-surface geophysics survey.

Content The course is divided into four parts: 

1. Introduction to the course held in the lecture hall (first lecture)

2. Online lectures and quizzes covering short reviews of the theory, techniques, acquisition and processing of:
- Ground Penetrating Radar (GPR)
- Electrical Resistivity Tomography (ERT)
- Magnetic Surveying
- Electromagnetic Induction Surveying
- Seismic Refraction Tomography

There will be a questions-and-answers session held in the lecture hall before the exam (second last lecture).

3. Practical exercise and field equipment demonstration (outdoor; location and date will be communicated during the introduction lecture).
Participation in the practical exercise is a REQUIREMENT.

4. Written examination during the last lecture. A pass in this exam is a REQUIREMENT to continue with the second part of the course 651-
4106-03L Geophysical Field Work and Processing: Preparation and Field Work.

Lecture notes Available over the ETH online lecture Moodle page.
Link will be given during the first lecture.

Literature Recommended literature:
An introduction to geophysical exploration 
Third Edition
Kearey, Brooks, and Hill
2002, WILEY-BLACKWELL
ISBN: 978-0-632-04929-5

Further recommended literature:
Environmental Geology
Handbook of Field Methods and Case Studies
Knödel, Klaus, Lange, Gerhard, Voigt, Hans-Jürgen
Bundesanstalt für Geowissenschaften (Ed.)
2007, XXVI, 1358 p. 501 illus., 243 in color., Hardcover
ISBN: 978-3-540-74669-0

Fundamentals of Geophysics
William Lowrie
2nd Edition
Cambridge University Press
ISBN: 9780521675963

Good overview literature:
An Introduction to Applied and Environmental Geophysics
John M, Reynolds
WILEY-BLACKWELL
ISBN: 978-0-471-48535-3

More detailed and specific:
Near-Surface Geophysics
Edited by Dwain K. Butler
Society of Exploration Geophysicists (SEG)
ISBN: 9781560801306 (13); 1560801301 (10)

Prerequisites /
notice

Joint Master students must attend all three parts of 'Geophysical Fieldwork and Processing': 'Methods', 'Preparation', and 'Fieldwork'.
A "pass" (Swiss grade 4.0 or higher) in the 'Methods' written examination is an absolute REQUIREMENT to participate in the 'Preparation'
and 'Fieldwork' part.

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

651-4094-00L Numerical Modelling for Applied Geophysics O 5 credits 2G J. Robertsson, H. Maurer
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Abstract Numerical modelling in environmental and exploration geophysics.  The course covers different numerical methods such as finite difference
and finite element methods applied to solve PDE’s for instance governing seismic wave propagation and geoelectric problems.

Prerequisites include basic knowledge of (i) signal processing and applied mathematics such as Fourier analysis and (ii) Matlab.

Objective After this course students should have a good overview of numerical modelling techniques commonly used in environmental and
exploration geophysics.  Students should be familiar with the basic principles of the methods and how they are used to solve real problems.
They should know advantages and disadvantages as well as the limitations of the individual approaches.

The course includes exercises in Matlab where the stduents both should lear, understand and use existing scripts as well as carrying out
some coding in Matlab themselves.

Content During the first part of the course, the following topics are covered:
- Applications of modelling
- Physics of acoustic, elastic, viscoelastic wave equations as well as Maxwell's equations for electromagnetic wave propagation and
diffusive problems
- Recap of basic techniques in signal processing and applied mathematics
- Potential field modelling
- Solving PDE's, boundary conditions and initial conditions
- Acoustic/elastic wave propagation I, explicit time-domain finite-difference methods
- Acoustic/elastic wave propagation II, Viscoelastic, pseudospectral
- Acoustic/elastic wave propagation III, spectral accuracy in time, frequency domain FD, Eikonal
- Implicit finite-difference methods (geoelectric)
- Finite element methods, 1D/2D (heat equation)
- Finite element methods, 3D (geoelectric)
- Acoustic/elastic wave propagation IV,  Finite element and spectral element methods
- HPC and current challenges in computational seismology 
- Seismic data imaging project

Most of the lecture modules are accompanied by exercises  Small projects will be assigned to the students. They either include a
programming exercise or applications of existing modelling codes.

Lecture notes Presentation slides and some background material will be provided.
Literature Igel, H., 2017. Computational seismology: a practical introduction. Oxford University Press.
Prerequisites /
notice

This course is offered as a full semester course.  During the second part of the semester some lecture slots will be dedicated towards
working on exercises and course projects.

651-4096-00L Inverse Theory I: Basics O 3 credits 2V A. Fichtner
Abstract Inverse theory is the art of inferring properties of a physical system from noisy and sparse observations. It is used to transform

observations of waves into 3D images of a medium seismic tomography, medical imaging and material science; to constrain density in the
Earth from gravity; to obtain probabilities of life on exoplanets ... . Inverse theory is at the heart of many natural sciences.

Objective The goal of this course is to enable students to develop a mathematical formulation of specific inference (inverse) problems that may arise
anywhere in the physical sciences, and to implement suitable solution methods. Furthermore, students should become aware that nearly all
relevant inverse problems are ill-posed, and that their meaningful solution requires the addition of prior knowledge in the form of expertise
and physical intuition. This is what makes inverse theory an art.

Content This first of two courses covers the basics needed to address (and hopefully solve) any kind of inverse problem. Starting from the
description of information in terms of probabilities, we will derive Bayes' Theorem, which forms the mathematical foundation of modern
scientific inference. This will allow us to formalise the process of gaining information about a physical system using new observations.
Following the conceptual part of the course, we will focus on practical solutions of inverse problems, which will lead us to study Monte
Carlo methods and the special case of least-squares inversion.

In more detail, we aim to cover the following main topics:

1. The nature of observations and physical model parameters
2. Representing information by probabilities
3. Bayes' theorem and mathematical scientific inference
4. Random walks and Monte Carlo Methods
5. The Metropolis-Hastings algorithm
6. Simulated Annealing
7. Linear inverse problems and the least-squares method
8. Resolution and the nullspace
9. Basic concepts of iterative nonlinear inversion methods

While the concepts introduced in this course are universal, they will be illustrated with numerous simple and intuitive examples. These will
be complemented with a collection of computer and programming exercises.

Prerequisites for this course include (i) basic knowledge of analysis and linear algebra, (ii) basic programming skills, for instance in Matlab
or Python, and (iii) scientific curiosity.

Lecture notes Presentation slides and detailed lecture notes will be provided.
Prerequisites /
notice

This course is offered as a half-semester course during the first part of the semester

651-4096-02L Inverse Theory II: Applications
Prerequisites: The successful completion of 651-4096-00L
Inverse Theory I: Basics is mandatory.

W+ 3 credits 2G A. Fichtner, C. Böhm

Abstract This second part of the course on Inverse Theory provides an introduction to the numerical solution of large-scale inverse problems.
Specific examples are drawn from different areas of geophysics and image processing. Students solve various model problems using
python and jupyter notebooks, and familiarize themselves with relevant open-source libraries and commercial software.

Objective This course provides numerical tools and recipes to solve (non)-linear inverse problems arising in nearly all fields of science and
engineering. After successful completion of the class, the students will have a thorough understanding of suitable solution algorithms,
common challenges and possible mitigations to infer parameters that govern large-scale physical systems from sparse data
measurements. 

Prerequisites for this course are (i)  651-4096-00L Inverse Theory: Basics, (ii) basic programming skills.
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Content The class discusses several important concepts to solve (non)-linear inverse problems and demonstrates how to  apply them to real-world
data applications. All sessions are split into a lecture part in the first half, followed by tutorials using python and jupyter notebooks in the
second. The range of covered topics include:

1. Regularization filters and image deblurring
2. Travel-time tomography
3. Line-search methods
4. Time reversal and Born’s approximation
5. Adjoint methods
6. Full-waveform inversion

Lecture notes Presentation slides and some background material will be provided.
Prerequisites /
notice

This course is offered as a half-semester course during the second part of the semester

651-4087-00L Case Studies in Exploration and Environmental
Geophysics

W+ 3 credits 3G H. Maurer, J. Robertsson,
M. Hertrich, M. O. Saar

Abstract Integrated geophysical investigations; applications of exploration seismic; applications of high-resolution seismic, ground-penetrating radar,
magnetic, gravity, electromagnetic, geoelectric and nuclear-magnetic resonance methods; case studies.

Objective Provide (i) fundamental knowledge of modern methods employed in exploration, engineering and environmental geophysics, (ii) a sound
understanding of integrated multidisciplinary approaches for resolving diverse exploration, engineering and environmental problems, and
(iii) familiarity with exploration-, engineering- and environment-relevant case histories (national und international).

Content A broad range of geophysical methods are employed in exploration, engineering and environmental projects worldwide. After short
introductions to various applied geophysical methods, strategies for resolving a wide variety of exploration, engineering and environmental
problems are introduced.  Themes addressed in exploration geophysics include exploration and evaluation of marine hydrocarbon
reservoirs. Themes addressed in engineering geophysics include: remote sensing in archeology, detection of metal pipes, plastic pipes and
caverns in the subsurface, and characterizing the shallow underground in regions of major construction. Themes addressed in
environmental geophysics include: exploration and evaluation of groundwater reserves, and investigations of potentially dangerous waste
disposal sites (e.g. outlining the boundaries and content of poorly documented landfills and studies of sites for the future storage of
chemical and radioactive refuse).

Lecture notes None
Literature Provided during the course
Prerequisites /
notice

This course is offered as a half-semester course during the first part of the semester.

651-4106-03L Geophysical Field Work and Processing: Preparation
and Field Work

O 7 credits 3V+11P C. Schmelzbach, M. Grab, P. Nagy,
A. Wieser

Abstract The 'Preparation' and 'Field Work' parts of 'Geophysical Field Work and Processing' involve the planing and conducting of a near-surface
geophysical field campaign using common geophysical techniques to study, for example, archeological remains, internal structures of
landslides or aquifers. Students work in small groups, and plan, acquire, process and document a field campaign together.

Objective Students should acquire the knowledge to (1) design and plan a geophysical survey appropriate for the target of investigation, (2) acquire
geophysical data, (3) process the data using state-of-the-art techniques and software, (3) analyze and interpret the results, and (4) write a
report according to commercial and scientific standards.

Content The course is split into two parts: 

1. 'Preparation': Introductory lectures and exercises (lab and field) covering Geographical Information Systems (GIS), surveying, and
introductions to the field sites. Participation in the 'Preparation' part is a REQUIREMENT to participate in the 'Field Work' part.

2. 'Field Work': Four-weeks field course. The students work in  groups on the following topics: 
- Planning and design of a comprehensive geophysical survey
- Data acquisition
- Data processing and inversion
- Interpretation of the results
- Report writing

Lecture notes Relevant reading material, manuals and instructions for all methods of the field course will be handed out to each group at the beginning of
the 'Field Work' part (beginning of June).

Prerequisites /
notice

A "pass" (Swiss grade 4.0 or higher) in the written examination of 651-4104-00 V Geophysical Fieldwork and Processing: Methods, is an
absolute REQUIREMENT to participate in this course.

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

701-0106-00L Mathematics V: Applied Deepening of Mathematics I -
III

W 3 credits 2G M. A. Sprenger

Abstract Selected mathematical topics are presented for later use in more specialised lectures. Part of the topics were already discussed in the
lectures Mathematics I-III. Here, they should be shortly recapitulated and most importantly applied to practical problems. If necessary, new
mathematical concepts and methods will be introduced in order to solve challenging and inspiring problems from practice.

Objective The aim of this lecture is to prepare the students for the more specialised lectures. They should become more familiar with the
mathematical background, the mathematical concepts und most of all with their application and interpretation.

Content Practical examples from the following areas will be discussed: ordinary differential equations; eigenvalue problems from linear algebra;
systems of linear and nonlinear differential equations; partial differential equations (diffusion, transport, waves).

651-4240-00L Geofluids W+  6 credits 5G X.-Z. Kong, T. Driesner, A. Ebigbo,
A. Moreira Mulin Leal

Abstract This course presents advanced topics of single and multiphase fluid flow, heat transfer, reactive transport, and geochemical reactions in
the subsurface. Emphasis is on the understanding of the underlying governing equations of each physical and chemical process, and its
relevance to applications, e.g., groundwater management, geothermal energy, CO2 storage, waste disposal, and oil/gas production.
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Objective This course will enable students to understand and model basic physical and chemical processes in the subsurface, such as fluid flow,
reactive transport, heat transfer, and fluid-rock interactions in a porous and/or fractured medium. The students will learn the underlying
governing equations, followed by a demonstration of their solution, analytically or numerically. By the end of the course, the student should
be able to:
1.    Understand, formulate, derive, and solve basic equations of fluid flow, heat transfer, and solute transport;
2.    Understand the physical processes governing multiphase flow and be able to simplify a general formulation into a simpler and more
practical modeling problem;
3.    Solve simple flow problems affected by fluid density (induced by solute concentration or temperature);
4.    Understand uncertainties pertaining to these processes in regional geofluid systems;
5.     Assess simple coupled reactive transport problems.

Content 1)    Introduction to the basic concepts of fluid flow in the subsurface
2)    Immiscible fluid flow in porous/fractured media 
3)    Reactive transport, heat transfer and solute transport 
4)    Density-driven flow
5)    Uncertainty estimation
6)    Reactive transport
7)    Fluid injection and production
8)    Fluid-rock interactions (non-mechanical)
        (8a) mineral and gas solubility in brines
        (8b) mineral dissolution/precipitation affecting rock porosity and permeability

Literature R. Allan Freeze and John A. Cherry. Groundwater. 1979.
Steven E. Ingebritsen, Ward E. Sanford, and Christopher E. Neuzil. Groundwater in geologic processes. 2008.
Vedat Batu. Applied flow and solute transport modelling in aquifers. 2006.
Luigi Marini. Geological sequestration of carbon dioxide : thermodynamics, kinetics, and reaction path modeling. 2006.
Jacob Bear. Dynamics of fluids in porous media. 1988.

Prerequisites /
notice

Prerequisites: successful completion of 651-4023-00 Groundwater, 102-0455-00 Groundwater I or 651-4001-00 Geophysical Fluid
Dynamics

651-4109-00L Geothermal Energy W  3 credits 3G M. O. Saar, B. Adams, P. Bayer,
F. Samrock

Abstract The course will introduce students to the general principles of Geothermics and is suitable for students who have a basic knowledge of
Geoscience or Environmental Science (equivalent of a Bachelor degree).

Objective To provide students with a broad understanding of the systems used to exploit geothermal energy in diverse settings.
Content The course will begin with an overview of heat generation and the thermal structure of the Earth.  The basic theory describing the flow of

heat in the shallow crust will be covered, as will be the methods used to measure it.  Petrophysical parameters of relevance to
Geothermics, such as thermal conductivity, heat capacity and radiogenic heat productivity, are described together with the laboratory and
borehole measurement techniques used to estimate their values. The focus will then shift towards the exploitation of geothermal heat at
various depths and temperatures, ranging from electricity and heat production in various types of deep geothermal systems (including high
and medium temperature hydrothermal systems, and Engineered Geothermal Systems at depths of 5 km or more), to ground-source heat
pumps installed in boreholes at depths of a few tens to hundreds of meters for heating domestic houses.
The subjects covered are as follows:
Week 1:  Introduction. Earth's thermal structure. Conductive heat flow  
Week 2:  Heat flow measurement. Advective heat flow. Petrophysical parameters and their measurement.
Week 3:  Temperature measurement. Hydrothermal reservoirs & well productivity 
Week 4: Hydrological characterisation of reservoirs. Drilling. Optimized systems
Week 5:  Petrothermal or Engineered Geothermal Systems
Week 6: Low-enthalpy systems 1
Week 7: Low-enthalpy systems 2.

Lecture notes The script for each class will be available for download from the Ilias website no later than 1 day before the class.

651-1062-00L Master's Thesis W  30 credits 64D H. Maurer

Applied Geophysics Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Architecture Bachelor
 Bachelor Studies (Programme Regulations 2017)

 First Year Examinations
 Examination Block 1

Number Title Type ECTS Hours Lecturers

052-0604-00L Structural Design II
Until FS17  this course was offered under LV 066-
0412-00L (Structural Design II). Students who already
attended and also terminated the course cannot enroll
once more and they will not be credited for LE 052-
0604-00L a second time.

O 2 credits 2G P. Block, J. Schwartz

Abstract Determination of internal forces and description of structural behaviour of mixed arches and cable structures, of truss systems, beams,
slabs, panels and frames using method of graphical statics as well as dimensioning of these structural systems. Structural behaviour of
columns. Discussion of reference buildings and illustration of interplay of structural system and architectural intention.

Objective Awareness of the most important structural systems. Understanding of the interplay of load and form. Estimation of the inner forces and
dimensioning of elements.

Content After a general introduction of basic concepts, structural systems such as cable and arch structures will be analyzed with the help of
graphic statics. The students will learn to understand the flow of forces in a structural system in relation to the system's form. They will be
able to modify this force flow and give dimension to the structural components.

All concepts, approaches and methods will be introduced in the weekly lectures and practiced in subsequent exercises.

Lecture notes on eQuilibrium
"Skript Tragwerksentwurf I/II"
https://block.arch.ethz.ch/eq/course/45?lang=en

A printed version can be bought at the chair of Structural Design Prof. Schwartz for sFr. 55.-.

Literature "Faustformel Tragwerksentwurf"
(Philippe Block, Christoph Gengangel, Stefan Peters,
DVA Deutsche Verlags-Anstalt 2013, ISBN: 978-3-421-03904-0)

Weiteres Lernmaterial:
"Form and Forces: Designing Efficient, Expressive Structures"
(Edward Allen, Waclaw Zalewski, October 2009, ISBN: 978-0-470-17465-4)

"The art of structures, Introduction to the functioning of structures in architecture"
(Aurelio Muttoni, EPFL Press, 2011, ISBN-13: 978-0415610292, ISBN-10: 041561029X)

Prerequisites /
notice

Lectures: Thu, 20.02.20; Thu, 05.03.20; Thu, 26.03.20; Thu, 09.04.20; Thu, 30.04.20; Thu, 14.05.20
Exercises:  Thu, 27.02.20; Thu, 12.03.20; Thu, 02.04.20; Thu, 23.04.20; Thu, 07.05.20

052-0704-00L Sociology II O 2 credits 2V M. Streule Ulloa Nieto,
M. A. Glaser, S. Guinand, C. Schmid

Abstract Sociology II introduces in the first and second part major current perspectives of analysis in urban studies (Monika Streule und Sandra
Guinand). The third part of the course discusses Housing as social and cultural practice (Marie Glaser).

Objective This series of lectures enables students to comprehend the built environment in its social context. It approaches the architectural
profession from two different angles: macro-sociological and micro-sociological.

Content In the first part, Sociology II focuses on current perspectives of analysis in urban studies. Theoretical approaches are presented with the
help of concrete case studies. First, the postcolonial perspective in urban studies will be introduced, illustrated with examples of empirical
research. This part concludes with an introduction into scientific research by presenting different methods in the analysis of urbanization
processes in Mexico City, Toyo and San Francisco (lecturer: Monika Streule). In the second part, different processes of urban regeneration
will be discussed looking at various case studies in Europe, North America and North Africa. Followed by a presentation of different forms
of gentrification (lecturer: Sandra Guinand). In the third part, different models of housing are discussed (lecturer: Marie Glaser).

Lecture notes No script - Information available at the following link: http://www.soziologie.arch.ethz.ch/
Literature Various texts, in addition to the lecture will be provided.

052-0902-00L Building History II O 2 credits 2V S. Holzer
Abstract History of building from the 15th to the early 20th century
Objective Participants are familiar with building history in centuries XV through XX
Content History of building II covers:

- the XVth century between late Gothic and early Renaissance
- Renaissance in Europe
- Baroque
- neoclassical architecture
- gothic revival
- late XIXth century architecture
- classical modernity

Lecture notes PDFs of lecture material will be provided, but participants will be asked to take notes and to copy blackboard drawings into their notebooks
during the lecture. However, lecture notes are currently under preparation.

Literature Will be announced during the lectures.

 Examination Block 2
Number Title Type ECTS Hours Lecturers

052-0804-00L History and Theory in Architecture II O 2 credits 2V+2U M. Delbeke, M. Charitonidou,
T. Klauser, L. Stalder, H. Teerds,
E. Weizman

Abstract Introduction and overview of the history and theory of architecture from the Renaissance to the nineteenth century. (Prof. Dr. M. Delbeke)
Introduction in the methods and instruments of the history of art and architecture. (Prof. Dr. M. Delbeke, Prof. Dr. L. Stalder, Prof. Dr. P.
Ursprung, Prof. Dr. T. Avermaete)
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Objective Acquiring basic knowledge of the history of architecture and architectural theory, resp. of the methods and instruments of research into
architecture.
Being able to identify the main architectural issues and debates of the period and geography covered in the course.
Acquiring the attitudes and tools to develop a historically informed reading of the built environment.
Acquiring the tools to be able to draw on historical, theoretical and critical research to nourish one's architectural culture.

Content The course History and Theory of Architecture II offers a chronological and thematic overview of the architecture and architectural theory
produced in Europe from the 15th up to 19th century. Thematic lectures about key questions at play during the period will be combined with
the in-depth analysis of historical buildings. 
Themes will cover the emergence and development of Vitruvian design theory and practice up to the 19th century, and related issues such
as the emergence of the architect; the media of architectural design and practice (drawings, models, building materials); patterns and
media of dissemination and influence (micro-architecture, imagery); building types (the palazzo and the villa); questions of beauty and
ornament; questions of patronage (e.g. the Roman papacy); the relation of buildings to the city (e.g. the development of European capitals);
attitudes towards history (origin myths, historicism); the question of the monument.

The course Fundamentals of the History and Theory of Architecture II consists of different parts, each dealing with a particular area of
research into the history of art and architecture
(1) The historiography of architecture (M. Delbeke)
(2) Architectural media (L. Stalder).
(3) Architecture and art (P. Ursprung)
(4) Urbanism and the Commons (T. Avermaete)

Literature Literature and handouts will be provided over the course of the term.
Prerequisites /
notice

For the course History and Theory of Architecture II students will rely on assisted self study to acquire basic knowledge of the canonical
history of architecture in Europe.

151-8002-00L Building Physics I: Heat and Acoustics O 2 credits 2V J. Carmeliet, M. Ettlin
Abstract Heat: Basics of stationary heat transport and application to the design building envelopes. 


Acoustics:
Basics of noise protection and room acoustics

Objective Acoustics:
The students acquire a basic knowledge in the following fields:
description of sound, the human ear, properties of sound waves, propagation of sound, legal and planning basics, airborne sound
insulation, structure-borne sound insulation, room acoustics.
Students can make simple calculations to proof sound insulation and calculate the reverberation time of a room.

Content ACOUSTICS:
1. Basics:
description of sound, sound perception, properties of sound waves, propagation of sound.

2. architectural acoustics:
legal and planning basics, noise protection, airborne sound insulation, structure-borne sound insulation.

3. room acoustics:
Sound absorption, sound reflexion, reverberation, planning of room acoustics.

Lecture notes The course lectures and material are available on the Website for download (MOODLE https://moodle-
app2.let.ethz.ch/auth/shibboleth/login.php).

052-0702-00L Urban Design II O 2 credits 2V M. Wagner
Abstract The means and potentials in the field of urban planning and design are pointed out from different perspectives in order to shape the city in

the sense of a future-proof and humane environment. To this end, the basic principles are explained and concrete methods of urban design
are presented.

Objective The goal is to provide students with a broad systemic basic knowledge, that enables them to synthesize and evaluate complex urban
design and planning problems.

Content The lecture series imparts basic knowledge in urban planning and design. Pressing questions and main topics of contemporary urban
design practice and theory will be addressed. The focus is on illustrating the richness of relationships as well as the potential of the
discipline and its handling in everyday urban planning and design practice.

Lecture notes There is no script to the lecture series. The lectures are recorded on video and made available online on
http://www.video.ethz.ch/lectures.html a few days after each lecture.

Literature At the end of the year course a reader with secondary literature will be made available for download.
Prerequisites /
notice

Further Informations:
https://www.staedtebau.arch.ethz.ch

052-0606-00L Mathematics and Programming II O 2 credits 2V L. Hovestadt
Abstract An introduction to information technology for architects. It is not about the HOW, but rather about the WHAT, not about virtuosity when

dealing with digital tools, but rather about understanding coding. Not about pragmatism, but rather about literacy. It forms the basis of
digital architectonics, the art of joining, which needs to be cultivated with care, prudence and patience.

Objective Normally, one would expect this course to teach students how to draw architecture while using computers. This course does not because
digital architectural models are not drawn, but encoded.

In the current discussion about building information models (BIM), we see how blocked the situation can become when one draws
architecture digitally. Today, digital models are a tedious 'minefield' with hundreds of gigabytes of data of all kinds. A digital model as code,
however, is lightweight, compact and fast – a sparkling crystal, like poetry.

That is why coding is the focus of this course. More specifically, students learn to read code and to value thinking in code. Learning active
coding goes beyond the time-frame and should not be forced upon people. Thanks to digital awareness, students can quickly learn a wide
variety of software using help available in the Internet, and competently use it according to their personal preferences. The aim of the
course is for the students to develop as architects and to grow a digital personality.

Specific reference is made to the history of architecture in conjunction with mathematics and philosophy. The essential tool of the trade is
the lambda calculus in the implementation of Mathematica. The information technology interconnection of all digital media will be
presented: text, image, graphic, model, animation, film, audio and the corresponding software. Current issues will be discussed: Internet,
Internet of things, cryptography, privacy, big data, machine intelligence, building information models, responsive cities, smart homes,
robotics, energy and logistics. Current and historical modelling processes will be worked on.
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Content The Mechanics of Digital
Introduction and overview on folding
Calculus
Text and numbers
Lists and colours 
Pictures and films
Cryptography and communication 
Rules and graphs
Graphics and Animation
3D models 
Solid models
Music and sound

The Big Plenty
Parsers
Databases
Machine intelligence 
Many images
Many texts
Many drawings 
Many models
Smart buildings
City and country
On the Internet of Things

A Digital Archaeology of Architecture
The geometry of Euclid
The architecture of the Greeks
The arithmetic of Ptolemy 
The architecture of the middle ages 
The geometry of Descartes 
The architecture of the Renaissance 
The arithmetic of Lagrange 
The architecture of the Enlightenment 
The algebra of Boole
The architecture of the classical period 
The theory of categories
The architecture of the 20th century

The Digital Architectural Model 
Architecture and poetry 
The perspective model 
The probabilistic model 
The crystal
The hybrid
The continuum 
The Oikos
The model concept 1920
The model concept 1950
The model concept 1980
The model concept 2010 
Brand and style

 Subjects with Semester Grade
Number Title Type ECTS Hours Lecturers

052-0502-00L Design and Construction II
Project grading at semester end is based on the list of
enrolments on 3.4.20, 2400 h (valuation date) only.

Ultimate deadline to enroll or unsubscribe from this course
is 3.4.20, 24:00 h.

Obligatory introductory course in model making: 1 week,
from 10th to 14th February 2020, Place (room) will be
announced in due time.

O 8 credits 4V+10G+2U A. Deplazes, D. Mettler, D. Studer

Abstract Designing and constructing will be understood to be a complementarily complementary offer. The content and methodical foundations of
design and construction are taught and deepened through lectures and exercises.

Objective Understanding and dominating the methodology of designing and constructing.
Content Lectures and exercises to achieve the methodology and ability of designing and constructing.
Lecture notes Andrea Deplazes (Hrsg.), Constructing Architecture, From Raw Materials to Building, A Handbook, Birkhäuser, Basel Boston Berlin, 2013
Literature Literature will be published in the lectures.
Prerequisites /
notice

100% of interest and engagement!

Obligatory introductory course in model making: 1 week, from 10th to 14th February 2020, place (room) will be announced in due time.

052-0504-00L Architecture and Arts II
Project grading at semester end is based on the list of
enrolments on 3rd April 2020, 24:00 h (valuation date)
only.
Ultimate deadline to enroll or unsubscribe from this course
is Friday 3.4.20, 24:00 h.

O 8 credits 2V+5G+2U H. E. Franzen, K. Sander,
T. Becker, M. Wermke

Abstract Attendance in the lecture „Thinking and Speaking about Art“. Elaboration of a self-contained artistic work in the framework of the group
mentorates. (Emphasis of grading for the final semester grade: 3/5 final presentation, 1/5 written project-conception, 1/5 drawing
examination in free and perspective drawing).

Objective In the FS20, students prove artistic thinking and practise and develope their knowledge in a mentored course with an independent artistic
work.
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Content Attendance in the lecture „Thinking and Speaking about Art“. Elaboration of a self-contained artistic work in the framework of the group
mentorates. (Emphasis of grading for the final semester grade: 3/5 final presentation, 1/5 written project-conception, 1/5 drawing
examination in free and perspective drawing).

 Examination Blocks
 Examination Block 1

Number Title Type ECTS Hours Lecturers

052-0608-00L Structural Design IV O  2 credits 3G J. Schwartz, P. Block
Abstract In Structural Design IV, students will apply the knowledge gained during the courses Structural Design I, II and III in a semester-long design

project.
Objective At the conclusion of Structural Design IV, the students will be able to:


1. design structures creatively.
2. identify the relationships between architectural concept, structural form, internal forces and building materials.
3. effectuate the transition from architectural concept to structural idea.
4. use graphic statics in a design-oriented manner.    
5. generate structural forms beyond known structural typologies.
6. explore spatial equilibrium by means of physical models.

Content The course begins with a series of lectures that show buildings with a successful integration between architecture and structure. After this,
students are given an architectural design problem and are asked to design a three-dimensional structure using graphic statics and
physical models. The development of the design proposal is supported during table critiques and its evolution is assessed in intermediate
submissions. At the end of the semester, all projects are exhibited and reviewed by structural engineers, structural designers and
architects.

Lecture notes on eQuilibrium
"Skript Tragwerksentwurf I/IIIII/IV"
http://www.block.arch.ethz.ch/eq/course/4?lang=en

Printed versions can be bought at the chair of Structural Design Prof. Schwartz.

Literature "Faustformel Tragwerksentwurf"
(Philippe Block, Christoph Gengangel, Stefan Peters,
DVA Deutsche Verlags-Anstalt 2013, ISBN: 978-3-421-03904-0)

Other Learning Material:
"Form and Forces: Designing Efficient, Expressive Structures"
(Edward Allen, Waclaw Zalewski, October 2009, ISBN: 978-0-470-17465-4)

"The art of structures, Introduction to the functioning of structures in architecture"
(Aurelio Muttoni, EPFL Press, 2011, ISBN-13: 978-0415610292, ISBN-10: 041561029X)

Prerequisites /
notice

To take part in this course, it is recommended to first complete the courses Structural Design I, II and III or to have knowledge of graphic
statics.

052-0806-00L History and Theory of Architecture IV O  2 credits 2V L. Stalder
Abstract The two-semester course offers an introduction to the history and theory of architecture from the industrial revolution up to now. Based on

current questions a variety of case studies will be discussed.
Objective The aim is to give an overview on crucial events, works of art, buildings and theories since the beginning of the 19th century up to now. The

course should enhance the comprehension of historical and theoretical issues, and allow the students to localize their own practice within a
broader historical context.

Content The subject of this lecture course is the history and theory of architecture since the beginning of the 19th century up to now. It examines the
architectural answers to the changing technical inventions and social practices. Consequently, the focus will be less on individual architects
or buildings than on various themes that determined the architecture of the period.

Lecture notes http://www.stalder.arch.ethz.ch/courses

052-0636-00L Mathematic Thinking and Programming IV O  2 credits 2V L. Hovestadt
Abstract Advanced knowledge of  the CAD Programme "Blender"

Advanced knowledge of "Lambda Calculus" and "Mathematica"
Objective Advanced knowlede of the CAD program "Blender"

Advanced knowlede of "Lambda Calculus" and the programming environment  "Mathematica".
Content Introduction to the consistent processing of the following media per code: text, colour, image, graphs, graphic (2D and 3D), animation and

web.

 Examination Block 2
Number Title Type ECTS Hours Lecturers

151-8004-00L Building Physics III: Building Energy Demand and
Urban Physics

O 2 credits 2G J. Carmeliet, K. Orehounig

Abstract Basics and application of thermal comfort, building energy demand and urban physics.
Objective The students acquire basic knowledge in building energy demand and urban physics and apply the knowledge to the design of low energy

buildings and mitigation of urban climate.
Content Topics of the course are: 

- climatic change & energy
- thermal comfort and transparent envelopes
- stationary energy demand
- dynamic heat transport
- urban physics: urban heat island, wind, rain
- durability

Lecture notes The course lectures and material are available on the Website for download (MOODLE https://moodle-
app2.let.ethz.ch/auth/shibboleth/login.php).

052-0802-00L Global History of Urban Design II O  2 credits 2V T. Avermaete, J. Gosseye
Abstract This course focuses on the history of the city, as well as on the ideas, processes and actors that propel their development and

transformation. This course approaches the history of urban design as a cross-cultural field of knowledge that integrates scientific,
economic and technical innovation as well as social and cultural change.
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Objective The lectures in this course deal with the definition of urban design as an independent discipline that nevertheless maintains strong
connections with other disciplines and fields that affect the transformation of the city (e.g. politics, sociology, geography, etc). The aim is to
introduce students to the multiple theories, concepts and approaches of urban design that have been articulated from the turn of the 20th
century to today, in a variety of cultural contexts. The course thus offers a historical and theoretical framework for students’ future design
work.

Content 20.02.2020 / lecture 1: Course introduction
27.02.2020 / lecture 2: Housing and the Industrial City: From Speculative to Cooperative
05.03.2020 / lecture 3: Cities and Ideologies: Building for Healthy Minds in Healthy Bodies
12.03.2020 / lecture 4: Envisioning Urban Utopias
19.03.2020: no class (Seminar Woche)
26.03.2020 / lecture 5: Reconstructing the City, Constructing New Towns
02.04.2020 / lecture 6: New Capitals for New Democracies; New Institutions for Old Democracies
09.04.2020 / lecture 7: Rethinking Masterplanning
16.04.2020: no class (Easter)
23.04.2020 / lecture 8: The Countercultural City
30.04.2020: no class
07.05.2020 / lecture 9: The Postmodern City: From Neo-rationalism to Neo-liberalism
14.05.2020 / lecture 10: Urban Implosion

Lecture notes Prior to each lecture a chapter of the reader (Skript) will be made available through the webpage of the Chair. These Skripts will introduce
the lecture, as well as the basic visual references of each lecture, key dates and events, and references to further/additional readings.

Literature There are three books that will function as main reference literature throughout the course:

Eric Mumford, Designing the Modern City: Urban Design Since 1850 (New Haven, CT: Yale University Press, 2018)

Francis D. K. Ching, Mark Jarzombek and Vikramditya Prakash, A Global History of Architecture (Hoboken: Wiley & Sons, 2017)

David Grahame Shane, Urban Design Since 1945: A Global Perspective (Hoboken: Wiley & Sons, 2011)

These books will be reserved for consultation in the ETH Baubibliothek, and will not be available for individual loans. A list of further
recommended literature will be found within each chapter of the reader (Skript).

052-0708-00L Urban Design IV O  2 credits 2V H. Klumpner, S. V. Baur
Abstract The ‘Urban Stories’ lecture series introduces a city during each lecture. The city’s urban development is described through contemporary

phenomena and is critically presented as strategies and tactics. The urban phenomenon we explore in this course show urban conditions,
models and operational modes.

Objective How can we read cities and recognize current trends and urban phenomena? The lectures series will produce a catalogue of operational
urban tools as a series of critical case studies, and as basis for future practice. Urban Stories introduces a repertoire of urban design
instruments to the students. 
This will empower them to read cities and apply these tools in the urban environment. The course will approach the topic employing
analytical cases on different scales, geographies, in diverse socio-political, ecological and economical environments. With our collection of
tools compiled in a 'toolbox' in the logic of an evolving archive, we aim to tell the fundamental story of contemporary urban development.
This specific analysis offers insight and knowledge that helps students to make informed design decisions. The tools are grouped in
thematic clusters, compared, interpreted and via interviews annotated by local experts. This approach sensibilities the students to
understand how to operate in different local but also international contexts.

Content Urban form cannot be reduced to the physical space. Cities are the result of social construction, under the influence of technologies,
ecology, culture, the impact of experts and accidents. Urban un-concluded processes respond to political interests, economic pressure,
cultural inclinations, along with the imagination of architects and urbanists and the informal powers at work in complex adaptive systems.
Current urban phenomena are the result of an urban evolution. The facts stored in urban environments include contributions from its entire
lifecycle. That is true for the physical environment, but also for non-physical aspects, the imaginary city that exists along with its potentials
and problems and with the conflicts that have evolved over time. Knowledge and understanding along with a critical observation of the
actions and policies are necessary to understand the diversity and instability present in the contemporary city and to understand how urban
form evolved to its current state. 

How did cities develop into the cities we live in now? Which urban plans, instruments, visions, political decisions, economic reasonings,
cultural inputs and social organisation have been used to operate in urban settlements in specific moments of change? We have chosen
cities that are exemplary in illustrating how these instruments have been implemented and how they have shaped urban environments. We
transcribe these instruments into urban operational tools that we have recognized and collected within existing tested cases in
contemporary cities across the globe. 

This lecture series will introduce urban knowledge and the way it has introduced urban models and operational modes within different
concrete realities, therefore shaping cities. Urban knowledge will be translated into operational tools, extracted from cities where they have
been tested and become exemplary samples, most relevant for providing a deeper insight of how urban landscape has taken shape. The
tools are assembled in thematic clusters and  scales for support comparability and cross-reflection. 

Tool case studies are compiled into a toolbox, which we use as templates to read the city and to critically reflect upon it. Furthermore, in
order to better understand the co-production of urban space and the interdependence of influencing factors, we have developed a frame of
reference in the form of the triad PEOPLE (individual and collective stakeholders, lived and percieved space), PROGRAM (simple and
complex instructions, representations and concepts of space use) and ENVIRONMENT (eco-geological, built and constructed space). This
matrix is then applied to the various case studies and its tools in favor to arrive at a trans-disciplinary and multi-perspective approach that
enables socially, ecologically and economically sustainable urban design.The presented contents are meant to serve as inspiration for
positioning in future professional life as well as to provide instruments for future design decisions.

The lecture series is as well a preparation for design studio work and can be deepened and applied in the other teaching and research
projects of the chair. 

For further information: https://klumpner.arch.ethz.ch/

Lecture notes The learning material, available via https://moodle-app2.let.ethz.ch/ is comprised of:
- Toolbox 'Reader' with introduction to the lecture course and tool summaries
- Weekly exercise tasks
- Infographics with basic information of each city
- Quiz question for each tool
- Additional reading material
- Series of interviews with local experts of the different cities

The compiled learning material can be downloaded from the student-server.

Literature Please see 'Skript'.
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Prerequisites /
notice

"Semesterkurs" (semester course) students from other departments or students taking this lecture as GESS / Studium Generale course as
well as exchange students must submit a research paper, which will be subject to the performance assessment: "Bestanden" (pass) or
"Nicht bestanden" (failed) as the performance assessment type, for "Urban Design I: Urban Stories" taken as a semester course, is
categorized as "unbenotete Semesterleistung" (ungraded semester performance).

 Examination Block 3
Number Title Type ECTS Hours Lecturers

052-0808-00L History and Theory of Architecture VI (Substitute Prof.
Ursprung)

O 2 credits 2V N. Zschocke, A. Smith

Abstract History of Art and Architecture since the 1970s
Objective Knowledge of the history of art and architecture since the 1970s. Sensibility for historical processes and for the concepts in the realm of

visual culture.
Content The two-semester course offers an introduction to the history of modern and contemporary art and architecture since ca. 1970. Motivated

by questions of the current discourse, central topics and exemplary works of art and architecture are discussed. Concepts such as "labor",
"economy", "experience", "research", "nature", "diversity" or "surface" are used to focus on specific historical developments and
connections. Art and architecture is considered as a field of cultural change as well as an indicator of social, economic, and political
conflicts which in turn helps to understand historical dynamics.

Lecture notes A video documentation of the lecture class is available.
Literature Required reading will be announced in the class and on the website of the chair.

052-0652-00L Building Process II O 2 credits 2V S. Menz
Abstract The building process is the main focus of this lecture series. The process is understood as a sequence of criteria in time.

Topics: Building legislation, building economics, the people involved and their work, construction and planning organization and facility
management.
Process thinking, acquisition and a glance at our foreign neighbours complete the series.

Objective Alongside a discussion of the basic principles, trends and terminologies, a closer look will be taken at each topic using case studies that
investigate current structures as well as those relevant in terms of architecture and urban design.

Content The building process is the main focus of this lecture series. The process is understood as a sequence of criteria in time. These criteria are
divided into building legislation, building economics, the people involved and their work, construction and planning organization and facility
management. Process thinking, acquisition and a glance at our foreign neighbours complete the series.
Alongside a discussion of the basic principles, trends and terminologies, a closer look will be taken at each topic using case studies that
investigate current structures as well as those relevant in terms of architecture and urban design. Active participation as well as
interdisciplinary and process-oriented thinking on the part of students is a prerequisite.

Lecture notes https://map.arch.ethz.ch
Literature Literaturempfehlungen unter www.bauprozess.arch.ethz.ch

052-0706-00L Landscape Architecture II O  2 credits 2V C. Girot

052-0610-00L Energy and Climate Systems II O  2 credits 2G A. Schlüter
Abstract The second semester of the annual course focuses on physical principles, component and systems for the efficient and sustainable supply

with electricity, daylight and artificial light. This includes concepts of on-site generation of energy, building systems controls and human-
building interaction. Additionally, larger scale building energy systems for districts are discussed.

Objective The lecture series focuses on the physical principles and technical components of relevant systems for an efficient and sustainable
climatisation and energy supply of buildings. A special focus is on the interrelation of supply systems and architectural design and
construction. Learning and practicing methods of quantifying demand and supply allows identifying parameters relevant for design.

Content Efficient buildings and integrated design
Renewable, on-site energy generation
Daylight and artificial light
Intelligent buildings: automation and user
Urban energy systems

Lecture notes The slides of the lecture serve as lecture notes and are available as download.
Literature A list of relevant literature is available at the chair.

052-0508-00L Architectural Technology VI O  2 credits 2G M. Peter
Abstract The lecture series explores the correlation among intentions of design, architectonic expression and construction premises. These critical

areas or aspects of study, which are presented with selected projects, their respective theoretical backgrounds and historical development,
are pluralistically associated and brought into relation with varying contemporary opinion.

Objective The final part of the lecture series Konstruktion V/VI aims to analyse (structural) construction techniques and their formal appearance and
expression in their interrelation.
The different themed parts of structural design, building shell and knowledge of material get connected with architectural design in practice
and reflected in the wider context of architectural theory. The intention is to consolidate the understanding of the connection between
structure, process and formal appearance and expression in the architecture of the 20th century.

Content The lecture series in the course entitled Architecture and Construction explores the correlation among intentions of design, architectonic
expression and construction premises. Each lecture is focused on individual themes, as for example, the application of certain materials
(glass, or natural stone), of particular construction systems (tectonic, hybrid) or design generators (grids, series) and alternatively the
search for a definable, tangible architectural expression (vernacular architecture, readymades). These critical areas or aspects of study,
which are presented with their respective theoretical backgrounds and historical development, are pluralistically associated and brought
into relation with varying contemporary opinion. The yearlong lecture cycle is comprised of twenty individual lectures, in which the majority
of projects being analyzed date from the last few decades.

Lecture notes The brochures published by the chair offer additional help. Knowledge of these brochures and their key subjects is recommended for the
exam. The brochures can be ordered at the chair after the last lecture before the examination. However, the subject matters of the
brochures and the lectures are not identical, the brochures provide information for a deeper understanding of the lectures. Apart from
additional articles written by the chair, the brochures are composed of three modules: Project documentation, crucial texts on the work
reception as well as theoretical articles about the particular thematic priorities by various authors. Concerning their content these
anthologies allow insights into a wide range of theories, lines of reasoning and fields of research up to diverging point of views of specific
problems.
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Prerequisites /
notice

General remarks (on exam as well as exam preparation)
The comprehensive topics of the lectures are the subject matter of the exam. The lectures are scheduled for a full year (Konstruktion V/VI)
and therefore the knowledge of the subject matter of the running as well as of the preceding semester's lectures is required. To improve
your chances to pass the examination at first try, we strongly recommend you to take the exam after having visited the lecture during two
semesters. A “Leistungselement" as an interim examn will take place as part of the lecture in the first half of the semester. The interim
examn is voluntary. It will be conducted under examn conditions and will be graded. Its grade will contribute to the overall grade of the
course, if it has a positive influence.

 If you are an exchange student, or a student from a different department and wish to take a partial examination covering only the subject
matter of the last semester (Konstruktion V or VI), you need to contact the chair in advance.

 Architectural Design
 Architectural Design (4. Semester)

Number Title Type ECTS Hours Lecturers

063-0502-00L Lecture Series in Design and Architecture: In
Conversation with ...
The lectures are partially held in English.

O 0 credits 1V A. Caruso, A. Brandlhuber,
J. De Vylder, A. Holtrop,
E. Mosayebi, E. Prats Güerre,
A. Theriot

Abstract The lecture series of the Institute of Design and Architecture - in the FS20 provides students with an overview of the various positions of
the teachers within the IEA (Institute Design in Architecture).
 
Further information is available at www.iea.arch.ethz.ch.

Objective The lecture series of the Institute of Design and Architecture - in the FS20 provides students with an overview of the various positions of
the teachers within the IEA (Institute Design in Architecture).
 
Further information is available at www.iea.arch.ethz.ch.

Prerequisites /
notice

The lectures are offered in English or German:

25.02.20: Arno Brandlhuber 
10.03.20: Alexandre Theriot
24.03.20: Elli Mosayebi 
31.03.20: Anne Holtrop
07.04.20: Jan de Vylder
28.04.20: Eva Prats
05.05.20: Adam Caruso





052-0542-20L Architectural Design IV: Real Archaitecture - To Main
Street (E.Christ / Ch.Gantenbein)
http://www.einschreibung.arch.ethz.ch/design.php).
Students who do not wish to change the design class
don't have to participate in the internal enrolment.

Project grading at semester end is based on the list of
enrolments on 3.4.20, 24:00 h (valuation date) only.
Ultimate deadline to unsubscribe or enroll for the studio is
3.4.20, 24:00 h.

W 14 credits 2V+14U E. Christ, D. Mettler, A. Spiro,
T. Emerson, C. Gantenbein,
D. Studer

Abstract What about the historic city centre?
Design an urban project with a concrete program in four steps:
1. Reading of the place, recognition of potentials
2. Translation of the findings into a scenario - social, political
3. Through architectural principles: Translation into a spatial structure
4. Develop a real project

Objective The ultimate goal of the semester is the independent development of an architectural project that deals with a current issue. The design
comprises not only all levels of scale, from urban planning to constructive questions, but also the entire design process - from reading a
concrete location to formulating an attitude to one's own project, from building up an argument (linguistically as well as architecturally) to
the precise expression of the building through the appropriate means of representation.
- Analysis of a real, inner-city context on site and with various media (photography, drawing, sketch)
- Use of different design techniques, especially collage
- Dealing with basic architectural principles and their creative implementation in a project
- Developing an independent, complex architectural project from the urban setting to the construction
- Drawing architectural perspectives in addition to ones with conventional representation techniques (plan and model)
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Content The second semester of our studio is the conceptual counterpart to the first semester: The ideal form without place and time is contrasted
with the real project in a real environment, in the here and now. The Prachtsstrasse becomes the “Main Street” of Basel: the Freie Strasse.

The “Main Street“ is the paradigm of the street as a place of exchange for civil society. This historical model is challenged today by
changes in consumer behavior and lifestyle habits. In the field of tension between the demands of local preservation committee,
international franchises and citizens, we are confronted with the current, explosive question: What do we do with the historic city centre?
How can we rebuild the inner city into an everyday living space of tomorrow's city through a critical examination of the site? The task is to
find a visionary scenario for the contemporary needs of urban life and to create an architectural form for it. In which buildings and spaces
do we want to shop, live, work and spend our leisure time?

The site is the starting point of the design: We examine the existing both on the basis of historical archive material and during an excursion
to Basel. Drawing on what has been seen, we will recognize potentials, characteristics, but also problems that are not visible at first glance.
These insights are the starting point of the scenario. The scenario describes the spatial intention of the project but also defines the specific
plot, the size of the project and the concrete programme.

This first idea of what could happen along Freie Strasse in the future will be given an architectural form by implementing the repertoire of
principles that we developed together in the first semester from the Genoese projects. The first step is to make collages in which site and
vision clash directly - a first image for the building to be designed. From this a typological design is then developed in plan and model.
Through systematic refinement - supported by working models and drawings - the concrete project is finally created.

The abstract idea of architectural form is thus translated into a concrete and specific phrasing. And here in its concrete use, form will gain
its social, economical as well as political relevance. And the ideal should become real.

Prerequisites /
notice

BUK IV: 
Introductions 19.2. und 26.3. (10 h, seminar area HIL F 61)
Exercises: 26.2.; 5.3.; 2. und 9.4.;
Submissions: 12.3. und 16.4.
Final critics/event: 7.5.

052-0544-20L Architectural Design IV: Albis Arena (Emerson)
Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php).
Students who do not wish to change the design class
don't have to parcitipate in the internal enrolment.

Project grading at semester end is based on the list of
enrolments on 3.4.20, 24:00 h (valuation date) only.
Ultimate deadline to unsubscribe or enroll for the studio is
3.4.20, 24:00 h.


W 14 credits 2V+14U T. Emerson, D. Mettler, A. Spiro,
E. Christ, C. Gantenbein, D. Studer

Abstract We shall design an arena, a public building for performing and watching sport. With origins as landscape structures in ancient times,
arenas are typically defined by ground; dug in, cut and sculpted earth and stone. Then they rose out of the ground as pure-structure never
fully enclosed.
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Objective ANALYSIS

Undertake several types of research simultaneously including:
-Qualitative site/building analysis (photographic, drawing)
-Basic topographic surveying including making tools and/or devices for horizontal and vertical measurement
-Systematic analysis (inventory of uses, material history, social history, etc…)
-Technical analysis (geology, climate, ecology)
-Interpret and synthesise information above into a concise and ongoing knowledge base for the design of a project.
-Assimilate small, fragmentary observations into broad understanding of place, building, etc…


ARCHITECTURAL DESIGN

-Prepare 2D and 3D line drawing of built fabric and landscape structures under observation
-Formulate a spatial concept for a project, demonstrating an understanding of conceptual, spatial and programmatic decisions
-Demonstrate an ability to design interior and exterior spaces, as well as the space around a building
-Consider and understand the relationship and impact of a design on a wider landscape.
-Develop an integrated and relevant structural, constructional and environmental concept for the project
-Demonstrate understanding of the environmental performance of a project
-Demonstrate a good understanding of professional regulation and ethical responsibilities of the architect
-Demonstrate that all proposed designs are fully accessible
-Develop designs with reference to historical, political, cultural and other creative and technical fields 
-Demonstrate, through design work, a growing knowledge of contemporary and historical architectural discourse
-Demonstrate, through design work, a critical understanding of climate change and the ethical responsibilities of the architect


REPRESENTATION

-Develop a critical eye in photographic recording of both place and design work with reference to broad photographic traditions
-Develop ability to make fast sketch models and complex presentation models with precise conceptual purpose
-Develop high level of skill in 2D and 3D line drawings
-Develop an understanding of the status and purpose of different kinds of representation, and deploy them effectively
-Use detailed drawings and models to illustrate the constructional concept of a project
-Demonstrate high technical and critical proficiency in 2D and 3D CAD drafting and modelling
-Demonstrate high technical and critical proficiency in image making and collage


COMMUNICATION

-Demonstrate ability to work, learn and communicate as a whole studio, in small groups and individually.
-Develop ability to assimilate a broad range of working practices.
-Be able to clearly and concisely describe a concept, working practice, and outcome.


EVALUATION

The semester work will be graded as a whole after the final crit. The grade will reflect the project presented in the final crit and overall
progress during the semester. The final grade will include individual project work and contribution to group work and seminars. Grades are
given to individuals and not to pairs or groups.

There will be no arithmetic breakdown to the final grade. You will be given feedback on progress during the interim crits and in tutorials.
Questions regarding individual progress can be raised in tutorials. Written warning will be sent to students at risk of failing (however the
absence of such letter is not a guarantee of a pass).

Each student is responsible for recording feedback during crits and you are encouraged to ask a colleague to take notes during for you.

Content “Ecological awareness is just another name for context explosion.”


"we simply can’t be on the outside looking in"


Being Ecological, 2018, Timothy Morton

Far from being banal, mono-functional spaces away from the richness of metropolitan culture, the edge of cities are vital and multi-layered
territories where work, leisure and sport are integrated in productive and ecological landscapes that have a great deal to offer
contemporary life. The diversity of architectural types and landscapes documented in the Friesenberg Atlas could be seen as attempt to
describe the nature of place. The design for Vereins made last semester have also demonstrated how small community organisations live
together, interconnected with infrastructures, diverse topographies and ecologies to create a natural territory. And how even the smallest
interventions can transform an ecosystem. Adjustments to walking patterns, to enclosures and openings on the surface change everything
below or besides. Reimagining former architectures can create new things from the ends of others. It is a big space and a small space. Like
the Eames’ The Powers of Ten, it is logarithmic, oscillating between the miniscule and the epic. Drawing the Atlas led the way with lines
that literally describe the walk through the city, the blade of grass points to the lie of the land. Most of all, the Atlas and Verein have shown,
far from being amorphous spaces, powerful spatial structures can bring beauty, biodiversity and human action into what can be seen as
The Great Interior. This semester, we shall explore how larger structures bring another social, material and spatial disciplines to these edge
spaces. We shall design an arena, a public building for performing and watching sport (and perhaps more). With origins as landscape
structures in ancient times, arenas are typically defined by ground; dug in, cut and sculpted earth and stone. Then they rose out of the
ground as pure-structure never fully enclosed. We will look for how structure and materiality can be the conceptual and technical engine of
architectural design.

We shall frame the design process in terms of the complex and very much contested field of energy. What is embodied energy? It concerns
the body of course, the athlete and the human physicality the arena celebrates. But it also concerns the urgent field weighing and
measuring our resources as we attempt to recast our use of resources. It concerns design. The body may be analogous to our material
world; fragile, weak, requiring extreme care to ensure its health, wellbeing and happiness. But also strong, inventive, resourceful and
capable of extraordinary good just as it can inflict untold violences. How are these measured and calculated and what value does it have as
our culture runs blindly towards catastrophic climate change? How do we design another great interior?
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Literature The Way We Work                         
Why Read the Classics? by Italo Calvino         
 
Making                                 
The Nature and Aesthetics of Design by David Pye
We Were a Team by Carlo Scarpa & Saverio Anfodilla     
 
Photography and Image                         
On Photography  by Susan Sontag
Stuff Matters  by Marc Miodownik     
 
Drawing                             
Linien auf Papier  by Tom Emerson
Instauratio Urbis  by Pier Vittorio Aureli

Prerequisites /
notice

EVALUATION

The semester work will be graded as a whole after the final crit. The grade will reflect the project presented in the final crit and overall
progress during the semester. The final grade will include individual project work and contribution to group work and seminars. Grades are
given to individuals and not to pairs or groups.

There will be no arithmetic breakdown to the final grade. You will be given feedback on progress during the interim crits and in tutorials.
Questions regarding individual progress can be raised in tutorials. Written warning will be sent to students at risk of failing (however the
absence of such letter is not a guarantee of a pass).

Each student is responsible for recording feedback during crits and you are encouraged to ask a colleague to take notes during for you.

052-0546-20L Architectural Design IV: Small Pleasures of Life.
Housing at the Lake Shore (A.Spiro)
Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php).
Students who do not wish to change the design class
don't have to participate in the internal enrolment.

Project grading at semester end is based on the list of
enrolments on 3.4.20, 24:00 h (valuation date) only.
Ultimate deadline to unsubscribe or enroll for the studio is
3.4.20, 24:00 h.

W 14 credits 2V+14U D. Mettler, A. Spiro, E. Christ,
T. Emerson, C. Gantenbein,
D. Studer

Abstract In the 4th semester, we design residential buildings in an urban context. Within the quarter analysed in the 3rd semester, you are going to
choose your own site and develop a specific housing project for the respective location. The starting point is provided by building elements
and spatial situations, which we measure during visits of buildings at the beginning of the semester.

Objective - Design of an urban apartment building with a specific, context-related form of living
- Learning about standards and typologies in housing
- Anchoring in urban space through intensive examination of the transition between inside and outside
- Understanding the relationship between structure, construction, space and detail
- Draft and entry situation and development idea from city space to the apartment
- Development of a spatial and atmospheric quality and materialization
- Development of components in the interior and on the facade on a scale of 1:10 and 1:20
- High quality representation in collage, line (axonometry, floor plan 1:50, detailed drawing) and model (interior model 1:33 and 1:20,
sectional model 1:10)

Content In the course of the semester, you will develop a specific urban living space that can be flexibly inhabited by a wide variety of users. You
anchor your designs in urban space through an intensive examination of the façade and the private outdoor space, but also through the
examination of the ground floor in the urban environment as well as the development of the exterior space to the apartment.

Through inspections, the study of references and in lectures, you develop a wealth of knowledge about a wide variety of components from
the wall to the stairs to the kitchen. Based on a single component, you develop your floor plan. In doing so, you will familiarize yourself with
different types of floor plans and get to know the principles of building depth, orientation and the relationship of the apartment to the outside
space.

Based on your layout idea, you derive the construction method for your project. You locate it by choosing your building site in the district.
The conditions of the respective construction method and the parameters of the location form the framework for the design of a
contemporary urban façade.

As a design tool, you can work with 1:20 and 1:10 scale models. With the support of the materials library, you not only develop the
atmospheric qualities in the living space from the optical and haptic properties of the materials used, but also develop a constructive
knowledge. The focus is on the greatest possible match between structure, space and materialization.

In addition to the detailed plan presentation on a scale of 1:50, which we devote ourselves to during the course of the semester, you map
the spatial aspects of your project in digitally processed model photographs and are guided by photographers. The cooperation in groups of
two allows the necessary depth of work.

For more detailed information, please refer to the announcement of the semester course in January.

Lecture notes The course materials is provided by the chair.
Literature Excerpts will be provided by the chair.


et al
- Rem Koolhaas - Elements of Architecture
- Christopher Alexander - A Pattern Language
- Camillo Sitte - Urban design according to its artistic principles
- ...
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Prerequisites /
notice

Senior Assistant: Florian Schrott
Assistants: Sofia Pimentel, Norbert Zambelli, Daan chef Daniel Penzis, Rosário Gonçalves

Introductions BUK IV: 19.2. und 26.3. (10 h, seminar area HIL F 61)
Exercises: 26.2.; 5.3.; 2. und 9.4.;
Submissions: 12.3. und 16.4.
Final critics/event: 7.5.


The design course is held in groups of 2 students (few exceptions).

 Architectural Design (from 5. Semester on)
Number Title Type ECTS Hours Lecturers

063-0502-00L Lecture Series in Design and Architecture: In
Conversation with ...
The lectures are partially held in English.

O 0 credits 1V A. Caruso, A. Brandlhuber,
J. De Vylder, A. Holtrop,
E. Mosayebi, E. Prats Güerre,
A. Theriot

Abstract The lecture series of the Institute of Design and Architecture - in the FS20 provides students with an overview of the various positions of
the teachers within the IEA (Institute Design in Architecture).
 
Further information is available at www.iea.arch.ethz.ch.

Objective The lecture series of the Institute of Design and Architecture - in the FS20 provides students with an overview of the various positions of
the teachers within the IEA (Institute Design in Architecture).
 
Further information is available at www.iea.arch.ethz.ch.

Prerequisites /
notice

The lectures are offered in English or German:

25.02.20: Arno Brandlhuber 
10.03.20: Alexandre Theriot
24.03.20: Elli Mosayebi 
31.03.20: Anne Holtrop
07.04.20: Jan de Vylder
28.04.20: Eva Prats
05.05.20: Adam Caruso





052-1202-20L Preparation Semester Free Master Thesis FS20 W 14 credits 16A Lecturers
Abstract Preparation semester for a self-determined Master thesis within the Department of Architecture. of ETH Zurich.
Objective Self-dependent development of a program, according to which one intends to realize a free master thesis in the following semester.

052-1102-20L Architectural Design V-IX: Suburban Architecture.
Ilanz, the first City on the Rhine (G.A.Caminada)
Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php).

Project grading at semester end is based on the list of
enrolments on 3.4.20, 24:00 h (valuation date) only.
Ultimate deadline to unsubscribe or enroll for the studio is
3.4.20, 24:00 h.

W 14 credits 16U G. A. Caminada

Abstract Der weit verbreiteten Haltung die Stadtkerne zu schützen, wohingegen am Rand vieles erlaubt ist, wollen wir mit unseren Entwürfen
entgegenwirken. Wir planen Architekturen an strategisch wichtigen Situationen mit dem Ziel, starke Wirkungen in sich und nach aussen zu
schaffen. Wir wollen damit ein Interesse für eine sorgfältige Stadtentwicklung erreichen und den politischen Diskurs fördern.

Objective Architektur erfordert eine feine Wahrnehmung des Bestehenden und einen mutigen Entwurf für das Kommende. Als grundlegende
Voraussetzung für beide Momente erachten wir eine, aus dem lebensweltlichen Kollektiv zu entwickelnde, tragfähige Haltung.

Ziel des Kurses ist es, die Sensibilität für eine solche Haltung zu stärken. Gleichzeitig sollen die Fähigkeiten erlernt werden, um diese
Haltung wirksam werden zu lassen. Die Auseinandersetzung mit der unmittelbaren Wirklichkeit von Konstruktion und Material spielt dabei
eine tragende Rolle.
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Content Ilanz is the first city on the Rhine and lies in a trough-shaped landscape, at the intersection of various valleys. From an urban planning
perspective, Ilanz underwent a major change at the beginning of the 20th century. The Rhaetian Railway favored immigration and the
establishment of public institutions. Ilanz became the regional center of the Surselva. The city experienced the greatest political change
when it gave up its independence as a community a few years ago. Ilanz is now the administrative center of the large municipality of Ilanz /
Glion, which was newly formed together with twelve municipalities in the area.

Ilanz has a neat and compact old town. Around this core, from the planning point of view, a belt of educational institutions, service
companies, shops and industrial buildings was created. Other communities also wanted to grow and attract as many residents as possible;
land was continuously zoned. Above all, second homes and single-family houses were created. There was no view of the common good.
Due to the constant zoning of building land, building was not carried out where it would make most sense, but rather in places where
building land was available and attractive for individual purposes. A lack of planning and a commercial force were the decisive causes.

With our designs, we want to counter the widespread attitude of protecting the city centers, whereas a lot is permitted on the outskirts. We
plan architectures in strategically important situations with the aim of creating strong effects both internally and externally. We want to
achieve an interest in careful urban development and promote political discourse - a federalism that has spatial planning and architectural
goals and requirements in the merged community of town and surrounding villages.

Ensembles and strong buildings belong to every place. In their relationship, the chaotic in between is usually relativized. A place is never a
whole or in other words: there are contradictions, exclusions, thresholds in every place.

We design a housing estate, an ensemble of workshops, a valley station to the Bündner Rigi and an industrial building for the production of
alternative energy. The buildings are at different distances from the historic old town.

We find ideas and examine which means support the design. Specialists contribute to transdisciplinarity that enables different paths to the
same or a common goal. It's not so much about filling gaps in knowledge as it is about promoting the discipline of architecture.
In his book The Value of the Surface, Philip Ursprung writes about the collaboration between the architect Peter Zumthor and the
photographer Hans Danuser; and about the terrain vague in the work of Lara Almarcegui. Photographers have focused on abandoned
places that evoke emptiness, absence, but the space of the possible and the expectation. These promises support in advance of the
architecture. The collaboration of architecture with other disciplines can open up possibilities in the process of designing.

Photography can also be used to discover pictures of industrial grandeur in the periphery of Ilanz. Seduce you. But what are the qualities of
these places as living spaces?
First of all, we want to use different approaches to explore and sense the terrain of Ilanz. Strong locations in the belt around the core of
Ilanz are then the goal of the design. The quality of built spaces lies in the relationship to different entities in the perceivable context.
Turning to things creates values that are more than function and form in a multi-layered fabric. Architecture arises from the diverse
autonomy of the place - an autonomy that is supported by the local context and its conditions, but also by external influences.

Prerequisites /
notice

Individual work only.
Crit: 7.4.20.
Costs ca. CHF 100.--, (seminar week not included).

052-1104-20L Architectural Design V-IX: Museum Format (GD A.
Antonakakis)
Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php).

Project grading at semester end is based on the list of
enrolments on 3.4.20, 24:00 h (valuation date) only.
Ultimate deadline to unsubscribe or enroll for the studio is
3.4.20, 24:00 h.

W 14 credits 16U A. Antonakakis

Abstract The studio investigates a contemporary version of a cabin with an “extended bed” and a field understood as a different public realm. These
two architectural conditions even if still unnamed, show already existing tensions of the social sphere produced while different relations
occur between users and the network.

Objective The aim of this workshop is to articulate the team position and some responses in relation to this description of the current social
phenomena. Sociality is represented here as a function of isolated cabins in a common but uncanny social living room. This common field
is also consumed as a space of the infrastructure.
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Content The studio investigates a contemporary version of a cabin with an "extended bed" and a field understood as a different public realm. These
two architectural conditions even if still unnamed, show already existing tensions of the social sphere produced while different relations
occur between users and the network. The cabin and the field to be designed is also the design of oneself stabilized in front of the network.
Both the cabin and the field in which it is included become increasingly visible while massive populations of different categories move, while
people's lives relate to shifting environments, and while people increasingly inhabit temporary spaces. They show two conditions related to
this instability in a strange way; somehow they capture something stable in the realm of this instability; they crystallize body poses in front
of the individual spectacles provided by the network.

Intentions of the studio and tensions of the current social sphere

The aim of this workshop is to articulate the team position and some responses in relation to this description of the current social
phenomena. Sociality is represented here as a function of isolated cabins in a common but uncanny social living room. This common field
is also consumed as a space of the infrastructure. This social field functions as depending on the network and as an extension of it. It is
named for the working hypothesis of this studio the "infrastructure village"; and the purpose of the "infrastructure village" is to install an
imaginary relation with unexisting locations where humans find a meaning to spend their time. Related or not to "real" locations and
pragmatic backgrounds, "Elsewhere" -a non-place beyond the bed-desc-position is proposed as the banality of this common field (where
the exotic seems to play a significant normalizing role). Elsewhere is a key element for the structure of the post-network "cell of
interconnected domesticity". It is the ever transposed core of the cabin and the field; and this continuous transposition is viewed as a
dramatic emptiness.

A study of the evolution of ‘modern domesticity’ in architecture, the meanings of its microscale and its expansions, will lead to
representation and transformations of the material studied. A few numbers of examples will lead the research. Domesticity had an
important role in shaping modern architecture; the rationalization of the city is related to expansive forms of the domestic. Modern domestic
settings drove to transformations of the urban landscape. A different domesticity can be presented as already forming city cells and
common fields that push the urban phenomena to radical transformations. Formal, material and social experimentation touch the social and
political imaginary that could shape a different urban reality. This shaping is not exempt from a certain theatricality. This study is organized
both allegorically and literally, elaborating material in a practical and a theoretical level; it is introduced as an inhabitable set design where
many performances can take place. The stability of the "infrastructure village" is so different from Aldo Rossi’s "scena fissa" (stable scene). 

Research and Proposals 

The studio will first research on issues and produce settings for extended beds included in more or less open cabins. Designing extended
bed surfaces instead of homes is the first part of the research. In a second parallel level, a living common field of a larger scale is asked to
be designed, in immediate relation to the individual cabins and with the possibility to host common activities of diverse kinds.

Experimental formats of presentation could include dioramas, animated drawings, models, videos, axos, and vector images and books
including the produced material and texts.

After the choice of an existing semi - abandoned site a projection of the remarks will be done to complete the investigation. Finding a site is
a first important research.

Prerequisites /
notice

Individual and group work, thereof 1-2 weeks group work.
Costs: Approx. CHF 100.--, (seminar week not included).

Intermediate critics: 
10./11.3.20 (10-15 h); 7.4.20; 6.5.20.

Introduction: 18.02.20, 11:30 h, HIL F 75.

052-1106-20L Architectural Design V-IX: Making Meandering
Meaning (a.o. Prof. J. de Vylder)
Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php).

Project grading at semester end is based on the list of
enrolments on 3.4.20, 24:00 h (valuation date) only.
Ultimate deadline to unsubscribe or enroll for the studio is
3.4.20, 24:00 h.

W 14 credits 16U J. De Vylder

Abstract The studio is organised in two movements. The aim is to understand the relation between the making—construction, material and detail—
and the meaning—context, culture and tradition—. At the start of Movement 1, the students are divided into groups of 3 persons. In
Movement 2, the studio shifts towards individual work.
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Objective EPILOGUE
Architecture is not a matter of architecture.

AUTONOMY
Perhaps it is a matter of autonomy. Autonomy of the architect. Yes, scale. Yes, context. Yes, references. Yes, materials. Yes, colours. Yes,
as much as it is always the case. But to find a distance all of a sudden. And to celebrate the autonomy. Which makes a difference.

UNIVERSE
Perhaps it is a matter of the universe. The rearrangement of what can be rearranged as a new world. A different world. Or at least as a
different perspective on that world. A world known by no one but desired by everyone.

BRAVOURE
Perhaps it is a matter of bravoure. A matter of always and everywhere making things possible again. As possibilities no one expected. As
to make possible that which was not and could
not be expected.

LIFE
Perhaps it is a matter of life. A matter of how life can be understood and how life can be imagined. How it can and should be differently
imagined. But how it really makes life. How it is allowed to make life. As a part of making life. And doing so.

WENDUNG
Perhaps it is a matter of wendung. A matter of going somewhere and bringing things found along the way. The wendung as the direction
where to go.

PLEASURE
Perhaps it is a matter of pleasure. The pleasure of seriousness. The seriousness of pleasure. With pleasure things go better. And become
better. Giving more pleasure afterwards.

MAKING
Perhaps it is a matter of making. The making of things. How to make them. How to make them just so differently.
Differently, yes, but definitely as making.

Content PROLOGUE
A cool glass of white wine on a Sunday afternoon. How you drink a glass of cool white wine with friends visiting on a Sunday morning,
while you prepare lunch in the kitchen.
At first sight, this question has little to do with architecture. It is not really a question about a structural issue. Nor is it a question about a
conceptual idea. But it is perhaps the only real question architecture should pose itself. How architecture can contain real  life. Or rather, to
make a difference for those moments. To capture those moments of life with students. It is a start. A chance for architecture.

RE-PRACTICE PRAC-TEACH
Re-practice and prac-teach underlines the idea of ‘teach-ing’ and ‘re-search’ from out of a practice based perspective. A perspective which
is about making and meaning. About realising and reflecting. About meandering between the making and the meaning. But also between
worlds—finding other universes—and ideas—ongoing and revolving—and cultures—the journey in between.

UNIVERSUM CARROUSEL JOURNEY
This studio is called universum carrousel journey. This studio’s atelier will be given the title universum. The lectures will be held under the
title carrousel. And the travels will be named journey. But they will be interchanged at times. As the studio is named universum carrousel
journey.

MAKING MEANDERING MEANING
The studio is organised in two movements. In the first movement, the studio will study five different exemplary houses though three
different cultures. Belgium, Switzerland and America. For each culture five houses. One will be about ‘architecture history’, one about
‘typology and tradition’, one situated in ‘the 20th century history’, one ‘the 21st century history’ and one of a ‘non defined quality’. The study
will happen by section drawings and detailed scale models. The aim is to understand the relation between the making— construction,
material and detail—and the meaning— context, culture and tradition—.
In the second movement the studio will design for each house two neighbouring houses. Of course each time based on the ideas of the
other cultures. Like for example next to the American exemplary house two new houses will arise but based on the Belgian and Swiss
understandings built up in the first movement. Drawing and modelling are once again key.

REGARDING THE FIRST MOVEMENT
Each group will study each time 3 reference houses.
Each time another culture (a Belgian, a Swiss and an American). And each time of another time or quality frame. As pointed out under
‘making meandering meaning—see above—.

REGARDING THE SECOND MOVEMENT
Each student of each group will work on 2 houses and implement them as neighbours towards the 3rd house.
Each neighbour house will be a transcription of the reference houses studied in the first movement.
- The Belgian reference will be flanked by a Swiss and an American transcription.
- The Swiss reference will be flanked by an American and a Belgian transcription.
- The American reference will be flanked by a Belgian and a Swiss transcription.
The choice of cultural transcription will be proposed by the students but each neighbouring situation should embrace all the different
cultures.

THE ATELIER
The studio environment is a place to debate the production
since the last studio moment. Presentation and reflection are the keywords of the studio meeting. All material since the last studio moment
is available as also eventual specific presentation material illustrating that production. Students will attend each studio moment.

Prerequisites /
notice

Extra costs: CHF 1'500.-- per student (seminar week not included).
Critics: 31.3.2020.
     
Individual and group work, thereof 5 or more weeks group work.

052-1108-20L Architectural Design V-IX: A New Indigenous
University in the Colombian Rainforest
Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php).

Project grading at semester end is based on the list of
enrolments on 3.4.20, 24:00 h (valuation date) only.

W 14 credits 16U A. Lacaton
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Ultimate deadline to unsubscribe or enroll for the studio is
3.4.20, 24:00 h.

Note: This is a 2-semester-studio (HS19/FS20). Special
conditions see description!
Student limit in HS19 and FS20: 18.

Abstract The project encompasses the conception of an Indigenous University as well as the architectural planning and building of the campus in
southern Colombia. 
This subject will be treated over two semesters, HS19 and FS20, even it is only possible to apply for one semester.

Objective The site is a 400 ha plot of forested indigenous-owned land adjacent to a large National Park of extraordinary biodiversity. The project is
initiated by the Inga indigenous people who currently lack an institution for higher education in the region, particularly one that is tailored to
the requirements of a life in the territory. Located at the confluence of Western contemporary environmental science and an indigenous
cosmological understanding of interaction with Earth and all species, the project sets out to investigate the possibilities of merging these
strands of knowledge production in fertile ways. The focus will be on herbology, biodiversity, agro-ecology, forest conservation, bioethics
and medicinal knowledge. The program is open to all ethnic groups in the region and to international students.

The indigenous university project offers the opportunity to confront a context completely different from the conditions we know in Europe.
This requires exploring new ways of working, analyzing, researching, collaborating with people coming from another culture in order to be
able to respond intelligently to the given program.
The goal is not to transpose tools and methods applicable in our Western context, but rather to put ourselves in a position of maximum
openness to understand as best as possible the objectives of such a project, in order to bring the most intelligent answers.
This means spreading the research over two semesters, even if the group of students will be different between the first

Content 1/ Research in teams; collaboration with the students of local university and the territories.
Topics: geography, climate, biology, history, architecture (construction, infrastructure, etc.), agriculture, ecology, culture, education, etc. 
2/ Definition of spatial program for the campus
3/ First concepts
All this work will be transmetted to the students of the second semester, in order to continue the work, which will consist in the elaboration
of projects for the campus.

Prerequisites /
notice

No seminarweek FS20.

052-1110-20L Architectural Design V-IX: Meteora 02 - Chambers of
Arguments - "Freihaus"
Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php).

Project grading at semester end is based on the list of
enrolments on 3.4.20, 24:00 h (valuation date) only.
Ultimate deadline to unsubscribe or enroll for the studio is
3.4.20, 24:00 h.

W 14 credits 16U L. Hovestadt

Abstract "Freihaus" is a quiet place in the center of the city - Moscow, Buenos Aires, Zurich.
"Freihaus"  likes your intellect.
You are safe in the "Freihaus" if you argue and do not shout. *Freihaus"  knows everything.
Nothing leaves the "Freihaus", no text, no image, no thing, no money, no sound ... no nothing - but you!

Objective 1) Identification and understanding of the challenges of todays technologies;
2) techniques of working within the plenty of the internet;
3) a methodology to design digital architectures;
4) understanding of the shift from hard building construction to soft building applications, and
5) an understanding of the importance of becoming a literate digital persona in order to be an architect today.

Content it is violent out there.
all arguments dead.
trump vs greta.
fakes vs attitude.
terror vs tyranny.
everything is science.
or art.
or not.
arguments, sanctions.
you can’t improve by doing better.
white noise.

"Freihaus" is a quiet place in the center of the city - Moscow, Buenos Aires, Zurich.
"Freihaus"  likes your intellect.
You are safe in the "Freihaus" if you argue and do not shout. *Freihaus"  knows everything.
Nothing leaves the "Freihaus"
no text, no image, no thing, no money, no sound ... no nothing, but YOU.

module 1 on text [ichnographia]
on the conciousness of our planet on the talks of the chambers

module 2 on images [orthographia]
on the awareness of our planet on the dreams of the last night

module 3 on models [scenographia] 
on the constitution of the house
on the architectonics of the chambers

Prerequisites /
notice

Individual work only.
Crits:10.3. / 7.4.
No extra costs.

052-1116-20L Architectural Design V-IX: Cattle Behaviorology in
Switzerland Designing Urban Rural Commons
Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php).


W 14 credits 16U M. Kaijima
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Project grading at semester end is based on the list of
enrolments on 3.4.20, 24:00 h (valuation date) only.
Ultimate deadline to unsubscribe or enroll for the studio is
3.4.20, 24:00 h.

Abstract In 2020 Spring Chair of Architectural Behaviorology studies on designing architecture for new livelihoods focused on cattle breading,
aiming to design Urban Rural Commons. Our field of study will be in the valley of Goms, in Wallis, an intra-alpine valley. Students propose
the Urban Rural Commons to locals by drawings and models.

Objective Architectural Behaviorology
The development of modern technology and industry in the 20th century has constructed a barrier between our everyday life and local
resources such as nature, human skills, and their knowledge. Architectural Behaviorology is our architectural design method which focuses
on creating a better accessibility to such resources. Our objective is to cultivate these resources in order to rediscover their forgotten
potential through the lens of ethnographical network, and activate them by proposing an architectural design. The program under the Chair
of Architectural Behaviorology focuses on 6 themes along 6 years: 'Window Behaviorology' 'Genealogy of Architectural Typology' 'Actor
Network of Timber Construction' 'Urban-Rural Exchange' 'Urban Hybrid' 'Urban Commons,' developing one theme both in Japan and in
Switzerland/Europe each year.

Understanding of Architectural Behaviorology concept
Learning research method
Learning design method integrated research theme
Learning visualization method by actor net-work mapping, model, Sectional drawing
Learning structure and material 

Content Design Studio 2020FS 
Cattle Behaviorology in Switzerland
Designing Urban Rural Commons

This year, through the lens of Architectural Behaviorology, we focus on designing architecture for new livelihoods focused on cattle
breading, aiming to design Urban Rural Commons. Small rural communities engaged in farming and cattle raising have been important not
only for national food supply but also define our image of Switzerland. Today, however, these communities struggle to find the next
generation. Their traditional village-scape, skills and crafts integrated with local nature and culture have been expelled by more
industrialized processes and imports. 
Our field of study in the autumn semester will be in the valley of Goms, in Wallis, an intra-alpine valley, where urbanization has not yet
completely displaced the traditional village-scape and where the future of the lifestyle around cattle raising remains uncertain.
The notion of Urban Rural Commons is understood as the possibility to consider both rural and urban commons, as well as a possible
interaction between the two. Students will examine the existing livelihood focused around cattle raising with ethnographic approach and
visualize them by actor network drawings. 
Then, through hand drawings and models, the students will propose an architectural project to intervene in the network and establish Urban
Rural Commons to define a possible future of the Goms valley. 

Students choosing design class Kaijima in priority 1 during internal enrollment do not choose a seminar week in FS 2020. The trip to Goms
during the seminar week is highly recommended and will be credited as a seminar week by the Chair Kaijima.


Seminar Week 2020FS
Cattle Behaviorology in Switzerland 
Designing Urban Rural Commons

 In the spring semester 2020, the Chair of Architectural Behaviorology offers a week-long trip to investigate the livelihood around cattle
raising in the mountains of Switzerland and the notion of Urban Rural Commons. 
Field works, lectures by specialists, visits to traditional villages and selected architectures will deepen the knowledge on the theme. We will
also visit some contemporary projects in order to understand how new kinds of architectural design can contribute to create Urban Rural
Commons. 
The trip will be an integral part of the design studio, giving the students an opportunity to visit the site and to experience its broader context.
The students will investigate the interaction between architectural elements, townscape and people’s lives, as well as understand cultural
and historical implications, which will provide essential insights for their projects. 
Students choosing design class Kaijima in priority 1 during internal enrollment do not choose a seminar week in FS 2020. The trip to Goms
during the seminar week is highly recommended and will be credited as a seminar week by the Chair Kaijima.

Professor: Momoyo Kaijima
Advisor: Yoshiharu Tsukamoto
Assistants: Christoph Danuser, Diana Zenklusen
Language: English
Trip dates: March 16th - March 20th, 2020
Cost category: B
Co-sponsorship : Master’s Program in Art and Design Graduate School of Comprehensive Human Sciences University of Tsukuba.

Prerequisites /
notice

Students choosing design class Kaijima in priority 1 during internal enrollment do not choose a seminar week in FS 2020. The trip to Goms
during the seminar week is highly recommended and will be credited as a seminar week by the Chair Kaijima.

Design Studio:
Extra costs per student. Appr. CHF 50.--.
Individual work and group work, whereof 1-2 weeks group work.
Critics: 10/11.3.; 28./29.4.

052-1118-20L Architectural Design V-IX: Transform - Reuse - Extend
(M. Guyer)
Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php).

Project grading at semester end is based on the list of
enrolments on 3.4.20, 24:00 h (valuation date) only.
Ultimate deadline to unsubscribe or enroll for the studio is
3.4.20, 24:00 h.

W 14 credits 16U M. Guyer

Abstract Under the title Convert - Reuse - Expand, we explore the architectural, social, structural, spatial and pictorial potential stored in the
inventory and try to activate it for the project. It's about dealing with the existing building, converting something that already exists, reusing it
and expanding it with new buildings in relation to the existing building.

Objective Ability to develop a design from an idea, a concept, to a fully evolved project; to continually self-critically question the intermediary stages in
this process; and, simultaneously, to find an individual design methodology and design stance.
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Content In the course of architectural history, constructing further onto the already existing was always a natural part of building activity, its
significance only temporarily relativised during the era of classic Modernism. In today’s architectural work, design assignments involving
antecedent buildings are of great importance once again, and will only become ever more significant in the years ahead. Due to the
increasing scarcity of building land, the pre-existing will become more highly valued as a significant cultural, social and architectural
resource for the shaping of the future. In their handling of this architectural stock, architects have to develop an understanding for an
existing structure, to trace the design thinking of their predecessors, and to interpret these factors and then evolve them further. It is
precisely this unwieldiness in that which exists that can act as an impulse for ideas for new solutions. 

Under the title “Transform – Reuse – Extend” we explore the architectural, social, structural, spatial and imagery potentials that are stored
within the pre-existing in the attempt to tap them as stimuli for the project. The goal is on the one hand to grapple with this architectural
inventory, to transform something existing, to reuse it; and on the other hand to amplify it with new constructions that relate to it. The test
beds are six sites from different epochs with varying architectural structures: the Floos spinning works in Wetzikon and the former Maggi
factory in Kemptthal emerged in the nineteenth century; the Zurich abattoir and the ABB workshop 550 in Oerlikon were built at the
beginning of the twentieth century; the Tremil apartment tower and the former Waldhaus Dolder hotel originate from the 1960s and 1970s.
On the industrial sites, the prior uses have become obsolete, necessitating strategies for intelligent reutilisations to regenerate them. In the
case of the two residential buildings, the present occupancy needs to be reinterpreted. Additionally, all of the building sites require a
compatible amount of new usable floor space, entailing new constructions in the form of extensions (both horizontally and vertically),
remodelling and insertions. If the pre-existing has to accommodate new uses, then interventions are necessary that can potentially range
from simple repairs to total reshaping. The presence and the quality of the existing buildings represent a constant challenge to the new. In
this process, particular importance has to be given to the parallel nature of the old and the new and their respective imageries.

The exercise “Image – Form” traces the existing both playfully and intuitively, teaching a true understanding of the art of seeing. The
exercise “Image – Vision” comprehensively demonstrates the concept of visualising the project in a succinct presentation. Talks about and
visits to reference projects round out the design process. Finally, the projects will be discussed in the closing critiques with guests and the
chair, covering a range of aspects running from the conceptual idea and the treatment of the existing substance to urban-developmental
and architectural presence and the quality of the exterior and interior spaces.

Prerequisites /
notice

Design assignment in groups of two.
Crits: 11.3., 31.3., 21./22.4., 5./6.5.
Costs Appr. CHF 80.- (seminar week not included).

052-1120-20L Architectural Design V-IX: Housing the Non-Human
(A. Brandlhuber)
Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php).

Project grading at semester end is based on the list of
enrolments on 3.4.20, 24:00 h (valuation date) only.
Ultimate deadline to unsubscribe or enroll for the studio is
3.4.20, 24:00 h.

W 14 credits 16U A. Brandlhuber

Abstract Today, we are confronted with a new reality, characterized by a radical change that is happening — now. But how do we, as individuals
and a profession, face the challenges of the current environmental crisis within the “given” economical, political and social system? How to
manage climate change and take care of landscape and nature while our cities are still growing? 

Objective Starting from this relational research on the subsystems of a specific habitat, we will secondly develop a resilient self-regulatory system,
aimed at bringing together the different stand-points and interests. Together we will negotiate, in groups, how these interests can be
translated into architectural solutions: from building details, over typologies to operating systems. 

Content Today, we are confronted with a new reality, characterized by a radical change that is happening — now. Five years ago, maybe even two,
the consequences of climate change seemed distanced enough to not care. Too abstract, too blurry, too far away, to actually change our
behavior and architectural practice. But how do we, as individuals and a profession, face the challenges of the current environmental crisis
within the “given” economical, political and social system? How to manage climate change and take care of landscape and nature while our
cities are still growing? 

Firstly, we have to refocus our views. The ongoing environmental discussion, popularly summed up under the term “Anthropocene” —the
age of man-made climate and environment— has a blind eye on the existence of a whole non-market driven sphere: from humans to non-
humans. Other than the term suggests, it was neither whole humanity that polluted, wasted and exploited our planet, nor is it the only part
of humanity that we should focus on. 

In the end, it is about survival and the question becomes: how can we —humans, animals, plants— not only co-exist but co-inhabit our
planet in a resourceful and circular manner. Taking care of those who have no mandate in our seemingly inevitable system. Supporting
multi-species co-habitation as a new form of living together. 

A post-humanist perspective, as intrinsically entangled, opens the human-centric view to a multiplicity of possibilities, experiences, and
concrete models. If we decenter the human from the design practice and juxtapose other agents —from animals to plants to matter itself—
it can help us to develop new architectural models: from small to big scale, from legal form to the built environment, from building details
over typologies to operating systems. Models, which re-think and re-define our current understanding of punch-words such as
“sustainability” or “resilience” and fill them with meaning. 

Meaning, in the sense of telling the story behind an architectural design and showing the conflicts and solutions that lead to this proposal
communicated through the medium of video. How to architect arguments for co-habitation?

We start with the intention to design a space for 24 humans (=number of students) to co-inhabit a natural site in the city of Zurich. This site,
a piece of green-land is currently unarable because of its variety of species, and climatic / environmental characteristics. The semester is
focused on rethinking the relation between the built and nature, by implementing a system that constantly negotiates the differents loose
endings: technology, ecology, politics of material economies, and the role of the architect as an agent of care.

In a first step we will use video as a tool to investigate, re-focus, de-center and document the existing (species) and reflect on the individual
conflicts between human and non-human agencies: this can range from a river, over the wind to an animal or plant. 

Starting from this relational research on the subsystems of a specific habitat, we will secondly develop a resilient self-regulatory system,
aimed at bringing together the different stand-points and interests. Together we will negotiate, in groups, how these interests can be
translated into architectural solutions: from building details, over typologies to operating systems. 

From there on, we will collectively design a space to co-inhabit the site. The design process will be driven by continuous feedback within
the group —from both students and teachers— aimed at reducing uncertainty and complexity.

Lecture notes To follow.
Prerequisites /
notice

Individual work and group work, whereof 3-4 weeks group work.
Critics: 11.3., 1.4.
Costs: Appr.  CHF 100.-- (seminar week not included).
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052-1122-20L Architectural Design V-IX: Newrope in Piraeus (F.
Persyn)
Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php).

Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php).

Project grading at semester end is based on the list of
enrolments on 3.4.20, 24:00 h (valuation date) only.
Ultimate deadline to unsubscribe or enroll for the studio is
3.4.20, 24:00 h.

W 14 credits 16U F. Persyn

Abstract How can we look for ways in which all parties involved can benefit from the proposed transformation of the port of the greek city Piraeus?
You are invited to join us to develop concrete interventions that bring people with conflicting views and interests into dialogue to help create
the conditions for co-creation and –habitation in the heart of Newrope.

Objective Moving beyond binaries and blurring the boundaries between ‘us’ and ‘them’, we invite you to join us to develop concrete interventions that
bring people with conflicting views and interests into dialogue to help create the conditions for co-creation and –habitation in Piraeus. 

Working in small groups, you define your own focus and ways of working and expressing your project. Our field trip to Piraeus will be
followed by a series of smaller and bigger workshops and Design in Dialogue sessions. You will get input from others, and will shift
between roles and positions, before the collective output is exhibited in Zürich.  We are looking forward to having you with us on our
journey to the heart of Newrope.

Content Our upcoming design studio will revolve around the Greek city of Piraeus. You might know it as the port of Athens, or as the non-place you
passed through on your way to or from the Aegean islands. However, with a population of more than160,000 people, it is a community and
destination in and of itself and the 5th largest municipality in Greece.

In 2017, the state-owned Chinese shipping company COSCO gained majority shares over the port of Piraeus. This acquisition is part of the
so-called Belt and Road Initiative, a global development strategy adopted by the Chinese government involving infrastructure projects and
investments all over the world. When everything goes according to the recently approved masterplan, Piraeus will soon be a central hub in
a growing global trade network that stretches all the way from East China to South America. 

While Greece is selling itself to the world, since the 2013 International Monetary Fund bailout plan forced the country to privatize a large
number of its national assets, citizens become increasingly frustrated. They wonder how the ongoing global integration can serve their
needs and improve the livelihoods of those whofeel left behind by globalization. The result is a widening schism between large-scale
developments and local communities. 

With the Chair of Architecture and Urban Transformation we investigate cities andterritories that exemplify, or foreshadow, the changing
urban conditions and borders that define Europe. We look for friction points, where worlds collide and energy is unleashed. Due to its
complex historical and geopolitical relevance, situated at the nexus of major flows (of people and goods) between Europe and the Middle
East, we see in Piraeus, as a port city and logistical hub, many of the paradoxes and possibilities of what we call Newrope.

Instead of focusing on the pockets of resistance and hope in the heart of the Greek capital, where activists are taking in refugees as they
try to prevent Airbnbfrom disrupting the housing market, we want to look at the large-scale developments on the outskirts of the (same)
urban environment. Starting from the place where land and water meet and together shape the silhouette of Europe, we want to
understand how foreign investors and local residents can all benefit from the proposed transformation of the port of Piraeus.

We are looking forward to having you with us on our journey to the heart of Newrope.

Warmly,
Charlotte Schaeben and Michiel van Iersel

Prerequisites /
notice

Individual work and group work, whereof more than 5 weeks group work.
Crits: 10./11.3., 7./8.4., 5./6.5.
Costs: CHF 400.-- per student (seminar week not included).

052-1124-20L Architectural Design V-IX: Sustainable Density (R.
Boltshauser GD)
Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php).

Project grading at semester end is based on the list of
enrolments on 3.4.20, 24:00 h (valuation date) only.
Ultimate deadline to unsubscribe or enroll for the studio is
3.4.20, 24:00 h.

W 14 credits 16U R. Boltshauser

Abstract We develop exemplary hybrid structures that preserve our finite resources and research in what way new architectonical spaces and
adequate densities can arise. The powerful structures of production halls and storehouses of a former cement plant in Brunnen become
part of a future district.

Objective • Examination with densifying, sustainable, elementary building
• Holistic design of spatial atmospheres in the union of context, construction, sustainability and materiality
• Research and development of architectural criteria, which result from the energetic and climatic considerations.
• Identifying the potential of building materials with different technical properties to develop their own ideas for new building systems and
translate them into a design
• Developing a broad theoretical and historical knowledge of a topic in order to translate the resulting knowledge into today's context
• Practical work with the material and the model as part of the design process

Content How can densified building with simple, sustainable construction techniques be realised? In order to protect our finite resources the
densification of our cities as well as a sustainable architecture is inevitable. We develop exemplary hybrid structures and research in what
way new architectonical spaces and adequate densities can arise. The powerful structures of production halls and storehouses of a former
and in the meantime overgrown cement plant in Brunnen (Canton Schwyz) become part of a future district.

Lecture notes The students will receive a reader at the beginning of the semester.
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Literature • Boltshauser, Roger; Cyril Veillon, Nadja Maillard (2019): Pisé. Rammed Earth – Tradition and Potential, Triest Verlag, Zürich. 
• Boltshauser, Roger; Flury, Aita (2009): A Primer to Space. Roger Boltshauser Werke, Springer Verlag, Wien.
• Cointeraux, François (Reprint des Originals von 1803): Der Lehmbau oder die Pisé-Baukunst. Reprint-Verlag, Leipzig.
• Güntzel, Jochen Georg (1986): Zur Geschichte des Lehmbaus in Deutschland. Dissertation Universität Kassel.
• Kapfinger, Otto; Boltshauser, Roger; Rauch, Martin (2011): The Rauch House: A model of advanced clay architecture. Birkhäuser, Basel.
• Kapfinger, Otto; Sauer, Marko; Rauch, Martin (2015): Martin Rauch: Gebaute Erde. Gestalten & Konstruieren mit Stampflehm. Detail,
München.
• Kleespies, Thomas (1997): Schweizer Pisébauten. Dissertation ETH Zürich.
• Schroeder, Horst (2016): Sustainable Building with Earth. Springer, Cham.

Prerequisites /
notice

Individual work and group work, whereof 3-4 weeks group work
Costs: CHF 75.– per student (seminar week not included)
Intermediate critics: 10.3., 7.4., 5.5.

052-1126-20L Architectural Design V-IX: Permanent House (E.
Mosayebi)
Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php).

Project grading at semester end is based on the list of
enrolments on 3.4.20, 24:00 h (valuation date) only.
Ultimate deadline to unsubscribe or enroll for the studio is
3.4.20, 24:00 h.

W 14 credits 16U E. Mosayebi

Abstract Why do some buildings last longer than others? What makes architectural beauty last longer? Why is open architecture more permanent
than functionally determined architecture? How do we guarantee social sustainability? When are projects economically sustainable?
Durability is the goal of a more sustainable construction. The age of a house determines significantly use and consumption of resources.

Objective - Theoretical and conceptual understanding of the topic
   and its implementation in an architectural project;
- basics of housing construction,
- Development of alternative forms of living
- Constructive knowledge
- Experimental visualizations
- Theory of the Second Modern

Content Durability, strength and durability have always been among the basic characteristics of architecture. We associate it with massive, heavy
buildings that have existed for centuries and are of great importance. On the other hand there are buildings made of light constructions and
transient materials. Such houses can also exist for a long time if they are regularly maintained, maintained and repaired. The spectrum of
our designs ranges from tent-like structures for nomads and their ecologically sustainable way of life, to houses made from recycled
components to buildings that, thanks to solid construction, evade decay without maintenance. Particular attention is paid to the material of
the house, its constructive structure and the timeliness of the project.

In the semester we design permanent architectures in which you can live and work. We implement the projects in urban heterogeneous
locations whose future urban development is still undetermined. Our houses are new urban building blocks for Schlieren, Opfikon and
Dübendorf.

The semester takes place in cooperation with the professorship Guillaume Habert and the artist duo Taiyo Onorato and Nico Krebs
(tonk.ch). In the first three weeks of the semester, students develop the narratives of their designs using miniatures. In workshops with
TONK, experimental pictures of the projects are created. Large-scale models of relevant details are used for constructive research.

The students of this design can live for a week in the mock-up "vacancy - no vacancy" on the roof terrace of the HIL. It becomes the venue
for discussions on topics of the Second Modern Age.

Prerequisites /
notice

Group work only.
Crits: 10.3. / 7.5. / 5.5.
No extra costs.

052-1128-20L Architectural Design V-IX: Seeland Rivages: New
Flood Infrastructures for the Jura Lake Region
Teaching languages are English and German.

Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php).

Project grading at semester end is based on the list of
enrolments on 3.4.20, 24:00 h (valuation date) only.
Ultimate deadline to unsubscribe or enroll for the studio is
3.4.20, 24:00 h.

W 14 credits 16U C. Girot

Abstract The Landscape Architecture Studio of Prof. Christophe Girot will design a new landscape project along a stretch of the Zihlkanal that will
enable a novel solution to mitigating flooding problems and improving local living conditions.

Objective We will work on the “Seeland,” a region formed by three lakes at the foothill of the Jura Mountains, once was a floodplain of the Aare River.
In the largest water infrastructure project ever attempted in Switzerland, the wetlands were drained and turned into one of the country’s
most important farming regions. Recently, however, increased glacial melt and heavier rain events have strained the system, posing an
urgent question: When water levels across the Seeland rise, where should the excess flow?

The FS 2020 Design Studio will focus on the large scales design through digital point cloud modeling. During the semester, students will
learn skills in point cloud, computer modeling, visualisation techniques, and CNC prototyping in several workshops. The Design Studio is
organising a two-day workshop field trip to the site (22-23.02.2020 costs 180CHF).

The goal of the studio is to develop a landscape design along a stretch of the Zihlkanal which mitigates local flooding problems and
enhances the water accumulation structures currently existing in the Seeland. The design work will follow a three-scaled approach: network
(large scale), structure (medium scale) and detail (small scale).
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Content The studio is structured into three phases and includes a site visit:

PHASE I: DESIGN DEVELOPMENT AND HYPOTHESIS & SITE VISIT
In the first part of the semester, the students choose a site-specific strategy for developing a new landscape intervention along a stretch of
the Zihlkanal that will enable a novel solution for mitigating flooding problems and contributing to the water accumulation infrastructure of
the Seeland.
During the first week, the students attend a weekend site visit during which they will have the opportunity to get a better understanding of
the site.
In a next step, the students create a programme, i.e. they propose concrete measures and design interventions which will allow them to
implement their strategy.
A studio exercise and guest lectures help the students with developing their strategies and programme. Furthermore, they are introduced to
key tools such as 3D scanning and learn to use point clouds to generate topographies for 3D modeling.

PHASE II: DESIGN DEVELOPMENT THROUGH MODELING AND ITERATION
In the second part of the semester, students will test their topographic interventions through modeling and CNC-milling, and adding a
vegetation layer to the designs.

PHASE III: PROJECT SYNTHESIS AND VISUALISATION
In the third part of the semester, the students focus on the production and visualisation of their designs. The primary tools for this phase are
Rhino and Point Cloud modeling.

Lecture notes Booklet and reader will be provided at the introduction. For further information see: girot.arch.ethz.ch
Literature A reader will be provided at the introduction. Furthermore, a semester apparat will be available to the students at the ILA Library.
Prerequisites /
notice

- Introduction: Tuesday 18.02.2020, HIL Foyer H 40.9, 10:00h
- The studio includes a compulsory site visit  22-23.02.2020 estimated costs 180CHF
- Number of participants is limited to 18 students 
- The studio space is ETH Hönggerberg HIL C40.1
- The design will be developed in groups of two, with individual assignments.
- Language of instruction is English; Assistance in English or German
-The studio includes "Integrierte Disziplin Planung (Ch.Girot)", 3 ETCS credits

052-1130-20L Architectural Design V-IX: Letzi (M. Peter)
Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php).

Project grading at semester end is based on the list of
enrolments on 3.4.20, 24:00 h (valuation date) only.
Ultimate deadline to unsubscribe or enroll for the studio is
3.4.20, 24:00 h.

W 14 credits 16U M. Peter

Abstract In the remaining plots of the rapidly changing Letzi area in Zurich, we are trying to determine the location (15 years after the mission
statement “Letzi - principles for area development”). We look at the individual, huge areas: How does the urban life connect the street
spaces and their scenarios with the areas of access and residence in the depth of the plots?

Objective Ability to control the design process from program to presentation increasingly independently and independently and to find an individual
design methodology and attitude.

Content The urban space - the exterior, which sets itself apart from the depiction of the interior through a reverse viewer's perspective and blocks
the view into the interior of a private room - is not only the major topic in the photographs by Lee Friedlander and Jeff Walls, but also the
subject of the investigation in the spring semester 2020. In the remaining plots of the rapidly changing area of Letzi in Zurich, we are
attempting to determine the location - 15 years after the motto «Letzi - Principles for Area Development». We look again at the individual,
huge areas with their only fragmentary interlocking with the «tessuto urbano» and ask ourselves how the urban life connects the street
spaces and their scenarios with the spaces of access and residence in the depth of the plots.

The task relates to structures of the highest flexibility - that is, both to the interior of the house and the space of the facade. The living and
working programs are closely linked to the urban space on a scale of spatial transitions. Each design is an attempt to work out urban
planning qualities through the plastic operation of spatial formation and to stabilize the weak public space figure. The projects move
between "location" and anonymity, open building structure and permanence as well as city and scale.

As a preliminary exercise and entry into the semester, each student creates a morphological sketch of the city level.
Prerequisites /
notice

Individual work and group work, whereof 1-2 weeks  group work.
Crits: 10./11.3., 21./22.4.
Costs: CHF 30.-- per student.

052-1132-20L Architectural Design V-IX: Multiplicity - Building
Material (a.o. Prof. An Fonteyne)
Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php).

Project grading at semester end is based on the list of
enrolments on 3.4.20, 24:00 h (valuation date) only.
Ultimate deadline to unsubscribe or enroll for the studio is
3.4.20, 24:00 h.

W 14 credits 16U A. Fonteyne

Abstract This semester, looking carefully at the layers of materiality, construction, detailing, context, actors and uses, together, we will be building
material.

Objective We will spend the semester investigating a number of topics that will come together in the detailed design for a small-scale building.
Starting point is the compact brief for a church extension.

Through interviews and observations, we will investigate the social, cultural and historical background of our context. In parallel we will look
into the building tradition of the area with the ambition to develop a good understanding of working with natural stone. We will study
references, understand the technical specificities and work with craftspeople to discover its potential as a contemporary building material.

Through this approach of multiplicity, with the knowledge assembled in collaboration with other chairs and partners, we will reflect on how a
church extension can contribute to the discussion about the changing position of church buildings in local communities.
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Content Multiplicity refers to a plurality of facets, implications and ramifications any question, even seemingly simple, can have. This layered reality,
if fully embraced, verges on hyper-complexity, but can also be considered a productive entanglement, a richness. In architecture it can
translate into the multiplicity of uses cohabiting in a common frame, or the multiplicity of spheres – client’s ambitions, architect’s agenda,
community’s interests, historical relevance, constructive intentions – intersecting in a project. A fruitful reality.

Meilen, situated on the banks of Lake Zurich, hosts a reformed church. Besides being a religious institution, its sheer size makes it capable
of hosting large crowds and of serving multiple purposes as a place of political or cultural gatherings. After being extended several times
over the centuries, it needs another addition today, to facilitate its many uses and expand the role the church can play for the local
community. A small detached building, that will serve as a gathering space, a place of hospitality, for guests known and unknown. 
What could a church extension represent, in a picturesque lakeside settlement that might not seem to need much more than it already has?
How could a small contemporary building influence the canonic use of churches, and modify the meaning of the existing building? And how
could it give back to that part of the village some of the centrality it had until the 19th century, when the church’s square extended all the
way to the water and hosted municipal services? To better understand Meilen and frame the design process, we will be helped by Prof. Dr.
Christian Schmid’s Chair of Sociology, who will guide our initial observations of this context, and we will organize meetings with the
Reformierte Kirche Meilen throughout the semester.

Building material will be our task. In an effort to embrace the multiple facets of the project, we will take the opportunity of working on a
small-scale building to dive deep all the way into its materiality. We will tap into the specific tradition of stone architecture found in Zurich
and Switzerland, thoroughly engaging with this material, which will guide the design of a low-energy project from spatial concept to detail.
The building will be developed in close collaboration with the Dozentur Mettler/Studer für Bautechnologie und Konstruktion (BUK), and with
stone mason Urs Schmitt (Schmitt Natursteinwerk AG) with who a series of visits and workshops will be held.
This semester, looking carefully at the layers of materiality, construction, detailing, context, actors and uses, together, we will be building
material.

Prerequisites /
notice

Individual and group work (of which 3-4 weeks). 
Critics: 10./11.3.; 7./8.4.; 28./29.4.
Costs: Appr. 150.-- (seminar week not included).

052-1134-20L Architectural Design V-IX: Material Gesture - Weaving
and Bonding (A. Holtrop)
Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php).

Ultimate deadline for deregistration from this design
course is 3.4.20, 24:00 h.
Deleting the enrolment after 3.4.20 is not allowed.

W 14 credits 16U A. Holtrop

Abstract In this studio, we will work in a workshop and laboratory-like setting where you will research, design and test the proposed material. The
material and the ways of making are not a presentation outcome of the design studio but rather, an integral part of a process of working,
researching and designing. You are required to work individually in the design studio.

Objective      
When we take all aspects of the material into consideration – the geology, the mining, the different properties, the craftsmanship, the
specialised techniques, and the cultural significance – we can deploy the full potential of the inherent qualities of the material itself and our
way of working it in what we call MATERIAL GESTURE.
In this design studio, you will define your gestures of making and working with material(s) through research and experiment, and in
response to the topic of the studio. You are required to produce an architecture that results from your specific engagement with the material
and the spatial condition you construct with it. The architecture that results from this approach does not reference or represent something,
but simply attempts to exist as a physical spatial reality in its own right.

Content We currently live in a geological age called the Anthropocene Epoch, in which humans are the primary cause of permanent planetary
change. Our interest in the Anthropocene Epoch centres around the invention of materials that did not exist before as they cannot be found
in nature. For this semester, we focus on man-made materials that are synthesized from naturally found oil.
The development of synthetic materials, commonly misunderstood as plastics, began alongside the production of oil as a fuel. In 1907,
Bakelite, the first truly synthetic plastic, was invented. Marketed as “the material of a thousand uses,” Bakelite could be shaped or molded
into almost anything.
After the Second World War, many architectural experiments were conducted, fully embracing the new materials and their possibilities. In
1956, Alison and Peter Smithson made a complete plastic interior for their House of the Future. In the movie The Touchables (1968), a
large transparent pneumatic dome featured as the house of a rock star. In the late 1960s, the Finnish architect, Matti Suuronen, made the
Futuro, which could be ordered anywhere in the world as a weekend house. The first plastic age in architecture ended with the oil crisis in
1973.
Nowadays, plastics are still used in almost every aspect of our consumption and have become a huge problem in recycling. A large portion
cannot be recycled and sinks back into our earth. Geologists have identified new kinds of stone, known as plastiglomerates. The veins in
these rocks are not formed by metal or quartz, but with plastic.
In building construction today, we see plastics and bonding materials in many applications. They are in MEP installations, in all kinds of
foils, in glues as bonding materials, or composite boards, in window and door frames, and in sheet materials, to name a few. However,
unlike in the ‘50s – ‘70s period, synthetic materials are less embraced and researched as being a significant defining element of
architecture.
The aim of this studio semester is to rethink the applications of plastics with the knowledge of contemporary research done in advanced
synthetic textiles, composites and bonding materials. We will engage with research conducted at the ETH, such as Mariana Popescu’s on
pre-stressed fabric formwork principles. We will visit companies such as EMPA, Oerlikon and 3M in Switzerland, that are focused on
advanced fibers, polymer processing, and adhesive materials and foils, respectively.
Through the theory of Gottfried Semper, we will look back at textiles in the pre-oil era, which were used as a bonding material to string and
bind, and as woven material to cover, to protect and to enclose.

Prerequisites /
notice

Individual work only.
No extra costs.
Intermediate critics: 3./4.3. 31..3./1.4.; 5.5.

052-1138-20L Architectural Design V-IX: Building Communities -
Rehabilitation and Housing in Barcelona (GD Prats)
Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php).

Project grading at semester end is based on the list of
enrolments on 3.4.20, 24:00 h (valuation date) only.
Ultimate deadline to unsubscribe or enroll for the studio is
3.4.20, 24:00 h.

W 14 credits 16U E. Prats Güerre

Abstract With the aim of building a community, we propose to work with a collective housing program but also with a community centre or small
theatre, which will help to make a change of scale to a larger community, where more people now enter. The new program should be
inserted in this place in the way that each student thinks is most useful.
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Objective 1. To recognize the qualities of the built fabric. The exercise will focus in recuperating existing urban structures, and therefore a key aspect
will be to observe carefully its physical and spatial qualities, beyond the use for which they were built. Themes to reflect in the studio will
be: the reuse of existing buildings as a possibility to incorporate new occupancies; the definition of sustainability criterias, based on the
obsolescence of certain structures and programs; the consideration of the design process as an action that can be both additive and
subtractive at the same time.

2. To intensify the city. Considering collective housing as an activator, an intensifier of the city and trusting in its capacity of adaptation, this
program will be incorporated into existing urban systems in order to prevent social exclusion and be absorbed into the actual dynamics of
the city.

3. To understand the project as research. The studio investigates and questions on the basis of the design, considering this as a research
and experimentation tool to recognize the limits and possibilities of the material with which we work.

4. To study the program of housing. Study which are the limits of housing, considered not only as the area that is within the house itself, but
in the sequence of spaces that joins it with the city.

5. Assess collective housing with its ability to generate community. Taking this aspect into account will allow the design of meeting and
social areas, understanding the community as the place that will help its members to gain confidence.

6. The typology is always specific. Housing typology and its variations are always linked to the urban, social and historical form of the urban
context in which it is inserted. Understand the ability of variation of the housing typologies according to urban, solar or social orientation,
the size and relationship with the common spaces, is the basis of the project of collective housing which creates community.

7. The limits of the project. Define the area of influence of the project, its scale, limits and position, always in relation to the conditions that
we find and that we want to care. The quality of the future project is implicit both on the selection of a working area and the way of
occupying it.

Content Building communities implies creating relationships that hold together people and things from different backgrounds and different times, a
community between new and old neighbors, between new and old fragments of a built city in which, in the end, everyone, people and
things, live in a new unity.

When we talk about building communities we are thinking about the community that is built with the city that exists, adding to the as-found,
inviting new neighbors to interact with those who already live there. The challenge of architecture today is to work in disarticulated or
abandoned contexts within cities, valuing the social and physical structures that we find as the basis with which to work. We understand
urban rehabilitation as the balance between the recovery of a physical fabric and a social fabric.

To recover the social fabric of a neighborhood is to recover the memory of hundreds of civic, cultural or personal relationships that the
neighborhood had built over time and still remain invisible but latent. Not only people contain the memory of a neighborhood, the buildings
are also loaded with memories of the uses of the place: we are interested in the observation of the built fabric as the reflection of a social
behavior. Although broken, it speaks of a way of using the ground, the sky, of a way of inhabiting, because it contains the gaps, the
courtyards, the distances, the meeting spaces, the volumes…

The rehabilitation of the physical fabric of the neighborhood will help the recovery of a social fabric, both complement each other and work
at the same time. To read the memory contained in buildings and in people is to think about a future that counts on that past.

With the aim of building a community, we propose to work with a collective housing program but also with a community centre or small
theatre, which will help to make a change of scale to a larger community, where more people now enter. The new program should be
inserted in this place in the way that each student thinks is most useful, and therefore used as an argument to act in the place by
interacting with it.

Prerequisites /
notice

The studio proposes a workshop in Barcelona from the evening of 2nd to 4th March to walk the city and to collect data by drawing the
existing and meeting the neighbors on site. 

Costs: CHF 300.-- per student (seminar week not included).
Individual work and group work, whereas 5 or more weeks of group work.

Critics: 24.3. / 28.4.

052-1140-20L Architectural Design V-IX: Urban Prototype. Re-
Activating Rijeka, Croatia
Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php).

Project grading at semester end is based on the list of
enrolments on 3.4.20, 24:00 h (valuation date) only.
Ultimate deadline to unsubscribe or enroll for the studio is
3.4.20, 24:00 h.

W 14 credits 16U H. Klumpner

Abstract LIQUID CITY | Designing Land- and Water-Borne Urbanization Processes 

Rijeka is not a city with a harbor but a harbor with a city.
What do the dynamic situation of global investments, geopolitical conditions, and the climate crisis in the 21st century mean for Rijeka,
located on the border between east and west, water and land?

Objective We teach students the chairs "method-design." Students analyze, map, develop the program, and translate their ideas into conceptual
designs. A concrete prototype is created and tested on different scales, combining public space, infrastructure, and architecture into one
urban design project. The goal is to make urban interventions and architectural projects which incorporate diverse stakeholder
perspectives. Participants will develop their individual projects, advance skills of visualization, and communicate their work in analog
(drawings and models) and digital tools (projection, digital fabrication, films, 3D-modeling, and scripting). The transferability of every
prototype is closing the design cycle.
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Content The studio will re-design, re-program, and re-invent an innovation zone for the re-establishment of a new model for a harbor city, designing
beyond the land and the water.

Rijeka, as the center of shipbuilding in the Adriatic Sea, is known to be a harbor with a city. This studio is proposing the design of a coastal
paradigm for the Mediterranean and generating an alternative city development model for Rijeka, the European Capital of Culture 2020.
Rijeka is a city on the border between Italian and Slavic spheres of influence. This valley was, over centuries, the natural division between
languages, nations, and political systems. Setting borders and shifting borders will be a design strategy for the studio, proposing a Special
Cultural Zone bridging both sides of the river in Školjić. The zone was the source of energy, drinking water, and work, intensively used by
industry. Today the area is very close to the city center, providing a unique opportunity for developing Rijeka's urban qualities. Students will
design solutions by prototyping the process for a new urban paradigm in the context of environmental, social, and governance issues. We
provide the base for each student to develop her/his multi-disciplinary approach that builds urban design projects upon common ground.
Students will be encouraged to interpret the United Nations (Sustainable Development Goals) SDG's, articulating an individual and critical
position on the potential role of the architect to guide a design process within broader social, political, and economic systems.

Informed by the chairs ongoing research in the Balkan region, starting in Athens, Sarajevo, this semester, engages in Rijeka, Croatia, with
teaching, making, and researching the city.

Lecture notes Students will research by studying existing international test cases, formulating their design hypothesis, planning urban scenarios,
modeling their designs through various formats, and communicating their intentions in a series of critiques and reviews.

A series of lectures, screenings, readings, and discussions will accompany the design program. Selected experts will give these from the
fields of architecture, urbanism, landscape, building technologies, and associated disciplines, as well as experts from the Chair. Workshops
and in-studio tutorials will be provided to train students in effective methods of representing complex ideas through visual media.

Literature Reading material will be provided throughout the semester, as well as references to case studies.

The class material can be downloaded from the student-server.

Prerequisites /
notice

Integrated Discipline: Planning
Language: English and German
Work: Groups (max. 2) / Individual
Location: ONA, E25
No extra costs.

Team: Prof. Hubert Klumpner; Arch. Dipl. Ing. M.Arch (Cooper Union) Melanie Fessel; M.Arch (Mendrisio) Diogo Rabaca Figueiredo.

Seminar Week: Trieste, ITA, Rijeka, HRV, Ljubljana, SVN
Travel Dates: 14.-20. March 2020 
The seminar week is not obligatory but highly recommended.

Integrated Workshops: Drawing & Representation Skills | Introduction to Graphic Tools: Rhinoceros 3D, V-Ray, Grasshopper, Illustrator,
Photoshop, and InDesign. No special software skills required. 

Elective Course: 'ACTION! On the Real City' is offered as an extension to the studio, teaching skills in 3D modeling, filmmaking, and
animating.

All inquiries can be directed to Melanie Fessel - fessel@arch.ethz.ch

052-1142-20L Architectural Design V-IX: What is worthless
(A.Caruso)
Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php).

Project grading at semester end is based on the list of
enrolments on 3.4.20, 24:00 h (valuation date) only.
Ultimate deadline to unsubscribe or enroll for the studio is
3.4.20, 24:00 h.

W 14 credits 16U A. Caruso

Abstract The pressure of capital is consuming the open spaces that have provided the slack for the experimental uses of Zürich. This semester we
will engage with the spirit of the second phase of modernism, and deploy some of its instruments to resist these forces, encouraging
instead the conditions of openness and inclusion that were possible in the ruins of the 70s.

Objective Qualification to control the design process increasingly independent and with sole responsibility and to find to an individual design
methodology and attitude.

Content Martha Rosler’s ‘The Bowery in two inadequate descriptive systems’ (1975) transforms the abject poverty of those at the edges of society
into a black humour worthy of Samuel Beckett. Gordon Matta-Clark’s ‘Walls Paper’ (1972) shows the crumbling buildings of neighbouring
Soho in a way that exposes the physical residue and human stories of the city. Rosler has subsequently written about artists’ complicity,
through gentrification, in the commodification of property. But for a decade, artists working in this kind of urban ground zero refused to give
up on either the city or its people. This was a time when small, alternative communities took advantage of the frequently selfish freedoms of
the sixties to develop something more coherent and substantial, a second phase of modernism that was no longer reliant on post-war
positivism and the state, but had not yet succumbed to neo-liberal consumerism.
The 1970s were dirtier, noisier, and poorer than today. In London this was the time of the three day week and striking miners. New York
City was also in decline, dangerous, and in 1975 on the brink of bankruptcy. Zürich’s Niederdorf, with its cheap rents and untidy charm was
a magnet for Zürich bohemian society, for students, artists, the emerging gay scene, for the marginal, recreational, and not always legal
activities of the city. It is apparent that a post-war social democratic consensus was coming to an end, and yet, as crisis followed crisis, a
crack within the inexorable progress of capitalism created space for a productive idealism to flower, one that was emancipatory and that
worked in a light and provisional way. Out of the hedonism of the sixties emerged feminism, gay rights and environmentalism, taking root in
the empty spaces and under-occupied buildings of the inner city. Squatting became a social movement as well as way to live cheaply, new
citizens who not only fixed up the decaying building stock, but also brought a new life back into the empty shell of the city, forming
communes and other kinds of experimental households. Existence was not defined by work and earnings, but instead by the balance and
the artistry that one brought to living, and the way in which individual lives enriched the neighbourhood, and society.
The pressure of capital is consuming the open spaces and under-used buildings that have typically provided the slack for the experimental
and provisional uses of Zürich. This semester we will engage with the spirit of the second phase of modernism, and deploy some of its
instruments to resist these forces, encouraging instead the conditions of openness, mutability and inclusion that were possible in the ruins
of the 70s, and are essential if we are going to make a sustainable and democratic city today. We will use photography to engage with the
spaces and people of the city around us, making studies that will be collated into artist’s books. These books will serve as a springing point
for interventions on our main site, the unloved buildings that line Thurgauerstrasse, once prestigious corporate headquarters, today
standing half occupied, waiting for redevelopment.

Prerequisites /
notice

Group work only.
No extra costs.
Critics: 11.03, 08.04, 05.05,
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052-1144-20L Architectural Design V-IX: Vienna - Perialpine and
Central European Landscape (Vogt)
Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php).

Project grading at semester end is based on the list of
enrolments on 3.4.20, 24:00 h (valuation date) only.
Ultimate deadline to unsubscribe or enroll for the studio is
3.4.20, 24:00 h.

W 14 credits 16U G. Vogt

Abstract Process Cartography - The Alps as Common Ground

The design semesters of Professor Vogt circle around the Alpine arc, following the thesis that this can be read as an urban Common
Ground. Every semester, the task of verifying this thesis arises by focusing on a metropolitan region and asking about its specific relation to
the alpine region.

Objective Independent thinking and acting.
Content Vienna - perialpine and Central European landscape

After Milano, Lyon, Ljubljana, Munich and Marseille, we will be dealing with the urban territory of Vienna in the spring semester 2020. The
easternmost metropolitan region in the perialpine region is considered the political, economic and cultural center of Austria and occupies an
important position in Central Europe, the sixth largest metropolis in the European Union.

The task of the semester is to redefine the meaning and use of the alpine and perialpine landscape in the area of tension between
extensification (museum landscape) and intensification (eg tourism, agriculture or energy production) with the aim of establishing a new
productive relationship with the metropolitan region of Vienna. We are focusing on three perimeters, each of which covers a different scale
level.

 In a first step we examine the large-scale relations of Vienna. On a two-day field trip we supplement the analytical view with a personal
view of the place. From this the students develop an individual program as a basis for their design. The proposed interventions may vary
between urban and landscape scenarios as well as concrete architectural proposals. With this approach we understand design not as an
end product, but as a process, which is about making the individual steps visible and recording them.

Lecture notes The workbook will be handed in during the first semester week.
Literature The relevant literature is included in the workbook.
Prerequisites /
notice

Assistance: David Jung, Ursin Huonder
052-1144-20L - draft (14 credits)
051-1236-20L - Integrated Discipline Landscape Architecture (3 credits)
Week 1-3 analysis (group work), design (individual work)
Place of work: Building ONA, Neunbrunnenstrasse 50, Oerlikon.
Critics: 04.03./25.03./29.04./13.05./27.05 (Final review)

The journey to Vienna (night train) will take place from 06.03.20 to 09.03.20 (departure on Friday: Zurich HB 21:00; arrival on Monday:
Zurich HB 8:20). The contribution towards expenses will be 200 CHF.

052-1146-20L Architectural Design V-IX: Voluptas - S1E4 - Variables
(F.Charbonnet/P.Heiz)
Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php).

Project grading at semester end is based on the list of
enrolments on 3.4.20, 24:00 h (valuation date) only.

Ultimate deadline to unsubscribe or enroll for the studio is
3.4.20, 24:00 h.

W 14 credits 16U F. Charbonnet, P. Heiz

Abstract A theoretical or experimental quantity, condition, or factor that does not vary in specified circumstances.
Variable  [vair-ee-uh-buhl]
A quantity or function that may assume any given value or set of values.

Objective Through the generation of a positive utopian frame steadily based on history and by expanding the defining limits of the discipline to a
multiplicity of fields, Voluptas aim is to encourage students to raise proposals which critically address contemporary problematics in a
creative manner, propelled by the students’ profound desires.

Content Devoid of any axiomatic premises, architectural constants are chimerical essences. All historical attempts have fundamentally failed at
providing with an unequivocal and permanent contingency. Forever erratic under the evasive tenure of difference and repetition, we are left
with variables and doomed to articulate adequacies and performances as transient conditions: architecture is a swamp of solid conjectures.
Subordinated to everchanging and conflictual determinations – economic, political, environmental, juridical, infrastructural – the city is
the compliant recording chamber of heterogeneous interests and expectations. Accordingly, no urban environment can ever be described
as virginal and unadulterated, nor established under the authority of a specific and singular hypothesis.
The semester VARIABLES attempts to identify, map and codify urban perimeters and to submit them to speculative regimes of constraints.
Through the lens of a chosen agent, students build up a referential arsenal of manifold sources (plans, texts, iconographies, sequences,
recordings) to survey existing situations and their historical backgrounds. Accordingly, each group designates a set of typical and exclusive
metropolitan features and extracts it from its actual context: this features will be promoted as a variables – which interfere with the
primordial and domineering dynamics of a metropolitan configuration.
VARIABLES aims at defining pristine hyper-contexts generated by hypothetical ruling incentives: as a marker of singularities, it is to
become the varied catalogue of elemental urban idiosyncrasies.

Form:
In addition to the encyclopedic consultation and compiling of historical sources, we will make use of Google Earth as a performative tool of
investigation and survey. Singular metropolitan ortho-frescos (2m x 2m) will become the recording canvas of proliferating layered
information and storylines. In addition, an explanatory statement will contextualize the adopted approach and a short compelling and
evocative movie sequence will portray life in the hyper-context.

Prerequisites /
notice

Introduction: 18.2.20, 10:00 h, Pavillon HIP
Crits: 10./11.3. and 21.22.4.
Costs per student approx. 30.-- CHF.
Group work only.

Additional integrated disciplines:
Architecture and Art (051-1248-20L) – Theory of Architecture (051-1214-20L) – CAAD (051-1218-20L) – History of Urban Design (051-
1206-20L) – History of Art and Architecture (051-1208-20L)
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052-1148-20L NEW ECOLOGIES — Soil, Water, Labour
Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php).

Project grading at semester end is based on the list of
enrolments on 3.4.20, 24:00 h (valuation date) only.

Ultimate deadline to unsubscribe or enroll for the studio is
3.4.20, 24:00 h.

W 14 credits 16U M. Topalovic

Abstract NEW ECOLOGIES is dedicated to the practice of architecture in the post-anthropocentric era. In this semester we will look at Zurich and its
region through the lenses of three highly interconnected notions—soil, water and labour. Taking a close look at the influence that soil, water
and labour have on the territory, will enable us to put in focus specific and urgent ecologies in the Metro Zurich.

Objective PROCESS AND RESULTS
The semester consists both of investigative journeys and intensive studio sessions. Architecture of Territory values team spirit, intellectual
curiosity and commitment. We are looking for avid travellers and team workers to develop their highly motivated and independent positions.
Our approach enables students to work with a wide range of methods and sources pertaining to territory, including ethnographic
explorations, interviews, reading exercises, large-scale drawing techniques, photography, creating models, books and online exhibitions.
Several workshops will help students to learn the tools needed: drawing software, GIS, online CMS, photography and more. We will
welcome guest speakers and craft common agendas through debates. Each student group will write their own project brief and will receive
our unreserved support in creating their project.

COLLABORATION
The studio NEW ECOLOGIES—Soil, Water, Labour is part of a long-term studio series and research program focusing on Agriurbanisms in
the context of the metropolitan region of Zurich. Selected institutions, experts, citizens and fellow designers will work with us in the process.

TRAVEL
Investigative journeys constitute the core of the project. We start exploring on the first day of our studio, turning our heads away from the
city and traversing through the backyard territories of the ONA. Investigative journeys will continue throughout the semester and during the
seminar week where we visit different actors in the realm of agricultural pioneering. We explore the field–by foot, by bike, by bus or by
train–followed by individual days of investigation on the research topics and sites in the respective student teams. The seminar week will
take part from the 19th to 23rd of October and is integrated and mandatory. The cost frame is A.

CREDITS
The semester project offers the total of 19 credit points: The Design Studio with Integrated Discipline (Planning) 14+3 KP and the Seminar
Week 2KP.

Content What is the future of the manifold landscapes and territories across the world which support contemporary cities, such as Zurich, with
water, food, human labour and other resources? How are the human and hon-human ecologies of these environments affected by cities
and by urbanisation? In our discipline, discussions on urban sustainability still tend to be narrowly focused on buildings and cities, while
these extended territories are equally exposed to rapid and far-reaching transformations with massive social and environmental
implications. How should architects and urbanists respond to these urgent changes?

With nearly half of the total land area on the planet currently dedicated to some form of agricultural production, agricultural landscapes
might be the most important field of action to address the manifold problematic of “sustainability”. Oddly enough, agriculture remains in the
blind spot of the architecture profession, despite the fact that urbanisation processes in agricultural areas have been leading to highly
unsustainable territories generating risks for climate change, exhaustion of water and natural resources, and depletion of soil fertility, as
well as disadvantaging local population, and affecting quality of life. An awareness of the consequences of industrialisation of agriculture,
including its addiction to fertilisers, pesticides and fossil fuels, and its links to soil erosion and various forms of environmental pollution has
been growing. These issues stand at the core of the climate and biodiversity crises, and they call for new approaches in the discipline of
architecture. 

NEW ECOLOGIES is a new studio series at the Architecture of Territory, dedicated to the practice of architecture in the post-
anthropocentric era. The anthropocentric and city-centric paradigms, based on binary thinking that divided “city” from “nature”, or “city” from
“periphery”, need to be rethought. Architects have yet to include a conception of ecology, both human and non-human, into the scope of
the architectural discipline and of practicing architecture. 

In this semester we will look at Zurich and its region through the lenses of three highly interconnected notions—soil, water and labour.
Taking a close look at the influence that soil, water and labour have on the territory, will enable us to put in focus specific and urgent
ecologies (“good” or “bad”) in the metropolitan region of Zurich, from food distribution networks, water cycles, seasonal migration to
industrial animal farming. The largest in Switzerland, the Metro Zurich is composed of the relatively compact city of Zurich and the dense
urban valleys extending along the Glattal and the Limmattal. Agricultural lands dominate the region: in the Canton of Zurich 41.9% of the
total surface is still dedicated to agriculture. Whereas in the vicinity of the City of Zurich these productive lands are under extreme urban
pressure and are facing the risk of being consumed by the built fabric in the coming decades, other more peripheral agricultural
landscapes, such as the Zürcher Oberland, are facing a decrease in population and the loss of social and economic resources. 

Above all these issues hovers the urgent need for a radical overhaul of agricultural practices in the face of climate and biodiversity crises.
Recently, across the public landscape of Zurich, widespread protests, ecological activism and movements—Fridays for Future, Climate
Strike, Extinction Rebellion, and many small, solidary ecological pioneer groups and cooperatives — have gained momentum. These
movements have led to a raise in awareness and helped promote pioneering practices in land cultivation such as permaculture and
agroforestry.  During the semester we will engage with Zurich’s land pioneer culture: Through intensive field explorations we will get to
know the protagonists and learn from them.

052-1152-20L Architectural Design V-IX: Borderline(s) Investigation
#3 Quickness (A. Theriot)
Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php).
Students who do not wish to change the design class
don't have to participate in the internal enrolment.

Project grading at semester end is based on the list of
enrolments on 3.4.20, 24:00 h (valuation date) only.
Ultimate deadline to unsubscribe or enroll for the studio is
3.4.20, 24:00 h.


W 14 credits 16U A. Theriot

Abstract We aim to seize economic requirements to transform constraints into levers, producers of qualities. These may well be tangible or
intangible, prosaic or poetic, constant or unstable, general or occasional… as long as they are initiated by the economy and located far
from any rationality -creating generosity, “excesses” that make strength and uniqueness of a place.
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Objective It all starts with a question. We are not looking for an answer, we are looking for a way to formulate it. The question is in itself a quest. To
carry out this investigation, we walk on a ridge line, we put ourselves in danger, we take risks; we want to find what we are looking for. 
We are moving forward on a path, on the path of defining the great values - those of architecture but also those of the architect, those of
everyday life, those that make it exceptional, those of the ordinary and those of imagination, those of yesterday and today, those of
tomorrow’s world. 
This line on which we walk is the frontier of our discipline, which we test, which we extend, which we do not limit ourselves to. So we go
elsewhere, we use all kinds of media, we use all kinds of tools, we call on all kinds of experts, on all kinds of scales... 
By flirting with the limits in this way, we find ourselves no longer being only an architect but also a photographer, a filmmaker, a sociologist,
an engineer, an artist, a philosopher, a playwright, a writer or a poet... We do not prioritise things other than by the subjective value we give
them.

Content CHAP 1: MYTHOLOGY
At the beginning there is a myth, a reference project generating a narrative. The production of models, analytic drawings, photographs and
fragments will support this narrative which ought to be subjective, personal and intuitive. 
The result of this research will be presented as a compilation of images: the “Mythology” of architectural quickness. 

CHAP 2: FINDING FREEDOMS
We aim to seize economic requirements to transform constraints into levers, producers of qualities. 
These may well be tangible or intangible, prosaic or poetic, constant or unstable, general or occasional… as long as they are initiated by
the economy and located far from any rationality -creating generosity, “excesses” that make strength and uniqueness of a place.

CHAP 3: MOCK UP
The mock-up is no longer a model, but neither is it yet the building. It is an abstraction and a hybrid device that suggests the building, but is
also formally independent from it. It can be seen as an objet d’art, a temporary installation.

Including the following workshops:
Fragments and abstraction, photography, 3D visualisations, structure, façade and enveloppe.

Prerequisites /
notice

Group work only.
Introduction: 18.02.2020 at 09:45 Zurich Airport, Arrival 2 (for a technical introduction)
Critics: 11.03.2020 and 22.04.2020.
Costs: Appr. CHF 150.-- per student.


052-1150-20L Architectural Design V-IX: Burning down the House
(Lehnerer)
Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php).

Project grading at semester end is based on the list of
enrolments on 3.4.20, 24:00 h (valuation date) only.

Ultimate deadline to unsubscribe or enroll for the studio is
3.4.20, 24:00 h.

W 14 credits 16U A. Lehnerer

Abstract We build, draw, burn, build, draw, burn until we get the house that we never imagined but always wanted.
Objective Fire protection 1 and 2.
Content We build, burn, draw, build, draw, burn, until it is too weak to stand, then we cut away all that has burnt and continue to build, and draw,

burn, draw, build, draw, burn, recover what still stands, then build, draw, burn, and burn again, until it´s almost gone, then we draw and
build better, draw, burn only a little, then build, draw, burn, draw, build, draw, burn too much, then build, draw, burn, draw, build, until it is
too open to work as a home, then we draw, burn, draw, build again, draw, burn, burn, draw, build, draw, burn, until it is all burnt down, then
we build, draw, until we understand where we need more support, then we burn, draw, build fireproof, draw, burn as little as we can, then
build, draw, build, draw, burn and burn, draw, build, draw, burn, build, draw, burn, draw, build, draw, burn, build, draw, burn, burn, draw,
build, draw, burn, build, draw, burn until we get the house we never imagined but always wanted.

Prerequisites /
notice

Group work only.
Crits: Dates to follow.
Costs: CHF 50.-- (seminar week not included).

052-1182-20L Architectural Design V-IX: On Architecture (Ch. Kerez)
Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php).

Project grading at semester end is based on the list of
enrolments on 3.4.20, 24:00 h (valuation date) only.

Ultimate deadline to unsubscribe or enroll for the studio is
3.4.20, 24:00 h.

W 14 credits 16U C. Kerez

Abstract The semester is based first on a thorough and precise description on milestones of the history of architecture, second on a comparison
between the initially planned, originally built and current condition and third on defining a program and a detailed design to enhance its
spatial experience for a larger public.

Objective Documenting, spatially analyzing and representing the contemporary condition of milestones of the history of architecture through plans,
images and text in a book; 
proposing programmatic, constructive, infrastructural, etc. interventions to enhance the spatial qualities of the analyzed modern
masterpiece.

Content If the goal of architectural design is to reveal an understanding of the world we live in through architecture, it might be enough to just look at
a historical building and try to analyze its contemporary condition.

The semester is based first on a thorough and precise description on milestones of the history of architecture, second on a comparison
between the initially planned, originally built and current condition and third on defining a program and a detailed design to enhance its
spatial experience for a larger public.

Prerequisites /
notice

Individual work or group work (min. 5 weeks group work).
Crits: 25.3. / 22.4.
Costs: CHF 100.-- (seminar week not included).

 Electives and Focus Works
 Electives

 Design and Architecture
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Number Title Type ECTS Hours Lecturers

052-0512-00L Planning Strategies for Complex Buildings Using the
Example of Health Facilities (FS)

W 2 credits 2V T. Guthknecht

Abstract Health facility buildings are subject to extraordinary and dynamic changes. The ageing population (to name only one example of change
with resulting medical effects) confronts the entire health care building infrastructure with substantial medical and economic challenges.

Objective The elective subject offers an insight to health facility planning and traverses the themes and phases of health facility planning. Special
attention is given to the functionally-differentiated planning and to the planning methodology "Integral Process Design".

Content Architecture for health facilities supports the provision of health care for people in need for care with flexible and adaptable building
concepts. The demographic changes and the changing disease patterns in the population represent particular challenges for health facility
planning. Innovative organizational and building structures have to be developed to cope with these continuously changing tasks. In order
to meet these requirements, the architectural functional planning of health facilities should be differentiated further. The individual elements
of planning have to be adjusted in a well-balanced manner.
As a core point of planning, the functionally-differentiated planning of health facilities provides the context for the growing need of highly
qualified medical services combined with reduced operational costs. 
Health facility architecture can however only support the medical workflow in the best possible way. This is because a well-designed health
facility can never guarantee a good medical service but a badly designed facility can hinder if not impede entirely a good medical
performance. 
During the design formalization of the health facility concept various aspects such as conceptual, organizational, medical, social, human,
economic and technical requirements have to be reconciled. To achieve these goals, priorities must be set and landmark decisions must be
taken.
With the Integral Process Design approach a functional-differentiated design concept is applied which forms the base for the intertwined
and iteratively embraced overall concept of complex buildings. By using the Integral Process Design methodology the workflows, activities,
functions and departments of a health facility are connected with special consideration an optimization of their interfaces. The goal is to
achieve optimal work conditions from functional-medical, human, design and economic viewpoints.

The topics of the elective subject are supplemented by a series of guest lectures following specific themes of the modules. The various
specialists from different sectors of health facility planning shall directly report from their experience in the field.

Lecture notes Presentation will be made available by the lecturer.

052-0514-00L Spatial Concepts in Film and Architecture (FS) W 1 credit 1V M. Bächtiger Zwicky, A. Gigon
Abstract The course deals with spatial phenomena at the interface of film and architecture. The alternating influence of these two media will be

analiyzed, the dispositions of perception and effect will be compared and thus will sharpen the view for a architectural way of looking at
space.

Objective The examination of filmic space situations and performance discloses new perceptions of architecture which will be studied on behalf of
film analyses and experimental topics. During the course space-effective creative means such as editing or framing will be introduced and
discussed under perceptive aspects. Mediality within spatial perception can thus be integrated into a development of cultural history and
leads towards a conception which goes  beyond the limits of architecture and stimulates new processes of design.

Content From certain points of view, it may be true that the film is "modern art par excellence".
From a historical point of view, this is as inevitable as it is miraculous appearance on the threshold of the 20th century; among them is its
proverbial reproducibility, which has made the film strip, which has been copied a hundred times, wrapped in rolls and shipped around the
world, a prototypical work of art of the mass age; This includes, after all, what made the film, at least superficially, a stimulant for related
tendencies in modern architecture: the moment of movement and the idea of space penetration.
At the same time, the film is nothing more than the return and beginning of an age-old dream of mankind: the re-creation or re-creation of
the world in its own image.
Along the interface between film and architecture, the seminar highlights the history of cinematography through analysis selected films and
texts. In the past semester, the early cinema, the silent film and the classic cinema of the 1940s and 1950s were in the center, in the spring
we will focus on the varieties of late and postmodern film from 1950 onwards.

052-0516-00L Performance and Intervention (FS)
Does not take place this semester.

W 2 credits 2U K. Sander

Abstract This elective course invites participants to come up with unexpected answers to socially relevant questions raised by architecture through
performance und intervention art.

Objective The medium of performance art is the human being, whose voice and body send out messages into surrounding society. Performance art
attempts to create an awareness of how such messages are sent and received. We will examine the significance of speech, posture,
clothing and movement using selected examples from performance art.

Content Interpersonal relationships are regulated by political, legal, economic and cultural structures which are given representative physical form
by architecture. Intervention art critiques the relationship between social structure and built-up space. We seek to develop ways of
intervening in situations in which we ourselves are implicated, raising questions about the relationship between architecture and social
environment.

052-0518-20L Theory and Practice: System Theory and Utopian
Thinking

W 2 credits 2G C. Posthofen, A. Brandlhuber

Abstract FS20: Colloquium on epistemological and action theory aspects of system theory by Niklas Luhmann and subject philosophies, such as the
judgment of Immanuel Kant.

Colloquia on epistemic basic research of communication / media (film, television) on the basis of reading / discussion of historical and
contemporary philosophical, cultural scientific and sociological texts.

Objective The students gain insight into the spectrum of epistemological and perceptual theories, learn to read them and analyze and critique their
respective requirements. From this work an object relationship model is developing in progress, which serves self-examination in the
design process as well as the evaluation of architectural situations in general and in particular. The writing of "scientific diaries" in which the
contents of the colloquium are combined with the everyday experience of the students in free form, trains the concentrated result-oriented
thinking in general, as well as in architectural situations.The special form of the writing of the "scientific diary" leads abstract Theory
together with the experience of the students and make the knowledge creatively available in their own way.
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Content FS20: Introduction to Systems Theory. "The lack of judgment is actually what is called stupidity." (Kant, K.d.r.V., B 173).
On the positive side, judgment is a prerequisite for utopian thinking. By contrast, systems are characterized by proprietary logics that have
a conservative / system-preserving effect. Text passages by Aristoteles, Niklas Luhmann, Greta Thunberg and others are discussed and
ask the question: "How do virtual futures affect the space for possibilities today?" It is also about the anthropocene discourse.

In general: Philosophical exercises on subject / object relationships in general and in architectural situations in particular with special
consideration of their mediation through time-based media. The two human fortune theory as cognition and practice as action spring from
both original intentionality that controls all consciousness of the world. Our world relationship is intentional. Architectural situations in
general and in particular are characterized by their intentionality, both for their planners and their users. Intentions and authorship in a
complex, relational architectural and urban reality are examined and productively criticized with the help of knowledge from the reading of
philosophical, cultural scientific and sociological texts. In the discussion of texts, concepts are developed as tools for the analysis of
architectural situations. The epistemological and action-theoretical insights are used for the design work with time-based media such as
film and television and their reflection. In the "scientific diaries", the theoretical insights from the colloquium are related to students' own
everyday experiences and reviewed.

Lecture notes Hand out at the first meeting.
Literature As part of the script — hand-out at the first meeting.

052-0520-00L Photography (FS)
Does not take place this semester.

W 2 credits 2U K. Sander

052-0522-00L 3D Scanning und Freeform Modeling (FS)
Limited number of participants

W 2 credits 2U A. Grüninger, K. Sander

Abstract Digital Sculpture. Experimental use of a system for digitalizing and modeling 3D objects.
Objective Experimentation with digital tools and various design processes of 3D forms in fine arts, design and architecture. Practicing and playing

with dimensionality and sense of space.
Content The department of Architecture and Fine Arts has a 3D-Bodyscanner available for the digitalization of persons and objects, and is

complimented by a special software for modeling the 3D data.
After a period of training and practice, participants are asked to develop ideas and concepts for their own projects. These concepts should
be used to lead and expand the system and the possibilities of its application. The process of readjustment and its realization will be a
continual part of developing the individual projects.

Prerequisites /
notice

The number if participants is limited. Proficiency in Windows systems is a precondition for participation. To enroll in the course, please
consult the lecturer Adi Grüninger: grueninger@arch.ethz.ch

052-0528-00L Artistic Thinking and Acting (FS)
Does not take place this semester.

E- 2 credits 2S K. Sander

Abstract With a focus on examples from the field of video and film, this seminar sets out to analyze and discuss artistic strategies relating to spaces,
places and time(s) in idiosyncratic and oftentimes poetic ways.

Objective The seminar`s objective is to create a heightened awareness of artistic conceptualizations and creative processes, enabling participants to
experimentally reflect and produce their own strategies and projects, especially in relation to architectural discussions.

Prerequisites /
notice

Application for the course with the lecuturer Tobias Becker via e-mail: becker@arch.ethz.ch

052-0530-20L Construction Master Course:  Arcs - an Introduction in
Architectural Research
Number of participants limited to 24.

W 2 credits 2G C. Vogt

Abstract In the spring semester 2020 we will carry out analyzes on arc constructions - an introduction in architectural research
Objective The goal of the course is to guide prospective architects as they develop the critical analytical skills required to understand the complex

relationship between construction and architectural expression.
Content To follow

052-0536-00L Model and Design (FS)
Number of participants limited to 16.

W 3 credits 4U A. Tellini, K. Derleth

Abstract The course Model and Design teaches architectural model building in an explorative way trough systematic experiments and the
development of corresponding methods in design.

Objective The primary pursuit is an in depth study of three dimensional form, color, material and composition along with the practical development of
your own technical and artistic competences.

Content In the first part of the semester we are going to explore a variety of materials and techniques, both typical and atypical for architectural
model building. Equipped with the knowledge gained during the first phase we'll go ahead and try to put all of that experience into use
during the final build. With this final build we reflect on basic design topics like, the initial intent, color, material, composition and
construction in order to understand the sensual role of the model considering its sculptural properties.

Prerequisites /
notice

In addition, a processing time during the week of about 4 hours can be expected.

052-0538-00L Free Drawing (FS)
Number of participants limited to 32.

W 2 credits 2V M. Léonard-Contant, K. Sander

Abstract The ability to represent visions and contents is learned through technical, as well as freehand drawing using a variety of techniques.
Objective The representation of actual circumstances,  thoughts, and ideas in consideration of technical and graphic abilities. Cultivation of individual

forms of expression in the areas of sketching, drawing, interpretation and caricature, work strategies and impact.
Content Drawing is a direct way in which to visualize ideas and conceptions. In this course, ideas and skills can be explored and developed into

independent means of expression, within the realm of drawing.
Prerequisites /
notice

Participation limited to a maximum of 30 partakers.
Enrolment is a commitment to the course!

052-0540-20L Summer School: Workshop Valparaiso (in
Collaboration with EPFL)
Does not take place this semester.

W 4 credits 7S A. Spiro

Abstract This summer school it not taking place (COVID19) !
Please do not register / cancel your registration!
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Objective Observation, analysis, 1:1 testing, drawing, design and collaborative working are the primary focus of the workshop.

1. Analyze the existing project and its site through observation, measurement and writing and be able to communicate the ideas drawn
from this analysis with others.

2. Develop analytical drawing and model making to explore both the research topic and its potential application to the existing project.

3. Collaborate in a team to develop a coherent argument through drawing, model-making and prepare oral presentation of these elements.

4. Apply research prototypes for architectural solutions to the constraints of the project and its site through their transformation into full-
scale, material assemblages using a reiterative process of testing and design.

5. Interrogate the specificity of the site and community through drawing and active participation in readings and lectures.

6. Collaborate on a work-site with a diverse group, while taking initiative, sharing knowledge and being respectful of the capacities of others
and the safety of the work-site.  

During the Lausanne week of the project, learning outcomes are assessed through individual group desk critiques where analytical and
design work is discussed and oral-feedback provided. Larger sessions, in the middle and at the end of the week, allow students to present
their ideas to their colleagues who are encouraged to provide feedback.
During the time in Chile, assessment happens as on-going discussion on the progress and development of student propositions, 1 on 1
discussion that happens naturally as we work alongside the students, and in more formal, structured sessions where student groups up-
date each other on the developments of their work. In evening discussions of material from the “Building Cultures Valparaiso” publication,
students are encouraged to participate and to lead the conversation with their questions and views on the text being discussed.
Students will also be asked to keep a journal of there time during the workshop, comprising both written, drawn and photographic
observations. 

Content Begun in 2014, the Open City Research Platform was initiated to provide undergraduate and masters level students an introduction to
immersive full-scale construction that involves:

- exposure to and participation in the alternative building culture developed over nearly 50 years through pedagogical and design research
experiments at the Open City, a community of architects, poets and designers founded by members of the ead-PUCV in 1973.
-A direct relationship to site where drawing and observation are used as tools for the analysis of environment. 
-A direct contact with materials, fabrication and assembly that draws on “low-tech”, hands-on construction methods.
- A humanistic understanding of architecture’s relationship to other creative disciplines.
- An opportunity to work and learn collaboratively with architects and engineers and in an interdisciplinary way on a research project.

The Open City Research Platform was founded as a collaboration between the Swiss Federal Institute of Technology-Lausanne (EPFL),
and the Open City/ Corporación Cultural Amereida, a community of designers, architects and poets that has sustained itself on a coastal
site near Valparaiso, Chile for nearly fifty years. Since 2014, this collaboration has brought together students from Switzerland and Chile to
work on the incremental building of El Pórtico de los Huéspedes (The Threshold of the Guests) for the Open City. 

The goal was to create an innovative and interdisciplinary context that would make it possible to research on architecture through the
pedagogy of making as a research that:
-  Positions the university student at the intersection between teaching and research. 
-  Questions the boundary between the theoretical and the practical, between the academic and the professional. 
-  Involves students in a creative process linked to the material, human and temporal realities of building;  
-  Investigates how tacit knowledge is transmitted through experience.

In the Open City, we found a context to address these questions through the incremental development of a project of an open duration.
 
The research project sensitized EPFL and ETHZ students to fabrication as a collective act involving the community. Students build with
rudimentary yet precise tools, such as the Japanese saw and readily available materials: local bricks, sections of Chilean pine, concrete
mixed on site. In their collaborative work, testing different solutions, Swiss and Chilean participants research on different materials and
tectonic possibilities and its use for innovative solutions. This encounter between two cultures of techné created conditions for knowledge
exchange and broadened understandings of how the built environment, sustainability and development are linked to a local context. 

Objectives
The Open City Research Platform will therefore use the summer workshop as a period where student participants carry out full-scale
experiments in construction that are guided by the research interests of the organizers and are applied to the constraints and needs of the
Open City.
El Pórtico de los Huéspedes is understood as a platform welcoming interdisciplinary research and exploration, whether it be into building
technologies as we propose for the next several years, or on other subjects related to the mission of the community and the larger school. 
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Ressources en bibliothèque:
Devabhaktuni, Sony, Guaita, Patricia, and Tapparelli, Cornelia, (eds.), Building Culture Valparaiso: Pedagogy Practice and Poetry at the
Valparaiso School of Architecture and Design. Lausanne: EPFL Press, 2015. 

Sites web:
https://www.epfl.ch/schools/enac/education/design-together-en/enac-summer-workshops/open-city-research-platform/


Prerequisites /
notice

This summer school it not taking place (COVID19) !
Please do not register / cancel your registration!

The workshop is open to all students who have finished there license or the 1st year of Masters. Students from other years may take part in
the workshop but will not receive credit.

Dates: Introduction to the course: ( tbc)
Dates for the workshop:Lausanne July 6 – 9 2020; Open City     August 3 – 21, 2020.

Students are responsible for financing the cost of lodging, meals and flights. More information on these will be provided during a ETH
campus information session. For any immediate questions please contact us. Workshop travel subsidies may be available through the ETH
department of architecture. 

Applications should be sent via email to summerchantier@epfl.ch and should comprise a brief letter that describes why you are interested
in the project and expectations for the workshop. All candidates will also be interviewed as part of the selection process.

We are looking for self-motivated students who are interested in an experience that provides human, intellectual and physical challenges.
Applications will be accepted until 6th April 2020 with interviews conducted in April and decisions made shortly afterwards: 

10 undergraduate and master students from EPFL ;
10 undergraduate and master students from ETHZ ;
8 master students from ead-PUCV

Faculty teaching participants (being with the students on a continual basis throughout the workshop period):
Patricia Guaita, ENAC, EPFL; Raffael Baur, ENAC, EPFL;
Dr. David Jolly Monge, Professor, School of Architecture and Design of the Pontifical Catholic University of Valparaiso ead-PUCV;
EPFL Assistant:Romain Dubuis, architect EPFL

Invited Experts :
Victoria Jolly, architect, Corporación Cultural Amereida.
Patrick Valeri, Doctoral Assistant, ENAC IIC IBETON EPFL

Faculty and Institutional Partners:
Paolo Tombesi, Director Institute of Architecture and the City, EPF Lausanne;
Annette Spiro, Professor , Department of Architecture, ETH Zurich

052-0560-20L Storytelling in Architecture: Heroines and Heroes W 2 credits 2G C. Roth, A. Brandlhuber
Abstract People have always been fascinated by myths, they live with stories and want to feel emotionally involved. With stories we win the hearts

and minds of those who are not already our friends. 
Nobel Prize winner Robert J Shiller says stories drive economic events, Pritzker Prize winner BV Doshi says architecture is storytelling. But
what is a story?

Objective The course’s aim is to teach students how to identify and design arguments introduced through a narrative, inviting a wider audience to
respond and interact with their ideas. Students will write their own short story based on two images they are being given. The stories will be
discussed and revisited throughout the seminars. –If you really want to sell your idea, your story better be good.

Content It all begins with the Greek philosopher Aristotle and his Poetics, who says that plot and mythos are the most important elements of drama,
more important even than character! The events of any plot should always causally relate, in a necessary and/or plausible manner. Most
importantly it has to evoke emotions.

Students will gain insights into the history and theory of film, with a focus on different methods of storytelling. Together we will think about
the various relationships between subjects, human and nonhuman, and discuss ways of translating architectural knowledge into time-
based media. Therefore, students will construct narratives that directly communicate architectural, social, and political concepts in the
context of a wider argument.

The course will be structured through input-lectures with accompanying discussions about the students' stories, aimed at developing
individual perspectives on the course topic. These reflections will include economic, political and philosophical aspects.

Prerequisites /
notice

- No requirements / prior knowledge 
- Upon agreement with the class there might the option for a half day-long trip according to the topic

052-0842-00L Material-Lab  (FS) W 3 credits 3G A. Spiro, R. D. Penzis, N. Zambelli
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Abstract In the elective "Material-Lab" the students are given the possibility to get to know materials in a theoretical and practical way. Also they
investigate the potential of the contemporary architecture by means of a material specific survey. 
The focus is laid on constructive questions and on the investigation of the influence on architectonic form and expression.

Objective Work on materials and make architecture out of it. This is the basic of any construction. It does not go without the knowledge of historic
correlations and the know-how on how to apply on the one hand, but also an exploratory spirit on the other hand. 
The elective "Material-Lab aims to become an expert of exemplary materials and handling and deepen knowledge for the correlation of
material, construction, forma and architectonic expression.

In the Material-Lab new, common and partly forgotten materials and their workmanship is investigated and where and ow the potential for
new possibilities in architecture could be. We discuss why certain materials have disappeared from nowadays building practice and how far
the could again be usable by means of new tools and methods. we investigate the possibility of such "old" materials for new architectonic
projects.

Particular focus is laid on the investigation of use and constructive implementation with sustainable targets, namely long-lasting
architecture keeping its values in any respect.

Content Various techiques are investigated on their current and architectonic potential and discussed in colloquiums. Basics are given in lectures
and prepared research results.

The students work in small groups during the semester on a project which is also being discussed with experts. We are looking for conepts
for contemporary and material specific constructions and a appropriate architectonic expression.

Subsequent to this course the studies may be deepened in a elective thesis and transferred in a project 1:1.

More infos under http://www.spiro.arch.ethz.ch/de/lehre/wahlfach-materialwerkstatt.html 


052-0524-00L 360° - Reality to Virtuality (FS) W 2 credits 2G K. Sander
Abstract Basics of 3D-scanning of rooms and bodies, individual scan projects, 3D-visualizations and animations. Definition and realization of a

project, working alone and in groups.
Objective Understanding 3D-technologies, handling positive and negative spaces, handling hardware and software, processing 3D point clouds

(registering scans, filtering, merging of data sets, precision, visualizations, animation), interpretation of the generated data.
Content 1. Introduction to 3D laser scanning (getting to know technologies, methods and context; carry out practical tests)

2. Project development within the group (idea, concept, target, intention, selection of methods & strategies)
3. Project implementation within the group (possible results, videos, pictures, prints, publications, web, blog, forum etc.)
4. Project presentation (exhibition incl. critiques, discussions)

052-0550-00L Hybrid Modeling: 3D-Printing for the Architectural
Design (FS)
Enrolment on agreement with the lecturer only
(benhamu@arch.ethz.ch).

W 2 credits 2S J. Benhamu Esayag

Abstract During 12 weeks, students will get to know both the hardware and the software to successfully use 3D printing technology as an aid to the
architectural design process.

3D Printers will be made available to the Students.

hytac.arch.ethz.ch

Objective The students have to produce blocks of consecutive output. This ensures that all safety regulations are understood and the hybrid model
technology is mastered. The focus is on the students learning how to best illustrate their architectural concept with the new model
construction technique.

Content By means of numerous physically produced concepts of the students the range of possible developments is to be pointed out. The course
is divided into 3 blocks: A (up to the seminar week): learning the basic technique. B (until 4 Weeks prior to End of semester): Develop and
present 5 possible architectural concepts. C (until the end of the semester): deepening a concept by creating different variants.

Prerequisites /
notice

Knowledge of 3D printing technology is not required.

052-0534-20L New Focal Points of Construction: Timber
Construction

W 2 credits 2G D. Mettler, D. Studer

Abstract The elective subject "New focal points of construction" investigates on the basis of contemporary architecture the complexe interaction of
construction elements. The comparative analysis of built constructions serves as a basis for further development of hypothetical future
constructions.

Objective Target of the course is the understanding of the impacts of material, technology and construction to the architectural education of
constructive points.The focus lies on the present state of technology and the current challenge of exemplary architectonic tender points
such as base, wall, chamber, roof etc. The conjunction to current constructive methods and basic conditions enables a critical evaluation of
the constructive Status Quo within the contemporary producing architecture as well as a perspective to new constructive education.

Content The current building scene will be analysed through lectures and the visit of buildings and manufacturing sites. An exercise with a following
descussion will deepen the analyses.

052-0552-00L The Architecture of Maintenance (FS) W 2 credits 2G A. Perkins, N. Zimonjic
Abstract In this elective course we will interrogate the possibilities of repair as a method for a new kind of architectural design model, as a

disciplinary response in the era of climatic change. The course should pose range of questions and challenges to conventional building
economies, standards of construction industry ranging in scale from urban to material choices.

Objective - Investigate design research methods through analyses of architectural examples that focus on repair.
- Produce an in-depth survey of the maintenance of one building in the form of a Maintenance Manual.
- Question and suggest improvements to repair methods applied in the
contemporary building culture.
- Compare possibilities of repair-as-design method in multiple disciplines
(art, landscape, medicine, industry, software, etc) with the help of
invited specialist guests.
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Content The garden project has been an integral part of the teaching curriculum at Studio Tom Emerson, involving over 300 students in its
conception over the past five years. On the one hand it is a design project, a pedagogical tool, focusing on ideas of construction, reuse,
renovation, rejuvenation, maintenance and subtraction, yet we also see it as a form of constant and continuing research into our
interactions with the dynamic processes of time and passing seasons. Can we practice architecture, with the care of a gardener?
In this weekly elective course, the goal will be to look at repair as a possible method for a new kind of design. As a disciplinary response in
an era of climatic change, it is envisioned that this study should pose a range of questions to challenge conventional building economies
and the durability of the constructed environment. We will interrogate and look for ways of improving and repairing standards of
construction industry ranging in scale from the urban to material choices. The methods developed and gathered should become an outline
of experimental possibilities for designers and practitioners who face the growing challenge of a lack of newly built form, and ever growing
need to address the existing built substance, with an outlook to a conflict between construction industry standards orientated toward new
buildings and acknowledged methods of prolongation and altering architecture. Instead of aspiring to build new, can we as a generation
focus mainly on what is already there. A 2-weekly rhythm of lectures and tutorials will help us to produce a detailed picture of the
maintenance architecture of one case study building.

Literature Peter Maxwell. ‘A Dangerous Breed’. Originally published in FORM 246, 2013
Herman E. Daly. ‘Wealth, Illth and Net Growth’. In: From Uneconomic Growth to a Steady- State Economy (Cheltenham: Edward Elgar
Publishing Limited, 2014)
Michael Thompson, Rubbish Theory (Oxford: Oxford University Press. 1979) Ch.3 ‘Rat
infested slum or glorious heritage?’ p.34-56
Arjun Appdurai. The Social Life of Things (Cambridge: Cambridge University Press. 1986)
p.3-63 ‘Introduction: commodities and the politics of value’
Peter Maxwell, ‘Understanding Repair’ In: Useless (London: Royal College of Art, Critical
Writing in Art & Design, 2012)
Alvaro Siza, Living in a House, March 1994, Originally published in: Kenneth Frampton,
Álvaro Siza: Complete Works (London: Phaidon, 2000. p252)
Tim Ingold, ‘Skill’. In: The Perception of the Environment Essays on Livelihood, Dwelling
and Skill, London: Routledge, 2000
Tim Ingold, ‘Building, Dwelling, Living’. In: The Perception of the Environment Essays on
Livelihood, Dwelling and Skill, London: Routledge, 2000
Beatriz Colomina, “The Split Wall: Domestic Voyeurism” Sexuality and Space (New York:
Princeton Architectural Press, 1992)
Charlotte Perkins Gillman, The Home, its Work and Influence (New York: Charlton
Company. 1910) Ch2. ‘The Evolution of the Home’ p.14-35
Charlotte Perkins Gillman, The Home, its Work and Influence (New York: Charlton
Company. 1910) Ch2. ‘The Home as Workshop. I. The Housewife’ p.82-103
Vishmidt, Marina. ‘Management and Maintenance’. In Look at Hazards, Look at Losses,
edited by Anthony Iles, Danny
Mirales Ladermann Ukeles. ‘Manifesto for Maintenance Art’
Mary Douglas. Purity and Danger (London and New York: Routledge Classics.2002) p. 1-35
Elinor Ostrom. Governing the Commons (New York: Cambridge University Press. 1990) Ch.
3 ‘Analyzing long-enduring, self-organizing, and self-governing CPRs’ p.58-102
William Cronon. ‘The Wealth of Nature, Lumber’ In Nature’s Metropolis
Gilles Clement. The Planetary Garden (Philadelphia: University of Philadelphia Press: 2015)
Donald Worster. ‘History as Natural History’, In: The Wealth of Nature (New York: Oxford
University Press, 1993)
Peter Wohlleben, The Hidden Life of Trees. Translated by Jane Billinghurst. (London:
William Collins. 2016) p.1-18, p.241-250

051-1202-20L Integrated Discipline Construction
(D.Mettler/D.Studer)
Presence on the first day (initial course event) to the
integrated discipline construction is compulsory for
participating in this course.

W 3 credits 2U D. Mettler, D. Studer

Abstract In the context of the semester-long design projects, the reciprocity between design, construction and materiality is reinforced.
One focus is the coherence of design and construction.

In the process of developing a project's constructional aspects, design intentions become formulated in a more precise and binding way.

Objective The integration of knowledge gained in the basic courses lends the work an additional dimension and demands of the students an
increasingly integrative ability to think and design.

Content This part of the curriculum addresses design work in different areas of architecture and integrates the knowledge acquired in previous
years. It involves the active participation of specialists from related disciplines (e.g. building structures, landscape architecture, history of art
and architecture, monuments conservation etc.).

Prerequisites /
notice

For your attention: 
Your presence at the introduction lesson taking place at the beginning of the semester (date will be communicated in due time) is
compulsory for all further work within the Integrated Discipline Construction.

The Integrated Discipline Construction at BUK consists of the obligatory introductory event, the central elements Exercise 1 + 2,
Presentation and Interim Criticism, as well as the final submission.

 History and Theory of Architecture
Number Title Type ECTS Hours Lecturers

052-0814-20L History, Criticism and Theory in Architecture:
Modelling Modernity

W 2 credits 2S M. Wells

Abstract Modelling is a primary mechanism through which we make sense of and act upon our material lives and society at large. Whether as a
demonstration, experiment, or proposition, architectural models have the ability to record, alter, and remake the material world. This
seminar will study and examine the multiple roles played by the architectural model in the construction of the modern world.

Objective Through lectures and close readings of texts this seminar will critically investigate the function and form of models, the materials and
methods of depiction, questions of scale, and the issues surrounding the perception, experimentation and presentation of the medium. In
addition to regular attendance at the seminar students will independently research and present specific examples for a future publication.
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Literature . Elser, Oliver ed.: Das Architektur Modell: Werkzeug, Fetisch, kleine Utopie – The Architectural Model: Tool, Fetish, Small Utopia,
Exhibition catalogue, Deutsches Architekturmuseum (Frankfurt am Main, 2012)

. Frommel, Sabine and Raphaël Tassin eds.: Les maquettes d’architecture : fonction et évolution d’un instrumentde conception et de
realization (Paris / Rome, 2015)

. Lending, Mari: Plaster Monuments: Architecture and the Power of Reproduction (Princeton/Oxford, 2017) 

. Lepik, Andres: Das Architekturmodell in Italien: 1353-1500 (Worms, 1994)

. Mindrup, Matthew: The Architectural Model: Histories of the Miniature and the Prototype, the Exemplar and the Muse (Cambridge, MA,
2019)

. Pillsbury, Joanne, Patricia Joan Sarro, James Doyle, and Juliet Wiersema: Design for Eternity: Architectural Models from the Ancient
Americas (London/New Haven 2015)

Prerequisites /
notice

The course will primarily be held in English. Students who wish to take part in the seminar should submit a letter of motivation one week
before beginning of the semeter.

052-0816-20L Seminar Architectural Criticism: Feminine Spaces II W 2 credits 2G A. Stahl, V. Vilardebo Sacchetti
Abstract The seminar investigates the potential and the limitations of architectural criticism. The course comprises theoretical reflection, discussions

of architectural objects, as well as work on texts.
Objective The aim of the seminar is to develop the basics of feminist architectural theory and to apply it in joint field research. Students are therefore

expected to take on different research tasks and a short presentation of the research results for the group as well as a series of text
contributions.

Content There are a number of "women spaces" that are built and designed to both protect and exclude them from patriarchal society. Together we
will examine these places and develop a critical vocabulary, in order to reflect their meaning and benefits and to gain an independent
position about the subject.

Lecture notes Will be handed out at the beginning of the semester.
Literature Essays and reviews from architectural journals, magazines and other media.
Prerequisites /
notice

Especially for students from the 5th semester Bachelor.

052-0818-20L Theory of Architecture Seminar
Does not take place this semester.
This course is not offered in FS20.

W 2 credits 2G L. Stalder

Abstract The elective course/seminar "Architectures of Gender: body_building" seeks to provide an interdisciplinary introduction to gender theory in
its relation to architecture.

Objective Participating students will become familiar with contemporary gender-based approaches to architecture and spatial practice, and learn to
apply this knowledge to critical discussion of historical and current examples.

Content The body as ontology, epistemology, and representation has long provided a model for architecture. Architecture, in turn, has contributed to
the construction of the human body, especially in the modern era – for example, through techniques of measuring, norms and standards.
How does this relationship change today, as the boundaries between human body and technology increasingly blur, and the presumed
integrity of the body becomes subject to debate and alteration?

This seminar addresses the mutual co-construction of the body and its surrounding built environment historically as well as theoretically, in
particular from the perspective of technofeminist (and more recent xenofeminist) thought. Since the 1960s, architectural theories have
referred to the figure of the “cyborg.” In 1985, Donna Haraway famously subverted this initially technocratic concept into an emancipatory
tool to counter gender bias, binary constructions, the “reproductive matrix” and essentialist ontologies of nature. Over the last three
decades, feminist scholars have further deterritorialised and appropriated different technologies to their own ends.

Revisiting feminist theorization and speculations, both past and present, we ask for the utopian potential of this un- and re-building of the
body in its capacity to destabilize its associated understandings of nature, technology and culture. Weekly close-readings and discussions
of key texts will familiarize the participants with provocative voices in the field, as well as provide the basis and methods for a research-
oriented assignment in small groups.

Lecture notes All required readings will be made available online.
Prerequisites /
notice

Regular class attendance is mandatory. Students are required to actively participate in weekly readings and discussions.

052-0822-00L Architecture and Photography (FS) W 2 credits 4S T. Wootton
Abstract Representation of architecture is inextricably linked to photography since the mid 19th century. As buildings are commonly discussed on

the basis of images, understanding their technical origin is key to reading and making them. By teaching students how to use a 4x5'' view
camera, the artist and photographer Tobias Wootton will introduce different techniques of 'thinking through the lens'.

Objective Knowledge of architectural photography
Prerequisites /
notice

This be-weekly course is taught in 2 groups of max.15 students each, in English and German. 

Course dates s. room reservations!
Group 1: Thursdays 17:00 - 21:00; Group 2: Fridays 13:00 - 17:00) 

Students will be selected on the basis of a motivation letter until 10.2.20, 12:00 h to wootton@arch.ethz.ch.
Please also state a preference for which day (Thursday evning or Friday afternoon).

052-0824-20L History of Art and Architecture: Don18 - From
Microsoft to Microdosing

W 1 credit 2G B. Seidel, H. Romakin, N. Zschocke

Abstract In Spring 2020, Don18 will look back at the digital aesthetics and artistic collaborations from the 1990s, and trace its influences in today's
digital world. On the example of artistic and architectural works Don18 will examine how the contemporary flood of pictures and information
has affected the approach towards political, social, economic, and bodily needs.

Objective Students will:
- become acquainted with concepts and questions of the recent art and architecture history and media theory. 
- gain new insights into the work of international artists and architects. 
- further develop their own position and voice by contributing to discussions with their peers, teachers and academic guests.
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Content DON18 (Donnerstags um 18 Uhr) is an ongoing art and architecture dialogue series, which brings leading international practitioners to
discuss timely issues, often related to courses being taught simultaneously in the Chair of Philip Ursprung. 
In Spring 2020, Don18 will look back at the digital aesthetics and artistic collaborations from the 1990s, and trace its influences in today's
digital world. On the example of artistic and architectural works Don18 will examine how the contemporary flood of pictures and information
has affected the approach towards political, social, economic, and bodily needs. 

A selection of relevant literature will be provided and texts will be read in preparation of the events.

Literature A selection of relevant literature will be provided and texts will be read in preparation of the events.
Prerequisites /
notice

Teaching languages: English and German.

052-0828-20L Seminar History and Theory of Urban Design: The City
Represented - Visions of Urban Living
Number of participants limited to 18.

W 4 credits 2S C. Nuijsink

Abstract This seminar takes a long-running architecture ideas competition and uses it to identify key topics in architecture culture. Studying the
competition materials of the Shinkenchiku Residential Design Competition (1965-2019) and mapping the complexity of knowledge
exchange taking place within it, this seminar will open up new, cross-cultural perspectives on ‘housing the urbanite’.

Objective - Identify major topics in architecture culture, such as metropolis, style, programme, historicism, and localism
- Sharpen students’ comprehension of the architecture competition as an open platform of discussion 
- Create a better understanding of the process of transculturation prompted by a given design problem
- Equip students with analytical skills and advanced research skills to find and interpret different library sources
- Capture a multidirectional exchange of knowledge and visualize it using (digital) mind-mapping techniques

Content Architectural history has long been narrated as the achievements of a select group of pioneering, heroic master architects. New
perspectives prompted historians in the 1980s and 1990s to write a ‘critical history’ that eradicated the Eurocentric bias, followed by ‘global
histories’ that started to acknowledge history’s worldwide dimensions. This seminar proposes to go one step further and develop and test
an intertwined history of architectural ideas prompted by an international ideas competition originating in Japan. 

The seminar is first and foremost concerned with the production of new architectural knowledge that occurs when different cultures and
interests come together. In particular, it explores to what degree ideas infiltrate or merge – in appropriated form – with the design
knowledge of others. It will do so by traversing the Shinkenchiku Residential Design Competition (1965-present), a yearly housing ideas
competition that originated in Japan but has attracted entries from all around the world. Starting from its very first edition in 1965, you will
investigate different competition themes and connect these to the wider architectural debate on ‘metropolis’, ‘comfort’, ‘style’, ‘programme’,
‘historicism’, ‘localism’ and ‘digitalization’. In parallel, you will explore the works and theories of well-known architects who posed the
competition themes and served as the single judge, such as Kenzo Tange, Arata Isozaki, Richard Meier, Peter Cook, Rem Koolhaas,
Bernard Tschumi, Jacques Herzog, Toyo Ito, and Kazuyo Sejima. In addition to the competition brief, the particulars of the multiple winning
entries and the judges’ final remarks, we will read primary and secondary sources to understand the historical and sociocultural context of
the competition as well as its pre-, side- and after-effects on architectural debate at large. 

Questions we will address include; how did the competition theme come into being? Who has access to the competition? What is the
mechanism driving the competition? What is the larger question at stake in a particular edition? How is the common design problem
interpreted differently by its contestants? Did judging the entries influence the judge’s original perception? In what way did the competition
theme resonate in different architecture cultures afterwards? 

During the first seminar class, you will be asked to choose one of the pre-selected competition editions on which to focus in-depth over the
course of the entire semester. In the guise of a detective, you will actively gather relevant sources in the library that can contribute to the
research questions posed above. Your semester-long research will culminate in a comprehensive digital mind-map that will be part of the
final presentation.

Course structure
The course is based on weekly, two-hour seminars structured around a preselected edition of the Shinkenchiku Residential Design
Competition. In the first half of each seminar, the lecturer will introduce the intellectual-historical context particular to the competition edition
under discussion. In addition, we will collectively carry out a critical reading of the competition brief and the judge’s final remarks. In the
second half of each seminar, one pair of students will present in-class an analysis of the winning entries of that same competition edition.
The student presentation will not only serve to illustrate to what extent the grand architectural vision of the judge transformed in
multidirectional ways, both influencing and being influenced by interaction with a new cultural context; together with our assigned weekly
readings, it will also serve to foster a group discussion on how the initial competition theme set by the judge affected the wider architectural
debate, and vice versa.

Lecture notes A printed syllabus will be provided in the first seminar class on 20 February 2020.
Literature Weekly assigned readings will be provided in digital form. Additional readings will be put on reserve in the library.
Prerequisites /
notice

This course is offered mainly for master’s students and is limited to 18 participants. 

Assessment requirements: 
Active participation in class discussions 10%
Digital mind map that visualizes the complex set of relations in one competition edition 60%
Short text (300-500 words) explaining your mind map, including bibliography of the sources consulted 30%

052-0830-00L History of Art and Architecture: Hunting Shadows
Not eligible as a Compulsory GESS Elective for students
of D-ARCH.

W 2 credits 2G A. Smith

Abstract This is a survey course that explores the history of architectural representation through a single motif—the shadow. The "illustration" of
shadows is a feature of architectural drawing that is capable of revealing much precisely because it is perceived as incidental.

Objective As a minimal outcome of this course, you should be able to compare a contemporary architectural image with an early modern image, and
discuss the appearance of convention, media and content in both. More capable students should also be able to trace a single motif across
multiple case studies, and thereby identify anachronic elements that persist not only in contemporary architecture, but are embedded in the
tools of contemporary architectural design. The best students should be able to relate this analysis to broader historical questions regarding
the autonomy of architecture, and the relationship between technique and knowledge.
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Content This is not a course that approaches architecture via media, nor by material, but rather by something that is between the two. The shadow
is as inevitable a part of architecture as light, but it is rarely, if ever, a subject of sustained inquiry. The shadow silently slips through the net
of almost all the serious discourses of architectural history. All the same, it is a motif through which the entire history of architectural
representation can be retold, from the development of drawing techniques to the definitions of shelter. From Hugh Ferriss’ tenebrous
charcoals of New York skyscrapers to contemporary overshadow laws (visible in the form of Zurich’s Prime Tower), shadows shape the
legal limits of buildings just as they delimit them on paper. Akin to the latent image in photography, the heightened role of the shadow in
architecture is the logical consequence of the constant pursuit of light. 

What is a shadow? Contrary to the tale of the maid of Corinth, who was said to have traced the shadow of her departing lover, in order to
possess at least an outline, natual shadows are neither still, nor do they present sharp silhouettes. All natural shadows move, because all
natural light sources are mobile. Before the invention of electric light, the only shadows that were fixed in place were those that had been
drawn or painted. Furthermore, shadows are never completely sharp, because of the wave-like behaviour of light. It is only now that
computer graphics specialists are developing techniques to simulate penumbra, the soft edges of cast shadows.

The study of shadows has a prominent role in classical architecture, from the panoply of horizontal shadows—Σκοτία—in columns and
entablatures, to the the metaphysical importance da Vinci attributed to sfumato. In other traditions, the shadow plays even more obscure
roles, connecting to questions of nostalgia, the distant past, and to the dead. As architectural drafting evolved, the depiction of shadows
was used to demonstrate technical skill, as much as to indicate three-dimensional depth. Today, the shadow is an active protagonist in
architectural legislation, and by extension, architectural design. Shadow casting is a standard feature of CAAD design packages, and
serves both pragmatic and aesthetic functions. But can we use them to navigate through the history of architectural representation?

Prerequisites /
notice

Not eligible as a Compulsory GESS Elective for students of D-ARCH.

052-0834-20L PhD Teaching: Research in History and Theory of
Architecture
Does not take place this semester.
Not offered in FS20.

W 2 credits 2S L. Stalder, to be announced

052-0848-00L Experiments on the Spatial Perception and Spatial
Cognition of Architects (FS)

W 2 credits 2S A. Gerber

Abstract The course deals with the question of how architects perceive architectural and urban space and how their spatial imagination can be
grasped empirically. This before the tradition of comparable investigations in history and the theory of architecture.

Objective Students gain insight into the history and theory of scientific spatial research and architectural aesthetics as well as into the related
contemporary cognitive sciences (cognitive psychology and neuroscience). They develop an original question about the perception of
space and the spatial imagination of architects, which they verify in an experiment.

Content The course presents the "state of the art" of cognitive sciences and their relevance to architecture against the background of the historical
analysis of architectural theory with these topics. Discussions take place on existing experiments and theories that pertain to architecture
and uses them to develop original, empirical experiments from which a sound understanding of architecture and design can be gained.
Students will work also with Hololens and thus investigate upon the boundary between the experience of "real" and of "virtual" spaces.

052-0850-20L The City in Theory: Urban Matters and Design
Number of participants limited to 30.

W 2 credits 2S H. Teerds

Abstract Cities are at the heart of fierce debates in society today. In this course, students will trace how architects and urban designers, through
their capacity to read the city and their ability to imagine alternative future scenarios, respond to or complement the views of theorists and
activists.

Objective In the framework of this seminar, students will examine the role of designers in shaping visions for the city. The aim is to investigate a
selection of topics that have played key roles in the history of cities. In the 2019 Spring Semester, these topics are Capital (referring to the
economic situation of cities), Public Space (which pertains to the ability of citizens to develop a public life) and Fear (which addresses the
actual and perceived risks of living in dense urban, as well as less dense, suburban areas). The seminar puts up for discussion a series of
architectural and urban-design interventions that explicitly address these topics. These will be investigated, alongside their theoretical
implications, during the weekly sessions . 

During seminars, we will discuss the core messages of the readings, as well as uncovering when, why and how the author addressed this
specific topic. The specific reflections will be illustrated by mirroring the theoretical perspectives and actual urban plans or interventions.
During the discussion, these texts also will be related to the particular architectural and urban design approaches that have been discussed
previously. 

Course objectives
-    Introduce students to several historical and contemporary contributions to actual debates on cities and urban design
-    Discuss the motivations, purposes and ideologies behind the particular contributions to the debates on cities
-    Emphasize the specificity of the designerly view upon the deficiencies and potentialites of the urban territory
-    Highlight the relationship between theoretical as well as designerly approaches to the contemporary city
-    Equip students to reflect upon cities with the help of both theoretical as well as designerly perspectives

Prerequisites /
notice

Advanced bachelor students and master students can enrol in this course

052-0844-20L Digital Methods for Architecture History W 3 credits 4G M. Delbeke, B. L. A. Seguin
Abstract This course is an introduction to the use of computational methods in the Humanities, and more specifically to its applications to

Architecture History. Using a corpus from the ETH library, its purpose is to expose students to a range of approaches and methods which
could appear in a digital project.

Objective The objectives are for students to learn:
- How to frame a question in a "Digital way" (Data, 
   Operationalization, ...)
- To understand when/how computational methods can be useful.
- To be aware of the current possibilities of algorithms in terms of 
   document, text and/or image analysis.
- To be able to use and apply elementary programs and analyses from 
  pre-formatted data.
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Content Course time will be a balanced mix of lectures and hands-on sessions. Concepts and techniques will be introduced and explained in
lectures and put in practice with exercises.
These exercises will often leverage relevant digitized documents from the holdings of the ETH library, such as historcial treatises on
architecture.
This course is an introcduction to a range of different topics and techniques that someone might encounter or need in a digital project. The
goal is not to delve into specific areas but give the necessary information for students to understand and interact with digital humanities
projects, allowing them to know where to start if they want to apply these techniques to their own research.
W1: Introduction, examples of digital humanities projects, course overview.
W2: Collections as data I
W3: Collections as data II
W4: Introduction to data analysis
W5: Collections as data, standards and lined-open-data
W6-7: Textual analysis: Topic modeling, textual search, Word2Vec, ...
W8-9: Image analysis: Photogrammetry, CNN, image similarity, Document processing, ...

Prerequisites /
notice

As it is a practice oriented course, some programming will be involved. Students are expected to come to class with their own laptop. It will
also be very helpful for students to already have basic programming capabilities (variables, for-loop, conditionals, string manipulations,
functions, ... ).

 Network City and Landscape
Number Title Type ECTS Hours Lecturers

052-0712-00L Sessions on Territory (FS) W 1 credit 1V M. Topalovic
Abstract SESSIONS ON TERRITORY are public debates on the political economy of architecture and territory within and beyond the neoliberal

order.
Objective SESSION ON TERRITORY is a series of public debates on the political economy of architecture and territory. Focusing on how the epoch

of the Anthropocene reframes our conceptions of the urban and shapes new ecologies, the seminar’s objective is to unravel contemporary
forces at work in the formation of the built and natural environment, and, as importantly, to spur debates that challenge the status quo.
Every intervention by a guest speaker is followed by a panel discussion with invited respondents.

Lecture notes Texts to accompany each presentation will be sent via email before each weekly session.

052-0714-20L Serendipity: Carved Landscapes
Number of participants limited to 16.

W 2 credits 2G C. Girot

Abstract The students investigate todays systems of mining and it's impact on the contemporary alpine landscape. Through acoustic and visual
measurements on site the students find different ways of representing landscape.

Objective Through the use of multimedia tools, this course will reflect on the contemporary use and perception of landscape.
Content Attention: The final inscription will take place on the first course date, everybody is treated the same.


The alpine landscape has become a hinterland of its adjacent urban centers. Stone among other resources is extracted from the
mountainous terrains and channeled into the thriving cities of central Europe. Ever since local villages were built local stone was used as a
building material and was carved from endless quarries, reshaping the landscape.  Cities depend on their hinterland for supply of all sorts,
like recreational tourism, water sources and hydropower plants, agricultural production or construction material, the landscape in return is
being reshaped by these distant interests with increasing speed.

After investigating the systems of water-collection and the allocated power production during previous semesters, we will now be shifting
our focus on the extraction of stone and rock – the dismantling of the mountains themselves. The mining of rock and stone formations
which have been formed over millions of years – undergoing geological transformations of unimaginable scale. 
With a group of students we will investigate a gneiss quarry in Cevio, located in the famous Val Maggia. Amongst many other quarries in
the valley, in this particular one locals have been mining stone as a construction material for centuries. This has not only influenced the
local architecture, which became famous for its stone-cladded roofs – only possible due to the specific properties of the local stone – but
also made the valley famous far beyond its borders. In the 1920’ies Zurich's Train-station Enge was built using the rock from this quarry in
Cevio. Thirty years later the square in front of the station was named «Tessinerplatz» the canton where Cevio is located, making the urban
ensemble an homage to the origins of its building material.
The process of building is always also a process of mining – elsewhere. Every built volume requires a negative space. In this void and it’s
surrounding landscape we will search for gaps, joints, resistance, reflections and connections between landscape and the mining structure,
production and protection, absorption and reflection. We want to understand the spatial characteristics drawn by light and sound and create
a new perception of this place. What spatial qualities can we find in this remaining carved landscape? And how can we present these
discoveries in an audiovisual work?
We will approach the place with sound recorders and analogue medium format cameras. Spending time on site will give us the possibility to
emerge into the system of power and observe it in different scales. Back on campus Students will work on an audio visual composition,
created in the AV-Lab and the PhotoLab. 


Notes: The course will be limited to 16 students. Participation on all dates of the course (Introduction, Workshop, Mid- and Final
Presentations) is mandatory. The Chair will provide some financial support (costs for production), additional costs (transportation, overnight
stay, food and drinks) are asked to be paid by the participants. Basic trekking experience and outdoor clothing is required.

Prerequisites /
notice

Course language: English or German (number of participants is limited!)

20.2.2020 Introduction & final inscription – before the participation can't be guaranteed

29th Feb/1st Mar 2020 Weekend workshop, all day, outside ETH (mandatory)
Costs per student (for travel and accommodation): 150.-

052-0716-20L Topology: "Draw a Map to Get Lost" W 2 credits 2K C. Girot
Abstract In this elective, we aim to question cartographic representations by creating a map that challenges our sense of orientation.
Objective In this elective, we aim to question cartographic representations by creating a map that challenges our sense of orientation.
Content We follow Yoko Ono's contradictory instructions and explore the tension between orientation and disorientation in the map. Since the

medieval itineraries of pilgrims, we have been using cartographic orientation tools. Even today, we rely on the fact that maps depict
realities, while at the same time, we are wandering as blue dots in the labyrinth of Google Maps. What does a map show? And what does it
hide? What claim to truth does it formulate? In this elective, we will explore these questions and deepen our knowledge with a selection of
texts on the history, meaning, and purpose of cartographic representations. Ultimately, the students themselves become cartographers:
they will survey the territory according to their own rules and create a map that challenges our sense of orientation.

Literature Reader
Prerequisites /
notice

Course languages: German; (English and French if desired) 

Introduction: 21 February 2020, 1 pm.

052-0718-20L Territorium of the City: Vienna W 2 credits 2G G. Vogt
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Number of participants limited to 12.
Abstract The elective deals with current transformation processes of metropolitan landscapes in Europe and introduces landscape architecture

design on a territorial scale.
In FS20 it takes place in Vienna. On the basis of a field trip and cartographic analyses using GIS, the students develop strategies for the
growing metropolitan landscape of Vienna.

Objective The elective introduces to the subject and complexity of the urbanized landscape and teaches the critical engagement with the challenges
and potentials of current tendencies in Landscape Architecture. On the basis of a concrete study area, students examine the large-scale
processes of reuse, reform and reinterpretation of metropolitan landscapes in Europe and develop new approaches and strategies on
various scales. They become familiar with GIS as an analytical tool, model building as a design methodology and the representation of
landscape through plans. They develop a project based on the perception of place, knowledge of landscape-architectonic typologies and
conception of public space. The design process is accompanied by workshops, lectures, excursions, critiques and a workbook.

Content Die Art und das Ausmass der Nutzung von Landschaft haben sich in den letzten Jahrzehnten grundlegend verändert. Einerseits wird die
Ressource Landschaft heutzutage viel intensiver genutzt, wie dies die starke Zunahme von Rohstoffabbau und Materialtransporten sowie
der massive Ausbau von Infrastrukturen verdeutlichen. Gleichzeitig wird die Nutzung in gewissen Gebieten auch extensiviert, wodurch
Verbrachungs- und schliesslich Verwilderungsprozesse eintreten. Zudem sind Landschaften zunehmend rasanten und teilweise global
wirkenden Veränderungen in Mobilität, Klima, Landwirtschaft, Energie und Freizeitverhalten unterworfen. In der Summe führt dies zu einer
tiefgreifenden Transformation von Landschaften, wobei der Wandel uneinheitlich, ungleich und teilweise diametral erfolgt. Die historische
Koexistenz und räumliche Trennung von bis anhin in die Landschaft eingelagerten Nutzungen (z.B. Landwirtschaft, Verkehr, Militär,
Tourismus oder Energieproduktion) löst sich zunehmend auf. An ihre Stelle tritt eine operationalisierte Landschaft, in die im metropolitanen
Kontext oftmals auch informellen Erholungs- und Sportnutzungen eingeschrieben sind. Die neuen Formen von «Parks», die dadurch
entstehen, sind nicht mehr klar fass- und einordnungsbar, sondern breiten sich temporär und räumlich diffus auf das urbane Territorium
aus. Die treibenden Kräfte hinter dieser Entwicklung sind einerseits im Ausbau der Infrastrukturnetzwerke des öffentlichen Verkehrs,
insbesondere der S-Bahn, und andererseits in der oftmals chronischen Übernutzung innerstädtischer Freiräume zu verorten. Die
Erholungssuchenden weiten als Folge ihren Aktionsradius auf die schnell erreichbaren und unmittelbar verfügbaren Freizeitlandschaften
aus. Dieser Prozess erfolgt oftmals informell und ungeplant; die Menschen nehmen sich den Raum für ihre Aktivitäten, wo und wie sie es
für nötig halten. Die Überlagerung und Verflechtung von teilweise konträren Interessen, die sich oftmals ausschliessen, führt zu Reibungen
und Konflikten, die durchwegs positiv und produktiv sein können: Landschaft wird nicht mehr länger nur als ökonomische-, sondern
vermehrt auch als öffentliche Ressource begriffen, was eine zukünftige Debatte über die Art und Weise der (Be-)Nutzung der Landschaft
und die Möglichkeit einer integralen, demokratischen Entwicklung der Landschaft als öffentlicher Raum notwendig macht.

Lecture notes A workbook with texts and background information is available for purchase.
Prerequisites /
notice

The participation in the course is subject to the following three conditions:
1) The course is limited to 12 students. The restriction follows the time of the inscription according to the first-come-first-served-principle.
2) A two-days trip to Vienna is mandatory for all students.
3) The contribution to expenses will be 200.- CHF per student.

052-0724-20L Soziology: Memories of Zurich West
There is a limit of 30 students.

W 2 credits 2G S. Guinand, C. Schmid

Abstract In this research seminar, we will investigate the different—and sometimes opposing—tangible and intangible dimensions of memory.
Taking the history of Zurich West as a case study, participants will conduct various qualitative methods and present their results in class.

Objective The aim of this course is to critically investigate and reconstruct memories of Zurich West by incorporating different actors’ subjective
perspectives, as well as discourses on the area. Participants will also collect information on the tangible and intangible transformation
processes of Zurich West. The results of the seminar will be presented in the form of a short booklet to be handed out and made available
on the department’s website as an e-publication.

A further goal is to introduce participants to qualitative methodological tools. The class is framed to: 1) have students experiment with the
challenges of qualitative methods while collecting data in situ; 2) become familiar with new dimensions of qualitative research while
simultaneously developing a critical approach to these tools; and 3) devise new perspectives into their personal research project.

Content The research seminar engages with the notion of memory, which is intimately entangled with the notion of heritage. Memory can be
expressed, on one hand, as all the tangible traces that remain in the built environment, as well as all the intangible dimensions associated
with a specific object, environment, or moment. The area of Zurich West is particularly suitable for this exploratory investigation, as it has
experienced different layers of transformations over the past several decades. It was the core industrial area for the greater Zurich region
with varied forms of industrial production such as machines, turbines, soap, beer, and logistical facilities until the 1980s. It then turned into
a meeting place for an alternative cultural milieu, with all sorts of venues and high hopes for innovative projects in regard to its future
development. However, it then quickly turned into a “trendy” and luxury neighbourhood at the end of the 1990s, when public authorities
designated it for real estate development.

In the research seminar this urban trajectory will be explored through the following aspects:
Where can memory be found? How is it expressed in the built environment? What do we know and learn? Are there missing elements?
What is hidden? Is there a such a thing as “ordinary” memory? What is institutional (official) and what is not? What are the attributes of
memory? Are there opposing memories? Should we speak of memories?

We will attempt to answer these questions by first looking at archival materials, undertaking photographic surveys, and then by conducting
qualitative interviews with (former) residents, (former) users and local stakeholders—sometimes using the photo-elicitation technique.

Lecture notes No script
Literature A syllabus with central texts will be handed out at the beginning of the semester.
Prerequisites /
notice

The course will be held in English. Participants must be able to speak and write in English.
The course is restricted to 30 students. Please send a motivation letter to sguinand@ethz.ch until February 2020.

052-0726-20L ACTION! On the Real City: Filming the (un)Real City W 2 credits 2U H. Klumpner, C. E. Papanicolaou
Abstract 'If photography is truth, cinema is truth 24 frames per second', the words of Jean-Luc Godard guide us we disentangle the complex urban

landscape through image and sound.

This course develops new forms of urban literacy by combining ethnographic social research methods with filmmaking (using smartphones
and Adobe Premiere Pro) and 3D modelling (using the Adobe After Effects and Cinema 4D).

Objective Through a combination of practical exercises in video and audio techniques in parallel with the study of seminal observation-driven texts
like, this course aims to equip students with the basic tools and core principles to create short but complex portraits of urban space.

This approach will be applied to the study of 'urban flux' - non-stop transformation of our environments, understood through everyday
practices. Students will be invited to take a deep, 'thick' look at a neighbourhood of their choice, telling the story of its transformation
through time and space, in the creation of a collective 'everyday' mosaic of urban spaces.

Using widely available recording tools and editing software, students will turn their fieldwork into short video or audio works of about 3-5
minutes.
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Content The course will compose of lectures, practical crash courses in media use and 3D modelling, and fieldwork sessions. The course will be a
laboratory in the creation of short media works that aim to inform the architectural design process, working between the city and the studio
in ONA. Students will be expected to complete all required work within the hours that the elective meets, with few requirements outside of
the class hours.

Literature Seminal texts include:

- ‘Cross-Cultural Filmmaking’ (Barbash, Castaing-Taylor)
- ‘Acoustic Territories’ (LaBelle)
- 'Ethnography: Principles in Practice' (Hammersley, Atkinson)
- 'Thick Description: Toward an Interpretative Theory of Culture (Geertz)

Prerequisites /
notice

For students from all disciplines.

Software required:

Adobe Premiere Pro
Adobe After Effects
Cinema 4D (Free, available online)


We aim to cap the course at 20 students, giving priority to students who also sign up to the Klumpner Chair Architectural Design Studio:
Barranquilla. It is strongly recommended to take both courses in parallel.

Lecturers/contacts: Prof. Klumpner, Klearjos Papanicolaou and Michael Walczak.

 Technology in Architecture
Number Title Type ECTS Hours Lecturers

101-0523-00L Industrialized Construction W 4 credits 3G D. Hall
Abstract This course offers an introduction and overview to Industrialized Construction, a rapidly-emerging concept in the construction industry. The

course will present the driving forces, concepts, technologies, and managerial aspects of Industrialized Construction, with an emphasis on
current industry applications and future entrepreneurial opportunities in the field.

Objective By the end of the course, students should be able to:
1. Describe the characteristics of the nine integrated areas of industrialized construction: planning and control of processes; developed
technical systems; prefabrication; long-term relations; logistics; use of ICT; re-use of experience and measurements; customer and market
focus; continuous improvement.
2. Assess case studies on successful or failed industry implementations of industrialized construction in Europe, Japan and North America. 
3. Propose a framework for a new industrialized construction company for a segment of the industrialized construction market (e.g.
housing, commercial, schools) including the company’s business model, technical platform, and supply chain strategy. 
4. Identify future trends in industrialized construction including the use of design automation, digital fabrication, and Industry 4.0.

Content The application of Industrialized Construction - also referred to as prefabrication, offsite building, or modular construction – is rapidly
increasing in the industry. Although the promise of industrialized construction has long gone unrealized, several market indicators show
that this method of construction is quickly growing around the world. Industrialized Construction offers potential for increased productivity,
efficiency, innovation, and safety on the construction site. The course will present the driving forces, concepts, technologies, and
managerial aspects of Industrialized Construction. The course unpacks project-orientated vs. product-oriented approaches while
showcasing process and technology platforms used by companies in Europe, the UK, Japan, and North America. The course highlights
future business models and entrepreneurial opportunities for new industrialized construction ventures.

The course is organized around a group project carried out in teams of 3-4. The project begins in week 6 of the course, and collaborative
group work will occur during the Wednesday sessions. Teams will be required to propose a framework for a new industrialized construction
venture including the company’s product offering, business model, technical platform, and supply chain strategy.

The planned course activities include a 1/2 day factory visit (UPDATE confirmed date is Friday, March 20), a tour of the NCCR dfab
laboratory, and five reflection assignments. Students who are unable to attend the visits can make up participation through independent
research and the writing of a short paper.

Literature A full list of required readings will be made available to the students via Moodle.

052-0568-00L Room Acoustics (FS) W 2 credits 2G K. Eggenschwiler
Abstract Influence of form and material on speech and music within spaces. Special requirements of acoustically sensitive spaces such as school

rooms, music rooms, theaters, concert halls, opera buildings and churches (historical and modern buildings). Scientific ways of calculating
and assessing acoustics. Basic introduction to sound systems for speech.

Objective The students learn to recognise the importance of acoustic factors and to design spaces with appropriate acoustical properties.
Content We will begin by focusing on the acoustic dimension of space without excluding the other non-auditory senses. Following this, the influence

of form and material on hearing and the characteristics of the spoken word and music within spaces will be explored by means of examples
and with the aid of the special instruments of acoustic science. We will then discuss the special requirements of acoustically sensitive
spaces such as school rooms, music rooms, theaters, concert halls, opera buildings, and churches. This study takes the form of both
theory, and real examples of historical and modern buildings. Scientific ways of calculating and assessing acoustics is presented and a
basic introduction to the sound system
design for speech is made.

Lecture notes Script in German

052-0616-00L Building Process: Realization (FS)
More information at: www.bauprozess.arch.ethz.ch

W 2 credits 2G M. Eglin

Abstract Visits to construction sites and interdisciplinary lectures on the topics of communication, complexity, landscape and investment are the
main focus of the workshop. In addition, the term process is to be depicted by means of visits to manufacturers of construction
components.

Objective The main focus of the diploma elective subject is in showing the building process by means of current examples of urban design with
architectural relevance. The Chair views itself as the facilitator between those involved in construction and students. Active participation is
a prerequisite.

Content The main focus of the diploma elective subject is in showing the building process by means of current examples of urban design with
architectural relevance. Visits to construction sites and interdisciplinary lectures on the topics of communication, complexity, landscape and
investment are the main focus of the workshop. In addition, the term process is to be depicted by means of visits to manufacturers of
construction components. The Chair views itself as the facilitator between those involved in construction and students. Active participation
is a prerequisite.

Literature www.map.arch.ethz.ch, Sacha Menz (Hrsg.), Drei Bücher über den Bauprozess, vdf Hochschulverlag an der ETH Zürich, 2009
Literaturempfehlungen unter www.bauprozess.arch.ethz.ch
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Prerequisites /
notice

The number of participants is limited and enrolment is only possible in  agreement with the chair!

052-0628-20L CAAD Theory: An Introduction to Machine Intelligence
(Hovestadt)

W 2 credits 2G L. Hovestadt

Abstract Introduction to Machine Intelligence | This course aims to make you computationally literate in terms of machine intelligence. It is suitable
for architects and those without the engineering background.

Objective This course aims to make you computationally literate in terms of machine intelligence. It is suitable for architects and those without the
engineering background, but with some knowledge of writing code. Its goal is to teach you exactly and in full detail how some of the most
prominent machine learning algorithms work. (deep neural networks, self-organising maps, etc.) To achieve this, we will introduce the
mathematical concepts necessary for understanding the topic and illustrate them by implementing the machine learning algorithms from
scratch in python programming language. Being an expert programmer is not a prerequisite for this course, it is your interest and curiosity
to plunge into something new and challenging.

Content http://www.caad.arch.ethz.ch
State of the art machine intelligence today is usually provided as libraries of code, written by large-scale influential companies, (for example
Google’s TensorFlow or Facebook’s Pytorch) structured by professional engineers such that the involved architec- tonics and procedures
conform and reinforce the engineering problem-solving mindset. Anyone not able or willing to adhere to this mode of operation—for
example architecture, which is neither a discipline, nor it is strictly about problem solving—is kept at a safe distance, and offered tools and
tutorials. The knowledge about a computational concept, for example a much-hyped GAN, is offered to the peers as a complex technical
paper, and to the rest, simply as a library of code to be played with. If an architect, willing to reinvent her field in today’s novel and
significant technological context wishes to acquire the necessary lit- eracy to navigate the space where the knowledge is created and
negotiated, she faces considerable difficulties. Prerequisites to enter the field are the same as for future engineers, along with pedagogic
principles. If, on the other hand, we are unwilling to pursue this literacy, we are once again in a situation to simply accept the tools and let
them write our legacy. However, this time, the shortcut that we would be taking might have far greater consequences than before. It could,
in fact, do a great honour to computer science by allowing it to turn a three-thousand-year-old legacy of architecture into one of its
particular specialisations.

Lecture notes http://www.caad.arch.ethz.ch
Literature http://www.caad.arch.ethz.ch

052-0630-20L CAAD Practice: Maps & Models - Articulate City
Perceptions (L.Hovestadt)

W 2 credits 2G L. Hovestadt

Abstract In 1931 Alfred Korzybski, introduced the notion “The map is not the territory” arguing that a map is a reduction of the actual thing, a process
in which information is lost. According to Korzybski, an ideal map would contain the map of the map of the map of the map, etc., endlessly.
In the relation between map and territory, we propose to add the notion of a model.

Objective In this course, we will dig into the abundance of urban imagery data to create personal models of any city, by articulating questions around
our interests. We will introduce you Machine Intelligence algorithms, to classify and cluster specific objects. In Maps & Models, what is at
stake is your own question. Create your models by projecting what matters to you!

Content In 1931 Alfred Korzybski, introduced the notion “The map is not the territory” arguing that a map is a reduction of the actual thing, a process
in which information is lost. According to Korzybski, an ideal map would contain the map of the map of the map of the map, etc., endlessly.
In the relation between map and territory, we propose to add the notion of a model. Models are specific renders of the already bias map of
reality. Maps re-assemble facts of the territory (with any dimension) without rendering or representing its data; is one step before the
projection. Therefore, the model (information) is a specific render of this map (data) that comes from the territory (reality).

Lecture notes http://www.caad.arch.ethz.ch
Literature http://www.caad.arch.ethz.ch

052-0634-20L Force, Material, Form: Exploring Interdisciplinary
Design

W 3 credits 3G J. Schwartz

Abstract This course is aimed at students of architecture and civil engineering who wish to practice and explore the design of structures in
interdisciplinary groups. In the interplay between application and theory, the students design small structural objects in interdisciplinary
teams and then investigate group dynamics relevant to design.

Objective Students learn to work in an interdisciplinary group of architecture and civil engineering students on the basis of the design of small
structural objects. Through observation, reflection and theoretical examination, characteristic group dynamics are to be identified and
possible behavioural effects are to be investigated. The following questions are central: How can interdisciplinary groups develop high-
quality innovative structures? What are the decisive processes in such cooperation? How are interdisciplinary ideas developed and
decisions made? Which roles are occupied by whom and how does this distribution of roles affect the structural design?

Content Structural design is connected with the interdisciplinary negotiation of technical-constructive framework conditions on the basis of creative-
spatial ideas. This field of tension between strength, material and form requires a fruitful exchange between architects and civil engineers.
The course prepares students for this interdisciplinary working environment by practising and analysing the ability to work creatively with
people from different disciplines. Within the framework of the design of small structural objects, tools for observation, reflection and
theoretical examination are imparted, with which students can explore design-relevant group dynamics as well as behaviour and thought
patterns in interdisciplinary work processes. Three thematic areas will be focussed on: The process of designing, working out approaches
to solutions and understanding the roles of the individual group members. Each of these topics is dealt with in three stages: 
1. an introduction to the theoretical foundations of the respective topic through input from the lecturers, guest lectures from experts and/or
an excursion.
2. design of small structural objects in interdisciplinary groups with self-observation or external observation of the group dynamics relevant
to the design.
3. analysis and presentation of the findings from the group observation.
The methodology of the course aims to combine theory and practice in an instructive, practical and entertaining way. The personal
experiences and interests of the students in exploring the interdisciplinary design and construction of structural objects are the focus of this
course.

Literature Literature with text extracts from specialist books relevant to the topics of the lecture will be presented and made available during the
course.

Prerequisites /
notice

The final individual grade is made up of 50% of the evaluation of each of two components. Component 1 is a group work (presentation
during the semester), component 2 is an individual work (paper, can also be submitted after the end of the lecture period). A regular and
active participation in the lessons is assumed (maximum 2 absences). A repetition is only possible if the course unit is enrolled again.

052-0626-00L Historical and Systematic Aspects of Acoustic Design
in Architecture (FS)
This course is offered until and including FS21.

W 2 credits 2G J. Strauss

 Historic Building Archaelogy and Conservation
Number Title Type ECTS Hours Lecturers

063-0906-00L Practical Preservation of Historical Buildings (FS) W 2 credits 2V M. Tauber
Abstract Fields of responsibility, legal bases, definition of terms Methods and institutions of historic preservation. The tasks and activities are

mediated. Methods and legal foundations of monumental conservationists in Switzerland.
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Objective The students know the potential to become architects or architects in the Swiss preservation of historical buildings and monuments.
Content Foundations of the Swiss Heritage Offices and Federal Office of Culture. How does an object become a monument, what is a monument?

Activities of conservationists: Inventory versus construction consulting and their methods and tasks.

063-0908-00L Rebuilding History (FS) W 2 credits 2G C. M. Knobling
Abstract The course addresses the challenging questions of the theme "Conversion" in terms of design and building construction from antiquity to

the 20th century.
Objective Recognize, interpret and chronologically trace traces of changes in historical buildings. The basic knowledge of building history is thus

deepened, the sensitization for questions of building research is promoted.
Content Building history is also a story of constant change and adaptation. Only the very few buildings have survived until today in their original

state. Therefore, "building in existing buildings" is not only a term of the current architectural discourse - rather modernizations, adaptations
to new uses, upgrades, repairs or the continued construction of existing buildings (up to the urban planning dimension) are core tasks of
the architect.

We look at case studies from antiquity to the 20th century and identify the architectural and constructive challenges faced by the builders in
their use of the inventory. This includes an introduction to the history of the reconstruction, a definition and delineation of the terms
conversion / retrofitting / repair and a critical discussion of the handling of the building stock at that time and again dealing with historical
conversions today.

 Focus Works
see Architecture MSc "Focus Work"

 Bachelor Studies (Programme Regulations 2011)
 Second and Third Year Basic Courses

 Examination Blocks
 Examination Block 4

Number Title Type ECTS Hours Lecturers

051-0126-00L Architecture VI (Substitute Prof. Ursprung)
Only for Architecture BSc, Programme Regulations 2011.

O  1 credit 2V N. Zschocke, A. Smith

Abstract History of Art and Architecture since the 1970s
Objective Knowledge of the history of art and architecture since the 1970s. Sensibility for historical processes and for the concepts in the realm of

visual culture.
Content The two-semester course offers an introduction to the history of modern and contemporary art and architecture since ca. 1970. Motivated

by questions of the current discourse, central topics and exemplary works of art and architecture are discussed. Concepts such as "labor",
"economy", "experience", "research", "nature", "diversity" or "surface" are used to focus on specific historical developments and
connections. Art and architecture is considered as a field of cultural change as well as an indicator of social, economic, and political
conflicts which in turn helps to understand historical dynamics.

Lecture notes A video documentation of the lecture class is available.
Literature Required reading will be announced in the class and on the website of the chair.

051-0156-00L Architectural Technology VI
Only for Architecture BSc, Programme Regulations 2011.

O  2 credits 2G M. Peter

Abstract The lecture series explores the correlation among intentions of design, architectonic expression and construction premises. These critical
areas or aspects of study, which are presented with selected projects, their respective theoretical backgrounds and historical development,
are pluralistically associated and brought into relation with varying contemporary opinion.

Objective The final part of the lecture series Konstruktion V/VI aims to analyse (structural) construction techniques and their formal appearance and
expression in their interrelation.
The different themed parts of structural design, building shell and knowledge of material get connected with architectural design in practice
and reflected in the wider context of architectural theory. The intention is to consolidate the understanding of the connection between
structure, process and formal appearance and expression in the architecture of the 20th century.

Content The lecture series in the course entitled Architecture and Construction explores the correlation among intentions of design, architectonic
expression and construction premises. Each lecture is focused on individual themes, as for example, the application of certain materials
(glass, or natural stone), of particular construction systems (tectonic, hybrid) or design generators (grids, series) and alternatively the
search for a definable, tangible architectural expression (vernacular architecture, readymades). These critical areas or aspects of study,
which are presented with their respective theoretical backgrounds and historical development, are pluralistically associated and brought
into relation with varying contemporary opinion. The yearlong lecture cycle is comprised of twenty individual lectures, in which the majority
of projects being analyzed date from the last few decades.

Lecture notes The brochures published by the chair offer additional help. Knowledge of these brochures and their key subjects is recommended for the
exam. The brochures can be ordered at the chair after the last lecture before the examination. However, the subject matters of the
brochures and the lectures are not identical, the brochures provide information for a deeper understanding of the lectures. Apart from
additional articles written by the chair, the brochures are composed of three modules: Project documentation, crucial texts on the work
reception as well as theoretical articles about the particular thematic priorities by various authors. Concerning their content these
anthologies allow insights into a wide range of theories, lines of reasoning and fields of research up to diverging point of views of specific
problems.

Literature list of literature per lecture
Prerequisites /
notice

General remarks (on exam as well as exam preparation)
The comprehensive topics of the lectures are the subject matter of the exam. The lectures are scheduled for a full year (Konstruktion V/VI)
and therefore the knowledge of the subject matter of the running as well as of the preceding semester's lectures is required. To improve
your chances to pass the examination at first try, we strongly recommend you to take the exam after having visited the lecture during two
semesters. 

If you are an exchange student, or a student from a different department and wish to take a partial examination covering only the subject
matter of the last semester (Konstruktion V or VI), you need to contact the chair in advance.

051-0616-00L Design and Strategy in Urban Space II
Students from the Bachelor course of Architecture BSc will
have unlimited admission. 
Other students will kindly check all corresponding
information given (also on the chairs' websites) regarding
admission/examination/test practice:
http://www.staedtebau.arch.ethz.ch/.

Only for Architecture BSc, Programme Regulations 2011.

O  1 credit 2V M. Wagner
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Abstract The means and potentials in the field of urban planning and design are pointed out from different perspectives in order to shape the city in
the sense of a future-proof and humane environment. To this end, the basic principles are explained and concrete methods of urban design
are presented.

Objective The goal is to provide students with a broad systemic basic knowledge, that enables them to synthesize and evaluate complex urban
design and planning problems.

Content The lecture series imparts basic knowledge in urban planning and design. Pressing questions and main topics of contemporary urban
design practice and theory will be addressed. The focus is on illustrating the richness of relationships as well as the potential of the
discipline and its handling in everyday urban planning and design practice.

Lecture notes There is no script to the lecture series. The lectures are recorded on video and made available online on
http://www.video.ethz.ch/lectures.html a few days after each lecture.

Literature At the end of the year course a reader with secondary literature will be made available for download.
Prerequisites /
notice

Further Informations:
https://www.staedtebau.arch.ethz.ch

 Examination Block 5
Number Title Type ECTS Hours Lecturers

051-0116-00L Theory of Architecture II
Only for Architecture BSc, Programme Regulations 2011.

O  1 credit 2V T. Lange

Abstract The lecture course offers an introduction to key themes and questions of modern architectural theory over two semesters. Part one
addresses formative "figures of thought" and their materialization in built and spatial structures. Part two critically examines different forms
of architectural practice through the work of exemplary protagonists.

Objective Understanding of the historic development of architectural theory during modernity and critical discussion of its key terms and concepts
from a transdisciplinary perspective.

Content In the second part of the lecture course our focus will be on factors of production in architecture as well as various approaches and forms of
architectural practice from the twentieth century to the present. Different "work models" will be introduced and critically discussed through a
series of exemplary case studies with a focus on actors and their agency. By doing so, we seek to highlight architects' varying fields of
activity within their specific local and changing historical contexts. We encounter architects, who not only shaped environments that were
increasingly characterized by an abundance of new industrially manufactured materials and products, but who also organized labour and
production processes. In addition to that, we will study attempts to restructure the capitalist building sector through cooperation, and we will
look at the work of salaried architects in municipal and state planning offices. Finally, we will turn to such strategies as field work, analysis
of the everyday, and activism.

Lecture notes Handouts summarizing the content of weekly lectures will be available for download from the website of the Visiting Lectureship for the
Theory of Architecture.

Literature All required readings for the lectures will be available for download from the website of the Visiting Lectureship for the Theory of
Architecture.

In addition to those key readings, the following monographs and anthologies are useful complementary sources for the lecture course:

- Adrian Forty, Words and Buildings: A Vocabulary of Modern Architecture, London: Thames & Hudson, 2000.

- Susanne Hauser, Christa Kamleithner, Roland Meyer, eds., Architekturwissen. Grundlagentexte aus den Kulturwissenschaften, Bielefeld:
Transcript, 2013, 2 Vols.

- K. Michael Hays, ed., Architecture Theory since 1968, Cambridge, MA: The MIT Press, 1998.

- Harry Francis Mallgrave, ed., Architectural Theory, Oxford: Blackwell, 2006–2008, 2 Vols.

- Ákos Moravánszky, ed., Architekturtheorie im 20. Jahrhundert. Eine kritische Anthologie, Wien, New York: Springer, 2003.

- Joan Ockman, Architecture Culture, 1943–1968: A Documentary Anthology, New York: Rizzoli, 1993.

051-0758-00L Building Process II
Only for Architecture BSc, Programme Regulations 2011.

O  2 credits 2G S. Menz

Abstract The building process is the main focus of this lecture series. The process is understood as a sequence of criteria in time.
Topics: Building legislation, building economics, the people involved and their work, construction and planning organization and facility
management.
Process thinking, acquisition and a glance at our foreign neighbours complete the series.

Objective Alongside a discussion of the basic principles, trends and terminologies, a closer look will be taken at each topic using case studies that
investigate current structures as well as those relevant in terms of architecture and urban design.

Content The building process is the main focus of this lecture series. The process is understood as a sequence of criteria in time. These criteria are
divided into building legislation, building economics, the people involved and their work, construction and planning organization and facility
management. Process thinking, acquisition and a glance at our foreign neighbours complete the series.
Alongside a discussion of the basic principles, trends and terminologies, a closer look will be taken at each topic using case studies that
investigate current structures as well as those relevant in terms of architecture and urban design. Active participation as well as
interdisciplinary and process-oriented thinking on the part of students is a prerequisite.

Lecture notes https://map.arch.ethz.ch
Literature Literaturempfehlungen unter www.bauprozess.arch.ethz.ch

051-0162-00L Landscape Architecture II
Only for Architecture BSc, Programme Regulations 2011.

O  1 credit 2V C. Girot

Abstract The lecture series gives an introduction to the field of contemporary landscape architecture. The course
provides a perspective on forthcoming landscape architecture in terms of the aspects site, soil, water and
vegetation.

Objective Overview to contemporary and forthcoming tasks of landscape architecture. A critical reflection of the
present design practice and discussion of new approaches in landscape architecture.

Content The lecture series "Theory and Design in Contemporary Landscape Architecture" (Landscape Architecure
II) follows the lecture series "History and Theory of Garden Design and Landscape Architecture"
(Landscape Architecure I). Rather than concentrating only on questions of style, the series will also tackle
issues such as revitalisation, sustainability etc. The lectures review design approaches that critically
reflect our inherited perception of nature. The themes of site, soil, water and vegetation provide some
useful aspects for the design practice.

Lecture notes No script. Handouts and learning material will be provided.
Literature A reading list will be provided for the exams.
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Prerequisites /
notice

General Information for the final exam:

Bachelor students: The content of the lectures as well as texts and exam-relevant literature provided by the Chair make up the basis for
preparing for the exam. The lecture series is conceived as a yearlong course. Since the written session examination tests knowledge from
both semesters. It is necessary to attend the lectures throughout the course of the year. 
The test themes will be announced at the end of the semester. The Chair will provide literature and texts available for download as pdfs.
These allow a more in-depth understanding of the lecture material. 

Transfer students or students of other departments: Students attending one semester may opt to take only the oral end-of-semester
examination. Test-relevant literature will also be made available for download for this purpose. The students are requested to get in touch
by email with the Chair.

 Architectural Design and integrated Disciplines
 Architectural Design

 Architectural Design (from 5. Semester on)
see "Architectural Design (from 5. Semester on)",
Programme Regulations 2017

 Integrated Discipline Construction
The integrated Discipline Construction can also be completed as "additional integrated Discipline", but the integrated Discpline Construction must be
chosen at least once.

Number Title Type ECTS Hours Lecturers

051-1202-20L Integrated Discipline Construction
(D.Mettler/D.Studer)
Presence on the first day (initial course event) to the
integrated discipline construction is compulsory for
participating in this course.

W 3 credits 2U D. Mettler, D. Studer

Abstract In the context of the semester-long design projects, the reciprocity between design, construction and materiality is reinforced.
One focus is the coherence of design and construction.

In the process of developing a project's constructional aspects, design intentions become formulated in a more precise and binding way.

Objective The integration of knowledge gained in the basic courses lends the work an additional dimension and demands of the students an
increasingly integrative ability to think and design.

Content This part of the curriculum addresses design work in different areas of architecture and integrates the knowledge acquired in previous
years. It involves the active participation of specialists from related disciplines (e.g. building structures, landscape architecture, history of art
and architecture, monuments conservation etc.).

Prerequisites /
notice

For your attention: 
Your presence at the introduction lesson taking place at the beginning of the semester (date will be communicated in due time) is
compulsory for all further work within the Integrated Discipline Construction.

The Integrated Discipline Construction at BUK consists of the obligatory introductory event, the central elements Exercise 1 + 2,
Presentation and Interim Criticism, as well as the final submission.

051-1242-20L Integrated Discipline Construction - Spring Semester
2020

W 3 credits 2U Lecturers

Abstract The integrated focal work has to accompany the design, though the focal work has to be an autonomous work. The formal framework
needs to be discussed with the assistants.

Work on a current design project with focus on construction.

Objective A case study with a clear topic and a clear formulation of a question. The findings and the discoveries shall be part of the base of the
design.

Obtain competence in the field of construction and constructive design.

Prerequisites /
notice

For students who attend the architectural design only.

 Additional Integrated Disciplines
Number Title Type ECTS Hours Lecturers

151-8006-00L Integrated Discipline Building Physics
Does not take place this semester.

W 3 credits 2U J. Carmeliet

Abstract Work on the following topics, in relation to the design project:
- Evaluation of the energy use in buildings

Objective The aim of the elective work is to gain comprehensive insight in specific issues related to urban physics. 
These issues may concern: wind & thermal comfort in the built environment, heat islands, cross-ventilation, driving rain.
The work may include computational modelling and prototype testing in laboratory.

Prerequisites /
notice

There is a limited number of places.

To follow this course it is mandatory to enroll under mystudies.ethz.ch and by e-mail to the chair until the end of the second week of the
semester and to attend the general introduction and the discussion of the specific topic (place and time will be communicated).
The deadline is the same as for the design project.

Das Thema muss zwingend vor Beginn der Arbeit mit dem Lehrstuhl abgesprochen und von diesem genehmigt werden.
Sprachen: German or English by Assistants and English by Prof. Jan Carmeliet.

051-1204-20L Integrated Discipline Building Research and
Preservation of Cultural Heritage
Does not take place this semester.

W 3 credits 2U S. Holzer

Abstract This part of the curriculum addresses design work in different areas of architecture and urbanism and integrates the knowledge acquired in
previous years. It involves the active participation of specialists from related disciplines (e.g. building structures, landscape architecture,
history of art and architecture, monuments conservation etc.).

Objective Deepen and widen the knowledge of the first years of study (e.g. building structures, landscape architecture, history of art and architecture,
monuments conservation etc.)
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Content This part of the curriculum addresses design work in different areas of architecture and urbanism and integrates the knowledge acquired in
previous years. It involves the active participation of specialists from related disciplines (e.g. building structures, landscape architecture,
history of art and architecture, monuments conservation etc.).

Prerequisites /
notice

The contents of the integrated discipline Building Research and Preservation of Cultural Heritage are defined in accordance to the subject
of the respective lecturer.

051-1208-20L Integrated Discipline History of Art and Architecture W 3 credits 2U M. Delbeke
Abstract The "Integrated Discipline History of Art and Architecture" requires an independent demonstration of achievement within the History of Art

and Architecture as an integral part of the Architectural Design project. The assignment must be completed in writing and/or in the form of
creative work. Choice of subject, form and scope of the assignment must be defined in accordance with the Chair.

Objective The assignment objective is a detailed analysis within the area of the History of Architecture of a clearly defined monographic or thematic
topic. The conclusions thus gained shall be integrated into the Architectural Design project.

Prerequisites /
notice

Voraussetzung ist die Anmeldung unter mystudies.ethz.ch und per e-mail an die Professur bis spätestens zum Ende der ersten
Semesterwoche unter Angabe des Entwurfsthemas und der betreuenden Professur sowie die Teilnahme am Kolloquium in der zweiten
Semesterwoche zur allgemeinen Einführung und konkreten Besprechung der Integrationsleistung (Ort und Uhrzeit des Kolloquiums
werden auf der Homepage des Lehrstuhls Oechslin bekannt gegeben). Die Abgabe der Arbeit erfolgt gleichzeitig mit der Abgabe des
Entwurfs.

051-1210-20L Integrated Discipline History of Art and Architecture
(P.Ursprung)
Does not take place this semester.

W 3 credits 2U to be announced

Abstract A brief assignment within the History of Architecture completed in writing
and/or in the form of creative work is integrated into the Architectural Design project.

Objective The objective is a detailed analysis of a topic chosen within the
History of Architecture.  The conclusions gained shall be integrated into
the Architectural Design project.

Content Die integrierte Studienleistung ist dem Entwurf  beigeordnet, doch muss eine klar erkennbare eigenständige Leistung in Form einer kurzen
schriftlichen und/oder gestalterischen Arbeit erbracht werden. Die Themenwahl erfolgt in enger Absprache mit der Vertretungprofessur,
Form und Umfang der Arbeit werden im voraus abgesprochen.

Prerequisites /
notice

Voraussetzung ist die Anmeldung unter mystudies.ethz.ch und ein e-mail an die Professur bis zum Ende der ersten Semesterwoche unter
Angabe des Entwurfthemas und der betreuenden Professur, ferner die Teilnahme am Kolloquium in der zweiten Semesterwoche zur
allgemeinen Einführung und konkreten Besprechung der Integrationsleistung. Ort und Uhrzeit des Kolloquiums werden auf der Homepage
der Vertretungprofessur Hildebrand bekannt gegeben. Die Abgabefrist ist analog zu derjenigen des Entwurfs angesetzt.

051-1214-20L Integrated Discipline Theory of Architecture W 3 credits 2U L. Stalder
Abstract In the bachelor program, the integration of architectural theory into the design process is only offered in cooperation with the chair of

architectural design for the whole design studio. On the basis of a reading of theoretical texts the conventions of architectural practice are
critically debated. The theoretical perspective will be discussed in the midterm and/or final design studio criticism.

Objective The goal is a critical debate on the conventions of architectural practice, the insights of which shall inform the design process.
Prerequisites /
notice

The integrated design is organized and operated by both chairs engaged in close cooperation.

051-1218-20L Integrated Discipline CAAD W 3 credits 2U L. Hovestadt
Abstract This part of the curriculum addresses design work in different areas of architecture and urbanism and integrates the knowledge acquired in

previous years. It involves the active participation of specialists from related disciplines (e.g. building structures, landscape architecture,
history of art and architecture, monuments conservation etc.).

Objective Today architectural sketching without the employment of information technologies is only meaningful in exceptional cases. CAD plans,
three-dimensional rendering, CNC model construction etc. are pervasive media for the development and presentation of architectural
drafts. This elective course tries to follow questions on a new plateau: Which are the common traits of current design methods and modern
information technologies and how can they symbiotically lead to a new architectural expressions in formal and constructional regard. Draft-
accompanying, these questions are pursuit on a theoretical level, in order to be able to find its expression in the concrete draft. Ascertained
technical applications are not ment to be of priority.

Content This part of the curriculum addresses design work in different areas of architecture and urbanism and integrates the knowledge acquired in
previous years. It involves the active participation of specialists from related disciplines (e.g. building structures, landscape architecture,
history of art and architecture, monuments conservation etc.).

Lecture notes http://www.caad.arch.ethz.ch
Literature http://www.caad.arch.ethz.ch

051-1220-20L Integrated Discipline Building Systems W 3 credits 2U A. Schlüter
Abstract This part of the curriculum addresses design work in different areas of architecture and urbanism and integrates the knowledge acquired in

previous years. It involves the active participation of specialists from related disciplines. In this case the focus lies on energy and exergy
concepts and related technical infrastructure to achieve sustainable building concepts.

Objective Understanding the building from an integrated view on form, material and technical systems. Focus on CO2 - neutral building design
concepts, utilizing energy and exergy efficient sytems.

Content This part of the curriculum addresses design work in different areas of architecture and urbanism and integrates the knowledge acquired in
previous years. It involves the active participation of specialists from related disciplines. In this case the focus lies on energy and exergy
concepts and related technical infrastructure to achieve sustainable building concepts.

Prerequisites /
notice

Prerequisite is a successful exam of Energy and Climate Systems I+II

051-1222-20L Integrated Discipline Architecture and Building
Process

W 3 credits 2U S. Menz

Abstract This part of the curriculum addresses design work in different areas of architecture and urbanism and integrates the knowledge acquired in
previous years. It involves the active participation of specialists from related disciplines.

Objective Alongside a discussion of the basic principles, trends and terminologies, a closer look will be taken at each topic.
Content This part of the curriculum addresses design work in different areas of architecture and urbanism and integrates the knowledge acquired in

previous years. It involves the active participation of specialists from related disciplines.
Literature https://map.arch.ethz.ch,

Literature recommendations at www.bauprozess.arch.ethz.ch

051-1224-20L Integrated Discipline Structural Design
Registration in mystudies and per email to the chair is
compulsory by latest the end of the 3rd semester week.

W 3 credits 2U J. Schwartz

Abstract This part of the curriculum addresses design work in different areas of architecture and urbanism and integrates the knowledge acquired in
previous years. It involves the active participation of specialists from building structur
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Objective Understanding of the importance of the structural system for architectural design and integration of structural thinking into the design
process.

Content This part of the curriculum addresses design work in different areas of architecture and urbanism and integrates the knowledge acquired in
previous years. It involves the active participation of specialists from building structur

Prerequisites /
notice

Registration in mystudies and per email to the chair is compulsory by latest the end of the 3rd semester week.

051-1226-20L Integrated Discipline Architecture and Digital
Fabrication
Enrolment only possible after consultation with the
lecturer. 

W 3 credits 2U F. Gramazio, M. Kohler

Abstract The Integrated Discipline deals with the interrelation between material and algorithmic design. The direct control of production data opens
up new possibilities for design strategies that are exempt from the limitations of standard CAD software. The Integration of process,
function and design allows for a new approach to the production of architecture.

Objective The objective of this course is to develop a strategy for a surface structure that incorporates design ideas about space, material and light.
The structure can be developed in any suitable scripting language. The procedural logics should be defined through the constructive
potential and properties of the chosen material and transform it at the same time in order to achieve a new architectural expression.

Content We use the term digital materiality to describe an emergent transformation in the expression of architecture. Materiality is increasingly
being enriched with digital characteristics, which substantially affect architectures physis. Digital materiality evolves through the interplay
between digital and material processes in design and construction. The synthesis of two seemingly distinct worlds  the digital and the
material  generates new, self-evident realities. Data and material, programming and construction are interwoven. This synthesis is enabled
by the techniques of digital fabrication, which allows the architect to control the manufacturing process through design data. Material is thus
enriched by information; material becomes informed. In the future, architects ideas will permeate the fabrication process in its entirety. This
new situation transforms the possibilities and thus the professional scope of the architect.

051-1232-20L Integrated Discipline Sociology W 3 credits 2U C. Schmid
Abstract This part of the curriculum addresses design work in different areas of architecture and urbanism and integrates sociological questions and

research methods.
Objective To consider the social context in the design process.
Content The content is related to the design process and is defined accordingly to the individual project.

051-1236-20L Integrated Discipline Landscape Architecture
The integrated discipline of landscape architecture is
aimed at entire design classes in consultation and
coordination with the respective design chair.

W 3 credits 2U G. Vogt

Abstract This part of the curriculum addresses design work in different areas of architecture and urbanism and integrates the knowledge acquired in
previous years. It involves the active participation of specialists from related disciplines (e.g. building structures, landscape architecture,
history of art and architecture, monuments conservation etc.).

Objective This part of the curriculum addresses design work in different areas of architecture and urbanism and integrates the knowledge acquired in
previous years. It involves the active participation of specialists from related disciplines (e.g. building structures, landscape architecture,
history of art and architecture, monuments conservation etc.).

Content This part of the curriculum addresses design work in different areas of architecture and urbanism and integrates the knowledge acquired in
previous years. It involves the active participation of specialists from related disciplines (e.g. building structures, landscape architecture,
history of art and architecture, monuments conservation etc.).

051-1238-20L Integrated Discipline Landscape Architecture W 3 credits 2U C. Girot
Abstract Design concepts ranging from architectural objects to urban planning are developed together with the discipline of landscape architecture.

Dependent on the task at hand different themes are investigated. The goal of the integrated discipline is to develop design solutions of a
specific topic in landscape architecture, which have to be incorporated into the overall design submission.

Objective Students gain an insight into the integrated disciplins of design in architecture together with landscape architecture.
Prerequisites /
notice

In order to complete the subject Integrated Discipline it is necessary that students apply at the Chair of C. Girot within the first three weeks
of the semester. Thereafter no applications will be processed.

Further information and required qualifications: www.girot.arch.ethz.ch

051-1246-20L Integrated Discipline Structural Construction (P.
Block)

W 3 credits 2U P. Block

Abstract Structural design will be an integral part of the semester design project in the area of architecture and urbanism, and integrates knowledge
acquired in the first years of Structures.

Objective Understanding of the importance of the structural system for architectural design and integration
of structural thinking into the design process.

Content The integrated academic performance is related to the design project and assisted by specialists from the field of structural engineering.
The focus, format and extent of the work are to be consulted with the professorship.

Prerequisites /
notice

Registration in mystudies and per email to the chair is compulsory by latest the end of the 3rd semester week.

The final presentation of the term's work will take place on the last Thursday of the semester.

051-1248-20L Integrated Diszipline Architecture and Art W 3 credits 2U K. Sander
Abstract In the integrated discipline the architectural design will be juxtaposed by artistic thinking and working. The conceptional approach will in

particular be rendered more precise in the dialogue between architectural and artistic methods. There is also a focus on the technique of
describing the context precisely.

Objective Art ist the discipline that is constantly creating new realities of terminology and perception. The purpose of the integrated discipline is to use
this knowledge, that is produced by art, and to concern it by making design decisions.

Content A systematic procedure for every step in the design is expected, from the generation of new ideas through to detailing and up to
presentation. These can then be reflected in a variety of different ways in the outcome. Reflections on method flow into the design in an
integrated manner. There will also be an emphasis on giving expression to the results of the design process using artistic means. In
addition a publication should be compiled, presenting the conceptual steps developing the design.

Prerequisites /
notice

Application to the chair.

051-1206-20L Integrated Discipline History of Urban Design W 3 credits 2U T. Avermaete
Abstract This part of the curriculum addresses design work in different areas of architecture and urbanism and integrates the knowledge acquired in

previous years. It involves the active participation of specialists from related disciplines (e.g. building structures, landscape architecture,
history of art and architecture, monuments conservation etc.).

Objective Aim of this subject is to explain bacis principles of scientific methods to the students. This aim shall be obtained through the analysis of
plans and texts of urban case stuies.
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Prerequisites /
notice

Before the registration to Integrated Discipline History of Urban Design the students have to make an appointment with one of the
assistants of the chair.

051-1234-20L Integrated Discipline Architecture and Urban Design /
Urban Transformation

W 3 credits 2U F. Persyn

Abstract The integrated study performance has to accompany the design, though it has to be a clearly recognizable independent performance within
the discipline of urban planning.The formal framework needs to be discussed with the assistants.

Objective An urban design case study with a clear topic and a clear formulation of a question. The findings and the discoveries shall be part of the
base of the design.

Content The integrated study performance has to accompany the design, though it has to be a clearly recognizable independent performance within
the discipline of urban planning.The formal framework needs to be discussed with the assistants.

 Seminar Weeks
Number Title Type ECTS Hours Lecturers

051-0912-20L Seminar Week Spring Semester 2020
Im FS20 darf nur eine Seminarwoche belegt werden 051-
0912-20L oder 051-0914-20L.

W  2 credits 3A Lecturers

Abstract The seminar week is obligatory for students of all semesters. There are many and varied study contents - the programs are listed at the
beginning of each semester.

Objective The students will be enabled to discuss narrowly formulated factual questions in small groups and in direct contact with the professors. 
Content The seminar week is obligatory for students of all semesters. There are many and varied study contents - the programs are listed at the

beginning of each semester.

051-0914-20L Seminar week: Inspiration Industry - The "Ruhrgebiet"
as Cultural Landscape
In FS20, only one seminar week can be enrolled in: 051-
0912-20L or 051-0914-20L.

W 2 credits 3S R. Hanisch

Abstract The seminar week is held in the "Ruhrgebiet" (D).
Prerequisites /
notice

Costs: Approx. CHF 500.-- (Trip to Ruhrgebiet not included).

 GESS Science in Perspective
 Science in Perspective

see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
ARCH.

 Language Courses
see Science in Perspective: Language Courses ETH/UZH

Architecture Bachelor - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Architecture Master
 Master Studies (Programme Regulations 2017)

 Core Courses
 Field of History and Theory of Architecture

Number Title Type ECTS Hours Lecturers

063-0802-00L History and Theory in Architecture VIII
(M.Delbeke/L.Stalder)

W 2 credits 2V M. Delbeke, L. Stalder

Abstract The course offers an advanced introduction into the practices and debates of architectural history and theory.
Objective Basic knowledge of the history and theory of the architecture.
Content Maarten Delbeke, Rococo


This lecture series explores and interprets the rococo church architecture of what is now Southern Germany, by examining its religious and
political context, by proposing a close reading of a number of case-studies, and by offering a thematic analysis of some of its key features.
The course is intended at once as a thorough introduction and an open-ended process of discovery, where preliminary observations will be
weighed and discussed collectively.


Laurent Stalder: Things of Modernity

The lecture examines the deep transformations in the built environment over the past 150 years. The course aims to offer a new reading of
modern architecture starting not with the ever-changing “heroes” nor the “key buildings”, but with a constellation of ‘things’ that shaped
modern life: from the clock and the bed, to the toilet and the kitchen, to the radiator to the revolving door. Each thing will be studied in its
historical context, considered alongside new examples from a wide range of sources, and problematized to help explain its role in the
construction of the modern condition. The goal of the lecture is to use the recent architectural history to shed light on the different concepts
still relevant to contemporary architecture.

063-0316-20L History of Art and Architecture VI: Experiencing
Architecture: Words, Designs and Buildings

W 1 credit 1V M. Delbeke, S. de Jong

Abstract Architectural experience became a key concept in architectural theory and design in the second half of the eighteenth century. The course
examines this concept in texts, designs and buildings in Paris and London. We will question the emergence of architectural experience in
observations of buildings, in theories, in teachings at the academies, and in designs of buildings.

Objective Deepen the basic knowledge
Content The notion that buildings are foremost objects to be experienced, and that the intended experience of buildings should guide their design,

became a key concept in the second half of the eighteenth century. The course examines architectural experience in texts, designs and
buildings in Paris and London, the main eighteenth-century centres of cultural debates that went through major urban and architectural
developments. 

It studies the role of architectural experience in discussions about the situation, spatial composition, form and meaning of buildings. It
questions how the relationship between experience and design evolved in this period: in writings of architects on experiencing buildings, in
theoretical concepts, in design theories presented in lectures at the academies of architecture, and in architectural design.

063-0314-00L History of Art and Architecture VI: Digital Matters W 1 credit 1V N. Zschocke
Abstract What is the materiality of the digital and what significance do digital media have for the experience, use and production of real

environments? The course discusses in lectures and a one-day symposium works of art and architecture that explore or redefine
relationships between digital, physical and social spaces.

Objective Knowledge of the recent history of art and architecture as well as media theory.
Content What is the materiality of the digital and what significance do digital media have for the experience, use and production of real

environments? The lecture class examines the material dimensions behind seemingly immaterial flows of data, but also the question in
which different ways new information and communication technologies change reality.
What do works of art and architecture teach us about interconnections between private and public spaces with personal devices, sensors
and data - and what can we learn from them about the infrastructures of the digital? How do artists and architects work within the new
hybrid environments defined by different (also sometimes hidden) actors? 
Discussed are works of art and architecture that were produced since the middle of the 20th century, and which explore or redefine the
relationships between digital, physical and social spaces.
In Spring 2020 this class consists of lectures (N. Zschocke) and a conference, co-organized with the Chair of Architecture and Digital
Fabrication Gramazio Kohler, taking place in May 2020.

Prerequisites /
notice

In FS20 the course will consist of lectures and a symposium.
Introductory lecture on 17.02.2020 in HIL E6.

063-0804-01L History and Theory of Architecture VIII (L. Schmitt) W 2 credits 2V L. Schmitt
Abstract The lecture looks at buildings from the first half of the 20th century to examine the social and cultural conditions of architecture. Other

disciplines of creative work – including the fine arts and design – are also taken into account. The tendencies to historicize modernism as
an epoch are analyzed on the basis of current scientific research.

Objective The lecture series aims to focus on some of the concepts of recent architecture and art history that have an ongoing influence on
contemporary architecture.
It deals with outstanding architecture of the 20th century and its historical conditions in order to understand the mechanisms that have
shaped today's perception of modernity.

Content Building today is often measured by the standards of modern architecture. However, since these standards are determined – as in all times
before – by cultural, social and political factors, the task of understanding the historical conditions of modern architecture is highly
important. The lecture therefore draws on telling examples from the architectural spectrum of the decades between 1900 and 1950 that
show the complex interplay of actors, events and media, which had lasting effects on architecture.
This spectrum ranges from Henry van de Velde and Peter Behrens to the changing roles in which architects such as Walter Gropius and Le
Corbusier were active, to the career of the "International Style" in the Anglo-Saxon countries and the emigrés architects who left Europe
under the threat of National Socialism. The lecture also highlights the contribution of female architects and the early historiographical
appropriation of Modernism by authors such as Sigfried Giedion and Nikolaus Pevsner.

 Field of Historic Building Research and Conservation
Number Title Type ECTS Hours Lecturers

063-0902-00L History of Construction II W 2 credits 2V S. Holzer
Abstract Construction History II is a systematic overview of the history of construction in timber, masonry, iron, and concrete, including structural

analysis of these construction types.
Objective The participants are enabled to embark on research in Construction History on their own.
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Content Construction history II covers the following topics:
1) Timber construction 1100-1920
2) Masonry construction from antiquity to WWI
3) iron construction 1770-1920
4) Concrete construction 1770-1920

Lecture notes None, however, some lectures will be based on journal papers and other materials made accessible to participants.
Literature see above
Prerequisites /
notice

Construction History I is not a prerequisite

063-0904-00L Case Studies Construction History and Building
Preservation (FS)
The number of participants is limited to 60. 
Each enrolment requires an uninterrupted visit throughout
the semester.

Cancellation (incl. deletion of enrolment) is permitted until
Sunday 23.2.19, 24:00 h.

W  4 credits 2G S. Holzer

Abstract Acquiring in-depth knowledge of construction history and building archeology by means of detailed study of selected historic monuments.
The course will start with a multi-part classroom introduction, followed by field studies in small groups.

Objective The participants will gain in-depth knowledge on the methodology of building archeology by means of the documentation and interpretation
of real historic structures in on-site studies. These field studies will be embedded into a framework by accompanying archival and literature
studies, leading to a training of the associated methods of analysis of historic written sources.

Content We study historic constructions in German-speaking Switzerland (individual small groups, objects within 2 hrs public transport reach from
ETH Hoenggerberg). Each group will be assigned an individual tutor (PhD student) who will be present on-site, on individual appointment.

We will survey, document and analyze a historic construction, with particular attention to production traces, constructive detail and laod-
carrying system.

We will start with introductory classroom lectures and on-site teaching during the first third of the semester. This will be followed by
individual investigations on site. The progress will be pinpointed in three critiques:
1) on site, with individual tutor
2) at institute, with professor and institute members
3) final delivery, at institute, with professor and all institute members

The detailed schedule of the case studies can be found here:

http://www.holzer.arch.ethz.ch/en/education/case-studies.html

Each enrolment obliges the student to visit all compulsory dates during the entire semester without interruption.

Lecture notes Detailed instructions on on-site investigations, as well as manuscripts on the background, will be provided. It is mandatory to read them in
due time!

Literature Will be announced during the introductory lectures.
Prerequisites /
notice

Elementary knowledge of architectural history and construction.
Deadline for deregistering: 24.2.2019, noon.

 Field of Landscape Architecture and Urban Design
Number Title Type ECTS Hours Lecturers

063-0702-00L NSL II: Cartography in Design
Only for Architecture MSc.

W 2 credits 2G G. Vogt

Abstract The course teaches methods, tools and processes of design, which are applied from the initial discussion of the place to the
communication of the project. In a progression of lectures and exercises, topics concerning the design process of landscape architecture
are discussed and applied. The exercises are graded and count as proof of completion.

Objective The course is intended to enable students to expand their individual design-based methods, thereby inspiring them to process, map and
communicate their design tasks. A basic framework is presented, which reveals the possibilities of methodical design and can be applied in
the design courses and the master thesis.

103-0448-01L Transformation of Urban Landscapes
Only for masters students, otherwise a special permit of
the lecturer is necessary.

W 3 credits 2G J. Van Wezemael,
A. Gonzalez Martinez

Abstract The lecture course addresses the transformation of urban landscapes towards sustainable inward development. The course reconnects
two largely separated complexity approaches in «spatial planning» and «urban sciences» as a basic framework to look at a number of
spatial systems considering economic, political, and cultural factors. Focus lies on participation and interaction of students in groups.

Objective - Understand cities as complex adaptive systems
- Understand planning in a complex context and planning competitions as decision-making
- Seeing cities through big data and understand (Urban) Governance as self-organization
- Learn Design-Thinking methods for solving problems of inward development
- Practice presentation skills
- Practice argumentation and reflection skills by writing critiques
- Practice writing skills in a small project
- Practice teamwork

Content Starting point and red thread of the lecture course is the transformation of urban landscapes as we can see for example across the Swiss
Mittelland - but in fact also globally. The lecture course presents a theoretical foundation to see cities as complex systems. On this basis it
addresses practical questions as well as the complex interplay of economic, political or spatial systems.

While cities and their planning were always complex the new era of globalization exposed and brought to the fore this complexity. It created
a situation that the complexity of cities can no longer be ignored. The reason behind this is the networking of hitherto rather isolated places
and systems across scales on the basis of Information and Communication Technologies. «Parts» of the world still look pretty much the
same but we have networked them and made them strongly interdependent. This networking fuels processes of self-organization. In this
view regions emerge from a multitude of relational networks of varying geographical reach and they display intrinsic timescales at which
problems develop. In such a context, an increasing number of planning problems remain unaffected by either «command-and-control»
approaches or instruments of spatial development that are one-sidedly infrastructure- or land-use orientated. In fact, they urge for novel,
more open and more bottom-up assembling modes of governance and a «smart» focus on how space is actually used. Thus, in order to be
effective, spatial planning and governance must be reconceptualised based on a complexity understanding of cities and regions,
considering self-organizing and participatory approaches and the increasingly available wealth of data.
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Literature A reader with original papers will be provided via the ILIAS system.
Prerequisites /
notice

Only for masters students, otherwise a special permit of the lecturer is necessary.

 Field of Technology in Architecture
Number Title Type ECTS Hours Lecturers

063-0606-00L Structural Design VI
Does not take place this semester.

W 2 credits 3G P. Block, J. Schwartz

Abstract This course teaches computational tools for structural design. After an introduction in the basics of 3D modelling, as well as parametric
design, the course focuses on structural form-finding, simulation and optimisation methods. These topics are covered with the aid of
design-oriented exercises and built examples showcasing the use of these advanced methods in research and construction projects.

Objective - ability to 3D model complex geometry
- knowledge of parametric design tools
- basic skills in Python scripting
- introductory experience in different form-finding methods
- exposure to basics of computational simulation and optimisation of structures
- application of computational methods to design project

063-0612-00L Building Process III
Number of participants limited to 28.
Until 18.2.19 definitive enrolment in mystudies and
confirmation of participation to heide@arch.ethz.ch .
Introduction: 21.2.20  Attendance requirement!

W 2 credits 2S S. Menz, I. Heide

Abstract Analysing, reconstructing and discussing development, planning and accomplishment of elected examples of architecture. The particular
aspects of the building process are set in relation to the final projects, resulting in a deeper and wider understanding for dependencies and
reciprocal actions.

Objective Consolidation of the building process issue, with focus on its independencies and reciprocal actions.
Literature https://map.arch.ethz.ch
Prerequisites /
notice

This course is limited to 28 participants.
Until 18.2.19 definitive enrolment in mystudies and confirmation of participation to heide@arch.ethz.ch . Introduction: 21.2.20  Attendance
requirement! Active participation in the course is a prerequisite.

101-0588-01L Re-/Source the Built Environment W 3 credits 2S G. Habert
Abstract The course focuses on material choice and energy strategies to limit the environmental impact of construction sector. During the course,

specific topics will be presented (construction technologies, environmental policies, social consequences of material use, etc.). The course
aims to present sustainable options to tackle the global challenge we are facing and show that "it is not too late".

Objective After the lecture series, the students are aware of the main challenges for the production and use of building materials.

They know the different technologies/propositions available, and environmental consequence of a choice.

They understand in which conditions/context one resource/technology will be more appropriate than another

Content A general presentation of the global context allows to identify the objectives that as engineer, material scientist or architect needs to
achieve to create a sustainable built environment.

The course is then conducted as a serie of guest lectures focusing on one specific aspect to tackle this global challenge and show that "it is
not too late".

The lecture series is divided as follows:
- General presentation
- Notion of resource depletion, resilience, criticality, decoupling, etc.
- Guest lectures covering different resources and proposing different option to build or maintain a sustainable built environment.

Lecture notes For each lecture slides will be provided.
Prerequisites /
notice

The lecture series will be conducted in English and is aimed at students of master's programs, particularly the departments ARCH, BAUG,
ITET, MAVT, MTEC and USYS.

No lecture will be given during Seminar week.

063-0610-00L The Digital in Architecture W 2 credits 1V+2U F. Gramazio, M. Kohler
Abstract In lecture series coupled with a series of taught exercises, the course establishes a conceptual framework of digital fabrication in

architecture. The exercises focus on simple yet powerful methods of digital, computational and algorithmic design. Two seminar sessions
open a debate on the digital as a driving force of a future building and architecture culture. 

Objective Students develop an understanding of the digital and its concepts in architecture and of current developments in the field of digital
fabrication. Students learn about design strategies based on digital methods and are able to relate these to their own design approach and
its wider context at the Department of Architecture. In the exercises, they learn to use Rhino 5 / Grasshopper and write their first code in
Python. The aim is to equip students with the necessary intellectual and technical skills that allow them to independently deepen their
engagement with the digital in the chosen design studios. 

Content The course consists of a lecture series coupled with a series of taught exercises. Departing from the work of Gramazio Kohler Research,
the lectures establish a conceptual framework of the digital in architecture with special regard to digital fabrication. The exercises focus on
simple yet powerful methods of digital, computational and algorithmic design. Two seminar sessions are dedicated to an open debate on
the digital as a driving force of a future building and architecture culture. 

Prerequisites /
notice

Pool Introduction Event:
Informationon event on all the courses offered by the ITA (Institute of Technology in Architecture): 
Monday, 17th February 2020, 11-12 h, HIB Open Space!

063-0640-00L Advanced Computational Design
Limited number of participants.

W 3 credits 3G B. Dillenburger

Abstract In this course we will discuss how strategies of Artificial Intelligence such as Machine Learning or Evolutionary Strategies can be used in
the design process. Principal concepts of computational geometry for architecture will be connected with methods to automatically
generate, evaluate and search for design solutions.

Objective Students will understand programming basics, and will learn how to control geometry using code. They will learn to translate a design
concept into an algorithmic approach - or vice versa - and will obtain an awareness of potentials and limitations of AI in the design phase.
Students will deepen their knowledge in customizing existing CAD software such as Rhino using scripting.

Content In this course we will discuss how concepts of Artificial Intelligence can be used in the design process. In tutorials and exercises, we will
explore the use strategies such as Machine Learning or Evolutionary Strategies to turn the computer from a drawing instrument into an
active partner in design, extending both the imagination and the intuition of the designer.
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Prerequisites /
notice

Successful completion of the course "Structural Design VI" (063-0606-00L), "Design III" (052-0541/43/45) or "Das Digitale in der
Architektur" (063-0610-00L) are recommended

063-0602-00L Building Process: Economy W 2 credits 2G S. Menz, H. Reichel
Abstract The demonstration of economic considerations within the design and construction process of buildings is the main focus of the diploma

elective subject.
Objective To grasp the coherences of costs, income and income return.
Content The specialization Bauprozess: Economics is located at the interface between economics here considered as "economics", as well as an

area of the social sciences and the built space.
With increasing scale, the students are made aware of the economic constraints and opportunities that influence our urbanity, from urban
development and development to the individual building. In order to vividly illustrate the consequences of these economic and general
social conditions, the focus is first drawn up at each scale level and explained the basic principle on the basis of an extreme manifestation,
mostly from a metropolis in our world, or on the basis of a historical example. Afterwards, we return to the familiar scale of the city of Zurich
and its agglomeration in order to examine the same mechanisms here.
In each teaching module the relation to and the relevance for the profession of architects is discussed, which - following the claim of our
professorship and the master lecture building process - are regarded as generalists with special knowledge also in economic areas, without
being completely absorbed in these areas; without stopping to be an architect.

Selection of lessons:
1. The economy of the city
Based on the question of which reasons motivated the individual to concentrate selectively and move away from his agricultural livelihoods,
the city is regarded as a new state of evolution that is structurally expressed in the silhouettes of our metropolises.
Gradual attempts are being made to unmask the forces behind the visible economic activity, such as commuting times, pay gaps, land
costs, rents, scarcity and returns. Using the example of the metropolitan region of Zurich, it is shown why urban development and
construction activity have manifested themselves in a certain way in a specific region at a certain time.
2. Returns
The different forms of returns as mediators between investment and income are worked out on the basis of a concrete project development
and their influence on the project is shown or relativised. The concept of yield illustrates the relevance of the timeline in the planning and
construction of a building. The economic consideration of a property and its division into construction and land costs, as well as the
emergence of the latter from the expected returns, are discussed as well as the influence of movements in the interest markets on the
project, as well as the conditions under which we architects ,
3. costs
Land, building and construction costs, as perhaps the most direct economic equivalent of architecture, are systematized using common
methods and classified on the timeline of the planning and construction process. Cost types, determination, planning and control are
addressed, and the most relevant factors influencing the construction costs are analyzed.
4. Project development
This lecture is due to the increasing complexity, professionalization and, as a result, heteronomy of the planning and construction process.
The attractiveness of investment in real assets - and here in the front line of real estate - that has been heightened by the financial crisis of
2008 and its aftermath has led to a long before adoption of valuation and management methods, as well as forms of organization from the
financial sector to real estate project development , The changing role of the architect from generalist to specialist in many project
constellations is critically explained and questioned.

063-0716-00L CAAD III: Positions within Architecture W 2 credits 2V L. Hovestadt
Abstract Information technologies for architects. Third, deepening part. Information technologies are today constituent part both for the architectural

work and our built environment. Hardware and software are pervasive, inexpensive and easy to use. Conventional planning and building
processes are accelerated and improved in the good case.

Objective In this course we ask the qualitative question about new attitudes and meanings on the new plateau. CAAD III treats deepened in a
seminaristic manner a selected application on this new plateau. CAAD III begins with introductory lectures and closes off with individual
elaborations.

Content Information technologies for architects. Third, deepening part. Information technologies are today constituent part both for the architectural
work and our built environment. Hardware and software are pervasive, inexpensive and easy to use. Conventional planning and building
processes are accelerated and improved in the good case.

063-0418-00L Architecture and Building Structure (FS)
Does not take place this semester.

W 3 credits 2U J. Schwartz

 Architectural Design
Number Title Type ECTS Hours Lecturers

063-0502-00L Lecture Series in Design and Architecture: In
Conversation with ...
The lectures are partially held in English.

O 0 credits 1V A. Caruso, A. Brandlhuber,
J. De Vylder, A. Holtrop,
E. Mosayebi, E. Prats Güerre,
A. Theriot

Abstract The lecture series of the Institute of Design and Architecture - in the FS20 provides students with an overview of the various positions of
the teachers within the IEA (Institute Design in Architecture).
 
Further information is available at www.iea.arch.ethz.ch.

Objective The lecture series of the Institute of Design and Architecture - in the FS20 provides students with an overview of the various positions of
the teachers within the IEA (Institute Design in Architecture).
 
Further information is available at www.iea.arch.ethz.ch.

Prerequisites /
notice

The lectures are offered in English or German:

25.02.20: Arno Brandlhuber 
10.03.20: Alexandre Theriot
24.03.20: Elli Mosayebi 
31.03.20: Anne Holtrop
07.04.20: Jan de Vylder
28.04.20: Eva Prats
05.05.20: Adam Caruso





Choice of "Architectural Design" (from 05. Sem.) of the
Bachelor course.
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 Focus Work
Realization in the respective fields of the institutes. Definition of topics by professors, in consultation with the students. The content may also refer to an
elective course.

The performance assessment comprises either a purely written examination followed by an oral examination or a creative, manual or drawing work,
including a description, followed by an oral examination.
At least one focus work is a written work followed by an oral exam. The written work fulfills the criteria of a scientific paper in a formal sense. In addition
to the design, crafting or drawing part, it also includes a written description of the question, methodology and knowledge gained.

A creative, crafting or graphic focus work is shown in a public exhibition, a purely written focus work is accessible to the public.

 Field of Historic Building Research and Conservation
Definition of topics by professors, in consultation with the students (student's proposal / content of an elective course).

Performance assessment: Purely written examination followed by an oral examination OR a creative, manual or drawing work, including a description,
followed by an oral examination.
At least one focus work is a written work followed by an oral exam. The written work fulfills the criteria of a scientific paper in a formal sense. In addition
to the design, crafting or drawing part, it also includes a written description of the question, methodology and possibly gained knowledge.

A creative, crafting or graphic focus work is shown in a public exhibition, a purely written focus work is accessible to the public.
Information on exams and grades: Art. 29 of the MSc D-ARCH regulations.

Number Title Type ECTS Hours Lecturers

063-0952-20L Focus Work FS20 in the Field of Historic Building
Research and Conservation (IDB)

W 6 credits 13A Supervisors

Abstract Analysis of a single monument or a small group of interrelated monuments with the methods of archeological building research. Embedding
of the objects studied into a context of construction history by means of archival and literature studies.

Objective In-depth knowledge of the methods of archeological building research and construction history. Case-oriented in-depth knowledge of a
selected historic building or construction type in its technical, social and economic setting and its architectural relevance.

Content This study will require the in-depth analysis of a historic structure or  a small group of structures. This includes an object documentation
(survey drawings, photographic record, textual description). Contextual information to be researched by the methods of construction history
(archival, literature).

 Field of Design and Architecture
Definition of topics by professors, in consultation with the students (student's proposal / content of an elective course).

Performance assessment: Purely written examination followed by an oral examination OR a creative, manual or drawing work, including a description,
followed by an oral examination.
At least one focus work is a written work followed by an oral exam. The written work fulfills the criteria of a scientific paper in a formal sense. In addition
to the design, crafting or drawing part, it also includes a written description of the question, methodology and possibly gained knowledge.

A creative, crafting or graphic focus work is shown in a public exhibition, a purely written focus work is accessible to the public.
Information on exams and grades: Art. 29 of the MSc D-ARCH regulations.

Number Title Type ECTS Hours Lecturers

063-0552-20L Focus Work FS20  in the Field of Design and
Architecture (IEA)
For supervision in the field of "Model and Design" choose
the Study Director (PROFESSOR).

W 6 credits 13A Supervisors

Abstract Indentation work of the Institute IEA of which the content can also refer to an elective subject.
The topic is determined in consultation with the chosen professor.

Objective The result is either a purely written work followed by an oral examination or a creative, craft or drawing work - including description -
followed by oral examination.

In at least one specialization work, the performance assessment is a written work followed by an oral examination. In formal terms, the
written work has to fulfill all the criteria of a scientific work.

In addition to the design, crafting or drawing part, a design work also includes a written description of the question, methodology and
possible gain in knowledge of the work
.

The written or creative craft or drawing work and the oral exam are each evaluated individually. These two evaluations are offset against
each other and give the overall grade for the specialization work"

Prerequisites /
notice

The indentation work can be carried out to a predefined or self-selected theme of the architecture. If several works are carried out, they
must be selected from the departments of at least two different institutes of the D-ARCH. The details are regulated in Art. 34.

 Field of History and Theory of Architecture
Definition of topics by professors, in consultation with the students (student's proposal / content of an elective course).

Performance assessment: Purely written examination followed by an oral examination OR a creative, manual or drawing work, including a description,
followed by an oral examination.
At least one focus work is a written work followed by an oral exam. The written work fulfills the criteria of a scientific paper in a formal sense. In addition
to the design, crafting or drawing part, it also includes a written description of the question, methodology and possibly gained knowledge.

A creative, crafting or graphic focus work is shown in a public exhibition, a purely written focus work is accessible to the public.
Information on exams and grades: Art. 29 of the MSc D-ARCH regulations.

Number Title Type ECTS Hours Lecturers

063-0852-20L Focus Work FS20 in the Field of History and Theory in
Architecture (gta)

W 6 credits 13A Supervisors

Abstract gta indentation work, whose content can also refer to an elective subject.
The topic is determined in consultation with the chosen professor.
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Objective The result is either a purely written work followed by an oral examination or a creative, craft or drawing work - including description -
followed by oral examination.

In at least one specialization work, the performance assessment is a written work followed by an oral examination. In formal terms, the
written work has to fulfill all the criteria of a scientific work.

In addition to the design, crafting or drawing part, a design work also includes a written description of the question, methodology and
possible gain in knowledge of the work
.

The written or creative craft or drawing work and the oral exam are each evaluated individually. These two evaluations are offset against
each other and give the overall grade for the specialization work"

Prerequisites /
notice

The indentation work can be carried out to a predefined or self-selected theme of the architecture. If several works are carried out, they
must be selected from the departments of at least two different institutes of the D-ARCH. The details are regulated in Art. 34.

 Field of Landscape Architecture and Urban Design
Definition of topics by professors, in consultation with the students (student's proposal / content of an elective course).

Performance assessment: Purely written examination followed by an oral examination OR a creative, manual or drawing work, including a description,
followed by an oral examination.
At least one focus work is a written work followed by an oral exam. The written work fulfills the criteria of a scientific paper in a formal sense. In addition
to the design, crafting or drawing part, it also includes a written description of the question, methodology and possibly gained knowledge.

A creative, crafting or graphic focus work is shown in a public exhibition, a purely written focus work is accessible to the public.
Information on exams and grades: Art. 29 of the MSc D-ARCH regulations.

Number Title Type ECTS Hours Lecturers

063-0752-20L Focus Work FS20 in the Field Landscape Architecture
and Urban Design (LUS)

W 6 credits 13A Supervisors

Abstract NSL indentation work, whose content can also refer to an elective subject.
The topic is determined in consultation with the chosen professor.

Objective The result is either a purely written work followed by an oral examination or a creative, craft or drawing work - including description -
followed by oral examination.

In at least one specialization work, the performance assessment is a written work followed by an oral examination. In formal terms, the
written work has to fulfill all the criteria of a scientific work.

In addition to the design, crafting or drawing part, a design work also includes a written description of the question, methodology and
possible gain in knowledge of the work
.

The written or creative craft or drawing work and the oral exam are each evaluated individually. These two evaluations are offset against
each other and give the overall grade for the specialization work"

Prerequisites /
notice

The indentation work can be carried out to a predefined or self-selected theme of the architecture. If several works are carried out, they
must be selected from the departments of at least two different institutes of the D-ARCH. The details are regulated in Art. 34.

 Field of Technology in Architecture
Definition of topics by professors, in consultation with the students (student's proposal / content of an elective course).

Performance assessment: Purely written examination followed by an oral examination OR a creative, manual or drawing work, including a description,
followed by an oral examination.
At least one focus work is a written work followed by an oral exam. The written work fulfills the criteria of a scientific paper in a formal sense. In addition
to the design, crafting or drawing part, it also includes a written description of the question, methodology and possibly gained knowledge.

A creative, crafting or graphic focus work is shown in a public exhibition, a purely written focus work is accessible to the public.
Information on exams and grades: Art. 29 of the MSc D-ARCH regulations.

Number Title Type ECTS Hours Lecturers

063-0652-20L Focus Work FS20 in the Field of Technology in
Architecture (ITA)

W 6 credits 13A Supervisors

Abstract Indentation work of the Institute ITA, of which the content can also refer to an elective subject.
The topic is determined in consultation with the chosen professor.

Objective The result is either a purely written work followed by an oral examination or a creative, craft or drawing work - including description -
followed by oral examination.

In at least one specialization work, the performance assessment is a written work followed by an oral examination. In formal terms, the
written work has to fulfill all the criteria of a scientific work.

In addition to the design, crafting or drawing part, a design work also includes a written description of the question, methodology and
possible gain in knowledge of the work
.

The written or creative craft or drawing work and the oral exam are each evaluated individually. These two evaluations are offset against
each other and give the overall grade for the specialization work"

Prerequisites /
notice

The indentation work can be carried out to a predefined or self-selected theme of the architecture. If several works are carried out, they
must be selected from the departments of at least two different institutes of the D-ARCH. The details are regulated in Art. 34.

 Master's Thesis
Number Title Type ECTS Hours Lecturers

063-0141-00L Master's Thesis
Only for Architecture MSc, Programme Regulations 2017.

Only students who fulfill the following criteria are allowed
to begin with their master thesis:
a. successful completion of the bachelor programme; 

O  30 credits 40D Lecturers
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b. fulfilling of any additional requirements necessary to
gain admission to the master programme.

Ultimate deadline for deregistration from the Master
Thesis is 3.4.20, 24:00 h. Deleting a reservation after this
date is prohibited.

Abstract The Master's thesis is supervised by a design professor D-ARCH. The students can choose one of the topics presented by the D-ARCH
or - after approval by the head of the work - a free, self-chosen topic. Further details are regulated in Articles 31 - 38.

Objective Independent work (creation of model and plans) according to a problem chosen from three possible tasks. The aim is to obtain the title
"Master of Science ETH in Architecture".

Prerequisites /
notice

Wo has:
a. successfully completed the Bachelor's degree;
b. fully met any requirements for admission to the course of studies;
c. in the Master's degree, except for the master's thesis, provided all the necessary services for the acquisition of the master's diploma in
accordance with Article 39,
is admitted to the Master's Thesis.

 Master Studies (Programme Regulations 2011)
 Architectural Design

 Architectural Design
Choice of "architectural design" of the Bachelor course.

 Integrated Discipline Planning
Number Title Type ECTS Hours Lecturers

063-1402-20L Integrated Discipline Planning - Spring Semester 2020

Enrolment only possible after consultation with the
lecturer.

W 3 credits 2U Lecturers

Abstract The integrated focal work has to accompany the design, though the focal work has to be an autonomous work. The formal framework
needs to be discussed with the assistants.

Work on a current or a passed design project in a large scale.

Objective A case study with a clear topic and a clear formulation of a question. The findings and the discoveries shall be part of the base of the
design.

Obtain competence in mastering complex questions relating to alternative strategies and methods in urban design.

 Major Courses
Number Title Type ECTS Hours Lecturers

101-0588-01L Re-/Source the Built Environment W  3 credits 2S G. Habert
Abstract The course focuses on material choice and energy strategies to limit the environmental impact of construction sector. During the course,

specific topics will be presented (construction technologies, environmental policies, social consequences of material use, etc.). The course
aims to present sustainable options to tackle the global challenge we are facing and show that "it is not too late".

Objective After the lecture series, the students are aware of the main challenges for the production and use of building materials.

They know the different technologies/propositions available, and environmental consequence of a choice.

They understand in which conditions/context one resource/technology will be more appropriate than another

Content A general presentation of the global context allows to identify the objectives that as engineer, material scientist or architect needs to
achieve to create a sustainable built environment.

The course is then conducted as a serie of guest lectures focusing on one specific aspect to tackle this global challenge and show that "it is
not too late".

The lecture series is divided as follows:
- General presentation
- Notion of resource depletion, resilience, criticality, decoupling, etc.
- Guest lectures covering different resources and proposing different option to build or maintain a sustainable built environment.

Lecture notes For each lecture slides will be provided.
Prerequisites /
notice

The lecture series will be conducted in English and is aimed at students of master's programs, particularly the departments ARCH, BAUG,
ITET, MAVT, MTEC and USYS.

No lecture will be given during Seminar week.

860-0017-00L Science Communication
Number of participants limited to 10. 

STP Students have priority.


W 6 credits 3G A. Wenger, M. Dunn Cavelty,
C. Elhardt

Abstract Successful dissemination of scientific results to policy-makers and the wider public is an essential skill at the intersection of science,
technology and policy making. This course looks at the expectations and needs of different target groups and teaches “best practices” for
different modes of communication via a variety of exercises.

Objective The aim of this course is to learn about science communication in theory and learn how to apply this knowledge in practice through
different formats and media, aimed at different audiences.

Content In this course, we will analyze the particular prerequisites for the successful dissemination of scientific results to policy-makers and the
wider public. To get a better understanding of the expectations and needs of different target groups we will look at different formats and will
also invite guest speakers from science communication jobs to share their experiences and discuss common problems. The final part of
this course consists of practical applications and exercises. Proceeding in a 'draft/revise/submit'-manner, students will have to present a
scientific project (possibly linked to a case study) in different formats (e.g. newspaper contribution and policy brief). Faculty will supervise
the writing process and provide reviews and comments on drafts.

Lecture notes Papers are made available for the participants of this course through Moodle. The book used for the 2nd part of the course "Escape from
the Ivory Tower" can be bought from the instructors
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Literature Papers are made available for the participants of this course through Moodle. The book used for the 2nd part of the course "Escape from
the Ivory Tower" can be bought from the instructors

Prerequisites /
notice

The total number of students is 10. MSc students, PhD students and postdocs with a science and technology background have priority;
weekly meetings of minimum 2, maximum 3 hours during FS (Spring Semester) 2017, 6 ETCS (approx. 39 contact hours + 141 hours for
preparations and exercises); grading based on the exercises and final products (policy briefs, op eds) on a 1-6 point scale

063-0606-00L Structural Design VI
Does not take place this semester.

W 2 credits 3G P. Block, J. Schwartz

Abstract This course teaches computational tools for structural design. After an introduction in the basics of 3D modelling, as well as parametric
design, the course focuses on structural form-finding, simulation and optimisation methods. These topics are covered with the aid of
design-oriented exercises and built examples showcasing the use of these advanced methods in research and construction projects.

Objective - ability to 3D model complex geometry
- knowledge of parametric design tools
- basic skills in Python scripting
- introductory experience in different form-finding methods
- exposure to basics of computational simulation and optimisation of structures
- application of computational methods to design project

063-0612-00L Building Process III
Number of participants limited to 28.
Until 18.2.19 definitive enrolment in mystudies and
confirmation of participation to heide@arch.ethz.ch .
Introduction: 21.2.20  Attendance requirement!

W 2 credits 2S S. Menz, I. Heide

Abstract Analysing, reconstructing and discussing development, planning and accomplishment of elected examples of architecture. The particular
aspects of the building process are set in relation to the final projects, resulting in a deeper and wider understanding for dependencies and
reciprocal actions.

Objective Consolidation of the building process issue, with focus on its independencies and reciprocal actions.
Literature https://map.arch.ethz.ch
Prerequisites /
notice

This course is limited to 28 participants.
Until 18.2.19 definitive enrolment in mystudies and confirmation of participation to heide@arch.ethz.ch . Introduction: 21.2.20  Attendance
requirement! Active participation in the course is a prerequisite.

063-0702-00L NSL II: Cartography in Design
Only for Architecture MSc.

W 2 credits 2G G. Vogt

Abstract The course teaches methods, tools and processes of design, which are applied from the initial discussion of the place to the
communication of the project. In a progression of lectures and exercises, topics concerning the design process of landscape architecture
are discussed and applied. The exercises are graded and count as proof of completion.

Objective The course is intended to enable students to expand their individual design-based methods, thereby inspiring them to process, map and
communicate their design tasks. A basic framework is presented, which reveals the possibilities of methodical design and can be applied in
the design courses and the master thesis.

063-0802-00L History and Theory in Architecture VIII
(M.Delbeke/L.Stalder)

W 2 credits 2V M. Delbeke, L. Stalder

Abstract The course offers an advanced introduction into the practices and debates of architectural history and theory.
Objective Basic knowledge of the history and theory of the architecture.
Content Maarten Delbeke, Rococo


This lecture series explores and interprets the rococo church architecture of what is now Southern Germany, by examining its religious and
political context, by proposing a close reading of a number of case-studies, and by offering a thematic analysis of some of its key features.
The course is intended at once as a thorough introduction and an open-ended process of discovery, where preliminary observations will be
weighed and discussed collectively.


Laurent Stalder: Things of Modernity

The lecture examines the deep transformations in the built environment over the past 150 years. The course aims to offer a new reading of
modern architecture starting not with the ever-changing “heroes” nor the “key buildings”, but with a constellation of ‘things’ that shaped
modern life: from the clock and the bed, to the toilet and the kitchen, to the radiator to the revolving door. Each thing will be studied in its
historical context, considered alongside new examples from a wide range of sources, and problematized to help explain its role in the
construction of the modern condition. The goal of the lecture is to use the recent architectural history to shed light on the different concepts
still relevant to contemporary architecture.

063-0902-00L History of Construction II W 2 credits 2V S. Holzer
Abstract Construction History II is a systematic overview of the history of construction in timber, masonry, iron, and concrete, including structural

analysis of these construction types.
Objective The participants are enabled to embark on research in Construction History on their own.
Content Construction history II covers the following topics:

1) Timber construction 1100-1920
2) Masonry construction from antiquity to WWI
3) iron construction 1770-1920
4) Concrete construction 1770-1920

Lecture notes None, however, some lectures will be based on journal papers and other materials made accessible to participants.
Literature see above
Prerequisites /
notice

Construction History I is not a prerequisite

063-0904-00L Case Studies Construction History and Building
Preservation (FS)
The number of participants is limited to 60. 
Each enrolment requires an uninterrupted visit throughout
the semester.

Cancellation (incl. deletion of enrolment) is permitted until
Sunday 23.2.19, 24:00 h.

W  4 credits 2G S. Holzer

Abstract Acquiring in-depth knowledge of construction history and building archeology by means of detailed study of selected historic monuments.
The course will start with a multi-part classroom introduction, followed by field studies in small groups.
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Objective The participants will gain in-depth knowledge on the methodology of building archeology by means of the documentation and interpretation
of real historic structures in on-site studies. These field studies will be embedded into a framework by accompanying archival and literature
studies, leading to a training of the associated methods of analysis of historic written sources.

Content We study historic constructions in German-speaking Switzerland (individual small groups, objects within 2 hrs public transport reach from
ETH Hoenggerberg). Each group will be assigned an individual tutor (PhD student) who will be present on-site, on individual appointment.

We will survey, document and analyze a historic construction, with particular attention to production traces, constructive detail and laod-
carrying system.

We will start with introductory classroom lectures and on-site teaching during the first third of the semester. This will be followed by
individual investigations on site. The progress will be pinpointed in three critiques:
1) on site, with individual tutor
2) at institute, with professor and institute members
3) final delivery, at institute, with professor and all institute members

The detailed schedule of the case studies can be found here:

http://www.holzer.arch.ethz.ch/en/education/case-studies.html

Each enrolment obliges the student to visit all compulsory dates during the entire semester without interruption.

Lecture notes Detailed instructions on on-site investigations, as well as manuscripts on the background, will be provided. It is mandatory to read them in
due time!

Literature Will be announced during the introductory lectures.
Prerequisites /
notice

Elementary knowledge of architectural history and construction.
Deadline for deregistering: 24.2.2019, noon.

063-0610-00L The Digital in Architecture W 2 credits 1V+2U F. Gramazio, M. Kohler
Abstract In lecture series coupled with a series of taught exercises, the course establishes a conceptual framework of digital fabrication in

architecture. The exercises focus on simple yet powerful methods of digital, computational and algorithmic design. Two seminar sessions
open a debate on the digital as a driving force of a future building and architecture culture. 

Objective Students develop an understanding of the digital and its concepts in architecture and of current developments in the field of digital
fabrication. Students learn about design strategies based on digital methods and are able to relate these to their own design approach and
its wider context at the Department of Architecture. In the exercises, they learn to use Rhino 5 / Grasshopper and write their first code in
Python. The aim is to equip students with the necessary intellectual and technical skills that allow them to independently deepen their
engagement with the digital in the chosen design studios. 

Content The course consists of a lecture series coupled with a series of taught exercises. Departing from the work of Gramazio Kohler Research,
the lectures establish a conceptual framework of the digital in architecture with special regard to digital fabrication. The exercises focus on
simple yet powerful methods of digital, computational and algorithmic design. Two seminar sessions are dedicated to an open debate on
the digital as a driving force of a future building and architecture culture. 

Prerequisites /
notice

Pool Introduction Event:
Informationon event on all the courses offered by the ITA (Institute of Technology in Architecture): 
Monday, 17th February 2020, 11-12 h, HIB Open Space!

063-0602-00L Building Process: Economy W 2 credits 2G S. Menz, H. Reichel
Abstract The demonstration of economic considerations within the design and construction process of buildings is the main focus of the diploma

elective subject.
Objective To grasp the coherences of costs, income and income return.
Content The specialization Bauprozess: Economics is located at the interface between economics here considered as "economics", as well as an

area of the social sciences and the built space.
With increasing scale, the students are made aware of the economic constraints and opportunities that influence our urbanity, from urban
development and development to the individual building. In order to vividly illustrate the consequences of these economic and general
social conditions, the focus is first drawn up at each scale level and explained the basic principle on the basis of an extreme manifestation,
mostly from a metropolis in our world, or on the basis of a historical example. Afterwards, we return to the familiar scale of the city of Zurich
and its agglomeration in order to examine the same mechanisms here.
In each teaching module the relation to and the relevance for the profession of architects is discussed, which - following the claim of our
professorship and the master lecture building process - are regarded as generalists with special knowledge also in economic areas, without
being completely absorbed in these areas; without stopping to be an architect.

Selection of lessons:
1. The economy of the city
Based on the question of which reasons motivated the individual to concentrate selectively and move away from his agricultural livelihoods,
the city is regarded as a new state of evolution that is structurally expressed in the silhouettes of our metropolises.
Gradual attempts are being made to unmask the forces behind the visible economic activity, such as commuting times, pay gaps, land
costs, rents, scarcity and returns. Using the example of the metropolitan region of Zurich, it is shown why urban development and
construction activity have manifested themselves in a certain way in a specific region at a certain time.
2. Returns
The different forms of returns as mediators between investment and income are worked out on the basis of a concrete project development
and their influence on the project is shown or relativised. The concept of yield illustrates the relevance of the timeline in the planning and
construction of a building. The economic consideration of a property and its division into construction and land costs, as well as the
emergence of the latter from the expected returns, are discussed as well as the influence of movements in the interest markets on the
project, as well as the conditions under which we architects ,
3. costs
Land, building and construction costs, as perhaps the most direct economic equivalent of architecture, are systematized using common
methods and classified on the timeline of the planning and construction process. Cost types, determination, planning and control are
addressed, and the most relevant factors influencing the construction costs are analyzed.
4. Project development
This lecture is due to the increasing complexity, professionalization and, as a result, heteronomy of the planning and construction process.
The attractiveness of investment in real assets - and here in the front line of real estate - that has been heightened by the financial crisis of
2008 and its aftermath has led to a long before adoption of valuation and management methods, as well as forms of organization from the
financial sector to real estate project development , The changing role of the architect from generalist to specialist in many project
constellations is critically explained and questioned.

063-0716-00L CAAD III: Positions within Architecture W 2 credits 2V L. Hovestadt
Abstract Information technologies for architects. Third, deepening part. Information technologies are today constituent part both for the architectural

work and our built environment. Hardware and software are pervasive, inexpensive and easy to use. Conventional planning and building
processes are accelerated and improved in the good case.
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Objective In this course we ask the qualitative question about new attitudes and meanings on the new plateau. CAAD III treats deepened in a
seminaristic manner a selected application on this new plateau. CAAD III begins with introductory lectures and closes off with individual
elaborations.

Content Information technologies for architects. Third, deepening part. Information technologies are today constituent part both for the architectural
work and our built environment. Hardware and software are pervasive, inexpensive and easy to use. Conventional planning and building
processes are accelerated and improved in the good case.

063-0418-00L Architecture and Building Structure (FS)
Does not take place this semester.

W 3 credits 2U J. Schwartz

063-0316-20L History of Art and Architecture VI: Experiencing
Architecture: Words, Designs and Buildings

W 1 credit 1V M. Delbeke, S. de Jong

Abstract Architectural experience became a key concept in architectural theory and design in the second half of the eighteenth century. The course
examines this concept in texts, designs and buildings in Paris and London. We will question the emergence of architectural experience in
observations of buildings, in theories, in teachings at the academies, and in designs of buildings.

Objective Deepen the basic knowledge
Content The notion that buildings are foremost objects to be experienced, and that the intended experience of buildings should guide their design,

became a key concept in the second half of the eighteenth century. The course examines architectural experience in texts, designs and
buildings in Paris and London, the main eighteenth-century centres of cultural debates that went through major urban and architectural
developments. 

It studies the role of architectural experience in discussions about the situation, spatial composition, form and meaning of buildings. It
questions how the relationship between experience and design evolved in this period: in writings of architects on experiencing buildings, in
theoretical concepts, in design theories presented in lectures at the academies of architecture, and in architectural design.

063-0314-00L History of Art and Architecture VI: Digital Matters W 1 credit 1V N. Zschocke
Abstract What is the materiality of the digital and what significance do digital media have for the experience, use and production of real

environments? The course discusses in lectures and a one-day symposium works of art and architecture that explore or redefine
relationships between digital, physical and social spaces.

Objective Knowledge of the recent history of art and architecture as well as media theory.
Content What is the materiality of the digital and what significance do digital media have for the experience, use and production of real

environments? The lecture class examines the material dimensions behind seemingly immaterial flows of data, but also the question in
which different ways new information and communication technologies change reality.
What do works of art and architecture teach us about interconnections between private and public spaces with personal devices, sensors
and data - and what can we learn from them about the infrastructures of the digital? How do artists and architects work within the new
hybrid environments defined by different (also sometimes hidden) actors? 
Discussed are works of art and architecture that were produced since the middle of the 20th century, and which explore or redefine the
relationships between digital, physical and social spaces.
In Spring 2020 this class consists of lectures (N. Zschocke) and a conference, co-organized with the Chair of Architecture and Digital
Fabrication Gramazio Kohler, taking place in May 2020.

Prerequisites /
notice

In FS20 the course will consist of lectures and a symposium.
Introductory lecture on 17.02.2020 in HIL E6.

063-0804-01L History and Theory of Architecture VIII (L. Schmitt) W 2 credits 2V L. Schmitt
Abstract The lecture looks at buildings from the first half of the 20th century to examine the social and cultural conditions of architecture. Other

disciplines of creative work – including the fine arts and design – are also taken into account. The tendencies to historicize modernism as
an epoch are analyzed on the basis of current scientific research.

Objective The lecture series aims to focus on some of the concepts of recent architecture and art history that have an ongoing influence on
contemporary architecture.
It deals with outstanding architecture of the 20th century and its historical conditions in order to understand the mechanisms that have
shaped today's perception of modernity.

Content Building today is often measured by the standards of modern architecture. However, since these standards are determined – as in all times
before – by cultural, social and political factors, the task of understanding the historical conditions of modern architecture is highly
important. The lecture therefore draws on telling examples from the architectural spectrum of the decades between 1900 and 1950 that
show the complex interplay of actors, events and media, which had lasting effects on architecture.
This spectrum ranges from Henry van de Velde and Peter Behrens to the changing roles in which architects such as Walter Gropius and Le
Corbusier were active, to the career of the "International Style" in the Anglo-Saxon countries and the emigrés architects who left Europe
under the threat of National Socialism. The lecture also highlights the contribution of female architects and the early historiographical
appropriation of Modernism by authors such as Sigfried Giedion and Nikolaus Pevsner.

851-0252-08L Evidence-Based Design: Methods and Tools For
Evaluating Architectural Design
Number of participants limited to 40

Particularly suitable for students of D-ARCH 

W 3 credits 2S M. Gath Morad, B. Emo Nax,
C. Hölscher

Abstract Students are taught a variety of evaluation methods to assess architectural design from the perspective of potential occupants. Students
are given a theoretical background on evaluation in architecture as well as practical knowledge on evaluation methods such as virtual
reality, agent-based simulations and space syntax analysis. This is a project-oriented course tailored for architecture students.

Objective The course aims to teach students how to evaluate architectural design projects from the perspective of potential occupants. The concept
of evidence-based design is introduced through a design process applied to a specific case study. Students are given a theoretical
background on the notion of evaluation in architecture and spatial cognition as well as practical knowledge on various evaluation methods
such as virtual reality, agent-based simulations and space syntax analysis. The course covers a range of methods including virtual reality
for architectural design and agent-based simulations as well as visibility analysis and network analysis. Students are expected to apply
these methods to a case study of their choice or to example cases provided by the course team. For students taking a B-ARCH or M-
ARCH degree, this can be a completed or ongoing design studio project. The course gives students the chance to implement the methods
iteratively and explore how best to address the needs of the potential occupants during the design process. 

 The course is tailored for students studying for B-ARCH and M-ARCH degrees. As an alternative to obtaining D-GESS credit, architecture
students can obtain course credit in "Vertiefungsfach" or "Wahlfach".

 Thesis Electives
Number Title Type ECTS Hours Lecturers

063-0166-20L Housing (Thesis Elective) W 6 credits 13A J. E. Duyne Barenstein
Abstract Module 3: Residential Architecture as a Contribution to Developing Cities, Neighbourhoods and Housing Estates

Module 4: Sustainability in Residential Architecture
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Objective The students will provide a differentiated picture on the subject housing within its social, cultural and economic context. By working on a
self chosen subject in their elective thesis, they reflect and analyse on the major problems and determine the players and practices, i.e. the
subject area's field of action.

Content Housing considered in context: architectural, cultural, social, technical and economic conditions and processes influence housing and
modes of habitation. To what extent have they changed in the last century ? The construction and renovation of domestic space is a
cultural process. What forces construct that space, and according to which criteria ? What are the constructional and organizational
solutions with which they confront the diversity and metamorphosis of contemporary modes of habitation? How can postulates concerning
a sustainable development be implemented? Insights culled from housing research and practice, podium discussions with guests and
current examples of innovative housing are included.

063-0170-20L Seminar Architectural Criticism (Thesis Elective) W 6 credits 13A A. Kalpakci, M. Wells
Abstract In the framework of three elective courses, students need prepare elective works (seminar works).
Objective The aim of these papers is to foster an independent engagement with the subjects of the seminar. A scientific familiarization with the

respective themes is required. The extent of such a paper ranges from 20 to 30 pages.
Prerequisites /
notice

Interested students are kindly asked to contact us in order to discuss possible projects.

063-0172-20L History, Criticism and Theory of Architecture (Thesis
Elective)

W 6 credits 13A L. Stalder

Abstract Within three elective courses the students need to fulfill an elective work (seminar work). Elective works serve the independent way of
dealing with the contents of the according elective course.

Objective The goal is to develop a framework of questions within the field of the history and theory of architecture as well as cultural history and to
discuss it in a text that will form a scientific thesis. Personal viewpoints and arguments should be based on historical and theoretical
sources and literature, and should be presented with reference to the source.

063-0174-20L Spatial Concepts in Film and Architecture (Thesis
Elective)

W 6 credits 13A M. Bächtiger Zwicky, A. Gigon

Abstract Within three elective courses the students need to fulfill an elective work (seminar work). Elective works serve the independent way of
dealing with the contents of the according elective course.

Objective The aim of these papers is to foster an independent engagement with the subjects of the seminar. A scientific familiarization with the
respective themes is required.

063-0188-20L Procedures in Design - Techniques of Construction
(Thesis Elective)

W 6 credits 13A M. Peter

Abstract Within three elective courses the students need to fulfill an elective work (seminar work). Elective works serve the independent way of
dealing with the contents of the according elective course.

Objective We aim at analyzing the interrelation between structural techniques and formal appearance as well as expression. The thematically
different parts of structural design, building shell and material science are linked with architectural design in practice and put into  the
broader context of architectural theory.

063-0194-20L Performance and Intervention (Thesis Elective) W 6 credits 13A K. Sander, M. Wermke
Abstract Individual completion of an artistic project and public presentation (elective coursework).
Objective Creative Experience: Definition of ones own interests and realization of an artistic project. Development of an advanced concept of

performance and intervention.
Content Individual completion of an artistic project and public presentation (elective coursework).
Prerequisites /
notice

Mentoring discussion upon agreement.

063-0198-20L Photography (Thesis Elective) W 6 credits 13A K. Sander, E. Vonplon
Abstract Individual completion of an artistic project with photography and public presentation (elective coursework).
Objective Creative Experience: Definition of ones own interests and realization of an artistic project based on photography. Development of an

advanced concept of photography.
Prerequisites /
notice

Application for the elective thesis by email to the lecturer.

063-0202-20L 3D Scanning and Freeform Modeling (Thesis Elective) W 6 credits 13A K. Sander
Abstract Individual completion of an artistic project with 3-d photography (scanning) and digital modeling (elective coursework).
Objective Creative Experience: Definition of ones own interests and realization of an artistic project using 3d photography and digital modeling.

Experimental research for expanded usage of this tools.
Prerequisites /
notice

Enrolment for the elective course: Email to luetolf@arch.ethz.ch.

063-0220-20L Artistic Thinking and Acting (Thesis Elective) W 6 credits 13A T. Becker
Abstract Individual completion of an artistic project and public presentation (elective coursework).
Objective Creative Experience: Definition of ones own interests, development, and realization of an artistic project.
Prerequisites /
notice

Mentoring discussion with Tobias Becker: becker@arch.ethz.ch

063-0224-20L Perspective Drawing / Free Drawing (Thesis Elective) W 6 credits 13A K. Sander, H. E. Franzen,
M. Léonard-Contant

Abstract A topic, a graphic assignment or problem, selected by the student is furthered through independent work and its evolution documented.
Objective An elective project in drawing is an assignment with the characteristics of research. The incorporation of manual/technical processes and

artistic reflection serves to develop personal, artistic criteria.

063-0230-20L 360° - Reality to Virtuality (Thesis Elective) W 6 credits 13A K. Sander
Abstract Within three elective courses the students need to fulfill an elective work (seminar work). Elective works serve the independent way of

dealing with the contents of the according elective course.
Objective The aim of these papers is to foster an independent engagement with the subjects of the seminar. A scientific familiarization with the

respective themes is required. The extent of such a paper ranges from 20 to 30 pages.
Content The aim of these papers is to foster an independent engagement with the subjects of the seminar. A scientific familiarization with the

respective themes is required. The extent of such a paper ranges from 20 to 30 pages.

063-0318-20L History of Art and Architecture  (Thesis Elective) W 6 credits 13A M. Delbeke
Abstract Essay on a subject from the field of architectural history
Objective Independent preparation of a scholarly essay on a topic from the field of architectural history.
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Content The aim of the elective course paper is to discuss a topic freely selected from the field of architectural history, in agreement with the
assistant lecturer(s). In addition to original ideas, positions taken in the history of research on the subject should also be discussed. It is
important to use the correct scholarly format and clear language. The paper should be approximately 36,000 characters in length and
should also include as much pictorial material as needed. At the beginning and in the end the paper will be discussed in detail.

063-0320-20L History of Art and Architecture (Thesis Elective,
P.Ursprung)

W 6 credits 13A N. Zschocke

Abstract Independent thesis on a monographic or thematic topic within the scope of the History of Art and Architecture.
Objective The objective is to write an independent thesis on a monographic or thematic topic within the scope of the History of Art and Architecture.

The focus is to thus exemplify a comprehensive view of the approach and methods towards the modern History of Art.
Content The aim of the elective course paper is to discuss a topic freely selected from the field of architectural history, in agreement with the

assistant lecturer(s). In addition to original ideas, positions taken in the history of research on the subject should also be discussed. It is
important to use the correct scholarly format and clear language. The paper should be approximately 36,000 characters in length and
should also include as much pictorial material as needed. At the beginning and in the end the paper will be discussed in detail.

Prerequisites /
notice

Students who are interested to do a Thesis Elective have to arrange an appointment at the chair. 

Elective works can be realized in various media (text, video, photography, performance).
Supervision by academic staff of the chair of History of Art and Architecture, Philip Ursprung.


063-0356-20L Building Research and Constrcution History (Thesis
Elective)

W 6 credits 13A S. Holzer

Abstract Within three elective courses the students need to fulfill an elective work (seminar work). Elective works serve the independent way of
dealing with the contents of the according elective course.

Objective Aim of this seminar work is to learn how to write a small thesis on a case study. This work should include a creative text, but also to obey
certain rules, which turn a regular text into a scientific one.

Content Auf Vorschlag der/des Studierenden kann ein bedeutendes Bauwerk in Zürich oder Umgebung oder eine Bauwerksgruppe untersucht
werden. Die Recherche beginnt typischerweise mit einer Literatursuche (z.B. bauzeitliche Buch- oder Zeitschriftenpublikationen), einer
Ortsbegehung mit Dokumentation des Bestandes (je nach Erfordernissen mit Fotos, Skizzen, Teil- oder Gesamtaufmassen, Raumbuch
oder Bauteilbuch usw.). Abzugeben ist schliesslich eine Ausarbeitung, die baugeschichtliche, konstruktive und architektonische Aspekte
des Objektes erläutert und ggf. begründete Vorschläge zu Nutzung, Erhaltung und Weiterbauen enthält. Beispiele für geeignete Objekte in
Zürich: Hauptbahnhof, Kantonales Verwaltungsgebäude Walchetor, Sihlpost, Bastion Katz, ...

063-0368-20L History of Urban Design (Thesis Elective) W 6 credits 13A T. Avermaete
Abstract Within three elective courses the students need to fulfill an elective work (seminar work). Elective works serve the independent way of

dealing with the contents of the according elective course.
Objective Aim of this seminar work is to learn how to write a small thesis on a case study. This work should include a creative text, but also to obey

certain rules, which turn a regular text into a scientific one.
Prerequisites /
notice

Enrollment on agreement with the lecturer only.

Specials: The thesis must be handed in before 31st May 2017.

063-0370-20L Theory of Urban Design (Thesis Elective) W 6 credits 13A T. Avermaete
Abstract Following the seminar focusing on the urban history of Zurich a hypothesis and question should be posed. With the small academic writing

this question should be answered.
Objective The main aim of this seminar is learning the scientific handling of theoretical texts on the city. These texts range from pamphlets, to

commentaries and literary products.
Prerequisites /
notice

Enrollment on agreement with the lecturer only.
Specials: The thesis must be handed in before 31st May 2017.

063-0416-20L Force, Material, Form: History of Structural Design
(Thesis Elective)

W 6 credits 13A J. Schwartz

Abstract Based on the content of the elective lecture, students decide with the docent on a topic to be examined individually. The examination of this
topic is supervised by the docent and conducted as an elective project.

Objective Within three elective courses the students need to fulfill an elective work (seminar work). Elective works serve the independent way of
dealing with the contents of the according elective course.

063-0436-20L Model and Design (Thesis Elective) W 6 credits 13A A. Tellini, K. Derleth
Abstract The elective works serve an in depth case study.

The advanced study offer students the opportunity to deal with a specific aspect of design over a longer period of time. The work consists
of a practical and a theoretical part - reflection/documentation of the developed facts.

Objective Independent, in depth study ot the contents according to the elective course and examination of aspects of architectural model building.
Content Content and output of the study to be agreed with the lecturer of the elective course.
Prerequisites /
notice

Elective thesis can be taken at the Raplab after completion of the elective course.
A specific topic proposal within the fields of model making, material, design and construction should be presented.
Group work in a team of two students is possible (increasing scope and effort).
Independent work is required.

063-0522-20L Making TV: The Show Production (Thesis Elective) W 6 credits 13A A. Brandlhuber
Abstract Self dependent thesis under the supervision of the tutor. It serves to continue the discussion with the themes of the elective course. The

subject of the elective thesis is tied to the correspondent elective subject.
Objective The elective gives students the opportunity to expand their knowledge in the area of making TV - show production.
Content The subject of the elective thesis is tied to the correspondent elective subject. 

Free thesis is only possible after consultation with the tutor and has to be well prepared by the student (statement, catalogue of questions).
 

Lecture notes The necessary learning material is chosen individually by the professor and the student, as part of the research carried out at the beginning
of the course.

Prerequisites /
notice

Applicants must have done at least one semester (design class) with the chair (Studio Arno Brandlhuber) in order to be able to work with
the medium of video. Ideally the topic of the Thesis Elective is a direct or related one to the individual semester project.

063-0568-20L Room Acoustics (Thesis Elective) W 6 credits 13A K. Eggenschwiler
Abstract Thesis Elective with connection to the lecture "room acoustics"
Objective Individual elective work on a subject of roomacoustics.

063-0620-20L Projects on Territory (Thesis Elective) W 6 credits 13A M. Topalovic
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Abstract This lecture series sets up the agenda for widening the disciplinary field of architecture and urbanism from their focus on the city, or the
urban in the narrow sense, to wider territorial scales, which correspond to the increasing scales of contemporary urbanisation. It discusses
the concepts of territory and urbanisation, and their implications for the work of architects and urbanists.

Objective The course will enable students to critically discuss concepts of territory and urbanisation. It will invite students to revisit the history of
architects’ work engaging with the problematic of urbanising territories and territorial organisation. The goal is to motivate and equip
students to engage with territory in the present day and age, by setting out our contemporary urban agenda.

The lectures are animated by a series of visual and conceptual exercises, usually on A4 sheets of paper. All original student contributions
will be collected and bound together, creating a unique book-object. Some of the exercises are graded and count as proof of completion.

Content Within the theme My Species, the four guest speakers engaged in fields ranging from art and landscape representation to bioethics and
environmental philosophy, will approach territory through the notions such as multispecies, coexistence, and diversity. With a more-
than-human perspective on the territory, the guest speakers will elaborate their take on “telling horrible stories in beautiful ways,” debate
“the dignity of plants,” expound upon “mankind’s fascination to better the world,” and confer “the non-human turn” and what is to come
after.

24.09. 2021
On Territory
Milica Topalović

30. 09. 2021
Architecture and Urbanisation
Milica Topalović

07. 10. 2021
Methods in Territorial Research and Design
Milica Topalović

14. 10. 2021
Multispecies Worldbuilding
Guest lecture by FEIFEI ZHOU

21. 10. 2021
Better Nature
Guest lecture by ALEXANDRA DAISY GINSBERG

04. 11. 2021
Planetary Urbanisation: Hinterland
Milica Topalović

11. 11. 2021
Tomatoes Talk, Birch Trees Learn – Do Plants Have Dignity?
Guest lecture by FLORIANNE KOECHLIN

18. 11. 2021
Disappearance of the Countryside
Milica Topalović

25. 11. 2021
What is Soul? On the Idea of Species Being
Guest lecture by OXANA TIMOFEEVA

09. 12. 2021
Our Common Territories: An Outlook
Milica Topalović

Prerequisites /
notice

The lectures will take place on Thursdays, 10.00-12:00, ETH Zurich, Oerlikon, ONA Fokushalle E7 + ZOOM.

Team: 
Milica Topalović, Nazlı Tümerdem, Vesna Jovanović

Contact:
Nazli Tümerdem
tuemerdem@arch.ethz.ch

Our website:
https://topalovic.arch.ethz.ch

063-0622-20L Architecture and Digital Fabrication  (Thesis Elective) W 6 credits 13A F. Gramazio, M. Kohler

Abstract Advance in technology revolutionizes design and fabrication processes within architecture. Digital fabrication allows immediate production
from design data. The architect as author of these data takes a key role in this development. 
This course focuses on strategies for architectural production by means of algorithmic design tools and computer controlled fabrication
methods.

Objective The goal of the Wahlfacharbeit is the in depth analysis of a specific topic in the field of digital design and fabrication. The students should
develop a personal, algorithmic design system till fabrication. A theoretic placement of the work within the current research discourse is
desirable.

Content We use the term digital materiality to describe an emergent transformation in the expression of architecture. Materiality is increasingly
being enriched with digital characteristics, which substantially affect architectures physis. Digital materiality evolves through the interplay
between digital and material processes in design and construction. The synthesis of two seemingly distinct worlds  the digital and the
material  generates new, self-evident realities. Data and material, programming and construction are interwoven. This synthesis is enabled
by the techniques of digital fabrication, which allows the architect to control the manufacturing process through design data. Material is thus
enriched by information; material becomes informed. In the future, architects ideas will permeate the fabrication process in its entirety. This
new situation transforms the possibilities and thus the professional scope of the architect.

Lecture notes The script can be purchased during the course. It is available in German only.

063-0626-20L Serendipity (Thesis Elective) W 6 credits 13A C. Girot
Abstract The thesis elective involves the creative refinement and testing of the theses on the perception and design of landscape developed during

the semester in the elective course Serendipity.
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Objective The thesis elective Serendipity offers students the opportunity to develop an intervention concept based on the use of multimedia tools, and
thus to explore the possibilities of shaping perceptual qualities.

Content Please find more information concerning the respective semester topic and the course schedule on our website:
http://girot.arch.ethz.ch/landscape-education/bachelor-master/current-courses

Prerequisites /
notice

Limited admission due to technical equipment. For participants of the elective course Serendipity only.

063-0628-20L Topology (Thesis Elective) W 6 credits 13A C. Girot
Abstract The elective project serves to further explore the themes of the elective course Topology.
Objective The elective gives students the opportunity to expand their knowledge in the area of landscape architecture.
Prerequisites /
notice

This elective is supervised by the TheoryLab in the spring semester and by the DesignLab in the autumn semester.

063-0630-20L Territorium of the City: Landscape as a Resource
(Elective Thesis)
Enrollment in the elective course is compulsory for this
elective thesis.

W 6 credits 13A G. Vogt

Abstract The elective series "Territory of the City: Landscape as a Resource" deals with current transformation processes of metropolitan
landscapes in Europe and introduces to landscape architectural design on different scales. On the basis of cartographic analysis and field
trips, students develop concrete strategies for the development of urban landscapes.

Objective The elective introduces to the subject and complexity of the urbanized landscape and teaches the critical engagement with the challenges
and potentials of current tendencies in Landscape Architecture. On the basis of a concrete study area, students examine the large-scale
processes of reuse, reform and reinterpretation of metropolitan landscapes in Europe and develop new approaches and strategies on
various scales. They become familiar with GIS as an analytical tool, model building as a design methodology and the representation of
landscape through plans. They develop a project based on the perception of place, knowledge of landscape-architectonic typologies and
conception of public space. The design process is accompanied by workshops, lectures, excursions, critiques and a workbook.

Content Die Art und das Ausmass der Nutzung von Landschaft haben sich in den letzten Jahrzehnten grundlegend verändert. Einerseits wird die
Ressource Landschaft heutzutage viel intensiver genutzt, wie dies die starke Zunahme von Rohstoffabbau und Materialtransporten sowie
der massive Ausbau von Infrastrukturen verdeutlichen. Gleichzeitig wird die Nutzung in gewissen Gebieten auch extensiviert, wodurch
Verbrachungs- und schliesslich Verwilderungsprozesse eintreten. Zudem sind Landschaften zunehmend rasanten und teilweise global
wirkenden Veränderungen in Mobilität, Klima, Landwirtschaft, Energie und Freizeitverhalten unterworfen. In der Summe führt dies zu einer
tiefgreifenden Transformation von Landschaften, wobei der Wandel uneinheitlich, ungleich und teilweise diametral erfolgt. Die historische
Koexistenz und räumliche Trennung von bis anhin in die Landschaft eingelagerten Nutzungen (z.B. Landwirtschaft, Verkehr, Militär,
Tourismus oder Energieproduktion) löst sich zunehmend auf. An ihre Stelle tritt eine operationalisierte Landschaft, in die im metropolitanen
Kontext oftmals auch informellen Erholungs- und Sportnutzungen eingeschrieben sind. Die neuen Formen von «Parks», die dadurch
entstehen, sind nicht mehr klar fass- und einordnungsbar, sondern breiten sich temporär und räumlich diffus auf das urbane Territorium
aus. Die treibenden Kräfte hinter dieser Entwicklung sind einerseits im Ausbau der Infrastrukturnetzwerke des öffentlichen Verkehrs,
insbesondere der S-Bahn, und andererseits in der oftmals chronischen Übernutzung innerstädtischer Freiräume zu verorten. Die
Erholungssuchenden weiten als Folge ihren Aktionsradius auf die schnell erreichbaren und unmittelbar verfügbaren Freizeitlandschaften
aus. Dieser Prozess erfolgt oftmals informell und ungeplant; die Menschen nehmen sich den Raum für ihre Aktivitäten, wo und wie sie es
für nötig halten. Die Überlagerung und Verflechtung von teilweise konträren Interessen, die sich oftmals ausschliessen, führt zu Reibungen
und Konflikten, die durchwegs positiv und produktiv sein können: Landschaft wird nicht mehr länger nur als ökonomische-, sondern
vermehrt auch als öffentliche Ressource begriffen, was eine zukünftige Debatte über die Art und Weise der (Be-)Nutzung der Landschaft
und die Möglichkeit einer integralen, demokratischen Entwicklung der Landschaft als öffentlicher Raum notwendig macht.

Prerequisites /
notice

The participation in the course is subject to the following three conditions: 
1) The course is limited to 18 students. The restriction follows the time of the inscription according to the first-come-first-served-principle.
2) A two-days trip to the respective metropolis is mandatory for all students.
3) The contribution to expenses will be 200.- CHF per student.

063-0632-20L Urban Food - Naples (Thesis Elective) W 6 credits 13A G. Vogt
Abstract The term `Urban Food` implicitly questions how the production, processing, distribution, consumption and disposal of food influence the

relation between city and countryside. In the thesis elective course, students analyze different urban structures of Alpine cities and their
territories from the perspective of food-systems.

Objective The analysis that was part of the elective course forms the basis of this focus work/thesis elective. On a regional level, specific cities and
their territorial relation to their hinterland are investigated here from an historical and contemporary point of view. The work will be
presented in the form of an essay film. An historical and technical introduction to this format is an integral part of the course.

Content The production, processing, distribution, consumption, and disposal of food have perpetually affected the relationship between city and
countryside. In this way, the industrialization and globalization of food systems contributed significantly to the urbanization of the
landscape. On the other hand, systems of logistics and consumer behavior are strongly affected by processes of urbanization. Here we see
that the city and its food systems have a mutual influence on each other.

Prerequisites /
notice

The course is structured on an annual basis. In order to take part in the focus work/thesis elective (Vertiefungsarbeit /Wahlfacharbeit) one
has to pass the elective course (Wahlfach) in the autumn semester. It's not possible to do just an elective course on its own.

1st week (elective): 26th January - 4th February 2020 (10 days);
2nd week (elective thesis): 7th February - 14th February (8 days)

Cost: CHF 280.--.

Location: Both the elective course (Wahlfach) and the following elective essay course (Wahlfacharbeit) are held in ONA G25. 

The elective thesis must be continued and finished after this week.

063-0732-20L CAAD Theory (Thesis Elective) W 6 credits 13A L. Hovestadt
Abstract Within three elective courses the students need to fulfill an elective work (seminar work). Elective works serve the independent way of

dealing with the contents of the according elective course.
Objective Within three elective courses the students need to fulfill an elective work (seminar work). Elective works serve the independent way of

dealing with the contents of the according elective course.
Content http://www.caad.arch.ethz.ch
Lecture notes http://www.caad.arch.ethz.ch
Literature http://www.caad.arch.ethz.ch

063-0734-20L CAAD Practice (Thesis Elective) W 6 credits 13A L. Hovestadt
Abstract Within three elective courses the students need to fulfill an elective work (seminar work). Elective works serve the independent way of

dealing with the contents of the according elective course.
Objective Within three elective courses the students need to fulfill an elective work (seminar work). Elective works serve the independent way of

dealing with the contents of the according elective course.
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Content http://www.caad.arch.ethz.ch
Lecture notes http://www.caad.arch.ethz.ch
Literature http://www.caad.arch.ethz.ch

063-0764-20L New Focal Points of Construction (Thesis Elective) W 6 credits 13A D. Mettler, D. Studer
Abstract Within three elective courses the students need to fulfill an elective work (seminar work). Elective works serve the independent way of

dealing with the contents of the according elective course.
Objective Within three elective courses the students need to fulfill an elective work (seminar work). Elective works serve the independent way of

dealing with the contents of the according elective course.

063-0766-20L Building Process: Economy (Thesis Elective) W 6 credits 13A H. Reichel
Abstract Elective works serve the independent way of dealing with the contents of the according elective course.
Objective To grasp the coherences of costs, income and income return. In-depth studies of the interaction of the market, building costs, finance and

location.
Content Elective works serve the independent way of dealing with the contents of the according elective course.
Lecture notes Script only available in english.
Prerequisites /
notice

"IÖ-real estate application"
http://www.ioe-app.ch

http://www.bauprozess.arch.ethz.ch/education/MSc/BauprozessOekonomie.html


Your presence on the first course day is obligatory!

063-0814-20L Sociology (Thesis Elective) W 6 credits 13A C. Schmid, C. Ting
Abstract Master elective works in sociology are written works that are based on the criteria of scientific work in the social sciences. The students are

guided intensely while their work is supervised throughout the course.
Objective Besides the examination of the content, the aim is to write a scientific text, in terms of the structure, form, consistency, and scientific

validity.
Content The Focal work concerns "urban qualities" from the perspective of concrete everyday experiences of users and residents.

The focus is on investigation and analysis of the interaction between urban and spatial processes and the concrete experience and
perception of everyday urban life through qualitative interviews.

Prerequisites /
notice

For more information, please visit our website: http://www.soziologie.arch.ethz.ch/downloads/

063-0816-20L ACTION! On the Real City  (Thesis Elective) W 6 credits 13A H. Klumpner
Abstract In relation to the elective course "ACTION!" students will have the possibility to extend their research into the behaviours and components

that make up the urban realm. A special focus on the processes and mechanisms of (in)formal urban forms and systems will characterise
the research. Specific research goals tailored to individual interests will be discussed before proceeding.

Objective The course will help frame an understanding of the forces shaping (in)formal settlements and the critical behaviours, requirements and
practices of its inhabitants. It will also encourage the development of an analytical and critical position on the potential role of the architect
to mediate a design process within broader socio-economic, political and ecologic systems.

063-0818-20L Experimental Landscape Furniture (Thesis Elective) W 6 credits 13A G. Vogt
Abstract Experimental Landscape Furniture


The Summer School is dedicated to the construction of seating furniture for a specific, chosen location in the urban landscape of the
metropolitan area of Basel. We work in the workshop of the Vitra Design Museum as well as directly in the landscape.

Objective The teaching format combines three essential aspects:
-The perception of a specific (urban) landscape from a pedestrian perspective. The appropriation of a place for a chair or outdoor funiture
means to position yourself personally.
The Chair: As a constructive and conceptual challenge on a small scale, it is a classic design theme by architects, especially in the tradition
of the 20th century. In its relationships towards the surrounding landscape, the chair can take on the role of architecture.
-The experiment: The direct practical implementation 1:1 makes it possible to collect manual experience and to question or rethink design
processes.

Content In a two-week workshop at vitra campus in Weil am Rhein, we will develop and build twelve chairs for the landscape. The choice of a
precise location during an excursion to the surroundings will set the premises for the drafts. Ideas for a specific use are developed and
constructive necessities have to be taken into consideration.

We will implement the drafts in the vitra workshop building or directly on-site, where they will be presented and discussed in a final critique.
Our approach to the task is explicitly experimental: the chairs are not required to needs of serial production or technical perfection. Well-
grounded inputs inform about the choice of materials (wood, metal, textile, plastic) and technics (glueing, srewing, welding, sewing, casting)
used in furniture building.

The Summer School is accompanied by an inspiring framework program: At Vitra campus we will discover the production process of the
legendary Eames Aluminium Chair as well as the Vitra test center and the furniture collection of the Vitra Design Museum. Visits of
exhibitions and museum architecture in Basel complete the program.

Lecture notes A workbook with texts and background information is available.
Prerequisites /
notice

Condition for participation is a continuous presence in Basel / Weil am Rhein, from June 22nd to July 5th 2020
Fee: CHF 650.- (including accommodation in Basel, public transport, all necessary materials, 8 lunches, as well as entrance fees for guided
tours and visits.)
After the Summer School, two weeks of working time are required for submitting a documentation / process book and a reflective text.

Application prolonged until 23.02.2020, to Max Leiß leiss@arch.ethz.ch

063-0820-20L Planning Strategies for Complex Buildings Using the
Example of Health Facilities (Thesis Elective)

W 6 credits 13A T. Guthknecht

Abstract Independently written scientific paper concerning a subject in the area of health facility planning and design with special focus upon the
dynamic changes in health care services and the according planning and building reactions to them.

Objective The objective is that the students engage in a debate of a differentiated functional planning as a basis for health care buildings which are to
be successful medically, operationally and in design.
On the basis of a given scope of themes the students carry out research aiming for possible improvements in health facility planning. The
scope of subjects is announced at the beginning of each semester.
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Content Health care buildings are subject to constant change. In a new hospital building 60% of the diagnostic and treatment areas are subject to
building changes within the first 10 years of operation. Architecture has to develop concepts which accommodate this level of dynamics into
the building structure in a better way.
In the coming years this need for adaptability is going to be challenges even further by the even more reducing health care resources. The
paper should discuss in this context a specific question in detail by analysing problems and developing and discussing potential planning
solutions.

063-0824-20L Material-Lab (Thesis Elective) W 6 credits 13A A. Spiro
Abstract It is the elective's object to become aquainted with a material and its processing in a exploring and experimental manner. It aims to raise

the awareness of the relation of material, construction, form and architectural expression. 


Objective Students should achieve the skill to gain theoretic and applied know-how in the field of construction autonomouly. Working manually with
the material the students experience the transfer of the planned project into realisation.

Content Content and output of the study to be agreed with the lecturer of the elective course.

063-0828-20L Summer School (Thesis Elective) FS20 W 6 credits 11A Supervisors
Abstract Independent work on a theme edited in the Summer School.
Objective In-depth knowledge of a topic covered during a summer school.
Content Students choose a topic and their supervisor after completing a summer school.

063-0856-20L Master Class Construction (Thesis Elective) W 6 credits 13A C. Vogt
Abstract In the elective thesis the student thoroughly and independently deals with all matters and contents of the "Master Class Construction"

course.
Objective It is aim of the elective thesis to deal thoroughly with a constructive theme - under consideration of the structural engineered conditions and

also the concurrence of the architectural forms of expression.
Prerequisites /
notice

Wir bitten interessierte Studierende direkt mit uns einen Termin zu vereinbaren, um mögliche Themen zu besprechen.

063-0116-20L Architecture and Building Systems (Thesis Elective)
Language: English or German.

W 6 credits 13A A. Schlüter

Abstract The knowledge gained from the lecture series of Energy and Climate Systems will be applied in this elective course work. Focusing on
specific questions, this knowledge will be deepened. Each topic will be individually discussed with each student. Based on the design of
studios or other projects, a building will be examined with the goal of emissions-free building operation.

Objective The objectives are to understand the challenges that arise with these aspects of sustainability, to dimension the resulting technical systems
and components, and to implement this in architecture.

063-0120-20L Theory of Architecture IV (Thesis Elective) W 6 credits 13A M. Gnehm
Abstract An elective thesis in architectural theory is a written student assignment of an architectural issue or question, which is to be elaborated into

a scientific paper in consultation with the advisor.
Objective Within the framework of an elective thesis the student enhances the acquired knowledge in architectural theory in written form. The thesis

elective serves the acquirement of methodologies, the derivation, development and verbalization of conclusions and the contextualization
within a theoretical setting.

Content The contents of the elective thesis are expected to link to the subject matter of the attended course.

151-8008-00L Building Physics (Thesis Elective) W 6 credits 11A J. Carmeliet
Abstract Within three elective courses the students need to fulfill an elective work (seminar work). Elective works serve the independent way of

dealing with the contents of the according elective course.
Objective The aim of the elective work is to gain comprehensive insight in specific issues related to urban physics. 

These issues may concern: wind & thermal comfort in the built environment, heat islands, cross-ventilation, driving rain.
The work may include computational modelling and prototype testing in laboratory.

Prerequisites /
notice

There is a limited number of spaces.

It's imperative that the topic of the work is discussed with and accepted by the chair in advance.
Language: German or English by Assistants, English by Jan Carmeliet.

063-0768-20L Building Process:Thesis Elective W 6 credits 13A S. Menz
Abstract Elective works serve the independent way of dealing with the contents of the according elective course.
Objective Goal of this elective thesis is a self-dependent and coherent argumentation with the contents of the previous visited elective course

"Building Process: Design Phase".
Content Elective works serve the independent way of dealing with the contents of the according elective course.
Literature https://map.arch.ethz.ch
Prerequisites /
notice

https://bauprozess.arch.ethz.ch/education/vertiefungsarbeiten/vertiefungsarbeitbauprozessiii.html

 Master's Thesis
Number Title Type ECTS Hours Lecturers

051-0141-00L Master's Thesis
Only for Architecture MSc, Programme Regulations 2011.

Only students who fulfill the following criteria are allowed
to begin with their master thesis:
a. successful completion of the bachelor programme; 
b. fulfilling of any additional requirements necessary to
gain admission to the master programme.

Ultimate deadline for degistration from the Master Thesis
is 3.4.20, 24:00 h.
Deleting a reservation after this deadline is prohibited.

O  33 credits 40D Lecturers

Abstract The Master-Thesis contains a written proposal due to a given master-programme within the work-field of an architect. 
Objective The Master-Thesis has to be an individual work by the students and be proof of the ability to independent design work. 

 Electives
see "electives" in Architecture BSc
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 Seminar Weeks
Number Title Type ECTS Hours Lecturers

051-0912-20L Seminar Week Spring Semester 2020
Im FS20 darf nur eine Seminarwoche belegt werden 051-
0912-20L oder 051-0914-20L.

W  2 credits 3A Lecturers

Abstract The seminar week is obligatory for students of all semesters. There are many and varied study contents - the programs are listed at the
beginning of each semester.

Objective The students will be enabled to discuss narrowly formulated factual questions in small groups and in direct contact with the professors. 
Content The seminar week is obligatory for students of all semesters. There are many and varied study contents - the programs are listed at the

beginning of each semester.

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capabilit

Recommended Science in Perspective (Type B) for D-
ARCH.

see Science in Perspective: Language Courses ETH/UZH

 Course Units for Additional Admission Requirements
The courses below are only available for MSc students with additional admission requirements.

Number Title Type ECTS Hours Lecturers

052-1100-AAL Architectural Design V-IX (Part 1)
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php)

E- 14 credits 16U Lecturers

052-1101-AAL Architectural Design V-IX (Part 2)
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

Please register (www.mystudies.ethz.ch) only after the
internal enrolment for the design classes (see
http://www.einschreibung.arch.ethz.ch/design.php)

E- 14 credits 16U Lecturers

Abstract Session requirerments.
Objective Requirements.
Content Session requirerments.

 Complementary Courses
Number Title Type ECTS Hours Lecturers

063-0720-20L Summer School ETH Singapore Month - The Future of
Circular Economies
Does not take place this semester.
Only for ETH Master Students; applications are welcome
from all departments.
The number of participants is limited to max. 20.

Application via SiROP: Link announced on webpage:
www.ethz.ch/singapore-month 
(motivation letter with statement indicating field of
expertise, the challenges you would like to address, set of
skills that you would bring to the program (1 page), CV
and transcript of records.

Deadline for application on 16 March 2020 
Announcement of selection by end of March.
Kick-Off Meeting on April 30, 2020.
Monday, 1 June to Tuesday, 23 June 2020 at SEC in
Singapore


W 3 credits 9G

Abstract This summer school is not taking place (COVID19).
Please do not register or cancel your registration for this course.

Objective Address complex societal challenges through critical analysis and     design
Engage in interdisciplinary research, learn from peers from across the    globe
Apply ‘design thinking’ to develop scenarios, alternative solutions,     prototypes and visualisations
Compare and understand different priorities and approaches in     Singapore and at home
Experience SEC and CREATE research programs
Experience Singapore and South East Asia
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Content The summer school of nearly one month consists of a 10 days framework programm for ETH master students and a two-week core
programm, together with graduate students from local universities in Singapore and CREATE1, at the Singapore-ETH Centre (SEC).  
Participants from ETH Zurich arrive in Singapore and follow an intercultural framing week with guided visits and exploration of case studies
in week 1. This week allows ETH students to observe and critically reflect on both historical and contemporary developments in Singapore
and South East Asia. 

The two-week core programm in week 2 and 3 brings together ETH and CREATE students to explore complex challenges of our time.
The core workshop– named STP4 (for Science, Technology, People, Prototyping, Policy, Practice) – brings together students and faculty
from different disciplines and universities to explore complex challenges of our time, under the heading “The Future of Circular Economies”
– whether pertaining to climate change, environmental degradation, resource depletion, growing waste, widespread poverty, demographic
ageing, or ethnic and gender inequality. Based on input seminars and excursions, participants work in small interdisciplinary groups and
critically investigate the potential of design (and of design thinking) as a method for both the production of knowledge and its
implementation into practice.Week 4 is dedicated to a reflection on the ETH Singapore Month for the ETH students. Successful completion
entitles to 3 ETCS for the whole programm.

Literature A reader will be made available with relevant literature on Singapore, including, for example, Chua Beng Huat, “Singapore as Model,” Lee
Kuan Yew, From Third World to First; Manuel Castells, The Developmental City-State in an Open World Economy, Rem Koolhaas,
“Singapore Songlines,” etc. ) 

Prerequisites /
notice

This summer school is not taking place (COVID19).
Please do not register or cancel your registration for this course.

For Master Students; applications are welcome from all departments 
Application via SiROP: Link announced on webpage: www.ethz.ch/singapore-month  (motivation letter with statement indicating field of
expertise, the challenges you would like to address, set of skills that you would bring to the program (1 page), CV and transcript of
records).
Call opening on 17 February, deadline on 16 March, 2020, Announcement of selection by end of March. 
Kick-Off Meeting on April 30, 2020. 
ETH Singapore Months: 1 June to 23 June.

Costs per student: CHF 300.--.  Following costs are extra:
Flights (eligible students can apply for subsidies), regular meals (inexpensive meals on the campus available) travel insurance, visa fees if
applicable (most citizens can get al free visa on arrival without prior arrangement. Further information under
https://www1.mfa.gov.sg/Services/Visitors/Visa-Information .

Lecturers: Prof. Marc Angélil, and Aurel von Richthofen, Senior Researcher, Education Programme Leader at SEC, Singapore

Architecture Master - Key for Type

Dr Suitable for doctorate
O Compulsory
W+ Eligible for credits and recommended

W Eligible for credits
E- Recommended, not eligible for credits
Z Courses outside the curriculum

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Atmospheric and Climate Science Master
 Modules

 Weather Systems and Atmospheric Dynamics
Number Title Type ECTS Hours Lecturers

701-1224-00L Mesoscale Atmospheric Systems - Observation and
Modelling
Does not take place this semester.

W  2 credits 2V H. Wernli, U. Germann

Abstract Mesoscale meteorology focusing on processes relevant for the evolution of precipitation systems. Discussion of empirical and
mathematical-physical models for, e.g., fronts and convective storms. Consideration of oceanic evaporation, transport and the associated
physics of stable water isotopes. Introduction to weather radar being the widespread instrument for observing mesoscale precipitation.

Objective Basic concepts of observational and theoretical mesoscale meteorology, including precipitation measurements and radar. Knowledge
about the interpretation of radar images. Understanding of processes leading to the formation of fronts and convective storms, and basic
knowledge on ocean evaporation and the physics of stable water isotopes.

701-1216-00L Numerical Modelling of Weather and Climate W  4 credits 3G C. Schär, S. Soerland,
J. Vergara Temprado

Abstract The course provides an introduction to weather and climate models. It discusses how these models are built addressing both the dynamical
core and the physical parameterizations, and it provides an overview of how these models are used in numerical weather prediction and
climate research. As a tutorial, students conduct a term project and build a simple atmospheric model using the language PYTHON.

Objective At the end of this course, students understand how weather and climate models are formulated from the governing physical principles, and
how they are used for climate and weather prediction purposes.

Content The course provides an introduction into the following themes: numerical methods (finite differences and spectral methods); adiabatic
formulation of atmospheric models (vertical coordinates, hydrostatic approximation); parameterization of physical processes (e.g. clouds,
convection, boundary layer, radiation); atmospheric data assimilation and weather prediction; predictability (chaos-theory, ensemble
methods); climate models (coupled atmospheric, oceanic and biogeochemical models); climate prediction. Hands-on experience with
simple models will be acquired in the tutorials.

Lecture notes Slides and lecture notes will be made available at
http://www.iac.ethz.ch/edu/courses/master/modules/numerical-modelling-of-weather-and-climate.html

Literature List of literature will be provided.
Prerequisites /
notice

Prerequisites: to follow this course, you need some basic background in atmospheric science, numerical methods (e.g., "Numerische
Methoden in der Umweltphysik", 701-0461-00L) as well as experience in programming. Previous experience with PYTHON is useful but not
required.

701-1226-00L Inter-Annual Phenomena and Their Prediction W  2 credits 2G C. Appenzeller
Abstract This course provides an overview of the current ability to understand and predict intra-seasonal and inter-annual climate variability in the

tropical and extra-tropical region and provides insights on how operational weather and climate services are organized.
Objective Students will acquire an understanding of the key atmosphere and ocean processes involved, will gain experience in analyzing and

predicting sub-seasonal to inter-annual variability and learn how operational weather and climate services are organised and how scientific
developments can improve these services.

Content The course covers the following topics: 

Part 1:
- Introduction, some basic concepts and examples of sub-seasonal and inter-annual variability
- Weather and climate data and the statistical concepts used for analysing inter-annual variability (e.g. correlation analysis, teleconnection
maps, EOF analysis)

Part 2:
- Inter-annual variability in the tropical region (e.g. ENSO, MJO)
- Inter-annual variability in the extra-tropical region (e.g. Blocking, NAO, PNA, regimes)

Part 3:
- Prediction of inter-annual variability (statistical methods, ensemble prediction systems, monthly and seasonal forecasts, seamless
forecasts)
- Verification and interpretation of probabilistic forecast systems
- Climate change and inter-annual variability

Part 4:
- Scientific challenges for operational weather and climate services
- A visit to the forecasting centre of MeteoSwiss

Lecture notes A pdf version of the slides will be available at 
http://www.iac.ethz.ch/edu/courses/master/modules/interannual-phenomena.html

Literature References are given during the lecture.

 Climate Processes and Feedbacks
Number Title Type ECTS Hours Lecturers

701-1216-00L Numerical Modelling of Weather and Climate W  4 credits 3G C. Schär, S. Soerland,
J. Vergara Temprado

Abstract The course provides an introduction to weather and climate models. It discusses how these models are built addressing both the dynamical
core and the physical parameterizations, and it provides an overview of how these models are used in numerical weather prediction and
climate research. As a tutorial, students conduct a term project and build a simple atmospheric model using the language PYTHON.

Objective At the end of this course, students understand how weather and climate models are formulated from the governing physical principles, and
how they are used for climate and weather prediction purposes.

Content The course provides an introduction into the following themes: numerical methods (finite differences and spectral methods); adiabatic
formulation of atmospheric models (vertical coordinates, hydrostatic approximation); parameterization of physical processes (e.g. clouds,
convection, boundary layer, radiation); atmospheric data assimilation and weather prediction; predictability (chaos-theory, ensemble
methods); climate models (coupled atmospheric, oceanic and biogeochemical models); climate prediction. Hands-on experience with
simple models will be acquired in the tutorials.

Lecture notes Slides and lecture notes will be made available at
http://www.iac.ethz.ch/edu/courses/master/modules/numerical-modelling-of-weather-and-climate.html

Literature List of literature will be provided.
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Prerequisites /
notice

Prerequisites: to follow this course, you need some basic background in atmospheric science, numerical methods (e.g., "Numerische
Methoden in der Umweltphysik", 701-0461-00L) as well as experience in programming. Previous experience with PYTHON is useful but not
required.

701-1232-00L Radiation and Climate Change W  3 credits 2G M. Wild
Abstract This lecture focuses on the prominent role of radiation in the energy balance of the Earth and in the context of past and future climate

change.
Objective The aim of this course is to develop a thorough understanding of the fundamental role of radiation in the context of Earth's energy balance

and climate change.
Content The course will cover the following topics:

Basic radiation laws; sun-earth relations; the sun as driver of climate change (faint sun paradox, Milankovic ice age theory, solar cycles);
radiative forcings in the atmosphere: aerosol, water vapour, clouds; radiation balance of the Earth (satellite and surface observations,
modeling approaches);  anthropogenic perturbation of the Earth radiation balance: greenhouse gases and enhanced greenhouse effect, air
pollution and global dimming; radiation-induced feedbacks in the climate system (water vapour feedback, snow albedo feedback);  climate
model scenarios under various radiative forcings.

Lecture notes Slides will be made available, lecture notes for part of the course
Literature As announced in the course

701-1228-00L Cloud Dynamics: Hurricanes W  4 credits 3G U. Lohmann
Abstract Hurricanes are among the most destructive elements in the atmosphere. This lecture will discuss the physical requirements for their

formation, life cycle, damage potential and their relationship to global warming. It also distinguishes hurricanes from thunderstorms and
tornadoes.

Objective At the end of this course students will be able to distinguish the formation and life cycle mechanisms of tropical cyclones from those of
extratropical thunderstorms/cyclones, project how tropical cyclones change in a warmer climate based on their physics and evaluate
different tropical cyclone modification ideas.

Content see course outline at: https://iac.ethz.ch/edu/courses/master/modules/cloud-dynamics
Lecture notes Slides will be made available
Literature A literature list can be found here: https://www.iac.ethz.ch/edu/courses/master/modules/cloud_dynamics
Prerequisites /
notice

At least one introductory lecture in Atmospheric Science or Instructor's consent. This lecture will build on some concepts of atmospheric
dynamics and their governing equations. Thus, mathematical knowledge will be needed to use the equations to understand the material of
the course.

701-1252-00L Climate Change Uncertainty and Risk: From
Probabilistic Forecasts to Economics of Climate
Adaptation

W  3 credits 2V+1U D. N. Bresch, R. Knutti

Abstract The course introduces the concepts of predictability, probability, uncertainty and probabilistic risk modelling and their application to climate
modeling and the economics of climate adaptation.

Objective Students will acquire knowledge in uncertainty and risk quantification (probabilistic modelling) and an understanding of the economics of
climate adaptation. They will become able to construct their own uncertainty and risk assessment models (in Python), hence basic
understanding of scientific programming forms a prerequisite of the course.

Content The first part of the course covers methods to quantify uncertainty in detecting and attributing human influence on climate change and to
generate probabilistic climate change projections on global to regional scales. Model evaluation, calibration and structural error are
discussed. In the second part, quantification of risks associated with local climate impacts and the economics of different baskets of climate
adaptation options are assessed  leading to informed decisions to optimally allocate resources. Such pre-emptive risk management allows
evaluating a mix of prevention, preparation, response, recovery, and (financial) risk transfer actions, resulting in an optimal balance of
public and private contributions to risk management, aiming at a more resilient society.
The course provides an introduction to the following themes:
1) basics of probabilistic modelling and quantification of uncertainty from global climate change to local impacts of extreme events
2) methods to optimize and constrain model parameters using observations
3) risk management from identification (perception) and understanding (assessment, modelling) to actions (prevention, preparation,
response, recovery, risk transfer)
4) basics of economic evaluation, economic decision making in the presence of climate risks and pre-emptive risk management to optimally
allocate resources

Lecture notes Powerpoint slides will be made available.
Literature Many papers for in-depth study will be referred to during the lecture.
Prerequisites /
notice

Hands-on experience with probabilistic climate models and risk models will be acquired in the tutorials; hence good understanding of
scientific programming forms a prerequisite of the course, in Python (teaching language, object oriented) or similar. Basic understanding of
the climate system, e.g. as covered in the course 'Klimasysteme' is required.

Examination: graded tutorials during the semester (benotete Semesterleistung)

 Atmospheric Composition and Cycles
Number Title Type ECTS Hours Lecturers

701-1234-00L Tropospheric Chemistry W  3 credits 2G D. W. Brunner, I. El Haddad
Abstract The course gives an overview tropospheric chemistry, which is based on laboratory studies, measurements and numerical modelling. The

topics include aerosol, photochemistry, emissions and depositions. The lecture covers urban-regional-to-global scale issues, as well as
fundamentals of the atmospheric nitrogen, sulfur and methane cycles and their contributions to aerosol and oxidant formation.

Objective Based on the presented material the students are expected to understand the most relevant processes responsible for the anthropogenic
disturbances of tropospheric chemical composition. The competence of synthesis of knowledge will be improved by paper reading and
student's presentations. 
These presentations relate to a particular actual problem selected by the candidates.

Content Starting from the knowledge acquired in lecture 701-0471, the course provides a more profound view on the the chemical and dynamical
process governing the composition and impacts of air pollutants like aerosol and ozone, at the Earth's surface and the free troposphere. 
  Specific topics covered by the lecture are: laboratory and ambient measurements in polluted and pristine regions, the determination of
emissions of a variety of components, numerical modelling across scales, regional air pollution - aerosol, and photooxidant in relation to
precursor emissions, 
  impacts (health, vegetation, climate), the global cycles of tropospheric ozone, CH4, sulfur and nitrogen components.

Lecture notes Lecture presentations are available for download.
Literature D. Jacob, Introduction to Atmospheric Chemistry http://acmg.seas.harvard.edu/publications/jacobbook 


Mark Z. Jacobson: Fundamentals of Atmospheric Modelling, Cambridge University Press 

John Seinfeld and Spyros Pandis, Atmosperic Chemistry and Physics, from air pollution to Climate Change, Wiley, 2006.
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Prerequisites /
notice

The basics in physical chemsitry are required and an overview equivalent to the bachelor course in atmospheric chemsitry (lecture 701-
0471-01) is expected.

701-1238-00L Advanced Field and Lab Studies in Atmospheric
Chemistry and Climate
Does not take place this semester.

W  3 credits 2P

Abstract Each year an individual assignment of a specific topic (related to field work) will be made for interested students who will acquire
knowledge in experimental, instrumental, or numerical aspects of atmospheric chemistry. Partly self-organized project requiring
independent work in a small group.

Objective The learning target is to acquire knowledge in experimental, instrumental, numerical or theoretical aspects of atmospheric chemistry
through practical work on a specific topic.

The course will be held in connection with the course 701-0460-00 P, "Practical training in atmosphere and climate". There, we offer the
opportunity to carry out atmospheric physical and chemical experiments. Here, an individual assignment of a specific topic will be made for
a small group of interested students.

The course is particularly addressed to students who have not attended the practical course 701-0460-00 P during their Bachelor studies,
but want to gain knowledge in field work connected to atmospheric chemistry. The specific topic to work on will be chosen based on
individual interests and resources available.

Prerequisites /
notice

It is mandatory for interested students to contact the instructor before the term starts, so that individual assignments can be made/planned
for.

The maximum number of participants for this course will be limited depending on resources available.

701-1317-00L Global Biogeochemical Cycles and Climate W  3 credits 3G N. Gruber, M. Vogt
Abstract The human-induced emissions of carbon dioxide has led to atmospheric CO2 concentrations that Earth likely has not seen for the last 30

million years. This course aims to investigate and understand the impact of humans on Earth's biogeochemical cycles with a focus on the
carbon cycle and its interaction with the physical climate system for the past, the present, and the future.

Objective This course aims to investigate the nature of the interaction between the carbon cycles on land and in the ocean with climate and how this
interaction has evolved over time and will change in the future. Students are expected to participate actively in the course, which includes
the critical reading of the pertinent literature.

Content Topics discussed include: The anthropogenic perturbation of the global carbon cycle and climate. Response of land and oceanic
ecosystems to past and future global changes; Interactions between biogeochemical cycles on land and in the ocean; Biogeochemical
processes controlling carbon dioxide and oxygen in the ocean and atmosphere on time-scales from a few  years to a few hundred
thousand years.

Lecture notes Sarmiento & Gruber (2006), Ocean Biogeochemical Dynamics, Princeton University Press. 
Additional handouts will be provided as needed. see website: http://www.up.ethz.ch/education/biogeochem_cycles

Literature Sarmiento & Gruber (2006), Ocean Biogeochemical Dynamics, Princeton University Press, 526pp.

Original literature.

 Climate History and Paleoclimatology
Number Title Type ECTS Hours Lecturers

651-4004-00L The Global Carbon Cycle - Reduced W  3 credits 2G T. I. Eglinton, M. Lupker
Abstract The carbon cycle connects different reservoirs of C, including life on Earth, atmospheric CO2, and economically important geological

reserves of C.  Much of this C is in reduced (organic) form, and is composed of complex chemical structures that reflect diverse biological
activity, processes and transformations.

Objective A wealth of information is held within the complex organic molecules, both in the context of the contemporary carbon cycle and its links to is
other biogeochemical cycles, as well as in relation to Earth's history, the evolution of life and climate on this planet.

In this course we will learn about the role of reduced forms of carbon in the global cycle, how these forms of carbon are produced, move
around the planet, and become sequestered in the geological record, and how they can be used to infer biological activity and conditions
on this planet in the geologic past. The course encompasses a range of spatial and temporal scales, from molecular to global, and from the
contemporary environment to earliest life.

Prerequisites /
notice

This course and the lecture course "651-4044-00L Geomicrobiology and Biogeochemistry"
https://lms.uzh.ch/url/RepositoryEntry/16135979092?guest=true&lang=en are good preparations for the combined Field-Lab Course ("651-
4044-02 P Geomicrobiology and Biogeochemistry Field Course" and "651-4044-01 P Geomicrobiology and Biogeochemistry Lab
Practical"). Details under https://lms.uzh.ch/url/RepositoryEntry/16135979094?guest=true&lang=en

701-1317-00L Global Biogeochemical Cycles and Climate W  3 credits 3G N. Gruber, M. Vogt
Abstract The human-induced emissions of carbon dioxide has led to atmospheric CO2 concentrations that Earth likely has not seen for the last 30

million years. This course aims to investigate and understand the impact of humans on Earth's biogeochemical cycles with a focus on the
carbon cycle and its interaction with the physical climate system for the past, the present, and the future.

Objective This course aims to investigate the nature of the interaction between the carbon cycles on land and in the ocean with climate and how this
interaction has evolved over time and will change in the future. Students are expected to participate actively in the course, which includes
the critical reading of the pertinent literature.

Content Topics discussed include: The anthropogenic perturbation of the global carbon cycle and climate. Response of land and oceanic
ecosystems to past and future global changes; Interactions between biogeochemical cycles on land and in the ocean; Biogeochemical
processes controlling carbon dioxide and oxygen in the ocean and atmosphere on time-scales from a few  years to a few hundred
thousand years.

Lecture notes Sarmiento & Gruber (2006), Ocean Biogeochemical Dynamics, Princeton University Press. 
Additional handouts will be provided as needed. see website: http://www.up.ethz.ch/education/biogeochem_cycles

Literature Sarmiento & Gruber (2006), Ocean Biogeochemical Dynamics, Princeton University Press, 526pp.

Original literature.

651-4044-04L Micropalaeontology and Molecular Palaeontology W  3 credits 2G H. Stoll, C. De Jonge, T. I. Eglinton,
I. Hernández Almeida

Abstract The course aims to provide an introduction to the key micropaleontological and molecular fossils from marine and terrestrial niches, and the
use of these fossils for reconstructing environmental and evolutionary changes.
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Objective The course aims to provide an introduction to the key micropaleontological and molecular fossils from marine and terrestrial niches, and the
use of these fossils for reconstructing environmental and evolutionary changes. 

The course will include laboratory exercises with microscopy training: identification of plantonic foraminifera and the application of transfer
functions, identification of calcareous nannoliths and estimation of water column structure and productivity with n-ratio, identification of
major calcareous nannofossils for Mesozoic-cenozoic biostratigraphy, Quaternary radiolarian assemblages and estimation of diversity
indices.  
The course will include laboratory exercises on molecular markers include study of chlorin extracts, alkenone and TEX86 distributions and
temperature reconstruction, and terrestrial leaf wax characterization, using GC-FID, LC-MS, and spectrophotometry.

Content Micropaleontology and Molecular paleontology
1.    Introduction to the domains of life and molecular and mineral fossils.  Genomic classifications of domains of life.  Biosynthesis and
molecular fossils and preservation/degradation.  Biomineralization and mineral fossils and preservation/dissolution.  Review of stable
isotopes in biosynthesis. 
2.    The planktic niche – primary producers.  Resources and challenges of primary production in the marine photic zone – light supply,
nutrient supply, water column structure and niche partitioning.  Ecological strategies and specialization, bloom succession, diversity and
size  gradients in the modern ocean. Introduction to principal mineralizing phytoplankton – diatoms, coccolithophores, dynoflagellates, as
well as cyanobacteria. Molecular markers including alkenones, long-chain diols and sterols, IP25, pigments, diatom UV-absorbing
compounds.  Application of fossils and markers as environmental proxies. Long term evolutionary evidence for originations, radiations, and
extinctions in microfossils and biomarkers; evolution of size trends in phytoplankton over Cenozoic, geochemical evidence for evolution of
carbon concentrating mechanisms.  Introduction to nannofossil biostratigraphy. 
3.    The planktic niche – heterotrophy from bacteria to zooplankton.  Resources and challenges of planktic heterotrophy – food supply,
oxygen availability, seasonal cycles, seasonal and vertical niche partitioning.  Introduction to principal mineralizing zooplankton planktic
foraminifera and radiolaria: ecological strategies  and specialization, succession, diversity and size  gradients in the modern ocean.
Morphometry and adaptations for symbiont hosting.  Molecular records such as isorenieratene and Crenoarcheota GDGT; the debate of
TEX86 temperature production.  Long term evolutionary evidence for originations, radiations, and extinctions in microfossils; evolution of
size and form, basic biostratigraphy.  Molecular evidence of evolution including diversification of sterol/sterine assemblages. 
4.    The benthic niche – continental margins.  Resources and challenges of benthic heterotrophy – food supply, oxygen, turbulence and
substrate.  Principal mineralizing benthic organisms – benthic foraminifera and ostracods. Benthic habitat gradients (infaunal and epifaunal;
shallow to deep margin.  Microbial redox ladder in sediments. Molecular markers of methanogenesis and methanotrophy, Anamox
markers, pristine/phytane redox indicator.  Applications of benthic communities for sea level reconstructions.  Major originations and
extinctions. 
5.    The benthic niche in the abyssal ocean.  Resources and challenges of deep benthic heterotrophy.  Benthic foraminifera, major
extinctions and turnover events. Relationship to deep oxygen level and productivity. 
6.    Terrestrial dry niches -soils and trees.  Resources and challenges - impacts of temperature, humidity, CO2 and soil moisture on
terrestrial vegetation and microbial reaction and turnover. Introduction to pollen and molecular markers for soil pH, humidity, leaf wax C3-
C4 community composition and hydrology.  Long term evolution of C4 pathway, markers for angiosperm and gymnosperm evolution.
7.    Terrestrial aquatic environments – resources and challenges.  Lake systems, seasonal mixing regimes, eutrophication, closed/open
systems.  Introduction to lacustrine diatoms, chironomids, testate amoeba.  Molecular markers in lake/box environments including
paleogenomics of communities.

Lecture notes A lab and lecture manual will be distributed at the start of the course and additional material will be available in the course Moodle
Literature Key references from primary literature will be provided as pdf on the course moodle.
Prerequisites /
notice

Timing: The course starts on February 19 and ends on May 28. Prerequisites: Recall and remember what you learned in introductory
chemistry  and biology

651-4226-00L Geochemical and Isotopic Tracers of the Earth
System
Does not take place this semester.

W  3 credits 2V D. Vance

Abstract This unit discusses the geochemical approaches used to understand the dynamics of the surface Earth, now and in the past. Emphasis is
placed on gaining a basic understanding of how the tracers work, e.g. on the modern Earth. Case studies will be used to appreciate what
we can learn about the past, in particular the major changes that the surface Earth system has undergone over Earth history.

Objective This unit is designed with the particular aim of providing a firm grounding in the geochemical methods used to observe and trace the Earth
System, now and in the past. The approach in lectures will be the pursuit of a sound understanding of the controlling physical and chemical
factors of each method, to encourage students to think about their application and interpretation from first principles. Exercises will provide
an opportunity to analyse real data, to understand their meaning, and to quantitatively interpret them in the context of simple box models.

Content Most of the important geochemical and isotopic methods used to study the surface Earth will be covered, including: tracing the hydrological
cycle using stable isotopes , geochemical and isotopic tracing of the carbon cycle, the chemistry of aerosols in the atmosphere, using
boron isotopes to understand the oceanic carbonate system, using radiogenic isotopes as surface Earth tracers (including U-series, Sr-
Nd-Pb etc), the silica cycle at the surface Earth (including silicon isotopes), trace metals and their isotopes (focusing on surface Earth
redox).

Real data will be woven through all of these but case studies using geochemical data will come from e.g. the 
Quaternary (ice cores, ocean sediments and speleothems), the history of Cenozoic CO2 , Mesozoic OAEs, the early oxygenation of the
Earth.

Lecture notes Slides of lectures will be available.

 Hydrology and Water Cycle
The courses take place in Autumn Semester.

 Electives
The students are free to choose individually from the entire course offer of ETH Zürich and the universities of Zürich and Bern.

 Weather Systems and Atmospheric Dynamics
Number Title Type ECTS Hours Lecturers

701-1236-00L Measurement Methods in Meteorology and Climate
Research

W  1 credit 1V M. Hirschi, D. Michel

Abstract The course provides the physical, technical, and theoretical basics for measuring physical quantities in the atmosphere. Also,
considerations related to the planning of observation campaigns and to data evaluation are discussed.

Objective Aims of the course are:
- to become sensitive for specific problems when making measurements in the atmosphere under severe environmental conditions
- to gain knowledge of the different measurement methods and techniques
- to develop criteria for the choice of the optimal measurement method for a given problem
- to find the optimal observation strategy in terms of choice of instrument, frequency of observation, accuracy, etc.
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Content Problems related to time series analysis, sampling theorem, time constant and sampling rate. Theoretical analysis of different sensors for
temperature, humidity, wind, and pressure. Discussion of effects disturbing the instruments. Principles of active and passive remote
sensing. Measuring turbulent fluxes (e.g. heatflux) using eddy-correlation technique. Discussion of technical realizations of complex
observing systems (radiosondes, automatic weather stations, radar, wind profilers). Demonstration of instruments.

Lecture notes Students can download a copy of the lectures as PDF-files.
Literature - Emeis, Stefan: Measurement Methods in Atmospheric Sciences, In situ and remote. Bornträger 2010, ISBN 978-3-443-01066-9

- Brock, F. V. and S. J. Richardson: Meteorological Measurement Systems, Oxford University Press 2001, ISBN 0-19-513451-6
- Thomas P. DeFelice: An Introduction to Meteorological Instrumentation and Measurement. Prentice-Hall 2000, 229 p., ISBN 0-
13-243270-6
- Fritschen, L.J., Gay L.W.: Environmental Instrumentation, 216 p., Springer, New York 1979.
- Lenschow, D.H. (ed.): Probing the Atmospheric Boundary Layer, 269 p., American Meteorological Society, Boston MA 1986.
- Meteorological Office (publ.): Handbook of Meteorological Instruments, 8 vols., Her Majesty's Stationery Office, London 1980.
- Wang, J.Y., Felton, C.M.M.: Instruments for Physical Environmental measurements, 2 vol., 801 p., Kendall/Hunt Publ. Comp., Dubuque
Iowa 1975/76.

Prerequisites /
notice

The lecture focuses on physical atmospheric parameters while lecture 701-0234-00 concentrates on the chemical quantities. The lectures
are complementary, together they provide the instrumental basics for the lab course 701-0460-00. Contact hours of the lab course are such
that the lectures can be attended (which is recommended).

701-1266-00L Weather Discussion
Limited number of participants. 
Preference will be given to students on the masters level
in Atmospheric and Climate Science and Environmental
Sciences and doctoral students in Environmental
Sciences.

Prerequisites: Basic knowledge in meteorology is required
for this class, students are advised to take courses 702-
0473-00L and/or 701-1221-00L before attending this
course.

W  2.5 credits 2P H. Wernli

Abstract This three-parts course includes: (i) concise units to update the students knowledge about key aspects of mid-latitude weather systems and
numerical weather prediction, (ii) a concrete application of this knowledge to predict and discuss the "weather of the week", and (iii) an in-
depth case study analysis, performed in small groups, of a remarkable past weather event.

Objective Students will learn how to elaborate a weather prediction and to cope with uncertainties of weather (probabilistic) prediction models. They
will also learn how to apply theoretical concepts from other lecture courses on atmospheric dynamics to perform a detailed case study of a
specific weather event, using state-of-the-art observational and model-derived products and datasets.

701-1280-00L Self-learning Course on Advanced Topics in
Atmospheric and Climate Science
Please contact one of the professors listed under
prerequisites/notice if you plan to take this course.

Students are allowed to enroll in both courses 701-
1280-00L & 701-1281-00L Self-learning Course on
Advanced Topics in Atmospheric and Climate Science but
have to choose different supervisors.

W  3 credits 6A Supervisors

Abstract This course offers an individual pathway to deepen knowledge and understanding of a specific advanced topic in atmospheric and climate
science in one of these fields:
- atmospheric chemistry 
- atmospheric circulation and predictability
- atmospheric dynamics
- atmospheric physics
- climate modeling
- climate physics
-  land-climate dynamics

Objective The learning goals of this course are threefold: 1) obtain novel insight into an advanced scientific topic, 2) train the self-study competences
in particular related to reading of advanced textbooks and writing a concise summary, and 3) gain experience in the scientific interaction
with experts. The format of the course is complementary to other types of teaching (lectures and seminars) and addresses skills that are
essential for a wide range of professional activities (including a PhD).

Content The course has the following elements:
Week 1: Selection of specific topic and decision about reading material (textbook chapters and maybe 1-2 review papers)
Week 2: General discussion about self-study skills (how to read scientific literature and write summaries; specifics of scientific writing; how
to prepare efficient meetings). For the scientific writing, students are encouraged to participate in an online training course offered by
Stanford University:
https://lagunita.stanford.edu/courses/Medicine/SciWrite-SP/SelfPaced/about
Weeks 6 and 9: Meetings with supervisor to clarify scientific questions
Week 12: Hand-in of written summary (4 pages maximum)
Week 14: Supervisor provides written feedback to the summary document
Week 16: Oral exam about the scientific topic

Literature Literature (including book chapters, scientific publications) will be provided by the responsible supervisor in coordination with the student.
Prerequisites /
notice

Prerequisites depend on the chosen field and include successful completion of the listed lecture courses:
• atmospheric dynamics: “Dynamics of large-scale atmospheric flow” (701-1221-00L)
• atmospheric chemistry: “Stratospheric Chemistry” (701-1233-00L) or “Tropospheric Chemistry” (701-1234-00L) or “Aerosols I” (402-
0572-00L).
• atmospheric physics: “Atmospheric Physics” (701-0475-00L)
• climate physics: “Klimasysteme” (701-0412-00L) or equivalent
• land-climate dynamics: “Land-climate dynamics” (701-1251-00L)
• climate modeling: “Numerical modeling of weather and climate” (701-1216-00L) (parallel attendance possible)
• atmospheric circulation and predictability: “Dynamics of large-scale atmospheric flow” (701-1221-00L)

If you plan to take this course, please contact one of the professors according to your interest. 
 •   atmospheric chemistry (Prof. T. Peter)
•    atmospheric circulation and predictability (Prof. D. Domeisen)
•    atmospheric dynamics (Prof. H. Wernli)
•    atmospheric physics (Prof. U. Lohmann)
•    climate modeling (Prof. C. Schär)
•    climate physics (Prof. R. Knutti)
•    land-climate dynamics (Prof. S. Seneviratne)
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701-1258-00L The Global Atmospheric Circulation
Number of participants limited to 30.

W  2 credits 1G D. Domeisen

Abstract This course covers the general circulation of the atmosphere. The focus lies on the large-scale dynamics and circulation of the tropics and
the global stratosphere, and connections to midlatitudes, including phenomena such as El Nino and sudden stratospheric warming events.

Objective At the end of the course, students should be able to 
- explain the reasons for the existence and extent of the global circulation
- identify and describe phenomena of the tropical troposphere and the global stratosphere
- apply the dynamical mechanisms and theoretical concepts learned in the course to derive the atmospheric general circulation for a given
planet

Content Hadley Circulation, El Nino Southern Oscillation, Quasi-Biennial Oscillation, Brewer-Dobson Circulation, sudden stratospheric warming
events, Rossby wave propagation, polar vortex dynamics, Eliassen-Palm flux

Prerequisites /
notice

Successful participation of the following lectures are required:
402-0062-00L    Physik I
402-0063-00L    Physik II
701-0479-00L    Umwelt-Fluiddynamik

 Climate Processes and Feedbacks
Number Title Type ECTS Hours Lecturers

701-1280-00L Self-learning Course on Advanced Topics in
Atmospheric and Climate Science
Please contact one of the professors listed under
prerequisites/notice if you plan to take this course.

Students are allowed to enroll in both courses 701-
1280-00L & 701-1281-00L Self-learning Course on
Advanced Topics in Atmospheric and Climate Science but
have to choose different supervisors.

W  3 credits 6A Supervisors

Abstract This course offers an individual pathway to deepen knowledge and understanding of a specific advanced topic in atmospheric and climate
science in one of these fields:
- atmospheric chemistry 
- atmospheric circulation and predictability
- atmospheric dynamics
- atmospheric physics
- climate modeling
- climate physics
-  land-climate dynamics

Objective The learning goals of this course are threefold: 1) obtain novel insight into an advanced scientific topic, 2) train the self-study competences
in particular related to reading of advanced textbooks and writing a concise summary, and 3) gain experience in the scientific interaction
with experts. The format of the course is complementary to other types of teaching (lectures and seminars) and addresses skills that are
essential for a wide range of professional activities (including a PhD).

Content The course has the following elements:
Week 1: Selection of specific topic and decision about reading material (textbook chapters and maybe 1-2 review papers)
Week 2: General discussion about self-study skills (how to read scientific literature and write summaries; specifics of scientific writing; how
to prepare efficient meetings). For the scientific writing, students are encouraged to participate in an online training course offered by
Stanford University:
https://lagunita.stanford.edu/courses/Medicine/SciWrite-SP/SelfPaced/about
Weeks 6 and 9: Meetings with supervisor to clarify scientific questions
Week 12: Hand-in of written summary (4 pages maximum)
Week 14: Supervisor provides written feedback to the summary document
Week 16: Oral exam about the scientific topic

Literature Literature (including book chapters, scientific publications) will be provided by the responsible supervisor in coordination with the student.
Prerequisites /
notice

Prerequisites depend on the chosen field and include successful completion of the listed lecture courses:
• atmospheric dynamics: “Dynamics of large-scale atmospheric flow” (701-1221-00L)
• atmospheric chemistry: “Stratospheric Chemistry” (701-1233-00L) or “Tropospheric Chemistry” (701-1234-00L) or “Aerosols I” (402-
0572-00L).
• atmospheric physics: “Atmospheric Physics” (701-0475-00L)
• climate physics: “Klimasysteme” (701-0412-00L) or equivalent
• land-climate dynamics: “Land-climate dynamics” (701-1251-00L)
• climate modeling: “Numerical modeling of weather and climate” (701-1216-00L) (parallel attendance possible)
• atmospheric circulation and predictability: “Dynamics of large-scale atmospheric flow” (701-1221-00L)

If you plan to take this course, please contact one of the professors according to your interest. 
 •   atmospheric chemistry (Prof. T. Peter)
•    atmospheric circulation and predictability (Prof. D. Domeisen)
•    atmospheric dynamics (Prof. H. Wernli)
•    atmospheric physics (Prof. U. Lohmann)
•    climate modeling (Prof. C. Schär)
•    climate physics (Prof. R. Knutti)
•    land-climate dynamics (Prof. S. Seneviratne)

701-1226-00L Inter-Annual Phenomena and Their Prediction W  2 credits 2G C. Appenzeller
Abstract This course provides an overview of the current ability to understand and predict intra-seasonal and inter-annual climate variability in the

tropical and extra-tropical region and provides insights on how operational weather and climate services are organized.
Objective Students will acquire an understanding of the key atmosphere and ocean processes involved, will gain experience in analyzing and

predicting sub-seasonal to inter-annual variability and learn how operational weather and climate services are organised and how scientific
developments can improve these services.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 139 of 1785

Content The course covers the following topics: 

Part 1:
- Introduction, some basic concepts and examples of sub-seasonal and inter-annual variability
- Weather and climate data and the statistical concepts used for analysing inter-annual variability (e.g. correlation analysis, teleconnection
maps, EOF analysis)

Part 2:
- Inter-annual variability in the tropical region (e.g. ENSO, MJO)
- Inter-annual variability in the extra-tropical region (e.g. Blocking, NAO, PNA, regimes)

Part 3:
- Prediction of inter-annual variability (statistical methods, ensemble prediction systems, monthly and seasonal forecasts, seamless
forecasts)
- Verification and interpretation of probabilistic forecast systems
- Climate change and inter-annual variability

Part 4:
- Scientific challenges for operational weather and climate services
- A visit to the forecasting centre of MeteoSwiss

Lecture notes A pdf version of the slides will be available at 
http://www.iac.ethz.ch/edu/courses/master/modules/interannual-phenomena.html

Literature References are given during the lecture.

701-1317-00L Global Biogeochemical Cycles and Climate W  3 credits 3G N. Gruber, M. Vogt
Abstract The human-induced emissions of carbon dioxide has led to atmospheric CO2 concentrations that Earth likely has not seen for the last 30

million years. This course aims to investigate and understand the impact of humans on Earth's biogeochemical cycles with a focus on the
carbon cycle and its interaction with the physical climate system for the past, the present, and the future.

Objective This course aims to investigate the nature of the interaction between the carbon cycles on land and in the ocean with climate and how this
interaction has evolved over time and will change in the future. Students are expected to participate actively in the course, which includes
the critical reading of the pertinent literature.

Content Topics discussed include: The anthropogenic perturbation of the global carbon cycle and climate. Response of land and oceanic
ecosystems to past and future global changes; Interactions between biogeochemical cycles on land and in the ocean; Biogeochemical
processes controlling carbon dioxide and oxygen in the ocean and atmosphere on time-scales from a few  years to a few hundred
thousand years.

Lecture notes Sarmiento & Gruber (2006), Ocean Biogeochemical Dynamics, Princeton University Press. 
Additional handouts will be provided as needed. see website: http://www.up.ethz.ch/education/biogeochem_cycles

Literature Sarmiento & Gruber (2006), Ocean Biogeochemical Dynamics, Princeton University Press, 526pp.

Original literature.

 Atmospheric Composition and Cycles
Number Title Type ECTS Hours Lecturers

701-1244-00L Aerosols II: Applications in Environment and
Technology

W  4 credits 2V+1U M. Gysel Beer, U. Baltensperger,
D. Bell

Abstract The life-cycle of atmospheric aerosols, the evolution of their physical and chemical properties, and their impacts on climate, atmospheric
chemistry and health are studied in detail using examples from current research.

Objective The students achieve a profound knowledge of atmospheric aerosols and their climate and health impacts including the underlying physical
and chemical processes. The students know and understand advanced experimental methods and are able to design experiments to study
aforementioned impacts and processes.

Content Atmospheric aerosols:
important sources and sinks, wet and dry deposition, chemical composition and transformation processes, importance for men and
environment, interaction with the gas phase, influence on health and climate.

Lecture notes Information is distributed during the lectures
Literature Seinfeld, J.H. and Pandis, S.N., Atmospheric Chemistry and Physics: From Air Pollution to Climate Change. 3rd ed., John Wiley & Sons,

Hoboken, 2016.
Prerequisites /
notice

This course build up on the lecture "Aerosols I: Physical and Chemical Principles"

701-0234-00L Atmospheric Chemistry: Instruments and Measuring
Techniques

W  1 credit 1V U. Krieger

Abstract Measuring Techniques: Environmental Monitoring, Trace Gas Detection, Remote Sensing, Aerosol Characterization, Techniques used in
the laboratory.

Objective Find out about the specific problems connected to composition measurements in the atmosphere. Working out criteria for selecting an
optimal measuring strategy. Acquiring knowledge about different measuring methods their spectroscopic principles and of some specific
instruments.

Content Es werden Methoden und Geräte vorgestellt und theoretisch analysiert, die in atmosphärenchemischen Messungen Verwendung finden:
Geräte zur Überwachung im Rahmen der Luftreinhalteverordnung, Spurengasanlysemethoden, "remote sensing", Aerosolmessgeräte,
Messverfahren bei Labormessungen zu atmosphärischen Fragestellungen.

Literature B. J. Finnlayson-Pitts, J. N. Pitts, "Chemistry of the Upper and Lower Atmosphere", Academic Press, San Diego, 2000
Prerequisites /
notice

Methodenvorlesung zu den Praktika 701-0460-00 und 701-1230-00. Die Kontaktzeiten in diesen Praktika sind so abgestimmt, dass der
(empfohlene) Besuch der Vorlesung möglich ist.

Voraussetzungen: Atmosphärenphysik I und II

651-4004-00L The Global Carbon Cycle - Reduced W  3 credits 2G T. I. Eglinton, M. Lupker
Abstract The carbon cycle connects different reservoirs of C, including life on Earth, atmospheric CO2, and economically important geological

reserves of C.  Much of this C is in reduced (organic) form, and is composed of complex chemical structures that reflect diverse biological
activity, processes and transformations.
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Objective A wealth of information is held within the complex organic molecules, both in the context of the contemporary carbon cycle and its links to is
other biogeochemical cycles, as well as in relation to Earth's history, the evolution of life and climate on this planet.

In this course we will learn about the role of reduced forms of carbon in the global cycle, how these forms of carbon are produced, move
around the planet, and become sequestered in the geological record, and how they can be used to infer biological activity and conditions
on this planet in the geologic past. The course encompasses a range of spatial and temporal scales, from molecular to global, and from the
contemporary environment to earliest life.

Prerequisites /
notice

This course and the lecture course "651-4044-00L Geomicrobiology and Biogeochemistry"
https://lms.uzh.ch/url/RepositoryEntry/16135979092?guest=true&lang=en are good preparations for the combined Field-Lab Course ("651-
4044-02 P Geomicrobiology and Biogeochemistry Field Course" and "651-4044-01 P Geomicrobiology and Biogeochemistry Lab
Practical"). Details under https://lms.uzh.ch/url/RepositoryEntry/16135979094?guest=true&lang=en

701-1240-00L Modelling Environmental Pollutants W  3 credits 2G M. Scheringer, C. Bogdal
Abstract Modeling the emissions, transport, partitioning and transformation/degradation of chemical contaminants in air, water and soil.
Objective This course is intended for students who are interested in the environmental fate and transport of volatile and semi-volatile organic

chemicals and exposure to pollutants in environmental media including air, water, soil and biota. The course focuses on the theory and
application of mass-balance models of environmental pollutants.  These models are quantitative tools for describing, understanding, and
predicting the way pollutants interact with the environment.  Important topics include thermodynamic and kinetic descriptions of chemical
behavior in environmental systems; mechanisms of chemical degradation in air and other media; novel approaches to modeling chemical
fate in a variety of environments, including lakes and rivers, generic regions, and at the global scale, and application of mass balance
modeling principles to describe bioaccumulation of pollutants by fish and mammals.

Content Application of mass balance principles to chemicals in a system of coupled environmental media.  Measurement and estimation of physico-
chemical properties that determine the environmental behavior of chemicals.  Thermodynamic and kinetic controls on the behavior of
pollutants.  Modeling environmental persistence, bioaccumulation and long-range transport potential of chemicals, including a review of
available empirical data on various degradation processes.  Current issues in multimedia contaminant fate modeling and a case study of
the student's choice.

Lecture notes Material to support the lectures will be distributed during the course.
Literature There is no required text.  The following texts are useful for background reading and additional information.

D. Mackay.  Multimedia Environmental Models:  The Fugacity Approach, 2nd Ed.  2001.  CRC Press.
R. P. Schwarzenbach, P. M. Gschwend, D. M. Imboden. Environmental Organic Chemistry. 2nd Ed. 2003, John Wiley & Sons.
M. Scheringer.  Persistence and spatial range of environmental chemicals: New ethical and scientific concepts for risk assessment.  2002.
Wiley-VCH.

701-1317-00L Global Biogeochemical Cycles and Climate W  3 credits 3G N. Gruber, M. Vogt
Abstract The human-induced emissions of carbon dioxide has led to atmospheric CO2 concentrations that Earth likely has not seen for the last 30

million years. This course aims to investigate and understand the impact of humans on Earth's biogeochemical cycles with a focus on the
carbon cycle and its interaction with the physical climate system for the past, the present, and the future.

Objective This course aims to investigate the nature of the interaction between the carbon cycles on land and in the ocean with climate and how this
interaction has evolved over time and will change in the future. Students are expected to participate actively in the course, which includes
the critical reading of the pertinent literature.

Content Topics discussed include: The anthropogenic perturbation of the global carbon cycle and climate. Response of land and oceanic
ecosystems to past and future global changes; Interactions between biogeochemical cycles on land and in the ocean; Biogeochemical
processes controlling carbon dioxide and oxygen in the ocean and atmosphere on time-scales from a few  years to a few hundred
thousand years.

Lecture notes Sarmiento & Gruber (2006), Ocean Biogeochemical Dynamics, Princeton University Press. 
Additional handouts will be provided as needed. see website: http://www.up.ethz.ch/education/biogeochem_cycles

Literature Sarmiento & Gruber (2006), Ocean Biogeochemical Dynamics, Princeton University Press, 526pp.

Original literature.

701-1280-00L Self-learning Course on Advanced Topics in
Atmospheric and Climate Science
Please contact one of the professors listed under
prerequisites/notice if you plan to take this course.

Students are allowed to enroll in both courses 701-
1280-00L & 701-1281-00L Self-learning Course on
Advanced Topics in Atmospheric and Climate Science but
have to choose different supervisors.

W  3 credits 6A Supervisors

Abstract This course offers an individual pathway to deepen knowledge and understanding of a specific advanced topic in atmospheric and climate
science in one of these fields:
- atmospheric chemistry 
- atmospheric circulation and predictability
- atmospheric dynamics
- atmospheric physics
- climate modeling
- climate physics
-  land-climate dynamics

Objective The learning goals of this course are threefold: 1) obtain novel insight into an advanced scientific topic, 2) train the self-study competences
in particular related to reading of advanced textbooks and writing a concise summary, and 3) gain experience in the scientific interaction
with experts. The format of the course is complementary to other types of teaching (lectures and seminars) and addresses skills that are
essential for a wide range of professional activities (including a PhD).

Content The course has the following elements:
Week 1: Selection of specific topic and decision about reading material (textbook chapters and maybe 1-2 review papers)
Week 2: General discussion about self-study skills (how to read scientific literature and write summaries; specifics of scientific writing; how
to prepare efficient meetings). For the scientific writing, students are encouraged to participate in an online training course offered by
Stanford University:
https://lagunita.stanford.edu/courses/Medicine/SciWrite-SP/SelfPaced/about
Weeks 6 and 9: Meetings with supervisor to clarify scientific questions
Week 12: Hand-in of written summary (4 pages maximum)
Week 14: Supervisor provides written feedback to the summary document
Week 16: Oral exam about the scientific topic

Literature Literature (including book chapters, scientific publications) will be provided by the responsible supervisor in coordination with the student.
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Prerequisites /
notice

Prerequisites depend on the chosen field and include successful completion of the listed lecture courses:
• atmospheric dynamics: “Dynamics of large-scale atmospheric flow” (701-1221-00L)
• atmospheric chemistry: “Stratospheric Chemistry” (701-1233-00L) or “Tropospheric Chemistry” (701-1234-00L) or “Aerosols I” (402-
0572-00L).
• atmospheric physics: “Atmospheric Physics” (701-0475-00L)
• climate physics: “Klimasysteme” (701-0412-00L) or equivalent
• land-climate dynamics: “Land-climate dynamics” (701-1251-00L)
• climate modeling: “Numerical modeling of weather and climate” (701-1216-00L) (parallel attendance possible)
• atmospheric circulation and predictability: “Dynamics of large-scale atmospheric flow” (701-1221-00L)

If you plan to take this course, please contact one of the professors according to your interest. 
 •   atmospheric chemistry (Prof. T. Peter)
•    atmospheric circulation and predictability (Prof. D. Domeisen)
•    atmospheric dynamics (Prof. H. Wernli)
•    atmospheric physics (Prof. U. Lohmann)
•    climate modeling (Prof. C. Schär)
•    climate physics (Prof. R. Knutti)
•    land-climate dynamics (Prof. S. Seneviratne)

 Climate History and Paleoclimatology
Number Title Type ECTS Hours Lecturers

651-3424-00L Sedimentology and Stratigraphie W  4 credits 3G A. Gilli
Abstract Introduction of a range of concepts in sedimentology, Earth's surface processes and sedimentary geology in terms of processes and

products. Familiarize students with a range of erosional, transportational and depositional processes and environments. The typical facies
of the main depositional environments will be introduced.

Objective Students know about physical, chemical and biogenic sediments and sedimentary rocks. They are familiar with important physical,
chemical and biological apects of sedimentation in continental settings and in the marine environment. The have the fundamentals needed
for analysis and interpretation of sediments and sedimentary rocks in the field.

Content Teil I Marine and lakustrische Sedimente:
-pelagische Sedimente
-hemipelagische Sedimente
-kieslige Sedimente
-Flachwasserkarbonate: Fazies, Diagenese
-lakustische Sedimente
-Evaporite

Teil II klastische Sedimente
- Sediment Transport, Strukturen und Schichtformen
- Terrestrische, flachmarine und tiefmarine Ablagerungsbereiche, Prozesse und Ablagerungsstrukturen
- Diagenese von Sandstein
- Tongesteine

Lecture notes Sedimentologie-Skript und Vorlesungsunterlagen auf Moodle
Prerequisites /
notice

Vorlesung "Dynamische Erde"  oder vergleichbare Einführungsvorlesung

Die Semesterendprüfung findet in KW 23 (erste Woche nach Vorlesungsende) zur Vorlesungszeit statt.

701-1280-00L Self-learning Course on Advanced Topics in
Atmospheric and Climate Science
Please contact one of the professors listed under
prerequisites/notice if you plan to take this course.

Students are allowed to enroll in both courses 701-
1280-00L & 701-1281-00L Self-learning Course on
Advanced Topics in Atmospheric and Climate Science but
have to choose different supervisors.

W  3 credits 6A Supervisors

Abstract This course offers an individual pathway to deepen knowledge and understanding of a specific advanced topic in atmospheric and climate
science in one of these fields:
- atmospheric chemistry 
- atmospheric circulation and predictability
- atmospheric dynamics
- atmospheric physics
- climate modeling
- climate physics
-  land-climate dynamics

Objective The learning goals of this course are threefold: 1) obtain novel insight into an advanced scientific topic, 2) train the self-study competences
in particular related to reading of advanced textbooks and writing a concise summary, and 3) gain experience in the scientific interaction
with experts. The format of the course is complementary to other types of teaching (lectures and seminars) and addresses skills that are
essential for a wide range of professional activities (including a PhD).

Content The course has the following elements:
Week 1: Selection of specific topic and decision about reading material (textbook chapters and maybe 1-2 review papers)
Week 2: General discussion about self-study skills (how to read scientific literature and write summaries; specifics of scientific writing; how
to prepare efficient meetings). For the scientific writing, students are encouraged to participate in an online training course offered by
Stanford University:
https://lagunita.stanford.edu/courses/Medicine/SciWrite-SP/SelfPaced/about
Weeks 6 and 9: Meetings with supervisor to clarify scientific questions
Week 12: Hand-in of written summary (4 pages maximum)
Week 14: Supervisor provides written feedback to the summary document
Week 16: Oral exam about the scientific topic

Literature Literature (including book chapters, scientific publications) will be provided by the responsible supervisor in coordination with the student.
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Prerequisites /
notice

Prerequisites depend on the chosen field and include successful completion of the listed lecture courses:
• atmospheric dynamics: “Dynamics of large-scale atmospheric flow” (701-1221-00L)
• atmospheric chemistry: “Stratospheric Chemistry” (701-1233-00L) or “Tropospheric Chemistry” (701-1234-00L) or “Aerosols I” (402-
0572-00L).
• atmospheric physics: “Atmospheric Physics” (701-0475-00L)
• climate physics: “Klimasysteme” (701-0412-00L) or equivalent
• land-climate dynamics: “Land-climate dynamics” (701-1251-00L)
• climate modeling: “Numerical modeling of weather and climate” (701-1216-00L) (parallel attendance possible)
• atmospheric circulation and predictability: “Dynamics of large-scale atmospheric flow” (701-1221-00L)

If you plan to take this course, please contact one of the professors according to your interest. 
 •   atmospheric chemistry (Prof. T. Peter)
•    atmospheric circulation and predictability (Prof. D. Domeisen)
•    atmospheric dynamics (Prof. H. Wernli)
•    atmospheric physics (Prof. U. Lohmann)
•    climate modeling (Prof. C. Schär)
•    climate physics (Prof. R. Knutti)
•    land-climate dynamics (Prof. S. Seneviratne)

651-4044-04L Micropalaeontology and Molecular Palaeontology W  3 credits 2G H. Stoll, C. De Jonge, T. I. Eglinton,
I. Hernández Almeida

Abstract The course aims to provide an introduction to the key micropaleontological and molecular fossils from marine and terrestrial niches, and the
use of these fossils for reconstructing environmental and evolutionary changes.

Objective The course aims to provide an introduction to the key micropaleontological and molecular fossils from marine and terrestrial niches, and the
use of these fossils for reconstructing environmental and evolutionary changes. 

The course will include laboratory exercises with microscopy training: identification of plantonic foraminifera and the application of transfer
functions, identification of calcareous nannoliths and estimation of water column structure and productivity with n-ratio, identification of
major calcareous nannofossils for Mesozoic-cenozoic biostratigraphy, Quaternary radiolarian assemblages and estimation of diversity
indices.  
The course will include laboratory exercises on molecular markers include study of chlorin extracts, alkenone and TEX86 distributions and
temperature reconstruction, and terrestrial leaf wax characterization, using GC-FID, LC-MS, and spectrophotometry.

Content Micropaleontology and Molecular paleontology
1.    Introduction to the domains of life and molecular and mineral fossils.  Genomic classifications of domains of life.  Biosynthesis and
molecular fossils and preservation/degradation.  Biomineralization and mineral fossils and preservation/dissolution.  Review of stable
isotopes in biosynthesis. 
2.    The planktic niche – primary producers.  Resources and challenges of primary production in the marine photic zone – light supply,
nutrient supply, water column structure and niche partitioning.  Ecological strategies and specialization, bloom succession, diversity and
size  gradients in the modern ocean. Introduction to principal mineralizing phytoplankton – diatoms, coccolithophores, dynoflagellates, as
well as cyanobacteria. Molecular markers including alkenones, long-chain diols and sterols, IP25, pigments, diatom UV-absorbing
compounds.  Application of fossils and markers as environmental proxies. Long term evolutionary evidence for originations, radiations, and
extinctions in microfossils and biomarkers; evolution of size trends in phytoplankton over Cenozoic, geochemical evidence for evolution of
carbon concentrating mechanisms.  Introduction to nannofossil biostratigraphy. 
3.    The planktic niche – heterotrophy from bacteria to zooplankton.  Resources and challenges of planktic heterotrophy – food supply,
oxygen availability, seasonal cycles, seasonal and vertical niche partitioning.  Introduction to principal mineralizing zooplankton planktic
foraminifera and radiolaria: ecological strategies  and specialization, succession, diversity and size  gradients in the modern ocean.
Morphometry and adaptations for symbiont hosting.  Molecular records such as isorenieratene and Crenoarcheota GDGT; the debate of
TEX86 temperature production.  Long term evolutionary evidence for originations, radiations, and extinctions in microfossils; evolution of
size and form, basic biostratigraphy.  Molecular evidence of evolution including diversification of sterol/sterine assemblages. 
4.    The benthic niche – continental margins.  Resources and challenges of benthic heterotrophy – food supply, oxygen, turbulence and
substrate.  Principal mineralizing benthic organisms – benthic foraminifera and ostracods. Benthic habitat gradients (infaunal and epifaunal;
shallow to deep margin.  Microbial redox ladder in sediments. Molecular markers of methanogenesis and methanotrophy, Anamox
markers, pristine/phytane redox indicator.  Applications of benthic communities for sea level reconstructions.  Major originations and
extinctions. 
5.    The benthic niche in the abyssal ocean.  Resources and challenges of deep benthic heterotrophy.  Benthic foraminifera, major
extinctions and turnover events. Relationship to deep oxygen level and productivity. 
6.    Terrestrial dry niches -soils and trees.  Resources and challenges - impacts of temperature, humidity, CO2 and soil moisture on
terrestrial vegetation and microbial reaction and turnover. Introduction to pollen and molecular markers for soil pH, humidity, leaf wax C3-
C4 community composition and hydrology.  Long term evolution of C4 pathway, markers for angiosperm and gymnosperm evolution.
7.    Terrestrial aquatic environments – resources and challenges.  Lake systems, seasonal mixing regimes, eutrophication, closed/open
systems.  Introduction to lacustrine diatoms, chironomids, testate amoeba.  Molecular markers in lake/box environments including
paleogenomics of communities.

Lecture notes A lab and lecture manual will be distributed at the start of the course and additional material will be available in the course Moodle
Literature Key references from primary literature will be provided as pdf on the course moodle.
Prerequisites /
notice

Timing: The course starts on February 19 and ends on May 28. Prerequisites: Recall and remember what you learned in introductory
chemistry  and biology

 Hydrology and Water Cycle
Number Title Type ECTS Hours Lecturers

102-0468-00L Watershed Modelling W  3 credits 2G P. Molnar
Abstract Introduction to watershed modelling with applications of GIS in hydrology, the use of semi- and fully-distributed continuous watershed

models, and their calibration and validation. The course contains substantive practical modelling experience in several assignments.
Objective Watershed Modelling is a course in the Master of Science in Environmental Engineering Programme. It is a practical course in which the

students learn to (a) use GIS in hydrological applications, (b) calibrate and validate models, (c) apply and interpret semi- and fully-
distributed continuous watershed models, and (d) discuss several modelling case studies. This course is a follow up of Hydrology 2 and
requires solid computer skills.

Content - Introduction to watershed modelling
- GIS in watershed modelling (ArcGIS exercise)
- Calibration and validation of models
- Semi-distributed modelling with PRMS (model description, application)
- Distributed watershed modelling with TOPKAPI (model description, application)
- Modelling applications and case studies (climate change scenarios, land use change, basin erosion)

Literature - Lecture presentations
- Exercise documentation
- Relevant scientific papers
all posted on the course website
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701-1216-00L Numerical Modelling of Weather and Climate W  4 credits 3G C. Schär, S. Soerland,
J. Vergara Temprado

Abstract The course provides an introduction to weather and climate models. It discusses how these models are built addressing both the dynamical
core and the physical parameterizations, and it provides an overview of how these models are used in numerical weather prediction and
climate research. As a tutorial, students conduct a term project and build a simple atmospheric model using the language PYTHON.

Objective At the end of this course, students understand how weather and climate models are formulated from the governing physical principles, and
how they are used for climate and weather prediction purposes.

Content The course provides an introduction into the following themes: numerical methods (finite differences and spectral methods); adiabatic
formulation of atmospheric models (vertical coordinates, hydrostatic approximation); parameterization of physical processes (e.g. clouds,
convection, boundary layer, radiation); atmospheric data assimilation and weather prediction; predictability (chaos-theory, ensemble
methods); climate models (coupled atmospheric, oceanic and biogeochemical models); climate prediction. Hands-on experience with
simple models will be acquired in the tutorials.

Lecture notes Slides and lecture notes will be made available at
http://www.iac.ethz.ch/edu/courses/master/modules/numerical-modelling-of-weather-and-climate.html

Literature List of literature will be provided.
Prerequisites /
notice

Prerequisites: to follow this course, you need some basic background in atmospheric science, numerical methods (e.g., "Numerische
Methoden in der Umweltphysik", 701-0461-00L) as well as experience in programming. Previous experience with PYTHON is useful but not
required.

102-0448-00L Groundwater II W  6 credits 4G M. Willmann, J. Jimenez-Martinez
Abstract The course is based on the course 'Groundwater I' and is a prerequisite for a deeper understanding of groundwater flow and contaminant

transport problems with a strong emphasis on numerical modeling.
Objective The course should enable students to understand advanced concepts of groundwater flow and transport and to apply groundwater flow and

transport modelling.

the student should be able to
a) formulate practical flow and contaminant transport problems.

b) solve steady-state and transient flow and transport problems in 2 and 3 spatial dimensions using numerical codes based on the finite
difference method and the finite element methods.

c) solve simple inverse flow problems for parameter estimation given measurements.

d) assess simple multiphase flow problems.

e) assess spatial variability of parameters and use of stochastic techniques in this task.

f) assess simple coupled reactive transport problems.

Content Introduction and basic flow and contaminant transport equation.

Numerical solution of the 3D flow equation using the finite difference method.

Numerical solution to the flow equation using the finite element equation

Numerical solution to the transport equation using the finite difference method.

Alternative methods for transport modeling like method of characteristics and the random walk method.

Two-phase flow and Unsaturated flow problems.

Spatial variability of parameters and its geostatistical representation -geostatistics and stochastic modelling.

Reactive transport modelling.

Lecture notes Handouts
Literature - Anderson, M. and W. Woessner, Applied Groundwater Modeling, Elsevier Science & Technology Books, 448 p., 2002


- J. Bear and A. Cheng, Modeling Groundwater Flow and Contaminant Transport, Springer, 2010

- Appelo, C.A.J. and D. Postma, Geochemistry, Groundwater and Pollution, Second Edition, Taylor & Francis, 2005

- Rubin, Y., Applied Stochastic Hydrology, Oxford University Press, 2003

- Chiang und Kinzelbach, 3-D Groundwater Modeling with PMWIN. Springer, 2001.

Prerequisites /
notice

Each afternoon will be divided into 2 h of lectures and 2h of exercises. Two thirds of the exercises of the course are organized as a
computer workshop to get hands-on experience with groundwater modelling.

102-0488-00L Water Resources Management W  3 credits 2G P. Burlando
Abstract Modern engineering approach to problems of sustainable water resources, planning and management of water allocation requires the

understanding of modelling techniques that allow to account for comprehensive water uses (thereby including ecological needs) and
stakeholders needs, long-term analysis and optimization. The course presents the most relevant approaches to address these problems.

Objective The course provides the essential knowledge and tools of water resources planning and management. Core of the course are the concepts
of data analysis, simulation, optimization and reliability assessment in relation to water projects and sustainable water resources
management.

Content The course is organized in four parts. 
Part 1 is a general introduction to the purposes and aims of sustainable water resources management, problem understanding and tools
identification. 
Part 2 recalls Time Series Analysis and Linear Stochastic Models. An introduction to Nonlinear Time Series Analysis and related
techniques will then be made in order to broaden the vision of how determinism and stochasticity might sign hydrological and geophysical
variables. 
Part 3 deals with the optimal allocation of water resources and introduces to several tools traditionally used in WRM, such as linear and
dynamic programming. Special attention will be devoted to optimization (deterministic and stochastic) and compared to simulation
techniques as design methods for allocation of water resources in complex and competitive systems, with focus on sustainability and
stakeholders needs.
Part 4 will introduce to basic indexes used in economical and reliability analyses, and will focus on multicriteria analysis methods as a tool
to assess the reliability of water systems in relation to design alternatives.
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Lecture notes A copy of the lecture handouts will be available on the webpage of the course. Complementary documentation in the form of scientific and
technical articles, as well as excerpts from books will be also made available.

Literature A number of book chapters and paper articles will be listed and suggested to read. They will also be part of discussion during the oral
examination.

Prerequisites /
notice

Suggested relevant courses: Hydrologie I (or a similar content course) and Wasserhaushalt (Teil "Wasserwirtschaft", 4. Sem. UmweltIng.,
or a similar content course) for those students not belonging to Environmental Engineering.

701-1280-00L Self-learning Course on Advanced Topics in
Atmospheric and Climate Science
Please contact one of the professors listed under
prerequisites/notice if you plan to take this course.

Students are allowed to enroll in both courses 701-
1280-00L & 701-1281-00L Self-learning Course on
Advanced Topics in Atmospheric and Climate Science but
have to choose different supervisors.

W  3 credits 6A Supervisors

Abstract This course offers an individual pathway to deepen knowledge and understanding of a specific advanced topic in atmospheric and climate
science in one of these fields:
- atmospheric chemistry 
- atmospheric circulation and predictability
- atmospheric dynamics
- atmospheric physics
- climate modeling
- climate physics
-  land-climate dynamics

Objective The learning goals of this course are threefold: 1) obtain novel insight into an advanced scientific topic, 2) train the self-study competences
in particular related to reading of advanced textbooks and writing a concise summary, and 3) gain experience in the scientific interaction
with experts. The format of the course is complementary to other types of teaching (lectures and seminars) and addresses skills that are
essential for a wide range of professional activities (including a PhD).

Content The course has the following elements:
Week 1: Selection of specific topic and decision about reading material (textbook chapters and maybe 1-2 review papers)
Week 2: General discussion about self-study skills (how to read scientific literature and write summaries; specifics of scientific writing; how
to prepare efficient meetings). For the scientific writing, students are encouraged to participate in an online training course offered by
Stanford University:
https://lagunita.stanford.edu/courses/Medicine/SciWrite-SP/SelfPaced/about
Weeks 6 and 9: Meetings with supervisor to clarify scientific questions
Week 12: Hand-in of written summary (4 pages maximum)
Week 14: Supervisor provides written feedback to the summary document
Week 16: Oral exam about the scientific topic

Literature Literature (including book chapters, scientific publications) will be provided by the responsible supervisor in coordination with the student.
Prerequisites /
notice

Prerequisites depend on the chosen field and include successful completion of the listed lecture courses:
• atmospheric dynamics: “Dynamics of large-scale atmospheric flow” (701-1221-00L)
• atmospheric chemistry: “Stratospheric Chemistry” (701-1233-00L) or “Tropospheric Chemistry” (701-1234-00L) or “Aerosols I” (402-
0572-00L).
• atmospheric physics: “Atmospheric Physics” (701-0475-00L)
• climate physics: “Klimasysteme” (701-0412-00L) or equivalent
• land-climate dynamics: “Land-climate dynamics” (701-1251-00L)
• climate modeling: “Numerical modeling of weather and climate” (701-1216-00L) (parallel attendance possible)
• atmospheric circulation and predictability: “Dynamics of large-scale atmospheric flow” (701-1221-00L)

If you plan to take this course, please contact one of the professors according to your interest. 
 •   atmospheric chemistry (Prof. T. Peter)
•    atmospheric circulation and predictability (Prof. D. Domeisen)
•    atmospheric dynamics (Prof. H. Wernli)
•    atmospheric physics (Prof. U. Lohmann)
•    climate modeling (Prof. C. Schär)
•    climate physics (Prof. R. Knutti)
•    land-climate dynamics (Prof. S. Seneviratne)

701-1224-00L Mesoscale Atmospheric Systems - Observation and
Modelling
Does not take place this semester.

W  2 credits 2V H. Wernli, U. Germann

Abstract Mesoscale meteorology focusing on processes relevant for the evolution of precipitation systems. Discussion of empirical and
mathematical-physical models for, e.g., fronts and convective storms. Consideration of oceanic evaporation, transport and the associated
physics of stable water isotopes. Introduction to weather radar being the widespread instrument for observing mesoscale precipitation.

Objective Basic concepts of observational and theoretical mesoscale meteorology, including precipitation measurements and radar. Knowledge
about the interpretation of radar images. Understanding of processes leading to the formation of fronts and convective storms, and basic
knowledge on ocean evaporation and the physics of stable water isotopes.

860-0012-00L Cooperation and Conflict Over International Water
Resources
Number of participants limited to 40. 
STP students have priority.

This is a research seminar at the Master level. PhD
students are also welcome.

W  3 credits 2S B. Wehrli, T. Bernauer,
T. U. Siegfried

Abstract This seminar focuses on the technical, economic, and political challenges of dealing with water allocation and pollution problems in large
international river systems. It examines ways and means through which such challenges are addressed, and when and why international
efforts in this respect succeed or fail.

Objective Ability to (1) understand the causes and consequences of water scarcity and water pollution problems in large international river systems;
(2) understand ways and means of addressing such water challenges; and (3) analyse when and why international efforts in this respect
succeed or fail.

Content Based on lectures and discussion of scientific papers and reports, students acquire basic knowledge on contentious issues in managing
international water resources, on the determinants of cooperation and conflict over international water issues, and on ways and means of
mitigating conflict and promoting cooperation. Students will then, in small teams coached by the instructors, carry out research on a case of
their choice (i.e. an international river basin where riparian countries are trying to find solutions to water allocation and/or water quality
problems associated with a large dam project). They will write a brief paper and present their findings towards the end of the semester.
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Lecture notes Slides and reading materials will be distributed electronically.
Literature The UN World Water Development Reports provide a broad overview of the topic: http://www.unesco.org/new/en/natural-

sciences/environment/water/wwap/
Prerequisites /
notice

The course is open to Master and PhD students from any area of ETH.

ISTP students who take this course should also register for the  course 860-0012-01L - Cooperation and conflict over international water
resources;  In-depth case study.

 Prerequisites
The definition of prerequisites is part of the admission procedure for the master studies. You are informed by the admission office as to what courses of
the section «prerequisites» you have to catch up with. You are accredited for these courses in the electives block of the master studies.

Number Title Type ECTS Hours Lecturers

701-0412-00L Climate Systems W  3 credits 2G S. I. Seneviratne, L. Gudmundsson
Abstract This course introduces the most important physical components of the climate system and their interactions. The mechanisms of

anthropogenic climate change are analysed against the background of climate history and variability. Those completing the course will be
in a position to identify and explain simple problems in the area of climate systems.

Objective Students are able
- to describe the most important physical components of the global climate system and sketch their interactions
- to explain the mechanisms of anthropogenic climate change
- to identify and explain simple problems in the area of climate systems

Lecture notes Copies of the slides are provided in electronic form.
Literature A comprehensive list of references is provided in the class. Two books are

particularly recommended:
- Hartmann, D., 2016: Global Physical Climatology. Academic Press, London, 485 pp.
- Peixoto, J.P. and A.H. Oort, 1992: Physics of Climate. American Institute of Physics, New York, 520 pp.

Prerequisites /
notice

Teaching: Sonia I. Seneviratne & Lukas Gudmundsson, several keynotes to special topics by other professors
Course taught in german/english, slides in english

 Additional Electives ETH
Course Catalogue of ETH Zurich

 Minors
 Minor in Physical Glaciology

Number Title Type ECTS Hours Lecturers

651-1504-00L Snowcover: Physics and Modelling W  4 credits 3G M.  Schneebeli, H. Löwe
Abstract Snow is a fascinating high-temperature material and relevant for applications in glaciology, hydrology, atmospheric sciences, polar

climatology, remote sensing and natural hazards. This course introduces key concepts and underlying physical principles of snow, ranging
from individual crystals to polar ice sheets.

Objective The course aims at a cross-disciplinary overview about the phenomenology of relevant processes in the snow cover, traditional and
advanced experimental methods for snow measurements and theoretical foundations with key equations required for snow modeling.
Tutorials and short presentations will also consider the bigger picture of snow physics with respect to climatology, hydrology and earth
science.

Content The lectures will treat snow formation, crystal growth, snow microstructure, metamorphism, ice physics, snow mechanics, heat and mass
transport in the snowcover, surface energy balance, snow models, wind transport, snow chemistry, electromagnetic properties,
experimental techniques.

The tutorials include a demonstration/exercise part and a presentation part. The demonstration/exercise part consolidates key subjects of
the lecture by means of small data sets, mathematical toy models, order of magnitude estimates, image analysis and visualization, small
simulation examples, etc. The presentation part comprises short presentations (about 15 min) based on selected papers in the subject.

First practical experience with modern methods measuring snow properties can be acquired in a field excursion.

Lecture notes Lecture notes and selected publications.
Prerequisites /
notice

We strongly recommend the field excursion to Davos on Saturday, March 14, 2020, in Davos. We will demonstrate traditional and modern
field-techniques (snow profile, Near-infrared photography, SnowMicroPen) and you will have the chance to use the instruments yourself.
The excursion includes a visit of the SLF cold laboratories with the micro-tomography setup and the snowmaker.

101-0288-00L Snow and Avalanches: Processes and Risk
Management

W  3 credits 2G J. Schweizer, S. L. Margreth

Abstract The lecture covers snow and avalanche processes in a catchment (starting zone, path and run-out zone) with a particular focus on risk
management in the context of natural hazards.

Objective - basics of snow and avalanche mechanics
- methods to model snow and avalanche processes
- interaction of snow and avalanches with structures and forest
- methods of stability evaluation and hazard assessment
- avalanche protection measures in the context of integral risk management
- basics on the design and effectiveness of protection measures

Content Introduction, snow precipitation, extreme events, snow loads; snow and snow cover properties; snow-atmosphere interaction; avalanche
formation; stability evaluation, avalanche forecasting; avalanche dynamics; avalanche impact on structures; hazard mapping; protection
measures (permanent and temporal); integral risk management.
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Literature Armstrong, R.L. and Brun, E. (Editors), 2008. Snow and Climate - Physical processes, surface energy exchange and modeling. Cambridge
University Press, Cambridge, U.K., 222 pp.

BUWAL/SLF, 1984. Richtlinien zur Berücksichtigung der Lawinengefahr bei raumwirksamen Tätigkeiten. EDMZ, Bern.

Egli, T., 2005. Wegleitung Objektschutz gegen gravitative Naturgefahren, Vereinigung Kantonaler Feuerversicherungen (Hrsg.), Bern.

Fierz, C., Armstrong, R.L., Durand , Y., Etchevers, P., Greene, E., McClung, D.M., Nishimura, K., Satyawali, P.K. and Sokratov, S.A., 2009.
The International Classification for Seasonal Snow on the Ground. HP-VII Technical Documents in Hydrology, 83. UNESCO-IHP, Paris,
France, 90 pp.

Furukawa, Y. and Wettlaufer, J.S., 2007. Snow and ice crystals. Physics Today, 60(12): 70-71.

Margreth, S., 2007. Technische Richtlinie für den Lawinenverbau im Anbruchgebiet. Bundesamt für Umwelt, Bern, WSL Eidg. Institut für
Schnee- und Lawinenforschung Davos. 134 S.

McClung. D.M. and Schaerer, P. 2006. The Avalanche Handbook, 3rd ed., The Mountaineers, Seattle.
     
Mears, A.I., 1992. Snow-avalanche hazard analysis for land-use planning and engineering. 49, Colorado Geological Survey.

Schweizer, J., Bartelt, P. and van Herwijnen, A., 2015. Snow avalanches. In: W. Haeberli and C. Whiteman (Editors), Snow and Ice-
Related Hazards, Risks and Disasters. Hazards and Disaster Series. Elsevier, pp. 395-436.

Schweizer, J., Jamieson, J.B. and Schneebeli, M., 2003. Snow avalanche formation. Reviews of Geophysics, 41(4): 1016,
doi:10.1029/2002RG000123.

Shapiro, L.H., Johnson, J.B., Sturm, M. and Blaisdell, G.L., 1997. Snow mechanics - Review of the state of knowledge and applications.
Report 97-3, US Army CRREL, Hanover, NH, U.S.A.

Prerequisites /
notice

Full-day excursion (not mandatory) to Davos, hands-on experience on selected topcis, visit at WSL Institute for Snow and Avalanche
Research SLF (early March 2020)

651-4162-00L Field Course Glaciology
Priority is given to D-ERDW students. If space is available
UZH Geography and Earth System Sciences students
may attend this field course at full cost.

No registration through myStudies. The registration for
excursions and field courses goes through
http://exkursionen.erdw.ethz.ch only (registration opens
end of January 2020).

W  3 credits 6P A. Bauder, D. Farinotti, M. Werder

Abstract Introduction to investigation methods in glaciology with both theory and experimental application. The students design, plan, sample and
evaluate their individual projects, and present the results to their colleagues and the instructors.

Objective - Introduction to measurement techniques in glaciology
- Experience with realisation of measurement and data analysis
- Interpretation and presentation of results

Content The course covers methodologies and techniques to analyse physical conditions of glaciers and their evolution.  Basic measurement
techniques of surveying, drilling as well as working with sensors and data loggers are introduced. Covered fields include topographical
setting, mass balance, glacier fluctuations, ice flow and glacier hydrology.
The course starts with an introduction toward the end of the spring semester and is followd by 8 days in August/September including
lectures at ETH and field work on Rhonegletscher.

Prerequisites /
notice

Some basic knowledge in glaciology e.g. course 651-3561-00L Kryosphäre is recommended.
This field course is organized in collaboration with the University of Hokkaido in Sapporo.

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

 Minor in Biogeochemistry
Number Title Type ECTS Hours Lecturers

701-1317-00L Global Biogeochemical Cycles and Climate W  3 credits 3G N. Gruber, M. Vogt
Abstract The human-induced emissions of carbon dioxide has led to atmospheric CO2 concentrations that Earth likely has not seen for the last 30

million years. This course aims to investigate and understand the impact of humans on Earth's biogeochemical cycles with a focus on the
carbon cycle and its interaction with the physical climate system for the past, the present, and the future.

Objective This course aims to investigate the nature of the interaction between the carbon cycles on land and in the ocean with climate and how this
interaction has evolved over time and will change in the future. Students are expected to participate actively in the course, which includes
the critical reading of the pertinent literature.

Content Topics discussed include: The anthropogenic perturbation of the global carbon cycle and climate. Response of land and oceanic
ecosystems to past and future global changes; Interactions between biogeochemical cycles on land and in the ocean; Biogeochemical
processes controlling carbon dioxide and oxygen in the ocean and atmosphere on time-scales from a few  years to a few hundred
thousand years.

Lecture notes Sarmiento & Gruber (2006), Ocean Biogeochemical Dynamics, Princeton University Press. 
Additional handouts will be provided as needed. see website: http://www.up.ethz.ch/education/biogeochem_cycles

Literature Sarmiento & Gruber (2006), Ocean Biogeochemical Dynamics, Princeton University Press, 526pp.

Original literature.

 Minor in Global Change and Sustainability
Number Title Type ECTS Hours Lecturers

860-0012-00L Cooperation and Conflict Over International Water
Resources
Number of participants limited to 40. 
STP students have priority.

This is a research seminar at the Master level. PhD
students are also welcome.

W  3 credits 2S B. Wehrli, T. Bernauer,
T. U. Siegfried
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Abstract This seminar focuses on the technical, economic, and political challenges of dealing with water allocation and pollution problems in large
international river systems. It examines ways and means through which such challenges are addressed, and when and why international
efforts in this respect succeed or fail.

Objective Ability to (1) understand the causes and consequences of water scarcity and water pollution problems in large international river systems;
(2) understand ways and means of addressing such water challenges; and (3) analyse when and why international efforts in this respect
succeed or fail.

Content Based on lectures and discussion of scientific papers and reports, students acquire basic knowledge on contentious issues in managing
international water resources, on the determinants of cooperation and conflict over international water issues, and on ways and means of
mitigating conflict and promoting cooperation. Students will then, in small teams coached by the instructors, carry out research on a case of
their choice (i.e. an international river basin where riparian countries are trying to find solutions to water allocation and/or water quality
problems associated with a large dam project). They will write a brief paper and present their findings towards the end of the semester.

Lecture notes Slides and reading materials will be distributed electronically.
Literature The UN World Water Development Reports provide a broad overview of the topic: http://www.unesco.org/new/en/natural-

sciences/environment/water/wwap/
Prerequisites /
notice

The course is open to Master and PhD students from any area of ETH.

ISTP students who take this course should also register for the  course 860-0012-01L - Cooperation and conflict over international water
resources;  In-depth case study.

751-5118-00L Global Change Biology W  2 credits 2G H. Bugmann, M. Gharun, B. Stocker
Abstract This course focuses on the impacts of global change on  forests and agro-ecosystems that will strongly affect  sustainable resource use

across the 21st century.
Objective Students will understand how global change, ecosystem processes, land use practices, politics, and society interact, and that it is critical to

act responsibly and work as an agricultural or environmental scientist in the future. 

Students will better understand the impacts of global change on ecosystems at a range of spatial and temporal scales, be able to
synthesize knowledge from various disciplines in the context of global change issues, and be able to evaluate management options for
sustainable resource use, climate mitigation and adaptation options. 

Students will learn to present scientific information to a scientific audience by preparing an executive summary and an oral presentation to
answer a specific scientific question. Students will get extensive feedback from teachers and peers. Thereby, students will also learn how
to give constructive feedback to peers.

Content Changes in climate and land use are major issues that students will be faced with during their working life, independently of where they will
work. Thus, an advanced understanding on how global change, ecosystem processes, land use practices, politics, and society interact and
that it is critical to act responsibly and work as an agricultural or environmental scientist in the future.

Thus, during this course, the effects of global change on forests and agro-ecosystems as well as their feedbacks to the climate system will
be presented and discussed. Effects on ecosystem structure, composition, productivity and biogeochemical cycling, but also on the stability
of production systems against disturbances will be addressed. 

Up-to-date scenarios and models for coupled human-environmental systems will be discussed. The advantages and disadvantages of
different management options will be evaluated, including sustainable resource use and climate mitigation as well as adaptation.

Prerequisites /
notice

This course is based on fundamental knowledge about plant ecophysiology, soil science, and ecology in general.

 Minor in Sustainable Energy Use
Number Title Type ECTS Hours Lecturers

227-0730-00L Power Market II - Modeling and Strategic Positioning W  6 credits 4G D. Reichelt, G. A. Koeppel
Abstract Options in the electricity business

Portfolio and risk management: valuation of hedging strategies, risk assessment
Hydropower optimization and hedging
Valuation of power plants with real options
Capacity markets and quota Systems 
Complex energy contracts with embedded options
Strategy and positioning for utilities

Objective The students know the main derivatives applied in the electricity business. They are able to est up hedging strategies and can evaluate
them. They habe a basic understanding of the optimization of large, complex hydro power plants, of capacity markets and of quota
systems. They know the discounted cash-flow method and real options to assess the value of power plants. The students are able to
identify the components of complex energy supply contracts and to assess the risk.

Content Options in the electricity business: option valuation with binominal trees, Black-Scholes formula, sensitivities (Greeks), implied volatility
Portfolio and risk management: delta- and gamma-neutral hedging, valuation of hedging strategies, risk assessment (case study)
Hydropower optimization and hedging
Valuation of assets (power plants, grids), DCF method, real options
Strategy and Positioning: Mini cases (group work)
Capacity markets and Quota Systems 
Application of derivatives: complex energy contracts with embedded options, development of sales-oriented products
Credit Risk Management
Electricity marketing

Lecture notes Handouts - all material in English
Prerequisites /
notice

2 day excursion, presentations of invited speakers from the industry

Moodle: https://moodle-app2.let.ethz.ch/enrol/index.php?id=12225

363-0514-00L Energy Economics and Policy
It is recommended for students to have taken a course in
introductory microeconomics. If not, they should be
familiar with microeconomics as in, for
example,"Microeconomics" by Mankiw & Taylor and the
appendices 4 and 7 of the book "Microeconomics" by
Pindyck & Rubinfeld.

W  3 credits 2G M. Filippini

Abstract An introduction to energy economics and policy that covers the following topics: energy demand, economics of energy efficiency,
investments and cost analysis, energy markets (fossil fuels,electricity and renewable energy sources), market failures and behavioral
anomalies, market-based and non-market based energy policy instruments and regulation of energy industries.
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Objective The students will develop the understanding of economic principles and tools necessary to analyze energy issues and to formulate energy
policy instruments. Emphasis will be put on empirical analysis of energy demand and supply, market failures, behavioral anomalies, energy
policy instruments, investments in power plants and in energy efficiency technologies and the reform of the electric power sector.

Content The course provides an introduction to energy economics principles and policy applications. The first part of the course will introduce the
microeconomic foundation of energy demand and supply as well as market failures and behavioral anomalies. In a second part, we
introduce the concept of investment analysis (such as the NPV), in the context of energy efficient investments. In the last part, we use the
previously introduced concepts to analyze energy policies: from a government perspective, we discuss the mechanisms and implications of
market oriented and non-market oriented policy instruments as well as the regulation of energy industries.
 
Throughout the entire class, we combine the course material with insights from current research in energy economics. This combination will
enable students to understand standard scientific literature in the field of energy economics. Moreover, the class aims to show students
how to put real life situations in the energy sector in the context of insights from energy economics.

During the first part of the course a set of environmental and resource economics tools will be given to students through lectures. The
applied nature of the course is achieved by discussing several papers in a seminar. To this respect, students are required to work in groups
in order to prepare a presentation of a paper.

The evaluation policy is designed to verify the knowledge acquired by students during the course. For this purpose, a short group
presentation will be graded. At the end of the course there will be a written exam covering the topics of the course. The final grade is
obtained by averaging the presentation (20%) and the final exam (80%).

Prerequisites /
notice

It is recommended for students to have taken a course in introductory microeconomics. If not, they should be familiar with microeconomics
as in, for example, "Microeconomics" by Mankiw & Taylor and the appendices 4 and 7 of the book "Microeconomics" by Pindyck &
Rubinfeld.

151-0928-00L CO2 Capture and Storage and the Industry of Carbon-
Based Resources

W  4 credits 3G M. Mazzotti, L. Bretschger,
N. Gruber, C. Müller, M. Repmann,
T. Schmidt, D. Sutter

Abstract Carbon-based resources (coal, oil, gas): origin, production, processing, resource economics. Climate change: science, policies. CCS
systems: CO2 capture in power/industrial plants, CO2 transport and storage. Besides technical details, economical, legal and societal
aspects are considered (e.g. electricity markets, barriers to deployment).

Objective The goal of the lecture is to introduce carbon dioxide capture and storage (CCS) systems, the technical solutions developed so far and the
current research questions. This is done in the context of the origin, production, processing and economics of carbon-based resources, and
of climate change issues. After this course, students are familiar with important technical and non-technical issues related to use of carbon
resources, climate change, and CCS as a transitional mitigation measure.

The class will be structured in 2 hours of lecture and one hour of exercises/discussion. At the end of the semester a group project is
planned.

Content Both the Swiss and the European energy system face a number of significant challenges over the coming decades. The major concerns
are the security and economy of energy supply and the reduction of greenhouse gas emissions. Fossil fuels will continue to satisfy the
largest part of the energy demand in the medium term for Europe, and they could become part of the Swiss energy portfolio due to the
planned phase out of nuclear power. Carbon capture and storage is considered an important option for the decarbonization of the power
sector and it is the only way to reduce emissions in CO2 intensive industrial plants (e.g. cement- and steel production).  
Building on the previously offered class "Carbon Dioxide Capture and Storage (CCS)", we have added two specific topics: 1) the industry of
carbon-based resources, i.e. what is upstream of the CCS value chain, and 2) the science of climate change, i.e. why and how CO2
emissions are a problem.
The course is devided into four parts:
I) The first part will be dedicated to the origin, production, and processing of conventional as well as of unconventional carbon-based
resources. 
II) The second part will comprise two lectures from experts in the field of climate change sciences and resource economics.
III) The third part will explain the technical details of CO2 capture (current and future options) as well as of CO2 storage and utilization
options, taking again also economical, legal, and sociatel aspects into consideration.
IV) The fourth part will comprise two lectures from industry experts, one with focus on electricity markets, the other on the experiences
made with CCS technologies in the industry.
Throughout the class, time will be allocated to work on a number of tasks related to the theory, individually, in groups, or in plenum.
Moreover, the students will apply the theoretical knowledge acquired during the course in a case study covering all the topics.

Lecture notes Power Point slides and distributed handouts
Literature IPCC Special Report on Global Warming of 1.5°C, 2018.

http://www.ipcc.ch/report/sr15/

IPCC AR5 Climate Change 2014: Synthesis Report, 2014. www.ipcc.ch/report/ar5/syr/

IPCC Special Report on Carbon dioxide Capture and Storage, 2005. www.ipcc.ch/activity/srccs/index.htm

The Global Status of CCS: 2014. Published by the Global CCS Institute, Nov 2014. 
http://www.globalccsinstitute.com/publications/global-status-ccs-2014

Prerequisites /
notice

External lecturers from the industry and other institutes will contribute with specialized lectures according to the schedule distributed at the
beginning of the semester.

 Seminars and Colloquia
Number Title Type ECTS Hours Lecturers

651-4095-01L Colloquium Atmosphere and Climate 1 O 1 credit 1K C. Schär, H. Wernli, D. N. Bresch,
D. Domeisen, N. Gruber, H. Joos,
R. Knutti, U. Lohmann, T. Peter,
S. I. Seneviratne, K. Steffen, M. Wild

Abstract The colloquium is a series of scientific talks by prominent invited speakers assembling interested students and researchers from around
Zürich. Students take part of the scientific discussions.

Objective -get insight into ongoing research in different fields related to atmospheric and climate science
Content The colloquium is a series of scientific talks by prominent invited speakers assembling interested students and researchers from around

Zürich. Students take part of the scientific discussions.
Prerequisites /
notice

To acquire credit points for this colloquium, please confirm your attendance of 8 colloquia per semester by using the form which is provided
at the course webpage.

651-4095-02L Colloquium Atmosphere and Climate 2 O  1 credit 1K C. Schär, H. Wernli, D. N. Bresch,
D. Domeisen, N. Gruber, H. Joos,
R. Knutti, U. Lohmann, T. Peter,
S. I. Seneviratne, K. Steffen, M. Wild
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Abstract The colloquium is a series of scientific talks by prominent invited speakers assembling interested students and researchers from around
Zürich. Students take part of the scientific discussions.

Objective -get insight into ongoing research in different fields related to atmospheric and climate sciences
Prerequisites /
notice

To acquire credit points for this colloquium, please confirm your attendance of 8 colloquia per semester by using the form which is provided
at the course webpage.

651-4095-03L Colloquium Atmosphere and Climate 3 O 1 credit 1K C. Schär, H. Wernli, D. N. Bresch,
D. Domeisen, N. Gruber, H. Joos,
R. Knutti, U. Lohmann, T. Peter,
S. I. Seneviratne, K. Steffen, M. Wild

Abstract The colloquium is a series of scientific talks by prominent invited speakers assembling interested students and researchers from around
Zürich. Students take part of the scientific discussions.

Objective -get insight into ongoing research in different fields related to atmospheric and climate sciences
Prerequisites /
notice

To acquire credit points for this colloquium, please confirm your attendance of 8 colloquia per semester by using the form which is provided
at the course webpage.

701-1211-01L Master's Seminar: Atmosphere and Climate 1 O  3 credits 2S H. Joos, R. Knutti, I. Medhaug,
M. A. Wüest

Abstract In this seminar, the process of writing a scientific proposal will be
introduced. The essential elements of a proposal, including the peer
review process, will be outlined and class exercises will train
scientific writing skills. Knowledge exchange between class
participants is promoted through the preparation of a master thesis
proposal and evaluation of each other's work.

Objective Scientific writing skills
How to effectively write a scientific proposal.

Content In this seminar, the process of writing a scientific proposal will be
introduced. The essential elements of a proposal, including the peer
review process, will be outlined and class exercises will train
scientific writing skills. Knowledge exchange between class
participants is promoted through the preparation of a master thesis
proposal and evaluation of each other's work.

Prerequisites /
notice

Please register for the seminar 1 in the semester BEFORE writing your MSc thesis.
Attendance is mandatory.

701-1211-02L Master's Seminar: Atmosphere and Climate 2 O  3 credits 2S H. Joos, R. Knutti, I. Medhaug,
M. A. Wüest

Abstract This seminar brings the students working on their Master thesis together. Students present their Master thesis project including an
overview of the outline and the first scientific results. In this seminar presentation skills and visualisation techniques are trained and
methods of scientific project management are introduced and applied to the Master project.

Objective - training of presentation and visualisation skills
- gain basic knowledge in project management
- train how to lead a discussion, chair a presentation

Content This seminar brings the students working on their MSc thesis together. Students present their MSc thesis project including an overview of
the outline and the first scientific results. In this seminar presentation skills and visualisation techniques are trained and methods of
scientific project management are introduced and applied to the MSc project.

Prerequisites /
notice

Please register for this seminar 2 in the semester in which you work on your MSc thesis.
Attendance is mandatory

 Laboratory and Field Courses
Number Title Type ECTS Hours Lecturers

701-1260-00L Climatological and Hydrological Field Work
Number of participants limited to 30.

W  2.5 credits 5P D. Michel, L. Gudmundsson

Abstract Practical work using selected measurement techniques in meteorology and hydrology. The course consists of field work with different
measuring systems to determine turbulence, radiation, soil moisture, evapotranspiration, discharge and the atmospheric state as well as of
data analysis.

Objective Learning of elementary concepts and practical experience with meteorological and hydrological measuring systems as well as data
analysis.

Content Practical work using selected measurement techniques in meteorology and hydrology. The course consists of field work with different
measuring systems to determine turbulence, radiation, soil moisture, evapotranspiration, discharge and the atmospheric state as well as of
data analysis.

Prerequisites /
notice

The course takes place in the hydrological research catchment Rietholzbach (field work) and at ETH (data analysis) as a block course.

701-1262-00L Atmospheric Chemistry Lab Work W  2.5 credits 5P C. Marcolli, U. Krieger, T. Peter
Abstract Experiments are carried out to investigate the freezing of water droplets and ice cloud formation. Water-in-oil emulsions are prepared and

cooled in a DSC (differential scanning calorimeter). The measured freezing temperatures are put in context with cloud formation in the
atmosphere.

Objective This practical course offers the opportunity to get to know lab work on a topic of atmospheric importance.
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Content Cirrus clouds play an important role in the radiative budget of the Earth. Due to scattering and absorption of the solar as well as terrestrial
radiation the cirrus cloud cover may influence significantly the Earth climate. How the cirrus clouds exactly form, is still unknown. Ice
particles in cirrus clouds may form by homogeneous ice nucleation from liquid aerosols or via heterogeneous ice nucleation on solid ice
nuclei (IN). The dihydrate of oxalic acid (OAD) acts as a heterogeneous ice nucleus, with an increase in freezing temperature between 2
and 5K depending on solution composition. In several field campaigns, oxalic acid enriched particles have been detected in the upper
troposphere with single particle aerosol mass spectrometry. Simulations with a microphysical box model indicate that the presence of OAD
may reduce the ice particle number density in cirrus clouds by up to ~50% when compared to exclusively homogeneous cirrus formation
without OAD. 
The goal of this atmospheric chemistry lab work is to expand the knowledge about the influence of oxalic acid in different aqueous solution
systems for the heterogeneous ice nucleation process. Experiments of emulsified aqueous solutions containing oxalic acid will be
performed with a differential scanning calorimeter (DSC, TA Instruments Q10). Water-in-oil emulsions contain a high number of
micrometer-sized water droplets. Each droplet freezes independently which allows the measurement of homogeneous freezing for droplets
without heterogeneous IN and heterogeneous freezing in the presence of an IN. OAD is formed in-situ in a first freezing cycle and will act
as an IN in a second freezing cycle. This experiment will be performed in the presence of different solutes. In general, the presence of a
solute leads to a decrease of the freezing temperature. However, also more specific interactions with oxalic acid are possible so that e.g.
the formation of OAD is inhibited. 
In the atmospheric chemistry lab work experiments, emulsified aqueous oxalic acid solutions are prepared and investigated in the DSC
during several freezing cycles. The onset of freezing is evaluated. Freezing onsets in the presence and absence of OAD are compared.
This is done for pure oxalic acid solutions and oxalic acid solutions containing a second solute (e.g. another dicarboxylic acid). The quality
of the emulsions is checked in an optical microscope.

Lecture notes Hand-outs will be distributed during the course
Literature Oxalic acid as a heterogeneous ice nucleus in the upper troposphere and its indirect aerosol effect,

B. Zobrist C. Marcolli, T. Koop, B. P. Luo, D. M. Murphy, U. Lohmann, A. A. Zardini, U. K. Krieger, T. Corti, D. J. Cziczo, S. Fueglistaler, P.
K. Hudson, D. S. Thomson, and T. Peter
Atmos. Chem. Phys., 6, 31153129, 2006.

Prerequisites /
notice

This module may be attended by 8 students at most. Practical work is carried out in groups of 2, max. 3.

701-1264-00L Atmospheric Physics Lab Work
Number of participants limited to 18.

Target grous are: MSc Atmospheric and Climate Science,
MSc Interdisciplinary Sciences, MSc Physics, MSc
Environmental Sciences.

W  2.5 credits 5P Z. A. Kanji

Abstract Experiments covering atmospheric physics, meteorology, and aeerosol physics which will be performed in the lab and partly outdoors.
Objective This course delivers inisghts into various aspects of atmospheric physics. These will be acquired within individual experiments which cover

the following topics: Wind and movement of air parcels, evaporation and cooling depending on wind velocity (wind chill), the analysis of
particulate matter (aerosol particles), and their influence on the solar radiation that reaches the earth.

Content Details about the course are available on the web page (cf. link).
Lecture notes Experiment instructions can be found on the Atmospheric physics lab work web page.
Prerequisites /
notice

Three out of four available experiments must be carried out. The experiments are conducted in groups of 2 (or 3). 
There will be three introduction lectures of 2 hours each in the beginning of the semester to familiarise students with the topics covered and
report writing process. The introduction lectures will take place on Mondays Feb 17, March 2 and March 16 from 10-12 hours in CHN L17.1

701-1266-00L Weather Discussion
Limited number of participants. 
Preference will be given to students on the masters level
in Atmospheric and Climate Science and Environmental
Sciences and doctoral students in Environmental
Sciences.

Prerequisites: Basic knowledge in meteorology is required
for this class, students are advised to take courses 702-
0473-00L and/or 701-1221-00L before attending this
course.

W  2.5 credits 2P H. Wernli

Abstract This three-parts course includes: (i) concise units to update the students knowledge about key aspects of mid-latitude weather systems and
numerical weather prediction, (ii) a concrete application of this knowledge to predict and discuss the "weather of the week", and (iii) an in-
depth case study analysis, performed in small groups, of a remarkable past weather event.

Objective Students will learn how to elaborate a weather prediction and to cope with uncertainties of weather (probabilistic) prediction models. They
will also learn how to apply theoretical concepts from other lecture courses on atmospheric dynamics to perform a detailed case study of a
specific weather event, using state-of-the-art observational and model-derived products and datasets.

 Master's Thesis
Number Title Type ECTS Hours Lecturers

651-4275-00L Master's Thesis
The master thesis is supervised by a professor of the D-
ERDW or of the Institute for Atmosphere and Climate
(IAC, D-USYS), a professor who teaches in the module
subjects or a senior scientist who is on the list of
"competent leaders of master theses" of the D-ERDW or
of the D-USYS (associated with the IAC).
http://www.iac.ethz.ch/edu/master/master-thesis.html

O  30 credits 64D Lecturers

Abstract The master programme will be completed by a master thesis on a topic selected from the subject range of the chosen major programme.
Students are to prove their skills in working autonomously on a scientific project.

Objective Students are to prove their skills in working autonomously on a scientific project. They document their work in a scientific report.

 Course Units for Additional Admission Requirements
The courses below are only available for MSc students with additional admission requirements.

Number Title Type ECTS Hours Lecturers

701-0412-AAL Climate Systems
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,

E-  3 credits 6R S. I. Seneviratne
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doctoral students) CANNOT enrol for this course unit.
Abstract Introduction of the most important components of the climate systems and their interactions.
Objective Students have a basic understanding of the global energy balance, radiation budget, boundary, layer, atmosphere, ocean, biosphere, land-

surface coupling, cryosphere, carbon cycle, climate variability, climate of the past and anthropogenic climate change, and they are able to
apply this to solve simple quantitative problems and answer qualitative questions.

701-0471-AAL Atmospheric Chemistry
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R M. Ammann, T. Peter

Abstract This course provides a general introduction into atmospheric chemistry targeted at master students who did not follow the bachelor course
"atmospheric chemistry" or equivalent.

Objective The learning target of this course is a general overview on the most important processes of atmospheric chemistry and the various
problems of the anthropogenic impact on the chemical composition of the atmosphere and air quality.

Content - Physical properties of the atmosphere: structure, large scale dynamics, UV radiation
- Thermodynamics and kinetics of gas phase reactions: enthalpy and free energy of reactions, rate laws, mechanisms of bimolecular and
termolecular reactions.
- Photochemistry: Photolysis frequencies, O3 formation,...
- Aerosols and clouds: chemical properties, primary and secondary aerosol sources
- Multiphase chemistry: heterogeneous kinetics, solubility and hygroscopicity, N2O5 chemistry, SO2 oxidation, secondary organic aerosols
- Deposition: dry and wet deposition, acid rain,...
- Air quality: Environmental problems, legislation, sources, trends
- Stratospheric chemistry: Chapman cycle, Brewer-Dobson circulation, catalytic ozone destruction cycles, polar ozone hole, Montreal
protocol
Global aspects: global budgets, air quality - climate interactions

701-0475-AAL Atmospheric Physics
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R U. Lohmann

Abstract This course covers the basics of atmospheric physics, which consist of: cloud and precipitation formation, thermodynamics, aerosol
physics, radiation as well as the impact of aerosols and clouds on climate and artificial weather modification.

Objective Students are able
- to explain the mechanisms of cloud and precipitation formation using knowledge of humidity processes and thermodynamics.
- to evaluate the significance of clouds and aerosol particles for climate and artificial weather modification.

Content Moist processes/thermodynamics; aerosol physics; cloud formation; precipitation processes, storms; importance of aerosols and clouds for
climate and weather modification, clouds and precipitation

Lecture notes Lohmann, U., Lüönd, F. and Mahrt, F., An Introduction to Clouds:
From the Microscale to Climate, Cambridge Univ. Press, 391 pp., 2016.

Literature Lohmann, U., Lüönd, F. and Mahrt, F., An Introduction to Clouds:
From the Microscale to Climate, Cambridge Univ. Press, 391 pp., 2016.

701-0473-AAL Weather Systems
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R M. A. Sprenger, F. Scholder-
Aemisegger

Abstract Satellite observations; analysis of vertical soundings; geostrophic and thermal wind; cyclones at mid-latitude; global circulation; north-
atlantic oscillation; atmospheric blocking situtations; Eulerian and Lagrangian perspective; potential vorticity; Alpine dynamics (storms,
orographic wind); planetary boundary layer

Objective Introduction to basic aspects of atmospheric dynamics. Focus is given to the global-scale atmospheric circulation, synoptic-scale processes
(in particular low-pressure systems), and the influence of mountains on the atmospheric flow.

Content Satellite observations; analysis of vertical soundings; geostrophic and thermal wind; cyclones at mid-latitude; global circulation; north-
atlantic oscillation; atmospheric blocking situtations; Eulerian and Lagrangian perspective; potential vorticity; Alpine dynamics (storms,
orographic wind); planetary boundary layer

Literature Atmospheric Science, An Introductory Survey
John M. Wallace and Peter V. Hobbs, Academic Press

701-0461-AAL Numerical Methods in Environmental Sciences
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R C. Schär

Abstract This lecture imparts the mathematical basis necessary for the development and application of 
numerical models in the field of Environmental Science. The lecture material includes an introduction into numerical techniques for solving
ordinary and partial differential equations, as well as exercises aimed at the realization of simple models.

Objective This lecture imparts the mathematical basis necessary for the development and application of 
numerical models in the field of Environmental Science. The lecture material includes an introduction into numerical techniques for solving
ordinary and partial differential equations, as well as exercises aimed at the realization of simple models.

Content Classification of numerical problems, introduction to finite-difference methods, time integration schemes, non-linearity, conservative
numerical techniques, an overview of spectral and finite-element methods. Examples and exercises from a diverse cross-section of
Environmental Science.

Three obligatory exercises, each two hours in length, are integrated into the lecture.  The implementation language is Matlab (previous
experience not necessary: a Matlab  introduction is given).  Example programs and graphics tools are supplied.

Literature List of literature is provided.

701-0071-AAL Mathematics III: Systems Analysis
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.


E-  4 credits 9R R. Knutti, H. Wernli
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Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

Abstract The objective of the systems analysis course is to deepen and illustrate the mathematical concepts on the basis of a series of very
concrete examples. Topics covered include: linear box models with one or several variables, non-linear box models with one or several
variables, time-discrete models, and continuous models in time and space.

Objective Learning and applying of concepts (models) and quantitative methods to address concrete problems of environmental relevance.
Understanding and applying the systems-analytic approach, i.e., Recognizing the core of the problem - simplification - quantitative
approach - prediction.

Content http://www.up.ethz.ch/education/systems-analysis.html
Lecture notes Overhead slides will be made available through Ilias.
Literature Imboden, D.S. and  S. Pfenninger (2013) Introduction to Systems Analysis: Mathematically Modeling Natural Systems. Berlin Heidelberg:

Springer Verlag.

http://link.springer.com/book/10.1007%2F978-3-642-30639-6

701-0106-AAL Mathematics V: Applied Deepening of Mathematics I -
III
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R M. A. Sprenger

Abstract Selected mathematical topics are presented for later use in more specialised lectures. Part of the topics were already discussed in the
lectures Mathematics I-III. Here, they should be shortly recapitulated and most importantly applied to practical problems. If necessary, new
mathematical concepts and methods will be introduced in order to solve challenging and inspiring problems from practice.

Objective The aim of this lecture is to prepare the students for the more specialised lectures. They should become more familiar with the
mathematical background, the mathematical concepts und most of all with their application and interpretation.

Content Practical examples from the following areas will be discussed: ordinary differential equations; eigenvalue problems from linear algebra;
systems of linear and nonlinear differential equations; partial differential equations (diffusion, transport, waves).

Atmospheric and Climate Science Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Educational Science for Teaching Diploma and TC
These are the general course offerings of the programmes Teaching Diploma (TD) - categories Educational Science and Compulsory Elective Courses -
and Teaching Certificate (TC) - category Educational Science. 

 Educational Science Teaching Certificate
Number Title Type ECTS Hours Lecturers

851-0240-17L Designing Learning Environments for School:
Educational Foundations (EW2 TC)
- Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".
- Addresses to students enrolled in "Teaching Certificate
in a non-college Discipline (TC)". 
- The simultaneous enrolment in course 851-0240-25
Designing Learning Environments for School: Vocational
Education  (EW2 TC)" is recommended, but not a
mandatory prerequisite.

O 2 credits 1V S. Peteranderl, P. Edelsbrunner,
U. Markwalder

Abstract Teaching is also a craft. In this lecture, students get to know and, wherever possible, also practice practical aspects of the teaching
profession within the framework of relevant theories rom the Learning Sciences. 

Objective Students acquire basic knowledge and skills needed for planning, preparing, and implementing effective instruction. They can reflect and
adapt these skills based on knowledge about findings from research in the learning sciences.  

Content We discuss characteristics of successful lessons and how to design such lessons by using curricula and lesson plans, teaching goals,
classroom management, and a variety of teaching methods.

Lecture notes The lecture comprises interactive parts where the participants  elaborate and extend their knowledge and skills. Thus, there is no
comprehensive written documentation of the lecture. The participants can download presentation slides, learning materials, and templates
from "Moodle".

Literature The necessary literature can be downloaded from "Moodle".
Prerequisites /
notice

The lecture EW2 can only be attended by students who already successfully completed the lecture Human Learning (EW1).
There will be two independent lectures for different groups of students. You will get further information in an email at the beginning of the
semester.

851-0240-25L Designing Learning Environments for School:
Vocational Education  (EW2 TC)
- Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".
- Addresses to students enrolled in "Teaching Certificate
in a non-college Discipline (TC)". 
- The simultaneous enrolment in course 851-0240-17L
Designing Learning Environments for School: Educational
Foundations (EW2 DZ)" is recommended, but not a
mandatory prerequisite.

O 2 credits 1V G. Kaufmann

Abstract Participants acquire knowledge in vocational training system and in theory and practice of vocational education. They get to know
characteristics of functions, tasks and roles in the professional world. They deduce consequences for the planning and execution of
learner-tailored and effective learning in vocational education taking into account the theory and practice of vocational education.

Objective Participants would be able to structure and execute learner-tailored and effective learning in vocational education taking into account the
theory and practice of vocational education.

851-0240-01L Designing Learning Environments for School  (EW2
TD)
Prerequisites: successful participation in 851-0240-00L
"Human Learning (EW1)".

Adresses to students enrolled either in Teaching Diploma*
(TD) or Teaching Certificate (TC) in Computer Science,
Mathematics or Physics.
*Except for students of Sport Teaching Diploma, who
complete the sport-specific course unit EW2.

O 3 credits 2V E. Stern, P. Greutmann, J. Maue

Abstract Teaching is a complex skill. The lecture comprises (a) presentations about the theoretical background of this skill, (b) discussions of
practical aspects, and (c) practical exercises.

Objective The participants have the conceptual und procedural knowledge, and skills necessary for long-term planning, preparing, and implementing
good lessons. They can apply this knowledge on different topics of their scientific STEM-background.

Content We discuss characteristics of successful lessons and how to design such lessons by using curricula and lesson plans, teaching goals and a
variety of teaching methods.

Lecture notes The lecture comprises interactive parts where the participants  elaborate and extend their knowledge and skills. Thus, there is no
comprehensive written documentation of the lecture. The participants can download presentation slides, learning materials, and templates
from "Moodle".

Literature The necessary literature can be downloaded from "Moodle".
Prerequisites /
notice

The lecture EW2 can only be attended by students who already successfully completed the lecture Human Learning (EW1).
There will be two independent lectures for different groups of students. You will get further information in an email at the beginning of the
semester.
To get the Credits you have to
- regularly attend to the lecture
- have the grade 4 or higher in the final written exam.

851-0240-24L Designing Learning Environments for Schools (EW2
LD) - Portfolio
- Enrolment only possible with simultaneous enrolment in
course 851-0240-01L Designing Learning Environments
for School (EW2 LD)!

- Prerequisites: successful participation in 851-0240-00L
"Human Learning (EW1)".

- Adresses to students enrolled either in Teaching
Diploma* (TD) or Teaching Certificate (TC) in Computer
Science, Mathematics or Physics.

O 1 credit 2U P. Greutmann, J. Maue
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*Except for students of Sport Teaching Diploma, who
complete the sport-specific course unit EW2. 

Abstract In this lecture, you design a portfolio, i.e. a complete and elaborated teaching enviroment for schools, based on your scientific STEM-
background

Objective This lecture is an implementation and transfer of the theoretical inputs provided by the lecture "Designing Learning Environments for
School" (EW2).

851-0242-03L Introduction to General Pedagogy
Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate.

Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".

W 2 credits 2G L. Haag

Abstract The basics of educational science and the field of activity of the school are conveyed in as much as they are of relevance to the field of
activity of the teachers. Basic knowledge is taught methodically by the lecturers which is further deepened by the reading of selected texts
and corresponding work assignments in individual and small groups.

Objective 1. Basics of educational science
1.1 Historical survey of education and school
1.2 Fundamental educational terms
- Education as field of activity of the school
- Education at school
- Socialization
2. Field of activity of the school
2.1 Theory of school
- Theory of school
- Curriculum theory
- School development
2.2 Theory of instruction
- Didactic analysis
- Principles of learning
- Handling of heterogeneity

851-0242-06L Cognitively Activating Instructions in MINT Subjects
Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

This course unit can only be enroled after successful
participation in, or during enrolment in the course 851-
0240-00L "Human Learning (EW 1)".

W 2 credits 2S R. Schumacher

Abstract This seminar focuses on teaching units in chemistry, physics and mathematics that have been developed at the MINT Learning Center of
the ETH Zurich. In the first meeting, the mission of the MINT Learning Center will be communicated. Furthermore, in groups of two, the
students will intensively work on, refine and optimize a teaching unit following a goal set in advance.

Objective - Get to know cognitively activating instructions in MINT subjects
- Get information about recent literature on learning and instruction

Prerequisites /
notice

Für eine reibungslose Semesterplanung wird um frühe Anmeldung und persönliches Erscheinen zum ersten Lehrveranstaltungstermin
ersucht.

851-0242-07L Human Intelligence
Number of participants limited to 30.

Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

This course unit can only be enroled after successful
participation in, or imultaneous enrolment in the course
851-0240-00L "Human Learning (EW 1)" .

W 1 credit 1S E. Stern

Abstract The focus will be on the book "Intelligenz: Grosse Unterschiede und ihre Folgen" by Stern and Neubauer. Participation at the first meeting
is obligatory. It is required that all participants read the complete book. Furthermore, in two meetings of 90 minutes, concept papers
developed in small groups (5 - 10 students) will be discussed.

Objective - Understanding of research methods used in the empirical human sciences
- Getting to know intelligence tests
- Understanding  findings relevant for education

851-0242-08L Research Methods in Educational Science
Number of participants limited to 30.

This course unit can only be enroled after successful
participation in, or imultaneous enrolment in the course
851-0240-00L "Human Learning (EW 1)" .

W 1 credit 1S P. Edelsbrunner, T. Braas,
C. M. Thurn

Abstract Literature from learning sciences will be read and discussed. Research methods will be in focus.
At the first meeting all participants will be allocated to working groups and two further meetings will be set up with the groups.
In the small groups students will write critical short essays about the read literature. The essays will be presented and discussed in the
plenum at the third meeting.

Objective - Understand research methods used in the empirical educational sciences
- Understand and critically examine information from scientific journals and media
- Understand pedagogically relevant findings from the empirical educational sciences

851-0242-11L Gender Issues In Education and STEM
Number of participants limited to 20.

Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

Prerequisite: students should be taking the course 851-
0240-00L Human Learning (EW1) in parallel, or to have

W 2 credits 2S M. Berkowitz Biran, T. Braas,
C. M. Thurn
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successfully completed it.
Abstract In this seminar, we introduce some of the major gender-related  issues in the context of education and science learning, such as the under-

representation of girls and women in science, technology, engineering and mathematics (STEM). Different perspectives, controversies and
empirical evidence will be discussed.

Objective - To familiarize students with gender issues in the educational and STEM contexts and with controversies regarding these issues.
- To develop a critical view on existing perspectives. 
- To integrate this knowledge with teacher's work.

Content Why do fewer women than men specialize in STEM (science, technology, engineering and mathematics)? Are girls better in language and
boys better in math? These and other questions about gender differences relevant to education and STEM learning have been occupying
researchers for decades. In this seminar, students will learn about major gender issues in the educational context and the different
perspectives for understanding them. 

Students will read and critically discuss selected publications on these topics and their implications for the classroom context. There will be
weekly (or bi-weekly) assignments as well as a final project in which students will integrate and elaborate on the topics learned in the
seminar.

Prerequisites /
notice

Recommended: Completion of the course 851-0240-00L Human Learning (EW1).

Active participation in the seminar.

851-0240-03L Introduction to Test Theory and Test Construction in
Educational Contexts (University of Zürich)
Does not take place this semester.
Enrolment only possible with Teaching Diploma or DC
matriculation.

No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: 200b800f

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  4 credits 2S University lecturers

Abstract The seminar will provide theoretical and applied knowledge in the construction of psychological questionnaires. The students will construct,
translate, and adapt instruments from different areas. Afterwards, data on these instruments will be gathered in an online survey. The
survey will be analyzed (under the guidance of the seminar leaders) and presented in a scientific report. 

Objective The learning outcomes are:
- Acquiring theoretical and applied knowledge in the construction, translation, and adaption of psychological instruments
- Conducting online surveys and statistical analyses
- Becoming more familiar with relevant statistical procedures (e.g., factor analysis, reliability, correlation, and regression analyses)
- Estimating and evaluating the psychometric properties of instruments
- Scientific description and communication of the results (using APA-style)

Content Die Lehrveranstaltung soll Studierenden theoretische und praktische Kenntnisse in der Konstruktion von Fragebogen vermitteln. Es werden
Instrumente aus verschiedenen Bereichen durch die Studierenden konstruiert, übersetzt und adaptiert. Danach erfolgt eine Online-
Erhebung dieser Instrumente, die anschliessend unter Anleitung ausgewertet und in einem wissenschaftlichen Bericht präsentiert wird.

Lecture notes Alle Unterlagen werden im OLAT-Kurs zur Verfügung gestellt
Voraussetzung für die Teilnahme ist ein eigener Laptop mit einem Statistikprogramm (z.B. SPSS) und einem Office-Paket.

Literature Alle Unterlagen werden zur Verfügung gestellt.
Prerequisites /
notice

Der Leistungsnachweis besteht aus einem schriftlichen Leistungsnachweis, der benotet wird, ausserdem werden die unten genannten
Aspekte von aktiver Teilnahme für das Bestehen des Moduls vorausgesetzt. Der schriftliche Leistungsnachweis besteht aus einem
wissenschaftlichen Bericht zur psychometrischen Prüfung einer im Rahmen des Seminars selbst adaptierten, konstruierten oder
übersetzten Skala. Die aktive Teilnahme besteht aus Vorbereitung auf die Sitzungen, Rekrutierung von Teilnehmenden für die
gemeinsame Datenerhebung, zwei kurzen Präsentationen zur praktischen Aufgabe sowie aktiver Teilnahme am Seminar.

Voraussetzung für die Teilnahme ist ein eigener Laptop mit einem Statistikprogramm (z.B. SPSS) und einem Office-Paket.

 Follow-up Qualification for Approvement of the Teaching Certificate
Number Title Type ECTS Hours Lecturers

851-0240-23L Follow Up Course TC
Enrolment only possible for students who enrolled for the
"Teachung Certificate" (in a non-college Discipline")
before Atumn Semester 2011 and who passed all courses
needed of this study program.

W 2 credits 1V G. Kaufmann

Abstract The follow-up qualification of the Teaching Certificate (TC) includes vocational education required by the "Berufsbildungsverantwortliche
des Staatssekretariats für Bildung, Forschung und Innovation" (SBFI). Students who enrolled for the Teaching Certificate before Fall
semester 2011 and who passed all courses of this study program, are allowed to work in schools specialized on vocational educatio

Objective - Understanding how the Swiss school system will impact classroom practice in vocational education. 
- Learning to systematically categorize professions and to draw consequences from this categorization for curricula and classroom practice
in vocational education.
- Learning to use documents for classification of professions. 
- Evaluating the importance of the Swiss dual vocational education system in the light of educational and economic perspectives.
- Learning how to consider the most important aspects of the Swiss dual educational system for classroom practice.

 Educational Science Teaching Diploma
Number Title Type ECTS Hours Lecturers

851-0240-01L Designing Learning Environments for School  (EW2
TD)
Prerequisites: successful participation in 851-0240-00L
"Human Learning (EW1)".

Adresses to students enrolled either in Teaching Diploma*
(TD) or Teaching Certificate (TC) in Computer Science,
Mathematics or Physics.
*Except for students of Sport Teaching Diploma, who
complete the sport-specific course unit EW2.

O 3 credits 2V E. Stern, P. Greutmann, J. Maue
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Abstract Teaching is a complex skill. The lecture comprises (a) presentations about the theoretical background of this skill, (b) discussions of
practical aspects, and (c) practical exercises.

Objective The participants have the conceptual und procedural knowledge, and skills necessary for long-term planning, preparing, and implementing
good lessons. They can apply this knowledge on different topics of their scientific STEM-background.

Content We discuss characteristics of successful lessons and how to design such lessons by using curricula and lesson plans, teaching goals and a
variety of teaching methods.

Lecture notes The lecture comprises interactive parts where the participants  elaborate and extend their knowledge and skills. Thus, there is no
comprehensive written documentation of the lecture. The participants can download presentation slides, learning materials, and templates
from "Moodle".

Literature The necessary literature can be downloaded from "Moodle".
Prerequisites /
notice

The lecture EW2 can only be attended by students who already successfully completed the lecture Human Learning (EW1).
There will be two independent lectures for different groups of students. You will get further information in an email at the beginning of the
semester.
To get the Credits you have to
- regularly attend to the lecture
- have the grade 4 or higher in the final written exam.

851-0240-24L Designing Learning Environments for Schools (EW2
LD) - Portfolio
- Enrolment only possible with simultaneous enrolment in
course 851-0240-01L Designing Learning Environments
for School (EW2 LD)!

- Prerequisites: successful participation in 851-0240-00L
"Human Learning (EW1)".

- Adresses to students enrolled either in Teaching
Diploma* (TD) or Teaching Certificate (TC) in Computer
Science, Mathematics or Physics.
*Except for students of Sport Teaching Diploma, who
complete the sport-specific course unit EW2. 

O 1 credit 2U P. Greutmann, J. Maue

Abstract In this lecture, you design a portfolio, i.e. a complete and elaborated teaching enviroment for schools, based on your scientific STEM-
background

Objective This lecture is an implementation and transfer of the theoretical inputs provided by the lecture "Designing Learning Environments for
School" (EW2).

851-0238-01L Support and Diagnosis of Knowledge Acquisition
Processes (EW3)
Enrolment only possible with matriculation in Teaching
Diploma (except for students of Sport Teaching Diploma,
who complete the sport-specific course unit EW3) and for
students who intend to enrol in the "Teaching Diploma"

Prerequisites: successful participation in 851-0240-00L
"Human Learning (EW1)".

O 3 credits 3S P. Edelsbrunner, J. Maue,
C. M. Thurn

Abstract In this seminar students learn advanced techniques to support and to diagnose knowledge acquisition processes in school.
Objective The main goals are:

(1) You have a deep understanding about the cognitive mechanisms of knowledge acquisition.
(2) You have a basic understanding about psychological test theory and can appropriately administer tests.
(3) You know various techniques of formative assessment and can apply these to uncover students' misconceptions.

851-0242-01L Coping with Psychosocial Demands of Teaching
(EW4)
Enrolment possible with Teaching Diploma matriculation,
except for students of Sport Teaching Diploma, who
complete the sport-specific course unit EW4.

O 3 credits 3S P. Greutmann, U. Markwalder,
S. Peteranderl

Abstract In this class, students will learn concepts and skills for coping with psychosocial demands of teaching
Objective Students possess theoretical knowledge and practical competences to be able to cope with the psychosocial demands of teaching. 

(1) They know the basic rules of negotiation and conflict management (e.g., mediation) and can apply them in the school context (e.g.,  in
conversations with parents). 
(2) They can apply diverse techniques of classroom management (e.g., prevention of disciplinary problems in the classroom) and know
relevant authorities for further information (e.g., legal conditions). 
(3) They know stress coping strategies to prevent burnout and are familiar with relevant institutions (e.g., psychosocial support).

Content Major themes
- negotiation 
- conflict management and mediation
- classroom management 
- preventing stress and burnout

Forms of learning
Theoretical foundations will be taught in workshops which contain different means of activation and interaction such as group work, panel
discussions, and individual work. Subsequently, this knowledge will be transfered and applied in different school-relevant situations by
means of role plays, discussing of cases and video sequences, as well as reflections of practical experiences.

Lecture notes Kein Skript
Literature Verschiedenen Grundlagen- und Anwendungstexte werden den Studierenden zur Verfügung gestellt (Moodle).
Prerequisites /
notice

Der erfolgreiche Abschluss von EW1 und EW2 stellt eine wünschenswerte, jedoch nicht obligatorische Voraussetzung dar.

851-0240-19L Effective Learning Environments (EW 5)
The successful completion of ALL modules relevant for
the teacher's diploma is required for participation in this
course.

W 1 credit E. Stern

Abstract The students have to read the book "Lernwirksam unterrichten" from Felten/Stern and they have to answer questions. In individual or
small-group sessions will be discussed how insights from learning research can inform classroom practice.
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Objective The focus of all classes on educational psychology is on scientific insights which help to reflect on instructional learning. In order to become
professionals, teachers have to better understand students' behavior and achievement and thereby become aware of their scope of
classroom practice. Students get a final opportunity to ask questions about psychological learning research.

Literature Book "Lernwirksam unterrichten" (Felten/Stern)
Prerequisites /
notice

Detailed information: http://www.ifvll.ethz.ch/studium/lehre/ew-5.html

851-0238-02L Support and Diagnosis of Skills Acquisition
Processes in Physical Education (EW3 Sport)
Enrolment only possible with matriculation in Teaching
Diploma Sport.

Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".

O 4 credits 2S H. Gubelmann

Abstract In this seminar students learn advanced techniques to support and to diagnose motor skill acquisition processes in physical education
(sport). Students will also be introduced practically to specific psychomotor techniques and self-regulation strategies.

Objective The students have a deep understanding about the psychological aspects of motor skill acquisition and know how to support and to
diagnose motor learning processes in physical education classes. 
They know how to transform evidence-based knowledge on motor learning into physical education by using appropriate teaching methods.

851-0242-02L Outdoor Education: Concepts and Practice (EW4
Sport)
Enrolment only possible with matriculation in Teaching
Diploma Sport.

Prerequisites: Designing Educational Environments in
Physical Education (EW2 Sport) (851-0240-15L).

O 3 credits 3S H. Gubelmann, R. Scharpf

Abstract In this course we introduce and discuss concepts of leadership in outdoor education and put them into practice in various outdoor situations
and events.

Objective Students
Know basic strategies of class management in outdoor situations
Know concepts and ideas of outdoor education
Know how to plan, organize and arrange outdoor projects

Content Major themes
Important concepts for outdoor education in school
Different strategies in leadership
Conflict and risk management
Development and presentation of own outdoor projects

The outdoor weekend is the core part of this course. Various meetings prior to the weekend and one closing session with presentations are
being held.

Lecture notes no script
Literature Various important papers are provided
Prerequisites /
notice

Visit of EW1 and EW2 beforehand are recommended, but not compulsory

For food and material a contribution will be charged. The amount depends on the planning work of the students

851-0240-20L The Concept of "Flow" and Its Significance for
Physical Education in Schools
Number of participants limited to 20

Enrolment only possible with matriculation in Teaching
Diploma Sport.

W 2 credits 1S H. Gubelmann

Abstract The flow concept (Csikszentmihalyi 1975) offers an interesting framework model for motivating, expermental and productive classes in
physical education. During the course, selected aspects (including flow experiences, motivation, attention control, feedback) are discussed
and transformed into a self-conducted “flow-experience-projekt” closely linked to the students indivdual learning background

Objective Participants gain in-depth insight into the flow concept and other constructs related to the theory of motivation (self-determination theory
according to Deci & Ryan, achievement motivation, etc.) that are also significant in terms of differential psychology (self-efficacy, attribution,
etc.). In line with current experimental research in sport (deliberate practice vs. deliberate play, intuitive vs. deliberate decisions, etc.),
students develop practical examples for specific exercises in physical education at school.

851-0242-03L Introduction to General Pedagogy
Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate.

Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".

W 2 credits 2G L. Haag

Abstract The basics of educational science and the field of activity of the school are conveyed in as much as they are of relevance to the field of
activity of the teachers. Basic knowledge is taught methodically by the lecturers which is further deepened by the reading of selected texts
and corresponding work assignments in individual and small groups.

Objective 1. Basics of educational science
1.1 Historical survey of education and school
1.2 Fundamental educational terms
- Education as field of activity of the school
- Education at school
- Socialization
2. Field of activity of the school
2.1 Theory of school
- Theory of school
- Curriculum theory
- School development
2.2 Theory of instruction
- Didactic analysis
- Principles of learning
- Handling of heterogeneity

851-0242-05L How to Develop and to Implement Teaching Projects W 2 credits 2S H. Gubelmann, S. Peteranderl
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in Outdoor Education
Number of participants limited to 25.

Enrolment possible with Teaching Diploma matriculation,
except for Teaching Diploma Sport.

Abstract Topics in natural Science are frequently tought outside the classroom.
 Along the River Reuss, students develop outdoor teaching-projects in their subjects and  combine them with other subjects. 
We also give instruction on principles of organisation of outdoor projects and leadership in school: Students are involved in the practical
realization of the camp and programme alongside the Reuss.

Objective Students learn to implement their theoretical background of their subject  in practical outdoor-projects that are specifically designed for
school.

Content Topics in natural Science are frequently tought outside the classroom.
This course has an interdisciplinary approach: Along the River Reuss, students develop outdoor teaching-projects in their subjects and
combine them with other subjects. 
We also give instruction on principles of organisation of outdoor projects and leadership in school: Students are involved in the practical
realization of the camp and programme alongside the Reuss.

Lecture notes No Script
Prerequisites /
notice

Maximum of Participants 25, open for all Subjects except Sports

851-0242-06L Cognitively Activating Instructions in MINT Subjects
Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

This course unit can only be enroled after successful
participation in, or during enrolment in the course 851-
0240-00L "Human Learning (EW 1)".

W 2 credits 2S R. Schumacher

Abstract This seminar focuses on teaching units in chemistry, physics and mathematics that have been developed at the MINT Learning Center of
the ETH Zurich. In the first meeting, the mission of the MINT Learning Center will be communicated. Furthermore, in groups of two, the
students will intensively work on, refine and optimize a teaching unit following a goal set in advance.

Objective - Get to know cognitively activating instructions in MINT subjects
- Get information about recent literature on learning and instruction

Prerequisites /
notice

Für eine reibungslose Semesterplanung wird um frühe Anmeldung und persönliches Erscheinen zum ersten Lehrveranstaltungstermin
ersucht.

851-0229-00L Using Outdoor Education
Number of participants limited to 40.

Enrolment only possible with matriculation in Teaching
Diploma Biology and Geography.

W  1 credit 1S R. Schumacher, P. Faller, E. Stern

Abstract In this seminar, future teachers will be trained to prepare and conduct excursions to out-of-school learning venues. For this purpose,
excursions are offered at the Swiss Federal Institute for Forest, Snow and Landscape Research (WSL) in Birmensdorf.

Objective Future teachers will learn to prepare and conduct excursions to out-of-school learning venues.
Content Excursions at the Swiss Federal Institute for Forest, Snow and Landscape Research (WSL) in Birmensdorf:

- Dendrochronology: What annual rings tell
- Photosynthesis/Climate change: The tracks in the forest
- Forest Soil: The soil in the focus of the climate

851-0242-07L Human Intelligence
Number of participants limited to 30.

Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

This course unit can only be enroled after successful
participation in, or imultaneous enrolment in the course
851-0240-00L "Human Learning (EW 1)" .

W 1 credit 1S E. Stern

Abstract The focus will be on the book "Intelligenz: Grosse Unterschiede und ihre Folgen" by Stern and Neubauer. Participation at the first meeting
is obligatory. It is required that all participants read the complete book. Furthermore, in two meetings of 90 minutes, concept papers
developed in small groups (5 - 10 students) will be discussed.

Objective - Understanding of research methods used in the empirical human sciences
- Getting to know intelligence tests
- Understanding  findings relevant for education

851-0242-08L Research Methods in Educational Science
Number of participants limited to 30.

This course unit can only be enroled after successful
participation in, or imultaneous enrolment in the course
851-0240-00L "Human Learning (EW 1)" .

W 1 credit 1S P. Edelsbrunner, T. Braas,
C. M. Thurn

Abstract Literature from learning sciences will be read and discussed. Research methods will be in focus.
At the first meeting all participants will be allocated to working groups and two further meetings will be set up with the groups.
In the small groups students will write critical short essays about the read literature. The essays will be presented and discussed in the
plenum at the third meeting.

Objective - Understand research methods used in the empirical educational sciences
- Understand and critically examine information from scientific journals and media
- Understand pedagogically relevant findings from the empirical educational sciences

851-0242-11L Gender Issues In Education and STEM
Number of participants limited to 20.

Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).


W 2 credits 2S M. Berkowitz Biran, T. Braas,
C. M. Thurn
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Prerequisite: students should be taking the course 851-
0240-00L Human Learning (EW1) in parallel, or to have
successfully completed it.

Abstract In this seminar, we introduce some of the major gender-related  issues in the context of education and science learning, such as the under-
representation of girls and women in science, technology, engineering and mathematics (STEM). Different perspectives, controversies and
empirical evidence will be discussed.

Objective - To familiarize students with gender issues in the educational and STEM contexts and with controversies regarding these issues.
- To develop a critical view on existing perspectives. 
- To integrate this knowledge with teacher's work.

Content Why do fewer women than men specialize in STEM (science, technology, engineering and mathematics)? Are girls better in language and
boys better in math? These and other questions about gender differences relevant to education and STEM learning have been occupying
researchers for decades. In this seminar, students will learn about major gender issues in the educational context and the different
perspectives for understanding them. 

Students will read and critically discuss selected publications on these topics and their implications for the classroom context. There will be
weekly (or bi-weekly) assignments as well as a final project in which students will integrate and elaborate on the topics learned in the
seminar.

Prerequisites /
notice

Recommended: Completion of the course 851-0240-00L Human Learning (EW1).

Active participation in the seminar.

851-0240-18L Designing Learning Environments for School (EW2
TD)
Prerequisites: successful participation in 851-0240-00L
"Human Learning (EW1)".

Adresses to students enrolled either in Teaching Diploma*
(TD) or Teaching Certificate (TC) in Computer Science,
Mathematics or Physics.
*Except for students of Sport Teaching Diploma, who
complete the sport-specific course unit EW2.

O 3 credits 2V E. Stern, P. Greutmann, J. Maue

Abstract Teaching is a complex skill. The lecture comprises (a) presentations about the theoretical background of this skill, (b) discussions of
practical aspects, and (c) practical exercises.

Objective The participants have the conceptual und procedural knowledge, and skills necessary for long-term planning, preparing, and implementing
good lessons. They can apply this knowledge on different topics of their scientific STEM-background.

Content We discuss characteristics of successful lessons and how to design such lessons by using curricula and lesson plans, teaching goals and a
variety of teaching methods.

Lecture notes The lecture comprises interactive parts where the participants  elaborate and extend their knowledge and skills. Thus, there is no
comprehensive written documentation of the lecture. The participants can download presentation slides, learning materials, and templates
from "Moodle".

Literature The necessary literature can be downloaded from "Moodle".
Prerequisites /
notice

The lecture EW2 can only be attended by students who already successfully completed the lecture Human Learning (EW1).
There will be two independent lectures for different groups of students. You will get further information in an email at the beginning of the
semester.
To get the Credits you have to
- regularly attend to the lecture
- have the grade 4 or higher in the final written exam.

 Compulsory Elective Courses Teaching Diploma
Number Title Type ECTS Hours Lecturers

851-0236-01L Introduction to Vocational Pedagogy, Part 1
(University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: 222BP1

Enrolment only possible with Teaching Diploma
matriculation. 
Simultaneous enrolment in course "Introduction to
Vocational Pedagogy, Part 2" (UZH Module Code:
222BP2) is compulsory.

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html
("Registering for studies at more than one university,
Teaching diploma", Philosophische Fakultät)

W 2 credits 2V University lecturers

Abstract Vocational education, i.e. vocational and economic education, is a sub-discipline of educational science which deals with the integration of
young people in the world of work. The lectures cover the conditions associated with its historical development, concepts and models, and
also more recent research results.

Objective Participants learn about vocational education in the form of theory and the research field of vocational training. Alongside the structure of
the Swiss system, they are also shown the problems associated with learning, education and lifelong learning in prior, initial and continuing
vocational education.
Students acquire information on the legal, advisory and school environments that is of relevance for the planning and delivery of tuition at
vocational schools (Berufsfachschulen).
The discussion of current research issues puts participants in a position to deal with the topics of research into vocational training and to
reflect on its significance for conducting their teaching.
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Content Thematische Schwerpunkte
    Entstehung, Bedeutung und zentrale Begriffe der Berufs- und Wirtschaftspädagogik
    Das Schweizerische Berufsbildungssystem
    Berufsbildung im Kontext des Bildungssystems
    Berufsbildung und Allgemeinbildung 
    Lernende Gesellschaft und lebenslanges Lernen
    Berufspädagogische Klassiker
    Berufspädagogische Utopien
    Berufsbildungsforschung: Kompetenzen, lernende Organisation
    Qualität in der Berufsbildung 

Lernformen
Die grundlegenden Inhalte werden in Form einer Vorlesung präsentiert. Die Studierenden vertiefen die dargestellten Inhalte durch Einzel-
oder Gruppenarbeit, Kurzdokumentationen und Diskussionen im Plenum.

Lecture notes Die Folien werden auf OLAT zur Verfügung gestellt.
Literature Arnold, R. / Gonon, Ph.: Einführung in die Berufspädagogik. Opladen: Budrich 2006.


Wettstein, E. / Gonon, Ph.: Die Berufsbildung in der Schweiz. Bern: hep Verlag 2009.

Prerequisites /
notice

Veranstaltung muss mit der "Einführung in die Berufspädagogik, Teil 2 / Berufliche Bildung: Aktuelle Themen und Ansätze" belegt werden

851-0236-02L Introduction to Vocational Pedagogy, Part 2
(University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: 222BP2

Enrolment only possible with Teaching Diploma
matriculation. 
Simultaneous enrolment in course "Introduction to
Vocational Pedagogy, Part 1" (UZH Module Code:
222BP1) is compulsory.

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html
("Registering for studies at more than one university,
Teaching Diploma", Philosophische Fakultät)

W 2 credits 2V University lecturers

Abstract This module focuses on the Swiss system of vocational education with the tuition locations of school, company and a third location (e.g.
intercompany learning centres). Alongside alternative forms of vocational education, the Swiss dual system features at the centre of the
module. Going beyond the fundamentals, current approaches, developments and endeavours to achieve a reform are covered.

Objective Participants gain a picture of the structure of the Swiss system of prior, initial and further vocational training. They get to know different
locations at which vocational training takes place (companies, vocational schools and alternative forms, such as apprenticeship
workshops). Students acquire information on the structure of the Swiss dual system and on current endeavours to achieve reform. A link to
the situation in practice is achieved through excursions and discussions with teachers and pupils. This ensures that students acquire a
fundamental understanding of the entire field of vocational training that is of relevance for teaching at vocational schools. The discussion of
current research issues puts students in a position to look into vocational education research topics and to reflect on their relevance for
their teaching.

Content Thematische Schwerpunkte
 Struktur der beruflichen Grundbildung
 Lernorte: Berufsfachschule, Betrieb und dritter Lernort, sowie   
   Lernortkooperation
 Berufsmittelschule, Berufsmaturität
 Berufsbildung auf der Tertiärstufe
 Berufsbildung für jugendliche mit speziellen Bedürfnissen
 Recht und Vollzug in der Berufsbildung
 Gender in der Berufsbildung¨
 Übergangsprozesse zwischen Schule und Arbeitswelt
 Organisationen der Arbeitswelt

Lernformen
Die grundlegenden Inhalte werden in Form einer Vorlesung präsentiert. Die Studierenden vertiefen die dargestellten Inhalte durch Einzel-
oder Gruppenarbeit, Präsentationen und Diskussionen im Plenum.

Lecture notes Folien, so wie weiterführende Informationen werden zur Verfügung gestellt.
Literature  Bundesamt für Berufsbildung und Technologie BBT: Berufsbildung in 

   der Schweiz 2011  Fakten und Zahlen. Bern: BBT 2011.
 Dubs, Rolf: Gutachten zu Fragen der schweizerischen Berufsbildung. 
   Bern: hep Verlag 2005. 
 Deutschschweizerische Berufsbildungsämter-Konferenz: 
   Dokumentation Berufsbildung. http://doku.dbk.ch/de/index.php 
 Deutschschweizerische Berufsbildungsämter-Konferenz: Lexikon der 
   Berufsbildung. http://lex.dbk.ch/ 
 Wettstein, Emil / Gonon, Philipp: Berufsbildung in der Schweiz. 
   Bern: hep Verlag 2009.

Prerequisites /
notice

Veranstaltung muss mit der "Einführung in die Berufspädagogik, Teil 1" belegt werden.

851-0237-01L Vocational Schools as Sites of Teaching and Learning
1: Teaching Structure (University of Zürich)
Enrolment only possible with Teaching Diploma
matriculation.

No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: 090LLB1 (ATTENTION: Students of
Sport Teaching Diploma enroll in course 090LLB1S, which
takes place only in autumn semester).

W 3 credits 2S University lecturers
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Simultaneous enrolment in course "Lehr- und Lernort
Berufsfachschule, Teil 2: Förderung und Unterstützung
von Lernenden" (UZH Module Code: 090LLB2) is
compulsory.

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html
("Registering for studies at more than one university,
Teaching Diplom", Philosophische Fakultät)

Abstract "The Vocational Schools as Sites of Teaching and Learning  - Teaching Structure" sets out and discusses how to implement the
specifications in the framework curriculum. This module is aimed at teachers in high schools awarding vocational school-leaving certificates
(Berufsmatura) and all types of vocational schools. It also covers the link established with the company as a learning location.

Objective - Formulating learning objectives at different levels, and implementing and monitoring these.
- Steering tuition in terms of content and method to fit in with the objectives.
- Formulating examination questions and assignments on the basis of the learning objectives set out in the curriculum and the teaching
given. 
- Selectively deploying different examination types and procedures/structuring selected learning contents logically in terms of the subject
matter and learning process (from the concrete to the abstract, from the simple to the complex) and implementing these with different
didactic visual aids. 

Content In der Veranstaltung werden die Rahmen- und Schullehrpläne der Berufsmaturität (alle Richtungen) analysiert und deren Fachinhalt in
Übungen und Hospitationen didaktisch umgesetzt. Der Unterricht an der Berufsmaturität wird im Hinblick auf die Herausforderung "Viel
Stoff-wenig Zeit" erarbeitet.

Lecture notes Von den Dozierenden.
Literature Unterrichten an Berufsfachschulen: Berufsmaturität. hep Verlag Bern


M. Lehner (2006): Viel Stoff - wenig Zeit. Haupt

G. Steiner (2207): Der Kick zum effizienten Lernen. hep Verlag

Rahmen- und Schullehrpläne der Berufsmaturität

Prerequisites /
notice

Die Lehrveranstaltung ist seit September 2008 vom Bundesamt für  Berufsbildung und Technologie akkreditiert.

851-0237-02L Vocational Schools as Sites of Teaching and Learning
2: Providing Encouragement & Support (UZH)
Enrolment only possible with Teaching Diploma
matriculation.

No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: 090LLB2

Simultaneous enrolment in course "Lehr- und Lernort
Berufsfachschule, Teil 1: Unterrichtsgestaltung"  (UZH
Module Code: 090LLB1) is compulsory.

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html
("Registering for studies at more than one university,
Teaching Diploma", Philosophische Fakultät)

W 3 credits 2S University lecturers

Abstract The module "vocational schools as sites of teaching and learning: providing encouragement and support for apprentices" aims to provide
teachers at VET and professional baccalaureate institutions with ways of dealing with learners problems, particularly in connection with
their being fed up with school, with job-seeking, school-to-work transition, or continuing education.

Objective - To be able to perceive the special situation of the vocational learners in their double burden of occupation and school and to take it into
account pedagogically. 
- Know the transfer topic with regard to performance motivation. Be able to deal with conflicts, disorders and generally difficult situations in
BM lessons in a solution-oriented way.
- Know the forms of company learning and make them usable for teaching.
- Diagnose crisis developments and take supportive measures.
- Know the essential aspects of a support-oriented teaching management.
- Finding role security as a teacher and defining its limits.
- Gain insights into the concrete training situation of vocational learners.

Content - Positionierung des Berufsfachschulunterrichts innerhalb des dualen (trialen) Systems.
- Berufsmaturität: Entwicklung von Kernkompetenzen für die Wirtschaft?
- "Verakademisierung" der Berufsbildung?
- Lernenden-Porträt: Die Umwelten des  Berufslernenden -  Entwicklungschancen und Problembereiche im Zusammenhang mit der
Ausbildungssituation.
- Sozialisations- und Lernprozesse im beruflichen Umfeld / Führungsverständnis im Umgang mit Jugendlichen an Berufsfachschulen.
- Konfliktmanagement I: Wahrnehmungsinstrumente und Interventionsstrategien, Konfliktprävention und niederschwelliges
Konfliktmanagement.
- Konfliktmanagement II: Der ressourcenorientierte Ansatz im Umgang mit Störungen.
- Das lösungsorientierte Konfliktgespräch in schulischen Kontext / Beratung und Coaching: Beratungssituationen im Kontext des
Unterrichtsalltags.
- Rollenverständnis und Rollengrenzen.
- Berufslernendengerechtes Unterrichtsmanagement.
- Mobbing in der Schule.
- Konzepte und Praxis der betrieblichen Betreuung und Förderung.
- Jugendkriminalität und Jugendgewalt.
- Jugendkrisen und Krisenintervention.

Lecture notes Handouts vom Dozenten und Sammlung von Arbeitsmaterialien auf dem BSCW-Server.
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Literature Schäfer Ch. (2006). Wege zur Lösung von Unterrichtsstörungen. Baltmannsweiler. Schneider.
Hasselhorn, M. (2006). Pädagogische Psychologie. Stuttgart. Kohlhammer.
Fend. H. (2008). Schule gestalten. Wiesbaden. VS Verlag.
Meyer R. (2009) Soft Skills fördern. Bern. hep. 
Flammer, A. (2002). Entwicklungspsychologie der Adoleszenz. Bern. Huber.
Rebmann K. (2008) Betriebliches Lernen. München. Reiner Hampp.
Mietzel G. (2007). Pädagogische Psychologie des Lehrens und Lernens. Göttingen. Hogrefe.
Dubs R. (2009) Lehrerverhalten. Zürich. Verlag SKV. 

Prerequisites /
notice

Die Lehrveranstaltung ist seit September 2008 vom Bundesamt für  Berufsbildung und Technologie akkreditiert.

851-0240-03L Introduction to Test Theory and Test Construction in
Educational Contexts (University of Zürich)
Does not take place this semester.
Enrolment only possible with Teaching Diploma or DC
matriculation.

No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: 200b800f

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  4 credits 2S University lecturers

Abstract The seminar will provide theoretical and applied knowledge in the construction of psychological questionnaires. The students will construct,
translate, and adapt instruments from different areas. Afterwards, data on these instruments will be gathered in an online survey. The
survey will be analyzed (under the guidance of the seminar leaders) and presented in a scientific report. 

Objective The learning outcomes are:
- Acquiring theoretical and applied knowledge in the construction, translation, and adaption of psychological instruments
- Conducting online surveys and statistical analyses
- Becoming more familiar with relevant statistical procedures (e.g., factor analysis, reliability, correlation, and regression analyses)
- Estimating and evaluating the psychometric properties of instruments
- Scientific description and communication of the results (using APA-style)

Content Die Lehrveranstaltung soll Studierenden theoretische und praktische Kenntnisse in der Konstruktion von Fragebogen vermitteln. Es werden
Instrumente aus verschiedenen Bereichen durch die Studierenden konstruiert, übersetzt und adaptiert. Danach erfolgt eine Online-
Erhebung dieser Instrumente, die anschliessend unter Anleitung ausgewertet und in einem wissenschaftlichen Bericht präsentiert wird.

Lecture notes Alle Unterlagen werden im OLAT-Kurs zur Verfügung gestellt
Voraussetzung für die Teilnahme ist ein eigener Laptop mit einem Statistikprogramm (z.B. SPSS) und einem Office-Paket.

Literature Alle Unterlagen werden zur Verfügung gestellt.
Prerequisites /
notice

Der Leistungsnachweis besteht aus einem schriftlichen Leistungsnachweis, der benotet wird, ausserdem werden die unten genannten
Aspekte von aktiver Teilnahme für das Bestehen des Moduls vorausgesetzt. Der schriftliche Leistungsnachweis besteht aus einem
wissenschaftlichen Bericht zur psychometrischen Prüfung einer im Rahmen des Seminars selbst adaptierten, konstruierten oder
übersetzten Skala. Die aktive Teilnahme besteht aus Vorbereitung auf die Sitzungen, Rekrutierung von Teilnehmenden für die
gemeinsame Datenerhebung, zwei kurzen Präsentationen zur praktischen Aufgabe sowie aktiver Teilnahme am Seminar.

Voraussetzung für die Teilnahme ist ein eigener Laptop mit einem Statistikprogramm (z.B. SPSS) und einem Office-Paket.

851-0242-03L Introduction to General Pedagogy
Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate.

Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".

W 2 credits 2G L. Haag

Abstract The basics of educational science and the field of activity of the school are conveyed in as much as they are of relevance to the field of
activity of the teachers. Basic knowledge is taught methodically by the lecturers which is further deepened by the reading of selected texts
and corresponding work assignments in individual and small groups.

Objective 1. Basics of educational science
1.1 Historical survey of education and school
1.2 Fundamental educational terms
- Education as field of activity of the school
- Education at school
- Socialization
2. Field of activity of the school
2.1 Theory of school
- Theory of school
- Curriculum theory
- School development
2.2 Theory of instruction
- Didactic analysis
- Principles of learning
- Handling of heterogeneity

851-0242-05L How to Develop and to Implement Teaching Projects
in Outdoor Education
Number of participants limited to 25.

Enrolment possible with Teaching Diploma matriculation,
except for Teaching Diploma Sport.

W 2 credits 2S H. Gubelmann, S. Peteranderl

Abstract Topics in natural Science are frequently tought outside the classroom.
 Along the River Reuss, students develop outdoor teaching-projects in their subjects and  combine them with other subjects. 
We also give instruction on principles of organisation of outdoor projects and leadership in school: Students are involved in the practical
realization of the camp and programme alongside the Reuss.

Objective Students learn to implement their theoretical background of their subject  in practical outdoor-projects that are specifically designed for
school.
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Content Topics in natural Science are frequently tought outside the classroom.
This course has an interdisciplinary approach: Along the River Reuss, students develop outdoor teaching-projects in their subjects and
combine them with other subjects. 
We also give instruction on principles of organisation of outdoor projects and leadership in school: Students are involved in the practical
realization of the camp and programme alongside the Reuss.

Lecture notes No Script
Prerequisites /
notice

Maximum of Participants 25, open for all Subjects except Sports

851-0242-06L Cognitively Activating Instructions in MINT Subjects
Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

This course unit can only be enroled after successful
participation in, or during enrolment in the course 851-
0240-00L "Human Learning (EW 1)".

W  2 credits 2S R. Schumacher

Abstract This seminar focuses on teaching units in chemistry, physics and mathematics that have been developed at the MINT Learning Center of
the ETH Zurich. In the first meeting, the mission of the MINT Learning Center will be communicated. Furthermore, in groups of two, the
students will intensively work on, refine and optimize a teaching unit following a goal set in advance.

Objective - Get to know cognitively activating instructions in MINT subjects
- Get information about recent literature on learning and instruction

Prerequisites /
notice

Für eine reibungslose Semesterplanung wird um frühe Anmeldung und persönliches Erscheinen zum ersten Lehrveranstaltungstermin
ersucht.

851-0229-00L Using Outdoor Education
Number of participants limited to 40.

Enrolment only possible with matriculation in Teaching
Diploma Biology and Geography.

W  1 credit 1S R. Schumacher, P. Faller, E. Stern

Abstract In this seminar, future teachers will be trained to prepare and conduct excursions to out-of-school learning venues. For this purpose,
excursions are offered at the Swiss Federal Institute for Forest, Snow and Landscape Research (WSL) in Birmensdorf.

Objective Future teachers will learn to prepare and conduct excursions to out-of-school learning venues.
Content Excursions at the Swiss Federal Institute for Forest, Snow and Landscape Research (WSL) in Birmensdorf:

- Dendrochronology: What annual rings tell
- Photosynthesis/Climate change: The tracks in the forest
- Forest Soil: The soil in the focus of the climate

851-0242-07L Human Intelligence
Number of participants limited to 30.

Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

This course unit can only be enroled after successful
participation in, or imultaneous enrolment in the course
851-0240-00L "Human Learning (EW 1)" .

W  1 credit 1S E. Stern

Abstract The focus will be on the book "Intelligenz: Grosse Unterschiede und ihre Folgen" by Stern and Neubauer. Participation at the first meeting
is obligatory. It is required that all participants read the complete book. Furthermore, in two meetings of 90 minutes, concept papers
developed in small groups (5 - 10 students) will be discussed.

Objective - Understanding of research methods used in the empirical human sciences
- Getting to know intelligence tests
- Understanding  findings relevant for education

851-0242-08L Research Methods in Educational Science
Number of participants limited to 30.

This course unit can only be enroled after successful
participation in, or imultaneous enrolment in the course
851-0240-00L "Human Learning (EW 1)" .

W  1 credit 1S P. Edelsbrunner, T. Braas,
C. M. Thurn

Abstract Literature from learning sciences will be read and discussed. Research methods will be in focus.
At the first meeting all participants will be allocated to working groups and two further meetings will be set up with the groups.
In the small groups students will write critical short essays about the read literature. The essays will be presented and discussed in the
plenum at the third meeting.

Objective - Understand research methods used in the empirical educational sciences
- Understand and critically examine information from scientific journals and media
- Understand pedagogically relevant findings from the empirical educational sciences

851-0242-11L Gender Issues In Education and STEM
Number of participants limited to 20.

Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

Prerequisite: students should be taking the course 851-
0240-00L Human Learning (EW1) in parallel, or to have
successfully completed it.

W 2 credits 2S M. Berkowitz Biran, T. Braas,
C. M. Thurn

Abstract In this seminar, we introduce some of the major gender-related  issues in the context of education and science learning, such as the under-
representation of girls and women in science, technology, engineering and mathematics (STEM). Different perspectives, controversies and
empirical evidence will be discussed.

Objective - To familiarize students with gender issues in the educational and STEM contexts and with controversies regarding these issues.
- To develop a critical view on existing perspectives. 
- To integrate this knowledge with teacher's work.
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Content Why do fewer women than men specialize in STEM (science, technology, engineering and mathematics)? Are girls better in language and
boys better in math? These and other questions about gender differences relevant to education and STEM learning have been occupying
researchers for decades. In this seminar, students will learn about major gender issues in the educational context and the different
perspectives for understanding them. 

Students will read and critically discuss selected publications on these topics and their implications for the classroom context. There will be
weekly (or bi-weekly) assignments as well as a final project in which students will integrate and elaborate on the topics learned in the
seminar.

Prerequisites /
notice

Recommended: Completion of the course 851-0240-00L Human Learning (EW1).

Active participation in the seminar.

851-0242-10L Science Education Didactics 1 (Universität Zürich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: 090MAF2a

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W 4 credits 2V University lecturers

Abstract Students acquire foundational knowledge about teaching scientific and sustainability-oriented concepts in formal, informal and non-formal
educational contexts. You learn to teach science concepts in a theory informed and evidence-based way along competency development
models.

Objective Students acquire foundational knowledge about teaching scientific and sustainability-oriented concepts in formal, informal and non-formal
educational contexts. You learn to teach science concepts in a theory informed and evidence-based way along competency development
models.

851-0232-00L Social Psychology of Effective Teamwork W  2 credits 2V R. Mutz
Abstract The lecture covers the main topics of social interactions in groups as a basis for effective teamwork in organisations: group; group

structure; group dynamics and performance; group analysis; examples of applications.
Objective Teamwork is of growing importance in business and administration. The aim of this lecture / exercise is to provide a scientific

understanding of social interactions in groups as a basis for effective teamwork in organisations.
Content Inhalte der Lehrveranstaltung sind:

-  Gruppe: Definition und Typen
-  Gruppenstruktur: Rollen und Führung
-  Gruppenprozesse: Konformität und Konflikte in Gruppen
-  Gruppenleistung: Leistungsvorteile von Gruppen
-  Gruppenanalyse:  Interaktionsprozessanalyse und Soziometrie 
-  Anwendungsbeispiele: Assessment-Center, teilautonome Gruppen

Lecture notes Es können Folien, die in der Vorlesung verwendet werden, im Anschluss an die Veranstaltung von einer Austauchplattform
heruntergeladen werden.

Literature Die Literatur wird in Form eines Readers mit für die Themen der Vorlesung relevanten Textauszügen aus Fachbüchern angeboten.
Prerequisites /
notice

Die Übungen dienen dazu, einzelne Themenbereiche der Vorlesung an praktischen Beispielen exemplarisch zu vertiefen.

851-0101-01L Introduction to Practical Philosophy
Particularly suitable for students of D-MAVT, D-MATL

W  3 credits 2G L. Wingert

Abstract Practical philosophy deals in a descriptive and evaluative way with the realm of the practical, that is, with action, practices, norms of action,
and values held by people and societies. Ethics and political philosophy are branches of practical philosophy. This introductory course will
treat some of the main questions and introduce students to the thinking of central figures in the field.

Objective At the end of the course, students (1) will be familiar with still highly influential answers to some of the main questions (see below, section
"contents") in practical philosophy. (2) They will be able to better evaluate how convincing these answers are. (3) Students' own thinking
concerning normative, e.g., ethical issues, will be more precise, due to a more sophisticated use of key concepts such as good, right,
morality, law, freedom, etc.

Content Ethics is an account and instruction of the good, that could be reached by conscious, intentional behaviour (=action). Ethics is an essential
part of practical philosophy. Therefore one of those central questions, which will be discussed in the course, is:

1. What is the meaning of words like "good" and "bad", used in ethical language? What is meant by "good", if one says: "Working as a
volunteer for the <Red Cross> is good"? Does one mean, that doing so is useful, or that it is altruistic, or that is fair?

Further questions, to be discussed in the course, are:

2. Are moral judgements apt to be justified, e.g. judgments like "Lower taxes for rich foreigners in the <Kanton Zug> are unjust" or "Every
person ought to be entitled to leave any religious community"? If so, how far a moral judgment's justification can reach? Is one right in
arguing: "It is possible to show the truth of the proposition (a):The emissions of nitrogen dioxide in Zurich is far beyond the permissible limit
(80 mg/m3). But it is not possible to verify the proposition (b): In our times, the inequal global distribution of wealth is far beyond the
permissible limit. Proposition (a) states an objective fact, whereas (b) expresses a mere subjective evaluation, though that evaluation might
be widely spread.

3. What are just laws, and what is the relationship between law and morality?

4. Is freedom of a person, though presupposed by criminal law and morality, nevertheless an illusion?

These questions will be partly discussed with reference to seminal authors within the western philosophical tradition (among else Plato,
Aristotle, Thomas Hobbes, David Hume, Immanuel Kant). Contemporary philosophers like Jürgen Habermas, Thomas Nagel, Ernst
Tugendhat or Bernard Williams will be included, too.
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Literature Preparatory Literature:

-Dieter Birnbacher, Analytische Einführung in die Ethik, 2. Aufl. Berlin: de Gruyter Verlag 2006.
- Simon Blackburn, Think. A Compelling Introduction to Philosophy, Oxford: University Press (=UP) 1999, chapters 3 und 8.
- Philippa Foot, <Virtues and Vices> in: diess., Virtues and Vices and Other Essays in Moral Philosophy, Oxford: UP 2002, and <Morality,
Action and Outcome>, in: dies., Moral Dilemmas and Other Topics in Moral Philosophy, Oxford: UP 2002.
- H.L.A. Hart, <Positivism and the Separation of Law and Morals, in: Harvard Law Review 71 (1958), pp. 593-629.
- Detlef Horster, Rechtsphilosophie zur Einführung, Hamburg: Junius Verlag 2002.
- Robert Kane, <Introduction: The Contours of the Contemporary Free Will Debates>, in: ders., (Hg.), The Oxford Handbook of Free Will,
Oxford 2002. 
 Thomas Nagel, The Limits of Objectivity, in:  The Tanner Lectures on Human Values 1980, Vol I., ed. Sterling McMurrin , Cambridge et al.:
UP 1980, pp. 75-139.
- Ulrich Pothast, <Einleitung> in: ders., (Hg.), Seminar: Freies Handeln und Determinismus, Frankfurt/M.: suhrkamp taschenbuch
wissenschaft 1978, pp. 7-31. 
- Bernard Williams, Morality. An Introduction to Ethics, Cambridge: UP (=Canto Series) 1976.
- Peter Winch, The Idea of a Social Science, 4.Aufl. London 1965, ch. II.

Prerequisites /
notice

The course will be a mixture of lecture and seminar. For getting credit points, essays on given or freely chosen subjects have to be written.

851-0585-14L Evaluation Research W 2 credits 2G H.-D. Daniel
Abstract The course will provide an overview on different kinds of evaluation in education, especially higher education (e. g., course evaluation,

study programme evaluation, peer review, multi-stage evaluation procedures). The course will focus on the reliability, fairness, and validity
of the different kind of evaluation procedures.

Objective To design and analyse evaluations according to scientific principles independently.

701-0701-00L Philosophy of Science W  3 credits 2V C. J. Baumberger
Abstract The lecture explores various strands in philosophy of science in a critical way, focusing on the notion of rationality in science, especially

with regards to environmental research. It addresses the significance and limits of empirical, mathematical and logical methods, as well as
problems and ethical issues raised by the use of science in society.

Objective Students learn to engage with problems in the philosophy of science and to relate them to natural and environmental sciences, thus
developing their skills in critical thinking about science and its use. They know the most important positions in philosophy of science and
the objections they face. They can identify, structure and discuss issues raised by the use of science in society.

Content 1. Core differences between classical Greek and modern conceptions of science. 
2. Classic positions in the philosophy of science in the 20th century: logical empiricism and critical rationalism (Popper); the analysis of
scientific concepts and explanations. 
3. Objections to logical empiricism and critical rationalism, and further developments: What is the difference between the natural sciences,
the social sciences and the arts and humanities? What is progress in science (Kuhn, Fleck, Feyerabend)? Is scientific knowledge
relativistic? What is the role of experiments and computer simulations? 
4. Issues raised by the use of science in society: The relation between basic and applied research; inter- and transdisciplinarity; ethics and
accountability of science.

Lecture notes A reader will be available for students.
Literature A list of introductory literature and handbooks will be distributed to the students.
Prerequisites /
notice

Oral examination during the session examination.
Further optional exercises accompany the lecture and offer the opportunity for an in-depth discussion of selected texts from the reader.
Students receive an additional credit point. They have to sign up separately for the exercises for the course 701-0701-01 U.

701-0701-01L Philosophy of Science: Exercises W  1 credit 1U C. J. Baumberger
Abstract The exercises in philosophy of science serve to develop skills in critical thinking by discussing seminal texts about the rationality of science.

Topics discussed include the significance and limits of empirical, mathematical and logical methods, as well as problems and ethical issues
raised by the use of science in society.

Objective Students can engage with problems in the philosophy of science and to relate them to natural and environmental sciences. They learn to
analyze and summarize philosophical texts. In this way, they develop their skills in critical thinking with a focus on the rationality of science.

Content The optional exercises accompany the lecture and serve to develop skills in critical thinking with a focus on the rationality of science, based
on discussing seminal texts. The texts cover important positions in the philosophy of science and their critics. Topics discussed include the
significance and limits of empirical, mathematical and logical methods, as well as problems and ethical issues raised by the use of science
in society.

Lecture notes A reader will be available for students.
Literature A list of literature will be distributed to the students together with the reader.
Prerequisites /
notice

Students that want to subscribe for this course also have to subscribe for the lecture 701-0701-00 V "Wissenschaftsphilosophie". Credit
points are given for preparing a structure and a summary of one of the texts.

701-0791-00L Environmental History - Introduction and Overview
Change of semester: takes place in spring semester
instead of autumn semester.

Number of participants limited to 100.

W 2 credits 2V M. Gisler

Abstract Our society faces a serious ecological crisis. Of what historical dimension is this crisis? How have human societies already in earlier times
changed their environment, and, consequently, perhaps also ours? What were the main ecological challenges for societies and how did
they change over time? And how did societies adapt to changing environmental conditions?

Objective Introduction into environmental history; survey of long-term development of human-nature-interrelations; discussion of selected problems.
Improved ability to assess current problems from a historical perspective and to critically interrogate one's own standpoint.

Lecture notes Course material is provided in digital form.
Literature McNeill, John R. 2000. Something new under the sun: An environmental history of the twentieth-century world, New York: Norton.


Uekötter, Frank (Ed.) 2010. The turning points of environmental history, Pittsburgh: University of Pittsburgh Press.

Winiwarter, Verena und Martin Knoll 2007. Umweltgeschichte: Eine Einführung, Köln: Böhlau.

Prerequisites /
notice

Students are asked to write an exam during the last session
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Educational Science for Teaching Diploma and TC - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Civil Engineering (General Courses)
 Generally Accessible Seminars and Colloquia

Number Title Type ECTS Hours Lecturers

101-1387-00L Colloquia in Geotechnics Z 0 credits I. Anastasopoulos, A. Puzrin
Abstract The Institute for Geotechnical Engineering invites distinguished speakers from research and practice, nationally and internationally. The

colloquia are directed towards staff and students from Universities as well as engineers and scientists working in industry. Details can be
obtained from www.igt.ethz.ch by following Events & Public Events. Some colloquia are available via webcast.

Objective Learn about recent research results in geotechnics.

101-1187-00L Colloquium "Structural Engineering" Z 0 credits 2K B. Stojadinovic, E. Chatzi,
A. Frangi, W. Kaufmann, B. Sudret,
A. Taras, T. Vogel

Abstract Professors from national and international universities, technical experts from private industry as well as research associates of the Institute
of Structural Engineering (IBK) are invited to present recent research results and specific projects. The colloquium is addressed to
students, academics as well as practicing engineers.

Objective Become acquainted with recent research results in structural engineering.

Civil Engineering (General Courses) - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Civil Engineering Bachelor
 First Year Compulsory Courses

 First Year Examinations
In place of the German courses 851-0720-01 Public building Law students can take the French course 851-0712-00 Introduction to Public Law. 

Number Title Type ECTS Hours Lecturers

401-0242-00L Analysis II O  7 credits 5V+2U M. Akveld
Abstract Mathematical tools of an engineer
Objective Mathematics as a tool to solve engineering problems, mathematical formulation of problems in science and engineering. Basic

mathematical knowledge of an engineer
Content Multi variable calculus: gradient, directional derivative, chain rule, Taylor expansion. Multiple integrals: coordinate transformations, path

integrals, integrals over surfaces, theorems of Green, Gauss and Stokes, applications in physics.
Lecture notes The lecturer's lecture notes will be available in Moodle.
Literature - Dürrschnabel, Mathematik für Ingenieure

- M. Akveld, R. Sperb. Analysis II. vdf, 2015
- James Stewart: Multivariable Calculus, Thomson Brooks/Cole
- Papula, L.: Mathematik für Ingenieure 2, Vieweg Verlag
- Arens et al., Mathematik.

Prerequisites /
notice

Analysis I

401-0612-00L Statistics and Probability Theory O  5 credits 3V+1U P. L. Bühlmann
Abstract Einführung in die Grundlagen der Statistik, Wahrscheinlichkeitstheorie und Modellierung von Unsicherheiten im Zusammenhang mit

Entscheidungsfindungen im Ingenieurwesen. Die Schwerpunkte liegen im Erstellen wahrscheinlichkeitstheoretischer Modelle, im Testen
von Hypothesen und in der Überprüfung der Modelle. Als Software wird MATLAB verwendet.

Objective Das Ziel des Kurses besteht darin, den Studenten grundlegende Hilfsmittel der Statistik und Wahrscheinlichkeitstheorie näherzubringen.
Stets bezogen auf den Bereich der Risikobeurteilung und Entscheidungsfindung im Ingenieurwesen liegt der Schwerpunkt in der
Anwendung der Hilfsmittel und in der Argumentation, die hinter der Anwendung dieser Disziplinen steht.

Content Grundlagen der Wahrscheinlichkeitstheorie:

Grundlagen der Mengenlehre, Definitionen von Wahrscheinlichkeit, Axiome der Wahrscheinlichkeitstheorie, Wahrscheinlichkeiten von
Vereinigungen und Schnittmengen, bedingte Wahrscheinlichkeiten, Satz von Bayes.

Modellierung von Unsicherheiten:

Zufallsvariablen, diskrete und kontinuierliche Verteilungen, Momente, Verteilungsparameter, Eigenschaften des Erwartungswertes,
multivariate Verteilungen, Funktionen von Zufallsvariablen, der zentrale Grenzwertsatz, typische Verteilungen im Ingenieurswesen.

Beschreibende Statistik:

Grafische Darstellungen (Histogramme, Streudiagramme, Box-Plots), numerische Kennwerte.

Schätzungen und Modellbildung:

Auswahl der Verteilungsmodelle, QQ-Plots, Parameterschätzung, Momentenmethode, Maximum-Likelihood-Methode, Vertrauensintervalle,
Hypothesentests.

Lecture notes Ein Skript wird zur Verfügung gestellt.

151-0502-00L Mechanics 2: Deformable Solids and Structures
Prerequisite: 151-0501-00L  Mechanics 1: Kinematics and
Statics 

This course is only for students of Mechanical
Engineering, Civil Engineering and Human Movement
Sciences.

Students in Human Movement Sciences and Sport must
enrol in "Mechanics 1" and "Mechanics 2" as a two-
semester course.

O  6 credits 4V+2U D. Mohr

Abstract Stress tensor, deformations, linear elastic solids, bending of prismatic beams, numerical methods, bending, torsion, plastic work and
deformation energy, energy methods, buckling.

Objective For the mechanical design of systems, knowledge about basic concepts of continuum mechanics are indispensable. These include
mechanical stress, deformations, etc. which are demonstrated on simple examples resulting in an understanding which is both
mathematically correct and intuitive. In this course students learn the basic concepts of the mechanics of deformable media that they will
later apply in other courses such as Dimensioning which are closer to real engineering applications.

Content Spannungstensor, Verzerrungen, linearelastische Körper, spezielle Biegung prismatischer Balken, numerische Methoden, allgemeinere
Biegeprobleme, Torsion, Arbeit und Deformationsenergie, Energiesätze und -verfahren, Knickung.

Literature Mahir B. Sayir, Jürg Dual, Stephan Kaufmann
Ingenieurmechanik 2: Deformierbare Körper, Teubner Verlag

101-0603-01L Chemistry for Civil Engineers O  3 credits 3G R. J. Flatt, G. Gelardi
Abstract Chemistry is an important fundamental topic for civil engineers, e.g. in understanding the properties of building materials, the natural

environment (atmosphere and solutions) and the reaction of building materials with the environment (corrosion of metals, durability).  The
course intends to teach the fundamentals of chemistry (see table of contents) with a focus on these applied topics.

Objective Understanding the basic principles of chemistry with particular emphasis on applications in civil engineering.
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Content Atome und Moleküle:  Aufbau der Atome, Protonen, Neutronen, Elektronen, Molmasse, das Periodensystem, Isotope, Radioaktivität,
Halbwertszeiten, Beispiel Radon, Bindungstypen (kovalent, ionisch und metallisch), Lewis Formeln, Elektronegativität

Gase: Druck und Temperatur, Gasgesetze, Ideales Gasgesetz, Partialdruck, die Atmosphäre, Ozongleichgewicht

Zwischenmolekulare Kräfte (London Dispersions, Dipol, H-Brücken), Siedepunkte, Viskosität, Spezialfall Wasser. Metallische Bindung,
Metalle, Gitterstrukuren, Ingenieurkenngrössen (E-Modul, thermische Ausdehnung)

Physikalische Gleichgewichte (Verdampfen/Kondensieren), Dampfdruck, Gleichgewichtszustand, Phasendiagramme, 

Elektrolyte, Hydratation, Löslichkeit von Gasen und Salzen, Gitterenthalpie, Löslichkeitsprodukte, Kalk/CO2 Gleichgewichte

Das chemische Gleichgewicht, Reaktionsgleichungen, Massenwirkungsgesetz, Gleichgewichtskonstanten, Einfluss von Konzentration und
Temperatur, thermodynamischer Ursprung des Gleichgwichts (Freie Enthalpie G als Kriterium für spontane Reaktionen, G und
Gleichgewichtskonstante K)

Säuren und Basen, konjugierte Säure Base Paare, Hydrolyse, starke und schwache Säuren, pH Wert, Alkalinität des Betons, Pufferlösung,
Pufferkapazität, Indikatoren, Löslichkeit und pH, Autoprotolyse

Kohlenwasserstoffe, Hybridisierung C-Atome, C-C Bindung, Einteilung der Kohlenwasserstoffe, Funktionelle Gruppen. Polymere,
Polymerisation, Polykondensation, Makromoleküle, Einfluss auf Bindungskräfte zwischen Makromolekülen, wichtige Thermoplaste im
Bauwesen

Chemische Kinetik, Gleichgewicht, Aktivierungdsenergie, Reaktionsgeschwindigkeit, Geschwindigkeitsgesetze, Reaktionsmechanismen,
Einfluss der Temperatur

Redox Prozesse, Oxidationszahl, Halbreaktion, galvanische Zellen, Standardpotenziale, Spannungsreihe, Verknüpfung mit
Thermodynamik, Nernst Gleichung

Galvanische Zellen, Konzentrationszellen, Ionensensitive Elektroden, Daniell Element, Batterien, Elektrolyse, Aluminiumgewinnung. 

Korrosion als Systemeigenschaft Werkstoff/Umwelt, Korrosionsformen, elektrochemischer Mechanismus der Korrosion, anodische und
kathodische Teilreaktionen, Potential-pH Diagramme

Lecture notes Der Kurs wird als TORQUE (Tiny, Open-with-Restrictions courses focused on QUa-lity and Effectiveness) angeboten. Die Studierenden
sollen dabei jede Woche zur Vorbereitung des Kurses einige Videoeinheiten anschauen. Diese Videoeinheiten sowie zusätzlich auch
Folien und Texteinheiten dazu sind auf Moodle abrufbar.

Literature Peter W. Atkins, Loretta Jones
Chemie - einfach alles
WILEY-VCH, zweite Auflage(2006)

101-0031-04L Business Administration
ONLY for students BSc Civil Engineering (StR2014).

O  2 credits 2V J.-P. Chardonnens

Abstract Introduction to business administration
Principles of accounting and financial management 
Financial planning and capital budgeting of projects
Costing systems by corporations

Objective Prepare and analyze the financial statements of organizations
Understand the major costing systems 
Establish budget and determine profitability of investment
Perform some product calculations

Content Overview in business administration

Financial Accounting
- Balance sheet, income statement
- Accounts, double-entry bookkeeping 
- Year-end closing and financial statements

Financial Management
- Financial statement analysis
- Financial planning 
- Investment decisions

Management Accounting 
- Full costing and marginal costing
- Product costing
- Management decisions

851-0702-01L Public Construction Law
Particularly suitable for students of D-BAUG

W  2 credits 2V O. Bucher

Abstract Students will be introduced to the basic principles of planning and public construction legislation (development application procedures) as
well as to the basics of public procurement law.

Objective Students shall have an understanding for the basic principles of planning and public construction legislation (incl. environmental law,
development application procedures) as well as for the basics of public procurement law.

Content Topics of this unit are: 1. Fundamentals of planning and public construction legislation (development, constitutional and legal foundation,
basic principles and aims of spatial planning), 2. Federal, cantonal and communal planning legislation, 3. Public construction law
(accessibility, zoning, construction and land use regulations [incl. environmental, water, heritage and energy use law], 4. Development
application proceedings (obtaining development consent, appeal proceedings), 5. Basics of public procurement law

Lecture notes ALAIN GRIFFEL, Raumplanungs- und Baurecht - in a nutshell, Dike Verlag, 3. A., Zürich 2017

CLAUDIA SCHNEIDER HEUSI, Vergaberecht - in a nutshell, Dike Verlag, 2. A., Zürich 2018

Die Vorlesung basiert auf diesen Lehrmitteln.

Literature PETER HÄNNI, Planungs-, Bau- und besonderes Umweltschutzrecht, 6. A., Bern 2016

WALTER HALLER/PETER KARLEN, Raumplanungs-, Bau- und Umweltrecht, Bd. I, 3. A., Zürich 1999

Prerequisites /
notice

Voraussetzungen: Vorlesung Rechtslehre GZ (851-0703-00/01)
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851-0712-00L Introduction to Public Law (French) W  2 credits 2V Y. Nicole
Abstract The course Public Law focuses on the fundamental concepts of constitutional law and constitutional and statutory principles of

administrative law. The course also touches upon selected topics of administrative law, including the legal regulation of land use, zoning
and planning, and construction law.

Objective Enseignement des principes du droit, en particulier du droit privé et du droit public. Introduction au droit.
Content Le cours de droit civil porte notamment sur le droit des obligations (droit des contrats et responsabilité civile) et sur les droits réels

(propriété, gages et servitudes).De plus, il est donné un bref aperçu du droit de la procédure et de lexécution forcée. Le cours de droit
public traite du droit constitutionnel et du droit administratif, avec un accent particulier sur le droit des constructions et de laménagement du
territoire, ainsi que sur le droit de lenvironnement. 

Literature Editions officielles des lois fédérales, en langue française ou italienne, disponibles auprès de la plupart des librairies. 

Sont indispensables:
-  en hiver: le Code civil et le Code des obligations;
-  en été: la Constitution fédérale et la loi fédérale sur laménagement du territoire ainsi que la loi fédérale sur la protection de
lenvironnement.

Sont conseillés:
- Nef, Urs Ch.: Le droit des obligations à l'usage des ingénieurs et des architectes, trad. Bovay, J., éd. Payot, Lausanne 1992
- Scyboz, G. et. Gilliéron, P.-R., éd.: Edition annotée du Code civil et du Code des obligations, Payot, Lausanne 1999
- Boillod, J.-P.: Manuel de droit, éd Slatkine, Genève 1999
- Biasio, G./Foglia, A.: Introduzione ai codici di diritto privato svizzero, ed. Giappichelli, Torino 1999


Prerequisites /
notice

Le cours de droit civil et le cours de droit public sont l'équivalent des cours "Rechtslehre" et "Baurecht" en langue allemande et des
exercices y relatifs.

Les examens peuvent se faire en français ou en italien. Le candidat qui désire être interrogé en langue italienne le précisera lors de
l'inscription et avertira les examina-teurs par écrit un mois au plus tard avant l'examen.

 Compulsory Courses 4. Semester
 Examination Block 2

In place of the German courses 851-0720-01 Public building Law students can take the French course 851-0712-00 Introduction to Public Law. 

Number Title Type ECTS Hours Lecturers

101-0114-00L Theory of Structures II O  5 credits 5G E. Chatzi
Abstract Statically indeterminate Systems (displacement method), influence lines, elastic-plastic systems, limit analysis (static and kinematic

method), elastic stability.
Objective Mastering the methods of analysis for statically indeterminate beam and frame structures

Extending the understanding of the response of beam and frame structures by accounting for nonlinear effects
Ability to reasonably interpret and check the results of numerical analyses

Content Linear analysis of beam and frame structures
Force (flexibility) method
Displacement (stiffness) method
Matrix analysis

Nonlinear analysis of beam and frame structures
Elastic - plastic systems
Limit analysis
Elastic stability

Literature Simon Zweidler, "Baustatik II", 2017.
Peter Marti, "Theory of Structures", Wiley, 2013, 679 pp.

Prerequisites /
notice

Prerequisite: "Theory of Structures I"

101-0314-00L Soil Mechanics
Only for Civil Engineering BSc.

O  5 credits 4G I. Anastasopoulos, R. Herzog,
A. Marin

Abstract Fundamentals of soil mechanics including key processes: classification, site investigation, stresses and their distribution in soils, influence
of groundwater in soils and on structures, piping, erosion and filters, stress-strain relationships, stress history, stiffness, strength, settlement
calculations, consolidation, slope stability, mechanical compaction.

Objective Fundamentals in soil mechanics and geotechnics will be presented in order to:
  * understand soil as a multi-phase hydro-mechanical system
  * obtain parameters essential for classification and description of soil
  * recognise key aspects of soil behaviour and the implications of this for obtaining and characterising the stress-strain response and
deriving associated parameters (stiffness and strength).

Content Introduction, basic terms, classification, site investigation
Total and effective stresses, stress distribution in soils
Influence of groundwater in soil, water pressure on structures, hydraulic fracture (piping), erosion and filters
Stress-strain relationships, stress history, stiffness, strength, settlement calculations, time dependency, consolidation
Limit equilibrium, slope stability (infinite slope, slip circles, slip surfaces) 
Mechanical compaction

Lecture notes Notes with Web support: 
http://geotip.igt.ethz.ch (also available in English)
Examples
Exercises

Literature http://geotip.igt.ethz.ch

Lang, H.-J.; Huder, J.; Amann, P.; Puzrin, A.M.: Bodenmechanik und Grundbau, Springer-Lehrbuch
8. Auflage, 2007

Prerequisites /
notice

Laboratory exercises in groups (classification, groundwater, shear strength) and offered virtually as computer aided learning (GEOTip)

101-0414-00L Transport Planning (Transportation I) O 3 credits 2G K. W. Axhausen
Abstract The lecture course discusses the basic concepts, approaches and methods of transport planning in both their theoretical and practical

contexts.
Objective The course introduces the basic theories and methods of transport planning.
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Content Basic theoretical links between transport, space and economic development; basic terminology; measurement and observation of travel
behaviour; methods of the four stage approach; cost-benefit analysis.

Literature Ortuzar, J. de D. and L. Willumsen (2011) Modelling Transport, Wiley, Chichester.

101-0604-02L Introduction to Materials O  5 credits 4G R. J. Flatt, U. Angst, I. Burgert,
F. Wittel

Abstract In this introductory lecture, students gain basic knowledge on building materials like cement, concrete, metals, glass, wood, polymers, and
bitumen, their manufacturing and processing, important properties and their application. Fundamental mechanical, thermal and optical
properties are discussed and experimental ways for measuring, as well as numerical methods for predicting them, are depicted.

Objective Students become acquainted with the spectrum of building materials and their characteristic properties. They will learn about the most
important mechanical properties, as well as factors affecting durability. In particular, structures and properties of mineral binders, cement,
concrete, bitumen and asphalt, wood, metals, glass, and polymers are presented. Students learn about the fundamental behavior of
materials, experimental measurement of characteristic properties, as well as means for their numerical prediction and optimization.

Content -Fundamental behavior of building materials: mechanical, thermal and optical properties; strength and fracture; material testing and
parameter identification; porosity and moisture transport; 
-Mineral binders: production and hydration
-Concrete: Mechanics and rheology, durability, freezing, shrinkage, and carbonation.
-Metals: Introduction and physical properties, alloying and iron-carbon alloys, processing and applications in civil engineering.
-Corrosion: Atmospheric corrosion and durability of steel-reinforced concrete.
-Wood: Structure and chemism, mechanical properties, wood protection, and wood materials.
-Glass: Introduction on glass and physical properties, processing and applications in civil engineering.
-Polymers: Foundations, properties, and processing, applications in civil engineering.
-Asphalt and bitumen.
-Material modeling: Basics of material modeling, micro-mechanics and case studies for building materials.

Lecture notes All lecture materials are distributed on the moodle page of the course.
Literature Ashby/Jones: Engineering Materials I and II

Ashby: Materials Selection in Mechanical Design

102-0214-02L Introduction to Urban Water Management
Civil Engineers and Environmental Scientist have to
enrole for the course unit 102-0214-02L (without
excursions).

O  5 credits 4G E. Morgenroth, M. Maurer

Abstract Introduction to urban water management (water supply,  urban drainage, wastewater treatment, sewage sluge treatment)
Objective This course provides an introduction and an overview over the topics of urban water management (water supply,  urban drainage,

wastewater treatment, sewage sludge treatment). It supports the understanding of the interactions of the relevant technical and natural
systems. Simple models for the design are introduced.

Content Overview over the field of urban water management.
Introduction into systems analysis.
Characterization of water and water quality.
Requirement of drinking water, production of wastewater and pollutants
Production and supply of drinking water.
Urban drainage, treatment of combined sewer overflow.
Wastewater treatment, nutrient elimination, sludge handling.
Planning of urban water infrastructure.

Lecture notes Gujer, W.: Siedlungswasserwirtschaft, 3. Aufl., Springer Verlag Berlin Heidelberg 2007
Handouts

Prerequisites /
notice

This course is required for further in depth courses in urban water management.


103-0132-00L Geodetic Metrology Fundamentals O  6 credits 4G+3P A. Wieser, L. Schmid
Abstract Introduction to the most important sensors, operation and calculation methods of Geodetic Metrology
Objective Getting to know the most important sensors, operation and calculation methods of Geodetic Metrology
Content Overview on the different domains of geodetic metrology

Geodetic instruments and sensors
Determination of 3D-coordinates with GNSS, total sttaion and levelling
Calculation methods of geodetic metrology
Assessment of precision, Introduction to variance propagation
Survey and staking-out methods

Lecture notes The slides of the lectures will be provided as PDF (in German).
Literature Witte B, Sparla P (2015) Vermessungskunde und Grundlagen der Statistik für das Bauwesen. 8. Aufl., Wichmann Verlag (in German)
Prerequisites /
notice

The subjects taught during the semester are enhanced by practical application and discussion within the field course. The field course
takes place in Lenk/BE from June 2-5 (arrival: June 1, evening). Further details will be announced at the beginning of the semester in the
lecture.

 Examination Block 3
Number Title Type ECTS Hours Lecturers

101-0134-00L Steel Structures I O  5 credits 4G A. Taras
Abstract Basic knowledge of structural steel design including material behaviour, structural analysis and stability problems. Methods and

background of structural steel design, including detailing. Influence of detailing on structural modeling. The course includes practical
examples and optional exercises to be done by the students to enhance their knowledge of structural steel design.

Objective Students understand the basics of steel design, including Stability and stiffness aspects. Main focus is to make visible the background and
basic requirements of structural steel design, as well as the interaction between the structural detailing and analytical modelling.  Students
understand the principals of structural engineering by analysing practical examples of steel structures.

Content Application area of steel structures (Properties and characteristics of steel and their effects on design); Steel as construction material
(steelmaking, forms of delivery and mechanical properties, manufacturing of steel elements, erecting of steel structures, verification of
design criteria); Connections, (bolts, welds); Stability problems (bending, lateral buckling, buckling). Practical examples and exercises
enhance the knowledge of structural steel design.

Lecture notes Autography on steel design, Copies of presentations,
C4/06 "Bemessungstafeln" 2016 SZS (Stahlbau-Zentrum Schweiz)
C5/05 "Konstruktionstabellen" 2016 SZS (Stahlbau-Zentrum Schweiz)
C8 "Konstruktive Details im Stahlhochbau" 1996 SZS (Stahlbau-Zentrum Schweiz)
Norm SIA 263 "Stahlbau" 2013 SIA (Schweizerischer Ingenieur- und Architektenverein)
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Literature Recommended and supplementary literature:
- Hirt, M.; Bez, R.; Nussbaumer, A.: Stahlbau Grundbegriffe und Bemessungsverfahren, Presses polytechniques et universitaires
romandes, Lausanne, 2012
- Dubas, P.; Gehri, E.: Stahlhochbau Grundlagen, Konstruktionsarten und Konstruktionselemente von Hallen- und Skelettbauten, Springer-
Verlag Berlin, 1988

Prerequisites /
notice

Knowledge of structural analysis  (course Structural Analysis I)

 Compulsory Courses 6. Semester
 Examination Block 4

Number Title Type ECTS Hours Lecturers

101-0126-01L Structural Concrete II O 5 credits 5G W. Kaufmann
Abstract Contents: 

Prestressed concrete (introduction, prestressing systems, load-deformation response, detailing, girders, slabs), plates (introduction, yield
criteria, equilibrium solutions, yield-line analysis, shear and punching, serviceability).

Objective Understanding the response of slabs;
Knowing the principle and the techniques of prestressing;
Ability to correctly dimension and detail typical building structures.

Content Contents: Prestressed concrete (introduction, prestressing systems, load-deformation response, detailing, girders, slabs), plates
(introduction, yield criteria, equilibrium solutions, yield-line analysis, shear and punching, serviceability).

Lecture notes Script and handouts available at:
https://concrete.ethz.ch/sbe-ii/

Literature - SIA Codes 260 (Basis of structual design), 261 (Actions on structures) and 262 (concrete structures).
- "Ingenieur-Betonbau", vdf Hochschulverlag, Zurich, 2005, 225 pp.
- Peter Marti, "Theory of Structures", Wiley, 2013, 679 pp.

Prerequisites /
notice

Prerequisites: "Theory of Structures I", "Theory of Structures II",  "Structural Concrete I".

101-0556-01L Construction Methods O 5 credits 4G S.  Moser
Abstract - Construction methods of Special Underground and Deep Foundation Construction as well as tunnelling methods

- Planning of construction processes, site equipment and site logistics
- Basic knowledge of scheduling and cost calculation and introduction in corresponding standards and guidelines

Objective Students gain practical knowledge in
- Organization of tender documents.
- Scheduling and cost calculation.
- Construction methods of Special Underground and Deep Foundation Construction as well as tunnelling methods.
- Planning of earthwork processes and conception of site logistics.

Content Basics:
- SIA 103, SIA 112, SIA 118
- Cost calculation
- Scheduling
- Submission (detailed estimate, special provisions, acceptance standards)
- Methods of ground investigation and ground control

Special Underground / Deep Foundation Construction:
- Dewatering systems
- Pipe jacking/ Micro tunnelling
- Piles / Retaining walls 
- Anchors
- Soil improvements
- Cut-and-cover method 
- Caissons
- Supporting construction methods: soil injection/ jetting

Tunnel construction:
- Classification of tunnelling
- Conventional drive tunnelling
- Mechanical drive tunnelling
- Drainage and Sealing
- Lining/ finishing
- Supporting construction methods: pipe umbrellas

Execution of contruction work und logistics:
- Planning of production processes
- Logistics/ site equipment
- Transportation logistics
- Formwork and cranes

Lecture notes Slides, supplementary handouts about selected topics
The documents will be provided on Ilias - further information at the beginning of semester.

Literature References to additional technical literature will be provided in the course of semester.
Prerequisites /
notice

Interest

101-0326-03L Rock Mechanics and Tunnelling O  6 credits 4G E. Pimentel, T. Wanninger
Abstract Introduction to the principles of rock mechanics. Fundamentals of engineering of structures built on rock.

Introduction to planning, design and mechanics of underground structures in rock or soft ground.
Objective Introduction to the principles of rock mechanics. Fundamentals of engineering of structures built on rock.

Introduction to planning, design and mechanics of underground structures in rock or soft ground.
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Content Grundphänomene und Problemstellungen des Felsbaus über Tage und des Untertagbaus im Fels; Felsstruktur; Erfassung des
Trennflächengefüges und der mechanischen Eigenschaften der Trennflächen; felshydraulische Grundlagen; Einfluss des Wassers auf das
Kräftespiel; Verformungs- und Festigkeitseigenschaften von Gestein; Stabilität von Felsböschungen und Felsfundationen; Feldversuche
und Feldmessungen.
Grundzüge Entwurf und Projektierung von Untertagbauten: Bauliche Anlagen des Verkehrstunnelbaus. Systemwahl. Linienführung.
Betriebslüftung. Profilgestaltung. Übersicht Vortriebsarbeiten, typische Phänomene und Gefährdungen, Gegenmassnahmen.
Grundzüge Tunnelstatik: Aufzeigen zweckmässiger Berechnungsmodelle ausgehend von der Beschreibung und Diskussion verschiedener,
im Untertagbau auftretender Phänomene. Spannungsanalyse von Untertagbauten. Die Gebirgskennlinie und die Interaktion des Gebirges
mit dem Ausbau. Auflockerungsdruck im Fels und im Lockergestein. Stabilität der Ortsbrust im Lockergestein. Berechnungsmodelle zur
Dimensionierung des Ausbaus.

Lecture notes Autographie
Literature Empfehlungen

101-0416-10L Road Transport Systems O  3 credits 2G A. Kouvelas
Abstract The course covers road transportation technologies, network design, traffic flow theory, operations of private and public transport,

management and control of intelligent transportation systems.
Objective This course gives the students an overview of topics involved in road transport systems and provides the background for Masters degree

study.
Lecture notes The lecture notes and additional handouts will be provided during the lectures.

101-0206-00L Hydraulic Engineering O 5 credits 4G R. Boes
Abstract Hydraulic systems, schemes and structures (e.g. dams, intakes, conduits, pipes, open channels, weirs, powerhouses, locks), fundamentals

in river engineering and natural hazards
Objective Knowledge of hydraulic systems and their main hydraulic components and structures; competence in planning and design of hydraulic

structures with regard to serviceability, reliability and cost-effectiveness
Content Hydraulic systems: High-head storage power plants and low-head run-of-river power plants.

Weirs: weir and gate types, hydraulic design.
Intakes: intake types, desilting facilities and sand traps.
Channels: design, open and closed channels.
Closed conduits: linings, hydraulic design of pressure tunnels and shafts.
Dams and reservoirs: dam types, appurtenant structures
River engineering: flow computation, sediment transport, engineering and environmental measures.
Natural hazards: types, basics of countermeasures
Inland navigation: channels and locks.
Exercises in written form, exercises in hydraulic and computer laboratory.
Field trip.

Lecture notes Comprehensive script "Hydraulic structures" in German.
Literature literature references are given at the end of each chapter of the script. Recommended books: see course description in German
Prerequisites /
notice

strongly recommended: basic knowledge in hydraulics (fluid mechanics)

 Bachelor's Thesis
Number Title Type ECTS Hours Lecturers

101-0006-10L Bachelor's Thesis O  8 credits 16D Lecturers
Abstract The Bachelor Programme concludes with the Bachelor Thesis. This project is supervised by a professor. Writing up the Bachelor Thesis

encourages students to show independence and to produce structured work.
Objective Encourages students to show independence, to produce scientifically structured work and to apply engineering working methods.
Content The contents base upon the fundamentals of the Bachelor Programme. Students can choose from different subjects and tasks. The thesis

consists of both a written report and an oral presentation.

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
BAUG

see Science in Perspective: Language Courses ETH/UZH

Civil Engineering Bachelor - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Civil Engineering Master
 2. Semester

 Major Courses
 Major in Construction and Maintenance Management

Number Title Type ECTS Hours Lecturers

101-0579-00L Infrastructure Management 2: Evaluation Tools W+  4 credits 2G B. T. Adey, C. Kielhauser
Abstract This course provides tools to predict the service being provided by infrastructure in situations where the infrastructure is expected to 


1) to evolve slowly with relatively little uncertainty over time, e.g. due to the corrosion of a metal bridge, and 

2) to change suddenly with relatively large uncertainty, e.g. due to being washed away from an extreme flood.

Objective The course learning objective is to equip students with tools to be used to the service being provided from infrastructure.
The course increases a student's ability to analyse complex problems and propose solutions and to use state-of-the-art methods of
analysis to assess complex problems

Content Reliability 
Availability and maintainability
Regression analysis
Event trees
Fault trees
Markov chains
Neural networks
Bayesian networks

Lecture notes All necessary materials (e.g. transparencies and hand-outs) will be distributed before class.
Literature Appropriate reading material will be assigned when necessary.
Prerequisites /
notice

Although not an official prerequisite, it is perferred that students have taken the IM1:Process course first. Understanding of the
infrastructure management process enables a better understanding of where and how the tools introduced in this course can be used in the
management of infrastructure.

101-0588-01L Re-/Source the Built Environment W+  3 credits 2S G. Habert
Abstract The course focuses on material choice and energy strategies to limit the environmental impact of construction sector. During the course,

specific topics will be presented (construction technologies, environmental policies, social consequences of material use, etc.). The course
aims to present sustainable options to tackle the global challenge we are facing and show that "it is not too late".

Objective After the lecture series, the students are aware of the main challenges for the production and use of building materials.

They know the different technologies/propositions available, and environmental consequence of a choice.

They understand in which conditions/context one resource/technology will be more appropriate than another

Content A general presentation of the global context allows to identify the objectives that as engineer, material scientist or architect needs to
achieve to create a sustainable built environment.

The course is then conducted as a serie of guest lectures focusing on one specific aspect to tackle this global challenge and show that "it is
not too late".

The lecture series is divided as follows:
- General presentation
- Notion of resource depletion, resilience, criticality, decoupling, etc.
- Guest lectures covering different resources and proposing different option to build or maintain a sustainable built environment.

Lecture notes For each lecture slides will be provided.
Prerequisites /
notice

The lecture series will be conducted in English and is aimed at students of master's programs, particularly the departments ARCH, BAUG,
ITET, MAVT, MTEC and USYS.

No lecture will be given during Seminar week.

101-0517-01L Project Management: Pre-Tender to Contract
Execution

W+  4 credits 2G J. J. Hoffman

Abstract This course (PM 2)will provide a comprehensive overview and understanding of the techniques, processes, tools and terminology to
manage the Project Triangle (time, cost, quality) and to organize, analyze, control and report a complex project from Pre-Tender stage to
Contract signature and Notice to Proceed.   This course is part 2 of a 3 part course, see notice below.

Objective Upon successful completion of this course students will have the understanding of the Project Management duties and responsibilities from
the Pre-Tender stage of a project to Contract Execution.

Content - Project scope definition and project organization
- Technical specification proposals
- Work Breakdown Structure
- Estimating
- Schedule development
- Interface management
- Resource and cost integration
- Risk and opportunity identification and quantification
- Contract review and analysis
- Project life cycle
- Contract Execution - Project Manager Check List

Lecture notes The slides will either be distributed at the beginning of the class, or made available online (via Moodle) prior to class. A copy of the
appropriate chapter of the script, the assignment and any other assigned reading materials will be available via Moodle.

Literature Appropriate reading material (e.g., chapters out of certain textbooks or trade articles) will be assigned when necessary and made available
via Moodle.

Prerequisites /
notice

This is part 2 of a 3 part course. Part 1 will give the student an introduction to general tools in project management. Part 3 will take the
student through Project Execution of the Project. 

The students will be randomly assigned to teams of 4 max. Students will be graded as a team based on the final Project report and the in-
class oral presentation of the Project Proposal as well as a final exam (50% exam and 50% project report and presentation). Homework will
not be graded but your final report and presentation will consist mostly of your homework assignments consolidated and put in a report and
presentation format.
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102-0348-00L Prospective Environmental Assessments
Prerequisite for this lecture is basic knowledge of
environmental assessment tools, such as material flow
analysis, risk assessment and life cycle assessment. 
Students without previous knowledge in these areas need
to read according textbooks prior to or at the beginning of
the lecture.

W  3 credits 2G S. Hellweg, N. Heeren, A. Spörri

Abstract This lecture deals with prospective assessments of emerging technologies as well as with the assessment of long-term environmental
impact caused by today's activities.

Objective - Understanding prospective environmental assessments, including scenario analysis techniques, prospective emission models, dynamic
MFA and LCA.
- Ability to properly plan and conduct prospective environmental assessment studies, for example on emerging technologies or on technical
processes that cause long-term environmental impacts. 
- Being aware of the uncertainties involved in prospective studies.
- Getting to know measures to prevent long-term emissions or impact in case studies
- Knowing the arguments in favor and against a temporally differentiated weighting of environmental impacts (discounting)

Content - Scenario analysis 
- Dynamic material flow analysis
- Temporal differentiation in LCA
- Systems dynamics tools
- Assessment of future and present environmental impact
- Case studies

Lecture notes Lecture slides and further documents will be made available on Moodle.

102-0248-00L Infrastructure Systems in Urban Water Management
Prerequisites: 102-0214-02L Urban Water Management I
and 102-0215-00L Urban Water Management II.

W  3 credits 2G J. P. Leitão Correia , M. Maurer,
A. Scheidegger

Abstract An increasing demand for infrastructure management skills can be observed in the environmental engineering practice. This course gives
an introductory overview of infrastructure management skills needed for urban water infrastructures, with a specific focus on pipe
deterioration and engineering economics.

Objective After successfully finishing the class, the participants will have the following skills and knowledge:
  - They can perform basic engineering economic analysis
  - Know the typical value and costs involved in running a wastewater infrastructure
  - Know the key principles of infrastructure management
  - Know how to quantify the future rehabilitation demand

Content The nationwide coverage of water distribution and wastewater treatment is one of the major public works achievements in Switzerland and
other countries.  Annually and per person, 135,000 kg of drinking water is produced and distributed and over 535,000 kg of stormwater and
wastewater is drained. These impressive services are done with a pipe network with a length of almost 200,000 km and a total replacement
value of 30,000 CHF per capita.

Water services in Switzerland are moving from a phase of new constructions into one of maintenance and optimization. The aim today
must be to ensure that existing infrastructure is professionally maintained, to reduce costs, and to ensure the implementation of modern,
improved technologies and approaches. These challenging tasks call for sound expertise and professional management.

This course gives an introduction into basic principles of water infrastructure management. The focus is primarily on Switzerland, but most
methods and conclusions are valid for many other countries.

Lecture notes The script 'Engineering Economics for Public Water Utilities' can be downloaded on the course website: 
http://www.sww.ifu.ethz.ch/education/lectures/infrastructure-systems

Literature See the reading resources on the course website:
http://www.sww.ifu.ethz.ch/education/lectures/infrastructure-systems

Prerequisites /
notice

Course website:
http://www.sww.ifu.ethz.ch/education/lectures/infrastructure-systems

701-0104-00L Statistical Modelling of Spatial Data W  3 credits 2G A. J. Papritz
Abstract In environmental sciences one often deals with spatial data. When analysing such data the focus is either on exploring their structure

(dependence on explanatory variables, autocorrelation) and/or on spatial prediction. The course provides an introduction to geostatistical
methods that are useful for such analyses.

Objective The course will provide an overview of the basic concepts and stochastic models that are used to model spatial data. In addition,
participants will learn a number of geostatistical techniques and acquire familiarity with R software that is useful for analyzing spatial data.

Content After an introductory discussion of the types of problems and the kind of data that arise in environmental research, an introduction into
linear geostatistics (models: stationary and intrinsic random processes, modelling large-scale spatial patterns by linear regression,
modelling autocorrelation by variogram; kriging: mean square prediction of spatial data) will be taught. The lectures will be complemented
by data analyses that the participants have to do themselves.

Lecture notes Slides, descriptions of the problems for the data analyses and solutions to them will be provided.
Literature P.J. Diggle & P.J. Ribeiro Jr. 2007. Model-based Geostatistics. Springer.


Bivand, R. S., Pebesma, E. J. & Gómez-Rubio, V. 2013. Applied Spatial Data Analysis with R. Springer.

Prerequisites /
notice

Familiarity with linear regression analysis (e.g. equivalent to the first part of the course 401-0649-00L Applied Statistical Regression) and
with the software R (e.g. 401-6215-00L Using R for Data Analysis and Graphics (Part I), 401-6217-00L Using R for Data Analysis and
Graphics (Part II)) are required for attending the course.

351-0778-00L Discovering Management
Entry level course in management for BSc, MSc and PHD
students at all levels not belonging to D-MTEC. 
This course can be complemented with Discovering
Management (Excercises) 351-0778-01L.

W  3 credits 3G L. De Cuyper, S. Brusoni,
B. Clarysse, S. Feuerriegel,
V. Hoffmann, T. Netland,
G. von Krogh

Abstract Discovering Management offers an introduction to the field of business management and entrepreneurship for engineers and natural
scientists. The module provides an overview of the principles of management, teaches knowledge about management that is highly
complementary to the students' technical knowledge, and provides a basis for advancing the knowledge of the various subjects offered at
D-MTEC.

Objective The objective of this course is to introduce the students to the relevant topics of the management literature and give them a good
introduction in entrepreneurship topics too. The course is a series of lectures on the topics of strategy, innovation, marketing, corporate
social responsibility, and productions and operations management. These different lectures provide the theoretical and conceptual
foundations of management. In addition, students are required to work in teams on a project. The purpose of this project is to analyse the
innovative needs of a large multinational company and develop a business case for the company to grow.
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Content Discovering Management aims to broaden the students' understanding of the principles of business management, emphasizing the
interdependence of various topics in the development and management of a firm. The lectures introduce students not only to topics
relevant for managing large corporations, but also touch upon the different aspects of starting up your own venture. The lectures will be
presented by the respective area specialists at D-MTEC.
The course broadens the view and understanding of technology by linking it with its commercial applications and with society. The lectures
are designed to introduce students to topics related to strategy, corporate innovation,  corporate social responsibility, and business model
innovation. Practical examples from industry will stimulate the students to critically assess these issues.

Prerequisites /
notice

Discovering Management is designed to suit the needs and expectations of Bachelor students at all levels as well as Master and PhD
students not belonging to D-MTEC. By providing an overview of Business Management, this course is an ideal enrichment of the standard
curriculum at ETH Zurich.
No prior knowledge of business or economics is required to successfully complete this course.

351-0778-01L Discovering Management (Exercises)
Complementary exercises for the module Discovering
Managment.

Prerequisite: Participation and successful completion of
the module Discovering Management (351-0778-00L) is
mandatory.

W  1 credit 1U B. Clarysse

Abstract This course is offered complementary to the basis course 351-0778-00L, "Discovering Management". The course offers an additional
exercise in the form of a project conducted in team.

Objective This course is offered to complement the course 351-0778-00L. The course offers an additional exercise to the more theoretical and
conceptual content of Discovering Management. 

While Discovering Management offers an introduction to various management topics, in this course, creative skills will be trained by the
business game exercise. It is a participant-centered, team-based learning activity, which provides students with the opportunity to place
themselves in the role of Chief Innovation Officer of a large multinational company.

Content As the students learn more about the specific case and identify the challenge they are faced with, they will have to develop an innovative
business case for this multinational corporation. Doing so, this exercise will provide an insight into the context of managerial problem-
solving and corporate innovation, and enhance the students' appreciation for the complex tasks companies and managers deal with. The
exercise presents a realistic model of a company and provides a valuable learning platform to integrate the increasingly important
development of the skills and competences required to identify entrepreneurial opportunities, analyse the future business environment and
successfully respond to it by taking systematic decisions, e.g. critical assessment of technological possibilities.

363-1039-00L Introduction to Negotiation W  3 credits 2G M. Ambühl
Abstract The course combines different lecture formats to provide students with both the theoretical background and the practical appreciation of

negotiation. A core element of the course is an introduction to the concept of negotiation engineering.
Objective Students learn to understand and to identify different negotiation situations, analyze specific cases, and discuss respective negotiation

approaches based on important negotiation methods (i.a. Game Theory, Harvard Method).
Content The course combines different lecture formats to provide students with both the theoretical background and the practical appreciation of

negotiation. A core element is an introduction to the concept of negotiation engineering. The course covers a brief overview of different
negotiation approaches, different categories of negotiations, selected negotiation models, as well as in-depth discussions of real-world
case studies on international negotiations involving Switzerland. Students learn to deconstruct specific negotiation situations, to
differentiate key aspects and to develop and apply a suitable negotiation approach based on important negotiation methods.

Literature The list of relevant references will be distributed in the beginning of the course.

101-0530-00L Real Options for Infrastructure Management
Number of participants limited to 12.

W  3 credits 2G C. Martani

Abstract The course will provide an introduction to the paradigm of flexibility/ real option for infrastructure management. It will also provide insights
on the tools to model uncertainty and class applications on example cases.

Objective Upon successful completion of this course students will be able:
- To recognize and model uncertainty affecting infrastructure;
- To identify possible interventions on infrastructure 
- To develop dynamic model for simulating future scenarios, considering uncertainty

Content Part 1: Introduction to the concept of flexibility in engineering, including the problem of the flaw of average on traditional engineering design
processes.
Part 2: Explanation of the real option methodology and of the main methods for uncertainty modelling, including binomial trees and Monte
Carlo simulations.
Part 3: Application in class of the real option methodology on two example cases.

Literature A list of relevant publications for the course will be given out before the first class.

101-0523-00L Industrialized Construction W  4 credits 3G D. Hall
Abstract This course offers an introduction and overview to Industrialized Construction, a rapidly-emerging concept in the construction industry. The

course will present the driving forces, concepts, technologies, and managerial aspects of Industrialized Construction, with an emphasis on
current industry applications and future entrepreneurial opportunities in the field.

Objective By the end of the course, students should be able to:
1. Describe the characteristics of the nine integrated areas of industrialized construction: planning and control of processes; developed
technical systems; prefabrication; long-term relations; logistics; use of ICT; re-use of experience and measurements; customer and market
focus; continuous improvement.
2. Assess case studies on successful or failed industry implementations of industrialized construction in Europe, Japan and North America. 
3. Propose a framework for a new industrialized construction company for a segment of the industrialized construction market (e.g.
housing, commercial, schools) including the company’s business model, technical platform, and supply chain strategy. 
4. Identify future trends in industrialized construction including the use of design automation, digital fabrication, and Industry 4.0.
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Content The application of Industrialized Construction - also referred to as prefabrication, offsite building, or modular construction – is rapidly
increasing in the industry. Although the promise of industrialized construction has long gone unrealized, several market indicators show
that this method of construction is quickly growing around the world. Industrialized Construction offers potential for increased productivity,
efficiency, innovation, and safety on the construction site. The course will present the driving forces, concepts, technologies, and
managerial aspects of Industrialized Construction. The course unpacks project-orientated vs. product-oriented approaches while
showcasing process and technology platforms used by companies in Europe, the UK, Japan, and North America. The course highlights
future business models and entrepreneurial opportunities for new industrialized construction ventures.

The course is organized around a group project carried out in teams of 3-4. The project begins in week 6 of the course, and collaborative
group work will occur during the Wednesday sessions. Teams will be required to propose a framework for a new industrialized construction
venture including the company’s product offering, business model, technical platform, and supply chain strategy.

The planned course activities include a 1/2 day factory visit (UPDATE confirmed date is Friday, March 20), a tour of the NCCR dfab
laboratory, and five reflection assignments. Students who are unable to attend the visits can make up participation through independent
research and the writing of a short paper.

Literature A full list of required readings will be made available to the students via Moodle.

101-0518-10L Organisation of Infrastructure Projects W  3 credits 2G H. Ehrbar
Abstract -Life cycle analysis for infrastructure projects

-Project phases and milestones in major projects
-Management of major projects
-Introduction to the methods of stakeholder management
-Procurement models / principles for tenders
-Project Risk Management

Objective Imparting important knowledge regarding
-Life cycle considerations for infrastructure projects
-Project requirements of major projects
-Project phases and milestones in major projects
-Tasks, responsibilities and competencies in a project organization
-Introduction to the methods of stakeholder management
-Procurement models / Basics of tenders
-Methods of project risk management
-Cost and schedule control
-Quality management for major projects

The students will be able to organize an infrastructure project from the perspective of the principal in the most important matters.

Content General basics
-SIA 103, SIA 112, SIA 118, SIA 118/198
-Relevant laws and regulations
-Basics for Life Cycle Assessments
-Possible project organisation forms
-Requirements / Tasks / Competences of project management
-SIA 103, SIA 112, SIA 118, SIA 118/198

Project phases and quality gates
-Strategic Planning / Analysis of the needs
-preliminary study phase / methods for variant selection
-Project planning / project optimisation mechanisms
-Tendering / Procurement Models
-Realization / assurance of contract conformity
-Commissioning / completion
-Preservation and maintenance

Selected chapters
-Dealing with stakeholders / stakeholder management
-Averting threats / benefits of opportunities; the importance of project risk management / methods and their limits of application
-National and international procurement models
-Cost control and scheduling methods
-Methods of quality assurance and quality management
-Contract Management / Change Management
-Duties of the principal
-Requirements for project portfolio management

The course is primary based on examples of tunnel construction.

Lecture notes slides
Literature In the course of the lecture reference will be made to the usual specialist literature
Prerequisites /
notice

Attending the course 101-0517-10 Construction Management for Tunneling and 101-0517-01 Project Management: Pre-Tender to Contract
Execution is highly recommended, to be interested in major infrastructure projects.

101-0521-10L Machine Learning for Predictive Maintenance
Applications
The number of participants in the course is limited to 25
students.

Students interested in attending the lecture are requested
to upload their transcript and a short motivation
responding the following two questions (max. 200 words):
-How does this course fit to the other courses you have
attended so far?
-How does the course support you in achieving your goal?
The following link can be used to upload the documents.
https://polybox.ethz.ch/index.php/s/3S9ZlyxQTiOS3fM

W  8 credits 4G O. Fink

Abstract The course aims at developing machine learning algorithms that are able to use condition monitoring data efficiently and detect occurring
faults in complex industrial assets, isolate their root cause and ultimately predict the remaining useful lifetime.
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Objective Students will 
- be able to understand the main challenges faced by predictive maintenance systems
- learn to extract relevant features from condition monitoring data
-learn to select appropriate machine learning algorithms for fault detection, diagnostics and prognostics
-learn to define the learning problem in way that allows its solution based on existing constrains such as lack of fault samples. 
- learn to design end-to-end machine learning algorithms for fault detection and diagnostics 
-be able to evaluate the performance of the applied algorithms.

At the end of the course, the students will be able to design data-driven predictive maintenance applications for complex engineered
systems from raw condition monitoring data.

Content Early and reliable detection, isolation and prediction of faulty system conditions enables the operators to take recovery actions to prevent
critical system failures and ensure a high level of availability and safety. This is particularly crucial for complex systems such as
infrastructures, power plants and aircraft engines. Therefore, their system condition is increasingly tightly monitored by a large number of
diverse condition monitoring sensors. With the increased availability of data on system condition on the one hand, and the increased
complexity of explicit system physics-based models on the other hand, the application of data-driven approaches for predictive
maintenance has been recently increasing. 
This course provides insights and hands-on experience in selecting, designing, optimizing and evaluating machine learning algorithms to
tackle the challenges faced by maintenance systems of complex engineered systems.

Specific topics include:

-Introduction to condition monitoring and predictive maintenance systems 
-Feature extraction and selection methodology
-Machine learning algorithms for fault detection and fault isolation
-End-to-end learning architectures (including feature learning) for fault detection and fault isolation
-Unsupervised and semi-supervised learning algorithms for predictive maintenance
-Machine learning algorithms for prediction of the remaining useful life 
-Performance evaluation
-Predictive maintenance systems at fleet level
-Domain adaptation for fault diagnostics
-Introduction to decision support systems for maintenance applications

Lecture notes Slides and other materials will be available online.
Literature Relevant scientific papers will be discussed in the course.
Prerequisites /
notice

Strong analytical skills.
Programming skills in python are strongly recommended.

103-0448-01L Transformation of Urban Landscapes
Only for masters students, otherwise a special permit of
the lecturer is necessary.

W  3 credits 2G J. Van Wezemael,
A. Gonzalez Martinez

Abstract The lecture course addresses the transformation of urban landscapes towards sustainable inward development. The course reconnects
two largely separated complexity approaches in «spatial planning» and «urban sciences» as a basic framework to look at a number of
spatial systems considering economic, political, and cultural factors. Focus lies on participation and interaction of students in groups.

Objective - Understand cities as complex adaptive systems
- Understand planning in a complex context and planning competitions as decision-making
- Seeing cities through big data and understand (Urban) Governance as self-organization
- Learn Design-Thinking methods for solving problems of inward development
- Practice presentation skills
- Practice argumentation and reflection skills by writing critiques
- Practice writing skills in a small project
- Practice teamwork

Content Starting point and red thread of the lecture course is the transformation of urban landscapes as we can see for example across the Swiss
Mittelland - but in fact also globally. The lecture course presents a theoretical foundation to see cities as complex systems. On this basis it
addresses practical questions as well as the complex interplay of economic, political or spatial systems.

While cities and their planning were always complex the new era of globalization exposed and brought to the fore this complexity. It created
a situation that the complexity of cities can no longer be ignored. The reason behind this is the networking of hitherto rather isolated places
and systems across scales on the basis of Information and Communication Technologies. «Parts» of the world still look pretty much the
same but we have networked them and made them strongly interdependent. This networking fuels processes of self-organization. In this
view regions emerge from a multitude of relational networks of varying geographical reach and they display intrinsic timescales at which
problems develop. In such a context, an increasing number of planning problems remain unaffected by either «command-and-control»
approaches or instruments of spatial development that are one-sidedly infrastructure- or land-use orientated. In fact, they urge for novel,
more open and more bottom-up assembling modes of governance and a «smart» focus on how space is actually used. Thus, in order to be
effective, spatial planning and governance must be reconceptualised based on a complexity understanding of cities and regions,
considering self-organizing and participatory approaches and the increasingly available wealth of data.

Literature A reader with original papers will be provided via the ILIAS system.
Prerequisites /
notice

Only for masters students, otherwise a special permit of the lecturer is necessary.

 Major in Geotechnical Engineering
Number Title Type ECTS Hours Lecturers

101-0318-01L Tunnelling II
Prerequisite: Tunnelling I

W+  3 credits 2G M. Ramoni

Abstract Geotechnical aspects of mechanized tunnelling in soft ground or hard rock. Tunnelling through squeezing rock. Tunnelling through swelling
rock.

Objective Understanding the geotechnics of mechanized tunnelling.
Tunnel design and construction for high rock pressures.

Content Closed shield tunnelling - geotechnical aspects
Tunnelling by hard rockTBMs - geotechnical aspects
Tunnelling through squeezing rock - design and analysis issues
Tunnelling through swelling rock - design and analysis issues

Lecture notes Notes
Literature Recommendations

101-0558-00L Blasting Technique
Number of participants limited to 24

W  2 credits 3G M. J. Kapp, D. Kohler, U. Streuli,
M. A. von Ah
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Abstract Transfer of detailled knowledge of efficient blasting techniques for tunnel and open excavation under consideration of modern explosives
and firing systems as well as aspects of HSE.

Objective Advanced knowledge for planning and execution of blasting activities in open excavation or underground.
Content - Detailled theoretical and practical basics of blasting technology

- Application and effectiveness of explosives
- Application and effectiveness of nonel, electrical and electronical firing systems
- Highly effective blasting technology for open and underground excavation
- HSE

Lecture notes A literature list is included in the skript.
Literature A literature list is included in the skript.
Prerequisites /
notice

Die Teilnehmer müssen die Prüfungen folgender Lehrveranstaltungen bestanden haben:
•Geologie und Petrographie (1. Sem. BSc) 
•Fels- und Untertagbau (6. Sem. BSc)


Der erfolgreiche Abschluss dieses Seminars berechtigt zur Teilnahme an der Prüfung zur Erlangung des Sprengausweises C für
Kaderaufgaben.

WICHTIG:
Eine alleinige Einschreibung in mystudies gilt NICHT als verbindliche Kursanmeldung. Sämtliche Anmeldeinformationen sind abrufbar
unter www.tunnel.ethz.ch

101-0368-00L Constitutive and Numerical Modelling in Geotechnics

The priority is given to the students with Major in
Geotechnics.

It uses computer room with a limited number of computers
and software licenses. 

W+  6 credits 4G A. Puzrin, D. Hauswirth

Abstract This course aims to achieve a basic understanding of conventional continuum mechanics approaches to constitutive and numerical
modeling of soils in getechnical problems. We focus on applications of the constitutive models within the available numerical codes.
Important issue of derivation of model parameters from the lab tests has also received considerable attention.

Objective This course targets geotechnical engineers, who face these days more often the necessity of the numerical analysis in their practice.
Understanding of the limitations of the built-in constitutive models is crucial for critical assessment of the results of numerical calculations,
and, hence, for the conservative and cost efficient design of geotechnical structures. 
   The purpose of this course has been to bridge the gap between the graduate courses in Geomechanics and those in Numerical
Modeling. Traditionally, in many geotechnical programs, Geomechanics is not taught within the rigorous context of Continuum Mechanics.
There is a good reason for that  the behavior of soils is very complex: it is more advantageous to explain it at a semi-empirical level, instead
of scaring the students away with cumbersome mathematical models. However, when it comes to Numerical Modeling courses, these are
often taught using commercially available finite elements (e.g. ABAQUS, PLAXIS) or finite differences (e.g. FLAC) software, which utilize
constitutive relationships within the Continuous Mechanics framework. Quite often students have to learn the challenging subject of
constitutive modeling from a program manual!

Content This course is introductory - by no means does it claim any completeness and state of the art in such a dynamically developing field as
constitutive and numerical modeling of soils. Our intention is to achieve a basic understanding of conventional continuum mechanics
approaches to constitutive and numerical modeling, which can serve as a foundation for exploring more advanced theories. We focus on
applications of the constitutive models within the available numerical codes. Important issue of derivation of model parameters from the lab
tests has also received considerable attention.

Lecture notes Handout notes
Example worksheets

Literature - Puzrin, A.M. (2012). Constitutive Modelling in Geomechanics: Introduction.  Springer Verlag. Heidelberg, 312 p.

101-0378-00L Soil Dynamics W  3 credits 2G I. Anastasopoulos, A. Marin,
T. M. Weber

Abstract Basic knowledge to explore soil dynamic problems, introduction into geotechnical earthquake engineering and solve simple problems
Objective Goal of the lecture is to achieve a basic knowledge of soil dynamics, to be able to solve simple problems and to specify the tasks for

specialists for more complex problems in different fields involved.
Content Basics of dynamics:

Differences between soil mechanics and soil dynamics. Repition of spring - mass - damping systems. Wave propagation in ideal and non
ideal soil conditions.
Dynamical Soil Properties:
Constitutive Modelling of Soils, Soil parameter for different soil types. Soil liquefaction. Determination of soil parameters in field and
laboratory investigation.
Applications: Vibration calculation and isolation, geotechnical earthquake engineering from seismic hazard site amplification towards
aspects of design on foundations and geotechnical structures.

Lecture notes book (in German, see there), supported with paper and notes, which will be made available online
Literature Towhata, I. (2008) Geotechnical Earthquake Engineering. Springer Verlag, Berlin


Kramer, S. L. (1996) Geotechnical earthquake engineering. Pearson Education India.

Prerequisites /
notice

Basic knowledge of mechanics and soil mechanics is required

101-0302-00L Clays in Geotechnics: Problems and Applications W  3 credits 2G M. Plötze
Abstract This course gives a comprehensive introduction in clay mineralogy, properties, characterising and testing methods as well as applied

aspects and problems of clays and clay minerals in geotechnics.
Objective Upon successful completion of this course the student is able to:

- Describe clay minerals and their fundamental properties 
- Describe/propose methods for characterisation of clays and clay minerals
- Draw conclusion about specific properties of clays with a focus to their potential use, problematics and things to consider in geotechnics
and engineering geology.

Content - Introduction to clays and clay minerals (importance and application in geosciences, industry and everyday life)
- Origin of clays (formation of clays and clay minerals, geological origin)
- Clay mineral structure, classification and identification incl. methods for investigation (e.g., XRD)
- Properties of clay materials, characterisation and quantification incl. methods for investigation (e.g., cation exchange, rheology, plasticity,
shearing, swelling, permeability, retardation and diffusion)
- Clay Minerals in geotechnics: Problems and applications (e.g. soil mechanics, barriers, slurry walls, tunnelling)

Lecture notes Lecture slides and further documents will be provided.
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101-0388-00L Planning of Underground Space W  3 credits 2G A. Cornaro
Abstract Urban underground space is the undiscovered or underutilised asset that can help shape the cities of the future. Planning the urban

subsurface calls for multi disciplinary professionals to work together in shaping a new urban tissue beneath our cities. The need to plan the
third dimension in the subsurface is critical in making our cities future proof, resilient and sustainable.

Objective Gain an appreciation and knowledge of what lies beneath our feet and what an asset the underground is for our cities. The need to plan
this asset is more complext than on the surface, as it is invisible and in parts impenentrable. We look at methods and tools to gain an
understanding of the subsurface and what issues and challenges are involved in planning it.

Content weekly lectures on various topics involving cities and the subsurface. 
-Major aspects of urban planning and urban development
-Introduction to urban underground space planning 
-History of underground space development
-Modelling and mapping the underground
-Policy building and urban planning 
-Design and architecture -creating a new urban tissue
-Future cities -resilient cities
-Governance and legal challenges
-Investment aspects: value capture and societal values
-Future proofing our infrastructure
-Best practice of underground space use
-Excursion to underground facility

Lecture notes presentation slides 
book: Underground Spaces Unveiled: Planning and Creating the Cities of the Future, ICE Publishing, 2018, Admiraal, H., Cornaro, A.,
ISBN 978-0-7277-6145-3

Literature various articles and books will be recommended during the course

please see also weblinks "learning materials"

 Major in Structural Engineering
Number Title Type ECTS Hours Lecturers

101-0138-00L Bridge Design W  6 credits 4G W. Kaufmann
Abstract This course presents the fundamentals of bridge design. It covers the entire range from conceptual design to construction, encompassing

all relevant building materials. The focus lies on the structural behaviour today’s most important bridge typologies and their suitability for
certain boundary conditions, the dimensioning of the main structural elements as well as construction methods.

Objective After successful completion of this course, the student should be able to:
- Define the main bridge design parameters and identify constraints and boundary conditions
- Explain the structural behaviour and peculiarities of today’s most important bridge typologies
- Explain the main elements of bridges and their structural behaviour
- Define the relevant actions on bridges
- Dimension a standard bridge (pre-dimensioning by hand; dimensioning using computer-aided tools)
- Explain the most relevant bridge construction and erection methods
- Select an appropriate typology and conceive a convincing bridge for a site with its specific boundary conditions

Content The course is built up as follows:
Introduction
Conceptual design
Girder and slab bridges (including common aspects of all typologies)
Frame and strut-frame bridges
Arch bridges
Cable-stayed bridges
Suspension and stress-ribbon bridges
Control and monitoring
Summary

Lecture notes Lecture notes
Literature Menn C. Prestressed Concrete Bridges. Basel: Birkhäuser Basel; 1990. doi:10.1007/978-3-0348-9131-8.

101-0148-01L Building Structures W  3 credits 2G A. Frangi, H. Seelhofer
Abstract Interaction between building and structure; Identify and qualify the significant correlations; Consequences in the design and the layout of

structure; Choice of structure depending on the relevant parameters.
Objective Get to know building structures in its entirety
Content Indroduction

Interaction between building and structure
Bearing structures of high-rise buildings
Stabilization of structure and stuctural members

Lecture notes presentation script
Literature "Hochbau für Ingenieure", Bachmann Hugo, vdf Verlag Zürich und B.G. Teubner Verlag Stuttgart, 1993

101-0158-01L Method of Finite Elements I W  4 credits 2G E. Chatzi, P. Steffen
Abstract This course will introduce students to the fundamental concepts of the widely established Method of Finite Elements including element

formulations, numerical solution procedures and modelling details. The course will also equip students with the ability to code algorithms
(largely based on MATLAB) for the solution of practical problems in Infrastructure and Civil engineering.

Objective The Direct Stiffness Method is revisited and the basic principles of Matrix Structural Analysis are overviewed.
The basic theoretical concepts of the Method of Finite Elements are imparted and perspectives for problem solving procedures are
provided.
Linear finite element models for truss and continuum elements are introduced and their application for structural elements is demonstrated. 
The Method of Finite Elements is implemented on practical problems through accompanying demonstrations and assignments.
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Content 1) Introductory Concepts
       Matrices and linear algebra - short review.

2) The Direct Stiffness Method
       Demos and exercises in MATLAB & Commercial FE software

3) Formulation of the Method of Finite Elements.
      - The Principle of Virtual Work
      - Isoparametric formulations
      - 1D Elements (truss, beam)
      - 2D Elements (plane stress/strain)
       Demos and exercises in MATLAB  & Commercial FE software

4) Practical application of the Method of Finite Elements.
   - Practical Considerations
   - Results Interpretation
   - Final Project where a Real Test Case is modelled and analyzed

Lecture notes The lecture notes are in the form of slides, available online from the course webpage
Literature Structural Analysis with the Finite Element Method: Linear Statics, Vol. 1 & Vol. 2 by Eugenio Onate (available online via the ETH Library)


Supplemental Reading
Bathe, K.J., Finite Element Procedures, Prentice Hall, 1996.

Prerequisites /
notice

Prior basic knowledge of MATLAB is necessary.

101-0168-00L Timber Structures II W  3 credits 2G A. Frangi
Abstract Basic knowledge of structural timber design including material behaviour especially anisotropy, moisture and long duration effects and their

consideration in structural analysis and detailing. Design, detailing and structural analysis of timber roof structures, buildings and bridges.
Objective Comprehension and application of basic knowledge of structural timber design including material behaviour especially anisotropy, moisture

and long duration effects and their consideration in structural analysis and detailing. Design, detailing and structural analysis of timber roof
structures, buildings and bridges.

Content Field of application of timber structures; Timber as building material (wood structure, physical and mechanical properties of wood and
wood-based products); Durability; Principles of design and dimensioning; Connections (dowels, nails, screws, glued connections); Timber
components and assemblies (mechanically jointed beams, trusses); Design and detaling of timber roof structures, buildings and bridges.

Lecture notes Autography Timber Structures
Copies of lecture slides

Literature Timber design tables HBT 1, Lignum (2012)
Swiss Standard SIA 265 (2012)
Swiss Standard SIA 265/1 (2009)

Prerequisites /
notice

Requirements: basic knowledge in structural analysis

101-0188-00L Seismic Design of Structures I W  3 credits 2G A. Tsiavos
Abstract The following topics are covered: 1) origin and quantification of earthquake hazard; 2) seismic response of elastic and inelastic structures;

3) response history and response spectrum evaluation methods; 4) basis for seismic design codes; and 5) fundamentals of seismic design
of structures. These topics are discussed in framework of performance-based seismic design.

Objective After successfully completing this course the students will be able to:
1.    Explain the nature of earthquake hazard and risk.
2.    Explain the seismic response of simple linear and nonlinear single- and multi-degree-of-freedom structural systems and quantify it
using response time history and response spectrum approaches. 
3.    Apply design code provisions to size the structural elements in a lateral force resisting system of a typical frame building.

Content This course initiates the series of two courses on seismic design of structures at ETHZ. Building on the material covered in the course on
Structural Dynamics and Vibration Problems, the following fundamental topics are covered in this course: 1) origin and quantification of
earthquake hazard; 2) seismic response of elastic and inelastic single- and multiple-degree-of-freedom structures; 3) response history and
response spectrum seismic response evaluation methods; 4) basis for seismic design codes; and 5) fundamentals of seismic design of
structures. These topics are discussed in framework of performance-based seismic design.

Lecture notes Electronic copies of the learning material will be uploaded to ILIAS and available through myStudies. The learning material includes the
lecture presentations, additional reading, and exercise problems and solutions.

Literature 1. Dynamics of Structures: Theory and Applications to Earthquake Engineering, 4th edition, Anil Chopra, Prentice Hall, 2012
2. Earthquake Engineering: From Engineering Seismology to Performance-Based Engineering, Yousef Borzorgnia and Vitelmo Bertero,
Eds., CRC Press, 2004
3. Erdbebensicherung von Bauwerken, 2nd edition, Hugo Bachmann, Birkhäuser, Basel, 2002

Prerequisites /
notice

ETH Structural Dynamics and Vibration Problems course, or equivalent. Students are expected to be able to compute the response of
elastic single- and multiple-degree-of-freedom structural systems in free vibration, as well as in forced vibration under harmonic and pulse
excitation, to use the response spectrum method and to understand and be able to apply the modal response analysis method for multiple-
degree-of-freedom structures. Knowledge of structural analysis and design of reinforced concrete or steel structures under static loads is
expected. Familiarity with general-purpose numerical analysis software, such as Matlab, and structural analysis software, such as
SAP2000, is desirable.

101-0178-01L Uncertainty Quantification in Engineering W 3 credits 2G S. Marelli
Abstract Uncertainty quantification aims at studying the impact of aleatory and epistemic uncertainty onto computational models used in science and

engineering. The course introduces the basic concepts of uncertainty quantification: probabilistic modelling of data (copula theory),
uncertainty propagation techniques (Monte Carlo simulation, polynomial chaos expansions), and sensitivity analysis.

Objective After this course students will be able to properly pose an uncertainty quantification problem, select the appropriate computational methods
and interpret the results in meaningful statements for field scientists, engineers and decision makers. The course is suitable for any
master/Ph.D. student in engineering or natural sciences, physics, mathematics, computer science with a basic knowledge in probability
theory.

Content The course introduces uncertainty quantification through a set of practical case studies that come from civil, mechanical, nuclear and
electrical engineering, from which a general framework is introduced. The course in then divided into three blocks: probabilistic modelling
(introduction to copula theory), uncertainty propagation (Monte Carlo simulation and polynomial chaos expansions) and sensitivity analysis
(correlation measures, Sobol' indices). Each block contains lectures and tutorials using Matlab and the in-house software UQLab
(www.uqlab.com).

Lecture notes Detailed slides are provided for each lecture. A printed script gathering all the lecture slides may be bought at the beginning of the
semester.
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Prerequisites /
notice

A basic background in probability theory and statistics (bachelor level) is required. A summary of useful notions will be handed out at the
beginning of the course.

A good knowledge of Matlab is required to participate in the tutorials and for the mini-project.

101-0149-00L Plate and Shell Structures W  3 credits 2G T. Vogel, S. Fricker
Abstract Basic load bearing behaviour of plate and shell structures
Objective Comprehension of basic load bearing behaviour of plate and shell structures; knowledge of typical applications of different materials, ability

to reasonably interpret and check results of numerical calculations; establish access to technical literature.
Content In-plane loaded plates (cartesian and polar coordinates)

Kinematics of in-plane loaded plates
Folded plate structures
Thin plates with small deflections
Circular plates
Thin plates with large deflections
Geometry of curved surfaces
Shells (basics, membrane theory, bending theory, form finding)

Lecture notes Autographie "Flächentragwerke"
Literature Recommended:

- Girkmann, K.: "Flächentragwerke", Springer-Verlag, Wien, 1963, 632 pp.
- Flügge, S.: "Stresses in Shells", Springer-Verlag, Berlin, 1967, 499 pp.
- Hake, E. ; Meskouris,K. : "Statik der Flächentragwerke", Springer-Verlag, Berlin, 2001
- Timoshenko, S.P.; Woinowsky-Krieger, S.: "Theory of Plates and Shells", McGraw-Hill, New-York, 1959, 580 pp.

101-0008-00L Structural Identification and Health Monitoring W  3 credits 2G E. Chatzi, V. Ntertimanis
Abstract This course will present methods for assessing the condition of structures based on monitoring. The term "monitoring" corresponds to

measurements of structural response (e.g. strains, deflections, accelerations), which are nowadays available from low-cost and easily
deployed sensor technologies. We show how to exploit sensing technology for maintaining a safe and resilient infrastructure.

Objective This course aims at providing a graduate level introduction into the identification and condition assessment of structural systems. 

Upon completion of the course, the students will be able to:
1. Test Structural Systems for assessing their condition, as this is expressed through stiffness
2. Analyse sensor signals for identifying characteristic structural properties, such as frequencies, mode shapes and damping, based on
noisy or incomplete measurements of the structural response.
3. Establish relationships governing structural response (e.g. dynamics equations) 
4. Identify possible damage into the structure by picking up statistical changes in the structural "signature" (behavior)

Content The course will include theory and algorithms for system identification, programming assignments, as well as laboratory and field testing,
thereby offering a well-rounded overview of the ways in which we may extract response data from structures.

The topics to be covered are :

1. Fundamentals of dynamic analysis (vibrations) 
2. Fundamentals of signal processing 
3. Modal Testing for determining the modal properties of Structural Systems
4. Parametric & Nonparametric Identification for processing test and measurement data
  i) in the frequency domain (Spectral Analysis, Frequency Domain decomposition)
  ii) in the time domain (Autoregressive models, the Kalman Filter)
5. Damage Detection via Stochastic Methods

A comprehensive series of computer/lab exercises and in-class demonstrations will take place, providing a "hands-on" feel for the course
topics.

Grading: 
The final grade will be obtained, either 
- by 30% from the graded exercises and 70% from the written session examination, or
- by the written session examination exclusively.
The highest ranking of the above two options will be used, so that assignments are only used to strengthen the grade.

Lecture notes The course script is composed by the lecture slides, which are available online and will be continuously updated throughout the duration of
the course: http://www.chatzi.ibk.ethz.ch/education/identification-methods-for-structural-systems.html

Literature Suggested Reading:
T. Söderström and P. Stoica: System Identification, Prentice Hall International: http://user.it.uu.se/~ts/sysidbook.pdf

Prerequisites /
notice

Familiarity with MATLAB is advised.

052-0610-00L Energy and Climate Systems II W  2 credits 2G A. Schlüter
Abstract The second semester of the annual course focuses on physical principles, component and systems for the efficient and sustainable supply

with electricity, daylight and artificial light. This includes concepts of on-site generation of energy, building systems controls and human-
building interaction. Additionally, larger scale building energy systems for districts are discussed.

Objective The lecture series focuses on the physical principles and technical components of relevant systems for an efficient and sustainable
climatisation and energy supply of buildings. A special focus is on the interrelation of supply systems and architectural design and
construction. Learning and practicing methods of quantifying demand and supply allows identifying parameters relevant for design.

Content Efficient buildings and integrated design
Renewable, on-site energy generation
Daylight and artificial light
Intelligent buildings: automation and user
Urban energy systems

Lecture notes The slides of the lecture serve as lecture notes and are available as download.
Literature A list of relevant literature is available at the chair.

101-0194-00L Seismic Evaluation and Retrofitting of Existing
Structures

W  2 credits 1G A. Tsiavos

Abstract The aim of this course is to present the state of the art of the current procedures for seismic evaluation and retrofitting of existing structures
in Switzerland (Norm SIA 269/8) and worldwide. Emphasis will be given on the practical application of these procedures in real structures
located in Switzerland, through case studies presented by experts in the field.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 183 of 1785

Objective A large percentage of the existing building inventory worldwide has been constructed before the introduction of the current seismic code
provisions. The seismic deficiencies observed in many of these structures are a direct outcome of their non-compliance with these
provisions and the established engineering practices in seismic design. Moreover, the unavoidable material deterioration in these
structures could further inhibit their seismic performance. Therefore, the knowledge of the current procedures and common practices for
the seismic evaluation and retrofitting of structures is of paramount importance. This course presents an overview of these procedures
through a wide spectrum of applied case studies in Switzerland and worldwide. The students will work on a project related to the presented
case studies, thus obtaining deep understanding on the application of these procedures and a feeling on how to engineer practical
retrofitting strategies towards the seismic upgrading of existing structures.

Content 1. Introduction to seismic hazard and seismic performance objectives.
2. Common structural deficiencies and observed damage patterns due to strong earthquake ground motion excitation.
3. Seismic evaluation of structures in Switzerland using Norm SIA 269/8: Presentation of the code in steps and discussion of the critical
issues.
4. Seismic retrofitting of structures in Switzerland using Norm SIA 269/8: Presentation of the code in steps and discussion of the critical
issues.
5. Application of seismic evaluation using SIA 269/8 on an existing structure in Switzerland. 
6. Application of seismic retrofitting using SIA 269/8 on an existing structure in Switzerland.
7. Seismic evaluation methodologies worldwide: State of the art. Presentation of illustrative examples.
8. Introduction to Yield Point Spectra and the Constant Yield Displacement Evaluation (CYDE) method.
9. Seismic retrofitting strategies worldwide: State of the art. Presentation of illustrative examples.

Prerequisites /
notice

The attendance of the course Existing Structures (Erhaltung von Tragwerken-101-0129-00L) and the participation in the course Seismic
Design of Structures I (101-0188-00L) in parallel with this course are highly recommended. 

101-0195-00L Modeling and Simulation of 
Earthquakes, Soils, Structures and their Interaction

W  3 credits B. Jeremic

Abstract This course will provide students with state of the art nite element methods, tools and models for dynamic modeling and simulation of
earthquakes, soils, structures and their interaction.

Objective This course presents the state of the art nite element methods, tools and models for dynamic modeling and simulation of earthquakes,
soils, structures and their interaction. Presentation of the theoretical aspects of Earthquake Soil Structure Interaction (ESSI) will be
illustrated using models built using the Real-ESSI Simulator software system.

Content Week I
Course objectives, methodology, computer modeling and simulation system Real-ESSI Simulator.
Computational Mechanics field of study, kinematics of deformation, strain, stress, linear and nonlinear elasticity, dynamic equilibrium
relations, d’Alembert’s principle, forces in dynamic equilibrium, mass, damping, stiffness, external force, nonlinear analysis cycles

Week II
Dynamic finite element method (FEM) equations, virtual work method in dynamics, nonlinear dynamic equations of motion, consistent and
lumped mass, velocity and displacement proportional damping, Rayleigh and Caughey damping, linear and nonlinear material behavior.

Week III
Incremental, continuum elasto-plasticity, Material Models (perfectly plastic, hardening and softening. Explicit (forward Euler) and Implicit
(backward Euler) constitutive integrations

Week IV
Direct, time marching solution for dynamics of nonlinear, inelastic systems, general Newmark family of methods, sta-bility and accuracy,
nonlinear resonance, numerical damping, explicit and implicit algorithms, unconditionally and conditionally stable Newmark and Hilber–
Hughes–Taylor α–method, stability and accuracy, examples)

Week V
Contact modeling: Hard contact, Soft contact. Axial contact stiffness, shear contact stiffness. Contact gap opening and closing. Saturated
contacts, effective stress and buoyant forces on foundations.

Week VI
Inelastic structural models, beams, plates, walls and shells.

Week VII
Parallel Computing for elastic-plastic computations, static and dynamic domain decompositions methods, Course and fine grained high
performance computing. Multiprocessors, multi-core, graphical processing units (GPUs).

Week VIII
Elastic–plastic FEM modeling, practical recommendations for development and analysis of nonlinear, elastic-plastic finite element models,
phased development of general FEM, and ESSI in particular, models. Core Functionality for inelas-tic/nonlinear modeling.

Week IX
Introduction: Earthquake Soil Structure Interaction (ESSI) Background, problem definition, seismic motions, seismic body and surface wave
field, seismic energy propagation, free field motions, beneficial and detrimental effects, balancing input and dissipated energy.

Week X
Seismic Motions: Free field vs ESSI motions, incoherent motions, Domain Reduction Method, boundary conditions, radiation damping, 3D
inclined wave fields vs 1D vertical motions, nonlinear wave propagation simulations, time step size, element size, earthquake modeling.

Week XI
Free field motions development, 1C motions, deconvolution and convolution, 3C/6C motions, 3D plane wave solution, regional scale
geophysical models, Bay Area regional scale model, (guest lecture by a geophysics expert), use of SW4 program for free field motion
development.

Week XII
ESSI and Liquefaction, fully coupled, porous solid – pore fluid systems formulation, discretization, basic system of DOFs, coupling damping
forces, specialization to slow (consolidation) and fast phenomena (ESSI, liquefaction), boundary conditions, initial conditions, stability and
accuracy of various algorithms.

Week XIII
Verification and Validation (definition, procedures, code verification, solution verification, validation experiments, model verification (!))

Week XIV
ESSI Modeling and Simulation Synthesis: example building structure (boundary conditions, initial conditions, nonlinear contact (gap/slip),
nonlinear soil/rock, 1D vs 3D seismic motions development, buoyant forces at foundation level, etc.)
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Lecture notes Lecture notes will be provided by the instructor at:
http://sokocalo.engr.ucdavis.edu/~jeremic/LectureNotes/

More information about the Real-ESSI Simulator can be found at http://real-essi.info

Literature - The Finite Element Method, Olgierd Cecil Zienkiewicz and Robert L. Taylor, McGraw-Hill Book Company, Volumes 1, 2 and 3.
- Non-Linear Finite Element Analysis of Solids and Structures Volume 1: Essentials, Crisfield, M. A., John Wiley and Sons, Inc. New York,
1991, ISBN 0 471 92956 5 v.1
- Finite Element Procedures in Engineering Analysis, Klaus-Juergen Bathe, Prentice Hall, ISBN 0-13-301458-4
- Constitutive Laws for Engineering Materials With Emphasis on Geologic Materials Chandrakant S. Desai and Hema J. Siriwar-dane,
Prentice–Hall, Inc. Englewood Cliffs, NJ 07632, ISBN 0-13-167940-6
-Plasticity Theory. Lubliner, Jacob , Macmillan Publishing Company, New York, ISBN 0–02-372161-8
- Plasticity for Structural Engineers W. F. Chen and D. J. Han , Springer Verlag, 1988 ISBN 0-387-96711-7
- Dynamics of Structures, John Argyris and Hans-Peter Mlejnek. North Holland (USA Elsevier), 1991.
- Introduction to Computational Earthquake Engineering, Muneo Hori, Imperial College Press, 2006.
- Waves and Vibrations in Soils: Earthquakes, Traffic, Shocks, Construction works. Jean-Fran¸cois Semblat and Alain Pecker. IUSS Press,
first edition, 2009.
- Quantitative Seismology, Keiiti Aki and Paul G. Richards. University Science Books, 2nd edition, 2002.
- The Finite Element Method ; Linear Static and Dynamic Finite Element Analysis Thomas J. R. Hughes. Prentice Hall Inc., 1987.
- Nonlinear Finite Elements: Modeling and Simulation of Earthquakes, Soils, Structures and their Interaction. Boris Jeremi´c, Zhaohui Yang,
Zhao Cheng, Guanzhou Jie, Nima Tafazzoli, Matthias Preisig, Panagiota Tasiopoulou, Federico Pisano, Jose Abell, Kohei Watanabe,
Yuan Feng, Sumeet Kumar Sinha, Fatemah Behbehani, Han Yang, and Hexiang Wang. University of California, Davis, CA, USA; and
Lawrence Berkeley National Laboratory, Berkeley, CA, USA, 1989-2019. ISBN: 978-0-692-19875-9

Prerequisites /
notice

Consent of Instructor.

Computers: Most of the problems in this course will require numerical simulations. A nite element modeling system called Real-
ESSI/Real-ESSI Simulator system (http://real-essi.info) will be made available through Amazon Web Services (AWS)) and will be used for
assignments, examples and term project. Other programs can be used as well, provided that they provide needed functionality.

 Major in Transport Systems
Number Title Type ECTS Hours Lecturers

101-0428-00L Highway Geometric Design and Engineering W  6 credits 4G H.-R. Müller
Abstract Knowledge and application of the bases and connections of the geometric highway design.

Identification of construction risks; Road construction an dimensioning incl. drainage systems; principles and certification of safety and
serviceability.

Objective Knowledge and application of the bases and connections of the geometric highway design.
Assessing of construction risks, knowledge of dimensioning road structures and drainage systems.

Content Design bases and modells, alignement, cross-section, intersections, highway equipment and project handling.
Identification and assessing of construction risks, application of principles and certification of safety requirements, dimensioning and
construction of road structures and drainage systems.

Lecture notes HR. Müller: Entwurf von Strassen, IVT-ETHZ, Januar 2014

HR. Müller: Bau und Erhaltung von Verkehrsanlagen, IVT-ETHZ, Januar 2014

101-0459-00L Logistics and Freight Transportation W  6 credits 4G F. Corman, K. Brossok,
D. Bruckmann, M. Ruesch,
T. Schmid, A. Trivella

Abstract Basics and concepts of logistics and freight transport; offers, infrastructure and production processes of different transport systems;
regulatory framework

Objective Identification and understanding the interconnections between logistic requirements, market, transport offers, operational processes,
transport means and regulation in freight transport of all transport systems (road, rail, intermodal, waterborne and air).

Content Basics and concepts of logistics, actors in logistics and freight transport, transport demand (1) in-house logistics, storage, transport safety,
dangerous goods (2), basics to transport offers, production processes and infrastructure for road, rail, intermodal, waterborne (sea and
inland waterways) and air transport, urban logistics (3), transport policy, regulation, spatial planning, location issues and network design
with optimization methods (4)

Lecture notes Lecture slides in German or English will be provided.

101-0488-01L Human Powered Mobility W 6 credits 4G U. Walter, E. Bosina, M. Meeder
Abstract Basics of pedestrian transport planning and planning of cycle traffic facilities,

Transport-related attributes of the human being,
Design of pedestrian and cycle traffic networks,
Pedestrian and cycle traffic facilities,
Microsimulation of pedestrian flows,
Assessment of performance and level of service

Objective Acquirement of basic knowledge in the field of pedestrian and cycle traffic planning,
Knowledge and understanding of the transport-related attributes of human beings and the consequences for the design and planning of
appropriate transport facilities,
Ability to assess level of service and performance,
Basic knowledge about pedestrian microsimulation as an up-to-date instrument for planning and analysis
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Content 1)      Introduction to human-powered mobility
2)      Characteristics of bicycle transport
3)      Principles of bicycle networks
4)      Exercise: design of a bicycle network
5)      design and development of bicycle traffic facilities
6)      Bicycle parking
7)      Characteristics of pedestrians, walking speed
8)      Quality of traffic conditions and capacity of cycling and walking facilities
9)      design and development of pedestrian traffic facilities
10)     Configuration and design of pedestrian traffic facilities in public transport hubs
11)     Obstacle free traffic areas - Demands of people with disabilities
12)     Counting pedestrian and bicycle traffic
13)     Pedestrian simulations
14)     Technologies for pedestrian micro-simulations
15)     Exercise: Design of pedestrian facilities
16)     Shared Space
17)     Promoting pedestrian and bicycle transport
18)     Excursions to selected topics in pedestrian and bicycle transport

Lecture notes Slides and other course materials will be provided on this course's Moodle page.
Literature References for further reading will be provided during the lectures.
Prerequisites /
notice

During the semester there will be 2 supporting exercises as well as 2 field trips covering pedestrian and bicycle transport.

101-0579-00L Infrastructure Management 2: Evaluation Tools W  4 credits 2G B. T. Adey, C. Kielhauser
Abstract This course provides tools to predict the service being provided by infrastructure in situations where the infrastructure is expected to 


1) to evolve slowly with relatively little uncertainty over time, e.g. due to the corrosion of a metal bridge, and 

2) to change suddenly with relatively large uncertainty, e.g. due to being washed away from an extreme flood.

Objective The course learning objective is to equip students with tools to be used to the service being provided from infrastructure.
The course increases a student's ability to analyse complex problems and propose solutions and to use state-of-the-art methods of
analysis to assess complex problems

Content Reliability 
Availability and maintainability
Regression analysis
Event trees
Fault trees
Markov chains
Neural networks
Bayesian networks

Lecture notes All necessary materials (e.g. transparencies and hand-outs) will be distributed before class.
Literature Appropriate reading material will be assigned when necessary.
Prerequisites /
notice

Although not an official prerequisite, it is perferred that students have taken the IM1:Process course first. Understanding of the
infrastructure management process enables a better understanding of where and how the tools introduced in this course can be used in the
management of infrastructure.

103-0458-00L Economical Land Use
Only for MSc Students or special approval by the lecturer.

W  3 credits 2G R. Nebel

Abstract The lecture demonstrates current trends of land use, arguments for an economical handling of land and instruments as well as procedures
to implement economical land use in practice. This is considered on different planning levels, especially on the regional level. The main
focus is the introduction of a comprehensive settlement management in the light of current trends of land use.

Objective Students learn to understand backgrounds, basic principles, goals and approaches of appropriate and economical use of land as a scarce
resource. They are able to summarise in a comprehensible way the core arguments for redevelopment before new development.
Furthermore, students can illustrate how to implement economical land use in a differentiated and customised manner.

Content - settlement development and land use: facts, trends, causes and consequences
- redevelopment before new development: basic principles and strategic goals
- overviews of existing land reserves 
- formal and informal instruments and procedures
- comprehensive settlement management: implementation on municipal, regional and national level

Lecture notes The documents for the lecture are available on Moodle.
Prerequisites /
notice

Eligible only for master students, otherwise a special permisson by the lecturer is required.

101-0408-00L Laboratory Transport and Spatial Planning
Number of participants limited to 25.

W  3 credits 2P B. Vitins

Abstract This laboratory applies main transport planning methods based on land use types and patterns. Using a small scale case study, students
implement a four-stage travel demand model based on real-world data and propose scenarios for improvements of transport and land use
infrastructure.

Objective - Methods for analyzing and solving transport planning issues 
- Dependencies between land use and transport planning
- Development of models for solving of planning tasks 
- Model plausibility and calibration 
- Development of solutions and scenarios
- Scenario evaluation and effect

151-0228-00L Management of Air Transport (Aviation II) W 4 credits 3G P. Wild
Abstract Providing an overview in management, planning, processes and operations in air transport, the lecture shall enable students to operate and

lead a unit within that industry. In addition, the modules provide a good understanding for other transport modes and are a sort of "Mini
MBA" (topics see below). Ideally, students complete first "Basics in Air Transport" yet there is no requirement for it.

Objective After completion of the course, they shall be familiar with tasks, processes and interactions and have the ability to understand implications
of developments in the airlines industry and its environment. This shall enable them to work within the air transport industry.
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Content Weekly: 1h independent preparation; 2h lectures and 1 h training with an expert in the respective field
Overall concept: This lecture build on the content of the lecture "Basics in Air Transport" (101-0499-00L) and provides deeper insights into
the airline industry.
Content: Strategy, Alliances & Joint Ventures, Negotiations with Stakeholder, Environmental Protection, Safety & Risk Management, Airline
Economics, Network Management, Revenue Management & Pricing, Sales & Distribution, Airline Marketing, Scheduling & Slot
Management, Fleet Management & Leasing, Continuing Airworthiness Management, Supply Chain Management, Operational Steering

Lecture notes No offical lecture notes. Lecturers' slides will be made available
Literature Literature will be provided by the lecturers respective there will be additional Information upon registration

103-0427-00L Regional Economics W  4 credits 2G B. Buser, C. Abegg
Abstract The lecture on Regional Economics focusses on the theoretical aspects of spatial factor allocation and of growth determinants. The course

takes a top down stance and looks at regional development from a macroeconomic perspective. Implications of theoretical models on
regional and growth policy will be discussed in and connections to the course Site Management will be made.

Objective Students shall know the theoretical basics of spatial economy and growth theories an a regional scale; they shall gain the competence to
apply concepts and theories of spatial science as well as regional economics to concrete problems of their area of study.

Content Origin of "Spatial Economics"
Indices of regional economics and growth analysis
Regional  advantages in competition and growth theories
Regional innovation theory (innovation processes, cluster theory and innovation policy)
Theory and political implications with examples (New Regional Policy NRP, Regional Innovation Systems RIS)
External Speaker and discussion of topicality by press

Lecture notes Download two days before lecture: http://irl.ethz.ch/de/education/vorlesungen/msc/regional_economics.html

https://ilias-app2.let.ethz.ch/goto.php?target=crs_118394&client_id=ilias_lda

Literature Literature is optional, there will be given hints to:

Bathelt, H., Glückler J. (2012): Wirtschaftsgeographie.
Ökonomische Beziehungen in räumlicher Perspektive. 3. Auflage. ISBN: 978-3-8252-8492-3

Eisenhut, P. (2014): Aktuelle Volkswirtschaftslehre 2018/2019.
Rüegger Verlag, Zürich. ISBN: 978-3-7253-1066-1

Eckey, H.-F. (2008): Regionalökonomie. GWV Fachverlag GmbH, Wiesbaden. ISBN: 978-3-8349-0999-2

227-0524-00L Railway Systems II W  6 credits 4G M. Meyer
Abstract Characteristics of traction drive systems:

- electrical systems and their components
- thermal propulsion systems
- vehicles with battery storage systems
System integration:
- train control
- energy consumption
- electrical system compatibility

Objective - Know-how about the design and construction principles of rail traction systems
- Overview of overall-system tasks (electrical system integration, train control, energy consumption)
- Insight into the activities of the railway vehicle industry and railway operators in Switzerland
- Motivation of young engineers to start a career in the railway vehicle manufacturers, railway infrastructure and operating companies

Content EST II (Frühjahrsemester) - Vertiefung Antriebssysteme, Systemfragen

1 Traktionsausrüstung:
1.1 Systemkonzepte für Traktionsantriebe
1.2 Haupttransformator
1.3 Fahrmotoren
1.4 Stromrichter
1.5 Hochspannungskreise und Erdung
1.6 Thermische Auslegung
1.7 Diesel-Antriebssysteme
1.8 Batteriespeicher

2 Systemintegration
2.1 Zugbeeinflussung
2.2 Energieverbrauch
2.3 Aufbau der Bahnstromversorgung
2.4 Elektrische Systemkompatibilität

Geplante Exkursionen:
- Engineering und Leistungslabor, ABB Turgi
- evtl. Sicherungsanlagen, Siemens Wallisellen
- 2-tägige Schlussexkursion (Besichtigungen und Führerstandsfahrten, ausschliesslich für regelmässige Vorlesungsteilnehmer)

Lecture notes Abgabe der Unterlagen (gegen eine Schutzgebühr) zu Beginn des Semesters. Rechtzeitig eingeschriebene Teilnehmer (bis 8 Tage vor
Vorlesungsbeginn) können die Unterlagen auf Wunsch und gegen eine Zusatzgebühr auch in Farbe beziehen.

Prerequisites /
notice

Dozent:
Dr. Markus Meyer, Emkamatik GmbH

Voraussichtlich Gastvortrag über ETCS von einem SBB-Referenten.

EST I (Herbstsemester) ist als Voraussetzung empfohlen, aber nicht notwendig. EST II (Frühjahrssemester) kann bei Interesse an
Antriebssystemen auch als separate Vorlesung besucht werden.

151-0226-00L Energy and Transport Futures W  4 credits 3G K. Boulouchos,
P. J. de Haan van der Weg,
G. Georges

Abstract The course teaches to view local energy solutions as part of the larger energy system. Because it powers all sectors, local changes can
have consequences reaching well beyond one sector. While we explore all sectors, we put a particular emphasis on mobility and its unique
challenges. We not only cover engineering aspects, but also policymaking and behavioral economics.
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Objective The main objectives of this lecture are:
(i) Systemic view on the Energy Sytem with emphasis on Transport Applications
(ii) Students can assess the reduction of energy demand (or greenhouse gas emissions) of sectoral solutions.
(iii) Students understand the advantages and disadvantages of technology options in mobility
(iv) Students know policy tools to affect change in mobility, and understand the rebound effect.

Content The course describes the role of energy system plays for the well-being of modern societies, and drafts a future energy system based on
renewable energy sources, able to meet the demands of the sectors building, industry and transport. The projected Swiss energy system is
used as an example. Students learn how all sectoral solutions feedback on the whole system and how sector coupling could lead to optimal
transformation paths. The course then focuses on the history, status quo and technical potentials of the transport sector. Policy mixes to
reduce energy demand and CO2 emissions from transport are introduced. Both direct and indirect effects of different policy types are
discussed. Concepts from behavioral economics (car purchase behavior and rebound effects) are presented.

Preliminary schedule:
Block 1.  Energy technologies and policies.
                 Climate, Environment, Security of Supply.Technology options and policies in power generation,   building and industrial sectors . 
Block 2. Transport technologies. 
                Technology options in mobility and their physical aspects 
Block 3. Transport policies 
                Regulation, policy tools and technological potential to affect change in mobility
Block 4. Energy and Transport Futures
                Closing loop across all sectors. Sector-coupling.

Lecture notes t.b.d.
Literature t.b.d.

101-0481-00L Readings in Transport Policy W  3 credits 2G K. W. Axhausen
Abstract This course will explore the issues and constraints of transport policy through the joint readings of a set of relevant papers. 


The class will meet every three weeks to discuss the texts.

Objective Familiarize the students with issues of transport policy making and the conflicts arising. 

Train the ability to read critically and to summarize his/her understanding for him/herself and others through a review paper, paper
abstracts and a paper review.

103-0448-01L Transformation of Urban Landscapes
Only for masters students, otherwise a special permit of
the lecturer is necessary.

W  3 credits 2G J. Van Wezemael,
A. Gonzalez Martinez

Abstract The lecture course addresses the transformation of urban landscapes towards sustainable inward development. The course reconnects
two largely separated complexity approaches in «spatial planning» and «urban sciences» as a basic framework to look at a number of
spatial systems considering economic, political, and cultural factors. Focus lies on participation and interaction of students in groups.

Objective - Understand cities as complex adaptive systems
- Understand planning in a complex context and planning competitions as decision-making
- Seeing cities through big data and understand (Urban) Governance as self-organization
- Learn Design-Thinking methods for solving problems of inward development
- Practice presentation skills
- Practice argumentation and reflection skills by writing critiques
- Practice writing skills in a small project
- Practice teamwork

Content Starting point and red thread of the lecture course is the transformation of urban landscapes as we can see for example across the Swiss
Mittelland - but in fact also globally. The lecture course presents a theoretical foundation to see cities as complex systems. On this basis it
addresses practical questions as well as the complex interplay of economic, political or spatial systems.

While cities and their planning were always complex the new era of globalization exposed and brought to the fore this complexity. It created
a situation that the complexity of cities can no longer be ignored. The reason behind this is the networking of hitherto rather isolated places
and systems across scales on the basis of Information and Communication Technologies. «Parts» of the world still look pretty much the
same but we have networked them and made them strongly interdependent. This networking fuels processes of self-organization. In this
view regions emerge from a multitude of relational networks of varying geographical reach and they display intrinsic timescales at which
problems develop. In such a context, an increasing number of planning problems remain unaffected by either «command-and-control»
approaches or instruments of spatial development that are one-sidedly infrastructure- or land-use orientated. In fact, they urge for novel,
more open and more bottom-up assembling modes of governance and a «smart» focus on how space is actually used. Thus, in order to be
effective, spatial planning and governance must be reconceptualised based on a complexity understanding of cities and regions,
considering self-organizing and participatory approaches and the increasingly available wealth of data.

Literature A reader with original papers will be provided via the ILIAS system.
Prerequisites /
notice

Only for masters students, otherwise a special permit of the lecturer is necessary.

101-0419-01L Railway Infrastructures 1 W  2 credits 2G U. A. Weidmann
Abstract Introduction in rail infrastructures, interoperability and technical standards, network development, infrastructure planning, design of rail

infrastructures, planning and design of railway stations, introduction to rail technology, innovation of the rail system, beginning
commissioning of rail infrastructures, strategies for cost optimization, operational aspects of maintenance.

Objective Teaches the basic principles of railway infrastructures, of network and infrastructure design, of the railway technology and aspects of
infrastructure operation. Fundamentals for railway infrastructures 2.

Content (1) Fundamentals: Infrastructures of public transport systems; interaction between track and vehicles; passengers and goods as
infrastructure users; management and financing of networks; railway standards and normes. (2) Infrastructure planning: Planning
processes and decision levels; planning processes of governmental bodies and railway companies; layout of a line. (3) Infrastructure
design: Topologies of passenger stations; rail freight facilities; workshops. (4) Design of passenger stations: Planning and design of the
passenger parts of stations. (5) Rail technology: Track, power supply, safety systems, telecommunication systems. (6) Innovation:
Fundamentals of innovation in rail systems; technological perspectives. (7) Commission of rail infrastructure: Definitions; processes; test
methods; responsibilities. (8) Maintenance: Fundamentals of infrastructure maintenance; kinds of depreviations; supervision methods;
steps of infrastructure maintenance; maintenance need; methods to minimize maintenance costs; operational aspects.

Lecture notes Textbook in German under preparation. Slides are made available.
Literature References to technical literature will be included in the textbook.
Prerequisites /
notice

No remarks.

 Major in Hydraulic Engineering and Water Resources Management
Number Title Type ECTS Hours Lecturers
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101-0278-00L Flood Protection W  3 credits 2G R. Boes, J. Eberli
Abstract Concepts and structural measures to prevent or mitigate flood damage, planning methods to implement projects in practice
Objective To get to know processes leading to flood damage, the different concepts and structural measures allowing to prevent or mitigate flood

damage, as well as promising practical planning methods to implement flood protection measures in practice.
Content Explanation of relevant processes: flooding, aggradation, sedimentations, erosion, debris flows.

Concept of different objectives of protection for various land uses (from rural areas to industrial regions).
General possibilities of flood protection / control.
Land use planning on the basis of hazard zones.
Classical procedures against flood damage with the use of examples such as increase of flow capacity, release structures, flood detention
basins, polder.
Property protection as continuative measure.
Maintenance.
Considering of overload case, Emergency procedures.
Damage determination and risk analysis.
Management of residual risk.
Conflict of objective during implementation of procedures.
Situatively adjusted approach.
Case studies (group work).
Field trip.

Lecture notes Flood protection script
Literature Guidelines of Swiss federal administration (especially Federal Office for the Environment, FOEN)

102-0488-00L Water Resources Management W  3 credits 2G P. Burlando
Abstract Modern engineering approach to problems of sustainable water resources, planning and management of water allocation requires the

understanding of modelling techniques that allow to account for comprehensive water uses (thereby including ecological needs) and
stakeholders needs, long-term analysis and optimization. The course presents the most relevant approaches to address these problems.

Objective The course provides the essential knowledge and tools of water resources planning and management. Core of the course are the concepts
of data analysis, simulation, optimization and reliability assessment in relation to water projects and sustainable water resources
management.

Content The course is organized in four parts. 
Part 1 is a general introduction to the purposes and aims of sustainable water resources management, problem understanding and tools
identification. 
Part 2 recalls Time Series Analysis and Linear Stochastic Models. An introduction to Nonlinear Time Series Analysis and related
techniques will then be made in order to broaden the vision of how determinism and stochasticity might sign hydrological and geophysical
variables. 
Part 3 deals with the optimal allocation of water resources and introduces to several tools traditionally used in WRM, such as linear and
dynamic programming. Special attention will be devoted to optimization (deterministic and stochastic) and compared to simulation
techniques as design methods for allocation of water resources in complex and competitive systems, with focus on sustainability and
stakeholders needs.
Part 4 will introduce to basic indexes used in economical and reliability analyses, and will focus on multicriteria analysis methods as a tool
to assess the reliability of water systems in relation to design alternatives.

Lecture notes A copy of the lecture handouts will be available on the webpage of the course. Complementary documentation in the form of scientific and
technical articles, as well as excerpts from books will be also made available.

Literature A number of book chapters and paper articles will be listed and suggested to read. They will also be part of discussion during the oral
examination.

Prerequisites /
notice

Suggested relevant courses: Hydrologie I (or a similar content course) and Wasserhaushalt (Teil "Wasserwirtschaft", 4. Sem. UmweltIng.,
or a similar content course) for those students not belonging to Environmental Engineering.

101-0268-01L Physical Modelling in Hydraulics W  2 credits 2G I. Albayrak, D. Felix
Abstract This lecture focuses on physical hydraulic modelling, measurements and data analysis techniques. The advantages and limitations of the

similitude laws and measurement techniques are presented with examples. The knowledge will be applied by the students in individual
group work using a hydraulic model at VAW. This lecture is recommend for students with interest in an experimental MSc-thesis at VAW.

Objective To deepen knowledge on possibilities and limitations of experimental modelling in hydraulic engineering and relevant measurement
techniques, and to advance in data analysis i.e. time and frequency domains, error analysis and data interpretation.

Content Fluid properties and basic equations
Similitude and dimensional analysis
Scaling laws and upscaling limits
Modelling techniques and how to build physical scale models
Sediment transport modelling (gravel bed rivers) & Sediment monitoring techniques
Measurement techniques:
Laser Doppler Anemometry (LDA), 
Particle Image Velocimetry (PIV), 
Particle Tracking Velocimetry (PTV),
Acoustic Doppler Velocimetry (ADV) and Acoustic Doppler Current Profiler (ADCP)
Video-metry and fibre optical instruments
Data analysis including curve fitting and error analysis
Laboratory visit including introduction to experimental facilities
Individual laboratory work in groups (measurement, data analysis and interpretation)

Lecture notes Lecture notes/handouts will be available online.
Literature is specified in the lecture.
Prerequisites /
notice

Strongly recommended: Hydraulics I, Hydraulic Engineering I

101-0288-00L Snow and Avalanches: Processes and Risk
Management

W  3 credits 2G J. Schweizer, S. L. Margreth

Abstract The lecture covers snow and avalanche processes in a catchment (starting zone, path and run-out zone) with a particular focus on risk
management in the context of natural hazards.

Objective - basics of snow and avalanche mechanics
- methods to model snow and avalanche processes
- interaction of snow and avalanches with structures and forest
- methods of stability evaluation and hazard assessment
- avalanche protection measures in the context of integral risk management
- basics on the design and effectiveness of protection measures

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 189 of 1785

Content Introduction, snow precipitation, extreme events, snow loads; snow and snow cover properties; snow-atmosphere interaction; avalanche
formation; stability evaluation, avalanche forecasting; avalanche dynamics; avalanche impact on structures; hazard mapping; protection
measures (permanent and temporal); integral risk management.

Literature Armstrong, R.L. and Brun, E. (Editors), 2008. Snow and Climate - Physical processes, surface energy exchange and modeling. Cambridge
University Press, Cambridge, U.K., 222 pp.

BUWAL/SLF, 1984. Richtlinien zur Berücksichtigung der Lawinengefahr bei raumwirksamen Tätigkeiten. EDMZ, Bern.

Egli, T., 2005. Wegleitung Objektschutz gegen gravitative Naturgefahren, Vereinigung Kantonaler Feuerversicherungen (Hrsg.), Bern.

Fierz, C., Armstrong, R.L., Durand , Y., Etchevers, P., Greene, E., McClung, D.M., Nishimura, K., Satyawali, P.K. and Sokratov, S.A., 2009.
The International Classification for Seasonal Snow on the Ground. HP-VII Technical Documents in Hydrology, 83. UNESCO-IHP, Paris,
France, 90 pp.

Furukawa, Y. and Wettlaufer, J.S., 2007. Snow and ice crystals. Physics Today, 60(12): 70-71.

Margreth, S., 2007. Technische Richtlinie für den Lawinenverbau im Anbruchgebiet. Bundesamt für Umwelt, Bern, WSL Eidg. Institut für
Schnee- und Lawinenforschung Davos. 134 S.

McClung. D.M. and Schaerer, P. 2006. The Avalanche Handbook, 3rd ed., The Mountaineers, Seattle.
     
Mears, A.I., 1992. Snow-avalanche hazard analysis for land-use planning and engineering. 49, Colorado Geological Survey.

Schweizer, J., Bartelt, P. and van Herwijnen, A., 2015. Snow avalanches. In: W. Haeberli and C. Whiteman (Editors), Snow and Ice-
Related Hazards, Risks and Disasters. Hazards and Disaster Series. Elsevier, pp. 395-436.

Schweizer, J., Jamieson, J.B. and Schneebeli, M., 2003. Snow avalanche formation. Reviews of Geophysics, 41(4): 1016,
doi:10.1029/2002RG000123.

Shapiro, L.H., Johnson, J.B., Sturm, M. and Blaisdell, G.L., 1997. Snow mechanics - Review of the state of knowledge and applications.
Report 97-3, US Army CRREL, Hanover, NH, U.S.A.

Prerequisites /
notice

Full-day excursion (not mandatory) to Davos, hands-on experience on selected topcis, visit at WSL Institute for Snow and Avalanche
Research SLF (early March 2020)

102-0448-00L Groundwater II W  6 credits 4G M. Willmann, J. Jimenez-Martinez
Abstract The course is based on the course 'Groundwater I' and is a prerequisite for a deeper understanding of groundwater flow and contaminant

transport problems with a strong emphasis on numerical modeling.
Objective The course should enable students to understand advanced concepts of groundwater flow and transport and to apply groundwater flow and

transport modelling.

the student should be able to
a) formulate practical flow and contaminant transport problems.

b) solve steady-state and transient flow and transport problems in 2 and 3 spatial dimensions using numerical codes based on the finite
difference method and the finite element methods.

c) solve simple inverse flow problems for parameter estimation given measurements.

d) assess simple multiphase flow problems.

e) assess spatial variability of parameters and use of stochastic techniques in this task.

f) assess simple coupled reactive transport problems.

Content Introduction and basic flow and contaminant transport equation.

Numerical solution of the 3D flow equation using the finite difference method.

Numerical solution to the flow equation using the finite element equation

Numerical solution to the transport equation using the finite difference method.

Alternative methods for transport modeling like method of characteristics and the random walk method.

Two-phase flow and Unsaturated flow problems.

Spatial variability of parameters and its geostatistical representation -geostatistics and stochastic modelling.

Reactive transport modelling.

Lecture notes Handouts
Literature - Anderson, M. and W. Woessner, Applied Groundwater Modeling, Elsevier Science & Technology Books, 448 p., 2002


- J. Bear and A. Cheng, Modeling Groundwater Flow and Contaminant Transport, Springer, 2010

- Appelo, C.A.J. and D. Postma, Geochemistry, Groundwater and Pollution, Second Edition, Taylor & Francis, 2005

- Rubin, Y., Applied Stochastic Hydrology, Oxford University Press, 2003

- Chiang und Kinzelbach, 3-D Groundwater Modeling with PMWIN. Springer, 2001.

Prerequisites /
notice

Each afternoon will be divided into 2 h of lectures and 2h of exercises. Two thirds of the exercises of the course are organized as a
computer workshop to get hands-on experience with groundwater modelling.

101-0259-00L River Revitalization W 3 credits 2G V. Weitbrecht, M. Detert,
M. Koksch, C. Weber

Abstract Channel formation of alluvial rivers (regime width, planforms) is presented. Fluvial hydraulics and sediment transport theory are
summarized. Principles of environmentally friendly hydraulic engineering are derived from river morphology. Special attention is given to
the application to flood protection and river revitalization projects.
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Objective The main processes of alluvial river channel formation are presented. Fluvial hydraulics and sediment transport theories are summarized.
From these elements basic principles of environmentally friendly hydraulic engineering are derived.

Lecture notes no lecture notes
Prerequisites /
notice

River Engineering (Lecture 101-0258-00L)

101-0269-00L River Morphodynamic Modelling W 3 credits 2G D. F. Vetsch, D. Vanzo
Abstract The course teaches the basics of morphodynamic modelling, relevant for civil and environemental engineers.The governing equations for

sediment transport in open channels and corresponding numerical solution strategies are introduced. The theoretical parts are discussed
by examples.

Objective The goal of the course is twofold. First, the the students develop a throughout understanding of the basics of river morphodynamic
processes. Second, they get familiar with numerical tools for the simulations in one- and two-dimensions of morphodynamics.

Content - fundamentals of river morphodynamics (Exner equation, bed-load, suspended-load)
- aggradation and degradation processes
- river bars
- non-uniform sediment morphodynamics: the Hirano model
- short and long term response of gravel bed rivers to change in sediment supply

Lecture notes Lecture notes, slides shown in the lecture and software can be downloaded
Literature Citations will be given in lecture.
Prerequisites /
notice

Exercises are based on the simulation software BASEMENT (www.basement.ethz.ch), the open-source GIS Qgis (www.qgis.org) and code
examples written in MATLAB. The applications comprise one- and two-dimensional approaches for the modelling of flow and sediment
transport. 

Requirements: Numerical Hydraulics, River Engineering, MATLAB and/or Python programming skills would be an advantage.

102-0248-00L Infrastructure Systems in Urban Water Management
Prerequisites: 102-0214-02L Urban Water Management I
and 102-0215-00L Urban Water Management II.

W  3 credits 2G J. P. Leitão Correia , M. Maurer,
A. Scheidegger

Abstract An increasing demand for infrastructure management skills can be observed in the environmental engineering practice. This course gives
an introductory overview of infrastructure management skills needed for urban water infrastructures, with a specific focus on pipe
deterioration and engineering economics.

Objective After successfully finishing the class, the participants will have the following skills and knowledge:
  - They can perform basic engineering economic analysis
  - Know the typical value and costs involved in running a wastewater infrastructure
  - Know the key principles of infrastructure management
  - Know how to quantify the future rehabilitation demand

Content The nationwide coverage of water distribution and wastewater treatment is one of the major public works achievements in Switzerland and
other countries.  Annually and per person, 135,000 kg of drinking water is produced and distributed and over 535,000 kg of stormwater and
wastewater is drained. These impressive services are done with a pipe network with a length of almost 200,000 km and a total replacement
value of 30,000 CHF per capita.

Water services in Switzerland are moving from a phase of new constructions into one of maintenance and optimization. The aim today
must be to ensure that existing infrastructure is professionally maintained, to reduce costs, and to ensure the implementation of modern,
improved technologies and approaches. These challenging tasks call for sound expertise and professional management.

This course gives an introduction into basic principles of water infrastructure management. The focus is primarily on Switzerland, but most
methods and conclusions are valid for many other countries.

Lecture notes The script 'Engineering Economics for Public Water Utilities' can be downloaded on the course website: 
http://www.sww.ifu.ethz.ch/education/lectures/infrastructure-systems

Literature See the reading resources on the course website:
http://www.sww.ifu.ethz.ch/education/lectures/infrastructure-systems

Prerequisites /
notice

Course website:
http://www.sww.ifu.ethz.ch/education/lectures/infrastructure-systems

 Major in Materials and Mechanics
Number Title Type ECTS Hours Lecturers

101-0658-00L Concrete Material Science W  4 credits 2G R. J. Flatt, T. Wangler
Abstract Concrete Material Science examines how concrete properties are affected by its microstructure and how its microstructure is controlled by

processing and composition.  To achieve this, the course comprises a comprehensive presentation of the different techniques used to
characterize concrete and its constituents, both in research and construction practice.

Objective In this course you will gain a thorough understanding of common techniques for characterizing engineering, microstructural, physical and
chemical properties of concrete. You will learn how this knowledge can be used both in research and industrial environments. In practice,
these techniques are used, for example, to evaluate new materials, diagnose causes of problems, determine responsibilities, handle
reclaims or quality insurance as well as devise an experimental program in research and development. Throughout the course various
references you will also learn about how concrete can be designed to have a reduced environmental impact and increased service life.

Content Program:
1. Introduction to Concrete Material Science
2. Thermodynamic modeling of cement hydration and its industrial relevance. Dr. Thomas Matschei (Holcim Group Support) 
3. Characterization techniques of cementitious materials I 
4. Characterization techniques of cementitious materials II 
5. Characterization techniques of cementitious materials III: Solid State NMR. Prof. Jean-Baptiste d'Espinose (ESPCI) 
6. Fresh properties of concrete - Rheology 
7. Chemical admixtures
8. Transport in porous media
9. Durability I
10. Alternative binders 
11. Durability II - Alkali-Silica Reaction. Dr. Andreas Lehmann (EMPA) 
12. Practical exercises I
13. Practical exercises II
14. Practical exercises III 

Lecture notes Students will receive all obligatory literature in printed form.
Literature Students will recieve all obligatory literature in printed form.
Prerequisites /
notice

Students with Bachelor Degree
Further degrees: Dipl. Ing. ETH or FH
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101-0678-00L Wood Physics & Wood Materials W  3 credits 2G I. Burgert, T. Zimmermann
Abstract Fundamental relationships between structure and properties of wood and wood based materials are conveyed. Based on the hierarchical

structure of wood, aspects of nanostructural characterization and micromechanical analysis will be covered. In view of material
developments, concepts for the assembly of advanced wood materials and cellulose-based materials will be demonstrated.

Objective At a global scale wood is one of the most important building materials. Knowledge of significant physical properties of wood, wood based
materials and advanced wood materials as well as the relationship between structure and properties are conveyed. This knowledge is
fundamental for an appropriate use of wood and wood based materials as well as for a further improvement of the reliability of wood and for
establishing new fields of application.

Content The following topics are covered:
Hierarchical structure of wood and assembly of wood-based products
Physical properties (density, wood moisture, swelling and shrinkage)
Mechanical properties at different length scales
Nanostructural characterization
Materials from nanocellulose
Wood modification and durability
Wood polymer composites
Wood hybrid materials
Wood surfaces
Functional wood materials

Lecture notes Handouts will be sent to the students by e-mail prior to each lecture.
Literature Niemz, P.: Physik des Holzes und der Holzwerkstoffe, DRW Verlag 1993

Bodig, J.; Jayne, B.A.: Mechanics of wod and wood composites. Krieger, Malabar, Florida 1993
Dunky,M.; Niemz, P.: Holzwerkstoffe und Leime. Springer, Berlin 2002
Wagenführ,A.; Scholz,F.:Taschenbuch der Holztechnik (Kapitel 1.4 und 2, P.Niemz), Hanser Verlag 2008

101-0679-00L Non-Destructive Test Methods and Health Monitoring

Number of participants limited to 8.

W  3 credits 2P I. Burgert, U. Angst

Abstract Methods for the non-destructive characterization and testing of wood and reinforced concrete are presented in introductory lectures.
Afterwards selected experiments such as measurement of humidity, ultrasound, hardness and porosity are performed by the students.
Some parameters that influence materials properties are tested. A written report with results and discussion has to be prepared at the en

Objective Important non-destructive test methods shall be learnt. These methods that are based on the same physical principles (e.g. resistance
measurement, ultrasound, hardness) are used for wood and concrete in a comparative way. The course shall the address the
fundamentals for condition assessment of structures in wood and reinforced concrete.

Content Detailed knowledge of the microscopic structure of concrete and wood. 
Knowledge of non-destructive test methods for concrete and wood (humidity, ultrasound, hardness, etc.).
Problems in calibration of measuring instruments, influence of disturbing parameters (e.g. temperature). 
Basics of condition assessment of wood and reinforced concrete structures, assessment of deterioration processes (corrosion).
Writing of reports for condition assessment. 
Possibilities of restoration of structures.

Lecture notes A manuscript of the course will be available. Additionally reprints or more specific literature will be indicated.
Literature Werkstoff Holz:

Niemz, P.; Sander, D.: Prozessmesstechnik in der Holzindustrie. Leipzig 1990
Tagungsbände Fachtagungen zur zerstörungsfreien Werkstoffprüfung
Bucur, V.: Characterization and Imaging of Wood. Springer 2003
Bucur, V.: Acoustics of Wood. Springer 2006
Vollenschar (Hrsg): Wendehorst Baustoffkunde. 26. Auflage. Teubner 2004
Hasenstab, A.: Integritätsprüfung mit zerstörungsfreien Ultraschallechoverfahren.
Diss. TU Berlin 2005
Unger, A.: Schniewind, A.P.; Unger, W.: Conservation of wood artifacts.
Springer 2001

Werkstoff Beton
D. Bürcheler: Der elektrische Widerstand von zementösen Werkstoffen. Diss. ETHZ 11876 (1996)

327-2224-00L MaP Distinguished Lecture Series on Additive
Manufacturing
This course is primarily designed for MSc and doctoral
students. Guests are welcome.

W  1 credit 2S L. Schefer, M. Meboldt,
A. R. Studart

Abstract This course is an interdisciplinary colloquium on Additive Manufacturing (AM) involving different internationally renowned speakers from
academia and industry giving lectures about their cutting-edge research, which highlights the state-of-the-art and frontiers in the AM field.

Objective Participants become acquainted with the state-of-the-art and frontiers in Additive Manufacturing, which is a topic of global and future
relevance from the field of materials and process engineering. The self-study of relevant literature and active participation in discussions
following presentations by internationally renowned speaker stimulate critical thinking and allow participants to deliberately discuss
challenges and opportunities with leading academics and industrial experts and to exchange ideas within an interdisciplinary community.

Content This course is a colloquium involving a selected mix of internationally renowned speaker from academia and industry who present their
cutting-edge research in the field of Additive Manufacturing. The self-study of relevant pre-read literature provided in advance to each
lecture serves as a basis for active participation in the critical discussions following each presentation.

Lecture notes Selected scientific pre-read literature (max. three articles per lecture) relevant for and discussed at the end of each individual lecture is
posted in advance on the course web page

Prerequisites /
notice

Participants should have a solid background in materials science and/or engineering.

101-0158-01L Method of Finite Elements I W  4 credits 2G E. Chatzi, P. Steffen
Abstract This course will introduce students to the fundamental concepts of the widely established Method of Finite Elements including element

formulations, numerical solution procedures and modelling details. The course will also equip students with the ability to code algorithms
(largely based on MATLAB) for the solution of practical problems in Infrastructure and Civil engineering.

Objective The Direct Stiffness Method is revisited and the basic principles of Matrix Structural Analysis are overviewed.
The basic theoretical concepts of the Method of Finite Elements are imparted and perspectives for problem solving procedures are
provided.
Linear finite element models for truss and continuum elements are introduced and their application for structural elements is demonstrated. 
The Method of Finite Elements is implemented on practical problems through accompanying demonstrations and assignments.
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Content 1) Introductory Concepts
       Matrices and linear algebra - short review.

2) The Direct Stiffness Method
       Demos and exercises in MATLAB & Commercial FE software

3) Formulation of the Method of Finite Elements.
      - The Principle of Virtual Work
      - Isoparametric formulations
      - 1D Elements (truss, beam)
      - 2D Elements (plane stress/strain)
       Demos and exercises in MATLAB  & Commercial FE software

4) Practical application of the Method of Finite Elements.
   - Practical Considerations
   - Results Interpretation
   - Final Project where a Real Test Case is modelled and analyzed

Lecture notes The lecture notes are in the form of slides, available online from the course webpage
Literature Structural Analysis with the Finite Element Method: Linear Statics, Vol. 1 & Vol. 2 by Eugenio Onate (available online via the ETH Library)


Supplemental Reading
Bathe, K.J., Finite Element Procedures, Prentice Hall, 1996.

Prerequisites /
notice

Prior basic knowledge of MATLAB is necessary.

 Projects
Number Title Type ECTS Hours Lecturers

101-0198-01L Project on Construction Engineering W  9 credits 19A Supervisors
Abstract Working on a concrete task in Construction Engineering
Objective Promote independent, structured and scientific work; learn to apply engineering methods; deepen the knowledge in the field of the treated

task.
Content The project work is supervised by a professor. Students can choose from different subjects and tasks.
Prerequisites /
notice

The project work requires normally 250 to 300 hours of work.

101-0298-01L Project on Hydraulic Engineering and Water
Resources Management

W  9 credits 19A Supervisors

Abstract Working on a concrete task in Hydraulic Engineering
Objective Promote independent, structured and scientific work; learn to apply engineering methods; deepen the knowledge in the field of the treated

task.
Content The project work is supervised by a professor. Students can choose from different subjects and tasks.

101-0398-01L Project on Geotechnical Engineering W  9 credits 19A Supervisors
Abstract Working on a concrete task in Geotechnical Engineering
Objective Promote independent, structured and scientific work; learn to apply engineering methods; deepen the knowledge in the field of the treated

task.
Content The project work is supervised by a professor. Students can choose from different subjects and tasks.

101-0498-01L Project on Transport Systems W  9 credits 19A Supervisors
Abstract Working on a concrete task on Transport Systems
Objective Promote independent, structured and scientific work; learn to apply engineering methods; deepen the knowledge in the field of the treated

task.
Content The project work is supervised by a professor. Students can choose from different subjects and tasks.

101-0598-01L Project on Construction and Maintenance
Management

W  9 credits 19A Supervisors

Abstract Working on a concrete task in Construction Engineering and Management
Objective Promote independent, structured and scientific work; learn to apply engineering methods; deepen the knowledge in the field of the treated

task.
Content The project work is supervised by a professor. Students can choose from different subjects and tasks.

101-0698-01L Project on Materials and Mechanics W  9 credits 18A Supervisors
Abstract Working on a concrete task in Materials and Mechanics
Objective Promote independent, structured and scientific work; learn to apply engineering methods; deepen the knowledge in the field of the treated

task.
Content The project work is supervised by a professor. Students can choose from different subjects and tasks.

 Electives
The entire course programs of ETH Zurich and the University of Zurich are open to the students to individual selection. 

 Recommended Electives of Master Programme
Number Title Type ECTS Hours Lecturers

101-0185-01L CAD for Civil Engineers
Number of participants is limited to 30 per course.

Point in time of enrolment of course is decisive. 

W+  2 credits 2G T. Vogel, K.-H. Hamel

Abstract Introduction to computer aided design and drafting in 2D and 3D with examples from structural engineering.
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Objective Having followed the course, students are able to a develop a 2D-structure (formwork drawing) and they know the principle of a
reinforcement module. They have also got an introduction to a 3D program (reinforcement in 3D).
They are therefore better prepared for
- the bachelor thesis in the 6th semester,
- an eventual internship between bachelor and master course,
- the project works in the master course,
- the master thesis.
Above all they practice spatial sense and acquire contextual knowledge as future superiors of draftsmen and designers.

Content Dimensioning.
Generation of sections and views.
Application of the reinforcement module.
Production of plans ready for delivery.

Lecture notes Lecture notes

101-0193-00L Systemic Design Labs: RE:GENERATE Alpine-Urban
Circularity

W  4 credits 2S T. Luthe

Abstract Systemic design (SD) optimizes an entire system as a whole, rather than its parts in isolation. SD is iterative, recursive and circular,
requires creative, curious, informed and critical systems thinking and doing, yielding radical resource efficiency. Systems mapping, design
thinking, footprint assessment, test planning, prototyping, fabrication, social experiments are part of SD.

Objective The growing necessity to consider eco-social aspects makes design, planning and engineering practices more complex. Systemic design
combines systems thinking skills with design thinking to address such complexity. The objectives of the course are to introduce students to
the most important topics in systemic design methods, models, theory and methodology that form the basis for engineering, design and
planning practices, and research for sustainability. A main goal is to develop whole systems thinking, life cycle and cradle to cradle
thinking, to build knowledge on environmental impacts of materials and processes, and to stimulate overall reflective eco-social thinking in
design, planning and engineering disciplines.The teaching purpose of Systemic Design Labs is to better tackle the complexity of today’s
sustainability challenges. Often, in current education we learn to disassemble design challenges into their bits and parts for individual
optimization. While being useful for developing topical expertise, this reductionism to parts with less emphasis on their interaction does not
match with the growing complexity of today’s challenges. In contrast, systemic design approaches a task from a holistic perspective,
zooming out of a system to reveal its structure and connections between its parts – to zoom in on the hub of influence that matters most.

Content Design Challenge: How to revive mountain livelihoods, focusing on local identity, resilient landscapes and a regenerative economy? The
specific design challenge is to identify and layout a holistic, partly quantified and visualized systems strategy for building a resilient
community economy on the case of Ostana, Italy, that embraces local identity, revitalizes cultural and landscape biodiversity,  and creates
alpine-urban circularity. A clear connection is between the local identity (culture, traditions, visions) which is formed by Occitan culture
(food, music, dance, language), traditional stone building architecture which is under pressure to carefully evolve with new needs for
carbon-neutral and net-positive buildings, and the Monte Viso landscape. How does a re-growing economy that should be regenerative and
circular by design, correlate with innovation in architecture, with population growth and associated challenges in mobility, waste systems
and supplies, with growing tourism, new agro-forestry practices like industrial hemp and Paulownia, while impacts of climate change are
clearly visible? How does the community design a vision that is based on cooperation on different governance scales, balancing local
identity and urgently needed international innovation?

Deliverables & output: This SDL course RE:GENERATE builds upon related work from former courses hosted and lead by the MonViso
Institute (i.e. on social innovation, mobility, architecture and local identity, tourism, circular economy, land use change) to develop and
design foundations for a visualized and partly quantified systems map, that will support ongoing and future innovation processes in this
community. Foci are the interplay of architecture, circular economy, land use change, and identity. The map will be accompanied by a
detailed report.

Lecture notes see learning materials
Literature e.g. Striebig, B. and Ogundipe, A. 2016. Engineering Applications in Sustainable Design and Development. ISBN-10: 8131529053.

Jones, P. 2014. Design research methods for systemic design: Perspectives from design education and practice. Proceedings of ISSS
2014, July 28 – Aug1, 2014, Washington, D.C.

Blizzard, J. L. and L. E. Klotz. 2012. A framework for sustainable whole systems design. Design Studies 33(5).

Brown, T. and J. Wyatt. 2010. Design thinking for social innovation. Stanford Social Innovation Review. Stanford University.

Fischer, M. 2015. Design it! Solving Sustainability problems by applying design thinking. GAIA 24/3:174-178.

Luthe, T., Kaegi, T. and J. Reger. 2013. A Systems Approach to Sustainable Technical Product Design. Combining life cycle assessment
and virtual development in the case of skis. Journal of Industrial Ecology 17(4), 605-617. DOI: 10.1111/jiec.12000

Prerequisites /
notice

Prior to the start of the field course, participants have to prepare a presentation based on pre-given topics.
After the field trip, students have to work alone and in teams on the preparation of the deliverables, a systemic strategy map and a written
report.

 Electives ETH Zurich
Course Catalogue of ETH Zurich

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
BAUG

see Science in Perspective: Language Courses ETH/UZH

 Master's Thesis
Number Title Type ECTS Hours Lecturers

101-0010-00L Master's Thesis
Only students who fulfill the following criteria are allowed
to begin with their master thesis:
a. successful completion of the bachelor programme; 
b. fulfilling of any additional requirements necessary to
gain admission to the master programme.

O  24 credits 51D Supervisors

Abstract The Master Programme concludes with the Master Thesis, which has to be done in one of the chosen Majors and  has to be completed
within 16 weeks. The Master Thesis is supervised by a professor and shall attest the students ability to work independently and to produce
scientifically structured work.

Objective To work independently and to produce a scientifically structured work.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 194 of 1785

Content The topics of the Mastrer Thesis are published by the professors. The Topic can  be set also in consultation between the student and the
professor.

Civil Engineering Master - Key for Type

Dr Suitable for doctorate
O Compulsory
W+ Eligible for credits and recommended

W Eligible for credits
E- Recommended, not eligible for credits
Z Courses outside the curriculum

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Biology (General Courses)
 Complementary Courses

Number Title Type ECTS Hours Lecturers

551-0512-00L Current Topics in Molecular and Cellular
Neurobiology
Does not take place this semester.
Number of participants limited to 8

Z Dr 2 credits 1S U. Suter

Abstract The course is a literature seminar or "journal club". Each Friday a student, or a member of the Suter Lab in the Institute of Molecular Health
Sciences, will present a paper from the recent literature.

Objective The course introduces you to recent developments in the fields of cellular and molecular neurobiology. It also supports you to develop your
skills in critically reading the scientific literature. You should be able to grasp what the authors wanted to learn e.g. their goals, why the
authors chose the experimental approach they used, the strengths and weaknesses of the experiments and the data presented, and how
the work fits into the wider literature in the field. You will present one paper yourself, which provides you with practice in public speaking.

Content You will present one paper yourself. Give an introduction to the field of the paper, then show and comment on the main results (all the
papers we present are available online, so you can show original figures with a beamer). Finish with a summary of the main points and a
discussion of their significance.
You are expected to take part in the discussion and to ask questions. To prepare for this you should read all the papers beforehand (they
will be announced a week in advance of the presentation).

Lecture notes Presentations will be made available after the seminars.
Literature We cover a range of themes related to development and neurobiology. Before starting your preparations, you are required to check with

Laura Montani (laura.montani@biol.ethz.ch), who helps you with finding an appropriate paper.
Prerequisites /
notice

You must attend at least 80% of the journal clubs, and give a presentation of your own. At the end of the semester there will be a 30 minute
oral exam on the material presented during the semester. The grade will be based on the exam (45%), your presentation (45%), and a
contribution based on your active participation in discussion of other presentations (10%).

551-0530-00L Repair, Recombination, Replication Z Dr 0 credits 1K J. Fernandes de Matos
Abstract Several research groups from University, ETH, Basel, Bern and Konstanz meet once per month and present their work related to DNA-

repair, recombination, replication, and cancer.
Objective Discussion of current topics in DNA-repair, recombination, replication, and cancer.
Content Discussion of current topics in DNA-repair, recombination, replication, and cancer.
Lecture notes no script

551-1109-00L Seminars in Microbiology Z Dr 0 credits 2K M. Aebi, W.-D. Hardt, M. Künzler,
J. Piel, S. Sunagawa, J. Vorholt-
Zambelli

Abstract Seminars by invited speakers covering selected microbiology themes.
Objective Discussion of selected microbiology themes presented by invited speakers.

551-1620-00L Molecular Biology, Biophysics Z Dr 1 credit 1K R. Glockshuber, F. Allain, N. Ban,
K. Locher, E. Weber-Ban,
K. Wüthrich

Abstract The course consists of a series of research seminars on Structural Biology and Biophysics, given by both scientists of the National Center
of Competence in Research (NCCR) in Structural Biology and external speakers.

Objective The goal of this course is to provide doctoral and postdoctoral students with a broad overview on the most recent developments in
biochemistry, structural biology and biophysics.

Prerequisites /
notice

Information on the individual seminars is provided on the following websites:
http://www.structuralbiology.unizh.ch/events005.asp
http://www.biol.ethz.ch/dbiol-cal/index

376-1614-00L Principles in Tissue Engineering Z Dr 3 credits 2V K. Maniura, M. Rottmar, M. Zenobi-
Wong

Abstract Fundamentals in blood coagulation; thrombosis, blood rheology, immune system, inflammation, foreign body reaction on the molecular
level and the entire body are discussed. Applications of biomaterials for tissue engineering in different tissues are introduced.
Fundamentals in medical implantology, in situ drug release, cell transplantation and stem cell biology are discussed.

Objective Understanding of molecular aspects for the application of biodegradable and biocompatible Materials. Fundamentals of tissue reactions
(eg. immune responses) against implants and possible clinical consequences will be discussed.

Content This class continues with applications of biomaterials and devices introduced in Biocompatible Materials I. Fundamentals in blood
coagulation; thrombosis, blood rheology; immune system, inflammation, foreign body reaction on the level of the entire body and on the
molecular level are introduced. Applications of biomaterials for tissue engineering in the vascular system, skeletal muscle, heart muscle,
tendons and ligaments, bone, teeth, nerve and brain, and drug delivery systems are introduced. Fundamentals in medical implantology, in
situ drug release, cell transplantation and stem cell biology are discussed.

Lecture notes Handouts provided during the classes and references therin.
Literature The molecular Biology of the Cell, Alberts et al.,  5th Edition, 2009.

Principles in Tissue Engineering, Langer et al., 2nd Edition, 2002

401-0620-00L Statistical Consulting Z Dr 0 credits 0.1K M. Kalisch, L. Meier
Abstract The Statistical Consulting service is open for all members of ETH, including students, and partly also to other persons.
Objective Advice for analyzing data by statistical methods.
Content Students and researchers can get advice for analyzing scientific data, often for a thesis.

We highly recommend to contact the consulting service when planning a project, not only towards the end of analyzing the resulting data!
Prerequisites /
notice

This is not a course, but a consulting service. There are no exams nor credits.

Contact: beratung@stat.math.ethz.ch  Tel. 044 632 2223 or 044 632 34 30

Requirements: Knowledge of the basic concepts of statistics is desirable.

401-5640-00L ZüKoSt: Seminar on Applied Statistics Z Dr 0 credits 1K M. Kalisch, A. Bandeira,
P. L. Bühlmann, R. Furrer, L. Held,
T. Hothorn, M. H. Maathuis,
M. Mächler, L. Meier,
N. Meinshausen, M. Robinson,
C. Strobl, C. Uhler, S. van de Geer

Abstract 5 to 6 talks on applied statistics.
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Objective Kennenlernen von statistischen Methoden in ihrer Anwendung in verschiedenen Gebieten, besonders in Naturwissenschaft, Technik und
Medizin.

Content In 5-6 Einzelvorträgen pro Semester werden Methoden der Statistik einzeln oder überblicksartig vorgestellt, oder es werden Probleme und
Problemtypen aus einzelnen Anwendungsgebieten besprochen.
3 bis 4 der Vorträge stehen in der Regel unter einem Semesterthema.

Lecture notes Bei manchen Vorträgen werden Unterlagen verteilt. 
Eine Zusammenfassung ist kurz vor den Vorträgen im Internet unter http://stat.ethz.ch/talks/zukost  abrufbar. 
Ankündigunen der Vorträge werden auf Wunsch zugesandt.

Prerequisites /
notice

Dies ist keine Vorlesung. Es wird keine Prüfung durchgeführt, und es werden keine Kreditpunkte vergeben.
Nach besonderem Programm. Koordinator M. Kalisch, Tel. 044 632 3435 
Lehrsprache ist Englisch oder Deutsch je nach ReferentIn. 
Course language is English or German and may depend on the speaker.

227-1034-00L Computational Vision (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: INI402

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

Z Dr 6 credits 2V+1U D. Kiper

Abstract This course focuses on neural computations that underlie visual perception. We study how visual signals are processed in the retina, LGN
and visual cortex. We study the morpholgy and functional architecture of cortical circuits responsible for pattern, motion, color, and three-
dimensional vision.

Objective This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Content This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Literature Books: (recommended references, not required)
1. An Introduction to Natural Computation, D. Ballard (Bradford Books, MIT Press) 1997.
2. The Handbook of Brain Theorie and Neural Networks, M. Arbib (editor), (MIT Press) 1995.

551-0509-00L Current Immunological Research in Zürich E- 0 credits R. Spörri, M. Detmar,
C. Halin Winter, W.-D. Hardt,
M. Kopf, S. R. Leibundgut,
A. Oxenius, University lecturers

Abstract This monthly meeting is a platform for Zurich-based immunology research groups to present and discuss their ongoing research projects.
At each meeting three PhD students or Postdocs from the participating research groups present an ongoing research project in a 30 min
seminar followed by a plenary discussion.

Objective The aim of this monthly meeting is to provide further education for master and doctoral students as well as Postdocs in diverse topics of
immunology and to give an insight in the related research. Furthermore, this platform fosters the establishment of science- and technology-
based interactions between the participating research groups.

Content Presentation and discussion of current research projects carried out by various immunology-oriented research groups in Zurich.
Lecture notes none

751-9100-00L LERNfeld W 1 credit 2G S. Keller
Abstract Im Dialog mit Schülerinnen und Schülern, Lehrpersonen und Bäuerinnen und Bauern kennenlernen von praktischen Aspekten von

Biodiversität und Klimawandel. Unterstützung von Schülerinnen und Schülern bei Fragen rund um die Lernaktivitäten von LERNfeld,
Vermittlung von wissenschaftlichem Arbeiten, Beratung von Lehrpersonen. LERNfeld ist ein Projekt der Umweltbildungsorganisation
GLOBE.

Objective Siehe: http://www.globe-swiss.ch/de/Angebote/Landwirtschaft/Akteure/Forschung
Prerequisites /
notice

Voraussetzung für die Teilnahme sind sehr gute Deutschkenntnisse.

Anmeldung: Einschreiben auf myStudies
Auskunft: lernfeld@usys.ethz.ch
Projektstart: März 2020
Teilnehmerzahl beschränkt.

551-1106-00L Progress Reports in Microbiology and Immunology
Students must sign up via secr.micro.biol.ethz.ch

Z Dr 0 credits 5S J. Piel, M. Aebi, H.-M. Fischer, W.-
D. Hardt, A. Oxenius, J. Vorholt-
Zambelli

Abstract Presentation and discussion of current research results in the field of Microbiology and Infection Immunology
Objective Precise and transparent presentation of research findings in relation to the current literature, critical discussion of experimental data and

their interpretation, development and presentation of future research aims

751-1040-00L Responsible Conduct in Research
Please register at: 
https://www.ethz.ch/services/en/service/courses-
continuing-education.html
Choose  Plant Sciences

Z Dr 1 credit 1U M. Paschke, N. Buchmann

Abstract When studying at a University, but especially when carrying out a Master's or doctoral thesis, students are joining the scientific community
and, therefore, have to learn about the codes of professional and responsible conduct in research.
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Objective (1) Students know the questions, conflicts and ethically ambiguous situations that may arise in research.
(2) Students can apply codes of responsible conduct in research, i.e., they understand and can apply the professional values and ethical
norms of their profession.
(3) Students know how to deal with and communicate in ambiguous situations.
(4) Students will develop a professional attitude towards responsible conduct in research.

Content When studying at a University, but especially when carrying out a Master's or a doctoral thesis, students are joining the scientific
community and, therefore, have to learn about the codes of professional and responsible conduct in research. In this course, we want to
increase the knowledge of our Master's and doctoral students about the specific rules, regulations and guidelines of responsible conduct in
their research fields but also rise awareness for potential conflicts of interest and give practical suggestions on how to react in cases of
uncertainty on e.g. questions of authorship and giving credits, data treatment and interpretation, communication and responsibility in the
public or on the role of graduate students in the research community. Students will discuss case studies with a conflict potential or a
dilemma. They will work together in teams, discuss the codes of conduct and values established in the scientists community, and apply
them to the case studies. The teams have to agree on actions to be taken for each case.

Students will deal with case studies on the following topics:

(1) Scientific Integrity, Error and Negligence in Science
(2) Conflicts in Authorship Practices
(3) Questions of Data Treatment
(4) Influence of Values on Data Interpretation
(5) Social Responsibility of Scientists (e.g. Communication with the public)

Student teams will discuss the case studies in role-play scenarios and present their consensus of responsible conduct in research.

Prerequisites /
notice

'Responsible Conduct in Research for Plant Scientists' is part of the Master's Courses and Master's Studies in Plant Sciences and of the
PSC Ph.D. Program in Plant Sciences. It is organized by the Zurich-Basel Plant Science Center. Please find details on the course at: 
http://www.plantsciences.uzh.ch/teaching/masters/responsibleconduct.html

551-0737-00L Ecology and Evolution: Interaction Seminar Z 2 credits 2S S. Bonhoeffer
Abstract Interaction seminar. Student-mediated presentations, guests and discussions on current themes in ecology, evolutionary and population

biology.
Objective Getting familiar with scientific arguments and discussions. Overview of current research topics. Making contacts with fellow students in

other groups.
Content Scientific talks and discussions on changing subjects.
Lecture notes None
Literature None
Prerequisites /
notice

For information and details: http://www.eco.ethz.ch/news/zis 
or contact: Lehre-eve@env.ethz.ch

376-1414-01L Current Topics in Brain Research (FS) Z 1 credit 1.5K I. Mansuy, F. Helmchen, further
lecturers

Abstract Different national and international scientific guests are invited to present and discuss their most recent scientific results.
Objective The aim is to exchange scientific knowledge and data as well as to promote communication and collaboration among researchers.

Students taking the course participate in all seminars within one semester and write a critical report about one seminar of their choice. Prof.
Isabelle / Dr. Alberto Corcoba will send instructions for this report to students who have registered for the course one week before the start
of the semester.

Content Various scientific guests from the fields of neuroepigenetics, neurochemistry, neuromorphology and neurophysiology will report on their
latest scientific findings.

Lecture notes no handout
Literature no literature

551-0120-01L Plant Biology Colloquium (Spring Semester)
Only compulsory for Master students who started their
Master in Autumn Semester 2017 or later.

This compulsory course is required only once. It may be
taken in autumn as course 551-0120-00 "Plant Biology
Colloquium (Autumn Semester)" or in spring as course
551-0120-01 "Plant Biology Colloquium (Spring
Semester)".

Z 2 credits 1K C. Sánchez-Rodríguez,
W. Gruissem, A. Rodriguez-Villalon,
O. Voinnet, S. C. Zeeman

Abstract Current topics in Molecular Plant Biology presented by internal and external speakers from accademia.
Objective Getting insight into actual areas and challenges of Molecular Plant Biology.
Content http://www.impb.ethz.ch/news-and-events/colloquium-impb.html

551-1616-00L Methods for Studies of Biological Macromolecules by
NMR

Z 1 credit 2S A. D. Gossert

Abstract In this course topics relevant to structure determination of biological macromolecules by solution state NMR spectroscopy are discussed.
The course is tailored to advanced students, mainly PhD students and postdocs in structural biology who have experience with applications
of NMR spectroscopy. The individual participants present various topics in form of a seminar.

Objective The students will actively participate in the course which is held in the form of a seminar. Individual students will prepare particular topics of
the course based on literature references and present the material in form of a seminar to their fellow students. In short, the students learn
to actively participate in discussions and to prepare a presentation of a scientific topic which was mostly unknown to them before.

551-1713-00L Current Topics in Molecular Health Sciences E- 0 credits 2S R. Henneberger, further lecturers
Abstract This course is a seminar series on current research topics within the  Institute of Molecular Health Sciences
Objective The course introduces the participants to recent developments in the fields of molecular health sciences
Prerequisites /
notice

Approval of the responsible lecturer necessary for participation

Biology (General Courses) - Key for Type

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Biology Bachelor
 1. Year (First Year), 2. Semester

 Compulsory Subjects First Year Examinations
Number Title Type ECTS Hours Lecturers

401-0292-00L Mathematics II O  5 credits 3V+2U A. Caspar
Abstract Mathematics I/II is an introduction to one- and multidimensional calculus 

and linear algebra emphasizing on applications.
Objective Students understand mathematics as a language for modelling and as a tool for 

solving practical problems in natural sciences.
Students can analyze models, describe solutions qualitatively or calculate
them explicitly if need be. They can solve examples as well as their practical
applications manually and using computer algebra systems.

Content ## Komplexe Zahlen ##
- Kartesische und Polar-Darstellung
- Rechnen mit komplexen Zahlen
- Lösungen algebraischer Gleichungen

## Lineare Algebra - Fortsetzung ##
- Komplexe Vektoren und Matrizen
- Weitere Arithmetische Aspekte
- LGS und Gauss-Verfahren

## Lineare DGL 2. Ordnung und Systeme 1. Ordnung ##
- Lösen mit Eigenwerten/-vektoren.
- Qualitative Lösungsverhalten
- Ebene und Räumliche (Lösungs-)Kurven

## Integral- und Differentialrechnung (II) ##
- Hauptsatz der Differential/Integralrechnung
- Uneigentliche Integrale
- Anwendungen
- Gebiets- und Volumenintegral
- - - - - - - - - - - - - - - - - - - - -
- Partielle Funktionen und Ableitungen
- Extrema
- Tangentialebene
- Verallgemeinerte Kettenregel

## Vektoranalysis ##
- Potentialtheorie
- Formel von Green
- Divergenz und Ebener Satz von Gauss
- Oberflächenintegral, Fluss
- Satz von Gauss im Raum.

Lecture notes In Ergänzung zu den Vorlesungskapiteln der Lehrveranstaltungen fassen wir
wichtige Sachverhalte, Formeln und weitere Ausführungen jeweils in einem
Vademecum zusammen.

Dabei gilt:

* Die Skripte ersetzen nicht die Vorlesung und/oder die Übungen!
* Ohne den Besuch der Lehrveranstaltungen verlieren die Ausführungen 
ihren Mehrwert.
* Details entwickeln wir in den Vorlesungen und den Übungen, um die hier
bestehenden Lücken zu schliessen.
* Prüfungsrelevant ist, was wir in der Vorlesung und in den Übungen behandeln.

Literature Siehe auch Lernmaterial > Literatur

**Th. Wihler** 
Mathematik für Naturwissenschaften, 2 Bände: 
Einführung in die Analysis, Einführung in die Lineare Algebra; 
Haupt-Verlag Bern, UTB.

**H. H. Storrer** 
Einführung in die mathematische Behandlung der Naturwissenschaften I; Birkhäuser.
Via ETHZ-Bibliothek:
<https://link.springer.com/book/10.1007/978-3-0348-8598-0>

**Ch. Blatter** 
Lineare Algebra; VDF 
auch als [pdf]<https://people.math.ethz.ch/~blatter/linalg.pdf>
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Prerequisites /
notice

## Voraussetzungen ##
Mathematik I
<http://www.vvz.ethz.ch/Vorlesungsverzeichnis/lerneinheit.view?semkez=2019W&ansicht=KATALOGDATEN&lerneinheitId=132877&lang=
de>

## Übungen und Prüfungen ##
+ Die Übungsaufgaben (inkl. Multiple-Choice) sind ein wichtiger Bestandteil
der Lehrveranstaltung.
+ Es wird erwartet, dass Sie mindestens 75 % der wöchentlichen Serien bearbeiten
und zur Korrektur einreichen.
+ Der Prüfungsstoff ist eine Auswahl von Themen aus Vorlesung und Übungen. Für
eine erfolgreiche Prüfung ist die konzentrierte Bearbeitung der Aufgaben
unerlässlich.

## Einschreibung in die Übungen ##
Die Einschreibung in die Übungsgruppen erfolgt online. 

## Zugang Übungsserien ##
Erfolgt auch online.

551-0106-00L Fundamentals of Biology IB O  5 credits 5G A. Wutz, J. Alexander, O. Y. Martin,
E. B. Truernit, S. Wielgoss,
S. C. Zeeman

Abstract This course is an introduction into the basic principles of evolution, diversity, animal/plant form and function, and ecology.
Objective Introduction into aspects of modern biology and fundamental biological concepts.
Content The course is divided into distinct chapters

1. Mechanisms of evolution.
2. The evolutionary history of biological diversity (bacteria and archea, protists, plants and animals).
3. Plant form and function (growth and development, nutrient and resource acquisition, reproduction and environmental responses).
4. Animal form and function (nutrition, immune system, hormones, reproduction, nervous system and behaviour).
5. Ecology (population ecology, community ecology, ecosystems and conservation ecology).

Lecture notes No script
Literature This course is based on the textbook 'Biology' (Campbell, Reece, 9th edition). The structure of the course follows that of the book. It is

recommended to purchase the English version.
Prerequisites /
notice

Part of the contents of the book need to be learned through independent study.

529-1012-00L Organic Chemistry II (for Students of Biology,
Pharmaceutical Sci., and Health Sci. & Tech.)

O  5 credits 5G C. Thilgen

Abstract The relationship between structure and reactivity of organic molecules is elaborated by studying the mechanisms of the fundamental types
of organic reactions. A basic synthesis repertoire is acquired.

Objective Understanding the mechanisms of the fundamental types of organic reactions. Particular emphasis is placed on the relationship between
structure and reactivity. A basic repertoire for the synthesis of small organic molecules is acquired. Weekly problem solving lessons provide
a deeper understanding of the concepts presented during the lecture.

Content The basic reactions of organic chemistry and their mechanisms. Chemistry of the most important functional groups, the carbonyl group in
particular.

For details, see German version.

Lecture notes Printed or electronic lecture notes are available. Problem sets, answer keys, and other course materials can be downloaded from the
Moodle course "Organic Chemistry II" of the current semester (https://moodle-app2.let.ethz.ch).

Literature No set textbooks. Optional texts will be proposed at the beginning of the class and in the lecture notes (cf. course 529-1011-00L Organic
Chemistry I).

Prerequisites /
notice

Attendance of the course 529-1011-00, "Organic Chemistry I for Biology/Pharmaceutical Sciences/HST".

402-0072-00L Physics O  5 credits 5V+2U T. M. Ihn
Abstract Introduction to the concepts and tools in physics with the help of demonstration experiments: mechanics, statistical mechanics,

electromagnetism and optics.
Objective The concepts and tools in physics, as well as the methods of an experimental science are taught. The student should learn to identify,

communicate and solve physical problems in his/her own field of science.
Content 1. Fundamental concepts of natural sciences


I. MECHANICS
2. Motion in one dimension
3. Motion in two and three dimensions
4. Newton's laws
5. Applications of Newton's laws
6. Forces
7. Work and energy, power, energy conservation
8. Momentum conservation, collisions
9. Angular momentum conservation

II. STATISTICAL MECHANICS
10. Concentration and density
11. Pressure and work
12. Entropy, Second Law of Thermodynamics
13. Temperature and heat
14. First Law of Thermodynamics
15. The Boltzmann-Factor

III. ELECTROMAGNETISM
16. Geometrical optics
17. Light as an electromagnetic wave
18. Quantum aspects of light

Lecture notes T. Ihn: Physics for Students in Biology and Pharmazeutical Sciences (unpublished lecture notes)
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Literature The lecture contains elements of:

Paul A. Tipler and Gene P. Mosca, "Physik für Wissenschaftler und Ingenieure", Springer Spektrum.

Feynman, Leighton, Sands, "The Feynman Lectures on Physics", Volume I (http://www.feynmanlectures.caltech.edu/)

Ruth Chabay and Bruce Sherwood, "Matter and Interactions" (Wiley)

Prerequisites /
notice

Prerequisites: Mathematics I

401-0643-00L Statistics I O  3 credits 2V+1U M. Kalisch
Abstract Introduction to basic methods and fundamental concepts of statistics and probability theory for non-mathematicians. The concepts are

presented on the basis of some descriptive examples.
Objective Grundverständnis für die Gesetze des Zufalls und des Denkens in Wahrscheinlichkeiten. Kenntnis von Methoden zur Darstellung von

Daten und zu ihrer quantitativen Interpretation unter Berücksichtigung der statistischen Unsicherheit.
Content Modelle und Statistik für Zähldaten: Diskrete Wahrscheinlichkeitsmodelle, Binomial-Verteilung, Tests und Vertrauensintervalle für eine

Wahrscheinlichkeit, Poisson-Verteilung und deren Statistik, weitere Verteilungen.
Modelle und Statistik für Messdaten: Beschreibende Statistik, Zufallsvariablen mit Dichten, t-Test und Wilcoxon-Test und zugehörige
Vertrauensintervalle.
Regression: Das Modell der linearen Regression, Tests und Vertrauensintervalle, Residuenanalyse.

Lecture notes Es steht ein kurzes Skript zur Verfügung.
Literature - W.  A. Stahel, Statistische Datenanalyse: Eine Einführung für Naturwissenschaftler, 5. Aufl., Vieweg, Braunschweig/Wiesbaden, 2007
Prerequisites /
notice

Voraussetzungen: Grundlegende Mathematik-Kenntnisse wie sie im ersten Semester erworben werden.

 First Year Laboratory Courses
Number Title Type ECTS Hours Lecturers

551-0102-01L Fundamentals of Biology I
Registrations via myStudies until 29.1.2020  at the latest.
Subsequent registrations will not be considered. 

O 6 credits 8P M. Gstaiger, M. Kopf,
R. Kroschewski, M. Künzler,
S. L. Masneuf, D. Ramseier,
M. Stoffel, E. B. Truernit, A. Wutz

Abstract This 1st year Laboratory course introduces the student to the entire range of classical and modern molecular biosciences. During this
course (Praktikum GL BioI) the students will do three praktikum days in:
- Biochemistry
- Cell Biology I 
- Microbiology 
- Plant Anantomy & Ecology 
(total of 12 experiments)

Each experiment takes one full day.

Objective Introduction to theoretical and experimental biology

General Praktikum-information and course material can be obtained from Moodle

The general Praktikum information (Assignment list, Instructions and Schedule & Performance Sheet) will also be sent to the students
directly (E-mail).

Content The class is divided into four blocks: Biochemistry, Microbiology, Plant biology & Ecology and Cell Biology I.

BIOCHEMISTRY: 
- TAQ Analysis (part 1): Protein purification
- TAQ Analysis (part 2): SDS-Gelelektrophoresis
- TAQ Analysis (part 3): Activity test of the purified protein

MICROBIOLOGY:
Day 1: Basics for the work with microorganisms & Isolation of microorganisms from the environment
Day 2: Morphology and diagnostics of bacteria & Antimicrobial agents
Day 3: Morphology of fungi & Microbial physiology and interactions

PLANT BIOLOGY & ECOLOGY 
- Microscopy and plant cell anatomy
- Plant organ anatomy and gene expression
- Ecology

CELL BIOLOGY I:
- Anatomy of mouse & Blood cell determination
- Histology
- Chromosome preparation and analysis

Lecture notes Laboratory manuals

BIOCHEMISTRY: 
- The protocols can be downloaded from: Moodle

MICROBIOLOGY: 
- The protocols can be found from: Moodle
- You HAVE TO print the pdf-file, which is also used as the lab manual during the experiments. Therefore, you have to have the Script
always with you, when doing the experiments in Microbiology.  

PLANT BIOLOGY & ECOLOGY:
- The protocols can be found from: Moodle

CELL BIOLOGY I:
- The handouts of the experiments entitled "Histology" will be provided
- The protocols of "Anatomy of mouse & Blood cell determination" and "Chromosome preparation and analysis" can be found from: Moodle

Literature None
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Prerequisites /
notice

PLEASE NOTE THE FOLLOWING RULES

Your attendance is obligatory and you have to attend all 12 Praktikum days of GL BioI. Absences are only acceptable if you are able to
provide a Doctors certificate. The original Dr's certificate has to be given to Dr. M. Gstaiger (HPM F43) within five days of the absence of
the Praktikum day.

If there will be any exceptional or important situations then you should directly contact the Director of Studies of D-Biol, who will decide if
you are allowed to miss a Praktikum day or not.  

HIGHLY IMPORTANT!!

1. Due to the increased number of students, the official Praktikum registration has to be done, using myStudies, preferably at the end of
HS19 but not later than Thursday January 30, 2020. 

2. Later registration is NOT possible and can NOT be accepted!

3. The course registration for FS2020 is usually possible at the end of fall semester 2019 and you will obtain an E-mail from the Rectorate
when the course registration using myStudies is possible.

Students can register for a practice group via myStudies. As soon as the course unit is registered in myStudies, a text box appears
indicating that a group can be selected. Accordingly, students can select a group in the next step. If more than 240 students register, the
surplus students will be placed on a waiting list and then allocated by the course responsible.

Extra Praktikum days have to be organized if more than 220 - 240 students will attend the Praktikum. The group division is random and the
reserved Extra Praktikum days are:

3.6 / 4.6 / 5.6

The Praktikum GL BioI will take place during the following days and therefore, you have to make sure already now that you will not have
any other activities / commitments during these days:

PRAKTIKUM DAYS FS20 (Thursdays):

20.2. / 27.2. / 5.3. / 12.3. / 19.3. / 26.3. / 2.4. /  23.4. / 30.4. / 7.5. / 14.5. / 28.5

No Praktikum during the Easter vacation: 9.4.-17.4. 2020

EXTRA PRAKTIKUM DAYS (if necessary)

3.6 / 4.6 / 5.6

 2. Year, 4. Semester
 Core Courses

Number Title Type ECTS Hours Lecturers

529-1024-00L Physical Chemistry II (for Biology and Pharmacy) O 4 credits 2V+1U R. Riek
Abstract Kinetics of chemical and biochemical reactions, in particular catalyzed reactions. Surface- and transport-phenomena, characterization of

open systems.
Objective Knowledge on the basics of time dependent process in chemical and biological systems.
Content Grundbegriffe:  Stofftransport, Transport in kontinuierlichen Systemen, Wärmeleitung, Viskosität von Gasen, Laminare Strömung durch

Rohre, Ionenleitfähigkeit, Elektrisch geladene Grenzflächen, Elektrophorese, Sedimentation im Zentrifugalfeld, Eigenschaften der
Plasmamembran, Transport durch Membranen, Membranpotentiale Reaktionsgeschwindigkeitsgesetze, Elementarreaktionen und
zusammengesetzte Reaktionen, Molekularität, Reaktionsordnung, Experimentelle Methoden der Reaktionskinetik. Einfache Theorie
chemischer Reaktionen: Temperaturabhängigkeit der Gleichgewichtskonstante und Arrheniusgleichung, Stosstheorie,
Reaktionsquerschnitte, Theorie des Übergangszustandes. Zusammengesetzte Reaktionen: Reaktionsmechanismen und komplexe
kinetische Systeme, Näherungsverfahren. Enzymkinetik. Kinetik geladener Teilchen. Diffusion und diffusionskontrollierte Reaktionen.

Lecture notes Handouts werden in der Vorlesung verteilt
Literature Adam, G., Läuger, P., Stark, G., 2003: Physikalische Chemie und Biophysik, 4. Aufl., Springer Verlag, Berlin.
Prerequisites /
notice

Voraussetzungen: Physikalische Chemie I

551-0104-00L Fundamentals of Biology II
Registrations via myStudies until 29.1.2020 at the latest.
Subsequent registrations will not be considered. 

O 8 credits 8P M. Gstaiger, E. Dultz, C. H. Giese,
W. Kovacs, D. Santelia, H. Stocker,
U. Suter, S. Werner

Abstract This introductory Laboratory course introduces the student to the entire range of classical and modern molecular biosciences. In the
second year (Praktikum GL Bio II) the students will perform three praktikum days in:
- Molecular Biology
- Plant Physiology
- Genetics and 
- Cell Biology II. 

(total of 12 experiments)

Each experiment takes one full day.

Objective Introduction to theoretical and experimental biology
Moodle www-link for general Praktikum-information and course material: Moodle

The general Praktikum information (Assignment list, Instructions and Schedule & Performance Sheet) will also be sent to the students
directly (E-mail).
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Content The class is divided into four blocks: Cell Biology II, Genetics, Molecular Biology and Plant Physiology. One block lasts three weeks.

CELL BIOLOGY II:
- Cells: Cell types & staining methods, cell fusion & cell motility, 
- Tissue and development: histology of mice embryos & embryogenesis
- Repair mechanisms: DNA repair & wound healing, 

GENETICS:
- Yeast genetics
- Drosophila genetics
- Human genetics

MOLECULAR BIOLOGY
- Molecular biology & protein crystallization
- Enzyme kinetics
- Redox potential & stability of a protein

PLANT PHYSIOLOGY:
- Plants and light
- Phytohormones and other growth factors
- Molecular biology of systemic gene silencing
- Literature and presentations

The students will also prepare short presentations (approx. 10 min) of the various topics within this course.

Lecture notes Laboratory manuals

CELL BIOLOGY II
- The protocols can be downloaded from: Moodle

MOLECULAR BIOLOGY: 
- The protocols can be found from: Moodle

PLANT PHYSIOLOGY
- The protocols can be found from: Moodle

GENETICS
- The protocols can be found from: Moodle

Prerequisites /
notice

THE PRAKTIKUM RULES:
 
Your attendance is obligatory and you have to attend all 12 Praktikum days. Absences are only acceptable if you are able to provide a
Doctors certificate. The original Dr's certificate has to be given to Dr. M. Gstaiger (HPM F43) within five days of the absence of the
Praktikum day.

If there will be any exceptional or important situations then you should directly contact the Director of Studies of D-Biol, who will decide if
you are allowed to miss a Praktikum day or not.  

HIGHLY IMPORTANT!!

1. Due to the increased number of students, the official Praktikum registration has to be done, using myStudies, preferably at the end of
HS18 but not later than Wednesday January 30, 2020. 

2. Later registration is NOT possible and can NOT be accepted!

3. The course registration for FS20 is usually possible at the end of HS18 and you will obtain an E-mail from the Rectorate when the course
registration using myStudies is possible.

Students can register for a practice group via myStudies. As soon as the course unit is registered in myStudies, a text box appears
indicating that a group can be selected. Accordingly, students can select a group in the next step. If more than 180 students register, the
surplus students will be placed on a waiting list and then allocated by the course responsible.


The Praktikum GL BioII FS20 will take place during the following days and therefore, you have to make sure already now that you do not
have any other activities & commitments during these days:

PRAKTIKUM DAYS DURING FS19 (Fridays):

21.2. / 28.2. / 6.3. / 13.3. / 20.3. / 27.3. / 3.4. / 24.4. / 8.5. / 15.5. / 22.5. / 29.5

No Praktikum during the Easter break: 9.4.-17.4. 2020

551-1298-00L Genetics, Genomics, Bioinformatics O 4 credits 2V+2U E. Hafen, C. Beyer, B. Christen,
U. K. Genick, J. Piel, R. Schlapbach,
G. Schwank, S. Sunagawa, K. Weis,
A. Wutz

Abstract The course provides the basis of modern genetics, genomics and bioinformatics. A special focus is placed on the use of these tools for the
understanding of biological processes in bacteria, model organisms and humans. The unit uses the principle of blended learning consisting
of self-study modules in Moodle, tasks and input lectures by experts from the department.

Objective At the end of this course you know the most important genetic tools in different organisms. You can use the essential methods in
bioinformatics by using online tools. You know the advantages and disadvantages of various model organisms to understand biological
processes. You know the various mutagenesis methods and other tools to disrupt gene function and can discuss their merits and
drawbacks. You are aware of the difficulties in choosing a phenotype for selection in a mutagenesis experiment. Finally, you can describe
how you would study a specific biological process by choosing a model organism and the appropriate genetic or genomic tools.
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Content The appearance and function of an organism (phenotype) is determined by the interplay between its genome (genotype) and the
environment: Genotype + environment = phenotype. Understanding these interactions to the point where we can ultimately predict the
phenotype from knowledge of the genotype and environmental factors is one oft the great challenges of biology.

In the course Bio IA you learnt about the composition and function of the genome and how it is inherited. The goal of this course is that you
learn how genetic, genomic and bioinformatics methods are used to understand biological processes (the connection between genotype
and phenotype). 

You will start by refreshing and deepening your knowledge of the basic principles of genetics and genomics in an interactive learning
modules on the Moodle platform. This is followed by an introduction of the basic tools of bioinformatics and genomic analysis. 

After you have mastered the basic principles you will learn how to study biological processes either by inactivating specific genes or by
randomly mutagenizing the entire genome. You will be introduced to different model organisms (bacteria, yeast, Drosophila) and humans. 

At the end of this first part of the course, you will test your knowledge by working with a group of fellow students to design your own genetic
study.

Conventional genetic methods rely on the alteration of the function of single genes and on the observation of the effect on the organism
(phenotype). Based on the observed phenotype one deduces the normal function of the gene. However, this is a strong simplification. Even
if environmental factors are controlled, phenotypes are very rarely controlled by a single gene. It is therefore important to understand the
influence of the entire genome in conjunction with environmental factors on a given phenotype (e.g. human disease). Modern methods in
genomics now permit first approaches in this direction. Therefore, the focus of the second part of the unit is on genomics methods. You
learn, how the influence of the entire genome on a specific phenotype is detected and what challenges are involved in the analysis and the
interpretation of the results. We will examine these methods in model organisms and humans. You will also learn how the genome of
cancer cells changes under the constant selection for these cells to survive and how this genome analysis provides new insights into
diagnosis and therapy.

This course is based on active learning. Each week consists of a learning unit with clearly defined learning goals. In the first two hours you
will learn the basics from texts, videos and questionnaires on the Moodle platform. In the third lecture an expert on the topic of the week
(e.g. genetic screens in yeast) from the department will give an input lecture that builds on the basic knowledge that you acquired. In the
fourth lecture you will discuss the tests and topics of the week with the expert. During the semester you will have access to assistants and
lecturers via the Moodle online forum.

Lecture notes The learning material and slides of the input lectures are available on Moodle. There you will also find further information (articles, links,
videos).

Literature All texts and references will be available on Moodle. To follow the most recent developments in this rapidly evolving field follow the
following experts on Twitter:
@dgmacarthur
@EricTopol
und/oder @ehafen

Prerequisites /
notice

The course builds on  the course Bio IA, in particular on that course's content regarding genetics and genomics. The course is based on
self-learning units on Moodle, input lectures by experts from D-BIOL and exercises.

551-0108-00L Fundamentals of Biology II: Plant Biology O 2 credits 2V O. Voinnet, W. Gruissem,
S. C. Zeeman

Abstract Water balance, assimilation, transport in plants; developmental biology, stress physiology.
Objective Water balance, assimilation, transport in plants; developmental biology, stress physiology.
Lecture notes Plant Biology: Handouts of the powerpoint presentation will be distributed. It can also be viewed in a password-protected web link. 
Literature Smith, A.M., et al.: Plant Biology, Garland Science, New York, Oxford, 2010

551-0110-00L Fundamentals of Biology II: Microbiology O 2 credits 2V J. Vorholt-Zambelli, W.-D. Hardt,
J. Piel

Abstract Bacterial cell biology, molecular genetics, gene regulation, growth physiology, metabolism (Bacteria and Archaea), natural products,
microbial interactions

Objective Basic principles of cell structure, growth physiology, energy metabolism, gene expression and regulation. Biodiversity of Bacteria and
Archaea. Phylogeny and evolution.

Content Bacterial cell biology, molecular genetics, gene regulation, growth physiology, metabolism (Bacteria and Archaea), natural products,
microbial interactions

Literature Brock, Biology of Microorganisms (Madigan, M.T. and Martinko, J.M., eds.), 14th ed., Pearson Prentice Hall, 2015

 Elective Blocks
 Biodiversity

Number Title Type ECTS Hours Lecturers

551-1174-00L Systems Biology O 4 credits 2V+2U U. Sauer, K. M. Borgwardt,
J. Stelling, N. Zamboni

Abstract The course teaches computational methods and first hands-on applications by starting from biological problems/phenomena that students
in the 4th semester are somewhat familiar with. During the exercises, students will obtain first experience with programming their own
analyses/models for data analysis/interpretation.

Objective We will teach little if any novel biological knowledge or analysis methods, but focus on training the ability of use existing knowledge (for
example from enzyme kinetics, regulatory mechanisms or analytical methods) to understand biological problems that arise when
considering molecular elements in their context and to translate some of these problems into a form that can be solved by computational
methods. Specific goals are:
- understand the limitations of intuitive reasoning 
- obtain a first overview of computational approaches in systems biology
- train ability to translate biological problems into computational problems
- solve practical problems by programming with MATLAB
- make first experiences in computational interpretation of biological data 
- understand typical abstractions in modeling molecular systems

Content During the first 7 weeks, the will focus on mechanistic modeling. Starting from simple enzyme kinetics, we will move through the dynamics
of small pathways that also include regulation and end with flux balance analysis of a medium size metabolic network. During the second 7
weeks, the focus will shift to the analysis of larger data sets, such as metabolomics and transcriptomics that are often generated in biology.
Here we will go through multivariate statistical methods that include clustering and principal component analysis, ending with first methods
to learn networks from data.

Lecture notes Scripts to prepare the lectures will be provided via Moodle
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Literature The course is not taught by a particular book, but two books are suggested for further reading:
- Systems Biology (Klipp, Herwig, Kowald, Wierling und Lehrach) Wiley-VCH 2009
- A First Course in Systems Biology (Eberhardt O. Voight) Garland Science 2012

376-0152-00L Anatomy and Physiology II O 5 credits 4V M. Ristow, K. De Bock, M. Kopf,
L. Slomianka, C. Spengler

Abstract Basic knowledge of the anatomy and physiology of the gastrointestinal tract, endocrine organs, urinary system and the reproductive
system. Knowlewdge of the basic mechanisms of pathobiology. Study of all human tissues and selected organs by examining slides under
the light microscope.

Objective Foundations of human anatomy and physiology and basics of clinical pathophysiology
Content Short overview of human anatomy, physiology and general pathology.

3rd semester:
Principles of histology and embryology.  Anatomy and physiology: nervous system, muscle, sensory organs, circulatory system, respiratory
system.
4rd semester:
Anatomy and physiology: gastrointestinal tract, endocrine system, metabolism and thermoregulation, integumentary system, blood and
immune system, urinary system, circadian rhythm, reproductive system, pregnancy and birth.

Literature Anatomie: Martini, Timmons, Tallitsch, "Anatomie", Pearson; oder Schiebler, Korf, "Anatomie", Steinkopff / Springer; oder Spornitz,
"Anatomie und Physiologie, Lehrbuch und Atlas für Pflege-und Gesundheitsfachberufe", Springer

Physiologie: Thews/Mutschler/Vaupel: Anatomie, Physiologie, Pathophysiologie des Menschen,
                  Wissenschaftliche Verlagsgesellschaft, Stuttgart

                                                             oder

                   Schmidt/Lang/Thews: Physiologie des Menschen, Springer-Verlag, Heidelberg

Prerequisites /
notice

Der Besuch der Anatomie und Physiologie I - Vorlesung ist Voraussetzung, da die Anatomie und Physiologie II - Vorlesung auf dem
Wissen der im vorangegangenen Semester gelesenen Anatomie und Physiologie I - Vorlesung aufbaut.    

701-0360-00L Systematic Biology: Plants O 5 credits 2V+3P A. Leuchtmann
Abstract The lecture provides an overview of the diversity of ferns and seed-plants. The fundamentals of systematics are given considering

morphological, phylogenetic and ecological aspects. Regarding plant species, emphasis is laid on the flora of Switzerland, but also
examples of pharmaceutical relevance  and crop plants will be included.

Objective Students know:
- the fundamentals of plant systematics
- the higher-level plant groups based on morphological and biological characteristics
- selected families of flowering plants
- selected species and their ecology, with special focus on the flora of Switzerland
- examples of medicinal and crop plants
- ecological factors of sites and the most important vegetation types of the lowlands.

Content Die Vorlesung gibt einen Überblick über Moose, Farne, Gymnospermen und Angiospermen. Ausgewählte Familien der Angiospermen
werden ausführlich behandelt. Weitere Themen sind Grundlagen der Pflanzensystematik, Generationswechsel, phylogenetische
Stammbäume, morphologische Begriffe, sowie Lebensweise und Ökologie der Pflanzen. Anhand ausgewählter Beispiele wird auf die
Bedeutung der Pflanzen als Arznei-, Zeiger- und Nutzpflanzen eingegangen. Zudem wird eine Übersicht über Standorteigenschaften und
Vegetation des Tieflandes in der Schweiz gegeben.

Im praktischen Teil lernen die Studierenden Merkmale von Blütenpflanzen zu analysieren und üben das Bestimmen von Pflanzenarten. Auf
Exkursionen werden Artkenntnisse vermittelt und ein Einblick gegeben in Flora und Vegetation ausgewählter Standorte im Schweizer
Mittelland, wobei auch einheimische Arzneipflanzen berücksichtigt werden.

Literature Baltisberger et al., Systematische Botanik. Einheimische Farn- und Samenpflanzen. vdf Hochschulverlag AG an der ETH Zürich (4. Aufl.
2013)
Hess et al., Bestimmunsschlüssel zur Flora der Schweiz. Springer, Basel (7. Aufl. 2015)

Baltisberger, Conradin, Frey & Rudow, 2016: eBot6. Internetapplikation.
Für Studierende frei zugänglich unter http://www.balti.ethz.ch/tiki-index.php?page=eBot6.

Prerequisites /
notice

Für Studierende der Pharmazeutischen Wissenschaften Bsc obligatorisch, für Studierende Biologie Bsc und Umweltnaturwissenschaften
Bsc mit Vertiefungen in Ökologie und Evolution (Biologie), Wald und Landschaft oder Umweltbiologie besonders empfohlen.

701-0264-01L Supplementary Course Systematic Botany
Does not take place this semester.
Prerequisite: successful participation in 701-0360-00L
Systematic Biology: Plants. It is recommended to enroll for
both lectures in the same semester.

E- 1 credit 2P A. Leuchtmann

Abstract Botanical excursions to Lower Engiadina providing extended systematic-botanical knowledge
Objective Participants know characters of important plant families and are able to assign species accordingly. They have gained extended knowledge

of plant species, particularly of those relevant for the exam, and have received insight into flora and vegetation of the Lower Engiadina
valley.

Content Exkursion in der montanen Stufe bei Klosters am ersten Tag, zwei weitere Exkursionen im Unterengadin. Vertiefung der systematisch-
taxonomischen Kenntnisse und Einblick in Flora und Vegetation  eines zentralalpinen Trockentals. Gruppenarbeit mit ausgewählten, neuen
Pflanzenarten.

Literature Baltisberger et al., Systematische Botanik. Einheimische Farn- und Samenpflanzen. vdf Hochschulverlag AG an der ETH Zürich (4. Aufl.
2013)

Hess et al. 2015. Bestimmunsschlüssel zur Flora der Schweiz. 7. Aufl., Springer, Basel.

Prerequisites /
notice

Der Kurs richtet sich an Studierende Biologie Bsc und Umweltnaturwissenschaften Bsc; auch Studierende Pharmazeutische
Wissenschaften Bsc sind willkommen. 

Der Besuch von "701-0360-00L Systematische Biologie: Pflanzen" wird vorausgesetzt, da der Kurs darauf aufbaut.

Diese Lehrveranstaltung ist auf maximal 50 Teilnehmende beschränkt. Schriftliche Anmeldungen erforderlich, die nach Reihenfolge des
Eingangs berücksichtigt werden.

Kosten für Verpflegung und Unterkunft in Mehrbettzimmern (2 Nächte) müssen von den Teilnehmern übernommen werden (Fr. 80.-).

701-0245-00L Introduction to Evolutionary Biology O  2 credits 2V G. Velicer, S. Wielgoss
Abstract This course introduces important questions about the evolutionary processes involved in the generation and maintenance of biological

diversity across all domains of life and how evolutionary science investigates these questions.
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Objective This course introduces important questions about the evolutionary processes involved in the generation and maintenance of biological
diversity across all domains of life and how evolutionary science investigates these questions.  The topics covered range from different
forms of selection, phylogenetic analysis, population genetics, life history theory, the evolution of sex, social evolution to human evolution.
These topics are important for the understanding of a number of evolutionary problems in the basic and applied sciences.

Content Topics likely to be covered in this course include research methods in evolutionary biology, adaptation, evolution of sex, evolutionary
transitions, human evolution, infectious disease evolution, life history evolution, macroevolution, mechanisms of evolution, phylogenetic
analysis, population dynamics, population genetics, social evolution, speciation and types of selection.

Literature Textbook:
Evolutionary Analysis
Scott Freeman and Jon Herron
5th Edition, English.

Prerequisites /
notice

The exam is based on lecture and textbook.

 Cellular and Molecular Biology
Number Title Type ECTS Hours Lecturers

551-1174-00L Systems Biology O 4 credits 2V+2U U. Sauer, K. M. Borgwardt,
J. Stelling, N. Zamboni

Abstract The course teaches computational methods and first hands-on applications by starting from biological problems/phenomena that students
in the 4th semester are somewhat familiar with. During the exercises, students will obtain first experience with programming their own
analyses/models for data analysis/interpretation.

Objective We will teach little if any novel biological knowledge or analysis methods, but focus on training the ability of use existing knowledge (for
example from enzyme kinetics, regulatory mechanisms or analytical methods) to understand biological problems that arise when
considering molecular elements in their context and to translate some of these problems into a form that can be solved by computational
methods. Specific goals are:
- understand the limitations of intuitive reasoning 
- obtain a first overview of computational approaches in systems biology
- train ability to translate biological problems into computational problems
- solve practical problems by programming with MATLAB
- make first experiences in computational interpretation of biological data 
- understand typical abstractions in modeling molecular systems

Content During the first 7 weeks, the will focus on mechanistic modeling. Starting from simple enzyme kinetics, we will move through the dynamics
of small pathways that also include regulation and end with flux balance analysis of a medium size metabolic network. During the second 7
weeks, the focus will shift to the analysis of larger data sets, such as metabolomics and transcriptomics that are often generated in biology.
Here we will go through multivariate statistical methods that include clustering and principal component analysis, ending with first methods
to learn networks from data.

Lecture notes Scripts to prepare the lectures will be provided via Moodle
Literature The course is not taught by a particular book, but two books are suggested for further reading:

- Systems Biology (Klipp, Herwig, Kowald, Wierling und Lehrach) Wiley-VCH 2009
- A First Course in Systems Biology (Eberhardt O. Voight) Garland Science 2012

376-0152-00L Anatomy and Physiology II O 5 credits 4V M. Ristow, K. De Bock, M. Kopf,
L. Slomianka, C. Spengler

Abstract Basic knowledge of the anatomy and physiology of the gastrointestinal tract, endocrine organs, urinary system and the reproductive
system. Knowlewdge of the basic mechanisms of pathobiology. Study of all human tissues and selected organs by examining slides under
the light microscope.

Objective Foundations of human anatomy and physiology and basics of clinical pathophysiology
Content Short overview of human anatomy, physiology and general pathology.

3rd semester:
Principles of histology and embryology.  Anatomy and physiology: nervous system, muscle, sensory organs, circulatory system, respiratory
system.
4rd semester:
Anatomy and physiology: gastrointestinal tract, endocrine system, metabolism and thermoregulation, integumentary system, blood and
immune system, urinary system, circadian rhythm, reproductive system, pregnancy and birth.

Literature Anatomie: Martini, Timmons, Tallitsch, "Anatomie", Pearson; oder Schiebler, Korf, "Anatomie", Steinkopff / Springer; oder Spornitz,
"Anatomie und Physiologie, Lehrbuch und Atlas für Pflege-und Gesundheitsfachberufe", Springer

Physiologie: Thews/Mutschler/Vaupel: Anatomie, Physiologie, Pathophysiologie des Menschen,
                  Wissenschaftliche Verlagsgesellschaft, Stuttgart

                                                             oder

                   Schmidt/Lang/Thews: Physiologie des Menschen, Springer-Verlag, Heidelberg

Prerequisites /
notice

Der Besuch der Anatomie und Physiologie I - Vorlesung ist Voraussetzung, da die Anatomie und Physiologie II - Vorlesung auf dem
Wissen der im vorangegangenen Semester gelesenen Anatomie und Physiologie I - Vorlesung aufbaut.    

529-0430-00L Practical Course Physical Chemistry (for
Biol./Pharm.Sci.)

O 3 credits 4P E. C. Meister

Abstract Practical introduction to important basic experimental methods in physical chemistry. Investigation of qualitative and quantitative relations
between physico-chemical quantities of the systems under study.

Objective The students have to carry out selected experiments in physical chemistry using important measurement methods and devices.
The measured data have to be processed, mostly with the aid of computers, and considering error propagation and statistics.
Detailed laboratory reports have to be written to each experiment.

Content Basic physical chemistry experiments covering chemical thermodynamics and kinetics, electrochemistry, viscosity and optical
spectroscopy.
Computer simulation of physical-chemical phenomena.

Lecture notes Erich Meister, Grundpraktikum Physikalische Chemie: Theorie und Experimente, 2. Auflage, vdf Hochschul-Verlag an der ETH, Zürich,
2012.
Supplementary material to experiments is available.

701-0245-00L Introduction to Evolutionary Biology O  2 credits 2V G. Velicer, S. Wielgoss
Abstract This course introduces important questions about the evolutionary processes involved in the generation and maintenance of biological

diversity across all domains of life and how evolutionary science investigates these questions.
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Objective This course introduces important questions about the evolutionary processes involved in the generation and maintenance of biological
diversity across all domains of life and how evolutionary science investigates these questions.  The topics covered range from different
forms of selection, phylogenetic analysis, population genetics, life history theory, the evolution of sex, social evolution to human evolution.
These topics are important for the understanding of a number of evolutionary problems in the basic and applied sciences.

Content Topics likely to be covered in this course include research methods in evolutionary biology, adaptation, evolution of sex, evolutionary
transitions, human evolution, infectious disease evolution, life history evolution, macroevolution, mechanisms of evolution, phylogenetic
analysis, population dynamics, population genetics, social evolution, speciation and types of selection.

Literature Textbook:
Evolutionary Analysis
Scott Freeman and Jon Herron
5th Edition, English.

Prerequisites /
notice

The exam is based on lecture and textbook.

 Biological Chemistry
Number Title Type ECTS Hours Lecturers

551-1174-00L Systems Biology W 4 credits 2V+2U U. Sauer, K. M. Borgwardt,
J. Stelling, N. Zamboni

Abstract The course teaches computational methods and first hands-on applications by starting from biological problems/phenomena that students
in the 4th semester are somewhat familiar with. During the exercises, students will obtain first experience with programming their own
analyses/models for data analysis/interpretation.

Objective We will teach little if any novel biological knowledge or analysis methods, but focus on training the ability of use existing knowledge (for
example from enzyme kinetics, regulatory mechanisms or analytical methods) to understand biological problems that arise when
considering molecular elements in their context and to translate some of these problems into a form that can be solved by computational
methods. Specific goals are:
- understand the limitations of intuitive reasoning 
- obtain a first overview of computational approaches in systems biology
- train ability to translate biological problems into computational problems
- solve practical problems by programming with MATLAB
- make first experiences in computational interpretation of biological data 
- understand typical abstractions in modeling molecular systems

Content During the first 7 weeks, the will focus on mechanistic modeling. Starting from simple enzyme kinetics, we will move through the dynamics
of small pathways that also include regulation and end with flux balance analysis of a medium size metabolic network. During the second 7
weeks, the focus will shift to the analysis of larger data sets, such as metabolomics and transcriptomics that are often generated in biology.
Here we will go through multivariate statistical methods that include clustering and principal component analysis, ending with first methods
to learn networks from data.

Lecture notes Scripts to prepare the lectures will be provided via Moodle
Literature The course is not taught by a particular book, but two books are suggested for further reading:

- Systems Biology (Klipp, Herwig, Kowald, Wierling und Lehrach) Wiley-VCH 2009
- A First Course in Systems Biology (Eberhardt O. Voight) Garland Science 2012

529-0222-00L Organic Chemistry II O 3 credits 2V+1U B. Morandi
Abstract This course builds on the material learned in Organic Chemistry I  or Organic Chemistry II for Biology/Pharmacy Students. Topics include

advanced concepts and mechanisms of organic reactions and introductions to pericyclic and organometallic reactions. These topics are
combined to the planning and execution of multiple step syntheses of complex molecules.

Objective Goals of this course include the a deeper understanding of basic organic reactions and mechanism as well as advanced and catalytic
transformations (for example, Mitsunobu reactions, Corey-Chaykovsky epoxidation, Stetter reactions, etc). Reactive intermediates including
carbenes and nitrenes are covered, along with methods for their generation and use in complex molecule synthesis. Frontier molecular
orbital theory (FMO) is introduced and used to rationalize pericyclic reactions including Diels Alder reactions, cycloadditions, and
rearrangements (Cope, Claisen). The basic concepts and key reactions of catalytic organometallic chemistry, which are key methods in
modern organic synthesis, and introduced, with an emphasis on their catalytic cycles and elementrary steps. All of these topics are
combined in an overview of strategies for complex molecule synthesis, with specific examples from natural product derived molecules used
as medicines.

Content Oxidation and reduction of organic compounds, redox netural reactions and rearrangments, advanced transformations of functional groups
and reaction mechanismes, kinetic and thermodynamic control of organic reactions, carbenes and nitrenes, frontier molecular orbital theory
(FMO), cycloadditions and pericyclic reactions, introduction to organometallic chemistry and catalytic cross couplings, introduction to
peptide synthesis and protecting groups, retrosynthetic analysis of complex organic molecules, planning and execution of multi-step
reaction.

Lecture notes The lecture notes and additional documents including problem sets are available as PDF files online, without charge. Link:
https://morandi.ethz.ch/education.html

Literature Clayden, Greeves, and Warren. Organic Chemistry, 2nd Edition. Oxford University Press, 2012.

529-0430-00L Practical Course Physical Chemistry (for
Biol./Pharm.Sci.)

O 3 credits 4P E. C. Meister

Abstract Practical introduction to important basic experimental methods in physical chemistry. Investigation of qualitative and quantitative relations
between physico-chemical quantities of the systems under study.

Objective The students have to carry out selected experiments in physical chemistry using important measurement methods and devices.
The measured data have to be processed, mostly with the aid of computers, and considering error propagation and statistics.
Detailed laboratory reports have to be written to each experiment.

Content Basic physical chemistry experiments covering chemical thermodynamics and kinetics, electrochemistry, viscosity and optical
spectroscopy.
Computer simulation of physical-chemical phenomena.

Lecture notes Erich Meister, Grundpraktikum Physikalische Chemie: Theorie und Experimente, 2. Auflage, vdf Hochschul-Verlag an der ETH, Zürich,
2012.
Supplementary material to experiments is available.

376-0152-00L Anatomy and Physiology II W 5 credits 4V M. Ristow, K. De Bock, M. Kopf,
L. Slomianka, C. Spengler

Abstract Basic knowledge of the anatomy and physiology of the gastrointestinal tract, endocrine organs, urinary system and the reproductive
system. Knowlewdge of the basic mechanisms of pathobiology. Study of all human tissues and selected organs by examining slides under
the light microscope.

Objective Foundations of human anatomy and physiology and basics of clinical pathophysiology
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Content Short overview of human anatomy, physiology and general pathology.
3rd semester:
Principles of histology and embryology.  Anatomy and physiology: nervous system, muscle, sensory organs, circulatory system, respiratory
system.
4rd semester:
Anatomy and physiology: gastrointestinal tract, endocrine system, metabolism and thermoregulation, integumentary system, blood and
immune system, urinary system, circadian rhythm, reproductive system, pregnancy and birth.

Literature Anatomie: Martini, Timmons, Tallitsch, "Anatomie", Pearson; oder Schiebler, Korf, "Anatomie", Steinkopff / Springer; oder Spornitz,
"Anatomie und Physiologie, Lehrbuch und Atlas für Pflege-und Gesundheitsfachberufe", Springer

Physiologie: Thews/Mutschler/Vaupel: Anatomie, Physiologie, Pathophysiologie des Menschen,
                  Wissenschaftliche Verlagsgesellschaft, Stuttgart

                                                             oder

                   Schmidt/Lang/Thews: Physiologie des Menschen, Springer-Verlag, Heidelberg

Prerequisites /
notice

Der Besuch der Anatomie und Physiologie I - Vorlesung ist Voraussetzung, da die Anatomie und Physiologie II - Vorlesung auf dem
Wissen der im vorangegangenen Semester gelesenen Anatomie und Physiologie I - Vorlesung aufbaut.    

 3. Year, 6. Semester
 Concept Courses

Number Title Type ECTS Hours Lecturers

529-0732-00L Proteins and Lipids
Note for BSc Biology students: Only one of the two
concept courses 529-0731-00 Nucleic Acids and
Carbohydrates (autumn semester) or 529-0732-00
Proteins and Lipids (spring semester) can be counted for
the Bachelor's degree.

W  6 credits 3G D. Hilvert

Abstract An overview of the relationship between protein sequence, conformation and function.
Objective Overview of the relationship between protein sequence, conformation and function.
Content Proteins, structures and properties, (bio)synthesis of polypeptides, protein folding and design, protein engineering, chemical modification of

proteins, proteomics.
Literature General Literature:

- T.E. Creighton:  Proteins: Structures and Molecular Properties, 2nd Edition, H.W. Freeman and Company, New York, 1993.
- C. Branden, J. Tooze , Introduction to Protein Structure, Garland Publishing, New York, 1991.
- J. M. Berg, J. L. Tymoczko, L. Stryer:  Biochemistry, 5th edition, H.W. Freeman and Company, New York, 2002.
- G.A. Petsko, D. Ringe: Protein Structure and Function, New Science Press Ltd., London, 2004.

Original Literature:
Citations from the original literature relevant to the individual lectures will be assigned weekly.

551-0324-00L Systems Biology W  6 credits 4V P. Picotti, M. Claassen, U. Sauer,
B. Snijder, B. Wollscheid

Abstract Introduction to experimental and computational methods of systems biology. By using bakers yeast as a thread through the series, we
focus on global methods for analysis of and interference with biological functions. Illustrative applications to other organisms will highlight
medical and biotechnological aspects.

Objective - obtain an overview of global analytical methods
- obtain an overview of computational methods in systems biology
- understand the concepts of systems biology

Content Overview of global analytical methods (e.g. DNA arrays, proteomics, metabolomics, fluxes etc), global interference methods (siRNA,
mutant libraries, synthetic lethality etc.) and imaging methods. Introduction to mass spectrometry and proteomics. Concepts of metabolism
in microbes and higher cells. Systems biology of developmental processes. Concepts of mathematical modeling and applications of
computational systems biology.

Lecture notes no script
Literature The course is not taught by a particular book, but some books are suggested for further reading:

 
- Systems biology in Practice by Klipp, Herwig, Kowald, Wierling und Lehrach. Wiley-VCH 2005

551-0320-00L Cellular Biochemistry (Part II) W  3 credits 2V Y. Barral, R. Kroschewski,
A. E. Smith

Abstract This course will focus on molecular mechanisms and concepts underlying cellular biochemistry, providing advanced insights into the
structural and functional details of individual cell components, and the complex regulation of their interactions. Particular emphasis will be
on the spatial and temporal integration of different molecules and signaling pathways into global cellular processes.

Objective The full-year course (551-0319-00 & 551-0320-00) focuses on the molecular mechanisms and concepts underlying the biochemistry of
cellular physiology, investigating how these processes are integrated to carry out highly coordinated cellular functions. The molecular
characterization of complex cellular functions requires a combination of approaches such as biochemistry, but also cell biology and
genetics. This course is therefore the occasion to discuss these techniques and their integration in modern cellular biochemistry. 
The students will be able to describe the structural and functional details of individual cell components, and the spatial and temporal
regulation of their interactions. In particular, they will learn to explain how different molecules and signaling pathways can be integrated
during complex and highly dynamic cellular processes such as intracellular transport, cytoskeletal rearrangements, cell motility, and cell
division. In addition, they will be able to illustrate the relevance of particular signaling pathways for cellular pathologies such as cancer or
during cellular infection.

Content Spatial and temporal integration of different molecules and signaling pathways into global cellular processes, such as cell division, cell
infection and cell motility. Emphasis is also put on the understanding of pathologies associated with defective cell physiology, such as
cancer or during cellular infection.

Literature Recommended supplementary literature (review articles and selected primary literature) will be provided during the course.
Prerequisites /
notice

To attend this course the students must have a solid basic knowledge in chemistry, biochemistry, cell biology and general biology. Biology
students have in general already attended the first part of the "Cellular Biochemistry" concept course (551-0319-00). The course will be
taught in English.
In addition, the course will be based on a blended-learning scenario, where frontal lectures will be complemented with carefully chosen
web-based teaching elements that students access through the ETH Moodle platform.

551-0314-00L Microbiology (Part II) W  3 credits 2V W.-D. Hardt, L. Eberl, H.-
M. Fischer, J. Piel, J. Vorholt-
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Zambelli
Abstract Advanced lecture class providing a broad overview on bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Objective This concept class will be based on common concepts and introduce to the enormous diversity among bacteria and archaea. It will cover

the current research on bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Content Advanced class covering the state of the research in bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Lecture notes Updated handouts will be provided during the class.
Literature Current literature references will be provided during the lectures.
Prerequisites /
notice

English

551-0326-00L Cell Biology W  6 credits 4V S. Werner, M. Bordoli, W. Kovacs,
M. Schäfer, U. Suter, A. Wutz

Abstract This Course introduces principle concepts, techniques, and experimental strategies used in modern Cell Biology. Major topics include:
neuron-glia interactions in health and disease; mitochondrial dynamics; stem cell biology; growth factor action in development, tissue repair
and disease; cell metabolism, in particular sensing and signaling mechanisms, cell organelles, and lipid metabolism.

Objective -To prepare the students for successful and efficient lab work by learning how to ask the right questions and to use the appropriate
techniques in a research project.
-To convey knowledge about neuron-glia interactions in health and disease.
- To provide information on different types of stem cells and their function in health and disease
-To provide information on growth factor signaling in development, repair and disease and on the use of growth factors or their receptors as
drug targets for major human diseases
-To convey knowledge on the mechanisms underlying repair of injured tissues
-To provide the students with an overview of mitochondrial dynamics.
-Providing an understanding of RNA processing reactions and their regulations.
-To provide a comprehensive understanding of metabolic sensing mechanisms occurring in different cell types and organelles in response
to glucose, hormones, oxygen, nutrients as well as lipids, and to discuss downstream signaling pathways and cellular responses.
-To provide models explaining how disturbances in complex metabolic control networks and bioenergetics can lead to disease and to
highlight latest experimental approaches to uncover the intricacies of metabolic control at the cellular and organismal level.
-Providing the background and context that foster cross-disciplinary scientific thinking.

551-0318-00L Immunology II W  3 credits 2V A. Oxenius, M. Kopf,
S. R. Leibundgut, E. Wetter Slack,
further lecturers

Abstract Introduction into the cellular and molecular basis of the immune system and immune responses against diverse pathogens, tumors,
transplants, and self (autoimmunity)

Objective The lectures will provide a detailed understanding:
- how innate and adaptive immune responses interact at the cellular and molecular level.
- how the immune system recognizes and fights against pathogenic microorganisms including viruses, bacteria, and parasites.
- why lymphocytes tolerate self molecules.
- about function and dysfunction the intestinal immune system.
- immunopathology and inflammatory diseases.

Content The aim of lecture is to understand:
> How pathogens are recognized by the innate immune system
> Immune defense against various pathogens
> Immunology of the skin, lung and intestines
> Tumor immunology
> Migration and homing of immune cells
> tolerance and autoimmunity
> T cell memory

Lecture notes Presentations of the lecturers are available at the Moodle link
Literature Recommended: Kuby Immunology (Freeman)

376-0209-00L Molecular Disease Mechanisms W 6 credits 4V C. Wolfrum, H. Gahlon, M. Kopf
Abstract In this course the mechanisms of disease development will be studied. Main topics will be: 

1.    Influence of environmental factors with an emphasis on inflammation and the immune response.
2.    Mechanisms underlying disease progression in metabolic disorders, integrating genetic and environmental factors.
3.    Mechanisms underlying disease progression in cancer, integrating genetic and environment

Objective To understand the mechanisms governing disease development with a special emphasis on genetic and environmental associated
components

Lecture notes All information can be found at:

https://moodle-app2.let.ethz.ch/course/view.php?id=12627

The enrollment key will be provided by email

551-0307-01L Molecular and Structural Biology II: Molecular
Machines and Cellular Assemblies
D-BIOL  students are obliged to take part I and part II as a
two-semester course.

W 3 credits 2V N. Ban, F. Allain, S. Jonas,
M. Pilhofer

Abstract This course on advanced topics in Molecular Biology and Biochemistry will cover the structure and function of cellular assemblies. General
topics in basic biochemistry will be further developed with examples of the function of large cellular machines involved in DNA packaging,
translation, virus architecture, RNA processing, cell-cell interactions, and the molecular basis of CRISPER systems.

Objective Students will gain a deep understanding of large cellular assemblies and the structure-function relationships governing their function in
fundamental cellular processes. The lectures throughout the course will be complemented by exercises and discussions of original
research examples to provide students with a deeper understanding of the subjects and to encourage active student participation.

Content Advanced class covering the state of the research in structural molecular biology of basic cellular processes with emphasis on the function
of large cellular assemblies.

Lecture notes Updated handouts will be provided during the class.
Literature The lecture will be based on the latest literature. Additional suggested

literature:
Branden, C., and J. Tooze, Introduction to Protein Structure, 2nd ed. 
(1995). Garland, New York.

 Block Courses
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Registration for Block courses is mandatory. Please register under https://www.uzh.ch/zoolmed/ssl-dir/Blockkurse_UNIETH.php.
Registration period from 16.12.2019 - 06.01.2020

Please note the ETH admission criteria for the admission of ETH students to ETH block courses on the block course registration website under
"allocation".

 Block Courses in 1st Quarter of the Semester
From 18.2.2020 to 11.3.2020

Number Title Type ECTS Hours Lecturers

551-0342-00L Metabolomics
Number of participants limited to 15.

The enrolment is done by the D-BIOL study
administration.

W  6 credits 7G N. Zamboni, U. Sauer

Abstract The course covers all basic aspects of metabolome measurements, from sample sampling to mass spectrometry and data analysis.
Participants work in groups and independently perform and interpret metabolomic experiments.

Objective Performing and reporting a metabolomic experiment, understanding pro and cons of mass spectrometry based metabolomics. Knowledge
of workflows and tools to assist experiment interpretation, and metabolite identification.

Content Basics of metabolomics: workflows, sample preparation, targeted and untargeted mass spectrometry, instrumentation, separation
techniques (GC, LC, CE), metabolite identification, data interpretation and integration, normalization, QCs, maintenance.

Soft skills to be trained: project planning, presentation, reporting, independent working style, team work.

551-0339-00L Molecular Mechanisms of Cell Dynamics
Number of participants limited to 13.

The enrolment is done by the D-BIOL study
administration.

W  6 credits 7G E. Dultz, Y. Barral, U. Kutay,
M. Peter, K. Weis

Abstract Application of current strategies to study the dynamics of complex and highly regulated cellular processes.
Objective The students learn to evaluate and to apply current strategies to study the dynamics of complex and highly regulated cellular processes.
Content During this Block-Course, the students will learn to (1) describe the important mechanisms and regulators of dynamic processes in cells,

(2) perform standard lab techniques and quantitate dynamic cellular processes, (3) evaluate and compare experimental strategies and
model systems, (4) independently search and critically evaluate scientific literature on a specific problem and present it in a seminar, and
(5) formulate scientific concepts (preparation and presentation of a poster).
Students will work in small groups in individual labs on one research project (8 full days of practical work; every group of students will stay
in the same lab during the entire course). The projects are close to the actual research carried out in the participating research groups, but
with a clear connection to the subject of the course.

Literature Documentation and recommended literature (review articles and selected primary literature) will be provided during the course.
Prerequisites /
notice

This course will be taught in english.

551-1516-00L Neuron-Glia Interactions and Myelination in Health
and Disease
Number of participants limited to 15.

The enrolment is done by the D-BIOL study
administration.

W 6 credits 7G U. Suter

Abstract The course provides general basic insights and new perspectives in the development, plasticity and repair of the nervous system. The
focus is on molecular, cellular and transgenic approaches.

Objective Through a combination of practical work with lectures, discussions, project preparations and presentations, the students learns basic
principles of neural plasticity and repair in health and disease. The course is closely linked to ongoing research projects in the lab to
provide the participants with direct insights into current experimental approaches and strategies.

551-0118-00L Cell Biology of Plant-Fungus Interaction
Number of participants limited to 5.

The enrolment is done by the D-BIOL study
administration.


W 6 credits 7G C. Sánchez-Rodríguez

Abstract The course is a collaboration of the Plant Cell Biology groups of ETHZ and UZH. The students will learn key concepts related with the
remarkable ability of plants to adapt to challenges provided by their environment (both biotic, such as pathogens, and abiotic, like nutrient
deficiencies). A multidisciplinary approach including molecular genetics, cell biology, biochemistry and bioinformatics tool

Objective In this course, students will get cell biological and molecular genetics insights into the developmental plasticity of plants to adapt to their
environmental conditions using the model plant  Arabidopsis thaliana.  With this aim, they will actively participate in ongoing research
projects tutored by doctoral students. 

Content Students will be engaged in research projects aimed to understand the specialized mechanisms evolved by the plants to grow under
challenging environments. In a lecture series, the theoretical background for the projects and their interrelationship is provided.
Students will design and perform experiments, evaluate experimental results, present their projects, and  discuss recent publications to
understand the relevance of their work in the context of the current state of plant development and stress response. 

Lecture notes No script
Literature The recommended literature and list of individual reading assignments will be provided during the course
Prerequisites /
notice

All general lectures will be held at ETH Centrum (LFW building). Students will be divided into small groups to carry out experiments at ETH
(Central; LFW) and UZH (Botanical Garden)

 Block Courses in 2nd Quarter of the Semester
From 12.3.2020 to 2.4.2020

Number Title Type ECTS Hours Lecturers

376-1346-00L Study of Epigenetic Mechanisms in Mental Health
Number of participants limited to 12.

The enrolment is done by the D-BIOL study
administration.

W  6 credits 7G I. Mansuy
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Abstract This block course is focused on the study of the epigenetic mechanisms that regulate complex brain functions and behavior. It provides an
overview of molecular methods used in experimental mice or in human samples to investigate epigenetic processes that control genome
activity and gene expression, and are associated with cognitive functions and behavioral responses.

Objective The purpose is to learn the principles of major methods in epigenetics that allow examine genome activity at the level of DNA, RNA or
protein, in the context of complex brain functions.

Content 4 independent projects for 3 students each covering various aspects of epigenetic mechanisms. It will focus on state-of-the-art techniques
to measure or manipulate gene expression and gene activity in the adult brain or in cell culture, and analyse the effects in vitro or in vivo
using omics analyses, molecular and biochemical tools and behavioral testing.

Lecture notes Provided at the beginning of the practical.

551-0352-00L Introduction to Mass Spectrometry-based Proteomics
Number of participants limited to 12.

The enrolment is done by the D-BIOL study
administration.

W  6 credits 7G L. Gillet, P. Picotti

Abstract Protein Analysis by Mass Spectrometry
The following topics will be covered: basics of biological mass spectrometry, including instrumentation, data collection and data analysis;
applications to protein identification and characterization; sample preparation methods; proteomics strategies; and quantitative analysis.

Objective How to prepare a protein sample for MS analysis (trypsin digestion, C18 clean-up)
Principles of data acquisition LC-MS (QTOF and/or Ion Trap instruments)
Perform qualitative proteomic analysis (protein identification with Mascot and/or Sequest Softwares)
Perform quantitative proteomic analysis (label-free and labeled analyses)
Analyze/interpret the data to find up/down regulated proteins

551-0434-00L NMR Spectroscopy in Biology
Number of participants limited to 6.

The enrolment is done by the D-BIOL study
administration.

W  6 credits 7G F. Allain, A. D. Gossert, K. Wüthrich

Abstract In this block course, students actively participate in ongoing research projects in the research groups of Profs. Allain, Wüthrich and Dr.
Gossert. The students will be tutored in their experimental work by experienced postdoc students. In addition, the course includes specific
lectures that provide the theoretical background for the experimental work, as well as exercises and literature work.

Objective The course provides first "hands on" insight into applications of NMR spectroscopy in biological sciences. The course should enable the
students to understand the potential and limitations of NMR applied to biological problems.

Content The topics include studies of proteins, RNA and protein-RNA interactions, 

Participation in one of the following projects will be possible:
- NMR of RNA   
- NMR of several protein-RNA complexes (hnRNPF, nPTB, SR proteins)
- NMR studies of protein-ligand interactions
- dynamics of protein-RNA complexes
- Segmental isotopic labeling to study multidomain proteins
- NMR Methods Development

Lecture notes No script
Literature Lists of individual reading assignments will be handed out.

529-0810-01L Laboratory Course Organic Chemistry II (for D-BIOL)
Number of participants limited to 12.

Please contact Prof. C. Thilgen
(thilgen@org.chem.ethz.ch) as early as possible, end of
Autumn Semester. You will get a confirmation if you are
accepted.

The enrolment is done by the D-BIOL study
administration.

The de-facto language of instruction depends on the tutor.

W  12 credits 4P C. Thilgen

Abstract An organic-synthetic sub-project of the current research of a group from the Laboratory of Organic Chemistry is carried out under the
guidance of doctoral students.

Objective Learn to plan and carry out challenging multistep syntheses making use of modern methods; reach a deeper understanding of organic
reactions through experimental work; develop an organic-synthetic research project; take accurate notes, write a publication style report,
and present the obtained results in a seminar.

Content An organic-synthetic sub-project of the current research of a group from the Laboratory of Organic Chemistry is carried out under the
guidance of doctoral students.

Lecture notes No course notes.
Literature No set textbooks. Literature will be indicated or provided by the supervising TAs.
Prerequisites /
notice

Course prerequisites: Accomplished laboratory course Organic Chemistry I (529-0229-00) and passed session exam Organic Chemistry I
(529-0221-00 or 529-1011-00) / Organic Chemistry II (529-0222-00 or 529-1012-00). The number of participants is limited to 12.

551-1147-00L Bioactive Natural Products from Bacteria
Number of participants limited to 7.

The enrolment is done by the D-BIOL study
administration.

W  6 credits 7G J. Piel

Abstract Lab course. In small groups projects of relevance to current research questions in the field of bacterial natural product biosynthesis are
addressed.

Objective Introduction to relevant subjects of the secondary metabolism of bacteria. Training in practical work in a research laboratory. Scientific
writing in form of a research report.

Content Research project on bacteria that produce bioactive natural products (e.g., Streptomycetes, Cyanobacteria, uncultivated bacteria). The
techniques used will depend on the project, e.g. PCR, cloning, natural product analysis, precursor feeding studies, enzyme expression and
analysis.

Lecture notes none.
Literature Will be provided for each of the projects at the beginning of the course.

551-1554-00L Multigene Expression in Mammalian Cells W 6 credits 7G P. Berger, G. Schertler
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Number of participants limited to 5.

The enrolment is done by the D-BIOL study
administration.

Abstract Genetic engineering of mammalian cells with multiple expression cassettes is an essential need in contemporary cell biology. It is useful for
protein expression for structural studies, the reprogramming of somatic cells, or for the expression of several fluorescently-tagged sensors.
In this course, we use MultiLabel (Kriz et al., Nat. Commun., 2010) to create multigene expression plasmids.

Objective Students will learn to design and clone multigene expression constructs for mammalian cells. The functionality of the constructs will be
tested by immunofluorescence microscopy or Western blotting.

Content We will clone fluorescently-tagged markers for subcellular compartments, assemble them to a multigene expression construct and transfect
them into mammalian cells. These markers of subcellular compartments will be used to study the trafficking of activated receptors (e.g.
serotonin receptor). Pictures will be taken on our microscopes and then we will quantify colocalization.

Lecture notes none

551-0436-00L Cryo-electron Microscopic Studies of Ribosomal
Complexes with Biomedically Important Viral mRNAs
Number of participants limited to 15.

The enrolment is done by the D-BIOL study
administration.

W  6 credits 7G N. Ban, D. Böhringer,
M. A. Leibundgut

Abstract Some viral mRNAs, such as from Hepatitis C virus, hijack cellular translational machinery by binding directly to the ribosome and
circumventing the need for cellular initiation factors. They accomplish this through structured elements within the mRNAs called internal
ribosome entry sites (IRESs). Participants of this course will visualize ribosomes in complex with viral IRESs at high resolution.

Objective The goal of the course is to acquire the most important techniques and methods for the purification and structural characterisation of
macromolecular complexes by transmission electron microscopy. The emphasis of the course is on the special practical requirements for
the application of these techniques on macromolecular structures in the MDa range. 

Content Protein synthesis is a very energy intensive process that can consume over half the total metabolism of a cell. In eukaryotes, translation is
therefore tightly regulated at the stage of initiation. Regulatory processes are much more complex at this step than in prokaryotes and a
large number of RNA modification processes and translation initiation factors are required to ensure faithful initiation, elongation and
termination of translation. Viral messenger RNAs are often produced by their own machinery, however, and need to be incorporated into
the host translation machinery without the usual processing and therefore many viruses have developed strategies to circumvent the need
for initiation factors. They accomplish this through highly structured elements within their RNA called internal ribosome entry sites (IRESs)
that are able to initiate translation without the normal signals. Some viral IRESs, such as the IRESs from polio-virus or HIV, require most of
the normal eIFs and even additional proteins. Others, such as the hepatitis C virus IRES, are able to bind directly to the ribosome and need
only a few of the normal initiation factors. Within the Ban lab, we have studied, and continue to investigate, medically relevant viral IRESs.
The course will involve producing, and attempting to determine the structures of, IRESs that have yet to have had their ribosome-bound
structures resolved.

A variety of purification techniques, including preparative gel electrophoresis and ultracentrifugation, will be used during the purification of
macromolecular complexes. Purified assemblies will be then investigated functionally. Students will then characterise their samples
structurally through transmission electron cryo-microscopy (cryo-EM), including sample preparation, microscopy, data evaluation and the
calculation of densities. Finally, students will learn how to build and refine molecular models into parts of the calculated cryo-EM density.
The participants will be working on a closed project related to current research within the laboratory and throughout the course the practical
work will be accompanied by brief theoretical introductions. The principal aim of the course is to strengthen the skills required to
independently conduct meaningful biophysical and biochemical experiments and to provide an early introduction into the structural
characterisation of cellular macromolecular assemblies.

Lecture notes A script will be distributed at the beginning of the course that will cover the experiments to be performed, provide references to the relevant
literature and suggest points for further consideration for interested students.

Literature Literature
A basic overview is provided within the references below. Further reading and citations shall be detailed in the course script.
- A. Fersht, Structure and mechanism in protein science, Freeman, 1999 (Chapters 1 and 6).
- M. van Heel et al., Single-particle electron cryo microscopy: towards atomic resolution, Quart. Rev. Biophys. (33), 307-369 (2000).

Prerequisites /
notice

The course will be held in English. Students should have either completed courses:
551-0307-00L  Biomolecular Structure and Mechanism I: Protein Structure and Function
551-0307-01L Biomolecular Structure and Mechanism II: Large Cellular Machines
 or equivalent courses covering the structure and function of biological macromolecules.

 Block Courses in 3rd Quarter of the Semester
From 3.4.2020 to 6.5.2020

Number Title Type ECTS Hours Lecturers

551-0362-00L Molecular Health: Biomedical Analysis of the
Extracellular Interactome
Number of participants limited to 12.

The enrolment is done by the D-BIOL study
administration.

W  6 credits 7G B. Wollscheid, E. Tschudy-Milani

Abstract In this course you will learn to measure, integrate, analyze and validate the cellular surfaceome as a complex information gateway
connecting the intracellular to the extracellular interactome. You will apply next generation technologies at the interface of biology,
chemistry, medicine and bioinformatics to establish the surfaceome proteotype and its signaling interaction networks.

Objective "If a cell surface molecule such as the B cell receptor would have the size of a human being, then the cell surface of a B cell would have
roughly the size of three times NYC Central Park." How many people/proteins/proteoforms reside in this space ("Surfaceome")? Similar to
humans, proteins don't act alone. Function is encoded in dynamic protein-protein interactions. How are these proteoforms organized in
signaling islands/networks in order to fulfill specific cellular functions ("Interactome")? What are the ligands interacting with the surfaceome
to communicate information from other cells & tissues in the body? What goes wrong in these signaling islands if we get sick? 

In this course you will learn to measure, integrate, analyze and validate the cellular surfaceome and its signaling islands as a complex
information gateway connecting the intracellular to the extracellular interactome. You will apply next generation technologies at the
interface of biology, chemistry, medicine and bioinformatics to generate unprecedented data to establish the surfaceome proteotype and its
signaling interaction networks. This digital proteotype data layer provides the basis for generating qualitative and quantitative surfaceome
models explaining how molecular nanoscale organization influences cellular signaling and biological function.
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Content "If a cell surface molecule such as the B cell receptor would have the size of a human being, then the cell surface of a B cell would have
roughly the size of three times NYC Central Park." How many people/proteins/proteoforms reside in this space ("Surfaceome")? Similar to
humans, proteins don't act alone. Function is encoded in dynamic protein-protein interactions. How are these proteoforms organized in
signaling islands/networks in order to fulfill specific cellular functions ("Interactome")? What are the ligands interacting with the surfaceome
to communicate information from other cells & tissues in the body? What goes wrong in these signaling islands if we get sick? 

In this course you will learn to measure, integrate, analyze and validate the cellular surfaceome and its signaling islands as a complex
information gateway connecting the intracellular to the extracellular interactome. You will apply next generation technologies at the
interface of biology, chemistry, medicine and bioinformatics to generate unprecedented data to establish the surfaceome proteotype and its
signaling interaction networks. This digital proteotype data layer provides the basis for generating qualitative and quantitative surfaceome
models explaining how molecular nanoscale organization influences cellular signaling and biological function.

Literature D. Bausch-Fluck, E. S. Milani, B. Wollscheid, Surfaceome nanoscale organization and extracellular interaction networks, Curr. Opin. Chem.
Biol. 48, 26–33 (2019).

https://paperpile.com/shared/ud6iWG

Prerequisites /
notice

This course requires a basic knowledge in mass spectrometry based proteomics and experience in computational data processing using R
or MatLab. Ideally this course should be combined with course 551-0352-00L "Introduction to Mass Spectrometry-based Proteomics".

529-0810-01L Laboratory Course Organic Chemistry II (for D-BIOL)
Number of participants limited to 12.

Please contact Prof. C. Thilgen
(thilgen@org.chem.ethz.ch) as early as possible, end of
Autumn Semester. You will get a confirmation if you are
accepted.

The enrolment is done by the D-BIOL study
administration.

The de-facto language of instruction depends on the tutor.

W  12 credits 4P C. Thilgen

Abstract An organic-synthetic sub-project of the current research of a group from the Laboratory of Organic Chemistry is carried out under the
guidance of doctoral students.

Objective Learn to plan and carry out challenging multistep syntheses making use of modern methods; reach a deeper understanding of organic
reactions through experimental work; develop an organic-synthetic research project; take accurate notes, write a publication style report,
and present the obtained results in a seminar.

Content An organic-synthetic sub-project of the current research of a group from the Laboratory of Organic Chemistry is carried out under the
guidance of doctoral students.

Lecture notes No course notes.
Literature No set textbooks. Literature will be indicated or provided by the supervising TAs.
Prerequisites /
notice

Course prerequisites: Accomplished laboratory course Organic Chemistry I (529-0229-00) and passed session exam Organic Chemistry I
(529-0221-00 or 529-1011-00) / Organic Chemistry II (529-0222-00 or 529-1012-00). The number of participants is limited to 12.

551-0344-00L Plant-Microbe Interactions
Number of participants limited to 10.

The enrolment is done by the D-BIOL study
administration.

W  6 credits 7G H.-M. Fischer, J. Vorholt-Zambelli

Abstract Lab course. In small groups projects of relevance to current research questions in the field of plant-microbe interactions are addressed.
Objective Introduction to relevant subjects of the biology of plant-associated microorganisms. Training in practical work in a research laboratory.

Exposure to current research topics in the field of plant-microbe interactions. Scientific writing in form of a research report.
Content Research project on plant-associated microorganisms (i.e. Bradyrhizobium, Methylobacterium, Sphingomonas). The techniques used will

depend on the project, e.g. PCR, cloning, community analysis, plant inoculation experiments, phenotypic analysis, plant transformation,
(fluorescence) microscopy, monitoring gene expression

Lecture notes none
Literature Will be provided for each of the projects at the beginning of the course.

551-1556-00L Macromolecular Structure Determination Using
Modern Methods
Number of participants limited to 11 in the 3rd semester
quarter of the spring semester

Number of participants limited to 12 in the 4th semester
quarter of the spring semester

The block course will only take place with a minimum of 4
participants.

The enrolment is done by the D-BIOL study
administration.

W  6 credits 7G K. Locher, G. Schertler

Abstract This course will expose the students to two prominent techniques for high-resolution structural characterization of biological
macromolecules. The students will have the opportunity to get hands-on experience in either cryo-electron microscopy (ETH) or X-ray
crystallography (PSI). 

Objective The goal of this course is to introduce the students to the principles of high-resolution structure determination. Students will conduct hands-
on experiments and use computational techniques for data processing.

Content At the ETH the students will prepare and vitrify a protein and then image it on a cryo-TEM. Next, the students will process the data and
build an atomic model into the EM map. 

At the PSI the students will purify and crystallize a membrane protein, collect X-ray diffraction data using synchrotron X-ray source or with
cryo-EM, analyze and build an atomic model into a density map. They will refine this model and interpret and illustrate the determined
structure. The course work is trying to present insights in the use of structural information. The course also includes a demonstration of the
Synchrotron capabilities at the Paul Scherrer Institute (SLS).
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Prerequisites /
notice

The students will be split into two groups for the practical part of the work: One group will work at ETH Hönggerberg, the other at the Paul
Scherrer Institute (PSI) at Villigen. All students will spend one full day at the PSI for a tour of the facilities, including a visit of the
synchrotron beam lines of the Swiss Light Source SLS.

The students joining the ETH Hönggerberg group will spend the majority of the time on data processing and are therefore expected to have
some basic knowledge of bash terminal commands. Basic physics, optics and linear algebra knowledge is also helpful. By the end of the
course, the students will be expected to understand concepts such as the difference between Fourier and real space, image formation,
contrast transfer, fast Fourier transfer and Fourier shell correlation.  

551-1312-00L RNA-Biology II
Number of participants limited to 16.

The enrolment is done by the D-BIOL study
administration.

W 6 credits 7G S. Jonas, F. Allain, C. Beyer,
U. Kutay, O. Voinnet, K. Weis

Abstract Introduction to the diversity of current RNA-research at all levels from structural biology to systems biology using mainly model systems like
S. cerevisiae (yeast), mammalian cells.

Objective The students will obtain an overview about the diversity of current RNA-research. They will learn to design experiments and use techniques
necessary to analyze different aspects of RNA biology. Through lectures and literature seminars, they will learn about the burning
questions of RNA research and discuss approaches to address these questions experimentally. In practical lab projects the students will
work in one of the participating laboratories. Finally, they will learn how to present and discuss their data in an appropriate manner. Student
assessment is a graded semester performance based on individual performance in the laboratory, the written exam and the project
presentation.

Lecture notes Relevant material from the lectures will be made available during the course via the corresponding Moodle page.
Literature Documentation and recommended literature will be provided at the beginning and during the course.

551-1300-00L Cause and Consequences of Unstable Genomes
Number of participants limited to 12.

The enrolment is done by the D-BIOL study
administration.

W 6 credits 7G J. Fernandes de Matos, Y. Barral,
C. Beyer, K. Bomblies,
M. Jagannathan, R. Kroschewski

Abstract The course will introduce students to key concepts and laboratory research within the broad field of "Genome stability". 
Objective Students will learn to design, apply and evaluate current research strategies in a wide range of modern research areas encompassing the

broad field of "Genome stability". 
Content The course will consist of lectures, practical laboratory work in small groups, informal progress report sessions, and preparation and

presentation of a poster. Lectures will be presented mainly at the start of the course to expose students to key concepts and techniques in
the field. Students will team into small groups and work in one laboratory for the rest of the course. Students will meet regularly for informal
"progress report" discussions of their projects. Student performance will be assessed based on the quality of their practical work, a written
exam on frontal lecture material, and a poster presentation of their practical work.

Literature Documentation and recommended literature in the form of review articles and selected primary literature will be provided during the course.
Prerequisites /
notice

This course will be taught in English.

551-1302-00L Synthetic Genomics
Does not take place this semester.
Number of participants limited to 6.

The enrolment is done by the D-BIOL study
administration.

W 6 credits 7G B. Christen

Abstract Lab course on experimental and computational approaches in synthetic microbiology. Participants work in small groups to address current
questions in the field of synthetic genomics.

Objective The course covers high-throughput biology techniques and design approaches to engineer large-scale synthetic DNA constructs ranging
form pathways to entire bacterial genomes.  Training in experimental and computational work in a research laboratory.

Content Research project in synthetic biology. Learn basics of DNA part definition, sequence design, de novo DNA synthesis and assembly
strategies used for synthetic genomics. Discuss recent advances and current limitations in the field.

Soft skills to be trained: scientific project planning, team-work, presentation and reporting.

 Block Courses in 4th Quarter of the Semester
From 7.5.2020 to 29.5.2020

Number Title Type ECTS Hours Lecturers

551-0386-00L Microbial Ecology
Number of participants limited to 15.

The enrolment is done by the D-BIOL study
administration.

W  6 credits 7G M. Lever

Abstract Microorganisms can be found in most terrestrial and aquatic habitats where they catalyze a broad variety of biological and biogeochemical
processes. Throughout the course Microbial Ecology the basic concepts of microbial structures and functions in natural ecosystems are
discussed. Excursions, lab experiments and literature studies help to illustrate selected topics.

Objective In this course, students shall familiarize themselves with the basic and essential understanding of what enables microbial life in its natural
habitat. Students will understand what essential factors are needed to support microbial life in its natural habitat. Course participants will
also be able to identify and determine the microbial structures and functions in aquatic and terrestrial systems, both qualitatively and
quantitatively.

Content Der Kurs umfasst Vorlesungen, experimentelle Arbeiten, Exkursionen und Literaturstudien. Teile der Vorlesung Umweltmikrobiologie
(Dozenten M. Lever & M. Schroth) werden in den Kurs inkorporiert. Im Rahmen von experimentellen Arbeiten werden die Studierenden
lernen, traditionelle wie auch molekulare mikrobiologische Methoden gezielt einzusetzen. Darüber hinaus werden die Studierenden lernen,
mikrobiell ökologische Fragestellungen mit Hilfe von biogeochemischen Methoden anzugehen. Ausgewählte Facetten der mikrobiellen
Ökologie (z.B. Quellen und Senken von Methan, Interaktion von Mikroorganismen mit mineralischen Oberflächen, mikrobielle Energie- und
Nährstoffkreisläufe) werden mit Hilfe von Exkursionen und Literaturstudien vertieft.

Lecture notes Schriftliche Unterlagen werden im Verlaufe des Kurses abgegeben.
Literature Brock Biology of Microorganisms, Prentice Hall, 2003

551-0376-00L Experimental Plant Ecology
Number of participants limited to 20
A minimum of 4 participants are required in order for the
block course to take place.

W  6 credits 7G D. Ramseier,
H. G. M. Olde Venterink
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The enrolment is done by the D-BIOL study
administration.

Abstract The course gives an introduction to experimental plant ecology. A wide range of experiments close to applications (especially in
conservation biology), to the influence of global change on ecosystems to fundamental research about coexistence of plants in ecosystems
will be covered with lectures, excursions, demonstrations and own experiments.

Objective - to become familiar with various experimental approaches and instruments for plant ecological research, incl. advantages and
disadvantages
- to gain practical skills by carrying out and evaluating ecological plant experiments

Content Experiments in plant ecology are gaining importance for estimating the effects of global change and invasive species on ecosystems and
their functions and ecosystem services. There are also numerous restoration projects where one would like to get away form the trial - error
principle and anticipate the success of restoration measures on the basis of experiments. 
In this course, principles of experimental plant ecology will be given in lectures, demonstrations, excursions, study of literature and with
experiments realized by participants. In a theoretical part, advantages and disadvantages of various experimental approaches, methods
and instruments will be discussed. The practical part will comprise experiments at various levels. Groups of students, under guidance, will
develop experiments. This includes asking clear questions, search of literature, setting up and maintenance of the experiments,
measurements, statistical analysis and interpretation of the results, and present a talk. Example of potential experiments are: a) influence
of functional groups on cooling effects of green roofs; b) influence of mobility of nutrients on plant competition and coexistence; c) does P
scarcity limits further dispersal of Amorpha fruticosa, a invasive species at Tagliamento, the last almost natural big river of the alps in
Northern Italy? How do seeds optimize their germination behaviour? How can germination be improved for restoration projects or for
greening of flat roofs?
On one of the excursions we will visit the restoration project Seebachtalseen (www.stiftungseebachtal.ch), where one of the lecturers is
involved in restoring wet meadow communities. The destination of an other excursion will be an experiment on a green roof examining the
influence of various substrates and their thicknesses on the development of the vegetation.

Lecture notes documents will be distributed during the course
Prerequisites /
notice

Experiments in plant ecology, as they will be set up for that course, typically last for 6 to 8 weeks. Thus, the experiments will be set up
before the block by the students and then be harvested and analysed during the block (last quarter of the term). We will give a one hour
introduction at the beginning of the term (time according to agreement), where participants can choose topics and form groups. The
experiments will then be set up. The time used before the block can be compensated.

376-1398-00L Cellular and Behavioural Neuroscience
Number of participants limited to 10.

The enrolment is done by the D-BIOL study
administration.

W  6 credits 7G G. Schratt, J. Bohacek

Abstract Introduction into our research and hands-on work in actual research projects. The goal is to encourage independent scientific thinking and
to translate theoretical knowledge into practical experiments. The course also includes reading of original articles and presentation of the
work done.

Objective Hands-on work in actual research projects to encourage independent scientific thinking and translation of theoretical knowledge into
practical experiments. Further goals are reading and interpretation of original literature and presentation of ones work.

Content Introduction into our research and collaboration in actual research projects. The goal is to encourage independent scientific thinking and to
translate theoretical knowledge into practical experiments. The paradigms include in vivo experiments with rats and/or mice. Next to
behavioral studies also histological and anatomical analyses are done. The course includes reading of original articles and presentation of
the work done.

Lecture notes Original articles will be handed out and discussed during the course.
Literature Original articles will be handed out and discussed during the course.

551-1556-00L Macromolecular Structure Determination Using
Modern Methods
Number of participants limited to 11 in the 3rd semester
quarter of the spring semester

Number of participants limited to 12 in the 4th semester
quarter of the spring semester

The block course will only take place with a minimum of 4
participants.

The enrolment is done by the D-BIOL study
administration.

W  6 credits 7G K. Locher, G. Schertler

Abstract This course will expose the students to two prominent techniques for high-resolution structural characterization of biological
macromolecules. The students will have the opportunity to get hands-on experience in either cryo-electron microscopy (ETH) or X-ray
crystallography (PSI). 

Objective The goal of this course is to introduce the students to the principles of high-resolution structure determination. Students will conduct hands-
on experiments and use computational techniques for data processing.

Content At the ETH the students will prepare and vitrify a protein and then image it on a cryo-TEM. Next, the students will process the data and
build an atomic model into the EM map. 

At the PSI the students will purify and crystallize a membrane protein, collect X-ray diffraction data using synchrotron X-ray source or with
cryo-EM, analyze and build an atomic model into a density map. They will refine this model and interpret and illustrate the determined
structure. The course work is trying to present insights in the use of structural information. The course also includes a demonstration of the
Synchrotron capabilities at the Paul Scherrer Institute (SLS).

Prerequisites /
notice

The students will be split into two groups for the practical part of the work: One group will work at ETH Hönggerberg, the other at the Paul
Scherrer Institute (PSI) at Villigen. All students will spend one full day at the PSI for a tour of the facilities, including a visit of the
synchrotron beam lines of the Swiss Light Source SLS.

The students joining the ETH Hönggerberg group will spend the majority of the time on data processing and are therefore expected to have
some basic knowledge of bash terminal commands. Basic physics, optics and linear algebra knowledge is also helpful. By the end of the
course, the students will be expected to understand concepts such as the difference between Fourier and real space, image formation,
contrast transfer, fast Fourier transfer and Fourier shell correlation.  

551-0334-00L Molecular Defense Mechanisms of Fungi
Number of participants limited to 6.

The enrolment is done by the D-BIOL study
administration.

W  6 credits 7G M. Künzler
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Abstract The course offers an introduction into the molecular biology of fungi by participation in a current research project on Molecular Defense
Mechanisms of Fungi. The performed experiments, in conjunction with accompanying seminars should enable the students to answer
questions regarding central aspects of innate defense mechanisms and the life style of multicellular fungi.

Objective The course should enable the students to answer questions regarding central aspects of innate defense mechanisms and the life style of
multicellular fungi, and their experimental accessibility.

Content Experiments include the isolation, identification and characterization of defense effector molecules from multicellular fungi. Methods include
molecular genetics, biochemistry, mass spectrometry and biotoxicity assays towards different model organisms including fungi, bacteria,
insects and nematodes. Experiments are supported by seminars giving an overview over Fungal Defense Mechanisms and Fungal
Lifestyle.

Literature http://www.micro.biol.ethz.ch/research/aebi/kuenzler/publications
Prerequisites /
notice

The "Leistungskontrolle" is composed of:
-Oral presentation of results
-Short oral exam (20') at the end of the course
-Written report
-Performance in the laboratory

551-0916-00L Learning and Teaching Biology
Does not take place this semester.
Number of participants limited to 20
The block course will only take place with a minimum of
10 participants.

The enrolment is done by the D-BIOL study
administration.

W 6 credits 7G E. Hafen, further lecturers

Abstract This course represents an introduction to recent research into student learning on the conceptual foundations of modern biology, together
with pedagogical methods associated with effective instruction and its valuation. Students will be involved in active research into
conceptual and practical issues involved in biology education and methods to discover student preconceptions.

Objective Provides an overview on student's learning and shows ways to make the classroom experience more engaging and effective for students.
Students will learn to produce a research-based paper on a project they work on during the course.

Literature The course is not taught by a particular book, but recommended literature (review articles and selected primary literature) will be provided
during the course.

See the introductory video to the course here: http://youtu.be/GFJuNncSsdE

 Block Courses during Semester Break
Number Title Type ECTS Hours Lecturers

551-0396-01L Immunology I
Number of participants limited to 30.

Prerequisites: Attendance of the concept courses
Immunology I  (551-0317-00L) and Immunology II (551-
0318-00L)

The enrolment is done by the D-BIOL study
administration.

W  6 credits 7G A. Oxenius, B. Becher,
M. Groettrup, M. Kopf, B. Ludewig,
C. Münz, R. Spörri,
M. van den Broek

Abstract This block course teaches a wide selection of practical immunological techniques and offers advanced lectures in selected topics in
immunology.

Objective The aim of this block course is the acquaintance with a wide spectrum of immunological techniques involving practical experimental work
following analysis and interpretation of the experimental data. Along the practical work, advanced lectures in selected topics in
immunology, based on the knowledge from the immunology concept course, will be offered. Furthermore, students will have the opportunity
to read, interpret and present current papers followed scientific discussions.

Content The aim of this block course is the acquaintance with a wide spectrum of immunological techniques involving practical experimental work
following analysis and interpretation of the experimental data. Along the practical work, advanced lectures in selected topics in
immunology, based on the knowledge from the immunology concept course, will be offered. Furthermore, students will have the opportunity
to read, interpret and present current papers followed scientific discussions.

Lecture notes A script for the course will be available online (the link will be provided in the immunology concept lecture, 551-0318-00L).
Prerequisites /
notice

Requirement for the registration for this block course is the attendance of the immunology concept courses 551-0317-00L and 551-
0318-00L.
Evaluation of achievements is done on an individual basis by each participating lecturer.

701-2314-00L Plant Diversity
Maximum participants: 12 (D-BIOL)

Prerequisite: Enrollment and successful performance
assessment of LV 701-0360-00L (Systematic Biology:
Plants).

The excursion fee has to be payed until 02.03.2020.
Unpaid places will be given to students on the waiting list.

W  6 credits 12P R. Berndt, A. Guggisberg

Abstract The practical focuses on the flora and vegetation of selected areas of the Alps and covers the altitudinal range between the colline and the
alpine zone. During two excursions to Visp and Kandersteg the students will deepen their knowledge of plant species and learn to
recognize important vegetation units and their ecological characteristics. Introductions will be provided in Zurich.

Objective Knowledge of the most important vegetation types, their flora and ecological conditions in the northern Alps (Bernese Oberland) and in an
intramontane xeric valley (Valais). Consolidation of taxonomic and plant morphological knowledge. Experience in plant determination using
scientific determination keys. Basics of scientific collecting and pressing of plants (part I colline/montane).

Content In the present course, students can deepen their knowledge on plant species diversity, plant families and morphology. We further study the
plants in their natural communities and discuss their environmental conditions as well as eventual adaptations. Further information are
provided under each practical part.

Literature -Baltisberger M., Nyffeler R. & Widmer A. 2013: Systematische Botanik. 4., vollständig überarbeitete und erweiterte Aufl. v/d/f
Hochschulverlag AG an der ETH Zürich.
-Hess H.E., Landolt E., Hirzel R. & Baltisberger M. 2015: Bestimmungsschlüssel zur Flora der Schweiz. 7., aktualisierte und überarbeitete
Aufl., Birkhäuser Verlag, Basel/Boston/Berlin.
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Prerequisites /
notice

We only admit students to the practical who have successfully completed the introductory lectures of Prof. Leuchtmann and the associated
exercises and excursions (cf. course 701-0360-00L). In addition, it is expected that the participants know how to use a determination key
(Bestimmungsschlüssel zur Flora der Schweiz) and understand the necessary descriptive terminology.

Students from other universities are requested to contact the lecturers.

Program:
Part I - colline/montane (Valais):
2.6. Introduction (Zurich, ETH Centre, CHN building)
9.-13.6. Excursion to Valais (Visp)
16.6. (morning) Exam (Zurich, ETH Centre, CHN building)

Part II - subalpine/alpine (Bernese Oberland):
16.6. (afternoon) Introduction (Zurich, ETH Centre, CHN building)
22.6.-26.6. Excursion northern Alps (Kandersteg)
29.6. Exam and visit of Herbarium (Zurich, Botanical Garden, University of Zurich).

The excursion will take place in the mountains under any weather conditions. The participants should be able to cope with rough and steep
terrain and should bring appropriate equipment. Sturdy mountain boots are mandatory!

Course fees:
The ETH Departments of Biology and Environmental Systems Sciences financially support this excursion. The costs amount CHF 500.- per
student and cover transport, accommodation and full board.

551-0438-00L Protein Folding, Assembly and Degradation
Number of participants limited to 6.

The enrolment is done by the D-BIOL study
administration.

W 6 credits 7G R. Glockshuber, E. Weber-Ban

Abstract Students will carry out defined research projects related to the current research topics of the groups of Prof. Glockshuber and Prof. Weber-
Ban. The topics include mechanistic studies on the assembly of adhesive pili from pathogenic bacteria, disulfide bond formation in the
bacterial periplasm, ATP-dependent chaperone-protease complexes and formation of amyloid deposits in Alzheimer's disese.

Objective The course should enable the students to understand and apply biophysical methods, in particular kinetic and spectroscopic methods, to
unravel the mechanism of complex reactions of biological macromolecules and assemblies in a quantitative manner.

Content The students will be tutored in their experimental work by doctoral or postdoctoral students from the Glockshuber or Weber-Ban group. In
addition, the course includes specific lectures that provide the theoretical background for the experimental work, as well as excercises on
the numeric evaluation of biophysical data, and literature work.

Participation in one of the following projects will be possible:

Projects of the Glockshuber group:
- Purification, biophysical characterization and structure determiation of enzymes required for disulfide bond formation in the periplasm of
Gram-negative bacteria.
- Mechanistic studies on the assembly of type 1 pili from pathogenic Escherichia coli strains. In vitro reconstitution of pilus assembly from
all purified components. Characterization of folding, stability and assembly behaviour of individual pilus subunits.
- Identification of intermediates in the aggregation of the human Abeta peptide

Experimental work on these projects involves
- Molecular cloning, recombinant protein production in E. coli and protein purification
- Protein crystallization
- Thermodynamic and kinetic characterization of conformational changes in proteins and protein-ligand interactions by fluorescence and
circular dischoism spectroscopy
- Analysis of rapid reactions by stopped-flow fluorescence
- Negative-stain electron microscopy
- Light scattering



Projects of the Weber-Ban group:

- Generation and purification of site-directed variants of the E. coli ClpA/P protease and chaperone-proteasome complexes from other
organisms, their biophysical characterization, including rapid kinetics by stopped-flow methods, ATPase activity measurtements, negative-
stain electron microscopy and light scattering

Prerequisites /
notice

Attendance of the concept course  "Biomolecular Structure and Mechanism I" (551-0307-00L) in the autumn semester is highly
recommended for acquiring the theoretical background to this block course.

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
BIOL

see Science in Perspective: Language Courses ETH/UZH

Biology Bachelor - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Biology Teaching Diploma
Detailed information on the programme at: www.didaktischeausbildung.ethz.ch

 Educational Science
Course offerings in the category Educational Science are listed under "Programme: Educational Science for Teaching Diploma and TC".

Number Title Type ECTS Hours Lecturers

851-0240-01L Designing Learning Environments for School  (EW2
TD)
Prerequisites: successful participation in 851-0240-00L
"Human Learning (EW1)".

Adresses to students enrolled either in Teaching Diploma*
(TD) or Teaching Certificate (TC) in Computer Science,
Mathematics or Physics.
*Except for students of Sport Teaching Diploma, who
complete the sport-specific course unit EW2.

O  3 credits 2V E. Stern, P. Greutmann, J. Maue

Abstract Teaching is a complex skill. The lecture comprises (a) presentations about the theoretical background of this skill, (b) discussions of
practical aspects, and (c) practical exercises.

Objective The participants have the conceptual und procedural knowledge, and skills necessary for long-term planning, preparing, and implementing
good lessons. They can apply this knowledge on different topics of their scientific STEM-background.

Content We discuss characteristics of successful lessons and how to design such lessons by using curricula and lesson plans, teaching goals and a
variety of teaching methods.

Lecture notes The lecture comprises interactive parts where the participants  elaborate and extend their knowledge and skills. Thus, there is no
comprehensive written documentation of the lecture. The participants can download presentation slides, learning materials, and templates
from "Moodle".

Literature The necessary literature can be downloaded from "Moodle".
Prerequisites /
notice

The lecture EW2 can only be attended by students who already successfully completed the lecture Human Learning (EW1).
There will be two independent lectures for different groups of students. You will get further information in an email at the beginning of the
semester.
To get the Credits you have to
- regularly attend to the lecture
- have the grade 4 or higher in the final written exam.

851-0240-24L Designing Learning Environments for Schools (EW2
LD) - Portfolio
- Enrolment only possible with simultaneous enrolment in
course 851-0240-01L Designing Learning Environments
for School (EW2 LD)!

- Prerequisites: successful participation in 851-0240-00L
"Human Learning (EW1)".

- Adresses to students enrolled either in Teaching
Diploma* (TD) or Teaching Certificate (TC) in Computer
Science, Mathematics or Physics.
*Except for students of Sport Teaching Diploma, who
complete the sport-specific course unit EW2. 

O  1 credit 2U P. Greutmann, J. Maue

Abstract In this lecture, you design a portfolio, i.e. a complete and elaborated teaching enviroment for schools, based on your scientific STEM-
background

Objective This lecture is an implementation and transfer of the theoretical inputs provided by the lecture "Designing Learning Environments for
School" (EW2).

851-0242-11L Gender Issues In Education and STEM
Number of participants limited to 20.

Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

Prerequisite: students should be taking the course 851-
0240-00L Human Learning (EW1) in parallel, or to have
successfully completed it.

W  2 credits 2S M. Berkowitz Biran, T. Braas,
C. M. Thurn

Abstract In this seminar, we introduce some of the major gender-related  issues in the context of education and science learning, such as the under-
representation of girls and women in science, technology, engineering and mathematics (STEM). Different perspectives, controversies and
empirical evidence will be discussed.

Objective - To familiarize students with gender issues in the educational and STEM contexts and with controversies regarding these issues.
- To develop a critical view on existing perspectives. 
- To integrate this knowledge with teacher's work.

Content Why do fewer women than men specialize in STEM (science, technology, engineering and mathematics)? Are girls better in language and
boys better in math? These and other questions about gender differences relevant to education and STEM learning have been occupying
researchers for decades. In this seminar, students will learn about major gender issues in the educational context and the different
perspectives for understanding them. 

Students will read and critically discuss selected publications on these topics and their implications for the classroom context. There will be
weekly (or bi-weekly) assignments as well as a final project in which students will integrate and elaborate on the topics learned in the
seminar.

Prerequisites /
notice

Recommended: Completion of the course 851-0240-00L Human Learning (EW1).

Active participation in the seminar.

851-0242-08L Research Methods in Educational Science
Number of participants limited to 30.

This course unit can only be enroled after successful
participation in, or imultaneous enrolment in the course

W  1 credit 1S P. Edelsbrunner, T. Braas,
C. M. Thurn
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851-0240-00L "Human Learning (EW 1)" .
Abstract Literature from learning sciences will be read and discussed. Research methods will be in focus.

At the first meeting all participants will be allocated to working groups and two further meetings will be set up with the groups.
In the small groups students will write critical short essays about the read literature. The essays will be presented and discussed in the
plenum at the third meeting.

Objective - Understand research methods used in the empirical educational sciences
- Understand and critically examine information from scientific journals and media
- Understand pedagogically relevant findings from the empirical educational sciences

see Educational Science Teaching Diploma

851-0229-00L Using Outdoor Education
Number of participants limited to 40.

Enrolment only possible with matriculation in Teaching
Diploma Biology and Geography.

W 1 credit 1S R. Schumacher, P. Faller, E. Stern

Abstract In this seminar, future teachers will be trained to prepare and conduct excursions to out-of-school learning venues. For this purpose,
excursions are offered at the Swiss Federal Institute for Forest, Snow and Landscape Research (WSL) in Birmensdorf.

Objective Future teachers will learn to prepare and conduct excursions to out-of-school learning venues.
Content Excursions at the Swiss Federal Institute for Forest, Snow and Landscape Research (WSL) in Birmensdorf:

- Dendrochronology: What annual rings tell
- Photosynthesis/Climate change: The tracks in the forest
- Forest Soil: The soil in the focus of the climate

 Subject Didactics in Biology
Number Title Type ECTS Hours Lecturers

551-0961-00L Mentored Work Subject Didactics Biology A
The Subject Didactics as well as possible branch-specific
requirements must be fulfilled prior to commencing the
mentored paper.

O  2 credits 4A P. Faller, H. Stocker

Abstract In their mentored work on subject didactics, students put into practice the contents of the subject-didactics lectures and go into these in
greater depth. Under supervision, they compile tuition materials that are conducive to learning and analyse and reflect on certain topics
from a subject-based and pedagogical angle.

Objective The objective is for the students: 
- to be able to familiarise themselves with a tuition topic by consulting different sources,  acquiring materials and reflecting on the relevance
of the topic and the access they have selected to this topic from a specialist, subject-didactics and pedagogical angle and potentially from a
social angle too.
- to show that they can independently compile a tuition sequence that is conducive to learning and develop this to the point where it is
ready for use.

Content Thematische Schwerpunkte
Die Gegenstände der mentorierten Arbeit in Fachdidaktik stammen in der Regel aus dem gymnasialen Unterricht.

Lernformen
Alle Studierenden wählen in Absprache mit der Betreuungsperson ein individuelles Thema und erstellen dazu in einer bestimmten
didaktischen Form eine eigenständige Arbeit. Sie werden dabei von ihrer Betreuungsperson begleitet. Gegebenenfalls stellen sie ihre
Arbeit oder Aspekte daraus in einem Kurzvortrag vor. Die mentorierte Arbeit ist Teil des Portfolios der Studierenden.

Lecture notes Eine kurze Anleitung zur mentorierten Arbeit in Fachdidaktik wird zur Verfügung gestellt.
Literature Die Literatur ist themenspezifisch. Die Studierenden beschaffen sie sich in der Regel selber (siehe Lernziele). In besonderen Fällen wird

sie vom Betreuer zur Verfügung gestellt.
Prerequisites /
notice

Beginn nach Absprache jederzeit möglich, jedoch erst nach erfolgreichem Abschluss von EW1 bis EW4,  der Fachdidaktik und der
Absolvierung allfälliger fachwissenschaftlicher Voraussetzungen.

Die Arbeit muss in einem Zeitraum von maximal 6 Monaten vor Beginn des Praktikums abgeschlossen werden.

Die mentorierten Arbeiten Fachdidaktik Biologie A und B können zu einer Arbeit im Umfang von 120 Stunden verschmolzen werden.

551-0962-00L Mentored Work Subject Didactics Biology B
The Subject Didactics as well as possible branch-specific
requirements must be fulfilled prior to commencing the
mentored paper.

O  2 credits 4A P. Faller, H. Stocker

Abstract In their mentored work on subject didactics, students put into practice the contents of the subject-didactics lectures and go into these in
greater depth. Under supervision, they compile tuition materials that are conducive to learning and analyse and reflect on certain topics
from a subject-based and pedagogical angle.

Objective The objective is for the students: 
- to be able to familiarise themselves with a tuition topic by consulting different sources,  acquiring materials and reflecting on the relevance
of the topic and the access they have selected to this topic from a specialist, subject-didactics and pedagogical angle and potentially from a
social angle too.
- to show that they can independently compile a tuition sequence that is conducive to learning and develop this to the point where it is
ready for use.

Content Thematische Schwerpunkte
Die Gegenstände der mentorierten Arbeit in Fachdidaktik stammen in der Regel aus dem gymnasialen Unterricht.

Lernformen
Alle Studierenden wählen in Absprache mit der Betreuungsperson ein individuelles Thema und erstellen dazu in einer bestimmten
didaktischen Form eine eigenständige Arbeit. Sie werden dabei von ihrer Betreuungsperson begleitet. Gegebenenfalls stellen sie ihre
Arbeit oder Aspekte daraus in einem Kurzvortrag vor. Die mentorierte Arbeit ist Teil des Portfolios der Studierenden.

Lecture notes Eine kurze Anleitung zur mentorierten Arbeit in Fachdidaktik wird zur Verfügung gestellt.
Literature Die Literatur ist themenspezifisch. Die Studierenden beschaffen sie sich in der Regel selber (siehe Lernziele). In besonderen Fällen wird

sie vom Betreuer zur Verfügung gestellt.
Prerequisites /
notice

Beginn nach Absprache jederzeit möglich, jedoch erst nach erfolgreichem Abschluss von EW1 bis EW4, der Fachdidaktik und der
Absolvierung allfälliger fachwissenschaftlicher Voraussetzungen.

Die Arbeit muss in einem Zeitraum von maximal 6 Monaten vor Beginn des Praktikums abgeschlossen werden.

Die mentorierten Arbeiten Fachdidaktik Biologie A und B können zu einer Arbeit im Umfang von 120 Stunden verschmolzen werden.
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551-0972-00L Subject Didactics Biology II
Prerequisite: Subject Didactics Biology I (551-0971-00L)

O  4 credits 3G P. Faller

Abstract - Imparting scientific working methods in biology teaching (planning, carrying out, analysing / interpreting and reporting on investigations
and experiments).
- The use of computers in the teacher's work
- Demonstrating and developing exemplary teaching methods for different themes in school biology

Objective The contents and learning objectives of the Subject Didactics I course unit are developed further in Subject Didactics II and put into
practice taking key biological tuition topics by way of examples.
In addition, further topics are taken up with the students, as up-and-coming teachers, and covered in greater depth.

Content - Vermittlung von Fertigkeiten (Kompetenzen) im Unterricht.
- Exemplarische Unterrichtsbeispiele zu verschiedenen biologischen Themen. 
- Ausserschulische Lernorte, weitergehende Konzepte.

Lecture notes Wird laufend in der Vorlesung abgegeben.
Literature Berck K.-H. und Graf D.; Biologiedidaktik (2010); Quelle & Meyer Verlag.

Gropengiesser, H., Harms, U. & Kattmann, U. (Hrsg.); Fachdidaktik Biologie (2013); Köln: Aulis
Prerequisites /
notice

Für den Datenaustausch und als Diskussionsforum wird  die Internetplattform BSCW eingesetzt.

 Professional Training
Important: You can only enrole in the courses of this category if you have not more than 12 CP left for possible additional requirements.

Number Title Type ECTS Hours Lecturers

551-0966-00L Teaching Internship Biology O  8 credits 17P P. Faller
Abstract The teaching practice takes in 50 lessons: 30 are taught by the students, and the students sit in on 20 lessons. The teaching practice lasts

4-6 weeks. It gives students the opportunity to implement the contents of their specialist-subject, educational science and subject-didactics
training in the classroom. Students also conduct work assignments in parallel to their teaching practice.

Objective - Students use their specialist-subject, educational-science and subject-didactics training to draw up concepts for teaching.
- They are able to assess the significance of tuition topics in their subject from different angles (including interdisciplinary angles) and
impart these to their pupils.
- They acquire the skills of the teaching trade. 
- They practise finding the balance between instruction and openness so that pupils can and, indeed, must make their own cognitive
contribution.
- They learn to assess pupils' work.
- Together with the teacher in charge of their teacher training, the students constantly evaluate their own performance.

Content Die Studierenden sammeln Erfahrungen in der Unterrichtsführung, der Auseinandersetzung mit Lernenden, der Klassenbetreuung und der
Leistungsbeurteilung. Zu Beginn des Praktikums plant die Praktikumslehrperson gemeinsam mit dem/der Studierenden das Praktikum und
die Arbeitsaufträge. Die schriftlich dokumentierten Ergebnisse der Arbeitsaufträge sind Bestandteil des Portfolios der Studierenden.
Anlässlich der Hospitationen erläutert die Praktikumslehrperson ihre fachlichen, fachdidaktischen und pädagogischen Überlegungen, auf
deren Basis sie den Unterricht geplant hat und tauscht sich mit dem/der Studierenden aus. Die von dem/der Studierenden gehaltenen
Lektionen werden vor- und nachbesprochen. Die Praktikumslehrperson sorgt ausserdem dafür, dass der/die Studierende Einblick in den
schulischen Alltag erhält und die vielfältigen Verpflichtungen einer Lehrperson kennen lernt.

Literature Wird von der Praktikumslehrperson bestimmt.
Prerequisites /
notice

Findet verbindlich am Schluss der Ausbildung, vor Ablegung der Prüfungslektion statt!

551-0969-01L Examination Lesson I Biology
Simultaneous enrolment in "Examination Lesson II
Biology" (551-0969-02L) is compulsory.

O  1 credit 2P P. Faller

Abstract In the context of an examination lesson conducted and graded at a high school, the candidates provide evidence of the subject-
matter-based and didactic skills they have acquired in the course of their training.

Objective On the basis of a specified topic, the candidate shows that they are in a position
- to develop and conduct teaching that is conducive to learning at high school level, substantiating it in terms of the subject-matter and from
the didactic angle 
- to analyze the tuition they have given with regard to its strengths and weaknesses, and outline improvements.

Content Die Studierenden erfahren das Lektionsthema in der Regel eine Woche vor dem Prüfungstermin. Von der zuständigen Lehrperson erhalten
sie Informationen über den Wissensstand der zu unterrichtenden Klasse und können sie vor dem Prüfungstermin besuchen.
Sie erstellen eine Vorbereitung gemäss Anleitung und reichen sie bis am Vortag um 12 Uhr den beiden Prüfungsexperten ein.
Die gehaltene Lektion wird kriteriumsbasiert beurteilt. Die Beurteilung umfasst auch die schriftliche Vorbereitung und eine mündliche
Reflexion des Kandidaten/ der Kandidatin über die gehaltene Lektion im Rahmen eines kurzen Kolloquiums.

Lecture notes Dokument: Schriftliche Vorbereitung für Prüfungslektionen.
Prerequisites /
notice

Nach Abschluss der übrigen Ausbildung.

551-0969-02L Examination Lesson II Biology
Simultaneous enrolment in "Examination Lesson I
Biology" (551-0969-01L) is compulsory.

O  1 credit 2P P. Faller

Abstract In the context of an examination lesson conducted and graded at a high school, the candidates provide evidence of the subject-
matter-based and didactic skills they have acquired in the course of their training.

Objective On the basis of a specified topic, the candidate shows that they are in a position
- to develop and conduct teaching that is conducive to learning at high school level, substantiating it in terms of the subject-matter and from
the didactic angle 
- to analyze the tuition they have given with regard to its strengths and weaknesses, and outline improvements.

Content Die Studierenden erfahren das Lektionsthema in der Regel eine Woche vor dem Prüfungstermin. Von der zuständigen Lehrperson erhalten
sie Informationen über den Wissensstand der zu unterrichtenden Klasse und können sie vor dem Prüfungstermin besuchen.
Sie erstellen eine Vorbereitung gemäss Anleitung und reichen sie bis am Vortag um 12 Uhr den beiden Prüfungsexperten ein.
Die gehaltene Lektion wird kriteriumsbasiert beurteilt. Die Beurteilung umfasst auch die schriftliche Vorbereitung und eine mündliche
Reflexion des Kandidaten/ der Kandidatin über die gehaltene Lektion im Rahmen eines kurzen Kolloquiums.

Lecture notes Dokument: Schriftliche Vorbereitung für Prüfungslektionen.
Prerequisites /
notice

Nach Abschluss der übrigen Ausbildung.

 Spec. Courses in Resp. Subj. w/ Educ. Focus & Further Subj. Didactics
Number Title Type ECTS Hours Lecturers
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551-0974-00L Specialized Biology Course with an Educational
Focus: Biological Concepts

O 6 credits 2G+13A E. Hafen, K. Köhler, H. Stocker

Abstract Specialist aspects of biology with a focus on biological concepts and misconceptions are covered from the angle of imparting these to
pupils, their historical development, and their significance for the subject, the individual and society.

Objective After successful completion of the module, students should be able

- to explain biological concepts and principles, as well as the way they fit together
- to recognise and to correct existing misconceptions
- to analyse controversial topics and to give factual explanations for these
- to conduct more in-depth work on a research topic and to compile a tuition unit based on this topic 
- to prepare tuition units involving complex learning matter at a high specialist level which are suitably tailored to the recipients, and to
teach these in a manner conducive to learning.

Content Selected biological topics are dealt with under consideration of the special needs of persons involved in teaching.

The module comprises lectures, a book club, and a seminar thesis.

Lecture notes Teaching materials are available online on Moodle.
Literature Literature and references are posted online on Moodle.
Prerequisites /
notice

The Specialized Biology Course with an Educational Focus consists of two modules (6 CP each). In the fall semester, the focus is on
evolution. The module of the spring semester deals with biological concepts. Students attending both modules can start with either module.

Performance is assessed during the course of the entire module. Active participation in the course is required. The electronic thesis and an
oral presentation have to be completed.

The Specialized Biology Course with an Educational Focus (6+6 CP) can be acknowledged, in agreement with the advisor of the respective
elective major, as one of the two obligatory research projects (each 15 CP). In such a case, additional 3 CP must be obtained in another
course.

In case of overbooking of the course, students enrolled in the Teaching Diploma in Biology will have priority.

 Compulsory Elective Courses
Further course offerings from the category Educational Science are listed under "Programme: Educational Science for Teaching Diploma and TC".

Number Title Type ECTS Hours Lecturers

860-0012-00L Cooperation and Conflict Over International Water
Resources
Number of participants limited to 40. 
STP students have priority.

This is a research seminar at the Master level. PhD
students are also welcome.

W  3 credits 2S B. Wehrli, T. Bernauer,
T. U. Siegfried

Abstract This seminar focuses on the technical, economic, and political challenges of dealing with water allocation and pollution problems in large
international river systems. It examines ways and means through which such challenges are addressed, and when and why international
efforts in this respect succeed or fail.

Objective Ability to (1) understand the causes and consequences of water scarcity and water pollution problems in large international river systems;
(2) understand ways and means of addressing such water challenges; and (3) analyse when and why international efforts in this respect
succeed or fail.

Content Based on lectures and discussion of scientific papers and reports, students acquire basic knowledge on contentious issues in managing
international water resources, on the determinants of cooperation and conflict over international water issues, and on ways and means of
mitigating conflict and promoting cooperation. Students will then, in small teams coached by the instructors, carry out research on a case of
their choice (i.e. an international river basin where riparian countries are trying to find solutions to water allocation and/or water quality
problems associated with a large dam project). They will write a brief paper and present their findings towards the end of the semester.

Lecture notes Slides and reading materials will be distributed electronically.
Literature The UN World Water Development Reports provide a broad overview of the topic: http://www.unesco.org/new/en/natural-

sciences/environment/water/wwap/
Prerequisites /
notice

The course is open to Master and PhD students from any area of ETH.

ISTP students who take this course should also register for the  course 860-0012-01L - Cooperation and conflict over international water
resources;  In-depth case study.

see Compulsory Elective Courses Teaching Diploma

851-0229-00L Using Outdoor Education
Number of participants limited to 40.

Enrolment only possible with matriculation in Teaching
Diploma Biology and Geography.

W 1 credit 1S R. Schumacher, P. Faller, E. Stern

Abstract In this seminar, future teachers will be trained to prepare and conduct excursions to out-of-school learning venues. For this purpose,
excursions are offered at the Swiss Federal Institute for Forest, Snow and Landscape Research (WSL) in Birmensdorf.

Objective Future teachers will learn to prepare and conduct excursions to out-of-school learning venues.
Content Excursions at the Swiss Federal Institute for Forest, Snow and Landscape Research (WSL) in Birmensdorf:

- Dendrochronology: What annual rings tell
- Photosynthesis/Climate change: The tracks in the forest
- Forest Soil: The soil in the focus of the climate

 Course Units for Additional Admission Requirements
The courses below are only available for students with additional admission requirements.

Number Title Type ECTS Hours Lecturers

376-0152-00L Anatomy and Physiology II E-  5 credits 4V M. Ristow, K. De Bock, M. Kopf,
L. Slomianka, C. Spengler

Abstract Basic knowledge of the anatomy and physiology of the gastrointestinal tract, endocrine organs, urinary system and the reproductive
system. Knowlewdge of the basic mechanisms of pathobiology. Study of all human tissues and selected organs by examining slides under
the light microscope.

Objective Foundations of human anatomy and physiology and basics of clinical pathophysiology
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Content Short overview of human anatomy, physiology and general pathology.
3rd semester:
Principles of histology and embryology.  Anatomy and physiology: nervous system, muscle, sensory organs, circulatory system, respiratory
system.
4rd semester:
Anatomy and physiology: gastrointestinal tract, endocrine system, metabolism and thermoregulation, integumentary system, blood and
immune system, urinary system, circadian rhythm, reproductive system, pregnancy and birth.

Literature Anatomie: Martini, Timmons, Tallitsch, "Anatomie", Pearson; oder Schiebler, Korf, "Anatomie", Steinkopff / Springer; oder Spornitz,
"Anatomie und Physiologie, Lehrbuch und Atlas für Pflege-und Gesundheitsfachberufe", Springer

Physiologie: Thews/Mutschler/Vaupel: Anatomie, Physiologie, Pathophysiologie des Menschen,
                  Wissenschaftliche Verlagsgesellschaft, Stuttgart

                                                             oder

                   Schmidt/Lang/Thews: Physiologie des Menschen, Springer-Verlag, Heidelberg

Prerequisites /
notice

Der Besuch der Anatomie und Physiologie I - Vorlesung ist Voraussetzung, da die Anatomie und Physiologie II - Vorlesung auf dem
Wissen der im vorangegangenen Semester gelesenen Anatomie und Physiologie I - Vorlesung aufbaut.    

Biology Teaching Diploma - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Biology Master
 Elective Major Subject Areas

 Elective Major: Ecology and Evolution
 Compulsory Concept Courses

Number Title Type ECTS Hours Lecturers

701-0323-00L Plant Ecology O 3 credits 2V J. Alexander
Abstract This class focuses on ecological processes involved with plant life, mechanisms of plant adaptation, plant-animal and plant-soil

interactions, plant strategies and implications for the structure and function of plant communities. The discussion of original research
examples familiarises students with research questions and methods, and how to evaluate results and interpretations.

Objective After attending this course, you will be able to:
1.    Use your understanding of plant ecological theory to interpret primary data (tables, graphs) from ecological studies.
2.    Critically evaluate evidence and conclusions presented in ecological studies based on your understanding of plant ecological
processes.
3.    Apply your knowledge of plant ecology to make general predictions about major responses of plant communities to biotic and
environmental perturbations.
4.    Evaluate the main methodological approaches used to study ecological processes in plants, and decide when they should be applied
to address a research question.

Content Plant communities can be spectacularly diverse, which has long puzzled ecologists since all plants compete for the same few limiting
resources. Plants also represent the matrix of ecological communities, and the structure and dynamics of plant populations drives the
functioning of terrestrial ecosystems. This course provides insight into these broad themes by providing an introduction to the essential
ecological processes involved with plant life. We use original research examples to discuss how ecological questions are studied and how
results are interpreted. Specific topics include:

- Plant functional traits (e.g. leaf economics, phenology), and how they determine interactions between plants and their physical
environment.
- Plant life-history, and the different ecological strategies plants have developed to grow, survive and reproduce.
- Intra- and interspecific competition as regulators of plant population dynamics and multispecies coexistence.
- Interactions between plants and their friends (e.g. symbiotic fungi, pollinators) and enemies (e.g. herbivores, pathogens) above- and
below-ground.
- Plant functional types and rules in the assembly of plant communities.

Lecture notes Handouts and further reading will be available electronically through the course Moodle at the beginning of the semester.
Prerequisites /
notice

Prerequisites
- General knowledge of plant biology
- Basic knowledge of plant sytematics
- General ecological concepts

 Elective Compulsory Master Courses
Number Title Type ECTS Hours Lecturers

701-0310-00L Conservation Biology W  2 credits 2G F. Knaus
Abstract In this course, the students explore ecological approaches, philosophical foundations, and practical implementations of conservation

activities. Based on case studies, they are introduced to different views, values and ideals inherent in these activities.
Objective Students of this course are able to:

- understand the historical development and the current state of biodiversity and estimate possible future trends
- explain the economic legal, political and philosophical foundations of conservation activities
- define different possibilities of how conservation can be implemented in practice
- identify and critically appraise normative elements in conservation
- analyse and evaluate a nature conservation project from conception to successful completion.

Content The course covers the following content:
- Describe and analyse the past, current and future human impacts on biodiversity. 
- Explore alternative approaches to nature conservation and their implementation for example species or habitat protection, restorations,
parks, etc. 
- Discuss the ethical, moral, legal, and economic reasons for conservation. 
- Understand the main theories relevant to conservation such as the vulnerability of small populations, ecosystem services, biodiversity,
etc. 
- Explore practical examples during excursions and provide an analysis and evaluation of concrete case studies.

Lecture notes Kein Skript
Literature Küster H. 1999: Geschichte der Landschaft in Mitteleuropa. Von der Eiszeit bis zur Gegenwart. Beck, München, Germany. 424p.

Piechocki R. 2010: Landschaft, Heimat, Wildnis. Schutz der Natur - aber welcher und warum? Beck'sche Reihe, Beck, München, Germany.
266p.
Primack R.B. 2008: A primer of Conservation Biology. Fourth Edition. Sinauer Associates, Sunderland MA, USA. 349p.

Prerequisites /
notice

Kenntnisse aus den folgenden LV sind vorausgesetzt:
- Allgemeine Biologie I
- Allgemeine Biologie II
- Biologie III: Ökologie
- Biologie IV: Diversität der Pflanzen und Tiere

701-1450-00L Conservation Genetics W  3 credits 4G R. Holderegger, M. Fischer,
F. Gugerli

Abstract The course deals with conservation genetics and its practical applications. It introduces the genetic theories of conservation genetics, such
as inbreeding depression in small populations or fragmentation. The course also shows how genetic methods such as eDNA and
metabarcoding are used in conservation management, and it critically discusses the benefits and limits of conservation genetics.

Objective Genetic and evolutionary argumentation is an important feature of conservation biology. The course equips students with knowledge on
conservation genetics and its applications in conservation management. The course introduces the main theories of conservation genetics
and shows how genetic methods are used in conservation management, and it critically discusses the benefits and limits of conservation
genetics. Practical examples dealing with animals and plants are presented.
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Content There are 4 hours of lectures, presentations and group work per week. Students also have to spend about 3 hours per week on preparatory
work for the following week. Every week, one subject will be presented by one of three lecturers.

Overview of themes:
Barcoding, eDNA metabarcoding and genetic monitoring; effects of small population size, genetic drift and inbreeding; neutral and adaptive
genetic diversity; hybridization; gene flow, fragmentation and connectivity.

Specific topics:
(1) Species and individual identification: barcoding; metabarcoding; eDNA; estimation of census population size; habitat use and genetic
monitoring.
(2) Small population size; bottlenecks; genetic drift; inbreeding and inbreeding depression; effective population size.
(3) Adaptive genetic diversity; neutral and adaptive genetic variation; importance of adaptive genetic diversity; methods to measure
adaptive genetic variation.
(4) Hybridization; gene introgression; gene flow across species boundaries.
(5) Half day excursion: practical example of conservation genetics on fragmentation.
(6) Discussion and evaluation of excursion; historical and contemporary gene flow and dispersal; fragmentation and connectivity.
(7) Written examination.

Lecture notes No script; handouts and material for downloading will be provided.
Literature There is no textbook for this course, but the following books are recommended:

Allendorf F.W., Luikart G.; Aitken S.N. 2013. Conservation and the Genetics of Populations, 2nd edition. Wiley, Oxford.
Frankham R., Ballou J.D., Briscoe D.A. 2010. Introduction to Conservation Genetics, 2nd edition. Cambridge University Press, Cambridge.

The following book and booklets in German are targeted to conservation professionals:
Holderegger R., Segelbacher G. (eds.). 2016. Naturschutzgenetik. Ein Handbuch für die Praxis. Haupt, Bern.
Csencsics D., Gugerli F. 2017. Naturschutzgenetik. WSl Berichte 60: 1-82 (free download: https://www.wsl.ch/de/publikationensuchen/wsl-
berichte.html)

Prerequisites /
notice

Requirements:
Students must have a good background in genetics as well as  in ecology and evolution. The courses "Population and Quantitative
Genetics" or "Evolutionary Genetics" should have been attended. 

Examination:
A final written examination on the content of the course and the excursion are integral parts of the course.

Teaching forms:
The course needs the active participation of students. It consists of lectures, group work, presentations, discussions, reading and a half-day
excursion.

701-1424-00L Guarda-Workshop in Evolutionary Biology
Does not take place this semester.
This course has limited spaces. To register for this course
you have to sign in via mystudies and via the website of
the University of Basel
http://evolution.unibas.ch/teaching/guarda/index.htm. 

W  3 credits 4P S. Bonhoeffer

Abstract This one week course is intended for students with a keen interest in evolutionary biology. The aim of the course is to develop a research
project in small teams of 4-5 students. The students receive guidance by the "faculty" consisting of Prof. D. Ebert (U Basel) and Prof. S
Bonhoeffer (ETHZ). Additionally two internationally reknown experts are invited every year.

Objective see link http://evolution.unibas.ch/teaching/guarda/index.htm
Content see link http://evolution.unibas.ch/teaching/guarda/index.htm
Lecture notes none
Literature none
Prerequisites /
notice

As the number of participants is limited, application for the course is necessary. Please apply for the course using the course website (see
link http://evolution.unibas.ch/teaching/guarda/index.htm).
.

551-0216-00L Field Course in Mycology
Number of participants limited to 8.

W  3 credits 3.5P A. Leuchtmann

Abstract Field excursions with collecting of fungi, and study of collections in the course room. Main focus are small fungi (ascomycetes): you will
receive insight into the diversity of fungi and an introduction to species identification. Furthermore, the ecology and function of fungi in
selected habitats will be discussed, and selected examples of edible and poisonous mushrooms shown.

Objective Extended knowledge in taxonomy and systematics of fungi, in particular Ascomycetes. Participants know about ecological functions of
fungi as mutualists, saprobes or parasites of plants in various ecosystems.

Content Einführung ins Reich der Pilze, Merkmale der Pilze und Überblick über deren systematische Gliederung. Exkursionen zum Sammeln von
Ascomyceten in ausgewählten Lebensräumen. Kennenlernen von notwendigen Sammel- und Präparationstechniken, Einführung in die
Ökologie und Funktion der Pilze, Untersuchung und Bestimmen von Pilzen mit optischen Hilfsmitteln im Kursraum, Einblick in
Formenvielfalt ausgewählter Pilzgruppen (Ascomyecten), Beispiele von Gift- und Speisepilzen.

Lecture notes Kursunterlagen werden abgegeben
Literature Spezialliteratur für die Bestimmung der Familien, Gattungen und Arten der mitteleuropäischen Mykoflora.
Prerequisites /
notice

Der Kurs ist auf maximal 8 Teilnehmende beschränkt. Schriftliche Anmeldung erforderlich. Das Kursgeld von Fr. 180.- muss von den
Kursteilnehmern übernommen werden. Vor dem Kurs (Freitag 21. Aug. 2020) findet eine halbtägige Einführung in Zürich statt, die von allen
Teilnehmenden besucht werden muss.

751-5110-00L Insects in Agroecosystems W  2 credits 2V C. De Moraes, M. Fenske,
D. Lucas Gomes Marques Barbosa

Abstract This class will focus on insect-plant interactions in agroecosystems, and how the unique man-made agricultural community effects insect
populations leading to pest outbreaks.   Key concepts in pest prediction and management will be discussed from an ecological perspective.

Objective At the end of this course, students will understand what biotic and abiotic factors contribute to pest outbreaks, why some modern pest
management techniques have failed over time, and the trade-offs associated with the use of different pest control methods. Our approach
will allow students to apply their knowledge to a variety of pest management situations. Additionally, students will learn about current
research goals in agroecology and how these goals are being addressed by scientists engaged in agricultural research.

Content The focus of this course will be on understanding how the ecologies of agricultural systems differ from natural ecosystems, and how these
difference affect the population dynamics of insect pests and natural enemies.  Each section of the course is centered around a basic
ecological, biological or engineering theme such as host shift, physiological time, or sampling techniques.  Different management
techniques will be discussed, as well as the ecological basis behind why these techniques work and why they sometimes fail.  The role of
insects in spreading economically important plant diseases will also be discussed. Recent advances in research will also be addressed
throughout the course and reinforced with periodic readings of primary literature.
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Lecture notes Provided to students through ILIAS
Literature Selected required readings (peer reviewed literature, selected book chapters).

701-1418-00L Modelling Course in Population and Evolutionary
Biology
Number of participants limited to 20. 

Priority is given to MSc Biology and Environmental
Sciences students.

W  4 credits 6P S. Bonhoeffer, V. Müller

Abstract This course provides a "hands-on" introduction into mathematical/computational modelling of biological processes with particular emphasis
on evolutionary and population-biological questions. The models are developed using the Open Source software R.

Objective The aim of this course is to provide a practical introduction into the modelling of fundamental biological questions. The participants will
receive guidance to develop mathematical/computational models in small teams. The participants chose two modules with different levels
of difficulty from a list of projects.

The participant shall get a sense of the utility of modelling as a tool to investigate biological problems. The simpler modules are based
mostly on examples from the earlier lecture "Ecology and evolution: populations" (script accessible at the course webpage). The advanced
modules address topical research questions. Although being based on evolutionary and population biological methods and concepts, these
modules also address topics from other areas of biology.

Content see www.tb.ethz.ch/education/learningmaterials/modelingcourse.html
Lecture notes Detailed handouts describing both the modelling and the biological background are available to each module at the course website. In

addition, the script of the earlier lecture "Ecology and evolution: populations" can also be downloaded, and contains further backround
information.

Prerequisites /
notice

The course is based on the open source software R. Experience with R is useful but not required for the course. Similarly, the course 701-
1708-00L Infectious Disease Dynamics is useful but not required.

701-0364-00L Flora and Vegetation of the Alps
Zur dieser Vorlesung gehört eine 4-tägige Exkursion (max.
24 Plätze) nach Davos. Für eine Teilnahme an der
Exkursion muss die Lehrveranstaltung «Böden und
Vegetation der Alpen» (Nr. 701-0362-00) separat belegt
werden.

W 1 credit 1V A. Widmer

Abstract This course provides an introduction to the flora and vegetation of the Alps. This includes the climatic conditions at different elevations, the
origin of Alpine plants, centers of diversity, ecological requirements and adaptations to prevailing environmental conditions, as well as
characteristic plant communities at different altitudes and soil types.

Objective The students
- understand how climatic and edaphic factors affect the occurrence and distribution of alpine plants
- know characteristic plant species of the subalpine and alpine elevational belts in the Alps
- are familiar with characteristic plant communities on acidic, basic and ultramafic soils in the subalpine and alpine elevational belts.

Content Climatic conditions at different elevations in the Alps; origin and distribution patterns; centers of diversity; ecological requirements and
adaptations to prevailing environmental conditions; altitudinal belts; characteristic plant communities on different bedrock (dolomite, acidic
and basic silicates, serpentine).

Lecture notes Course material will be provided.
Literature Landolt E. 2003: Unsere Alpenflora. 7.Aufl., SAC-Verlag.
Prerequisites /
notice

Solid background in systematic botany and successful participation in the course "Systematic Biology: Plants" (Nr. 701-0360-00). It is
further recommended that students have also participated in the block course "Plant Diversity" (Nr. 701-2314-00L), or alternatively the two
courses "Plant Diversity: Colline/Montane" (701-0314-00L) and "Plant Diversity: Subalpine/Alpine" (701-0314-01L).

Notice:
The 4-day excursion “Soils and Vegetation of the Alps” (Nr. 701-0362-00) belongs to this lecture course. The excursion takes place in
Davos from Wednesday 1 July to Saturday 4 July 2020.

Please note that this course will be taught in German.

701-1708-00L Infectious Disease Dynamics W 4 credits 2V S. Bonhoeffer, R. D. Kouyos,
R. R. Regös, T. Stadler

Abstract This course introduces into current research on the population biology of infectious diseases. The course discusses the most important
mathematical tools and their application to relevant diseases of human, natural or managed populations.

Objective Attendees will learn about:
* the impact of important infectious pathogens and their evolution on human, natural and managed populations
* the population biological impact of interventions such as treatment or vaccination
* the impact of population structure on disease transmission

Attendees will learn how:
* the emergence spread of infectious diseases is described mathematically
* the impact of interventions can be predicted and optimized with mathematical models
* population biological models are parameterized from empirical data
* genetic information can be used to infer the population biology of the infectious disease

The course will focus on how the formal methods ("how") can be used to derive biological insights about the host-pathogen system
("about").

Content After an introduction into the history of infectious diseases and epidemiology the course will discuss basic epidemiological models and the
mathematical methods of their analysis. We will then discuss the population dynamical effects of intervention strategies such as vaccination
and treatment. In the second part of the course we will introduce into more advanced topics such as the effect of spatial population
structure, explicit contact structure, host heterogeneity, and stochasticity. In the final part of the course we will introduce basic concepts of
phylogenetic analysis in the context of infectious diseases.

Lecture notes Slides and script of the lecture will be available online.
Literature The course is not based on any of the textbooks below, but they are excellent choices as accompanying material:

* Keeling & Rohani, Modeling Infectious Diseases in Humans and Animals, Princeton Univ Press 2008
* Anderson & May, Infectious Diseases in Humans, Oxford Univ Press 1990
* Murray, Mathematical Biology, Springer 2002/3
* Nowak & May, Virus Dynamics, Oxford Univ Press 2000
* Holmes, The Evolution and Emergence of RNA Viruses, Oxford Univ Press 2009

Prerequisites /
notice

Basic knowledge of population dynamics and population genetics as well as linear algebra and analysis will be an advantage.
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701-1410-01L Quantitative Approaches to Plant Population and
Community Ecology

W 2 credits 2V J. Alexander, T. Walker

Abstract This course presents leading problems in plant population, community and ecosystem ecology and modern tools to address them. Topics
include parameterising models of plant population dynamics, using biological networks to investigate species coexistence, exploring the
physiological and functional basis of plant life history strategies and quantifying how plants influence ecosystem functioning.

Objective Students will attain deep insight into topics at the cutting edge of plant ecological research, whilst developing specific skills that can later be
applied to basic and applied ecological problems.

751-4505-00L Plant Pathology II W 2 credits 2G B. McDonald
Abstract Plant Pathology II focuses on disease control in agroecosystems based on biological control, pesticide applications and breeding of

resistant crop cultivars. The genetics of pathogen-plant interactions will be explored in detail as a basis for understanding the development
of boom-and-bust cycles and methods that may be used to prevent the evolution of pathogen virulence and fungicide resistance.

Objective An understanding of the how biological control, pesticides and plant breeding can be used to achieve sustainable disease control.  An
understanding of the genetic basis of pathogen-plant interactions and appropriate methods for using resistance to control diseases in
agroecosystems.

Content Plant Pathology II will focus on disease control in agroecosystems based on biological control, pesticide applications and breeding of
resistant crop cultivars. The genetics of pathogen-plant interactions will be explored in detail as a basis for understanding the development
of boom-and-bust cycles and methods that may be used to prevent the evolution of pathogen virulence and fungicide resistance.

Lecture Topics and Tentative Schedule

Week 1     Biological control: biofumigation, disease declines, suppressive soils. 

Week 2     Biological control: competitive exclusion, hyperparasitism.  

Week 3    Chemical control: History of fungicides in Europe, fungicide properties, application methods. 
 
Week 4     Fungicide categories and modes of action, antibiotics, fungicide development, fungicide safety and risk assessment (human
health). 

Week 5    Resistance to fungicides. Genetics of fungicide resistance, ABC transporters, risk assessment, fitness costs. FRAC risk
assessment model vs. population genetic risk assessment model. 

Week 6     Genetics of pathogen-plant interaction:  genetics of pathogens, genetics of plant resistance, major gene and quantitative
resistance, acquired resistance. Flor's GFG hypothesis and the quadratic check, the receptor and elicitor model of GFG, the guard model of
GFG. 

Week 7    Resistance gene structure and genome distribution, conservation of LRR motifs across eukaryotes. Genetic basis of quantitative
resistance.  QTLs and QRLs. Connections between MGR and QR.  Durability of QR. 

Week 8    Genetic resistance: Costs, benefits and risks. 

Week 9    Non-host resistance. Types of NHR. NHR in Arabidopsis with powdery mildews.  NHR in maize and rice. Avirulence genes and
pathogen elicitors. PAMPs, effectors, type-III secretion systems, harpins in bacteria.  Fungal avirulence genes.

Week 10     Easter holiday no class. 

Week 11     Sechselauten holiday no class.

Week 12     Host-specific toxins. GFG for toxins and connection to apoptosis. Fitness costs of virulence alleles. Diversifying selection in
NIP1. 

Week 13    Boom and bust cycles for resistance genes and fungicides and coevolutionary processes. Pathogen genetic structure and
evolutionary potential. Genetic structure of pathogen populations in agroecosystems, risk assessment for pathogen evolution and breeding
strategies for durable resistance.

Week 14     Resistance gene and fungicide deployment strategies for agroecosystems.

Week 15    Genetic engineering approaches to achieve disease resistant crops.
Lecture notes Lecture notes will be available for purchase at the cost of reproduction.
Literature Lecture notes will be available for purchase at the cost of reproduction.
Prerequisites /
notice

Plant Pathology I provides a good preparation for Plant Pathology II, but is not a prerequisite for this course.

701-1462-00L Evolution of Social Behavior and Biological
Communication
Number of participants limited to 24.

W 3 credits 2V M. Mescher

Abstract This course addresses presents core concepts in the study of behavior and biological communication from a Darwinian perspective, with a
focus on the evolution of sociality and the emergence of higher-level biological organization. It will entail lectures and discussion of selected
readings from relevant primary and secondary literature.

Objective Students will become familiar with the application of Darwinian evolutionary theory to the study of behavior, communication, and social
organization. They will also gain insight into the relevance of these topics for broader intellectual questions in biology, as well as for the
organization of human societies.

Content This course will begin with an exploration of key concepts, including the central role of information in biology and Darwinian explanations
for the emergence of adaptation and functional complexity in biological systems. We will then discuss the application of these concepts to
the study of behavior and communication, with a focus on the evolution of social interactions. Significant attention will also be given to the
evolution of cooperation among individual organisms and the emergence and maintenance of complex social organization. Finally, we will
discuss the implications of the material covered for understanding human behavior and for the organization of human societies, including
implications for implementing collective action to address global environmental challenges. These topics will be covered by lectures and
discussion of relevant readings selected by the instructor. Evaluations will be based on in-class or take-home examinations, as well as
participation in classroom discussions.

701-1426-00L Advanced Evolutionary Genetics
Does not take place this semester.

W 3 credits 4G T. Städler

Abstract The field of evolutionary genetics rests on genetic and evolutionary principles, (often) mathematical models, and molecular data. The
explosion in the availability of genome-wide data makes competencies in "making sense" of such data more and more relevant. This
course will cover selected topics that are both fundamental and/or currently very active research fields.
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Objective This course deals with (some of) the conceptual foundations of evolutionary genetics in the age of genomics, going well beyond the
introductory material that is part of the BSc curriculum. The principal aim is for students to gain a thorough appreciation for the underlying
ideas and models of key evolutionary processes, and to witness how these are being tested and refined vis-à-vis the recent deluge of
genome-wide sequence data. The course focuses on theoretical concepts and ways to infer the action of evolutionary processes from
molecular data; as such it is also designed to facilitate understanding of the burgeoning scientific literature in molecular ecology and
evolution. These aims require students to be actively engaged in reading original papers, discussing ideas and data among themselves,
and presenting their interpretations in group talks.

Content There are 4 hours of lectures, student presentations, and/or group work per week. Students are expected to spend 4 additional hours per
week on preparatory study for the following week. Every week, one subject will be presented and overseen by one of the two lecturers. 

Each weekly topic will be introduced by a lecture (max. 2 x 45 minutes), highlighting key concepts and historically important papers. The
(slight) majority of the time will be spent with group presentations based on recent important papers, and discussions of the relevant
concepts. 

Specific proposed topics (subject to change):
(1) The coalescent in structured populations (e.g. spatial sampling and its genealogical consequences, demographic inference from
sequence data, spurious bottlenecks). 
(2) Population subdivision: evolutionary processes and measures (e.g. spatial models, absolute and relative measures of divergence, Jost's
(2008) fundamental insights and their reception). 
(3) Speciation genetics and modes of species divergence (e.g. intrinsic postzygotic barriers, Dobzhansky-Muller incompatibilities, snowball
effect, genomic islands of divergence).
(4) The interplay of linkage, recombination, and selection (e.g. selective sweeps, background selection, Hill-Robertson interference,
adaptation). 
(5) Evolutionary consequences of mating systems (e.g. clonal vs. sexual reproduction, bottlenecks, colonizing potential, efficacy of natural
selection). 
(6) Genomics of virulence evolution (e.g. pathogenicity islands, mobile genetic elements, chromosomal rearrangements).

Lecture notes No script; handouts and material for downloading will be provided.
Literature There is no textbook for this course. Relevant literature will be provided for each weekly session, selected mostly from the primary research

literature.
Prerequisites /
notice

Requirements:
Students must have a good background in genetics, basic population genetics, as well as evolutionary biology.  At a minimum, either the
course "Population and Quantitative Genetics" or the course "Ecological Genetics" should have been attended, and ideally, both of these
("Evolutionary Genetics" in the D-BIOL curriculum).

Teaching Forms:
The course consists of lectures, readings, group work, student presentations, and discussions. Active participation and preparation of
students is critical for a successful learning experience and outcome.

701-0314-00L Plant Diversity: Colline/Montane
Prerequisite: Enrollment and successful performance
assessment of LV 701-0360-00L (Systematic Biology:
Plants).

Enrollment for target group until 16.02.2020
Waiting list until 27.03.2020.
The excursion fee has to be payed until 02.03.2020.
Unpaid places will be given to students on the waiting list.

W 3 credits 6P R. Berndt, A. Guggisberg

Abstract The practical focuses on the flora and vegetation of the central Rhone valley in the canton Valais. During an excursion to Visp, the students
will deepen their knowledge of plant species and learn to recognize important vegetation units and their ecological characteristics. An
introductory lecture will be given in Zurich.

Objective Knowledge of the most important vegetation types, their flora and ecological conditions in an intramontane xeric valley (central Rhone
valley). Consolidation of taxonomic and plant morphological knowledge. Experience in plant determination using scientific determination
keys. Teaching of basic collecting and herbarium techniques.

Content This course provides an introduction to the flora and vegetation of the central Wallis. During the excursions, the students will become
acquainted with one of the botanically richest regions of Switzerland. They will study the diverse vegetation types, their species diversity
and the respective environmental conditions.
Besides deepening the knowledge of plant species and vegetation, we will focus on the climatic and biogeographic framework in the central
Wallis and the enormous impact of man on all vegetation types, even seemingly pristine ones. 
During the excursions and in the evenings there will be plenty of time to practice the identification of vascular plant species with a scientific
flora and to get to know how plants should be collected, pressed and prepared for the herbarium.

Literature -Baltisberger M., Nyffeler R. & Widmer A. 2013: Systematische Botanik. 4., vollständig überarbeitete und erweiterte Aufl. v/d/f
Hochschulverlag AG an der ETH Zürich.
-Hess H.E., Landolt E., Hirzel R. & Baltisberger M. 2015: Bestimmungsschlüssel zur Flora der Schweiz. 7., aktualisierte und überarbeitete
Aufl., Birkhäuser Verlag, Basel/Boston/Berlin.

Prerequisites /
notice

We only admit students to the practical who have successfully completed the introductory lectures of Prof. Leuchtmann and the associated
exercises and excursions (cf. course 701-0360-00L). 
It is expected that the participants know how to use a determination key (Bestimmungsschlüssel zur Flora der Schweiz) and understand the
necessary botanical terminology.

Students from other universities are requested to contact the lecturers.

Program:
2.6.: Introduction (Zurich, ETH Zentrum, CHN building)
9.-13.6.: Excursion to Valais (Visp)
16.6. (morning): Exam (Zurich, ETH Zentrum, CHN building)

The excursion will take place in the mountains under any weather conditions. The participants should be equipped appropriately to cope
with rough and steep terrain and adverse weather conditions. Sturdy mountain boots are mandatory!

701-0314-01L Plant Diversity: Subalpine/Alpine
Prerequisite: Enrollment and successful performance
assessment of LV 701-0360-00L (Systematic Biology:
Plants).

Enrollment for target group until 16.02.2020
Waiting list until 27.03.2020.
The excursion fee has to be payed until 02.03.2020.

W 3 credits 6P A. Guggisberg, R. Berndt
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Unpaid places will be given to students on the waiting
list.

Abstract The practical focuses on the flora and vegetation of the northern Alps and covers the altitudinal range between the upper montane and the
lower alpine zone. During an excursion to Kandersteg, the students will deepen their knowledge of plant species and learn to recognize
important vegetation units and their ecological characteristics. An introduction will be provided in Zurich.

Objective Getting to know the most important vegetation types, their flora and ecological conditions in the northern Alps (Bernese Oberland).
Consolidation of taxonomic and plant morphological knowledge. Experience in plant determination using scientific determination keys.

Content This course provides an introduction to the flora and vegetation of the northern Alps. During the excursions, the students will become
acquainted with the botanical richness of the Alps and the ecological specificities of the encountered habitats. The students will not only
gain knowledge in plant species, but also learn which environmental conditions do plants cope with and which adaptation they have
evolved. We will further introduce the geology of the Alps and investigate, how the bedrock influences the vegetation in the alpine zone.

Following topics will be addressed in this course:

1) Lectures: Climatic and geological divisions of the Alps. Effect of local conditions on vegetation of different altitudes. Adaptation of plants
to various alpine conditions.

2) Excursions: Identification of vascular plant species. Characteristic vegetation types of the subalpine and alpine zone (e.g. subalpine
conifer forests, tall-herb communities and green alder scrubs, alpine grassland and scree vegetation, subalpine floodplain forest with fens)
and their ecological conditions. Interaction between plants and their environment: examples from pollination, reproduction and dispersal
strategies; Adaptations of plant species to their environment.

Literature -Baltisberger M., Nyffeler R. & Widmer A. 2013: Systematische Botanik. 4., vollständig überarbeitete und erweiterte Aufl. v/d/f
Hochschulverlag AG an der ETH Zürich.
-Hess H.E., Landolt E., Hirzel R. & Baltisberger M. 2015: Bestimmungsschlüssel zur Flora der Schweiz. 7., aktualisierte und überarbeitete
Aufl., Birkhäuser Verlag, Basel/Boston/Berlin.

Prerequisites /
notice

We only admit students to the practical who have successfully completed the introductory lectures in systematic botany of Prof.
Leuchtmann together with the associated exercises and excursions (cf. course 701-0360-00L). In addition, we expect that the participants
know how to use a determination key (Bestimmungsschlüssel zur Flora der Schweiz) and understand the necessary terminology.

Students from other universities are requested to contact the lecturers.

Program:
16.6. (afternoon) Introduction for subsequent week (Zurich, ETH Centre, CHN building)
22.6.-26.6. Excursion northern Alps (Kandersteg)
29.6. Exam and visit of Herbarium (Zurich, Botanical Garden, University of Zurich).

The excursion will take place in the mountains under any weather conditions. The participants should be able to cope with rough and steep
terrain and should bring appropriate equipment. Sturdy mountain boots are mandatory!

Course fees:
The ETH Departments of Biology and Environmental Systems Sciences financially support this excursion. The costs amount CHF 260.- per
student and cover transport, accommodation and full board.

701-0362-00L Soils and Vegetation of the Alps (Excursion)
Diese Exkursion (max. 24 Plätze) gehört zur Vorlesung
«Flora und Vegetation der Alpen» (701-0364-00; A.
Widmer). Sie kann nur gleichzeitig mit der Vorlesung oder
nach bestandener Prüfung belegt werden. Alternativ ist
eine Teilnahme möglich mit bestandenen Prüfungen in
«Bodenchemie» (701-0533-00L; R. Kretzschmar, D.I.
Christl) und «Pedosphäre» (701-0501-00L; R.
Kretzschmar).

W 2 credits 2P A. Widmer, R. Kretzschmar

Abstract The excursion in the area of Davos illustrates how climatic and edaphic factors shape the distribution of alpine plants. Visits of multiple
sites on different bedrocks in the subalpine and alpine elevational belts reveal connections between climatic conditions, soil formation and
vegetation development.

Objective The students
- understand how parent rock, topography, climate, and vegetation influence soil forming processes and resulting soil properties (e.g.
nutrients, water) in the Alps.
- understand, how climatic and edaphic factors affect the occurrence and distribution of alpine plants.
- are familiar with characteristic plant communities on acidic, basic and ultramafic bedrock in the subalpine and alpine elevational belts.
- know characteristic plant species and plant communities of the subalpine and alpine elevational belts in the Alps.

Content 4-day excursion in the area of Davos with visits of sites on different bedrock (dolomite, gneiss/mica schist, amphibolite, serpentinite) in the
subalpine and alpine elevational belts.
Structure, development and characteristics of the soils and of their effects on the vegetation; characteristic plant species and communities
on different soil types.

Lecture notes A guide to the excursion will be made available.
Literature Landolt E. 2003: Unsere Alpenflora. 7.Aufl., SAC-Verlag.
Prerequisites /
notice

Please note that this course will be taught in German.

 Elective Concept Courses
Number Title Type ECTS Hours Lecturers

551-0314-00L Microbiology (Part II) W 3 credits 2V W.-D. Hardt, L. Eberl, H.-
M. Fischer, J. Piel, J. Vorholt-
Zambelli

Abstract Advanced lecture class providing a broad overview on bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Objective This concept class will be based on common concepts and introduce to the enormous diversity among bacteria and archaea. It will cover

the current research on bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Content Advanced class covering the state of the research in bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Lecture notes Updated handouts will be provided during the class.
Literature Current literature references will be provided during the lectures.
Prerequisites /
notice

English
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 Elective Major: Neurosciences
The major in Neurosciences in the Master program Biology ETHZ will no longer be offered from autumn 2019 onwards.

 Elective Compulsory Concept Courses
See D-BIOL Master Studies Guide

Number Title Type ECTS Hours Lecturers

551-0326-00L Cell Biology W  6 credits 4V S. Werner, M. Bordoli, W. Kovacs,
M. Schäfer, U. Suter, A. Wutz

Abstract This Course introduces principle concepts, techniques, and experimental strategies used in modern Cell Biology. Major topics include:
neuron-glia interactions in health and disease; mitochondrial dynamics; stem cell biology; growth factor action in development, tissue repair
and disease; cell metabolism, in particular sensing and signaling mechanisms, cell organelles, and lipid metabolism.

Objective -To prepare the students for successful and efficient lab work by learning how to ask the right questions and to use the appropriate
techniques in a research project.
-To convey knowledge about neuron-glia interactions in health and disease.
- To provide information on different types of stem cells and their function in health and disease
-To provide information on growth factor signaling in development, repair and disease and on the use of growth factors or their receptors as
drug targets for major human diseases
-To convey knowledge on the mechanisms underlying repair of injured tissues
-To provide the students with an overview of mitochondrial dynamics.
-Providing an understanding of RNA processing reactions and their regulations.
-To provide a comprehensive understanding of metabolic sensing mechanisms occurring in different cell types and organelles in response
to glucose, hormones, oxygen, nutrients as well as lipids, and to discuss downstream signaling pathways and cellular responses.
-To provide models explaining how disturbances in complex metabolic control networks and bioenergetics can lead to disease and to
highlight latest experimental approaches to uncover the intricacies of metabolic control at the cellular and organismal level.
-Providing the background and context that foster cross-disciplinary scientific thinking.

551-0318-00L Immunology II W  3 credits 2V A. Oxenius, M. Kopf,
S. R. Leibundgut, E. Wetter Slack,
further lecturers

Abstract Introduction into the cellular and molecular basis of the immune system and immune responses against diverse pathogens, tumors,
transplants, and self (autoimmunity)

Objective The lectures will provide a detailed understanding:
- how innate and adaptive immune responses interact at the cellular and molecular level.
- how the immune system recognizes and fights against pathogenic microorganisms including viruses, bacteria, and parasites.
- why lymphocytes tolerate self molecules.
- about function and dysfunction the intestinal immune system.
- immunopathology and inflammatory diseases.

Content The aim of lecture is to understand:
> How pathogens are recognized by the innate immune system
> Immune defense against various pathogens
> Immunology of the skin, lung and intestines
> Tumor immunology
> Migration and homing of immune cells
> tolerance and autoimmunity
> T cell memory

Lecture notes Presentations of the lecturers are available at the Moodle link
Literature Recommended: Kuby Immunology (Freeman)

551-0320-00L Cellular Biochemistry (Part II) W  3 credits 2V Y. Barral, R. Kroschewski,
A. E. Smith

Abstract This course will focus on molecular mechanisms and concepts underlying cellular biochemistry, providing advanced insights into the
structural and functional details of individual cell components, and the complex regulation of their interactions. Particular emphasis will be
on the spatial and temporal integration of different molecules and signaling pathways into global cellular processes.

Objective The full-year course (551-0319-00 & 551-0320-00) focuses on the molecular mechanisms and concepts underlying the biochemistry of
cellular physiology, investigating how these processes are integrated to carry out highly coordinated cellular functions. The molecular
characterization of complex cellular functions requires a combination of approaches such as biochemistry, but also cell biology and
genetics. This course is therefore the occasion to discuss these techniques and their integration in modern cellular biochemistry. 
The students will be able to describe the structural and functional details of individual cell components, and the spatial and temporal
regulation of their interactions. In particular, they will learn to explain how different molecules and signaling pathways can be integrated
during complex and highly dynamic cellular processes such as intracellular transport, cytoskeletal rearrangements, cell motility, and cell
division. In addition, they will be able to illustrate the relevance of particular signaling pathways for cellular pathologies such as cancer or
during cellular infection.

Content Spatial and temporal integration of different molecules and signaling pathways into global cellular processes, such as cell division, cell
infection and cell motility. Emphasis is also put on the understanding of pathologies associated with defective cell physiology, such as
cancer or during cellular infection.

Literature Recommended supplementary literature (review articles and selected primary literature) will be provided during the course.
Prerequisites /
notice

To attend this course the students must have a solid basic knowledge in chemistry, biochemistry, cell biology and general biology. Biology
students have in general already attended the first part of the "Cellular Biochemistry" concept course (551-0319-00). The course will be
taught in English.
In addition, the course will be based on a blended-learning scenario, where frontal lectures will be complemented with carefully chosen
web-based teaching elements that students access through the ETH Moodle platform.

 Elective Compulsory Master Courses
Number Title Type ECTS Hours Lecturers

227-1034-00L Computational Vision (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: INI402

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  6 credits 2V+1U D. Kiper
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Abstract This course focuses on neural computations that underlie visual perception. We study how visual signals are processed in the retina, LGN
and visual cortex. We study the morpholgy and functional architecture of cortical circuits responsible for pattern, motion, color, and three-
dimensional vision.

Objective This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Content This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Literature Books: (recommended references, not required)
1. An Introduction to Natural Computation, D. Ballard (Bradford Books, MIT Press) 1997.
2. The Handbook of Brain Theorie and Neural Networks, M. Arbib (editor), (MIT Press) 1995.

227-1046-00L Computer Simulations of Sensory Systems
Does not take place this semester.

W  3 credits 3G

Abstract This course deals with computer simulations of the human auditory, visual, and balance system. The lecture will cover the physiological
and mechanical mechanisms of these sensory systems. And in the exercises, the simulations will be implemented with Python. The
simulations will be such that their output could be used as input for actual neuro-sensory prostheses.

Objective Our sensory systems provide us with information about what is happening in the world surrounding us. Thereby they transform incoming
mechanical, electromagnetic, and chemical signals into action potentials, the language of the central nervous system.
The main goal of this lecture is to describe how our sensors achieve these transformations, how they can be reproduced with
computational tools. For example, our auditory system performs approximately a Fourier transformation of the incoming sound waves; our
early visual system is optimized for finding edges in images that are projected onto our retina; and our balance system can be well
described with a control system that transforms linear and rotational movements into nerve impulses.
In the exercises that go with this lecture, we will use Python to reproduce the transformations achieved by our sensory systems. The goal is
to write programs whose output could be used as input for actual neurosensory prostheses: such prostheses have become commonplace
for the auditory system, and are under development for the visual and the balance system. For the corresponding exercises, at least some
basic programing experience is required!!

Content The following topics will be covered:
 Introduction into the signal processing in nerve cells.
 Introduction into Python.
 Simplified simulation of nerve cells (Hodgkins-Huxley model).
 Description of the auditory system, including the application of Fourier transforms on recorded sounds.
 Description of the visual system, including the retina and the information processing in the visual cortex. The corresponding exercises will
provide an introduction to digital image processing.
 Description of the mechanics of our balance system, and the Control System-language that can be used for an efficient description of the
corresponding signal processing (essentially Laplace transforms and control systems).

Lecture notes For each module additional material will be provided on the e-learning platform "moodle". The main content of the lecture is also available
as a wikibook, under http://en.wikibooks.org/wiki/Sensory_Systems

Literature Open source information is available as wikibook http://en.wikibooks.org/wiki/Sensory_Systems

For good overviews I recommend:

 Principles of Neural Science (5th Ed, 2012), by Eric Kandel, James Schwartz, Thomas Jessell, Steven Siegelbaum, A.J. Hudspeth     
ISBN 0071390111 / 9780071390118
THE standard textbook on neuroscience.

 L. R. Squire, D. Berg, F. E. Bloom, Lac S. du, A. Ghosh, and N. C. Spitzer. Fundamental Neuroscience, Academic Press - Elsevier, 2012
[ISBN: 9780123858702].
This book covers the biological components, from the functioning of an individual ion channels through the various senses, all the way to
consciousness. And while it does not cover the computational aspects, it nevertheless provides an excellent overview of the underlying
neural processes of sensory systems. 

 G. Mather. Foundations of Sensation and Perception, 2nd Ed Psychology Press, 2009 [ISBN: 978-1-84169-698-0 (hardcover), oder 978-
1-84169-699-7 (paperback)]
A coherent, up-to-date introduction to the basic facts and theories concerning human sensory perception.

 The best place to get started with Python programming are the https://scipy-lectures.org/
Prerequisites /
notice

 Since I have to gravel from Linz, Austria, to Zurich to give this lecture, I plan to hold this lecture in blocks (every 2nd week).
 In addition to the lectures, this course includes external lab visits to institutes actively involved in research on the relevant sensory
systems.

227-0390-00L Elements of Microscopy W 4 credits 3G M. Stampanoni, G. Csúcs,
A. Sologubenko

Abstract The lecture reviews the basics of microscopy by discussing wave propagation, diffraction phenomena and aberrations. It gives the basics
of light microscopy, introducing fluorescence, wide-field, confocal and multiphoton imaging. It further covers 3D electron microscopy and
3D X-ray tomographic micro and nanoimaging.

Objective Solid introduction to the basics of microscopy, either with visible light, electrons or X-rays.
Content It would be impossible to imagine any scientific activities without the help of microscopy.  Nowadays, scientists can count on very powerful

instruments that allow investigating sample down to the atomic level.
The lecture includes a general introduction to the principles of microscopy, from wave physics to image formation. It provides the physical
and engineering basics to understand visible light, electron and X-ray microscopy. 
During selected exercises in the lab, several sophisticated instrument will be explained and their capabilities demonstrated.

Literature Available Online.
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376-1306-00L Clinical Neuroscience

More information
at:https://studentservices.uzh.ch/uzh/anonym/vvz/index.ht
ml#/details/2019/004/P/01106803


W 3 credits 3V G. Schratt, University lecturers

Abstract The lecture series "Clinical Neuroscience" presents  a comprehensive, condensed overview of the most important neurological diseases,
their clinical presentation, diagnosis, therapy options and possible causes. Patient demonstrations (Übungen) follow every lecture that is
dedicated to a particular disease.

Objective By the end of this module students should be able to: 
- demonstrate their understanding and deep knowledge concerning the main neurological diseases 
- identify and explain the different clinical presentation of these diseases, the methodology of diagnosis and the current therapies available 
- summarize and critically review scientific literature efficiently and effectively

376-1414-01L Current Topics in Brain Research (FS) W 1 credit 1.5K I. Mansuy, F. Helmchen, further
lecturers

Abstract Different national and international scientific guests are invited to present and discuss their most recent scientific results.
Objective The aim is to exchange scientific knowledge and data as well as to promote communication and collaboration among researchers.

Students taking the course participate in all seminars within one semester and write a critical report about one seminar of their choice. Prof.
Isabelle / Dr. Alberto Corcoba will send instructions for this report to students who have registered for the course one week before the start
of the semester.

Content Various scientific guests from the fields of neuroepigenetics, neurochemistry, neuromorphology and neurophysiology will report on their
latest scientific findings.

Lecture notes no handout
Literature no literature

 Elective Concept Courses
Number Title Type ECTS Hours Lecturers

551-0326-00L Cell Biology W  6 credits 4V S. Werner, M. Bordoli, W. Kovacs,
M. Schäfer, U. Suter, A. Wutz

Abstract This Course introduces principle concepts, techniques, and experimental strategies used in modern Cell Biology. Major topics include:
neuron-glia interactions in health and disease; mitochondrial dynamics; stem cell biology; growth factor action in development, tissue repair
and disease; cell metabolism, in particular sensing and signaling mechanisms, cell organelles, and lipid metabolism.

Objective -To prepare the students for successful and efficient lab work by learning how to ask the right questions and to use the appropriate
techniques in a research project.
-To convey knowledge about neuron-glia interactions in health and disease.
- To provide information on different types of stem cells and their function in health and disease
-To provide information on growth factor signaling in development, repair and disease and on the use of growth factors or their receptors as
drug targets for major human diseases
-To convey knowledge on the mechanisms underlying repair of injured tissues
-To provide the students with an overview of mitochondrial dynamics.
-Providing an understanding of RNA processing reactions and their regulations.
-To provide a comprehensive understanding of metabolic sensing mechanisms occurring in different cell types and organelles in response
to glucose, hormones, oxygen, nutrients as well as lipids, and to discuss downstream signaling pathways and cellular responses.
-To provide models explaining how disturbances in complex metabolic control networks and bioenergetics can lead to disease and to
highlight latest experimental approaches to uncover the intricacies of metabolic control at the cellular and organismal level.
-Providing the background and context that foster cross-disciplinary scientific thinking.

551-0318-00L Immunology II W  3 credits 2V A. Oxenius, M. Kopf,
S. R. Leibundgut, E. Wetter Slack,
further lecturers

Abstract Introduction into the cellular and molecular basis of the immune system and immune responses against diverse pathogens, tumors,
transplants, and self (autoimmunity)

Objective The lectures will provide a detailed understanding:
- how innate and adaptive immune responses interact at the cellular and molecular level.
- how the immune system recognizes and fights against pathogenic microorganisms including viruses, bacteria, and parasites.
- why lymphocytes tolerate self molecules.
- about function and dysfunction the intestinal immune system.
- immunopathology and inflammatory diseases.

Content The aim of lecture is to understand:
> How pathogens are recognized by the innate immune system
> Immune defense against various pathogens
> Immunology of the skin, lung and intestines
> Tumor immunology
> Migration and homing of immune cells
> tolerance and autoimmunity
> T cell memory

Lecture notes Presentations of the lecturers are available at the Moodle link
Literature Recommended: Kuby Immunology (Freeman)

551-0320-00L Cellular Biochemistry (Part II) W  3 credits 2V Y. Barral, R. Kroschewski,
A. E. Smith

Abstract This course will focus on molecular mechanisms and concepts underlying cellular biochemistry, providing advanced insights into the
structural and functional details of individual cell components, and the complex regulation of their interactions. Particular emphasis will be
on the spatial and temporal integration of different molecules and signaling pathways into global cellular processes.

Objective The full-year course (551-0319-00 & 551-0320-00) focuses on the molecular mechanisms and concepts underlying the biochemistry of
cellular physiology, investigating how these processes are integrated to carry out highly coordinated cellular functions. The molecular
characterization of complex cellular functions requires a combination of approaches such as biochemistry, but also cell biology and
genetics. This course is therefore the occasion to discuss these techniques and their integration in modern cellular biochemistry. 
The students will be able to describe the structural and functional details of individual cell components, and the spatial and temporal
regulation of their interactions. In particular, they will learn to explain how different molecules and signaling pathways can be integrated
during complex and highly dynamic cellular processes such as intracellular transport, cytoskeletal rearrangements, cell motility, and cell
division. In addition, they will be able to illustrate the relevance of particular signaling pathways for cellular pathologies such as cancer or
during cellular infection.
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Content Spatial and temporal integration of different molecules and signaling pathways into global cellular processes, such as cell division, cell
infection and cell motility. Emphasis is also put on the understanding of pathologies associated with defective cell physiology, such as
cancer or during cellular infection.

Literature Recommended supplementary literature (review articles and selected primary literature) will be provided during the course.
Prerequisites /
notice

To attend this course the students must have a solid basic knowledge in chemistry, biochemistry, cell biology and general biology. Biology
students have in general already attended the first part of the "Cellular Biochemistry" concept course (551-0319-00). The course will be
taught in English.
In addition, the course will be based on a blended-learning scenario, where frontal lectures will be complemented with carefully chosen
web-based teaching elements that students access through the ETH Moodle platform.

 Elective Major: Microbiology and Immunology
 Compulsory Concept Courses

Number Title Type ECTS Hours Lecturers

551-0314-00L Microbiology (Part II) O  3 credits 2V W.-D. Hardt, L. Eberl, H.-
M. Fischer, J. Piel, J. Vorholt-
Zambelli

Abstract Advanced lecture class providing a broad overview on bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Objective This concept class will be based on common concepts and introduce to the enormous diversity among bacteria and archaea. It will cover

the current research on bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Content Advanced class covering the state of the research in bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Lecture notes Updated handouts will be provided during the class.
Literature Current literature references will be provided during the lectures.
Prerequisites /
notice

English

551-0318-00L Immunology II O  3 credits 2V A. Oxenius, M. Kopf,
S. R. Leibundgut, E. Wetter Slack,
further lecturers

Abstract Introduction into the cellular and molecular basis of the immune system and immune responses against diverse pathogens, tumors,
transplants, and self (autoimmunity)

Objective The lectures will provide a detailed understanding:
- how innate and adaptive immune responses interact at the cellular and molecular level.
- how the immune system recognizes and fights against pathogenic microorganisms including viruses, bacteria, and parasites.
- why lymphocytes tolerate self molecules.
- about function and dysfunction the intestinal immune system.
- immunopathology and inflammatory diseases.

Content The aim of lecture is to understand:
> How pathogens are recognized by the innate immune system
> Immune defense against various pathogens
> Immunology of the skin, lung and intestines
> Tumor immunology
> Migration and homing of immune cells
> tolerance and autoimmunity
> T cell memory

Lecture notes Presentations of the lecturers are available at the Moodle link
Literature Recommended: Kuby Immunology (Freeman)

 Elective Compulsory Master Courses
Number Title Type ECTS Hours Lecturers

701-1310-00L Environmental Microbiology W  3 credits 2V M. H. Schroth, M. Lever
Abstract Microorganisms catalyze a large number of reactions that are of great importance to terrestrial and aquatic environments. To improve our

understanding of the dynamics of a specific environment, it is important to gain a better understanding of microbial structures and their
functions under varying environmental conditions.

Objective Students will learn basic concepts in microbial ecology. Qualitative and quantitative concepts will be presented to assess microbial
communities and associated processes in terrestrial and aquatic environments. Microbial diversity in such ecosystems will be illustrated in
discussions of selected habitats.

Content Lectures will cover general concepts of environmental microbiology including (i) quantification of microbial processes, (ii) energy fluxes in
microbial ecosystems, (iii) application of state-of-the-art microbiological and molecular tools, and (iv) use of isotope methods for
identification of microbial structures and functions. 
Topics to illustrate the microbial diversity of terrestrial and aquatic ecosystems will include (i) interactions between microbes and
mineral/metallic solid phases, (ii) microbial carbon and nutrient cycling, (iii) microbial processes involved in the turnover of greenhouse
gases, (iv) biofilms and microbial mats, (v) bioremediation, (vi) microorganisms in extreme habitats, and (vii) microbial evolution and
astrobiology.

Lecture notes available at time of lecture - will be distributed electronically as pdf's
Literature Brock Biology of Microorganisms, Madigan M. et al., Pearson, 14th ed., 2015

551-1100-00L Infectious Agents: From Molecular Biology to Disease
Number of participants limited to 22.

Requires application until 2 weeks before the start of the
semester; selected applicants will be notified one week
before the first week of lectures. 
(if you missed the deadline, please come to the first date
to see, if there are any slots left)

W  4 credits 2S W.-D. Hardt, L. Eberl, U. F. Greber,
A. B. Hehl, M. Kopf,
S. R. Leibundgut, C. Münz,
A. Oxenius, P. Sander

Abstract Literature seminar for students at the masters level and PhD students. Introduction to the current research topics in infectious diseases;
Introduction to key pathogens which are studied as model organisms in this field; Overview over key research groups in the field of
infectious diseases in Zürich.

Objective Working with the current research literature. Getting to know the key pathogens serving as model organisms and the research technologies
currently used in infection biology.
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Content for each model pathogen (or key technology):
1. introduction to the pathogen
2. Discussion of one current research paper.
The paper will be provided by the respective supervisor. He/she will give advice (if required) and guide the respective literature discussion.

Lecture notes Teachers will provide the research papers to be discussed.
Students will prepare handouts for the rest of the group for their assigned seminar.

Literature Teachers will provide the research papers to be discussed.
Prerequisites /
notice

Restricted to max 22 students. Please sign up until two weeks before the beginning of the semester via e-mail to
micro_secr@micro.biol.ethz.ch and include the following information: 551-1100-00L; your name, your e-mail address, university/eth,
students (specialization, semester), PhD students (research group, member of a PhD program? which program?). The 22  students
admitted to this seminar will be selected and informed by e-mail in the week befor the beginning of the semester  by W.-D. Hardt.
The first seminar date will serve to form groups of students and assign a paper to each group.

551-1118-00L Cutting Edge Topics: Immunology and Infection
Biology II

W  2 credits 1S A. Oxenius, B. Becher,
C. Halin Winter, N. C. Joller,
M. Kopf, S. R. Leibundgut, C. Münz,
F. Sallusto, R. Spörri,
M. van den Broek, University
lecturers

Abstract Weekly seminar about cutting edge topics in immunology and infection biology. Internationally renowned experts present their current
research followed by an open discussion.

Objective Weekly seminar about cutting edge topics in immunology and infection biology. Internationally renowned experts present their current
research followed by an open discussion.
The aim of this course is to confront students with current research topics and with scientific presentation. The course offers the opportunity
to gain in depth knowledge about diverse topics which are often only briefly touched in the concept courses and to engage in discussion
with experts in the field.

Content Immunology and infection biology.
The specific topics are variable and depend each semester on the list of invited experts.

551-1104-00L Selected Topics in Forest Mycology W  2 credits 1V I. L. Brunner,
M. Peter Baltensweiler, D. H. Rigling

Abstract Lifestyles and functions of symbiotic, saprobic and pathogenic fungi, communities of mycorrhizas and its functional aspects, evolution and
phylogenetic aspects of plant-fungal interactions, inter- and intraspecific interactions of mycelia, role of fungi in nutrient mobilisation and
weathering.

Objective In-depth knowledge of the biology and ecology of fungi in the forest. Self-examination of the current literature.
Content In-depth treatment of selected topics of fungi in the forest ecosystem: Lifestyles and functions of symbiotic, saprobic and pathogenic fungi,

communities of mycorrhizas and its functional aspects, evolution and phylogenetic aspects of plant-fungal interactions, inter- and
intraspecific interactions of mycelia, role of fungi in nutrient mobilisation and weathering.
Basics will be presented in lectures. In addition, individual study of the learning matter with the help of current literature and presentations.

Lecture notes Documents for the course will be handed out.
Literature Smith S.E. and Read D.J. 1997. Mycorrhizal Symbiosis. Academic Press, 2nd ed., pp. 605.

551-0216-00L Field Course in Mycology
Number of participants limited to 8.

W  3 credits 3.5P A. Leuchtmann

Abstract Field excursions with collecting of fungi, and study of collections in the course room. Main focus are small fungi (ascomycetes): you will
receive insight into the diversity of fungi and an introduction to species identification. Furthermore, the ecology and function of fungi in
selected habitats will be discussed, and selected examples of edible and poisonous mushrooms shown.

Objective Extended knowledge in taxonomy and systematics of fungi, in particular Ascomycetes. Participants know about ecological functions of
fungi as mutualists, saprobes or parasites of plants in various ecosystems.

Content Einführung ins Reich der Pilze, Merkmale der Pilze und Überblick über deren systematische Gliederung. Exkursionen zum Sammeln von
Ascomyceten in ausgewählten Lebensräumen. Kennenlernen von notwendigen Sammel- und Präparationstechniken, Einführung in die
Ökologie und Funktion der Pilze, Untersuchung und Bestimmen von Pilzen mit optischen Hilfsmitteln im Kursraum, Einblick in
Formenvielfalt ausgewählter Pilzgruppen (Ascomyecten), Beispiele von Gift- und Speisepilzen.

Lecture notes Kursunterlagen werden abgegeben
Literature Spezialliteratur für die Bestimmung der Familien, Gattungen und Arten der mitteleuropäischen Mykoflora.
Prerequisites /
notice

Der Kurs ist auf maximal 8 Teilnehmende beschränkt. Schriftliche Anmeldung erforderlich. Das Kursgeld von Fr. 180.- muss von den
Kursteilnehmern übernommen werden. Vor dem Kurs (Freitag 21. Aug. 2020) findet eine halbtägige Einführung in Zürich statt, die von allen
Teilnehmenden besucht werden muss.

551-1132-00L Basic Virology
Does not take place this semester.

W  2 credits 1V

Abstract Introduction into the basics of virology, including characterization of viruses, virus-cell interactions, virus-host interactions, virus-host
population interactions, basics of prevention and prophylaxis as well as diagnostics.

Objective Introduction into the basics of virology.
Content Basics in virology. Characterization of viruses, virus-cell interactions, virus-host interactions, virus-host population interactions, basics of

prevention and prophylaxis as well as diagnostics.
Lecture notes The lecture uses  the lecturer's 'Allgemeine Virologie' as a basis.

The lecturer's slides as well as selected primary literature will be provided 24-48 hrs prior to the lecture in pdf format.
Literature Flint et al., 2009. Principles of Virology, 3rd Edition. 

ASM Press, Washington, DC, USA. 
Vol I. ISBN 978-1-55581-479-3
Vol II. ISBN 978-1-55581-480-9

Prerequisites /
notice

Basic knowledge in molecular biology, cell biology, immunology.

551-0140-00L Epigenetics W  4 credits 2V A. Wutz, U. Grossniklaus, R. Paro,
R. Santoro

Abstract Epigenetics studies the inheritance of traits that cannot be attributed to changes in the DNA sequence. The lecture will present an overview
of different epigenetic phenomena and provide detailed insight into the underlying molecular mechanisms. The role of epigenetic processes
in the development of cancer and other disorders will be discussed.

Objective The aim of the course is to gain an understanding of epigenetic mechanisms and their impact on the development of organisms,
regenerative processes or manifestation of disease.
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Content Topics
- historical overview, concepts and comparison Genetics vs. Epigenetics
- Biology of chromatin: structure and function, organization in the nucleus and the role of histone modifications in processes like
transcription and replication
- DNA methylation as an epigenetic modification
- Inheritance of epigenetic modifications during cell division: cellular memory
- Stability and reversibility of epigenetic modifications: cellular plasticity and stem cells
- Genomic imprinting in plants and mammals
- X chromosome inactivation and dosis compensation
- position effects, paramutations and transvection
- RNA-induced gene silencing
- The role of epigenetic processes in cancer development or cell aging

751-4904-00L Microbial Pest Control W  2 credits 2G J. Enkerli, G. Grabenweger
Abstract This lecture provides conceptual as well as biological and ecological background on microbial pest management. Methods and techniques

applied to develop and monitor microbial control agents are elucidated.
Objective To know the most important groups of insect pathogens and their characteristics. To become familiar with the basic steps necessary for the

development of microbial control agents. To understand the techniques and methods used to monitor field applications and the procedures
involved in registration of products for microbial pest management.

Content Definitions and general terms used in microbial control are presented. Biological and ecological aspects of all arthropod-pathogenic groups
(virus, bacteria, fungi and nematodes) as well as their advantages and disadvantages in relation to biocontrol are discussed. Particular
emphasis is put on hypocrealean and entomophthoralean fungi. Examples are used to demonstrate how projects in microbial control can
be set up, how pathogens can be applied and how efficacy, non-target effects, persistence and dissemination are monitored. Furthermore,
the necessary steps for product development, commercial aspects and registration requirements are discussed.

Lecture notes Lecture notes comprising the basic aspects will be provided.
Literature Additional literature will be indicated in the lecture

551-1126-00L Technologies in Molecular Microbiology W  4 credits 2V H.-M. Fischer, further lecturers
Abstract The lecture course provides an advanced understanding of modern techniques used in molecular microbiology. Current technologies and

research directions in molecular microbiology including applied aspects will be illustrated with paper discussions. The format is a lecture
course enriched by group activities.

Objective The lecture course aims at providing principles of modern techniques used in molecular microbiology. Emphasis is on genetic, biochemical,
cellular, and community analysis . Discussion of a set of commonly applied technologies will assist students in evaluating current research
in molecular microbiology and choosing appropriate methods for their own demands.

Content Important genetic, biochemical, biophysical, and community analysis methods will be presented that are used to gain a deeper
understanding of the molecular principles and mechanisms underlying basic physiological processes in prokaryotes. Applied aspects of
molecular microbiology and current research in this area will also be covered.

List of topics:
- Analysis of genes, genomes and transcriptomes
- Analysis of proteins, proteomes and microbial systems

Lecture notes Updated handouts will be provided during the class.
Literature Current literature references, relevant papers and handouts will be provided during the lectures.
Prerequisites /
notice

The following lecturers will contribute to the course:
Dr. Alex Brachmann (ETH)
Prof. Hans-Martin Fischer (ETH)
Dr. Florian Freimoser (Agroscope)
Dr. Jonas Grossmann (FGCZ)
Annika Hausmann (ETH)
Dr. Bidong Nguyen (ETH)
Dr. Bernd Roschitzki (FGCZ)
Dr. Roman Spörri (ETH)

227-0390-00L Elements of Microscopy W 4 credits 3G M. Stampanoni, G. Csúcs,
A. Sologubenko

Abstract The lecture reviews the basics of microscopy by discussing wave propagation, diffraction phenomena and aberrations. It gives the basics
of light microscopy, introducing fluorescence, wide-field, confocal and multiphoton imaging. It further covers 3D electron microscopy and
3D X-ray tomographic micro and nanoimaging.

Objective Solid introduction to the basics of microscopy, either with visible light, electrons or X-rays.
Content It would be impossible to imagine any scientific activities without the help of microscopy.  Nowadays, scientists can count on very powerful

instruments that allow investigating sample down to the atomic level.
The lecture includes a general introduction to the principles of microscopy, from wave physics to image formation. It provides the physical
and engineering basics to understand visible light, electron and X-ray microscopy. 
During selected exercises in the lab, several sophisticated instrument will be explained and their capabilities demonstrated.

Literature Available Online.

701-1708-00L Infectious Disease Dynamics W 4 credits 2V S. Bonhoeffer, R. D. Kouyos,
R. R. Regös, T. Stadler

Abstract This course introduces into current research on the population biology of infectious diseases. The course discusses the most important
mathematical tools and their application to relevant diseases of human, natural or managed populations.

Objective Attendees will learn about:
* the impact of important infectious pathogens and their evolution on human, natural and managed populations
* the population biological impact of interventions such as treatment or vaccination
* the impact of population structure on disease transmission

Attendees will learn how:
* the emergence spread of infectious diseases is described mathematically
* the impact of interventions can be predicted and optimized with mathematical models
* population biological models are parameterized from empirical data
* genetic information can be used to infer the population biology of the infectious disease

The course will focus on how the formal methods ("how") can be used to derive biological insights about the host-pathogen system
("about").
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Content After an introduction into the history of infectious diseases and epidemiology the course will discuss basic epidemiological models and the
mathematical methods of their analysis. We will then discuss the population dynamical effects of intervention strategies such as vaccination
and treatment. In the second part of the course we will introduce into more advanced topics such as the effect of spatial population
structure, explicit contact structure, host heterogeneity, and stochasticity. In the final part of the course we will introduce basic concepts of
phylogenetic analysis in the context of infectious diseases.

Lecture notes Slides and script of the lecture will be available online.
Literature The course is not based on any of the textbooks below, but they are excellent choices as accompanying material:

* Keeling & Rohani, Modeling Infectious Diseases in Humans and Animals, Princeton Univ Press 2008
* Anderson & May, Infectious Diseases in Humans, Oxford Univ Press 1990
* Murray, Mathematical Biology, Springer 2002/3
* Nowak & May, Virus Dynamics, Oxford Univ Press 2000
* Holmes, The Evolution and Emergence of RNA Viruses, Oxford Univ Press 2009

Prerequisites /
notice

Basic knowledge of population dynamics and population genetics as well as linear algebra and analysis will be an advantage.

751-4505-00L Plant Pathology II W 2 credits 2G B. McDonald
Abstract Plant Pathology II focuses on disease control in agroecosystems based on biological control, pesticide applications and breeding of

resistant crop cultivars. The genetics of pathogen-plant interactions will be explored in detail as a basis for understanding the development
of boom-and-bust cycles and methods that may be used to prevent the evolution of pathogen virulence and fungicide resistance.

Objective An understanding of the how biological control, pesticides and plant breeding can be used to achieve sustainable disease control.  An
understanding of the genetic basis of pathogen-plant interactions and appropriate methods for using resistance to control diseases in
agroecosystems.

Content Plant Pathology II will focus on disease control in agroecosystems based on biological control, pesticide applications and breeding of
resistant crop cultivars. The genetics of pathogen-plant interactions will be explored in detail as a basis for understanding the development
of boom-and-bust cycles and methods that may be used to prevent the evolution of pathogen virulence and fungicide resistance.

Lecture Topics and Tentative Schedule

Week 1     Biological control: biofumigation, disease declines, suppressive soils. 

Week 2     Biological control: competitive exclusion, hyperparasitism.  

Week 3    Chemical control: History of fungicides in Europe, fungicide properties, application methods. 
 
Week 4     Fungicide categories and modes of action, antibiotics, fungicide development, fungicide safety and risk assessment (human
health). 

Week 5    Resistance to fungicides. Genetics of fungicide resistance, ABC transporters, risk assessment, fitness costs. FRAC risk
assessment model vs. population genetic risk assessment model. 

Week 6     Genetics of pathogen-plant interaction:  genetics of pathogens, genetics of plant resistance, major gene and quantitative
resistance, acquired resistance. Flor's GFG hypothesis and the quadratic check, the receptor and elicitor model of GFG, the guard model of
GFG. 

Week 7    Resistance gene structure and genome distribution, conservation of LRR motifs across eukaryotes. Genetic basis of quantitative
resistance.  QTLs and QRLs. Connections between MGR and QR.  Durability of QR. 

Week 8    Genetic resistance: Costs, benefits and risks. 

Week 9    Non-host resistance. Types of NHR. NHR in Arabidopsis with powdery mildews.  NHR in maize and rice. Avirulence genes and
pathogen elicitors. PAMPs, effectors, type-III secretion systems, harpins in bacteria.  Fungal avirulence genes.

Week 10     Easter holiday no class. 

Week 11     Sechselauten holiday no class.

Week 12     Host-specific toxins. GFG for toxins and connection to apoptosis. Fitness costs of virulence alleles. Diversifying selection in
NIP1. 

Week 13    Boom and bust cycles for resistance genes and fungicides and coevolutionary processes. Pathogen genetic structure and
evolutionary potential. Genetic structure of pathogen populations in agroecosystems, risk assessment for pathogen evolution and breeding
strategies for durable resistance.

Week 14     Resistance gene and fungicide deployment strategies for agroecosystems.

Week 15    Genetic engineering approaches to achieve disease resistant crops.
Lecture notes Lecture notes will be available for purchase at the cost of reproduction.
Literature Lecture notes will be available for purchase at the cost of reproduction.
Prerequisites /
notice

Plant Pathology I provides a good preparation for Plant Pathology II, but is not a prerequisite for this course.

551-1700-00L Introduction to Flow Cytometry
Number of participants limited to 24.

W 2 credits 1V J. Kisielow, L. Tortola, further
lecturers

Abstract The lecture provides an introduction to flow cytometry. We will cover the technology basics, experimental design, data acquisition and
analysis of flow and mass cytometry. In addition, various research applications will be discussed. The format is a lecture course enriched
by a visit to the ETH Flow Cytometry Core Facility and practical demonstration of the use of analysis and sorting instruments.

Objective The goal of this course is to provide the basic knowledge of flow and mass cytometry required for planning and execution of cytometric
experiments.
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Content The lecture course aims at teaching principles of flow cytometry. The emphasis is on theoretical principles (signal detection, fluorochromes,
signal spill-over and compensation) as well as practical aspects of experimental design and performance (sample preparation, controls,
data acquisition and analysis).
List of topics:
- Principles of Flow Cytometry
- Signal processing
- Compensation and Controls
- Data analysis, gating and presentation
- Panel design
- Sorting
- Mass cytometry
- High-dimensional data analysis
- Practical demonstration (hardware and software)
Modern flow cytometric techniques for immunophenotyping, analysis of proliferation, cell cycle, apoptosis and cell signalling will be
introduced.

Lecture notes Updated handouts will be provided during the class.
Literature Current literature references on immunophenotyping, analysis of proliferation, cell cycle, apoptosis and cell signalling will be discussed

during the lectures.

 Elective Master Courses
Number Title Type ECTS Hours Lecturers

551-0512-00L Current Topics in Molecular and Cellular
Neurobiology
Does not take place this semester.
Number of participants limited to 8

W  2 credits 1S U. Suter

Abstract The course is a literature seminar or "journal club". Each Friday a student, or a member of the Suter Lab in the Institute of Molecular Health
Sciences, will present a paper from the recent literature.

Objective The course introduces you to recent developments in the fields of cellular and molecular neurobiology. It also supports you to develop your
skills in critically reading the scientific literature. You should be able to grasp what the authors wanted to learn e.g. their goals, why the
authors chose the experimental approach they used, the strengths and weaknesses of the experiments and the data presented, and how
the work fits into the wider literature in the field. You will present one paper yourself, which provides you with practice in public speaking.

Content You will present one paper yourself. Give an introduction to the field of the paper, then show and comment on the main results (all the
papers we present are available online, so you can show original figures with a beamer). Finish with a summary of the main points and a
discussion of their significance.
You are expected to take part in the discussion and to ask questions. To prepare for this you should read all the papers beforehand (they
will be announced a week in advance of the presentation).

Lecture notes Presentations will be made available after the seminars.
Literature We cover a range of themes related to development and neurobiology. Before starting your preparations, you are required to check with

Laura Montani (laura.montani@biol.ethz.ch), who helps you with finding an appropriate paper.
Prerequisites /
notice

You must attend at least 80% of the journal clubs, and give a presentation of your own. At the end of the semester there will be a 30 minute
oral exam on the material presented during the semester. The grade will be based on the exam (45%), your presentation (45%), and a
contribution based on your active participation in discussion of other presentations (10%).

551-0224-00L Advanced Proteomics
For master students from the 2nd semester on, also
doctoral candidates and post docs.

W  4 credits 6G P. Picotti, L. Gillet, A. Leitner,
P. Pedrioli

Abstract Goal of the course is to analyze current and newly emerging technologies and approaches in protein and proteome analysis with regard to
their application in biology, biotechnology and medicine.
Format: Introduction by instructor followed by discussions stimulated by reading assignments and exercises.

Objective To discuss current and newly emerging technologies and approaches in protein and proteome analysis with regard to their applications in
biology, biotechnology, medicine and systems biology.

Content Block course teaching current methods for the acquisition and processing of proteomic datasets.
Prerequisites /
notice

Number of people: Not exceeding 30.
Students from ETHZ, Uni Zurich and University of Basel
Non-ETH students must register at ETH Zurich as special students http://www.rektorat.ethz.ch/students/admission/auditors/index_EN

551-1423-00L Current Topics in Metabolism and Disease
Number of participants limited to 8.

W 2 credits 1S M. Stoffel, E. Araldi, I. Guccini

Abstract The course is a literature seminar or "journal club". Each Friday a student, or a member of the Stoffel Lab in the Institute of Molecular
Health Sciences, will present a comprehensive presentation of a recent paper published in a top ranking international peer reviewed journal
that relates to metabolism and disease.

Objective The course introduces the students to recent developments in the fields of metabolism and disease. It also supports the development of
analytical skills, including critical reading of scientific literature, being able to present and critically discuss scientific experiments, point out
technical limitations, and placing recent discoveries in the broader context of biology, physiology and medicine. The student should be able
to grasp what the authors wanted to learn i.e. their hypothesis and their goals, why the authors chose the experimental approach and
methods used, the strengths and weaknesses of the experiments, the quality of the data presented, the conclusions drawn, and how the
work fits into the wider literature in the field. Furthermore, the student should discuss alternative approaches and future experiments. Each
student will present one paper during the course, which provides him/her with practice in public speaking.

Content Each student will present at least once during the semester. The presentation includes an introduction to the field of the paper, a critical
description of the main results, a summary of the main points and a discussion of their significance.
Every participant is expected to take part in the discussion and to ask questions. At each meeting, all students are expected to read and
prepare the paper beforehand. Each paper presented will be announced one week in advance of the presentation.

Lecture notes Presentations will be made available after the seminars.
Literature Students will be guided to choose their papers base on recent literature published less than 1 year prior in a relevant journal. 

 Elective Concept Courses
Number Title Type ECTS Hours Lecturers

752-4006-00L Food Microbiology II W  3 credits 2V M. Loessner, J. Klumpp
Abstract The lecture deals with basic (sometimes advanced) methods for detection and differentiation of (not only food-borne) microorganisms;

production of foods by microbial fermentation; different approaches for the preservation of foods; and a short overview on food legals
aspects and hygiene measures.
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Objective The second part of this 1 year-lecture deals with basic (sometimes advanced) methods for detection and differentiation of (not only
foodborne) microorgansims; production of foods by microbial fermentations; different approaches for the preservation of foods; and a short
overview on legal aspects and hygiene control measures.

Content Detection and Differentiation of Microorganisms
Culture Methods, Microscopy, Enrichment and Separation, Detection of intracellular Metabolites and Enzymes, Immunological Methods,
Gene Probes and Microarrays, Nucleic Acid Amplification, Expression of Reportergenes, Typing Methods

Production of Foods with Microorganisms
Fermented Plant Products, Bread and Sour Dough, Fermented (alcoholic) Beverages, Fermented Milk Products, Fermented Meats,
Traditional Fermented Foods,  Coffee, Tea, Cacao, Tobacco, Fermentation Problems (Viruses, Antibiotics, Disinfectants)

Food Preservation I: Physical Methods
Low Water Activity, Low Temperature, Heat Treatment, High Pressure Treatment, Radiation

Food Preservation II: Chemical Methods
Natural Antimicrobial Substances, Smoking, Preservatives, Low pH, Modified Atmosphere Packaging

Food Preservation III: Biological Methods
Addition of Enzymes, Protective Cultures, Starter- and Ripening Cultures

Quality Assurance and Control
Legal Aspects and Regulations, Factory- and Personal Hygiene, Cleaning & Disinfection, GMP & HACCP

Lecture notes Electronic PDF copies of the presentation slides will be made available to all students.
Literature Suggestions in the first lecture
Prerequisites /
notice

The lecture "Food Microbiology I" (or an equivalent course) is a prerequisite

529-0732-00L Proteins and Lipids
Note for BSc Biology students: Only one of the two
concept courses 529-0731-00 Nucleic Acids and
Carbohydrates (autumn semester) or 529-0732-00
Proteins and Lipids (spring semester) can be counted for
the Bachelor's degree.

W  6 credits 3G D. Hilvert

Abstract An overview of the relationship between protein sequence, conformation and function.
Objective Overview of the relationship between protein sequence, conformation and function.
Content Proteins, structures and properties, (bio)synthesis of polypeptides, protein folding and design, protein engineering, chemical modification of

proteins, proteomics.
Literature General Literature:

- T.E. Creighton:  Proteins: Structures and Molecular Properties, 2nd Edition, H.W. Freeman and Company, New York, 1993.
- C. Branden, J. Tooze , Introduction to Protein Structure, Garland Publishing, New York, 1991.
- J. M. Berg, J. L. Tymoczko, L. Stryer:  Biochemistry, 5th edition, H.W. Freeman and Company, New York, 2002.
- G.A. Petsko, D. Ringe: Protein Structure and Function, New Science Press Ltd., London, 2004.

Original Literature:
Citations from the original literature relevant to the individual lectures will be assigned weekly.

551-0326-00L Cell Biology W  6 credits 4V S. Werner, M. Bordoli, W. Kovacs,
M. Schäfer, U. Suter, A. Wutz

Abstract This Course introduces principle concepts, techniques, and experimental strategies used in modern Cell Biology. Major topics include:
neuron-glia interactions in health and disease; mitochondrial dynamics; stem cell biology; growth factor action in development, tissue repair
and disease; cell metabolism, in particular sensing and signaling mechanisms, cell organelles, and lipid metabolism.

Objective -To prepare the students for successful and efficient lab work by learning how to ask the right questions and to use the appropriate
techniques in a research project.
-To convey knowledge about neuron-glia interactions in health and disease.
- To provide information on different types of stem cells and their function in health and disease
-To provide information on growth factor signaling in development, repair and disease and on the use of growth factors or their receptors as
drug targets for major human diseases
-To convey knowledge on the mechanisms underlying repair of injured tissues
-To provide the students with an overview of mitochondrial dynamics.
-Providing an understanding of RNA processing reactions and their regulations.
-To provide a comprehensive understanding of metabolic sensing mechanisms occurring in different cell types and organelles in response
to glucose, hormones, oxygen, nutrients as well as lipids, and to discuss downstream signaling pathways and cellular responses.
-To provide models explaining how disturbances in complex metabolic control networks and bioenergetics can lead to disease and to
highlight latest experimental approaches to uncover the intricacies of metabolic control at the cellular and organismal level.
-Providing the background and context that foster cross-disciplinary scientific thinking.

551-0324-00L Systems Biology W  6 credits 4V P. Picotti, M. Claassen, U. Sauer,
B. Snijder, B. Wollscheid

Abstract Introduction to experimental and computational methods of systems biology. By using bakers yeast as a thread through the series, we
focus on global methods for analysis of and interference with biological functions. Illustrative applications to other organisms will highlight
medical and biotechnological aspects.

Objective - obtain an overview of global analytical methods
- obtain an overview of computational methods in systems biology
- understand the concepts of systems biology

Content Overview of global analytical methods (e.g. DNA arrays, proteomics, metabolomics, fluxes etc), global interference methods (siRNA,
mutant libraries, synthetic lethality etc.) and imaging methods. Introduction to mass spectrometry and proteomics. Concepts of metabolism
in microbes and higher cells. Systems biology of developmental processes. Concepts of mathematical modeling and applications of
computational systems biology.

Lecture notes no script
Literature The course is not taught by a particular book, but some books are suggested for further reading:

 
- Systems biology in Practice by Klipp, Herwig, Kowald, Wierling und Lehrach. Wiley-VCH 2005

551-0320-00L Cellular Biochemistry (Part II) W  3 credits 2V Y. Barral, R. Kroschewski,
A. E. Smith
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Abstract This course will focus on molecular mechanisms and concepts underlying cellular biochemistry, providing advanced insights into the
structural and functional details of individual cell components, and the complex regulation of their interactions. Particular emphasis will be
on the spatial and temporal integration of different molecules and signaling pathways into global cellular processes.

Objective The full-year course (551-0319-00 & 551-0320-00) focuses on the molecular mechanisms and concepts underlying the biochemistry of
cellular physiology, investigating how these processes are integrated to carry out highly coordinated cellular functions. The molecular
characterization of complex cellular functions requires a combination of approaches such as biochemistry, but also cell biology and
genetics. This course is therefore the occasion to discuss these techniques and their integration in modern cellular biochemistry. 
The students will be able to describe the structural and functional details of individual cell components, and the spatial and temporal
regulation of their interactions. In particular, they will learn to explain how different molecules and signaling pathways can be integrated
during complex and highly dynamic cellular processes such as intracellular transport, cytoskeletal rearrangements, cell motility, and cell
division. In addition, they will be able to illustrate the relevance of particular signaling pathways for cellular pathologies such as cancer or
during cellular infection.

Content Spatial and temporal integration of different molecules and signaling pathways into global cellular processes, such as cell division, cell
infection and cell motility. Emphasis is also put on the understanding of pathologies associated with defective cell physiology, such as
cancer or during cellular infection.

Literature Recommended supplementary literature (review articles and selected primary literature) will be provided during the course.
Prerequisites /
notice

To attend this course the students must have a solid basic knowledge in chemistry, biochemistry, cell biology and general biology. Biology
students have in general already attended the first part of the "Cellular Biochemistry" concept course (551-0319-00). The course will be
taught in English.
In addition, the course will be based on a blended-learning scenario, where frontal lectures will be complemented with carefully chosen
web-based teaching elements that students access through the ETH Moodle platform.

551-0307-01L Molecular and Structural Biology II: Molecular
Machines and Cellular Assemblies
D-BIOL  students are obliged to take part I and part II as a
two-semester course.

W 3 credits 2V N. Ban, F. Allain, S. Jonas,
M. Pilhofer

Abstract This course on advanced topics in Molecular Biology and Biochemistry will cover the structure and function of cellular assemblies. General
topics in basic biochemistry will be further developed with examples of the function of large cellular machines involved in DNA packaging,
translation, virus architecture, RNA processing, cell-cell interactions, and the molecular basis of CRISPER systems.

Objective Students will gain a deep understanding of large cellular assemblies and the structure-function relationships governing their function in
fundamental cellular processes. The lectures throughout the course will be complemented by exercises and discussions of original
research examples to provide students with a deeper understanding of the subjects and to encourage active student participation.

Content Advanced class covering the state of the research in structural molecular biology of basic cellular processes with emphasis on the function
of large cellular assemblies.

Lecture notes Updated handouts will be provided during the class.
Literature The lecture will be based on the latest literature. Additional suggested

literature:
Branden, C., and J. Tooze, Introduction to Protein Structure, 2nd ed. 
(1995). Garland, New York.

 Elective Major: Cell Biology
 Compulsory Concept Courses

Number Title Type ECTS Hours Lecturers

551-0326-00L Cell Biology O  6 credits 4V S. Werner, M. Bordoli, W. Kovacs,
M. Schäfer, U. Suter, A. Wutz

Abstract This Course introduces principle concepts, techniques, and experimental strategies used in modern Cell Biology. Major topics include:
neuron-glia interactions in health and disease; mitochondrial dynamics; stem cell biology; growth factor action in development, tissue repair
and disease; cell metabolism, in particular sensing and signaling mechanisms, cell organelles, and lipid metabolism.

Objective -To prepare the students for successful and efficient lab work by learning how to ask the right questions and to use the appropriate
techniques in a research project.
-To convey knowledge about neuron-glia interactions in health and disease.
- To provide information on different types of stem cells and their function in health and disease
-To provide information on growth factor signaling in development, repair and disease and on the use of growth factors or their receptors as
drug targets for major human diseases
-To convey knowledge on the mechanisms underlying repair of injured tissues
-To provide the students with an overview of mitochondrial dynamics.
-Providing an understanding of RNA processing reactions and their regulations.
-To provide a comprehensive understanding of metabolic sensing mechanisms occurring in different cell types and organelles in response
to glucose, hormones, oxygen, nutrients as well as lipids, and to discuss downstream signaling pathways and cellular responses.
-To provide models explaining how disturbances in complex metabolic control networks and bioenergetics can lead to disease and to
highlight latest experimental approaches to uncover the intricacies of metabolic control at the cellular and organismal level.
-Providing the background and context that foster cross-disciplinary scientific thinking.

 Elective Compulsory Concept Courses
See D-BIOL Master Studies Guide

Number Title Type ECTS Hours Lecturers

551-0324-00L Systems Biology W  6 credits 4V P. Picotti, M. Claassen, U. Sauer,
B. Snijder, B. Wollscheid

Abstract Introduction to experimental and computational methods of systems biology. By using bakers yeast as a thread through the series, we
focus on global methods for analysis of and interference with biological functions. Illustrative applications to other organisms will highlight
medical and biotechnological aspects.

Objective - obtain an overview of global analytical methods
- obtain an overview of computational methods in systems biology
- understand the concepts of systems biology

Content Overview of global analytical methods (e.g. DNA arrays, proteomics, metabolomics, fluxes etc), global interference methods (siRNA,
mutant libraries, synthetic lethality etc.) and imaging methods. Introduction to mass spectrometry and proteomics. Concepts of metabolism
in microbes and higher cells. Systems biology of developmental processes. Concepts of mathematical modeling and applications of
computational systems biology.

Lecture notes no script
Literature The course is not taught by a particular book, but some books are suggested for further reading:

 
- Systems biology in Practice by Klipp, Herwig, Kowald, Wierling und Lehrach. Wiley-VCH 2005
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551-0320-00L Cellular Biochemistry (Part II) W  3 credits 2V Y. Barral, R. Kroschewski,
A. E. Smith

Abstract This course will focus on molecular mechanisms and concepts underlying cellular biochemistry, providing advanced insights into the
structural and functional details of individual cell components, and the complex regulation of their interactions. Particular emphasis will be
on the spatial and temporal integration of different molecules and signaling pathways into global cellular processes.

Objective The full-year course (551-0319-00 & 551-0320-00) focuses on the molecular mechanisms and concepts underlying the biochemistry of
cellular physiology, investigating how these processes are integrated to carry out highly coordinated cellular functions. The molecular
characterization of complex cellular functions requires a combination of approaches such as biochemistry, but also cell biology and
genetics. This course is therefore the occasion to discuss these techniques and their integration in modern cellular biochemistry. 
The students will be able to describe the structural and functional details of individual cell components, and the spatial and temporal
regulation of their interactions. In particular, they will learn to explain how different molecules and signaling pathways can be integrated
during complex and highly dynamic cellular processes such as intracellular transport, cytoskeletal rearrangements, cell motility, and cell
division. In addition, they will be able to illustrate the relevance of particular signaling pathways for cellular pathologies such as cancer or
during cellular infection.

Content Spatial and temporal integration of different molecules and signaling pathways into global cellular processes, such as cell division, cell
infection and cell motility. Emphasis is also put on the understanding of pathologies associated with defective cell physiology, such as
cancer or during cellular infection.

Literature Recommended supplementary literature (review articles and selected primary literature) will be provided during the course.
Prerequisites /
notice

To attend this course the students must have a solid basic knowledge in chemistry, biochemistry, cell biology and general biology. Biology
students have in general already attended the first part of the "Cellular Biochemistry" concept course (551-0319-00). The course will be
taught in English.
In addition, the course will be based on a blended-learning scenario, where frontal lectures will be complemented with carefully chosen
web-based teaching elements that students access through the ETH Moodle platform.

551-0318-00L Immunology II W  3 credits 2V A. Oxenius, M. Kopf,
S. R. Leibundgut, E. Wetter Slack,
further lecturers

Abstract Introduction into the cellular and molecular basis of the immune system and immune responses against diverse pathogens, tumors,
transplants, and self (autoimmunity)

Objective The lectures will provide a detailed understanding:
- how innate and adaptive immune responses interact at the cellular and molecular level.
- how the immune system recognizes and fights against pathogenic microorganisms including viruses, bacteria, and parasites.
- why lymphocytes tolerate self molecules.
- about function and dysfunction the intestinal immune system.
- immunopathology and inflammatory diseases.

Content The aim of lecture is to understand:
> How pathogens are recognized by the innate immune system
> Immune defense against various pathogens
> Immunology of the skin, lung and intestines
> Tumor immunology
> Migration and homing of immune cells
> tolerance and autoimmunity
> T cell memory

Lecture notes Presentations of the lecturers are available at the Moodle link
Literature Recommended: Kuby Immunology (Freeman)

376-0209-00L Molecular Disease Mechanisms W 6 credits 4V C. Wolfrum, H. Gahlon, M. Kopf
Abstract In this course the mechanisms of disease development will be studied. Main topics will be: 

1.    Influence of environmental factors with an emphasis on inflammation and the immune response.
2.    Mechanisms underlying disease progression in metabolic disorders, integrating genetic and environmental factors.
3.    Mechanisms underlying disease progression in cancer, integrating genetic and environment

Objective To understand the mechanisms governing disease development with a special emphasis on genetic and environmental associated
components

Lecture notes All information can be found at:

https://moodle-app2.let.ethz.ch/course/view.php?id=12627

The enrollment key will be provided by email

 Elective Compulsory Master Courses
Number Title Type ECTS Hours Lecturers

551-1100-00L Infectious Agents: From Molecular Biology to Disease
Number of participants limited to 22.

Requires application until 2 weeks before the start of the
semester; selected applicants will be notified one week
before the first week of lectures. 
(if you missed the deadline, please come to the first date
to see, if there are any slots left)

W  4 credits 2S W.-D. Hardt, L. Eberl, U. F. Greber,
A. B. Hehl, M. Kopf,
S. R. Leibundgut, C. Münz,
A. Oxenius, P. Sander

Abstract Literature seminar for students at the masters level and PhD students. Introduction to the current research topics in infectious diseases;
Introduction to key pathogens which are studied as model organisms in this field; Overview over key research groups in the field of
infectious diseases in Zürich.

Objective Working with the current research literature. Getting to know the key pathogens serving as model organisms and the research technologies
currently used in infection biology.

Content for each model pathogen (or key technology):
1. introduction to the pathogen
2. Discussion of one current research paper.
The paper will be provided by the respective supervisor. He/she will give advice (if required) and guide the respective literature discussion.

Lecture notes Teachers will provide the research papers to be discussed.
Students will prepare handouts for the rest of the group for their assigned seminar.

Literature Teachers will provide the research papers to be discussed.
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Prerequisites /
notice

Restricted to max 22 students. Please sign up until two weeks before the beginning of the semester via e-mail to
micro_secr@micro.biol.ethz.ch and include the following information: 551-1100-00L; your name, your e-mail address, university/eth,
students (specialization, semester), PhD students (research group, member of a PhD program? which program?). The 22  students
admitted to this seminar will be selected and informed by e-mail in the week befor the beginning of the semester  by W.-D. Hardt.
The first seminar date will serve to form groups of students and assign a paper to each group.

551-0512-00L Current Topics in Molecular and Cellular
Neurobiology
Does not take place this semester.
Number of participants limited to 8

W  2 credits 1S U. Suter

Abstract The course is a literature seminar or "journal club". Each Friday a student, or a member of the Suter Lab in the Institute of Molecular Health
Sciences, will present a paper from the recent literature.

Objective The course introduces you to recent developments in the fields of cellular and molecular neurobiology. It also supports you to develop your
skills in critically reading the scientific literature. You should be able to grasp what the authors wanted to learn e.g. their goals, why the
authors chose the experimental approach they used, the strengths and weaknesses of the experiments and the data presented, and how
the work fits into the wider literature in the field. You will present one paper yourself, which provides you with practice in public speaking.

Content You will present one paper yourself. Give an introduction to the field of the paper, then show and comment on the main results (all the
papers we present are available online, so you can show original figures with a beamer). Finish with a summary of the main points and a
discussion of their significance.
You are expected to take part in the discussion and to ask questions. To prepare for this you should read all the papers beforehand (they
will be announced a week in advance of the presentation).

Lecture notes Presentations will be made available after the seminars.
Literature We cover a range of themes related to development and neurobiology. Before starting your preparations, you are required to check with

Laura Montani (laura.montani@biol.ethz.ch), who helps you with finding an appropriate paper.
Prerequisites /
notice

You must attend at least 80% of the journal clubs, and give a presentation of your own. At the end of the semester there will be a 30 minute
oral exam on the material presented during the semester. The grade will be based on the exam (45%), your presentation (45%), and a
contribution based on your active participation in discussion of other presentations (10%).

551-1118-00L Cutting Edge Topics: Immunology and Infection
Biology II

W  2 credits 1S A. Oxenius, B. Becher,
C. Halin Winter, N. C. Joller,
M. Kopf, S. R. Leibundgut, C. Münz,
F. Sallusto, R. Spörri,
M. van den Broek, University
lecturers

Abstract Weekly seminar about cutting edge topics in immunology and infection biology. Internationally renowned experts present their current
research followed by an open discussion.

Objective Weekly seminar about cutting edge topics in immunology and infection biology. Internationally renowned experts present their current
research followed by an open discussion.
The aim of this course is to confront students with current research topics and with scientific presentation. The course offers the opportunity
to gain in depth knowledge about diverse topics which are often only briefly touched in the concept courses and to engage in discussion
with experts in the field.

Content Immunology and infection biology.
The specific topics are variable and depend each semester on the list of invited experts.

551-1310-00L A Problem-Based Approach to Cellular Biochemistry
Number of participants limited to 15.

W  6 credits 2G M. Peter, V. Korkhov, A. Kralt,
V. Panse, T. Peskett, A. E. Smith,
F. van Drogen

Abstract Independent, guided acquisition of an overview over a defined area of research, identification of important open questions, development of
an experimental strategy to address a defined question, and formulation of this strategy within the framework of a research grant.

Objective The students will learn to acquire independently an overview over a defined area of research, and to identify important open questions. In
addition, they will learn to develop an experimental strategy to address a defined question, and to formulate this strategy within the
framework of a research grant.

Content The students will work in groups of two to three, in close contact with a tutor (ETH Prof or senior scientist). A research overview with open
questions and a  research grant will be developed independently by the students, with guidance from the tutor through regular mandatory
meetings. The students will write both the research overview with open questions and the grant in short reports, and present them to their
colleagues.

Literature The identification of appropriate literature is a component of the course.
Prerequisites /
notice

This course will be taught in english, and requires extensive independent work.

551-0140-00L Epigenetics W  4 credits 2V A. Wutz, U. Grossniklaus, R. Paro,
R. Santoro

Abstract Epigenetics studies the inheritance of traits that cannot be attributed to changes in the DNA sequence. The lecture will present an overview
of different epigenetic phenomena and provide detailed insight into the underlying molecular mechanisms. The role of epigenetic processes
in the development of cancer and other disorders will be discussed.

Objective The aim of the course is to gain an understanding of epigenetic mechanisms and their impact on the development of organisms,
regenerative processes or manifestation of disease.

Content Topics
- historical overview, concepts and comparison Genetics vs. Epigenetics
- Biology of chromatin: structure and function, organization in the nucleus and the role of histone modifications in processes like
transcription and replication
- DNA methylation as an epigenetic modification
- Inheritance of epigenetic modifications during cell division: cellular memory
- Stability and reversibility of epigenetic modifications: cellular plasticity and stem cells
- Genomic imprinting in plants and mammals
- X chromosome inactivation and dosis compensation
- position effects, paramutations and transvection
- RNA-induced gene silencing
- The role of epigenetic processes in cancer development or cell aging

551-0224-00L Advanced Proteomics
For master students from the 2nd semester on, also
doctoral candidates and post docs.

W  4 credits 6G P. Picotti, L. Gillet, A. Leitner,
P. Pedrioli

Abstract Goal of the course is to analyze current and newly emerging technologies and approaches in protein and proteome analysis with regard to
their application in biology, biotechnology and medicine.
Format: Introduction by instructor followed by discussions stimulated by reading assignments and exercises.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 242 of 1785

Objective To discuss current and newly emerging technologies and approaches in protein and proteome analysis with regard to their applications in
biology, biotechnology, medicine and systems biology.

Content Block course teaching current methods for the acquisition and processing of proteomic datasets.
Prerequisites /
notice

Number of people: Not exceeding 30.
Students from ETHZ, Uni Zurich and University of Basel
Non-ETH students must register at ETH Zurich as special students http://www.rektorat.ethz.ch/students/admission/auditors/index_EN

551-1126-00L Technologies in Molecular Microbiology W  4 credits 2V H.-M. Fischer, further lecturers
Abstract The lecture course provides an advanced understanding of modern techniques used in molecular microbiology. Current technologies and

research directions in molecular microbiology including applied aspects will be illustrated with paper discussions. The format is a lecture
course enriched by group activities.

Objective The lecture course aims at providing principles of modern techniques used in molecular microbiology. Emphasis is on genetic, biochemical,
cellular, and community analysis . Discussion of a set of commonly applied technologies will assist students in evaluating current research
in molecular microbiology and choosing appropriate methods for their own demands.

Content Important genetic, biochemical, biophysical, and community analysis methods will be presented that are used to gain a deeper
understanding of the molecular principles and mechanisms underlying basic physiological processes in prokaryotes. Applied aspects of
molecular microbiology and current research in this area will also be covered.

List of topics:
- Analysis of genes, genomes and transcriptomes
- Analysis of proteins, proteomes and microbial systems

Lecture notes Updated handouts will be provided during the class.
Literature Current literature references, relevant papers and handouts will be provided during the lectures.
Prerequisites /
notice

The following lecturers will contribute to the course:
Dr. Alex Brachmann (ETH)
Prof. Hans-Martin Fischer (ETH)
Dr. Florian Freimoser (Agroscope)
Dr. Jonas Grossmann (FGCZ)
Annika Hausmann (ETH)
Dr. Bidong Nguyen (ETH)
Dr. Bernd Roschitzki (FGCZ)
Dr. Roman Spörri (ETH)

551-0338-00L Current Approaches in Single Cell Analysis
(University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: BIO256

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W 2 credits 1V University lecturers

Abstract In this lecture, we will discuss the most important single cell
approaches, the questions they can address and current developments. We will cover single cell: genomics, transcriptomics, proteomics
(CyTOF mass cytometry), metabolomics and highly multiplexed imaging. Finally, we will also discuss the latest approaches for the analysis
of such generated highly multiplexed single cell data.

Objective On completion of this module the students should be able to:
- explain the basic principles of single cell analysis techniques
- identify and justify the limitations of the current single cell
technologies and suggest reasonable improvements
- know the basic challenges in data analysis imposed by the complex
multi parameter data.
Key skills:
On completion of this module the students should be able to:
- summarize and discuss the impact these technologies have on biology
and medicine
- design biological and biomedical experiments for which single cell
analysis is essential

Content Currently single cell analysis approaches revolutionize the way we study and understand biological systems. In all biological and
biomedical settings, cell populations and tissues are highly heterogeneous; this heterogeneity plays a critical role in basic biological
processes such as cell cycle, development and organismic function, but is also a major player in disease, e.g. for cancer development,
diagnosis and treatment.
Currently, single cell analysis techniques are rapidly developing and
find broad application, as the single cell measurements not only enable
to study cell specific functions, but often reveal unexpected biological
mechanisms in so far (assumed) well understood biological processes.
In this lecture, we will discuss the most important single cell approaches, the questions they can address and current developments. We
will cover single cell genomics, single cell transcriptomics, single cell proteomics (CyTOF mass cytometry), single cell metabolomics and
highly multiplexed single cell imaging. Finally, we will also discuss the latest approaches for the analysis of such generated highly
multiplexed single cell data.

551-1404-00L RNA and Proteins: Post-Transcriptional Regulation of
Gene Expression (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: BCH252

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  3 credits 2V University lecturers

Abstract The course introduces the cellular processes and molecular mechanisms involved in regulating genome expression at the post-
transcriptional level. 
Topics will include : 
-RNA processing, and transport; 
-protein synthesis and translational control, trafficking and degradation; 
-RNA-guided regulation (RNA interference, microRNAs); 
-molecular surveillance and quality control mechanisms
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Objective -Outline the cellular processes
used by eukaryotic and prokaryotic cells
to control gene expression at the post-
transcriptional level.
-Describe the molecular mechanisms
underlying post-transcriptional gene
regulation
-Identify experimental approaches
used to study post-transcriptional gene
regulation and describe their strengths
and weaknesses.

551-1412-00L Molecular and Structural Biology IV: Visualizing
Macromolecules by X-Ray Crystallography and EM

W 4 credits 2V N. Ban, D. Böhringer, T. Ishikawa,
M. A. Leibundgut, K. Locher,
M. Pilhofer, K. Wüthrich, further
lecturers

Abstract This course provides an in-depth discussion of two main methods to determine the 3D structures of macromolecules and complexes at
high resolution: X-ray crystallography and cryo-electron microscopy. Both techniques result in electron density maps that are interpreted by
atomic models.

Objective Students will obtain the theoretical background to understand structure determination techniques employed in X-ray crystallography and
electron microscopy, including diffraction theory, crystal growth and analysis, reciprocal space calculations, interpretation of electron
density, structure building and refinement as well as validation. The course will also provide an introduction into the use of cryo-electron
tomography to visualize complex cellular substructures at sub-nanometer resolutions, effectively bridging the resolution gap between
optical microscopy and single particle cryo-electron microscopy. Lectures will be complemented with practical sessions where students will
have a chance to gain hands on experience with sample preparation, data processing and structure building and refinement.

Content - History of Structural Molecular Biology

- X-ray diffraction from macromolecular crystals

- Data collection and statistics, phasing methods

-  Crystal symmetry and space groups

- X-ray data processing

- Principle of cryo-EM for biological macromolecules I, including hardware of TEM and detectors, image formation principle (phase contrast,
spherical aberration, CTF), 3D reconstruction (central-section theorem, backprojection, missing information)

- Single particle analysis, including principle (projection matching, random conical tilt, angular reconstitution)

- Tomography I, including basics and subtomogram averaging

- Tomography - recent techniques, including cryo-FIB
- EM specimen preparation (cryo, negative stain), initial EM data processing

- EM and X-ray structure building, refinement, validation and interpretation

- Model building and refinement

551-1414-00L Molecular and Structural Biology V: Studying
Macromolecules by NMR and EPR

W 4 credits 2V F. Allain, A. D. Gossert, G. Jeschke,
K. Wüthrich

Abstract The course provides an overview of experimental methods for studying function and structure of macromolecules at atomic resolution in
solution. The two main methods used are Nuclear Magnetic Resonance (NMR) spectroscopy and Electron Paramagnetic Resonance
(EPR) spectroscopy.

Objective Insight into the methodology, areas of application and limitations of these two methods for studying biological macromolecules. Practical
exercises with spectra to have hands on understanding of the methodology.

Content Part I: Historical overview of structural biology.
Part II: Basic concepts of NMR and initial examples of applications.
2D NMR and isotope labeling for studying protein function and molecular interactions at atomic level.
Studies of dynamic processes of proteins in solution.
Approaches to study large particles.
Methods for determination of protein structures in solution.
Part III: NMR methods for structurally characterizing RNA and protein-RNA complexes.
Part IV: EPR of biomolecules

Literature 1) Wüthrich, K. NMR of Proteins and Nucleic Acids, Wiley-Interscience.
2) Dominguez et al, Prog Nucl Magn Reson Spectrosc. 2011 Feb;58(1-2):1-61. 
3) Duss O et al, Methods Enzymol. 2015;558:279-331.

551-1700-00L Introduction to Flow Cytometry
Number of participants limited to 24.

W 2 credits 1V J. Kisielow, L. Tortola, further
lecturers

Abstract The lecture provides an introduction to flow cytometry. We will cover the technology basics, experimental design, data acquisition and
analysis of flow and mass cytometry. In addition, various research applications will be discussed. The format is a lecture course enriched
by a visit to the ETH Flow Cytometry Core Facility and practical demonstration of the use of analysis and sorting instruments.

Objective The goal of this course is to provide the basic knowledge of flow and mass cytometry required for planning and execution of cytometric
experiments.
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Content The lecture course aims at teaching principles of flow cytometry. The emphasis is on theoretical principles (signal detection, fluorochromes,
signal spill-over and compensation) as well as practical aspects of experimental design and performance (sample preparation, controls,
data acquisition and analysis).
List of topics:
- Principles of Flow Cytometry
- Signal processing
- Compensation and Controls
- Data analysis, gating and presentation
- Panel design
- Sorting
- Mass cytometry
- High-dimensional data analysis
- Practical demonstration (hardware and software)
Modern flow cytometric techniques for immunophenotyping, analysis of proliferation, cell cycle, apoptosis and cell signalling will be
introduced.

Lecture notes Updated handouts will be provided during the class.
Literature Current literature references on immunophenotyping, analysis of proliferation, cell cycle, apoptosis and cell signalling will be discussed

during the lectures.

376-1306-00L Clinical Neuroscience

More information
at:https://studentservices.uzh.ch/uzh/anonym/vvz/index.ht
ml#/details/2019/004/P/01106803


W 3 credits 3V G. Schratt, University lecturers

Abstract The lecture series "Clinical Neuroscience" presents  a comprehensive, condensed overview of the most important neurological diseases,
their clinical presentation, diagnosis, therapy options and possible causes. Patient demonstrations (Übungen) follow every lecture that is
dedicated to a particular disease.

Objective By the end of this module students should be able to: 
- demonstrate their understanding and deep knowledge concerning the main neurological diseases 
- identify and explain the different clinical presentation of these diseases, the methodology of diagnosis and the current therapies available 
- summarize and critically review scientific literature efficiently and effectively

701-1708-00L Infectious Disease Dynamics W 4 credits 2V S. Bonhoeffer, R. D. Kouyos,
R. R. Regös, T. Stadler

Abstract This course introduces into current research on the population biology of infectious diseases. The course discusses the most important
mathematical tools and their application to relevant diseases of human, natural or managed populations.

Objective Attendees will learn about:
* the impact of important infectious pathogens and their evolution on human, natural and managed populations
* the population biological impact of interventions such as treatment or vaccination
* the impact of population structure on disease transmission

Attendees will learn how:
* the emergence spread of infectious diseases is described mathematically
* the impact of interventions can be predicted and optimized with mathematical models
* population biological models are parameterized from empirical data
* genetic information can be used to infer the population biology of the infectious disease

The course will focus on how the formal methods ("how") can be used to derive biological insights about the host-pathogen system
("about").

Content After an introduction into the history of infectious diseases and epidemiology the course will discuss basic epidemiological models and the
mathematical methods of their analysis. We will then discuss the population dynamical effects of intervention strategies such as vaccination
and treatment. In the second part of the course we will introduce into more advanced topics such as the effect of spatial population
structure, explicit contact structure, host heterogeneity, and stochasticity. In the final part of the course we will introduce basic concepts of
phylogenetic analysis in the context of infectious diseases.

Lecture notes Slides and script of the lecture will be available online.
Literature The course is not based on any of the textbooks below, but they are excellent choices as accompanying material:

* Keeling & Rohani, Modeling Infectious Diseases in Humans and Animals, Princeton Univ Press 2008
* Anderson & May, Infectious Diseases in Humans, Oxford Univ Press 1990
* Murray, Mathematical Biology, Springer 2002/3
* Nowak & May, Virus Dynamics, Oxford Univ Press 2000
* Holmes, The Evolution and Emergence of RNA Viruses, Oxford Univ Press 2009

Prerequisites /
notice

Basic knowledge of population dynamics and population genetics as well as linear algebra and analysis will be an advantage.

551-1423-00L Current Topics in Metabolism and Disease
Number of participants limited to 8.

W 2 credits 1S M. Stoffel, E. Araldi, I. Guccini

Abstract The course is a literature seminar or "journal club". Each Friday a student, or a member of the Stoffel Lab in the Institute of Molecular
Health Sciences, will present a comprehensive presentation of a recent paper published in a top ranking international peer reviewed journal
that relates to metabolism and disease.

Objective The course introduces the students to recent developments in the fields of metabolism and disease. It also supports the development of
analytical skills, including critical reading of scientific literature, being able to present and critically discuss scientific experiments, point out
technical limitations, and placing recent discoveries in the broader context of biology, physiology and medicine. The student should be able
to grasp what the authors wanted to learn i.e. their hypothesis and their goals, why the authors chose the experimental approach and
methods used, the strengths and weaknesses of the experiments, the quality of the data presented, the conclusions drawn, and how the
work fits into the wider literature in the field. Furthermore, the student should discuss alternative approaches and future experiments. Each
student will present one paper during the course, which provides him/her with practice in public speaking.

Content Each student will present at least once during the semester. The presentation includes an introduction to the field of the paper, a critical
description of the main results, a summary of the main points and a discussion of their significance.
Every participant is expected to take part in the discussion and to ask questions. At each meeting, all students are expected to read and
prepare the paper beforehand. Each paper presented will be announced one week in advance of the presentation.

Lecture notes Presentations will be made available after the seminars.
Literature Students will be guided to choose their papers base on recent literature published less than 1 year prior in a relevant journal. 

 Elective Major: Molecular Health Sciences
 Compulsory Concept Courses
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Number Title Type ECTS Hours Lecturers

376-0209-00L Molecular Disease Mechanisms O 6 credits 4V C. Wolfrum, H. Gahlon, M. Kopf
Abstract In this course the mechanisms of disease development will be studied. Main topics will be: 

1.    Influence of environmental factors with an emphasis on inflammation and the immune response.
2.    Mechanisms underlying disease progression in metabolic disorders, integrating genetic and environmental factors.
3.    Mechanisms underlying disease progression in cancer, integrating genetic and environment

Objective To understand the mechanisms governing disease development with a special emphasis on genetic and environmental associated
components

Lecture notes All information can be found at:

https://moodle-app2.let.ethz.ch/course/view.php?id=12627

The enrollment key will be provided by email

 Elective Compulsory Concept Courses
See D-BIOL Master Studies Guide

Number Title Type ECTS Hours Lecturers

551-0326-00L Cell Biology W 6 credits 4V S. Werner, M. Bordoli, W. Kovacs,
M. Schäfer, U. Suter, A. Wutz

Abstract This Course introduces principle concepts, techniques, and experimental strategies used in modern Cell Biology. Major topics include:
neuron-glia interactions in health and disease; mitochondrial dynamics; stem cell biology; growth factor action in development, tissue repair
and disease; cell metabolism, in particular sensing and signaling mechanisms, cell organelles, and lipid metabolism.

Objective -To prepare the students for successful and efficient lab work by learning how to ask the right questions and to use the appropriate
techniques in a research project.
-To convey knowledge about neuron-glia interactions in health and disease.
- To provide information on different types of stem cells and their function in health and disease
-To provide information on growth factor signaling in development, repair and disease and on the use of growth factors or their receptors as
drug targets for major human diseases
-To convey knowledge on the mechanisms underlying repair of injured tissues
-To provide the students with an overview of mitochondrial dynamics.
-Providing an understanding of RNA processing reactions and their regulations.
-To provide a comprehensive understanding of metabolic sensing mechanisms occurring in different cell types and organelles in response
to glucose, hormones, oxygen, nutrients as well as lipids, and to discuss downstream signaling pathways and cellular responses.
-To provide models explaining how disturbances in complex metabolic control networks and bioenergetics can lead to disease and to
highlight latest experimental approaches to uncover the intricacies of metabolic control at the cellular and organismal level.
-Providing the background and context that foster cross-disciplinary scientific thinking.

 Elective Compulsory Master Courses
Number Title Type ECTS Hours Lecturers

551-1310-00L A Problem-Based Approach to Cellular Biochemistry
Number of participants limited to 15.

W 6 credits 2G M. Peter, V. Korkhov, A. Kralt,
V. Panse, T. Peskett, A. E. Smith,
F. van Drogen

Abstract Independent, guided acquisition of an overview over a defined area of research, identification of important open questions, development of
an experimental strategy to address a defined question, and formulation of this strategy within the framework of a research grant.

Objective The students will learn to acquire independently an overview over a defined area of research, and to identify important open questions. In
addition, they will learn to develop an experimental strategy to address a defined question, and to formulate this strategy within the
framework of a research grant.

Content The students will work in groups of two to three, in close contact with a tutor (ETH Prof or senior scientist). A research overview with open
questions and a  research grant will be developed independently by the students, with guidance from the tutor through regular mandatory
meetings. The students will write both the research overview with open questions and the grant in short reports, and present them to their
colleagues.

Literature The identification of appropriate literature is a component of the course.
Prerequisites /
notice

This course will be taught in english, and requires extensive independent work.

551-0512-00L Current Topics in Molecular and Cellular
Neurobiology
Does not take place this semester.
Number of participants limited to 8

W 2 credits 1S U. Suter

Abstract The course is a literature seminar or "journal club". Each Friday a student, or a member of the Suter Lab in the Institute of Molecular Health
Sciences, will present a paper from the recent literature.

Objective The course introduces you to recent developments in the fields of cellular and molecular neurobiology. It also supports you to develop your
skills in critically reading the scientific literature. You should be able to grasp what the authors wanted to learn e.g. their goals, why the
authors chose the experimental approach they used, the strengths and weaknesses of the experiments and the data presented, and how
the work fits into the wider literature in the field. You will present one paper yourself, which provides you with practice in public speaking.

Content You will present one paper yourself. Give an introduction to the field of the paper, then show and comment on the main results (all the
papers we present are available online, so you can show original figures with a beamer). Finish with a summary of the main points and a
discussion of their significance.
You are expected to take part in the discussion and to ask questions. To prepare for this you should read all the papers beforehand (they
will be announced a week in advance of the presentation).

Lecture notes Presentations will be made available after the seminars.
Literature We cover a range of themes related to development and neurobiology. Before starting your preparations, you are required to check with

Laura Montani (laura.montani@biol.ethz.ch), who helps you with finding an appropriate paper.
Prerequisites /
notice

You must attend at least 80% of the journal clubs, and give a presentation of your own. At the end of the semester there will be a 30 minute
oral exam on the material presented during the semester. The grade will be based on the exam (45%), your presentation (45%), and a
contribution based on your active participation in discussion of other presentations (10%).

551-0140-00L Epigenetics W 4 credits 2V A. Wutz, U. Grossniklaus, R. Paro,
R. Santoro
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Abstract Epigenetics studies the inheritance of traits that cannot be attributed to changes in the DNA sequence. The lecture will present an overview
of different epigenetic phenomena and provide detailed insight into the underlying molecular mechanisms. The role of epigenetic processes
in the development of cancer and other disorders will be discussed.

Objective The aim of the course is to gain an understanding of epigenetic mechanisms and their impact on the development of organisms,
regenerative processes or manifestation of disease.

Content Topics
- historical overview, concepts and comparison Genetics vs. Epigenetics
- Biology of chromatin: structure and function, organization in the nucleus and the role of histone modifications in processes like
transcription and replication
- DNA methylation as an epigenetic modification
- Inheritance of epigenetic modifications during cell division: cellular memory
- Stability and reversibility of epigenetic modifications: cellular plasticity and stem cells
- Genomic imprinting in plants and mammals
- X chromosome inactivation and dosis compensation
- position effects, paramutations and transvection
- RNA-induced gene silencing
- The role of epigenetic processes in cancer development or cell aging

701-1350-00L Case Studies in Environment and Health W 4 credits 2V K. McNeill, N. Borduas-Dedekind,
T. Julian

Abstract This course will focus on a few individual chemicals and pathogens from different standpoints: their basic chemistry or biology, their
environmental behavior, (eco)toxicology, and human health impacts.  The course will draw out the common points in each chemical or
pathogen's history.

Objective This course aims to illustrate how the individual properties of chemicals and pathogens along with societal pressures lead to environmental
and human health crises. The ultimate goal of the course is to identify common aspects that will improve prediction of environmental crises
before they occur.  Students are expected to participate actively in the course, which includes the critical reading of the pertinent literature
and class presentations.

Content Each class will feature the case study of a different chemical or pathogen that have had a profound effect on human health and the
environment. The instructors will present eight to ten of these and the students will present a poster on their own pollutant or pathogen in
groups of two. Students will be expected to contribute to the in class discussions and, on their selected topics, to lead the discussion.

Lecture notes Handouts will be provided as needed.
Literature Handouts will be provided as needed.

551-1100-00L Infectious Agents: From Molecular Biology to Disease
Number of participants limited to 22.

Requires application until 2 weeks before the start of the
semester; selected applicants will be notified one week
before the first week of lectures. 
(if you missed the deadline, please come to the first date
to see, if there are any slots left)

W 4 credits 2S W.-D. Hardt, L. Eberl, U. F. Greber,
A. B. Hehl, M. Kopf,
S. R. Leibundgut, C. Münz,
A. Oxenius, P. Sander

Abstract Literature seminar for students at the masters level and PhD students. Introduction to the current research topics in infectious diseases;
Introduction to key pathogens which are studied as model organisms in this field; Overview over key research groups in the field of
infectious diseases in Zürich.

Objective Working with the current research literature. Getting to know the key pathogens serving as model organisms and the research technologies
currently used in infection biology.

Content for each model pathogen (or key technology):
1. introduction to the pathogen
2. Discussion of one current research paper.
The paper will be provided by the respective supervisor. He/she will give advice (if required) and guide the respective literature discussion.

Lecture notes Teachers will provide the research papers to be discussed.
Students will prepare handouts for the rest of the group for their assigned seminar.

Literature Teachers will provide the research papers to be discussed.
Prerequisites /
notice

Restricted to max 22 students. Please sign up until two weeks before the beginning of the semester via e-mail to
micro_secr@micro.biol.ethz.ch and include the following information: 551-1100-00L; your name, your e-mail address, university/eth,
students (specialization, semester), PhD students (research group, member of a PhD program? which program?). The 22  students
admitted to this seminar will be selected and informed by e-mail in the week befor the beginning of the semester  by W.-D. Hardt.
The first seminar date will serve to form groups of students and assign a paper to each group.

227-0396-00L EXCITE Interdisciplinary Summer School on Bio-
Medical Imaging
The school admits 60 MSc or PhD students with
backgrounds in biology, chemistry, mathematics, physics,
computer science or engineering based on a selection
process.
 
Students have to apply for acceptance by April 20, 2020.
To apply a curriculum vitae and an application letter need
to be submitted. The notification of acceptance will be
given by May 22, 2020. Further information can be found
at: www.excite.ethz.ch.

W 4 credits 6G S. Kozerke, G. Csúcs, J. Klohs-
Füchtemeier, S. F. Noerrelykke,
M. P. Wolf

Abstract Two-week summer school organized by EXCITE (Center for EXperimental & Clinical Imaging TEchnologies Zurich) on biological and
medical imaging. The course covers X-ray imaging, magnetic resonance imaging, nuclear imaging, ultrasound imaging, infrared and optical
microscopy, electron microscopy, image processing and analysis.

Objective Students understand basic concepts and implementations of biological and medical imaging. Based on relative advantages and limitations
of each method they can identify preferred procedures and applications. Common foundations and conceptual differences of the methods
can be explained.

Content Two-week summer school on biological and medical imaging. The course covers concepts and implementations of X-ray imaging,
magnetic resonance imaging, nuclear imaging, ultrasound imaging, infrared and optical microscopy and electron microscopy. Multi-modal
and multi-scale imaging and supporting technologies such as image analysis and modeling are discussed. Dedicated modules for physical
and life scientists taking into account the various backgrounds are offered.

Lecture notes Hand-outs, Web links
Prerequisites /
notice

The school admits 60 MSc or PhD students with backgrounds in biology, chemistry, mathematics, physics, computer science or
engineering based on a selection process. To apply a curriculum vitae, a statement of purpose and applicants references need to be
submitted. Further information can be found at: http://www.excite.ethz.ch/education/summer-school.html
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227-0946-00L Molecular Imaging - Basic Principles and Biomedical
Applications

W 2 credits 2V M. Rudin

Abstract Concept: What is molecular imaging.
Discussion/comparison of the various imaging modalities used in molecular imaging.
Design of target specific probes: specificity, delivery, amplification strategies.
Biomedical Applications.

Objective Molecular Imaging is a rapidly emerging discipline that translates concepts developed in molecular biology and cellular imaging to in vivo
imaging in animals and ultimatly in humans. Molecular imaging techniques allow the study of molecular events in the full biological context
of an intact organism and will therefore become an indispensable tool for biomedical research.

Content Concept: What is molecular imaging.
Discussion/comparison of the various imaging modalities used in molecular imaging.
Design of target specific probes: specificity, delivery, amplification strategies.
Biomedical Applications.

551-1132-00L Basic Virology
Does not take place this semester.

W 2 credits 1V

Abstract Introduction into the basics of virology, including characterization of viruses, virus-cell interactions, virus-host interactions, virus-host
population interactions, basics of prevention and prophylaxis as well as diagnostics.

Objective Introduction into the basics of virology.
Content Basics in virology. Characterization of viruses, virus-cell interactions, virus-host interactions, virus-host population interactions, basics of

prevention and prophylaxis as well as diagnostics.
Lecture notes The lecture uses  the lecturer's 'Allgemeine Virologie' as a basis.

The lecturer's slides as well as selected primary literature will be provided 24-48 hrs prior to the lecture in pdf format.
Literature Flint et al., 2009. Principles of Virology, 3rd Edition. 

ASM Press, Washington, DC, USA. 
Vol I. ISBN 978-1-55581-479-3
Vol II. ISBN 978-1-55581-480-9

Prerequisites /
notice

Basic knowledge in molecular biology, cell biology, immunology.

376-1306-00L Clinical Neuroscience

More information
at:https://studentservices.uzh.ch/uzh/anonym/vvz/index.ht
ml#/details/2019/004/P/01106803


W 3 credits 3V G. Schratt, University lecturers

Abstract The lecture series "Clinical Neuroscience" presents  a comprehensive, condensed overview of the most important neurological diseases,
their clinical presentation, diagnosis, therapy options and possible causes. Patient demonstrations (Übungen) follow every lecture that is
dedicated to a particular disease.

Objective By the end of this module students should be able to: 
- demonstrate their understanding and deep knowledge concerning the main neurological diseases 
- identify and explain the different clinical presentation of these diseases, the methodology of diagnosis and the current therapies available 
- summarize and critically review scientific literature efficiently and effectively

376-1392-00L Mechanobiology: Implications for Development,
Regeneration and Tissue Engineering

W 3 credits 2G A. Ferrari, G. Shivashankar,
M. Zenobi-Wong

Abstract This course will emphasize the importance of mechanobiology to cell determination and behavior. Its importance to regenerative medicine
and tissue engineering will also be addressed. Finally, this course will discuss how age and disease adversely alter major
mechanosensitive developmental programs.

Objective This course is designed to illuminate the importance of mechanobiological processes to life as well as to teach good experimental
strategies to investigate mechanobiological phenomena.

Content Typically, cell differentiation is studied under static conditions (cells grown on rigid plastic tissue culture dishes in two-dimensions), an
experimental approach that, while simplifying the requirements considerably, is short-sighted in scope. It is becoming increasingly apparent
that many tissues modulate their developmental programs to specifically match the mechanical stresses that they will encounter in later life.
Examples of known mechanosensitive developmental programs include osteogenesis (bones), chondrogenesis (cartilage), and
tendogenesis (tendons). Furthermore, general forms of cell behavior such as migration, extracellular matrix deposition, and complex tissue
differentiation are also regulated by mechanical stimuli.  Mechanically-regulated cellular processes are thus ubiquitous, ongoing and of
great clinical importance.

The overall importance of mechanobiology to humankind is illustrated by the fact that nearly 80% of our entire body mass arises from
tissues originating from mechanosensitive developmental programs, principally bones and muscles. Unfortunately, our ability to regenerate
mechanosensitive tissue diminishes in later life. As it is estimated that the fraction of the western world population over 65 years of age will
double in the next 25 years, an urgency in the global biomedical arena exists to better understand how to optimize complex tissue
development under physiologically-relevant mechanical environments for purposes of regenerative medicine and tissue engineering.

Lecture notes n/a
Literature Topical Scientific Manuscripts

551-0364-00L Functional Genomics
Information for UZH students:
Enrolment to this course unit only possible at ETH. No
enrolment to module BIO 254 at UZH. 

Please mind the ETH enrolment deadlines for UZH
students: https://www.ethz.ch/en/studies/non-
degree-
courses/special-
students/special-students-university-of-zurich.html

W 3 credits 2V C. von Mering, C. Beyer,
B. Bodenmiller, M. Gstaiger,
H. Rehrauer, R. Schlapbach,
K. Shimizu, N. Zamboni, further
lecturers

Abstract Functional genomics is key to understanding the dynamic aspects of genome function and regulation. Functional genomics approaches
use the wealth of data produced by large-scale DNA sequencing, gene expression profiling, proteomics and metabolomics. Today
functional genomics is becoming increasingly important for the generation and interpretation of quantitative biological data.

Objective Functional genomics is key to understanding the dynamic aspects of genome function and regulation.  Functional genomics approaches
use the wealth of data produced by large-scale DNA sequencing, gene expression profiling, proteomics and metabolomics.  Today
functional genomics is becoming increasingly important for the generation and interpretation of quantitative biological data.  Such data
provide the basis for systems biology efforts to elucidate the structure, dynamics and regulation of cellular networks.
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Content The curriculum of the Functional Genomics course emphasizes an in depth understanding of new technology platforms for modern
genomics and advanced genetics, including the application of functional genomics approaches such as advanced sequencing, proteomics,
metabolomics, clustering and classification.  Students will learn quality controls and standards (benchmarking) that apply to the generation
of quantitative data and will be able to analyze and interpret these data. The training obtained in the Functional Genomics course will be
immediately applicable to experimental research and design of systems biology projects.

Prerequisites /
notice

The Functional Genomics course will be taught in English.

551-0338-00L Current Approaches in Single Cell Analysis
(University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: BIO256

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W 2 credits 1V University lecturers

Abstract In this lecture, we will discuss the most important single cell
approaches, the questions they can address and current developments. We will cover single cell: genomics, transcriptomics, proteomics
(CyTOF mass cytometry), metabolomics and highly multiplexed imaging. Finally, we will also discuss the latest approaches for the analysis
of such generated highly multiplexed single cell data.

Objective On completion of this module the students should be able to:
- explain the basic principles of single cell analysis techniques
- identify and justify the limitations of the current single cell
technologies and suggest reasonable improvements
- know the basic challenges in data analysis imposed by the complex
multi parameter data.
Key skills:
On completion of this module the students should be able to:
- summarize and discuss the impact these technologies have on biology
and medicine
- design biological and biomedical experiments for which single cell
analysis is essential

Content Currently single cell analysis approaches revolutionize the way we study and understand biological systems. In all biological and
biomedical settings, cell populations and tissues are highly heterogeneous; this heterogeneity plays a critical role in basic biological
processes such as cell cycle, development and organismic function, but is also a major player in disease, e.g. for cancer development,
diagnosis and treatment.
Currently, single cell analysis techniques are rapidly developing and
find broad application, as the single cell measurements not only enable
to study cell specific functions, but often reveal unexpected biological
mechanisms in so far (assumed) well understood biological processes.
In this lecture, we will discuss the most important single cell approaches, the questions they can address and current developments. We
will cover single cell genomics, single cell transcriptomics, single cell proteomics (CyTOF mass cytometry), single cell metabolomics and
highly multiplexed single cell imaging. Finally, we will also discuss the latest approaches for the analysis of such generated highly
multiplexed single cell data.

551-1404-00L RNA and Proteins: Post-Transcriptional Regulation of
Gene Expression (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: BCH252

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  3 credits 2V University lecturers

Abstract The course introduces the cellular processes and molecular mechanisms involved in regulating genome expression at the post-
transcriptional level. 
Topics will include : 
-RNA processing, and transport; 
-protein synthesis and translational control, trafficking and degradation; 
-RNA-guided regulation (RNA interference, microRNAs); 
-molecular surveillance and quality control mechanisms

Objective -Outline the cellular processes
used by eukaryotic and prokaryotic cells
to control gene expression at the post-
transcriptional level.
-Describe the molecular mechanisms
underlying post-transcriptional gene
regulation
-Identify experimental approaches
used to study post-transcriptional gene
regulation and describe their strengths
and weaknesses.

636-0111-00L Synthetic Biology I
Attention: This course was offered in previous semesters
with the number: 636-0002-00L "Synthetic Biology I".
Students that already passed course 636-0002-00L
cannot receive credits for course 636-0111-00L.

W 4 credits 3G S. Panke, J. Stelling

Abstract         Theoretical & practical introduction into the design of dynamic biological systems at different levels of abstraction, ranging from
biological fundamentals of systems design (introduction to bacterial gene regulation, elements of transcriptional & translational control,
advanced genetic engineering) to engineering design principles (standards, abstractions) mathematical modelling & systems desig

Objective         After the course, students will be able to theoretically master the biological and engineering fundamentals required for biological design
to be able to participate in the international iGEM competition (see www.igem.ethz.ch).
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Content         The overall goal of the course is to familiarize the students with the potential, the requirements and the problems of designing dynamic
biological elements that are of central importance for manipulating biological systems, primarily (but not exclusively) prokaryotic systems.
Next, the students will be taken through a number of successful examples of biological design, such as toggle switches, pulse generators,
and oscillating systems, and apply the biological and engineering fundamentals to these examples, so that they get hands-on experience
on how to integrate the various disciplines on their way to designing biological systems.

Lecture notes         Handouts during classes.
Literature         Mark Ptashne, A Genetic Switch (3rd ed), Cold Spring Haror Laboratory Press

Uri Alon, An Introduction to Systems Biology, Chapman & Hall
Prerequisites /
notice

        1) Though we do not place a formal requirement for previous participation in particular courses, we expect all participants to be familiar
with a certain level of biology and of mathematics. Specifically, there will be material for self study available on
https://bsse.ethz.ch/bpl/education/lectures/synthetic-biology-i/download.html as of mid January, and everybody is expected to be fully
familiar with this material BEFORE THE CLASS BEGINS to be able to follow the different lectures. Please contact
sven.panke@bsse.ethz.ch for access to material
2) The course is also thought as a preparation for the participation in the international iGEM synthetic biology summer competition
(www.syntheticbiology.ethz.ch, http://www.igem.org). This competition is also the contents of the course Synthetic Biology II.
https://bsse.ethz.ch/bpl/education/lectures/synthetic-biology-i/download.html

551-1700-00L Introduction to Flow Cytometry
Number of participants limited to 24.

W 2 credits 1V J. Kisielow, L. Tortola, further
lecturers

Abstract The lecture provides an introduction to flow cytometry. We will cover the technology basics, experimental design, data acquisition and
analysis of flow and mass cytometry. In addition, various research applications will be discussed. The format is a lecture course enriched
by a visit to the ETH Flow Cytometry Core Facility and practical demonstration of the use of analysis and sorting instruments.

Objective The goal of this course is to provide the basic knowledge of flow and mass cytometry required for planning and execution of cytometric
experiments.

Content The lecture course aims at teaching principles of flow cytometry. The emphasis is on theoretical principles (signal detection, fluorochromes,
signal spill-over and compensation) as well as practical aspects of experimental design and performance (sample preparation, controls,
data acquisition and analysis).
List of topics:
- Principles of Flow Cytometry
- Signal processing
- Compensation and Controls
- Data analysis, gating and presentation
- Panel design
- Sorting
- Mass cytometry
- High-dimensional data analysis
- Practical demonstration (hardware and software)
Modern flow cytometric techniques for immunophenotyping, analysis of proliferation, cell cycle, apoptosis and cell signalling will be
introduced.

Lecture notes Updated handouts will be provided during the class.
Literature Current literature references on immunophenotyping, analysis of proliferation, cell cycle, apoptosis and cell signalling will be discussed

during the lectures.

701-1708-00L Infectious Disease Dynamics W 4 credits 2V S. Bonhoeffer, R. D. Kouyos,
R. R. Regös, T. Stadler

Abstract This course introduces into current research on the population biology of infectious diseases. The course discusses the most important
mathematical tools and their application to relevant diseases of human, natural or managed populations.

Objective Attendees will learn about:
* the impact of important infectious pathogens and their evolution on human, natural and managed populations
* the population biological impact of interventions such as treatment or vaccination
* the impact of population structure on disease transmission

Attendees will learn how:
* the emergence spread of infectious diseases is described mathematically
* the impact of interventions can be predicted and optimized with mathematical models
* population biological models are parameterized from empirical data
* genetic information can be used to infer the population biology of the infectious disease

The course will focus on how the formal methods ("how") can be used to derive biological insights about the host-pathogen system
("about").

Content After an introduction into the history of infectious diseases and epidemiology the course will discuss basic epidemiological models and the
mathematical methods of their analysis. We will then discuss the population dynamical effects of intervention strategies such as vaccination
and treatment. In the second part of the course we will introduce into more advanced topics such as the effect of spatial population
structure, explicit contact structure, host heterogeneity, and stochasticity. In the final part of the course we will introduce basic concepts of
phylogenetic analysis in the context of infectious diseases.

Lecture notes Slides and script of the lecture will be available online.
Literature The course is not based on any of the textbooks below, but they are excellent choices as accompanying material:

* Keeling & Rohani, Modeling Infectious Diseases in Humans and Animals, Princeton Univ Press 2008
* Anderson & May, Infectious Diseases in Humans, Oxford Univ Press 1990
* Murray, Mathematical Biology, Springer 2002/3
* Nowak & May, Virus Dynamics, Oxford Univ Press 2000
* Holmes, The Evolution and Emergence of RNA Viruses, Oxford Univ Press 2009

Prerequisites /
notice

Basic knowledge of population dynamics and population genetics as well as linear algebra and analysis will be an advantage.

551-1423-00L Current Topics in Metabolism and Disease
Number of participants limited to 8.

W 2 credits 1S M. Stoffel, E. Araldi, I. Guccini

Abstract The course is a literature seminar or "journal club". Each Friday a student, or a member of the Stoffel Lab in the Institute of Molecular
Health Sciences, will present a comprehensive presentation of a recent paper published in a top ranking international peer reviewed journal
that relates to metabolism and disease.
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Objective The course introduces the students to recent developments in the fields of metabolism and disease. It also supports the development of
analytical skills, including critical reading of scientific literature, being able to present and critically discuss scientific experiments, point out
technical limitations, and placing recent discoveries in the broader context of biology, physiology and medicine. The student should be able
to grasp what the authors wanted to learn i.e. their hypothesis and their goals, why the authors chose the experimental approach and
methods used, the strengths and weaknesses of the experiments, the quality of the data presented, the conclusions drawn, and how the
work fits into the wider literature in the field. Furthermore, the student should discuss alternative approaches and future experiments. Each
student will present one paper during the course, which provides him/her with practice in public speaking.

Content Each student will present at least once during the semester. The presentation includes an introduction to the field of the paper, a critical
description of the main results, a summary of the main points and a discussion of their significance.
Every participant is expected to take part in the discussion and to ask questions. At each meeting, all students are expected to read and
prepare the paper beforehand. Each paper presented will be announced one week in advance of the presentation.

Lecture notes Presentations will be made available after the seminars.
Literature Students will be guided to choose their papers base on recent literature published less than 1 year prior in a relevant journal. 

 Elective Major: Biochemistry
 Compulsory Concept Courses

Number Title Type ECTS Hours Lecturers

551-0320-00L Cellular Biochemistry (Part II) O  3 credits 2V Y. Barral, R. Kroschewski,
A. E. Smith

Abstract This course will focus on molecular mechanisms and concepts underlying cellular biochemistry, providing advanced insights into the
structural and functional details of individual cell components, and the complex regulation of their interactions. Particular emphasis will be
on the spatial and temporal integration of different molecules and signaling pathways into global cellular processes.

Objective The full-year course (551-0319-00 & 551-0320-00) focuses on the molecular mechanisms and concepts underlying the biochemistry of
cellular physiology, investigating how these processes are integrated to carry out highly coordinated cellular functions. The molecular
characterization of complex cellular functions requires a combination of approaches such as biochemistry, but also cell biology and
genetics. This course is therefore the occasion to discuss these techniques and their integration in modern cellular biochemistry. 
The students will be able to describe the structural and functional details of individual cell components, and the spatial and temporal
regulation of their interactions. In particular, they will learn to explain how different molecules and signaling pathways can be integrated
during complex and highly dynamic cellular processes such as intracellular transport, cytoskeletal rearrangements, cell motility, and cell
division. In addition, they will be able to illustrate the relevance of particular signaling pathways for cellular pathologies such as cancer or
during cellular infection.

Content Spatial and temporal integration of different molecules and signaling pathways into global cellular processes, such as cell division, cell
infection and cell motility. Emphasis is also put on the understanding of pathologies associated with defective cell physiology, such as
cancer or during cellular infection.

Literature Recommended supplementary literature (review articles and selected primary literature) will be provided during the course.
Prerequisites /
notice

To attend this course the students must have a solid basic knowledge in chemistry, biochemistry, cell biology and general biology. Biology
students have in general already attended the first part of the "Cellular Biochemistry" concept course (551-0319-00). The course will be
taught in English.
In addition, the course will be based on a blended-learning scenario, where frontal lectures will be complemented with carefully chosen
web-based teaching elements that students access through the ETH Moodle platform.

 Compulsory Master Course
Number Title Type ECTS Hours Lecturers

551-1310-00L A Problem-Based Approach to Cellular Biochemistry
Number of participants limited to 15.

O  6 credits 2G M. Peter, V. Korkhov, A. Kralt,
V. Panse, T. Peskett, A. E. Smith,
F. van Drogen

Abstract Independent, guided acquisition of an overview over a defined area of research, identification of important open questions, development of
an experimental strategy to address a defined question, and formulation of this strategy within the framework of a research grant.

Objective The students will learn to acquire independently an overview over a defined area of research, and to identify important open questions. In
addition, they will learn to develop an experimental strategy to address a defined question, and to formulate this strategy within the
framework of a research grant.

Content The students will work in groups of two to three, in close contact with a tutor (ETH Prof or senior scientist). A research overview with open
questions and a  research grant will be developed independently by the students, with guidance from the tutor through regular mandatory
meetings. The students will write both the research overview with open questions and the grant in short reports, and present them to their
colleagues.

Literature The identification of appropriate literature is a component of the course.
Prerequisites /
notice

This course will be taught in english, and requires extensive independent work.

 Elective Compulsory Concept Courses
See D-BIOL Master Studies Guide

Number Title Type ECTS Hours Lecturers

551-0326-00L Cell Biology W  6 credits 4V S. Werner, M. Bordoli, W. Kovacs,
M. Schäfer, U. Suter, A. Wutz

Abstract This Course introduces principle concepts, techniques, and experimental strategies used in modern Cell Biology. Major topics include:
neuron-glia interactions in health and disease; mitochondrial dynamics; stem cell biology; growth factor action in development, tissue repair
and disease; cell metabolism, in particular sensing and signaling mechanisms, cell organelles, and lipid metabolism.

Objective -To prepare the students for successful and efficient lab work by learning how to ask the right questions and to use the appropriate
techniques in a research project.
-To convey knowledge about neuron-glia interactions in health and disease.
- To provide information on different types of stem cells and their function in health and disease
-To provide information on growth factor signaling in development, repair and disease and on the use of growth factors or their receptors as
drug targets for major human diseases
-To convey knowledge on the mechanisms underlying repair of injured tissues
-To provide the students with an overview of mitochondrial dynamics.
-Providing an understanding of RNA processing reactions and their regulations.
-To provide a comprehensive understanding of metabolic sensing mechanisms occurring in different cell types and organelles in response
to glucose, hormones, oxygen, nutrients as well as lipids, and to discuss downstream signaling pathways and cellular responses.
-To provide models explaining how disturbances in complex metabolic control networks and bioenergetics can lead to disease and to
highlight latest experimental approaches to uncover the intricacies of metabolic control at the cellular and organismal level.
-Providing the background and context that foster cross-disciplinary scientific thinking.
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551-0307-01L Molecular and Structural Biology II: Molecular
Machines and Cellular Assemblies
D-BIOL  students are obliged to take part I and part II as a
two-semester course.

W 3 credits 2V N. Ban, F. Allain, S. Jonas,
M. Pilhofer

Abstract This course on advanced topics in Molecular Biology and Biochemistry will cover the structure and function of cellular assemblies. General
topics in basic biochemistry will be further developed with examples of the function of large cellular machines involved in DNA packaging,
translation, virus architecture, RNA processing, cell-cell interactions, and the molecular basis of CRISPER systems.

Objective Students will gain a deep understanding of large cellular assemblies and the structure-function relationships governing their function in
fundamental cellular processes. The lectures throughout the course will be complemented by exercises and discussions of original
research examples to provide students with a deeper understanding of the subjects and to encourage active student participation.

Content Advanced class covering the state of the research in structural molecular biology of basic cellular processes with emphasis on the function
of large cellular assemblies.

Lecture notes Updated handouts will be provided during the class.
Literature The lecture will be based on the latest literature. Additional suggested

literature:
Branden, C., and J. Tooze, Introduction to Protein Structure, 2nd ed. 
(1995). Garland, New York.

 Elective Compulsory Master Courses
Number Title Type ECTS Hours Lecturers

551-0140-00L Epigenetics W  4 credits 2V A. Wutz, U. Grossniklaus, R. Paro,
R. Santoro

Abstract Epigenetics studies the inheritance of traits that cannot be attributed to changes in the DNA sequence. The lecture will present an overview
of different epigenetic phenomena and provide detailed insight into the underlying molecular mechanisms. The role of epigenetic processes
in the development of cancer and other disorders will be discussed.

Objective The aim of the course is to gain an understanding of epigenetic mechanisms and their impact on the development of organisms,
regenerative processes or manifestation of disease.

Content Topics
- historical overview, concepts and comparison Genetics vs. Epigenetics
- Biology of chromatin: structure and function, organization in the nucleus and the role of histone modifications in processes like
transcription and replication
- DNA methylation as an epigenetic modification
- Inheritance of epigenetic modifications during cell division: cellular memory
- Stability and reversibility of epigenetic modifications: cellular plasticity and stem cells
- Genomic imprinting in plants and mammals
- X chromosome inactivation and dosis compensation
- position effects, paramutations and transvection
- RNA-induced gene silencing
- The role of epigenetic processes in cancer development or cell aging

551-1100-00L Infectious Agents: From Molecular Biology to Disease
Number of participants limited to 22.

Requires application until 2 weeks before the start of the
semester; selected applicants will be notified one week
before the first week of lectures. 
(if you missed the deadline, please come to the first date
to see, if there are any slots left)

W  4 credits 2S W.-D. Hardt, L. Eberl, U. F. Greber,
A. B. Hehl, M. Kopf,
S. R. Leibundgut, C. Münz,
A. Oxenius, P. Sander

Abstract Literature seminar for students at the masters level and PhD students. Introduction to the current research topics in infectious diseases;
Introduction to key pathogens which are studied as model organisms in this field; Overview over key research groups in the field of
infectious diseases in Zürich.

Objective Working with the current research literature. Getting to know the key pathogens serving as model organisms and the research technologies
currently used in infection biology.

Content for each model pathogen (or key technology):
1. introduction to the pathogen
2. Discussion of one current research paper.
The paper will be provided by the respective supervisor. He/she will give advice (if required) and guide the respective literature discussion.

Lecture notes Teachers will provide the research papers to be discussed.
Students will prepare handouts for the rest of the group for their assigned seminar.

Literature Teachers will provide the research papers to be discussed.
Prerequisites /
notice

Restricted to max 22 students. Please sign up until two weeks before the beginning of the semester via e-mail to
micro_secr@micro.biol.ethz.ch and include the following information: 551-1100-00L; your name, your e-mail address, university/eth,
students (specialization, semester), PhD students (research group, member of a PhD program? which program?). The 22  students
admitted to this seminar will be selected and informed by e-mail in the week befor the beginning of the semester  by W.-D. Hardt.
The first seminar date will serve to form groups of students and assign a paper to each group.

551-1402-00L Molecular and Structural Biology VI: Biophysical
Analysis of Macromolecular Mechanisms
This course is strongly recommended for the Masters
Major "Biology and Biophysics".

W  4 credits 2V R. Glockshuber, T. Ishikawa,
S. Jonas, B. Schuler, E. Weber-Ban

Abstract The course is focussed on biophysical methods for characterising conformational transitions and reaction mechanisms of proteins and
biological mecromolecules, with focus on methods that have not been covered in the Biology Bachelor Curriculum.

Objective The goal of the course is to give the students a broad overview on biopyhsical techniques available for studying conformational transitions
and complex reaction mechanisms of biological macromolecules. The course is particularly suited for students enrolled in the Majors
"Structural Biology and Biophysics", "Biochemistry" and "Chemical Biology" of the Biology MSc curriculum, as well as for MSc students of
Chemistry and Interdisciplinary Natural Sciences".

Content The biophysical methods covered in the course include advanced reaction kinetics, methods for the thermodynamic and kinetic analysis of
protein-ligand interactions, static and dynamic light scattering, analytical ultracentrifugation, spectroscopic techniques such as fluorescence
anisotropy, fluorescence resonance energy transfer (FRET) and single molecule fluorescence spectrosopy, modern electron microscopy
techniques, atomic force microscopy, and isothermal and differential scanning calorimetry.

Lecture notes Course material from the individual lecturers wil be made available at the sharepoint website 

https://team.biol.ethz.ch/e-learn/551-1402-00L
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Prerequisites /
notice

Finished BSc curriculum in Biology, Chemistry or Interdisciplinary Natural Sciences. The course is also adequate for doctoral students with
research projects in structural biology, biophysics, biochemistry and chemical biology.

551-0224-00L Advanced Proteomics
For master students from the 2nd semester on, also
doctoral candidates and post docs.

W  4 credits 6G P. Picotti, L. Gillet, A. Leitner,
P. Pedrioli

Abstract Goal of the course is to analyze current and newly emerging technologies and approaches in protein and proteome analysis with regard to
their application in biology, biotechnology and medicine.
Format: Introduction by instructor followed by discussions stimulated by reading assignments and exercises.

Objective To discuss current and newly emerging technologies and approaches in protein and proteome analysis with regard to their applications in
biology, biotechnology, medicine and systems biology.

Content Block course teaching current methods for the acquisition and processing of proteomic datasets.
Prerequisites /
notice

Number of people: Not exceeding 30.
Students from ETHZ, Uni Zurich and University of Basel
Non-ETH students must register at ETH Zurich as special students http://www.rektorat.ethz.ch/students/admission/auditors/index_EN

551-0364-00L Functional Genomics
Information for UZH students:
Enrolment to this course unit only possible at ETH. No
enrolment to module BIO 254 at UZH. 

Please mind the ETH enrolment deadlines for UZH
students: https://www.ethz.ch/en/studies/non-
degree-
courses/special-
students/special-students-university-of-zurich.html

W  3 credits 2V C. von Mering, C. Beyer,
B. Bodenmiller, M. Gstaiger,
H. Rehrauer, R. Schlapbach,
K. Shimizu, N. Zamboni, further
lecturers

Abstract Functional genomics is key to understanding the dynamic aspects of genome function and regulation. Functional genomics approaches
use the wealth of data produced by large-scale DNA sequencing, gene expression profiling, proteomics and metabolomics. Today
functional genomics is becoming increasingly important for the generation and interpretation of quantitative biological data.

Objective Functional genomics is key to understanding the dynamic aspects of genome function and regulation.  Functional genomics approaches
use the wealth of data produced by large-scale DNA sequencing, gene expression profiling, proteomics and metabolomics.  Today
functional genomics is becoming increasingly important for the generation and interpretation of quantitative biological data.  Such data
provide the basis for systems biology efforts to elucidate the structure, dynamics and regulation of cellular networks.

Content The curriculum of the Functional Genomics course emphasizes an in depth understanding of new technology platforms for modern
genomics and advanced genetics, including the application of functional genomics approaches such as advanced sequencing, proteomics,
metabolomics, clustering and classification.  Students will learn quality controls and standards (benchmarking) that apply to the generation
of quantitative data and will be able to analyze and interpret these data. The training obtained in the Functional Genomics course will be
immediately applicable to experimental research and design of systems biology projects.

Prerequisites /
notice

The Functional Genomics course will be taught in English.

551-1126-00L Technologies in Molecular Microbiology W  4 credits 2V H.-M. Fischer, further lecturers
Abstract The lecture course provides an advanced understanding of modern techniques used in molecular microbiology. Current technologies and

research directions in molecular microbiology including applied aspects will be illustrated with paper discussions. The format is a lecture
course enriched by group activities.

Objective The lecture course aims at providing principles of modern techniques used in molecular microbiology. Emphasis is on genetic, biochemical,
cellular, and community analysis . Discussion of a set of commonly applied technologies will assist students in evaluating current research
in molecular microbiology and choosing appropriate methods for their own demands.

Content Important genetic, biochemical, biophysical, and community analysis methods will be presented that are used to gain a deeper
understanding of the molecular principles and mechanisms underlying basic physiological processes in prokaryotes. Applied aspects of
molecular microbiology and current research in this area will also be covered.

List of topics:
- Analysis of genes, genomes and transcriptomes
- Analysis of proteins, proteomes and microbial systems

Lecture notes Updated handouts will be provided during the class.
Literature Current literature references, relevant papers and handouts will be provided during the lectures.
Prerequisites /
notice

The following lecturers will contribute to the course:
Dr. Alex Brachmann (ETH)
Prof. Hans-Martin Fischer (ETH)
Dr. Florian Freimoser (Agroscope)
Dr. Jonas Grossmann (FGCZ)
Annika Hausmann (ETH)
Dr. Bidong Nguyen (ETH)
Dr. Bernd Roschitzki (FGCZ)
Dr. Roman Spörri (ETH)

227-0396-00L EXCITE Interdisciplinary Summer School on Bio-
Medical Imaging
The school admits 60 MSc or PhD students with
backgrounds in biology, chemistry, mathematics, physics,
computer science or engineering based on a selection
process.
 
Students have to apply for acceptance by April 20, 2020.
To apply a curriculum vitae and an application letter need
to be submitted. The notification of acceptance will be
given by May 22, 2020. Further information can be found
at: www.excite.ethz.ch.

W Dr 4 credits 6G S. Kozerke, G. Csúcs, J. Klohs-
Füchtemeier, S. F. Noerrelykke,
M. P. Wolf

Abstract Two-week summer school organized by EXCITE (Center for EXperimental & Clinical Imaging TEchnologies Zurich) on biological and
medical imaging. The course covers X-ray imaging, magnetic resonance imaging, nuclear imaging, ultrasound imaging, infrared and optical
microscopy, electron microscopy, image processing and analysis.

Objective Students understand basic concepts and implementations of biological and medical imaging. Based on relative advantages and limitations
of each method they can identify preferred procedures and applications. Common foundations and conceptual differences of the methods
can be explained.
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Content Two-week summer school on biological and medical imaging. The course covers concepts and implementations of X-ray imaging,
magnetic resonance imaging, nuclear imaging, ultrasound imaging, infrared and optical microscopy and electron microscopy. Multi-modal
and multi-scale imaging and supporting technologies such as image analysis and modeling are discussed. Dedicated modules for physical
and life scientists taking into account the various backgrounds are offered.

Lecture notes Hand-outs, Web links
Prerequisites /
notice

The school admits 60 MSc or PhD students with backgrounds in biology, chemistry, mathematics, physics, computer science or
engineering based on a selection process. To apply a curriculum vitae, a statement of purpose and applicants references need to be
submitted. Further information can be found at: http://www.excite.ethz.ch/education/summer-school.html

227-0390-00L Elements of Microscopy W 4 credits 3G M. Stampanoni, G. Csúcs,
A. Sologubenko

Abstract The lecture reviews the basics of microscopy by discussing wave propagation, diffraction phenomena and aberrations. It gives the basics
of light microscopy, introducing fluorescence, wide-field, confocal and multiphoton imaging. It further covers 3D electron microscopy and
3D X-ray tomographic micro and nanoimaging.

Objective Solid introduction to the basics of microscopy, either with visible light, electrons or X-rays.
Content It would be impossible to imagine any scientific activities without the help of microscopy.  Nowadays, scientists can count on very powerful

instruments that allow investigating sample down to the atomic level.
The lecture includes a general introduction to the principles of microscopy, from wave physics to image formation. It provides the physical
and engineering basics to understand visible light, electron and X-ray microscopy. 
During selected exercises in the lab, several sophisticated instrument will be explained and their capabilities demonstrated.

Literature Available Online.

551-0338-00L Current Approaches in Single Cell Analysis
(University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: BIO256

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W 2 credits 1V University lecturers

Abstract In this lecture, we will discuss the most important single cell
approaches, the questions they can address and current developments. We will cover single cell: genomics, transcriptomics, proteomics
(CyTOF mass cytometry), metabolomics and highly multiplexed imaging. Finally, we will also discuss the latest approaches for the analysis
of such generated highly multiplexed single cell data.

Objective On completion of this module the students should be able to:
- explain the basic principles of single cell analysis techniques
- identify and justify the limitations of the current single cell
technologies and suggest reasonable improvements
- know the basic challenges in data analysis imposed by the complex
multi parameter data.
Key skills:
On completion of this module the students should be able to:
- summarize and discuss the impact these technologies have on biology
and medicine
- design biological and biomedical experiments for which single cell
analysis is essential

Content Currently single cell analysis approaches revolutionize the way we study and understand biological systems. In all biological and
biomedical settings, cell populations and tissues are highly heterogeneous; this heterogeneity plays a critical role in basic biological
processes such as cell cycle, development and organismic function, but is also a major player in disease, e.g. for cancer development,
diagnosis and treatment.
Currently, single cell analysis techniques are rapidly developing and
find broad application, as the single cell measurements not only enable
to study cell specific functions, but often reveal unexpected biological
mechanisms in so far (assumed) well understood biological processes.
In this lecture, we will discuss the most important single cell approaches, the questions they can address and current developments. We
will cover single cell genomics, single cell transcriptomics, single cell proteomics (CyTOF mass cytometry), single cell metabolomics and
highly multiplexed single cell imaging. Finally, we will also discuss the latest approaches for the analysis of such generated highly
multiplexed single cell data.

551-1412-00L Molecular and Structural Biology IV: Visualizing
Macromolecules by X-Ray Crystallography and EM

W 4 credits 2V N. Ban, D. Böhringer, T. Ishikawa,
M. A. Leibundgut, K. Locher,
M. Pilhofer, K. Wüthrich, further
lecturers

Abstract This course provides an in-depth discussion of two main methods to determine the 3D structures of macromolecules and complexes at
high resolution: X-ray crystallography and cryo-electron microscopy. Both techniques result in electron density maps that are interpreted by
atomic models.

Objective Students will obtain the theoretical background to understand structure determination techniques employed in X-ray crystallography and
electron microscopy, including diffraction theory, crystal growth and analysis, reciprocal space calculations, interpretation of electron
density, structure building and refinement as well as validation. The course will also provide an introduction into the use of cryo-electron
tomography to visualize complex cellular substructures at sub-nanometer resolutions, effectively bridging the resolution gap between
optical microscopy and single particle cryo-electron microscopy. Lectures will be complemented with practical sessions where students will
have a chance to gain hands on experience with sample preparation, data processing and structure building and refinement.
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Content - History of Structural Molecular Biology

- X-ray diffraction from macromolecular crystals

- Data collection and statistics, phasing methods

-  Crystal symmetry and space groups

- X-ray data processing

- Principle of cryo-EM for biological macromolecules I, including hardware of TEM and detectors, image formation principle (phase contrast,
spherical aberration, CTF), 3D reconstruction (central-section theorem, backprojection, missing information)

- Single particle analysis, including principle (projection matching, random conical tilt, angular reconstitution)

- Tomography I, including basics and subtomogram averaging

- Tomography - recent techniques, including cryo-FIB
- EM specimen preparation (cryo, negative stain), initial EM data processing

- EM and X-ray structure building, refinement, validation and interpretation

- Model building and refinement

551-1414-00L Molecular and Structural Biology V: Studying
Macromolecules by NMR and EPR

W 4 credits 2V F. Allain, A. D. Gossert, G. Jeschke,
K. Wüthrich

Abstract The course provides an overview of experimental methods for studying function and structure of macromolecules at atomic resolution in
solution. The two main methods used are Nuclear Magnetic Resonance (NMR) spectroscopy and Electron Paramagnetic Resonance
(EPR) spectroscopy.

Objective Insight into the methodology, areas of application and limitations of these two methods for studying biological macromolecules. Practical
exercises with spectra to have hands on understanding of the methodology.

Content Part I: Historical overview of structural biology.
Part II: Basic concepts of NMR and initial examples of applications.
2D NMR and isotope labeling for studying protein function and molecular interactions at atomic level.
Studies of dynamic processes of proteins in solution.
Approaches to study large particles.
Methods for determination of protein structures in solution.
Part III: NMR methods for structurally characterizing RNA and protein-RNA complexes.
Part IV: EPR of biomolecules

Literature 1) Wüthrich, K. NMR of Proteins and Nucleic Acids, Wiley-Interscience.
2) Dominguez et al, Prog Nucl Magn Reson Spectrosc. 2011 Feb;58(1-2):1-61. 
3) Duss O et al, Methods Enzymol. 2015;558:279-331.

 Elective Concept Courses
Number Title Type ECTS Hours Lecturers

551-0326-00L Cell Biology W  6 credits 4V S. Werner, M. Bordoli, W. Kovacs,
M. Schäfer, U. Suter, A. Wutz

Abstract This Course introduces principle concepts, techniques, and experimental strategies used in modern Cell Biology. Major topics include:
neuron-glia interactions in health and disease; mitochondrial dynamics; stem cell biology; growth factor action in development, tissue repair
and disease; cell metabolism, in particular sensing and signaling mechanisms, cell organelles, and lipid metabolism.

Objective -To prepare the students for successful and efficient lab work by learning how to ask the right questions and to use the appropriate
techniques in a research project.
-To convey knowledge about neuron-glia interactions in health and disease.
- To provide information on different types of stem cells and their function in health and disease
-To provide information on growth factor signaling in development, repair and disease and on the use of growth factors or their receptors as
drug targets for major human diseases
-To convey knowledge on the mechanisms underlying repair of injured tissues
-To provide the students with an overview of mitochondrial dynamics.
-Providing an understanding of RNA processing reactions and their regulations.
-To provide a comprehensive understanding of metabolic sensing mechanisms occurring in different cell types and organelles in response
to glucose, hormones, oxygen, nutrients as well as lipids, and to discuss downstream signaling pathways and cellular responses.
-To provide models explaining how disturbances in complex metabolic control networks and bioenergetics can lead to disease and to
highlight latest experimental approaches to uncover the intricacies of metabolic control at the cellular and organismal level.
-Providing the background and context that foster cross-disciplinary scientific thinking.

551-0324-00L Systems Biology W  6 credits 4V P. Picotti, M. Claassen, U. Sauer,
B. Snijder, B. Wollscheid

Abstract Introduction to experimental and computational methods of systems biology. By using bakers yeast as a thread through the series, we
focus on global methods for analysis of and interference with biological functions. Illustrative applications to other organisms will highlight
medical and biotechnological aspects.

Objective - obtain an overview of global analytical methods
- obtain an overview of computational methods in systems biology
- understand the concepts of systems biology

Content Overview of global analytical methods (e.g. DNA arrays, proteomics, metabolomics, fluxes etc), global interference methods (siRNA,
mutant libraries, synthetic lethality etc.) and imaging methods. Introduction to mass spectrometry and proteomics. Concepts of metabolism
in microbes and higher cells. Systems biology of developmental processes. Concepts of mathematical modeling and applications of
computational systems biology.

Lecture notes no script
Literature The course is not taught by a particular book, but some books are suggested for further reading:

 
- Systems biology in Practice by Klipp, Herwig, Kowald, Wierling und Lehrach. Wiley-VCH 2005

529-0732-00L Proteins and Lipids
Note for BSc Biology students: Only one of the two
concept courses 529-0731-00 Nucleic Acids and
Carbohydrates (autumn semester) or 529-0732-00

W  6 credits 3G D. Hilvert
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Proteins and Lipids (spring semester) can be counted for
the Bachelor's degree.

Abstract An overview of the relationship between protein sequence, conformation and function.
Objective Overview of the relationship between protein sequence, conformation and function.
Content Proteins, structures and properties, (bio)synthesis of polypeptides, protein folding and design, protein engineering, chemical modification of

proteins, proteomics.
Literature General Literature:

- T.E. Creighton:  Proteins: Structures and Molecular Properties, 2nd Edition, H.W. Freeman and Company, New York, 1993.
- C. Branden, J. Tooze , Introduction to Protein Structure, Garland Publishing, New York, 1991.
- J. M. Berg, J. L. Tymoczko, L. Stryer:  Biochemistry, 5th edition, H.W. Freeman and Company, New York, 2002.
- G.A. Petsko, D. Ringe: Protein Structure and Function, New Science Press Ltd., London, 2004.

Original Literature:
Citations from the original literature relevant to the individual lectures will be assigned weekly.

551-0314-00L Microbiology (Part II) W  3 credits 2V W.-D. Hardt, L. Eberl, H.-
M. Fischer, J. Piel, J. Vorholt-
Zambelli

Abstract Advanced lecture class providing a broad overview on bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Objective This concept class will be based on common concepts and introduce to the enormous diversity among bacteria and archaea. It will cover

the current research on bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Content Advanced class covering the state of the research in bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Lecture notes Updated handouts will be provided during the class.
Literature Current literature references will be provided during the lectures.
Prerequisites /
notice

English

551-0318-00L Immunology II W  3 credits 2V A. Oxenius, M. Kopf,
S. R. Leibundgut, E. Wetter Slack,
further lecturers

Abstract Introduction into the cellular and molecular basis of the immune system and immune responses against diverse pathogens, tumors,
transplants, and self (autoimmunity)

Objective The lectures will provide a detailed understanding:
- how innate and adaptive immune responses interact at the cellular and molecular level.
- how the immune system recognizes and fights against pathogenic microorganisms including viruses, bacteria, and parasites.
- why lymphocytes tolerate self molecules.
- about function and dysfunction the intestinal immune system.
- immunopathology and inflammatory diseases.

Content The aim of lecture is to understand:
> How pathogens are recognized by the innate immune system
> Immune defense against various pathogens
> Immunology of the skin, lung and intestines
> Tumor immunology
> Migration and homing of immune cells
> tolerance and autoimmunity
> T cell memory

Lecture notes Presentations of the lecturers are available at the Moodle link
Literature Recommended: Kuby Immunology (Freeman)

551-0307-01L Molecular and Structural Biology II: Molecular
Machines and Cellular Assemblies
D-BIOL  students are obliged to take part I and part II as a
two-semester course.

W 3 credits 2V N. Ban, F. Allain, S. Jonas,
M. Pilhofer

Abstract This course on advanced topics in Molecular Biology and Biochemistry will cover the structure and function of cellular assemblies. General
topics in basic biochemistry will be further developed with examples of the function of large cellular machines involved in DNA packaging,
translation, virus architecture, RNA processing, cell-cell interactions, and the molecular basis of CRISPER systems.

Objective Students will gain a deep understanding of large cellular assemblies and the structure-function relationships governing their function in
fundamental cellular processes. The lectures throughout the course will be complemented by exercises and discussions of original
research examples to provide students with a deeper understanding of the subjects and to encourage active student participation.

Content Advanced class covering the state of the research in structural molecular biology of basic cellular processes with emphasis on the function
of large cellular assemblies.

Lecture notes Updated handouts will be provided during the class.
Literature The lecture will be based on the latest literature. Additional suggested

literature:
Branden, C., and J. Tooze, Introduction to Protein Structure, 2nd ed. 
(1995). Garland, New York.

 Elective Major: Molecular Plant Biology
 Compulsory Master Courses

Number Title Type ECTS Hours Lecturers

551-0120-01L Plant Biology Colloquium (Spring Semester)
Only compulsory for Master students who started their
Master in Autumn Semester 2017 or later.

This compulsory course is required only once. It may be
taken in autumn as course 551-0120-00 "Plant Biology
Colloquium (Autumn Semester)" or in spring as course
551-0120-01 "Plant Biology Colloquium (Spring
Semester)".

W  2 credits 1K C. Sánchez-Rodríguez,
W. Gruissem, A. Rodriguez-Villalon,
O. Voinnet, S. C. Zeeman

Abstract Current topics in Molecular Plant Biology presented by internal and external speakers from accademia.
Objective Getting insight into actual areas and challenges of Molecular Plant Biology.
Content http://www.impb.ethz.ch/news-and-events/colloquium-impb.html
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 Elective Compulsory Concept Courses
See D-BIOL Master Studies Guide

Number Title Type ECTS Hours Lecturers

529-0732-00L Proteins and Lipids
Note for BSc Biology students: Only one of the two
concept courses 529-0731-00 Nucleic Acids and
Carbohydrates (autumn semester) or 529-0732-00
Proteins and Lipids (spring semester) can be counted for
the Bachelor's degree.

W  6 credits 3G D. Hilvert

Abstract An overview of the relationship between protein sequence, conformation and function.
Objective Overview of the relationship between protein sequence, conformation and function.
Content Proteins, structures and properties, (bio)synthesis of polypeptides, protein folding and design, protein engineering, chemical modification of

proteins, proteomics.
Literature General Literature:

- T.E. Creighton:  Proteins: Structures and Molecular Properties, 2nd Edition, H.W. Freeman and Company, New York, 1993.
- C. Branden, J. Tooze , Introduction to Protein Structure, Garland Publishing, New York, 1991.
- J. M. Berg, J. L. Tymoczko, L. Stryer:  Biochemistry, 5th edition, H.W. Freeman and Company, New York, 2002.
- G.A. Petsko, D. Ringe: Protein Structure and Function, New Science Press Ltd., London, 2004.

Original Literature:
Citations from the original literature relevant to the individual lectures will be assigned weekly.

551-0324-00L Systems Biology W  6 credits 4V P. Picotti, M. Claassen, U. Sauer,
B. Snijder, B. Wollscheid

Abstract Introduction to experimental and computational methods of systems biology. By using bakers yeast as a thread through the series, we
focus on global methods for analysis of and interference with biological functions. Illustrative applications to other organisms will highlight
medical and biotechnological aspects.

Objective - obtain an overview of global analytical methods
- obtain an overview of computational methods in systems biology
- understand the concepts of systems biology

Content Overview of global analytical methods (e.g. DNA arrays, proteomics, metabolomics, fluxes etc), global interference methods (siRNA,
mutant libraries, synthetic lethality etc.) and imaging methods. Introduction to mass spectrometry and proteomics. Concepts of metabolism
in microbes and higher cells. Systems biology of developmental processes. Concepts of mathematical modeling and applications of
computational systems biology.

Lecture notes no script
Literature The course is not taught by a particular book, but some books are suggested for further reading:

 
- Systems biology in Practice by Klipp, Herwig, Kowald, Wierling und Lehrach. Wiley-VCH 2005

551-0320-00L Cellular Biochemistry (Part II) W  3 credits 2V Y. Barral, R. Kroschewski,
A. E. Smith

Abstract This course will focus on molecular mechanisms and concepts underlying cellular biochemistry, providing advanced insights into the
structural and functional details of individual cell components, and the complex regulation of their interactions. Particular emphasis will be
on the spatial and temporal integration of different molecules and signaling pathways into global cellular processes.

Objective The full-year course (551-0319-00 & 551-0320-00) focuses on the molecular mechanisms and concepts underlying the biochemistry of
cellular physiology, investigating how these processes are integrated to carry out highly coordinated cellular functions. The molecular
characterization of complex cellular functions requires a combination of approaches such as biochemistry, but also cell biology and
genetics. This course is therefore the occasion to discuss these techniques and their integration in modern cellular biochemistry. 
The students will be able to describe the structural and functional details of individual cell components, and the spatial and temporal
regulation of their interactions. In particular, they will learn to explain how different molecules and signaling pathways can be integrated
during complex and highly dynamic cellular processes such as intracellular transport, cytoskeletal rearrangements, cell motility, and cell
division. In addition, they will be able to illustrate the relevance of particular signaling pathways for cellular pathologies such as cancer or
during cellular infection.

Content Spatial and temporal integration of different molecules and signaling pathways into global cellular processes, such as cell division, cell
infection and cell motility. Emphasis is also put on the understanding of pathologies associated with defective cell physiology, such as
cancer or during cellular infection.

Literature Recommended supplementary literature (review articles and selected primary literature) will be provided during the course.
Prerequisites /
notice

To attend this course the students must have a solid basic knowledge in chemistry, biochemistry, cell biology and general biology. Biology
students have in general already attended the first part of the "Cellular Biochemistry" concept course (551-0319-00). The course will be
taught in English.
In addition, the course will be based on a blended-learning scenario, where frontal lectures will be complemented with carefully chosen
web-based teaching elements that students access through the ETH Moodle platform.

551-0314-00L Microbiology (Part II) W  3 credits 2V W.-D. Hardt, L. Eberl, H.-
M. Fischer, J. Piel, J. Vorholt-
Zambelli

Abstract Advanced lecture class providing a broad overview on bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Objective This concept class will be based on common concepts and introduce to the enormous diversity among bacteria and archaea. It will cover

the current research on bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Content Advanced class covering the state of the research in bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Lecture notes Updated handouts will be provided during the class.
Literature Current literature references will be provided during the lectures.
Prerequisites /
notice

English

551-0326-00L Cell Biology W  6 credits 4V S. Werner, M. Bordoli, W. Kovacs,
M. Schäfer, U. Suter, A. Wutz

Abstract This Course introduces principle concepts, techniques, and experimental strategies used in modern Cell Biology. Major topics include:
neuron-glia interactions in health and disease; mitochondrial dynamics; stem cell biology; growth factor action in development, tissue repair
and disease; cell metabolism, in particular sensing and signaling mechanisms, cell organelles, and lipid metabolism.
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Objective -To prepare the students for successful and efficient lab work by learning how to ask the right questions and to use the appropriate
techniques in a research project.
-To convey knowledge about neuron-glia interactions in health and disease.
- To provide information on different types of stem cells and their function in health and disease
-To provide information on growth factor signaling in development, repair and disease and on the use of growth factors or their receptors as
drug targets for major human diseases
-To convey knowledge on the mechanisms underlying repair of injured tissues
-To provide the students with an overview of mitochondrial dynamics.
-Providing an understanding of RNA processing reactions and their regulations.
-To provide a comprehensive understanding of metabolic sensing mechanisms occurring in different cell types and organelles in response
to glucose, hormones, oxygen, nutrients as well as lipids, and to discuss downstream signaling pathways and cellular responses.
-To provide models explaining how disturbances in complex metabolic control networks and bioenergetics can lead to disease and to
highlight latest experimental approaches to uncover the intricacies of metabolic control at the cellular and organismal level.
-Providing the background and context that foster cross-disciplinary scientific thinking.

551-0307-01L Molecular and Structural Biology II: Molecular
Machines and Cellular Assemblies
D-BIOL  students are obliged to take part I and part II as a
two-semester course.

W 3 credits 2V N. Ban, F. Allain, S. Jonas,
M. Pilhofer

Abstract This course on advanced topics in Molecular Biology and Biochemistry will cover the structure and function of cellular assemblies. General
topics in basic biochemistry will be further developed with examples of the function of large cellular machines involved in DNA packaging,
translation, virus architecture, RNA processing, cell-cell interactions, and the molecular basis of CRISPER systems.

Objective Students will gain a deep understanding of large cellular assemblies and the structure-function relationships governing their function in
fundamental cellular processes. The lectures throughout the course will be complemented by exercises and discussions of original
research examples to provide students with a deeper understanding of the subjects and to encourage active student participation.

Content Advanced class covering the state of the research in structural molecular biology of basic cellular processes with emphasis on the function
of large cellular assemblies.

Lecture notes Updated handouts will be provided during the class.
Literature The lecture will be based on the latest literature. Additional suggested

literature:
Branden, C., and J. Tooze, Introduction to Protein Structure, 2nd ed. 
(1995). Garland, New York.

 Elective Compulsory Master Courses
Number Title Type ECTS Hours Lecturers

551-0140-00L Epigenetics W  4 credits 2V A. Wutz, U. Grossniklaus, R. Paro,
R. Santoro

Abstract Epigenetics studies the inheritance of traits that cannot be attributed to changes in the DNA sequence. The lecture will present an overview
of different epigenetic phenomena and provide detailed insight into the underlying molecular mechanisms. The role of epigenetic processes
in the development of cancer and other disorders will be discussed.

Objective The aim of the course is to gain an understanding of epigenetic mechanisms and their impact on the development of organisms,
regenerative processes or manifestation of disease.

Content Topics
- historical overview, concepts and comparison Genetics vs. Epigenetics
- Biology of chromatin: structure and function, organization in the nucleus and the role of histone modifications in processes like
transcription and replication
- DNA methylation as an epigenetic modification
- Inheritance of epigenetic modifications during cell division: cellular memory
- Stability and reversibility of epigenetic modifications: cellular plasticity and stem cells
- Genomic imprinting in plants and mammals
- X chromosome inactivation and dosis compensation
- position effects, paramutations and transvection
- RNA-induced gene silencing
- The role of epigenetic processes in cancer development or cell aging

551-0138-00L Regulation of Plant Primary Metabolism W  2 credits 1V S. C. Zeeman
Abstract Plants are the primary producers of our ecosystem. This course will survey the pathways of plant metabolism. Emphasis will be placed on

the mechanisms of carbon dioxide assimilation, carbohydrate metabolism, and the regulation of metabolic fluxes. The course will also
highlight the classical and state-of-the-art research methods.

Objective The aim of the course is to confer a broad understanding of plant metabolism, to give insight into the methods of plant biology research,
and to promote critical evaluation of scientific literature.

Content The course will include a combination of lectures and coursework/active-learning exercises (e.g. research paper presentations)

551-0224-00L Advanced Proteomics
For master students from the 2nd semester on, also
doctoral candidates and post docs.

W  4 credits 6G P. Picotti, L. Gillet, A. Leitner,
P. Pedrioli

Abstract Goal of the course is to analyze current and newly emerging technologies and approaches in protein and proteome analysis with regard to
their application in biology, biotechnology and medicine.
Format: Introduction by instructor followed by discussions stimulated by reading assignments and exercises.

Objective To discuss current and newly emerging technologies and approaches in protein and proteome analysis with regard to their applications in
biology, biotechnology, medicine and systems biology.

Content Block course teaching current methods for the acquisition and processing of proteomic datasets.
Prerequisites /
notice

Number of people: Not exceeding 30.
Students from ETHZ, Uni Zurich and University of Basel
Non-ETH students must register at ETH Zurich as special students http://www.rektorat.ethz.ch/students/admission/auditors/index_EN

751-5110-00L Insects in Agroecosystems W  2 credits 2V C. De Moraes, M. Fenske,
D. Lucas Gomes Marques Barbosa

Abstract This class will focus on insect-plant interactions in agroecosystems, and how the unique man-made agricultural community effects insect
populations leading to pest outbreaks.   Key concepts in pest prediction and management will be discussed from an ecological perspective.

Objective At the end of this course, students will understand what biotic and abiotic factors contribute to pest outbreaks, why some modern pest
management techniques have failed over time, and the trade-offs associated with the use of different pest control methods. Our approach
will allow students to apply their knowledge to a variety of pest management situations. Additionally, students will learn about current
research goals in agroecology and how these goals are being addressed by scientists engaged in agricultural research.
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Content The focus of this course will be on understanding how the ecologies of agricultural systems differ from natural ecosystems, and how these
difference affect the population dynamics of insect pests and natural enemies.  Each section of the course is centered around a basic
ecological, biological or engineering theme such as host shift, physiological time, or sampling techniques.  Different management
techniques will be discussed, as well as the ecological basis behind why these techniques work and why they sometimes fail.  The role of
insects in spreading economically important plant diseases will also be discussed. Recent advances in research will also be addressed
throughout the course and reinforced with periodic readings of primary literature.

Lecture notes Provided to students through ILIAS
Literature Selected required readings (peer reviewed literature, selected book chapters).

751-4904-00L Microbial Pest Control W  2 credits 2G J. Enkerli, G. Grabenweger
Abstract This lecture provides conceptual as well as biological and ecological background on microbial pest management. Methods and techniques

applied to develop and monitor microbial control agents are elucidated.
Objective To know the most important groups of insect pathogens and their characteristics. To become familiar with the basic steps necessary for the

development of microbial control agents. To understand the techniques and methods used to monitor field applications and the procedures
involved in registration of products for microbial pest management.

Content Definitions and general terms used in microbial control are presented. Biological and ecological aspects of all arthropod-pathogenic groups
(virus, bacteria, fungi and nematodes) as well as their advantages and disadvantages in relation to biocontrol are discussed. Particular
emphasis is put on hypocrealean and entomophthoralean fungi. Examples are used to demonstrate how projects in microbial control can
be set up, how pathogens can be applied and how efficacy, non-target effects, persistence and dissemination are monitored. Furthermore,
the necessary steps for product development, commercial aspects and registration requirements are discussed.

Lecture notes Lecture notes comprising the basic aspects will be provided.
Literature Additional literature will be indicated in the lecture

751-4505-00L Plant Pathology II W 2 credits 2G B. McDonald
Abstract Plant Pathology II focuses on disease control in agroecosystems based on biological control, pesticide applications and breeding of

resistant crop cultivars. The genetics of pathogen-plant interactions will be explored in detail as a basis for understanding the development
of boom-and-bust cycles and methods that may be used to prevent the evolution of pathogen virulence and fungicide resistance.

Objective An understanding of the how biological control, pesticides and plant breeding can be used to achieve sustainable disease control.  An
understanding of the genetic basis of pathogen-plant interactions and appropriate methods for using resistance to control diseases in
agroecosystems.

Content Plant Pathology II will focus on disease control in agroecosystems based on biological control, pesticide applications and breeding of
resistant crop cultivars. The genetics of pathogen-plant interactions will be explored in detail as a basis for understanding the development
of boom-and-bust cycles and methods that may be used to prevent the evolution of pathogen virulence and fungicide resistance.

Lecture Topics and Tentative Schedule

Week 1     Biological control: biofumigation, disease declines, suppressive soils. 

Week 2     Biological control: competitive exclusion, hyperparasitism.  

Week 3    Chemical control: History of fungicides in Europe, fungicide properties, application methods. 
 
Week 4     Fungicide categories and modes of action, antibiotics, fungicide development, fungicide safety and risk assessment (human
health). 

Week 5    Resistance to fungicides. Genetics of fungicide resistance, ABC transporters, risk assessment, fitness costs. FRAC risk
assessment model vs. population genetic risk assessment model. 

Week 6     Genetics of pathogen-plant interaction:  genetics of pathogens, genetics of plant resistance, major gene and quantitative
resistance, acquired resistance. Flor's GFG hypothesis and the quadratic check, the receptor and elicitor model of GFG, the guard model of
GFG. 

Week 7    Resistance gene structure and genome distribution, conservation of LRR motifs across eukaryotes. Genetic basis of quantitative
resistance.  QTLs and QRLs. Connections between MGR and QR.  Durability of QR. 

Week 8    Genetic resistance: Costs, benefits and risks. 

Week 9    Non-host resistance. Types of NHR. NHR in Arabidopsis with powdery mildews.  NHR in maize and rice. Avirulence genes and
pathogen elicitors. PAMPs, effectors, type-III secretion systems, harpins in bacteria.  Fungal avirulence genes.

Week 10     Easter holiday no class. 

Week 11     Sechselauten holiday no class.

Week 12     Host-specific toxins. GFG for toxins and connection to apoptosis. Fitness costs of virulence alleles. Diversifying selection in
NIP1. 

Week 13    Boom and bust cycles for resistance genes and fungicides and coevolutionary processes. Pathogen genetic structure and
evolutionary potential. Genetic structure of pathogen populations in agroecosystems, risk assessment for pathogen evolution and breeding
strategies for durable resistance.

Week 14     Resistance gene and fungicide deployment strategies for agroecosystems.

Week 15    Genetic engineering approaches to achieve disease resistant crops.
Lecture notes Lecture notes will be available for purchase at the cost of reproduction.
Literature Lecture notes will be available for purchase at the cost of reproduction.
Prerequisites /
notice

Plant Pathology I provides a good preparation for Plant Pathology II, but is not a prerequisite for this course.

 Elective Concept Courses
Number Title Type ECTS Hours Lecturers

551-0307-01L Molecular and Structural Biology II: Molecular
Machines and Cellular Assemblies
D-BIOL  students are obliged to take part I and part II as a
two-semester course.

W 3 credits 2V N. Ban, F. Allain, S. Jonas,
M. Pilhofer
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Abstract This course on advanced topics in Molecular Biology and Biochemistry will cover the structure and function of cellular assemblies. General
topics in basic biochemistry will be further developed with examples of the function of large cellular machines involved in DNA packaging,
translation, virus architecture, RNA processing, cell-cell interactions, and the molecular basis of CRISPER systems.

Objective Students will gain a deep understanding of large cellular assemblies and the structure-function relationships governing their function in
fundamental cellular processes. The lectures throughout the course will be complemented by exercises and discussions of original
research examples to provide students with a deeper understanding of the subjects and to encourage active student participation.

Content Advanced class covering the state of the research in structural molecular biology of basic cellular processes with emphasis on the function
of large cellular assemblies.

Lecture notes Updated handouts will be provided during the class.
Literature The lecture will be based on the latest literature. Additional suggested

literature:
Branden, C., and J. Tooze, Introduction to Protein Structure, 2nd ed. 
(1995). Garland, New York.

 Elective Major: Systems Biology
 Compulsory Concept Courses

Number Title Type ECTS Hours Lecturers

551-0324-00L Systems Biology O  6 credits 4V P. Picotti, M. Claassen, U. Sauer,
B. Snijder, B. Wollscheid

Abstract Introduction to experimental and computational methods of systems biology. By using bakers yeast as a thread through the series, we
focus on global methods for analysis of and interference with biological functions. Illustrative applications to other organisms will highlight
medical and biotechnological aspects.

Objective - obtain an overview of global analytical methods
- obtain an overview of computational methods in systems biology
- understand the concepts of systems biology

Content Overview of global analytical methods (e.g. DNA arrays, proteomics, metabolomics, fluxes etc), global interference methods (siRNA,
mutant libraries, synthetic lethality etc.) and imaging methods. Introduction to mass spectrometry and proteomics. Concepts of metabolism
in microbes and higher cells. Systems biology of developmental processes. Concepts of mathematical modeling and applications of
computational systems biology.

Lecture notes no script
Literature The course is not taught by a particular book, but some books are suggested for further reading:

 
- Systems biology in Practice by Klipp, Herwig, Kowald, Wierling und Lehrach. Wiley-VCH 2005

 Elective Compulsory Concept Courses
See D-BIOL Master Studies Guide

Number Title Type ECTS Hours Lecturers

551-0320-00L Cellular Biochemistry (Part II) W  3 credits 2V Y. Barral, R. Kroschewski,
A. E. Smith

Abstract This course will focus on molecular mechanisms and concepts underlying cellular biochemistry, providing advanced insights into the
structural and functional details of individual cell components, and the complex regulation of their interactions. Particular emphasis will be
on the spatial and temporal integration of different molecules and signaling pathways into global cellular processes.

Objective The full-year course (551-0319-00 & 551-0320-00) focuses on the molecular mechanisms and concepts underlying the biochemistry of
cellular physiology, investigating how these processes are integrated to carry out highly coordinated cellular functions. The molecular
characterization of complex cellular functions requires a combination of approaches such as biochemistry, but also cell biology and
genetics. This course is therefore the occasion to discuss these techniques and their integration in modern cellular biochemistry. 
The students will be able to describe the structural and functional details of individual cell components, and the spatial and temporal
regulation of their interactions. In particular, they will learn to explain how different molecules and signaling pathways can be integrated
during complex and highly dynamic cellular processes such as intracellular transport, cytoskeletal rearrangements, cell motility, and cell
division. In addition, they will be able to illustrate the relevance of particular signaling pathways for cellular pathologies such as cancer or
during cellular infection.

Content Spatial and temporal integration of different molecules and signaling pathways into global cellular processes, such as cell division, cell
infection and cell motility. Emphasis is also put on the understanding of pathologies associated with defective cell physiology, such as
cancer or during cellular infection.

Literature Recommended supplementary literature (review articles and selected primary literature) will be provided during the course.
Prerequisites /
notice

To attend this course the students must have a solid basic knowledge in chemistry, biochemistry, cell biology and general biology. Biology
students have in general already attended the first part of the "Cellular Biochemistry" concept course (551-0319-00). The course will be
taught in English.
In addition, the course will be based on a blended-learning scenario, where frontal lectures will be complemented with carefully chosen
web-based teaching elements that students access through the ETH Moodle platform.

551-0314-00L Microbiology (Part II) W  3 credits 2V W.-D. Hardt, L. Eberl, H.-
M. Fischer, J. Piel, J. Vorholt-
Zambelli

Abstract Advanced lecture class providing a broad overview on bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Objective This concept class will be based on common concepts and introduce to the enormous diversity among bacteria and archaea. It will cover

the current research on bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Content Advanced class covering the state of the research in bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Lecture notes Updated handouts will be provided during the class.
Literature Current literature references will be provided during the lectures.
Prerequisites /
notice

English

 Elective Compulsory Master Courses I: Computation
Number Title Type ECTS Hours Lecturers

636-0702-00L Statistical Models in Computational Biology W 6 credits 2V+1U+2A N. Beerenwinkel
Abstract The course offers an introduction to graphical models and their application to complex biological systems. Graphical models combine a

statistical methodology with efficient algorithms for inference in settings of high dimension and uncertainty. The unifying graphical model
framework is developed and used to examine several classical and topical computational biology methods.
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Objective The goal of this course is to establish the common language of graphical models for applications in computational biology and to see this
methodology at work for several real-world data sets.

Content Graphical models are a marriage between probability theory and graph theory. They combine the notion of probabilities with efficient
algorithms for inference among many random variables. Graphical models play an important role in computational biology, because they
explicitly address two features that are inherent to biological systems: complexity and uncertainty. We will develop the basic theory and the
common underlying formalism of graphical models and discuss several computational biology applications. Topics covered include
conditional independence, Bayesian networks, Markov random fields, Gaussian graphical models, EM algorithm, junction tree algorithm,
model selection, Dirichlet process mixture, causality, the pair hidden Markov model for sequence alignment, probabilistic phylogenetic
models, phylo-HMMs, microarray experiments and gene regulatory networks, protein interaction networks, learning from perturbation
experiments, time series data and dynamic Bayesian networks. Some of the biological applications will be explored in small data analysis
problems as part of the exercises.

Lecture notes no
Literature - Airoldi EM (2007) Getting started in probabilistic graphical models. PLoS Comput Biol 3(12): e252. doi:10.1371/journal.pcbi.0030252

- Bishop CM. Pattern Recognition and Machine Learning. Springer, 2007.
- Durbin R, Eddy S, Krogh A, Mitchinson G. Biological Sequence Analysis. Cambridge university Press, 2004

401-0102-00L Applied Multivariate Statistics W 5 credits 2V+1U F. Sigrist
Abstract Multivariate statistics analyzes data on several random variables simultaneously. This course introduces the basic concepts and provides

an overview of classical and modern methods of multivariate statistics including visualization, dimension reduction, supervised and
unsupervised learning for multivariate data. An emphasis is on applications and solving problems with the statistical software R.

Objective After the course, you are able to:
- describe the various methods and the concepts behind them
- identify adequate methods for a given statistical problem
- use the statistical software R to efficiently apply these methods
- interpret the output of these methods

Content Visualization, multivariate outliers, the multivariate normal distribution, dimension reduction, principal component analysis, multidimensional
scaling, factor analysis, cluster analysis, classification, multivariate tests and multiple testing

Lecture notes None
Literature 1) "An Introduction to Applied Multivariate Analysis with R" (2011) by Everitt and Hothorn 

2) "An Introduction to Statistical Learning: With Applications in R" (2013) by Gareth, Witten, Hastie and Tibshirani

Electronic versions (pdf) of both books can be downloaded for free from the ETH library.

Prerequisites /
notice

This course is targeted at students with a non-math background. 

Requirements:
==========
1) Introductory course in statistics (min: t-test, regression; ideal: conditional probability, multiple regression)
2) Good understanding of R (if you don't know R, it is recommended that you study chapters 1,2,3,4, and 5 of "Introductory Statistics with
R" from Peter Dalgaard, which is freely available online from the ETH library)

An alternative course with more emphasis on theory is 401-6102-00L "Multivariate Statistics" (only every second year).

401-0102-00L and 401-6102-00L are mutually exclusive. You can register for only one of these two courses.

227-0396-00L EXCITE Interdisciplinary Summer School on Bio-
Medical Imaging
The school admits 60 MSc or PhD students with
backgrounds in biology, chemistry, mathematics, physics,
computer science or engineering based on a selection
process.
 
Students have to apply for acceptance by April 20, 2020.
To apply a curriculum vitae and an application letter need
to be submitted. The notification of acceptance will be
given by May 22, 2020. Further information can be found
at: www.excite.ethz.ch.

W 4 credits 6G S. Kozerke, G. Csúcs, J. Klohs-
Füchtemeier, S. F. Noerrelykke,
M. P. Wolf

Abstract Two-week summer school organized by EXCITE (Center for EXperimental & Clinical Imaging TEchnologies Zurich) on biological and
medical imaging. The course covers X-ray imaging, magnetic resonance imaging, nuclear imaging, ultrasound imaging, infrared and optical
microscopy, electron microscopy, image processing and analysis.

Objective Students understand basic concepts and implementations of biological and medical imaging. Based on relative advantages and limitations
of each method they can identify preferred procedures and applications. Common foundations and conceptual differences of the methods
can be explained.

Content Two-week summer school on biological and medical imaging. The course covers concepts and implementations of X-ray imaging,
magnetic resonance imaging, nuclear imaging, ultrasound imaging, infrared and optical microscopy and electron microscopy. Multi-modal
and multi-scale imaging and supporting technologies such as image analysis and modeling are discussed. Dedicated modules for physical
and life scientists taking into account the various backgrounds are offered.

Lecture notes Hand-outs, Web links
Prerequisites /
notice

The school admits 60 MSc or PhD students with backgrounds in biology, chemistry, mathematics, physics, computer science or
engineering based on a selection process. To apply a curriculum vitae, a statement of purpose and applicants references need to be
submitted. Further information can be found at: http://www.excite.ethz.ch/education/summer-school.html

 Elective Compulsory Master Courses II: Biology
Number Title Type ECTS Hours Lecturers

551-1310-00L A Problem-Based Approach to Cellular Biochemistry
Number of participants limited to 15.

W  6 credits 2G M. Peter, V. Korkhov, A. Kralt,
V. Panse, T. Peskett, A. E. Smith,
F. van Drogen

Abstract Independent, guided acquisition of an overview over a defined area of research, identification of important open questions, development of
an experimental strategy to address a defined question, and formulation of this strategy within the framework of a research grant.

Objective The students will learn to acquire independently an overview over a defined area of research, and to identify important open questions. In
addition, they will learn to develop an experimental strategy to address a defined question, and to formulate this strategy within the
framework of a research grant.
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Content The students will work in groups of two to three, in close contact with a tutor (ETH Prof or senior scientist). A research overview with open
questions and a  research grant will be developed independently by the students, with guidance from the tutor through regular mandatory
meetings. The students will write both the research overview with open questions and the grant in short reports, and present them to their
colleagues.

Literature The identification of appropriate literature is a component of the course.
Prerequisites /
notice

This course will be taught in english, and requires extensive independent work.

551-0364-00L Functional Genomics
Information for UZH students:
Enrolment to this course unit only possible at ETH. No
enrolment to module BIO 254 at UZH. 

Please mind the ETH enrolment deadlines for UZH
students: https://www.ethz.ch/en/studies/non-
degree-
courses/special-
students/special-students-university-of-zurich.html

W  3 credits 2V C. von Mering, C. Beyer,
B. Bodenmiller, M. Gstaiger,
H. Rehrauer, R. Schlapbach,
K. Shimizu, N. Zamboni, further
lecturers

Abstract Functional genomics is key to understanding the dynamic aspects of genome function and regulation. Functional genomics approaches
use the wealth of data produced by large-scale DNA sequencing, gene expression profiling, proteomics and metabolomics. Today
functional genomics is becoming increasingly important for the generation and interpretation of quantitative biological data.

Objective Functional genomics is key to understanding the dynamic aspects of genome function and regulation.  Functional genomics approaches
use the wealth of data produced by large-scale DNA sequencing, gene expression profiling, proteomics and metabolomics.  Today
functional genomics is becoming increasingly important for the generation and interpretation of quantitative biological data.  Such data
provide the basis for systems biology efforts to elucidate the structure, dynamics and regulation of cellular networks.

Content The curriculum of the Functional Genomics course emphasizes an in depth understanding of new technology platforms for modern
genomics and advanced genetics, including the application of functional genomics approaches such as advanced sequencing, proteomics,
metabolomics, clustering and classification.  Students will learn quality controls and standards (benchmarking) that apply to the generation
of quantitative data and will be able to analyze and interpret these data. The training obtained in the Functional Genomics course will be
immediately applicable to experimental research and design of systems biology projects.

Prerequisites /
notice

The Functional Genomics course will be taught in English.

551-0224-00L Advanced Proteomics
For master students from the 2nd semester on, also
doctoral candidates and post docs.

W  4 credits 6G P. Picotti, L. Gillet, A. Leitner,
P. Pedrioli

Abstract Goal of the course is to analyze current and newly emerging technologies and approaches in protein and proteome analysis with regard to
their application in biology, biotechnology and medicine.
Format: Introduction by instructor followed by discussions stimulated by reading assignments and exercises.

Objective To discuss current and newly emerging technologies and approaches in protein and proteome analysis with regard to their applications in
biology, biotechnology, medicine and systems biology.

Content Block course teaching current methods for the acquisition and processing of proteomic datasets.
Prerequisites /
notice

Number of people: Not exceeding 30.
Students from ETHZ, Uni Zurich and University of Basel
Non-ETH students must register at ETH Zurich as special students http://www.rektorat.ethz.ch/students/admission/auditors/index_EN

701-1418-00L Modelling Course in Population and Evolutionary
Biology
Number of participants limited to 20. 

Priority is given to MSc Biology and Environmental
Sciences students.

W  4 credits 6P S. Bonhoeffer, V. Müller

Abstract This course provides a "hands-on" introduction into mathematical/computational modelling of biological processes with particular emphasis
on evolutionary and population-biological questions. The models are developed using the Open Source software R.

Objective The aim of this course is to provide a practical introduction into the modelling of fundamental biological questions. The participants will
receive guidance to develop mathematical/computational models in small teams. The participants chose two modules with different levels
of difficulty from a list of projects.

The participant shall get a sense of the utility of modelling as a tool to investigate biological problems. The simpler modules are based
mostly on examples from the earlier lecture "Ecology and evolution: populations" (script accessible at the course webpage). The advanced
modules address topical research questions. Although being based on evolutionary and population biological methods and concepts, these
modules also address topics from other areas of biology.

Content see www.tb.ethz.ch/education/learningmaterials/modelingcourse.html
Lecture notes Detailed handouts describing both the modelling and the biological background are available to each module at the course website. In

addition, the script of the earlier lecture "Ecology and evolution: populations" can also be downloaded, and contains further backround
information.

Prerequisites /
notice

The course is based on the open source software R. Experience with R is useful but not required for the course. Similarly, the course 701-
1708-00L Infectious Disease Dynamics is useful but not required.

551-1126-00L Technologies in Molecular Microbiology W  4 credits 2V H.-M. Fischer, further lecturers
Abstract The lecture course provides an advanced understanding of modern techniques used in molecular microbiology. Current technologies and

research directions in molecular microbiology including applied aspects will be illustrated with paper discussions. The format is a lecture
course enriched by group activities.

Objective The lecture course aims at providing principles of modern techniques used in molecular microbiology. Emphasis is on genetic, biochemical,
cellular, and community analysis . Discussion of a set of commonly applied technologies will assist students in evaluating current research
in molecular microbiology and choosing appropriate methods for their own demands.

Content Important genetic, biochemical, biophysical, and community analysis methods will be presented that are used to gain a deeper
understanding of the molecular principles and mechanisms underlying basic physiological processes in prokaryotes. Applied aspects of
molecular microbiology and current research in this area will also be covered.

List of topics:
- Analysis of genes, genomes and transcriptomes
- Analysis of proteins, proteomes and microbial systems

Lecture notes Updated handouts will be provided during the class.
Literature Current literature references, relevant papers and handouts will be provided during the lectures.
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Prerequisites /
notice

The following lecturers will contribute to the course:
Dr. Alex Brachmann (ETH)
Prof. Hans-Martin Fischer (ETH)
Dr. Florian Freimoser (Agroscope)
Dr. Jonas Grossmann (FGCZ)
Annika Hausmann (ETH)
Dr. Bidong Nguyen (ETH)
Dr. Bernd Roschitzki (FGCZ)
Dr. Roman Spörri (ETH)

701-1708-00L Infectious Disease Dynamics W 4 credits 2V S. Bonhoeffer, R. D. Kouyos,
R. R. Regös, T. Stadler

Abstract This course introduces into current research on the population biology of infectious diseases. The course discusses the most important
mathematical tools and their application to relevant diseases of human, natural or managed populations.

Objective Attendees will learn about:
* the impact of important infectious pathogens and their evolution on human, natural and managed populations
* the population biological impact of interventions such as treatment or vaccination
* the impact of population structure on disease transmission

Attendees will learn how:
* the emergence spread of infectious diseases is described mathematically
* the impact of interventions can be predicted and optimized with mathematical models
* population biological models are parameterized from empirical data
* genetic information can be used to infer the population biology of the infectious disease

The course will focus on how the formal methods ("how") can be used to derive biological insights about the host-pathogen system
("about").

Content After an introduction into the history of infectious diseases and epidemiology the course will discuss basic epidemiological models and the
mathematical methods of their analysis. We will then discuss the population dynamical effects of intervention strategies such as vaccination
and treatment. In the second part of the course we will introduce into more advanced topics such as the effect of spatial population
structure, explicit contact structure, host heterogeneity, and stochasticity. In the final part of the course we will introduce basic concepts of
phylogenetic analysis in the context of infectious diseases.

Lecture notes Slides and script of the lecture will be available online.
Literature The course is not based on any of the textbooks below, but they are excellent choices as accompanying material:

* Keeling & Rohani, Modeling Infectious Diseases in Humans and Animals, Princeton Univ Press 2008
* Anderson & May, Infectious Diseases in Humans, Oxford Univ Press 1990
* Murray, Mathematical Biology, Springer 2002/3
* Nowak & May, Virus Dynamics, Oxford Univ Press 2000
* Holmes, The Evolution and Emergence of RNA Viruses, Oxford Univ Press 2009

Prerequisites /
notice

Basic knowledge of population dynamics and population genetics as well as linear algebra and analysis will be an advantage.

636-0111-00L Synthetic Biology I
Attention: This course was offered in previous semesters
with the number: 636-0002-00L "Synthetic Biology I".
Students that already passed course 636-0002-00L
cannot receive credits for course 636-0111-00L.

W 4 credits 3G S. Panke, J. Stelling

Abstract         Theoretical & practical introduction into the design of dynamic biological systems at different levels of abstraction, ranging from
biological fundamentals of systems design (introduction to bacterial gene regulation, elements of transcriptional & translational control,
advanced genetic engineering) to engineering design principles (standards, abstractions) mathematical modelling & systems desig

Objective         After the course, students will be able to theoretically master the biological and engineering fundamentals required for biological design
to be able to participate in the international iGEM competition (see www.igem.ethz.ch).

Content         The overall goal of the course is to familiarize the students with the potential, the requirements and the problems of designing dynamic
biological elements that are of central importance for manipulating biological systems, primarily (but not exclusively) prokaryotic systems.
Next, the students will be taken through a number of successful examples of biological design, such as toggle switches, pulse generators,
and oscillating systems, and apply the biological and engineering fundamentals to these examples, so that they get hands-on experience
on how to integrate the various disciplines on their way to designing biological systems.

Lecture notes         Handouts during classes.
Literature         Mark Ptashne, A Genetic Switch (3rd ed), Cold Spring Haror Laboratory Press

Uri Alon, An Introduction to Systems Biology, Chapman & Hall
Prerequisites /
notice

        1) Though we do not place a formal requirement for previous participation in particular courses, we expect all participants to be familiar
with a certain level of biology and of mathematics. Specifically, there will be material for self study available on
https://bsse.ethz.ch/bpl/education/lectures/synthetic-biology-i/download.html as of mid January, and everybody is expected to be fully
familiar with this material BEFORE THE CLASS BEGINS to be able to follow the different lectures. Please contact
sven.panke@bsse.ethz.ch for access to material
2) The course is also thought as a preparation for the participation in the international iGEM synthetic biology summer competition
(www.syntheticbiology.ethz.ch, http://www.igem.org). This competition is also the contents of the course Synthetic Biology II.
https://bsse.ethz.ch/bpl/education/lectures/synthetic-biology-i/download.html

 Elective Major: Molecular and Structural Biology
 Compulsory Concept Courses

Number Title Type ECTS Hours Lecturers

551-0307-01L Molecular and Structural Biology II: Molecular
Machines and Cellular Assemblies
D-BIOL  students are obliged to take part I and part II as a
two-semester course.

O 3 credits 2V N. Ban, F. Allain, S. Jonas,
M. Pilhofer

Abstract This course on advanced topics in Molecular Biology and Biochemistry will cover the structure and function of cellular assemblies. General
topics in basic biochemistry will be further developed with examples of the function of large cellular machines involved in DNA packaging,
translation, virus architecture, RNA processing, cell-cell interactions, and the molecular basis of CRISPER systems.

Objective Students will gain a deep understanding of large cellular assemblies and the structure-function relationships governing their function in
fundamental cellular processes. The lectures throughout the course will be complemented by exercises and discussions of original
research examples to provide students with a deeper understanding of the subjects and to encourage active student participation.

Content Advanced class covering the state of the research in structural molecular biology of basic cellular processes with emphasis on the function
of large cellular assemblies.
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Lecture notes Updated handouts will be provided during the class.
Literature The lecture will be based on the latest literature. Additional suggested

literature:
Branden, C., and J. Tooze, Introduction to Protein Structure, 2nd ed. 
(1995). Garland, New York.

 Elective Compulsory Concept Courses
See D-BIOL Master Studies Guide

Number Title Type ECTS Hours Lecturers

529-0732-00L Proteins and Lipids
Note for BSc Biology students: Only one of the two
concept courses 529-0731-00 Nucleic Acids and
Carbohydrates (autumn semester) or 529-0732-00
Proteins and Lipids (spring semester) can be counted for
the Bachelor's degree.

W  6 credits 3G D. Hilvert

Abstract An overview of the relationship between protein sequence, conformation and function.
Objective Overview of the relationship between protein sequence, conformation and function.
Content Proteins, structures and properties, (bio)synthesis of polypeptides, protein folding and design, protein engineering, chemical modification of

proteins, proteomics.
Literature General Literature:

- T.E. Creighton:  Proteins: Structures and Molecular Properties, 2nd Edition, H.W. Freeman and Company, New York, 1993.
- C. Branden, J. Tooze , Introduction to Protein Structure, Garland Publishing, New York, 1991.
- J. M. Berg, J. L. Tymoczko, L. Stryer:  Biochemistry, 5th edition, H.W. Freeman and Company, New York, 2002.
- G.A. Petsko, D. Ringe: Protein Structure and Function, New Science Press Ltd., London, 2004.

Original Literature:
Citations from the original literature relevant to the individual lectures will be assigned weekly.

551-0320-00L Cellular Biochemistry (Part II) W  3 credits 2V Y. Barral, R. Kroschewski,
A. E. Smith

Abstract This course will focus on molecular mechanisms and concepts underlying cellular biochemistry, providing advanced insights into the
structural and functional details of individual cell components, and the complex regulation of their interactions. Particular emphasis will be
on the spatial and temporal integration of different molecules and signaling pathways into global cellular processes.

Objective The full-year course (551-0319-00 & 551-0320-00) focuses on the molecular mechanisms and concepts underlying the biochemistry of
cellular physiology, investigating how these processes are integrated to carry out highly coordinated cellular functions. The molecular
characterization of complex cellular functions requires a combination of approaches such as biochemistry, but also cell biology and
genetics. This course is therefore the occasion to discuss these techniques and their integration in modern cellular biochemistry. 
The students will be able to describe the structural and functional details of individual cell components, and the spatial and temporal
regulation of their interactions. In particular, they will learn to explain how different molecules and signaling pathways can be integrated
during complex and highly dynamic cellular processes such as intracellular transport, cytoskeletal rearrangements, cell motility, and cell
division. In addition, they will be able to illustrate the relevance of particular signaling pathways for cellular pathologies such as cancer or
during cellular infection.

Content Spatial and temporal integration of different molecules and signaling pathways into global cellular processes, such as cell division, cell
infection and cell motility. Emphasis is also put on the understanding of pathologies associated with defective cell physiology, such as
cancer or during cellular infection.

Literature Recommended supplementary literature (review articles and selected primary literature) will be provided during the course.
Prerequisites /
notice

To attend this course the students must have a solid basic knowledge in chemistry, biochemistry, cell biology and general biology. Biology
students have in general already attended the first part of the "Cellular Biochemistry" concept course (551-0319-00). The course will be
taught in English.
In addition, the course will be based on a blended-learning scenario, where frontal lectures will be complemented with carefully chosen
web-based teaching elements that students access through the ETH Moodle platform.

551-0314-00L Microbiology (Part II) W 3 credits 2V W.-D. Hardt, L. Eberl, H.-
M. Fischer, J. Piel, J. Vorholt-
Zambelli

Abstract Advanced lecture class providing a broad overview on bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Objective This concept class will be based on common concepts and introduce to the enormous diversity among bacteria and archaea. It will cover

the current research on bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Content Advanced class covering the state of the research in bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Lecture notes Updated handouts will be provided during the class.
Literature Current literature references will be provided during the lectures.
Prerequisites /
notice

English

551-0324-00L Systems Biology W 6 credits 4V P. Picotti, M. Claassen, U. Sauer,
B. Snijder, B. Wollscheid

Abstract Introduction to experimental and computational methods of systems biology. By using bakers yeast as a thread through the series, we
focus on global methods for analysis of and interference with biological functions. Illustrative applications to other organisms will highlight
medical and biotechnological aspects.

Objective - obtain an overview of global analytical methods
- obtain an overview of computational methods in systems biology
- understand the concepts of systems biology

Content Overview of global analytical methods (e.g. DNA arrays, proteomics, metabolomics, fluxes etc), global interference methods (siRNA,
mutant libraries, synthetic lethality etc.) and imaging methods. Introduction to mass spectrometry and proteomics. Concepts of metabolism
in microbes and higher cells. Systems biology of developmental processes. Concepts of mathematical modeling and applications of
computational systems biology.

Lecture notes no script
Literature The course is not taught by a particular book, but some books are suggested for further reading:

 
- Systems biology in Practice by Klipp, Herwig, Kowald, Wierling und Lehrach. Wiley-VCH 2005

 Elective Compulsory Master Courses
Number Title Type ECTS Hours Lecturers
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551-1402-00L Molecular and Structural Biology VI: Biophysical
Analysis of Macromolecular Mechanisms
This course is strongly recommended for the Masters
Major "Biology and Biophysics".

W  4 credits 2V R. Glockshuber, T. Ishikawa,
S. Jonas, B. Schuler, E. Weber-Ban

Abstract The course is focussed on biophysical methods for characterising conformational transitions and reaction mechanisms of proteins and
biological mecromolecules, with focus on methods that have not been covered in the Biology Bachelor Curriculum.

Objective The goal of the course is to give the students a broad overview on biopyhsical techniques available for studying conformational transitions
and complex reaction mechanisms of biological macromolecules. The course is particularly suited for students enrolled in the Majors
"Structural Biology and Biophysics", "Biochemistry" and "Chemical Biology" of the Biology MSc curriculum, as well as for MSc students of
Chemistry and Interdisciplinary Natural Sciences".

Content The biophysical methods covered in the course include advanced reaction kinetics, methods for the thermodynamic and kinetic analysis of
protein-ligand interactions, static and dynamic light scattering, analytical ultracentrifugation, spectroscopic techniques such as fluorescence
anisotropy, fluorescence resonance energy transfer (FRET) and single molecule fluorescence spectrosopy, modern electron microscopy
techniques, atomic force microscopy, and isothermal and differential scanning calorimetry.

Lecture notes Course material from the individual lecturers wil be made available at the sharepoint website 

https://team.biol.ethz.ch/e-learn/551-1402-00L

Prerequisites /
notice

Finished BSc curriculum in Biology, Chemistry or Interdisciplinary Natural Sciences. The course is also adequate for doctoral students with
research projects in structural biology, biophysics, biochemistry and chemical biology.

551-0224-00L Advanced Proteomics
For master students from the 2nd semester on, also
doctoral candidates and post docs.

W  4 credits 6G P. Picotti, L. Gillet, A. Leitner,
P. Pedrioli

Abstract Goal of the course is to analyze current and newly emerging technologies and approaches in protein and proteome analysis with regard to
their application in biology, biotechnology and medicine.
Format: Introduction by instructor followed by discussions stimulated by reading assignments and exercises.

Objective To discuss current and newly emerging technologies and approaches in protein and proteome analysis with regard to their applications in
biology, biotechnology, medicine and systems biology.

Content Block course teaching current methods for the acquisition and processing of proteomic datasets.
Prerequisites /
notice

Number of people: Not exceeding 30.
Students from ETHZ, Uni Zurich and University of Basel
Non-ETH students must register at ETH Zurich as special students http://www.rektorat.ethz.ch/students/admission/auditors/index_EN

551-0364-00L Functional Genomics
Information for UZH students:
Enrolment to this course unit only possible at ETH. No
enrolment to module BIO 254 at UZH. 

Please mind the ETH enrolment deadlines for UZH
students: https://www.ethz.ch/en/studies/non-
degree-
courses/special-
students/special-students-university-of-zurich.html

W 3 credits 2V C. von Mering, C. Beyer,
B. Bodenmiller, M. Gstaiger,
H. Rehrauer, R. Schlapbach,
K. Shimizu, N. Zamboni, further
lecturers

Abstract Functional genomics is key to understanding the dynamic aspects of genome function and regulation. Functional genomics approaches
use the wealth of data produced by large-scale DNA sequencing, gene expression profiling, proteomics and metabolomics. Today
functional genomics is becoming increasingly important for the generation and interpretation of quantitative biological data.

Objective Functional genomics is key to understanding the dynamic aspects of genome function and regulation.  Functional genomics approaches
use the wealth of data produced by large-scale DNA sequencing, gene expression profiling, proteomics and metabolomics.  Today
functional genomics is becoming increasingly important for the generation and interpretation of quantitative biological data.  Such data
provide the basis for systems biology efforts to elucidate the structure, dynamics and regulation of cellular networks.

Content The curriculum of the Functional Genomics course emphasizes an in depth understanding of new technology platforms for modern
genomics and advanced genetics, including the application of functional genomics approaches such as advanced sequencing, proteomics,
metabolomics, clustering and classification.  Students will learn quality controls and standards (benchmarking) that apply to the generation
of quantitative data and will be able to analyze and interpret these data. The training obtained in the Functional Genomics course will be
immediately applicable to experimental research and design of systems biology projects.

Prerequisites /
notice

The Functional Genomics course will be taught in English.

551-1100-00L Infectious Agents: From Molecular Biology to Disease
Number of participants limited to 22.

Requires application until 2 weeks before the start of the
semester; selected applicants will be notified one week
before the first week of lectures. 
(if you missed the deadline, please come to the first date
to see, if there are any slots left)

W 4 credits 2S W.-D. Hardt, L. Eberl, U. F. Greber,
A. B. Hehl, M. Kopf,
S. R. Leibundgut, C. Münz,
A. Oxenius, P. Sander

Abstract Literature seminar for students at the masters level and PhD students. Introduction to the current research topics in infectious diseases;
Introduction to key pathogens which are studied as model organisms in this field; Overview over key research groups in the field of
infectious diseases in Zürich.

Objective Working with the current research literature. Getting to know the key pathogens serving as model organisms and the research technologies
currently used in infection biology.

Content for each model pathogen (or key technology):
1. introduction to the pathogen
2. Discussion of one current research paper.
The paper will be provided by the respective supervisor. He/she will give advice (if required) and guide the respective literature discussion.

Lecture notes Teachers will provide the research papers to be discussed.
Students will prepare handouts for the rest of the group for their assigned seminar.

Literature Teachers will provide the research papers to be discussed.
Prerequisites /
notice

Restricted to max 22 students. Please sign up until two weeks before the beginning of the semester via e-mail to
micro_secr@micro.biol.ethz.ch and include the following information: 551-1100-00L; your name, your e-mail address, university/eth,
students (specialization, semester), PhD students (research group, member of a PhD program? which program?). The 22  students
admitted to this seminar will be selected and informed by e-mail in the week befor the beginning of the semester  by W.-D. Hardt.
The first seminar date will serve to form groups of students and assign a paper to each group.

551-1404-00L RNA and Proteins: Post-Transcriptional Regulation of
Gene Expression (University of Zurich)

W  3 credits 2V University lecturers
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No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: BCH252

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

Abstract The course introduces the cellular processes and molecular mechanisms involved in regulating genome expression at the post-
transcriptional level. 
Topics will include : 
-RNA processing, and transport; 
-protein synthesis and translational control, trafficking and degradation; 
-RNA-guided regulation (RNA interference, microRNAs); 
-molecular surveillance and quality control mechanisms

Objective -Outline the cellular processes
used by eukaryotic and prokaryotic cells
to control gene expression at the post-
transcriptional level.
-Describe the molecular mechanisms
underlying post-transcriptional gene
regulation
-Identify experimental approaches
used to study post-transcriptional gene
regulation and describe their strengths
and weaknesses.

551-1412-00L Molecular and Structural Biology IV: Visualizing
Macromolecules by X-Ray Crystallography and EM

W 4 credits 2V N. Ban, D. Böhringer, T. Ishikawa,
M. A. Leibundgut, K. Locher,
M. Pilhofer, K. Wüthrich, further
lecturers

Abstract This course provides an in-depth discussion of two main methods to determine the 3D structures of macromolecules and complexes at
high resolution: X-ray crystallography and cryo-electron microscopy. Both techniques result in electron density maps that are interpreted by
atomic models.

Objective Students will obtain the theoretical background to understand structure determination techniques employed in X-ray crystallography and
electron microscopy, including diffraction theory, crystal growth and analysis, reciprocal space calculations, interpretation of electron
density, structure building and refinement as well as validation. The course will also provide an introduction into the use of cryo-electron
tomography to visualize complex cellular substructures at sub-nanometer resolutions, effectively bridging the resolution gap between
optical microscopy and single particle cryo-electron microscopy. Lectures will be complemented with practical sessions where students will
have a chance to gain hands on experience with sample preparation, data processing and structure building and refinement.

Content - History of Structural Molecular Biology

- X-ray diffraction from macromolecular crystals

- Data collection and statistics, phasing methods

-  Crystal symmetry and space groups

- X-ray data processing

- Principle of cryo-EM for biological macromolecules I, including hardware of TEM and detectors, image formation principle (phase contrast,
spherical aberration, CTF), 3D reconstruction (central-section theorem, backprojection, missing information)

- Single particle analysis, including principle (projection matching, random conical tilt, angular reconstitution)

- Tomography I, including basics and subtomogram averaging

- Tomography - recent techniques, including cryo-FIB
- EM specimen preparation (cryo, negative stain), initial EM data processing

- EM and X-ray structure building, refinement, validation and interpretation

- Model building and refinement

551-1414-00L Molecular and Structural Biology V: Studying
Macromolecules by NMR and EPR

W 4 credits 2V F. Allain, A. D. Gossert, G. Jeschke,
K. Wüthrich

Abstract The course provides an overview of experimental methods for studying function and structure of macromolecules at atomic resolution in
solution. The two main methods used are Nuclear Magnetic Resonance (NMR) spectroscopy and Electron Paramagnetic Resonance
(EPR) spectroscopy.

Objective Insight into the methodology, areas of application and limitations of these two methods for studying biological macromolecules. Practical
exercises with spectra to have hands on understanding of the methodology.

Content Part I: Historical overview of structural biology.
Part II: Basic concepts of NMR and initial examples of applications.
2D NMR and isotope labeling for studying protein function and molecular interactions at atomic level.
Studies of dynamic processes of proteins in solution.
Approaches to study large particles.
Methods for determination of protein structures in solution.
Part III: NMR methods for structurally characterizing RNA and protein-RNA complexes.
Part IV: EPR of biomolecules

Literature 1) Wüthrich, K. NMR of Proteins and Nucleic Acids, Wiley-Interscience.
2) Dominguez et al, Prog Nucl Magn Reson Spectrosc. 2011 Feb;58(1-2):1-61. 
3) Duss O et al, Methods Enzymol. 2015;558:279-331.

 Elective Major: Biological Chemistry
 Compulsory Concept Courses

Number Title Type ECTS Hours Lecturers

529-0732-00L Proteins and Lipids O  6 credits 3G D. Hilvert
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Note for BSc Biology students: Only one of the two
concept courses 529-0731-00 Nucleic Acids and
Carbohydrates (autumn semester) or 529-0732-00
Proteins and Lipids (spring semester) can be counted for
the Bachelor's degree.

Abstract An overview of the relationship between protein sequence, conformation and function.
Objective Overview of the relationship between protein sequence, conformation and function.
Content Proteins, structures and properties, (bio)synthesis of polypeptides, protein folding and design, protein engineering, chemical modification of

proteins, proteomics.
Literature General Literature:

- T.E. Creighton:  Proteins: Structures and Molecular Properties, 2nd Edition, H.W. Freeman and Company, New York, 1993.
- C. Branden, J. Tooze , Introduction to Protein Structure, Garland Publishing, New York, 1991.
- J. M. Berg, J. L. Tymoczko, L. Stryer:  Biochemistry, 5th edition, H.W. Freeman and Company, New York, 2002.
- G.A. Petsko, D. Ringe: Protein Structure and Function, New Science Press Ltd., London, 2004.

Original Literature:
Citations from the original literature relevant to the individual lectures will be assigned weekly.

 Elective Compulsory Master Courses
Number Title Type ECTS Hours Lecturers

551-1402-00L Molecular and Structural Biology VI: Biophysical
Analysis of Macromolecular Mechanisms
This course is strongly recommended for the Masters
Major "Biology and Biophysics".

W  4 credits 2V R. Glockshuber, T. Ishikawa,
S. Jonas, B. Schuler, E. Weber-Ban

Abstract The course is focussed on biophysical methods for characterising conformational transitions and reaction mechanisms of proteins and
biological mecromolecules, with focus on methods that have not been covered in the Biology Bachelor Curriculum.

Objective The goal of the course is to give the students a broad overview on biopyhsical techniques available for studying conformational transitions
and complex reaction mechanisms of biological macromolecules. The course is particularly suited for students enrolled in the Majors
"Structural Biology and Biophysics", "Biochemistry" and "Chemical Biology" of the Biology MSc curriculum, as well as for MSc students of
Chemistry and Interdisciplinary Natural Sciences".

Content The biophysical methods covered in the course include advanced reaction kinetics, methods for the thermodynamic and kinetic analysis of
protein-ligand interactions, static and dynamic light scattering, analytical ultracentrifugation, spectroscopic techniques such as fluorescence
anisotropy, fluorescence resonance energy transfer (FRET) and single molecule fluorescence spectrosopy, modern electron microscopy
techniques, atomic force microscopy, and isothermal and differential scanning calorimetry.

Lecture notes Course material from the individual lecturers wil be made available at the sharepoint website 

https://team.biol.ethz.ch/e-learn/551-1402-00L

Prerequisites /
notice

Finished BSc curriculum in Biology, Chemistry or Interdisciplinary Natural Sciences. The course is also adequate for doctoral students with
research projects in structural biology, biophysics, biochemistry and chemical biology.

529-0941-00L Introduction to Macromolecular Chemistry W  4 credits 3G D. Opris
Abstract Basic definitions, types of polyreactions, constitution of homo- and copolymers, networks, configurative and conformative aspects, contour

length, coil formation, mobility, glass temperature, rubber elasticity, molecular weight distribution, energetics of and examples for
polyreactions.

Objective Understanding the significance of molecular size, constitution, configuration and conformation of synthetic and natural macromolecules for
their specific physical and chemical properties.

Content This introductory course on macromolecular chemistry discusses definitions, introduces types of polyreactions, and compares chain and
step-growth polymerizations. It also treats the constitution of polymers, homo- and copolymers, networks, configuration and conformation of
polymers. Topics of interest are contour length, coil formation, the mobility in polymers, glass temperature, rubber elasticity, molecular
weight distribution, energetics of polyreactions, and examples for polyreactions (polyadditions, polycondensations, polymerizations).
Selected polymerization mechanisms and procedures are discussed whenever appropriate throughout the course. Some methods of
molecular weight determination are introduced.

Lecture notes Course materials (consisting of personal notes and distributed paper copies) are sufficient for exam preparation.
Prerequisites /
notice

The course will be taught in English. Complicated expressions will also be given in German. Questions are welcome in English or German.
The written examination will be in English, answers in German are acceptable. A basic chemistry knowledge is required.

PhD students who need recognized credit points are required to pass the written exam.

529-0242-00L Supramolecular Chemistry W  6 credits 3G Y. Yamakoshi, B. M. Lewandowski
Abstract Principles of molecular recognition: cation/anion complexation and their technological applications; complexation of neutral molecules in

aqueous solution; non-covalent interactions involving aromatic rings; hydrogen bonding; molecular sef-assembly - a chemical approach
towards nanostructures; thermodynamics and kinetics of complexation processes; synthesis of receptors; template effects.

Objective The objective of this class is to reach an understanding of the nature and magnitude of the intermolecular interactions and solvation effects
that provide the driving force for the association between molecules and/or ions induced by non-covalent bonding interactions. The lecture
(2 h) is complemented by a problem solving class (1 h) which focuses on receptor syntheses and other synthetic aspects of supramolecular
chemistry.

Content Principles of molecular recognition: cation complexation, anion complexation, cation and anion complexation in technological applications,
complexation of neutral molecules in aqueous solution, non-covalent interactions involving aromatic rings, hydrogen bonding, molecular
sef-assembly - a chemical approach towards nanostructures, thermodynamics and kinetics of complexation processes, synthesis of
receptors, template effects.

Lecture notes Printed lecture notes will be available for purchase at the beginning of the class. Problem sets and answer keys will be available on-line.
Literature No compulsory textbooks. Literature for further reading will be presented during the class and cited in the lecture notes.
Prerequisites /
notice

Course prerequisite: classes in organic and physical chemistry of the first two years of studies.

551-0224-00L Advanced Proteomics
For master students from the 2nd semester on, also
doctoral candidates and post docs.

W  4 credits 6G P. Picotti, L. Gillet, A. Leitner,
P. Pedrioli

Abstract Goal of the course is to analyze current and newly emerging technologies and approaches in protein and proteome analysis with regard to
their application in biology, biotechnology and medicine.
Format: Introduction by instructor followed by discussions stimulated by reading assignments and exercises.

Objective To discuss current and newly emerging technologies and approaches in protein and proteome analysis with regard to their applications in
biology, biotechnology, medicine and systems biology.
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Content Block course teaching current methods for the acquisition and processing of proteomic datasets.
Prerequisites /
notice

Number of people: Not exceeding 30.
Students from ETHZ, Uni Zurich and University of Basel
Non-ETH students must register at ETH Zurich as special students http://www.rektorat.ethz.ch/students/admission/auditors/index_EN

551-1412-00L Molecular and Structural Biology IV: Visualizing
Macromolecules by X-Ray Crystallography and EM

W 4 credits 2V N. Ban, D. Böhringer, T. Ishikawa,
M. A. Leibundgut, K. Locher,
M. Pilhofer, K. Wüthrich, further
lecturers

Abstract This course provides an in-depth discussion of two main methods to determine the 3D structures of macromolecules and complexes at
high resolution: X-ray crystallography and cryo-electron microscopy. Both techniques result in electron density maps that are interpreted by
atomic models.

Objective Students will obtain the theoretical background to understand structure determination techniques employed in X-ray crystallography and
electron microscopy, including diffraction theory, crystal growth and analysis, reciprocal space calculations, interpretation of electron
density, structure building and refinement as well as validation. The course will also provide an introduction into the use of cryo-electron
tomography to visualize complex cellular substructures at sub-nanometer resolutions, effectively bridging the resolution gap between
optical microscopy and single particle cryo-electron microscopy. Lectures will be complemented with practical sessions where students will
have a chance to gain hands on experience with sample preparation, data processing and structure building and refinement.

Content - History of Structural Molecular Biology

- X-ray diffraction from macromolecular crystals

- Data collection and statistics, phasing methods

-  Crystal symmetry and space groups

- X-ray data processing

- Principle of cryo-EM for biological macromolecules I, including hardware of TEM and detectors, image formation principle (phase contrast,
spherical aberration, CTF), 3D reconstruction (central-section theorem, backprojection, missing information)

- Single particle analysis, including principle (projection matching, random conical tilt, angular reconstitution)

- Tomography I, including basics and subtomogram averaging

- Tomography - recent techniques, including cryo-FIB
- EM specimen preparation (cryo, negative stain), initial EM data processing

- EM and X-ray structure building, refinement, validation and interpretation

- Model building and refinement

551-1414-00L Molecular and Structural Biology V: Studying
Macromolecules by NMR and EPR

W 4 credits 2V F. Allain, A. D. Gossert, G. Jeschke,
K. Wüthrich

Abstract The course provides an overview of experimental methods for studying function and structure of macromolecules at atomic resolution in
solution. The two main methods used are Nuclear Magnetic Resonance (NMR) spectroscopy and Electron Paramagnetic Resonance
(EPR) spectroscopy.

Objective Insight into the methodology, areas of application and limitations of these two methods for studying biological macromolecules. Practical
exercises with spectra to have hands on understanding of the methodology.

Content Part I: Historical overview of structural biology.
Part II: Basic concepts of NMR and initial examples of applications.
2D NMR and isotope labeling for studying protein function and molecular interactions at atomic level.
Studies of dynamic processes of proteins in solution.
Approaches to study large particles.
Methods for determination of protein structures in solution.
Part III: NMR methods for structurally characterizing RNA and protein-RNA complexes.
Part IV: EPR of biomolecules

Literature 1) Wüthrich, K. NMR of Proteins and Nucleic Acids, Wiley-Interscience.
2) Dominguez et al, Prog Nucl Magn Reson Spectrosc. 2011 Feb;58(1-2):1-61. 
3) Duss O et al, Methods Enzymol. 2015;558:279-331.

 Elective Concept Courses
Number Title Type ECTS Hours Lecturers

551-0320-00L Cellular Biochemistry (Part II) W  3 credits 2V Y. Barral, R. Kroschewski,
A. E. Smith

Abstract This course will focus on molecular mechanisms and concepts underlying cellular biochemistry, providing advanced insights into the
structural and functional details of individual cell components, and the complex regulation of their interactions. Particular emphasis will be
on the spatial and temporal integration of different molecules and signaling pathways into global cellular processes.

Objective The full-year course (551-0319-00 & 551-0320-00) focuses on the molecular mechanisms and concepts underlying the biochemistry of
cellular physiology, investigating how these processes are integrated to carry out highly coordinated cellular functions. The molecular
characterization of complex cellular functions requires a combination of approaches such as biochemistry, but also cell biology and
genetics. This course is therefore the occasion to discuss these techniques and their integration in modern cellular biochemistry. 
The students will be able to describe the structural and functional details of individual cell components, and the spatial and temporal
regulation of their interactions. In particular, they will learn to explain how different molecules and signaling pathways can be integrated
during complex and highly dynamic cellular processes such as intracellular transport, cytoskeletal rearrangements, cell motility, and cell
division. In addition, they will be able to illustrate the relevance of particular signaling pathways for cellular pathologies such as cancer or
during cellular infection.

Content Spatial and temporal integration of different molecules and signaling pathways into global cellular processes, such as cell division, cell
infection and cell motility. Emphasis is also put on the understanding of pathologies associated with defective cell physiology, such as
cancer or during cellular infection.

Literature Recommended supplementary literature (review articles and selected primary literature) will be provided during the course.
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Prerequisites /
notice

To attend this course the students must have a solid basic knowledge in chemistry, biochemistry, cell biology and general biology. Biology
students have in general already attended the first part of the "Cellular Biochemistry" concept course (551-0319-00). The course will be
taught in English.
In addition, the course will be based on a blended-learning scenario, where frontal lectures will be complemented with carefully chosen
web-based teaching elements that students access through the ETH Moodle platform.

551-0307-01L Molecular and Structural Biology II: Molecular
Machines and Cellular Assemblies
D-BIOL  students are obliged to take part I and part II as a
two-semester course.

W 3 credits 2V N. Ban, F. Allain, S. Jonas,
M. Pilhofer

Abstract This course on advanced topics in Molecular Biology and Biochemistry will cover the structure and function of cellular assemblies. General
topics in basic biochemistry will be further developed with examples of the function of large cellular machines involved in DNA packaging,
translation, virus architecture, RNA processing, cell-cell interactions, and the molecular basis of CRISPER systems.

Objective Students will gain a deep understanding of large cellular assemblies and the structure-function relationships governing their function in
fundamental cellular processes. The lectures throughout the course will be complemented by exercises and discussions of original
research examples to provide students with a deeper understanding of the subjects and to encourage active student participation.

Content Advanced class covering the state of the research in structural molecular biology of basic cellular processes with emphasis on the function
of large cellular assemblies.

Lecture notes Updated handouts will be provided during the class.
Literature The lecture will be based on the latest literature. Additional suggested

literature:
Branden, C., and J. Tooze, Introduction to Protein Structure, 2nd ed. 
(1995). Garland, New York.

 Research Projects (for all Master Majors)
Research projects neither accepted nor registered nor approved will not be credited.

Number Title Type ECTS Hours Lecturers

551-1801-00L Research Project I O  15 credits 34A Lecturers
Abstract Research projects, with themes from the chosen scientific fields of interest, are intended to familiarise candidates with scientific procedures

and operational methodologies through supervised participation in current research work.
Objective Research projects, with themes from the chosen scientific fields of interest, are intended to familiarise candidates with scientific procedures

and operational methodologies through supervised participation in current research work.

551-1801-01L Research Project II O  15 credits 34A Lecturers
Abstract Research projects, with themes from the chosen scientific fields of interest, are intended to familiarise candidates with scientific procedures

and operational methodologies through supervised participation in current research work.
Objective Research projects, with themes from the chosen scientific fields of interest, are intended to familiarise candidates with scientific procedures

and operational methodologies through supervised participation in current research work.

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
BIOL

see Science in Perspective: Language Courses ETH/UZH

 Master's Thesis
A Master's thesis neither accepted nor registered nor approved will not be credited.

Number Title Type ECTS Hours Lecturers

551-1800-00L Master's Thesis
Only students who fulfill the following criteria are allowed
to begin with their master thesis:
a. successful completion of the bachelor programme; 
b. fulfilling of any additional requirements necessary to
gain admission to the master programme;
c. have acquired at least 30 credits in the category
"research projects".

O  30 credits 64D Lecturers

Abstract The Master research will be carried out on a theme in the chosen subject area and must be completed with a written report (Thesis) within
six months

 Master's Examination
Number Title Type ECTS Hours Lecturers

551-1800-01L Master's Examination
Only students who fulfill the following criteria are allowed
to begin with their master thesis:
a. successful completion of the bachelor programme; 
b. fulfilling of any additional requirements necessary to
gain admission to the master programme.

O  4 credits Lecturers

Abstract In the Master’s examination a student must provide proof of general knowledge in the elective major field. Starting with a discussion based
on the Master’s thesis further experiments and experimental strategies should be discussed in order to test the general understanding.

Biology Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Biomedical Engineering Master
 Major Courses

 Bioelectronics
 Track Core Courses

During the Master program, a minimum of 12 CP must be obtained from track core courses.

Number Title Type ECTS Hours Lecturers

227-1032-00L Neuromorphic Engineering II
Information for UZH students:
Enrolment to this course unit only possible at ETH. No
enrolment to module INI405 at UZH. 

Please mind the ETH enrolment deadlines for UZH
students: https://www.ethz.ch/en/studies/non-
degree-
courses/special-
students/special-students-university-of-zurich.html

W  6 credits 5G S.-C. Liu, T. Delbrück, G. Indiveri

Abstract This course teaches the basics of analog chip design and layout with an emphasis on neuromorphic circuits, which are introduced in the fall
semester course "Neuromorphic Engineering I".

Objective Design of a neuromorphic circuit for implementation with CMOS technology.
Content This course teaches the basics of analog chip design and layout with an emphasis on neuromorphic circuits, which are introduced in the

autumn semester course "Neuromorphic Engineering I".

The principles of CMOS processing technology are presented. Using a set of inexpensive software tools for simulation, layout and
verification, suitable for neuromorphic circuits, participants learn to simulate circuits on the transistor level and to make their layouts on the
mask level. Important issues in the layout of neuromorphic circuits will be explained and illustrated with examples. In the latter part of the
semester students simulate and layout a neuromorphic chip. Schematics of basic building blocks will be provided. The layout will then be
fabricated and will be tested by students during the following fall semester.

Literature S.-C. Liu et al.: Analog VLSI Circuits and Principles; software documentation.
Prerequisites /
notice

Prerequisites: Neuromorphic Engineering I strongly recommended

 Recommended Elective Courses
These courses are particularly recommended for the Bioelectronics track. Please consult your track adviser if you wish to select other subjects.

Number Title Type ECTS Hours Lecturers

151-0172-00L Microsystems II: Devices and Applications W  6 credits 3V+3U C. Hierold, C. I. Roman
Abstract The students are introduced to the fundamentals and physics of microelectronic devices as well as to microsystems in general (MEMS).

They will be able to apply this knowledge for system research and development and to assess and apply principles, concepts and methods
from a broad range of technical and scientific disciplines for innovative products.

Objective The students are introduced to the fundamentals and physics of microelectronic devices as well as to microsystems in general (MEMS),
basic electronic circuits for sensors, RF-MEMS, chemical microsystems, BioMEMS and microfluidics, magnetic sensors and optical
devices, and in particular to the concepts of Nanosystems (focus on carbon nanotubes), based on the respective state-of-research in the
field. They will be able to apply this knowledge for system research and development and to assess and apply principles, concepts and
methods from a broad range of technical and scientific disciplines for innovative products. 

During the weekly 3 hour module on Mondays dedicated to Übungen the students will learn the basics of Comsol Multiphysics and utilize
this software to simulate MEMS devices to understand their operation more deeply and optimize their designs.

Content Transducer fundamentals and test structures
Pressure sensors and accelerometers
Resonators and gyroscopes
RF MEMS
Acoustic transducers and energy harvesters
Thermal transducers and energy harvesters
Optical and magnetic transducers
Chemical sensors and biosensors, microfluidics and bioMEMS
Nanosystem concepts
Basic electronic circuits for sensors and microsystems

Lecture notes Handouts (on-line)

151-0622-00L Measuring on the Nanometer Scale W  2 credits 2G A. Stemmer
Abstract Introduction to theory and practical application of measuring techniques suitable for the nano domain.
Objective Introduction to theory and practical application of measuring techniques suitable for the nano domain.
Content Conventional techniques to analyze nano structures using photons and electrons: light microscopy with dark field and differential

interference contrast; scanning electron microscopy, transmission electron microscopy. Interferometric and other techniques to measure
distances. Optical traps. Foundations of scanning probe microscopy: tunneling, atomic force, optical near-field. Interactions between
specimen and probe. Current trends, including spectroscopy of material parameters.

Lecture notes Class notes and special papers will be distributed.

151-0630-00L Nanorobotics W  4 credits 2V+1U S. Pané Vidal
Abstract Nanorobotics is an interdisciplinary field that includes topics from nanotechnology and robotics. The aim of this course is to expose

students to the fundamental and essential aspects of this emerging field.
Objective The aim of this course is to expose students to the fundamental and essential aspects of this emerging field. These topics include basic

principles of nanorobotics, building parts for nanorobotic systems, powering and locomotion of nanorobots, manipulation, assembly and
sensing using nanorobots, molecular motors, and nanorobotics for nanomedicine.

151-0980-00L Biofluiddynamics W  4 credits 2V+1U D. Obrist, P. Jenny
Abstract Introduction to the fluid dynamics of the human body and the modeling of physiological flow processes (biomedical fluid dynamics).
Objective A basic understanding of fluid dynamical processes in the human body. Knowledge of the basic concepts of fluid dynamics and the ability

to apply these concepts appropriately.
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Content This lecture is an introduction to the fluid dynamics of the human body (biomedical fluid dynamics). For selected topics of human
physiology, we introduce fundamental concepts of fluid dynamics (e.g., creeping flow, incompressible flow, flow in porous media, flow with
particles, fluid-structure interaction) and use them to model physiological flow processes. The list of studied topics includes the
cardiovascular system and related diseases,  blood rheology, microcirculation, respiratory fluid dynamics and fluid dynamics of the inner
ear.

Lecture notes Lecture notes are provided electronically.
Literature A list of books on selected topics of biofluiddynamics can be found on the course web page.

227-0125-00L Optics and Photonics W  6 credits 2V+2U J. Leuthold
Abstract This lecture covers both - the fundamentals of "Optics" such as e.g. "ray optics", "coherence", the "Planck law" or the "Einstein relations"

but also the fundamentals of "Photonics" on the generation, processing, transmission and detection of photons.
Objective A sound base for work in the field of optics and photonics will be given.
Content Chapter 1: Ray Optics

Chapter 2: Electromagnetic Optics
Chapter 3: Polarization
Chapter 4: Coherence and Interference
Chapter 5: Fourier Optics and Diffraction
Chapter 6: Guided Wave Optics
Chapter 7: Optical Fibers
Chapter 8: The Laser

Lecture notes Lecture notes will be handed out.
Prerequisites /
notice

Fundamentals of Electromagnetic Fields (Maxwell Equations) & Bachelor Lectures on Physics.

227-0395-00L Neural Systems W  6 credits 2V+1U+1A R. Hahnloser, M. F. Yanik,
B. Grewe

Abstract This course introduces principles of information processing in neural systems. It covers basic neuroscience for engineering students,
experiment techniques used in animal research and methods for inferring neural mechanisms. Students learn about neural information
processing and basic principles of natural intelligence and their impact on artificially intelligent systems.

Objective This course introduces 
- Basic neurophysiology and mathematical descriptions of neurons
- Methods for dissecting animal behavior 
- Neural recordings in intact nervous systems and information decoding principles
- Methods for manipulating the state and activity in selective neuron types  
- Neuromodulatory systems and their computational roles
- Reward circuits and reinforcement learning
- Imaging methods for reconstructing the synaptic networks among neurons  
- Birdsong and language 
- Neurobiological principles for machine learning.

Content From active membranes to propagation of action potentials. From synaptic physiology to synaptic learning rules. From receptive fields to
neural population decoding. From fluorescence imaging to connectomics.  Methods for reading and manipulation neural ensembles. From
classical  conditioning to reinforcement learning. From the visual system to deep convolutional networks. Brain architectures for learning
and memory. From birdsong to computational linguistics.

Prerequisites /
notice

Before taking this course, students are encouraged to complete "Bioelectronics and Biosensors" (227-0393-10L).

As part of the exercises for this class, students are expected to complete a programming or literature review project to be defined at the
beginning of the semester.

227-0390-00L Elements of Microscopy W  4 credits 3G M. Stampanoni, G. Csúcs,
A. Sologubenko

Abstract The lecture reviews the basics of microscopy by discussing wave propagation, diffraction phenomena and aberrations. It gives the basics
of light microscopy, introducing fluorescence, wide-field, confocal and multiphoton imaging. It further covers 3D electron microscopy and
3D X-ray tomographic micro and nanoimaging.

Objective Solid introduction to the basics of microscopy, either with visible light, electrons or X-rays.
Content It would be impossible to imagine any scientific activities without the help of microscopy.  Nowadays, scientists can count on very powerful

instruments that allow investigating sample down to the atomic level.
The lecture includes a general introduction to the principles of microscopy, from wave physics to image formation. It provides the physical
and engineering basics to understand visible light, electron and X-ray microscopy. 
During selected exercises in the lab, several sophisticated instrument will be explained and their capabilities demonstrated.

Literature Available Online.

227-0622-00L Thermal Modeling: From Semiconductor to Medical
Devices and Personalized Therapy Planning

W  4 credits 2V+1U E. Neufeld, M. Luisier

Abstract The course introduces computational techniques to model electromagnetic heating across many orders of magnitudes, from the atomic to
the macroscopic scale. Both desired and undesired thermal effects will be covered, e.g. thermal cancer therapies based on tissue heating
or Joule heating in semiconductor devices. A wide range of simulation approaches and numerical methods will be introduced.

Objective During this course the students will:

- learn the physics governing and computational models describing electromagnetic-induced heating;

- get familiar with computational simulation techniques across a wide range of spatial scales, incl. methods to simulate in vivo heating,
considering thermoregulation and perfusion, or quantum mechanical approaches considering heat at the level of atomic vibrations;

- implement and apply simulation techniques within a state-of-the-art open-source simulation platform for computational life sciences, as
well as a framework for computer-aided design of semiconductor devices;

- learn about remaining challenges in this field
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Content The following topics will be discussed during the semester:

- Introduction about electromagnetic heating (from its historical perspective to its application in biology);

- Microscopic/Macroscopic thermal transport (governing equations, numerical methods, examples);

- Numerical algorithms and their implementation in python and/or C++, parallelisation approaches, and high performance computing
solutions;

- Practical examples: thermal therapy planning with Sim4Life and technology computer aided design with OMEN;

- Model verification and validation.

Lecture notes Lecture slides are distributed every week and can be found at
https://iis-students.ee.ethz.ch/lectures/thermal-modeling/

Prerequisites /
notice

The course requires an open attitude towards interdisciplinarity, basic python scripting and C++ coding skills, undergraduate entry-level
familiarity with electric & magnetic fields/forces, differential equations, calculus, and basic knowledge of biology and quantum mechanics.

227-0669-00L Chemistry of Devices and Technologies
Limited to 30 participants.

W  4 credits 1V+2U M. Yarema

Abstract The course covers basics of chemistry and material science, relevant for modern devices and technologies. The course consists from
lecture, laboratory, and individual components. Students accomplish individual projects, in which they study and evaluate a chosen
technology from chemistry and materials viewpoints.

Objective The course brings relevant chemistry knowledge, tailored to the needs of electrical engineering students. Students will gain understanding
of the basic concepts of chemistry and a chemist's intuition through hands-on workshops that combine tutorials and laboratory sessions as
well as guidance through individual projects that require interdisciplinary and critical thinking.
Students will learn which materials, reactions, and device fabrication processes are important for nowadays technologies and products.
They will gain important knowledge of state-of-the-art technologies from materials and fabrication viewpoints.

Content Students will spend 3h per week in the tutorials and practical sessions and additional 4-6h per week working on individual projects.
The goal of the individual student's project is to understand the chemistry related to the manufacture and operation of a specific device or
technology (to be chosen from the list of projects). To ensure continued learning throughout the semester, individual projects are evaluated
by three interim project reports and by 10 min final presentation.

Literature Lecture notes will be made available on the website.

227-0690-11L Advanced Topics in Control (Spring 2020)
New topics are introduced every year.

W  4 credits 2V+2U G. Banjac

Abstract Advanced Topics in Control (ATIC) covers advanced research topics in control theory. It is offered each Spring semester with the topic
rotating from year to year. Repetition for credit is possible, with consent of the instructor.

Objective During Spring 2020 the course will cover a range of topics in large-scale convex optimization. The students should be able to apply various
numerical methods to solve large-scale optimization problems arising in control, machine learning, signal processing, and finance.

Content Convex analysis and methods for large-scale optimization. Topics will include: convex sets and functions ; duality theory ; optimality and
infeasibility conditions ; structured optimization problems ; gradient-based methods ; operator splitting methods ; distributed and
decentralized optimization ; applications in various research areas.

Lecture notes Copies of the projection slides will be made available on the course Moodle platform.
Literature The course will be largely based on the Large-Scale Convex Optimization course taught at Lund University: https://archive.control.lth.se/ls-

convex-2015/


Prerequisites /
notice

Sufficient mathematical maturity, in particular in linear algebra and analysis.


227-0966-00L Quantitative Big Imaging: From Images to Statistics W  4 credits 2V+1U P. A. Kaestner, M. Stampanoni
Abstract The lecture focuses on the challenging task of extracting robust, quantitative metrics from imaging data and is intended to bridge the gap

between pure signal processing and the experimental science of imaging. The course will focus on techniques, scalability, and science-
driven analysis.

Objective 1.    Introduction of applied image processing for research science covering basic image processing, quantitative methods, and statistics.
2.    Understanding of imaging as a means to accomplish a scientific goal. 
3.    Ability to apply quantitative methods to complex 3D data to determine the validity of a hypothesis

Content Imaging is a well established field and is rapidly growing as technological improvements push the limits of resolution in space, time,
material and functional sensitivity. These improvements have meant bigger, more diverse datasets being acquired at an ever increasing
rate. With methods varying from focused ion beams to X-rays to magnetic resonance, the sources for these images are exceptionally
heterogeneous; however, the tools and techniques for processing these images and transforming them into quantitative, biologically or
materially meaningful information are similar. 
The course consists of equal parts theory and practical analysis of first synthetic and then real imaging datasets. Basic aspects of image
processing are covered such as filtering, thresholding, and morphology. From these concepts a series of tools will be developed for
analyzing arbitrary images in a very generic manner. Specifically a series of methods will be covered, e.g. characterizing shape, thickness,
tortuosity, alignment, and spatial distribution of material features like pores. From these metrics the statistics aspect of the course will be
developed where reproducibility, robustness, and sensitivity will be investigated in order to accurately determine the precision and accuracy
of these quantitative measurements. A major emphasis of the course will be scalability and the tools of the 'Big Data' trend will be
discussed and how cluster, cloud, and new high-performance large dataset techniques can be applied to analyze imaging datasets. In
addition, given the importance of multi-scale systems, a data-management and analysis approach based on modern databases will be
presented for storing complex hierarchical information in a flexible manner. Finally as a concluding project the students will apply the
learned methods on real experimental data from the latest 3D experiments taken from either their own work / research or partnered with an
experimental imaging group.
The course provides the necessary background to perform the quantitative evaluation of complicated 3D imaging data in a minimally
subjective or arbitrary manner to answer questions coming from the fields of physics, biology, medicine, material science, and
paleontology.

Lecture notes Available online.
Literature Will be indicated during the lecture.
Prerequisites /
notice

Ideally students will have some familiarity with basic manipulation and programming in languages like Python, Matlab, or R. Interested
students who are worried about their skill level in this regard are encouraged to contact Per Anders Kaestner directly
(anders.kaestner@psi.ch).

More advanced students who are familiar with Python, C++, (or in some cases Java) will have to opportunity to develop more of their own
tools.

227-0973-00L Translational Neuromodeling W  8 credits 3V+2U+1A K. Stephan
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Abstract This course provides a systematic introduction to Translational Neuromodeling (the development of mathematical models for diagnostics of
brain diseases) and their application to concrete clinical questions (Computational Psychiatry/Psychosomatics). It focuses on a generative
modeling strategy and teaches (hierarchical) Bayesian models of neuroimaging data and behaviour, incl. exercises.

Objective To obtain an understanding of the goals, concepts and methods of Translational Neuromodeling and Computational
Psychiatry/Psychosomatics, particularly with regard to Bayesian models of neuroimaging (fMRI, EEG) and behavioural data.

Content This course provides a systematic introduction to Translational Neuromodeling (the development of mathematical models for diagnostics of
brain diseases) and their application to concrete clinical questions (Computational Psychiatry/Psychosomatics). The first part of the course
will introduce disease concepts from psychiatry and psychosomatics, their history, and clinical priority problems. The second part of the
course concerns computational modeling of neuronal and cognitive processes for clinical applications. A particular focus is on Bayesian
methods and generative models, for example, dynamic causal models for inferring neuronal processes from neuroimaging data, and
hierarchical Bayesian models for inference on cognitive processes from behavioural data. The course discusses the mathematical and
statistical principles behind these models, illustrates their application to various psychiatric diseases, and outlines a general research
strategy based on generative models. 

Lecture topics include:
1.    Introduction to Translational Neuromodeling and Computational Psychiatry/Psychosomatics
2.    Psychiatric nosology 
3.    Pathophysiology of psychiatric disease mechanisms
4.    Principles of Bayesian inference and generative modeling
5.    Variational Bayes (VB)
6.    Bayesian model selection
7.    Markov Chain Monte Carlo techniques (MCMC)
8.    Bayesian frameworks for understanding psychiatric and psychosomatic diseases
9.    Generative models of fMRI data
10.    Generative models of electrophysiological data
11.    Generative models of behavioural data
12.    Computational concepts of schizophrenia, depression and autism
13.    Model-based predictions about individual patients

Practical exercises include mathematical derivations and the implementation of specific models and inference methods. In additional
project work, students are required to use one of the examples discussed in the course as a basis for developing their own generative
model and use it for simulations and/or inference in application to a clinical question. Group work (up to 3 students) is permitted.

Literature See TNU website:
https://www.tnu.ethz.ch/en/teaching.html

Prerequisites /
notice

Good knowledge of principles of statistics, good programming skills (MATLAB or Python)

227-0976-00L Computational Psychiatry & Computational
Psychosomatics
Number of participants limited to 24.

Information for UZH students:
Enrolment to this course unit only possible at ETH Zurich. 
No enrolment to module BMT20002.

Please mind the ETH enrolment deadlines for UZH
students: https://www.ethz.ch/en/studies/non-
degree-
courses/special-
students/special-students-university-of-zurich.html

W  2 credits 4S K. Stephan

Abstract This seminar deals with the development of clinically relevant computational tools and/or their application to psychiatry and
psychosomatics. Complementary to the annual Computational Psychiatry Course, it serves to build bridges between computational
scientists and clinicians and is designed to foster in-depth exchange, with ample time for discussion

Objective Understanding strengths and weaknesses of current trends in the development of clinically relevant computational tools and their
application to problems in psychiatry and psychosomatics. 

Content This seminar deals with the development of computational tools (e.g. generative models, machine learning) and/or their application to
psychiatry and psychosomatics. The seminar includes (i) presentations by computational scientists and clinicians, (ii) group discussion with
focus on methodology and clinical utility, (iii) self-study based on literature provided by presenters.

Literature Literature for additional self-study of the topics presented in this seminar will be provided by the presenters and will be available online at
https://www.tnu.ethz.ch/en/teaching.html 

Prerequisites /
notice

Participants are expected to be familiar with general principles of statistics (including Bayesian statistics) and have successfully completed
the course “Computational Psychiatry” (Course number 227-0971-00L).

227-1046-00L Computer Simulations of Sensory Systems
Does not take place this semester.

W  3 credits 3G

Abstract This course deals with computer simulations of the human auditory, visual, and balance system. The lecture will cover the physiological
and mechanical mechanisms of these sensory systems. And in the exercises, the simulations will be implemented with Python. The
simulations will be such that their output could be used as input for actual neuro-sensory prostheses.

Objective Our sensory systems provide us with information about what is happening in the world surrounding us. Thereby they transform incoming
mechanical, electromagnetic, and chemical signals into action potentials, the language of the central nervous system.
The main goal of this lecture is to describe how our sensors achieve these transformations, how they can be reproduced with
computational tools. For example, our auditory system performs approximately a Fourier transformation of the incoming sound waves; our
early visual system is optimized for finding edges in images that are projected onto our retina; and our balance system can be well
described with a control system that transforms linear and rotational movements into nerve impulses.
In the exercises that go with this lecture, we will use Python to reproduce the transformations achieved by our sensory systems. The goal is
to write programs whose output could be used as input for actual neurosensory prostheses: such prostheses have become commonplace
for the auditory system, and are under development for the visual and the balance system. For the corresponding exercises, at least some
basic programing experience is required!!

Content The following topics will be covered:
 Introduction into the signal processing in nerve cells.
 Introduction into Python.
 Simplified simulation of nerve cells (Hodgkins-Huxley model).
 Description of the auditory system, including the application of Fourier transforms on recorded sounds.
 Description of the visual system, including the retina and the information processing in the visual cortex. The corresponding exercises will
provide an introduction to digital image processing.
 Description of the mechanics of our balance system, and the Control System-language that can be used for an efficient description of the
corresponding signal processing (essentially Laplace transforms and control systems).
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Lecture notes For each module additional material will be provided on the e-learning platform "moodle". The main content of the lecture is also available
as a wikibook, under http://en.wikibooks.org/wiki/Sensory_Systems

Literature Open source information is available as wikibook http://en.wikibooks.org/wiki/Sensory_Systems

For good overviews I recommend:

 Principles of Neural Science (5th Ed, 2012), by Eric Kandel, James Schwartz, Thomas Jessell, Steven Siegelbaum, A.J. Hudspeth     
ISBN 0071390111 / 9780071390118
THE standard textbook on neuroscience.

 L. R. Squire, D. Berg, F. E. Bloom, Lac S. du, A. Ghosh, and N. C. Spitzer. Fundamental Neuroscience, Academic Press - Elsevier, 2012
[ISBN: 9780123858702].
This book covers the biological components, from the functioning of an individual ion channels through the various senses, all the way to
consciousness. And while it does not cover the computational aspects, it nevertheless provides an excellent overview of the underlying
neural processes of sensory systems. 

 G. Mather. Foundations of Sensation and Perception, 2nd Ed Psychology Press, 2009 [ISBN: 978-1-84169-698-0 (hardcover), oder 978-
1-84169-699-7 (paperback)]
A coherent, up-to-date introduction to the basic facts and theories concerning human sensory perception.

 The best place to get started with Python programming are the https://scipy-lectures.org/
Prerequisites /
notice

 Since I have to gravel from Linz, Austria, to Zurich to give this lecture, I plan to hold this lecture in blocks (every 2nd week).
 In addition to the lectures, this course includes external lab visits to institutes actively involved in research on the relevant sensory
systems.

252-0220-00L Introduction to Machine Learning
Limited number of participants. Preference is given to
students in programmes in which the course is being
offered. All other students will be waitlisted. Please do not
contact Prof. Krause for any questions in this regard. If
necessary, please contact studiensekretariat@inf.ethz.ch 

W  8 credits 4V+2U+1A A. Krause

Abstract The course introduces the foundations of learning and making predictions based on data.
Objective The course will introduce the foundations of learning and making predictions from data. We will study basic concepts such as trading

goodness of fit and model complexitiy. We will discuss important machine learning algorithms used in practice, and provide hands-on
experience in a course project.

Content - Linear regression (overfitting, cross-validation/bootstrap, model selection, regularization, [stochastic] gradient descent)
- Linear classification: Logistic regression (feature selection, sparsity, multi-class)
- Kernels and the kernel trick (Properties of kernels; applications to linear and logistic regression); k-nearest neighbor
- Neural networks (backpropagation, regularization, convolutional neural networks)
- Unsupervised learning (k-means, PCA, neural network autoencoders)
- The statistical perspective (regularization as prior; loss as likelihood; learning as MAP inference)
- Statistical decision theory (decision making based on statistical models and utility functions)
- Discriminative vs. generative modeling (benefits and challenges in modeling joint vy. conditional distributions)
- Bayes' classifiers (Naive Bayes, Gaussian Bayes; MLE)
- Bayesian approaches to unsupervised learning (Gaussian mixtures, EM)

Literature Textbook: Kevin Murphy, Machine Learning: A Probabilistic Perspective, MIT Press
Prerequisites /
notice

Designed to provide a basis for following courses:
- Advanced Machine Learning
- Deep Learning
- Probabilistic Artificial Intelligence 
- Seminar "Advanced Topics in Machine Learning"

376-1217-00L Rehabilitation Engineering I: Motor Functions W  4 credits 2V+1U R. Riener, E. Wilhelm
Abstract Rehabilitation engineering is the application of science and technology to ameliorate the handicaps of individuals with disabilities in order to

reintegrate them into society. The goal of this lecture is to present classical and new rehabilitation engineering principles and examples
applied to compensate or enhance especially motor deficits.

Objective Provide theoretical and practical knowledge of principles and applications used to rehabilitate individuals with motor disabilities.
Content Rehabilitation is the (re)integration of an individual with a disability into society. Rehabilitation engineering is the application of science and

technology to ameliorate the handicaps of individuals with disability. Such handicaps can be classified into motor, sensor, and cognitive
(also communicational) disabilities. In general, one can distinguish orthotic and prosthetic methods to overcome these disabilities. Orthoses
support existing but affected body functions (e.g., glasses, crutches), while prostheses compensate for lost body functions (e.g., cochlea
implant, artificial limbs). In case of sensory disorders, the lost function can also be substituted by other modalities (e.g. tactile Braille display
for vision impaired persons). 

The goal of this lecture is to present classical and new technical principles as well as specific examples applied to compensate or enhance
mainly motor deficits. Modern methods rely more and more on the application of multi-modal and interactive techniques. Multi-modal
means that visual, acoustical, tactile, and kinaesthetic sensor channels are exploited by displaying the patient with a maximum amount of
information in order to compensate his/her impairment. Interaction means that the exchange of information and energy occurs bi-
directionally between the rehabilitation device and the human being. Thus, the device cooperates with the patient rather than imposing an
inflexible strategy (e.g., movement) upon the patient. Multi-modality and interactivity have the potential to increase the therapeutical
outcome compared to classical rehabilitation strategies.
In the 1 h exercise the students will learn how to solve representative problems with computational methods applied to exoprosthetics,
wheelchair dynamics, rehabilitation robotics and neuroprosthetics.
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Literature Introductory Books

Neural prostheses - replacing motor function after desease or disability. Eds.: R. Stein, H. Peckham, D. Popovic. New York and Oxford:
Oxford University Press.

Advances in Rehabilitation Robotics  Human-Friendly Technologies on Movement Assistance and Restoration for People with Disabilities.
Eds: Z.Z. Bien, D. Stefanov (Lecture Notes in Control and Information Science, No. 306). Springer Verlag Berlin 2004.

Intelligent Systems and Technologies in Rehabilitation Engineering. Eds: H.N.L. Teodorescu, L.C. Jain (International Series on
Computational Intelligence). CRC Press Boca Raton, 2001.

Control of Movement for the Physically Disabled. Eds.: D. Popovic, T. Sinkjaer. Springer Verlag London, 2000.

Interaktive und autonome Systeme der Medizintechnik - Funktionswiederherstellung und Organersatz. Herausgeber: J. Werner,
Oldenbourg Wissenschaftsverlag 2005. 

Biomechanics and Neural Control of Posture and Movement. Eds.: J.M. Winters, P.E. Crago. Springer New York, 2000.

Selected Journal Articles

Abbas, J., Riener, R. (2001) Using mathematical models and advanced control systems techniques to enhance neuroprosthesis function.
Neuromodulation 4, pp. 187-195. 

Burdea, G., Popescu, V., Hentz, V., and Colbert, K. (2000): Virtual reality-based orthopedic telerehabilitation, IEEE Trans. Rehab. Eng., 8,
pp. 430-432

Colombo, G., Jörg, M., Schreier, R., Dietz, V. (2000) Treadmill training of paraplegic patients using a robotic orthosis. Journal of
Rehabilitation Research and Development, vol. 37, pp. 693-700.

Colombo, G., Jörg, M., Jezernik, S. (2002) Automatisiertes Lokomotionstraining auf dem Laufband. Automatisierungstechnik at, vol. 50, pp.
287-295.

Cooper, R. (1993) Stability of a wheelchair controlled by a human. IEEE Transactions on Rehabilitation Engineering 1, pp. 193-206. 

Krebs, H.I., Hogan, N., Aisen, M.L., Volpe, B.T. (1998): Robot-aided neurorehabilitation, IEEE Trans. Rehab. Eng., 6, pp. 75-87

Leifer, L. (1981): Rehabilitive robotics, Robot Age, pp. 4-11

Platz, T. (2003): Evidenzbasierte Armrehabilitation: Eine systematische Literaturübersicht, Nervenarzt, 74, pp. 841-849

Quintern, J. (1998) Application of functional electrical stimulation in paraplegic patients. NeuroRehabilitation 10, pp. 205-250.

Riener, R., Nef, T., Colombo, G. (2005) Robot-aided neurorehabilitation for the upper extremities. Medical & Biological Engineering &
Computing 43(1), pp. 2-10.

Riener, R., Fuhr, T., Schneider, J. (2002) On the complexity of biomechanical models used for neuroprosthesis development. International
Journal of Mechanics in Medicine and Biology 2, pp. 389-404.

Riener, R. (1999) Model-based development of neuroprostheses for paraplegic patients. Royal Philosophical Transactions: Biological
Sciences 354, pp. 877-894.

Prerequisites /
notice

Target Group: 
Students of higher semesters and PhD students of 
- D-MAVT, D-ITET, D-INFK
- Biomedical Engineering 
- Medical Faculty, University of Zurich 
Students of other departments, faculties, courses are also welcome

376-1308-00L Development Strategies for Medical Implants
Number of participants limited to 25 until 30.
Assignments will be considered chronological.

W  3 credits 2V+1U J. Mayer-Spetzler, M. Rubert

Abstract Introduction to development strategies for implantable devices considering the interdependecies of biocompatibility, clinical and economical
requirements ; discussion of the state of the art and actual trends in in orthopedics, sports medicine, traumatology and cardio-vascular
surgery as well as regenerative medicine (tissue engineering).

Objective Basic considerations in implant development
Concept of structural and surface biocompatiblity and its relevance for the design of implant and surgical technique
Understanding of conflicting factors, e.g. clinical need, economics and regulatory requirements
Concepts of tissue engineering, its strengths and weaknesses as current and future clinical solution

Content Biocompatibility as bionic guide line for the development of medical implants; implant and implantation related tissue reactions,
biocompatible materials and material processing technologies; implant testing and regulatory procedures; discussion of the state of the art
and actual trends in implant development in orthopedics, sports medicine, traumatology, spinal and cardio-vascular surgery; introduction to
tissue engineering. Selected topics will be further illustrated by commented movies from surgeries. 

Seminar: 
Group seminars on selected controversial topics in implant development. Participation is mandatory

Planned excursions (limited availability, not mandatory, to be confirmed): 
1. Participation (as visitor) on a life surgery  (travel at own expense)

Lecture notes Scribt (electronically available): 
- presented slides
- selected scientific papers for further reading

Literature Reference to key papers will be provided during the lectures
Prerequisites /
notice

Only Master students, achieved Bachelor degree is a pre-condition

The number of participants in the course is limited to 30 students in total.

Students will be exposed to surgical movies which may cause emotional reactions. The viewing of the surgical movies is voluntary and is
on the student's own responsability.
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376-1397-00L Orthopaedic Biomechanics
Number of participants limited to 48.

W  3 credits 2G R. Müller, P. Atkins, J. Schwiedrzik

Abstract This course is aimed at studying the mechanical and structural engineering of the musculoskeletal system alongside the analysis and
design of orthopaedic solutions to musculoskeletal failure.

Objective To apply engineering and design principles to orthopaedic biomechanics, to quantitatively assess the musculoskeletal system and model it,
and to review rigid-body dynamics in an interesting context.

Content Engineering principles are very important in the development and application of quantitative approaches in biology and medicine. This
course includes a general introduction to structure and function of the musculoskeletal system: anatomy and physiology of musculoskeletal
tissues and joints; biomechanical methods to assess and quantify tissues and large joint systems. These methods will also be applied to
musculoskeletal failure, joint replacement and reconstruction; implants; biomaterials and tissue engineering.

Lecture notes Stored on Moodle.
Literature Orthopaedic Biomechanics:

Mechanics and Design in Musculoskeletal Systems 
 
Authors: Donald L. Bartel, Dwight T. Davy, Tony M. Keaveny
Publisher: Prentice Hall; Copyright: 2007
ISBN-10: 0130089095; ISBN-13: 9780130089090

Prerequisites /
notice

Lectures will be given in English.

376-1614-00L Principles in Tissue Engineering W  3 credits 2V K. Maniura, M. Rottmar, M. Zenobi-
Wong

Abstract Fundamentals in blood coagulation; thrombosis, blood rheology, immune system, inflammation, foreign body reaction on the molecular
level and the entire body are discussed. Applications of biomaterials for tissue engineering in different tissues are introduced.
Fundamentals in medical implantology, in situ drug release, cell transplantation and stem cell biology are discussed.

Objective Understanding of molecular aspects for the application of biodegradable and biocompatible Materials. Fundamentals of tissue reactions
(eg. immune responses) against implants and possible clinical consequences will be discussed.

Content This class continues with applications of biomaterials and devices introduced in Biocompatible Materials I. Fundamentals in blood
coagulation; thrombosis, blood rheology; immune system, inflammation, foreign body reaction on the level of the entire body and on the
molecular level are introduced. Applications of biomaterials for tissue engineering in the vascular system, skeletal muscle, heart muscle,
tendons and ligaments, bone, teeth, nerve and brain, and drug delivery systems are introduced. Fundamentals in medical implantology, in
situ drug release, cell transplantation and stem cell biology are discussed.

Lecture notes Handouts provided during the classes and references therin.
Literature The molecular Biology of the Cell, Alberts et al.,  5th Edition, 2009.

Principles in Tissue Engineering, Langer et al., 2nd Edition, 2002

376-1712-00L Finite Element Analysis in Biomedical Engineering W  3 credits 2V S. J. Ferguson, B. Helgason
Abstract This course provides an introduction to finite element analysis, with a specific focus on problems and applications from biomedical

engineering.
Objective Finite element analysis is a powerful simulation method for the (approximate) solution of boundary value problems. While its traditional

roots are in the realm of structural engineering, the methods have found wide use in the biomedical engineering domain for the simulation
of the mechanical response of the human body and medical devices. This course provides an introduction to finite element analysis, with a
specific focus on problems and applications from biomedical engineering. This domain offers many unique challenges, including multi-scale
problems, multi-physics simulation, complex and non-linear material behaviour, rate-dependent response, dynamic processes and fluid-
solid interactions. Theories taught are reinforced through practical applications in self-programmed and commercial simulation software,
using e.g. MATLAB, ANSYS, FEBIO.

Content (Theory) The Finite Element and Finite Difference methods 
Gallerkin, weighted residuals, discretization

(Theory) Mechanical analysis of structures 
Trusses, beams, solids and shells, DOFs, hand calculations of simple FE problems, underlying PDEs

(Application) Mechanical analysis of structures 
Truss systems, beam systems, 2D solids, meshing, organ level analysis of bones

(Theory and Application) Mechanical analysis of structures 
Micro- and multi-scale analysis, voxel models, solver limitations, large scale solvers

(Theory) Non-linear mechanical analysis of structures 
Large strain, Newton-Rhapson, plasticity

(Application) Non-linear mechanical analysis of structures 
Plasticity (bone), hyperelasticity, viscoelasticity

(Theory and Application) Contact analysis 
Friction, bonding, rough contact, implants, bone-cement composites, pushout tests

(Theory) Flow in Porous Media
Potential problems, Terzhagi's consolidation

(Application) Flow in Porous Media
Confined and unconfined compression of cartilage

(Theory) Heat Transfer and Mass Transport
Diffusion, conduction and convection, equivalency of equations

(Application) Heat Transfer and Mass Transport
Sequentially-coupled poroelastic and transport models for solute transport

(Theory) Computational Biofluid Dynamics
Newtonian vs. Non-Newtonian fluid, potential flow

(Application) Computational Biofluid Dynamics
Flow between micro-rough parallel plates

Lecture notes Handouts consisting of (i) lecturers' script, (ii) selected excerpts from relevant textbooks, (iii) selected excerpts from theory manuals of
commercial simulation software, (iv) relevant scientific publications.
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Prerequisites /
notice

Familiarity with basic numerical methods.
Programming experience with MATLAB.

376-1724-00L Appropriate Health System Design
Number of participants limited to 42.

W  3 credits 2V W. Karlen

Abstract This course elaborates upon relevant aspects in the conception, implementation and distribution of health devices and systems that
effectively meet peoples and societies' needs in a local context. Four key elements of appropriateness (usage, cost, durability and
performance) that are integral to the engineering design process are extensively discussed and applied.

Objective The main goals are to
> Evaluate the appropriateness of health systems to the cultural, financial, environmental and medical context in which they will be applied
and
> Design health systems from a user's perspective for a specific context

At the end of the course, students can
> name, understand and describe the 4 main principles that define appropriate technology
> apply these principles to critically analyze and assess health systems and technology
> project him/herself into a unfamiliar person and context  and create hypotheses as to that person's needs, requirements, and priorities
> modify specifications of existing systems to improve appropriateness
> discuss the challenges and illustrate the the ethical and societal consequences of proposed design modifications
> communicate effectively the results of his/her system analysis and implementation strategies to non-specialists

Content The course will be interactive and involve roleplay. Please do not sign up for this course if you are not ready to leave your comfort zone in
class. The lectures are divided in two parts:
The first part elaborates upon the important concepts of the design of health care devices and systems, and discusses implementation and
dissemination strategies. We focus on communities such as low income households, the elderly, and patients with chronic illnesses that
have special needs. Topics covered include point-of-care diagnostics, information and communication technologies, mobile health, user
interactions, and also the social-cultural considerations.
The second part consists of elaboration of an appropriate device conducted by student groups. Each group will analyse an existing product
or solution, critically assess its appropriateness according to the criteria learned in class, and provide explanations as to why the system
succeeds or fails. The students will also present design improvements. Grading will be based on a written case report due in the middle of
the semester and a final seminar presentation in form of a poster discussion and demo.

Literature WHO, "Medical Devices: Managing the Mismatch", 2010.
http://www.who.int/medical_devices/publications/med_dev_man-mismatch/en/

PATH, "The IC2030 report. Reimagining Global Health," 2015. http://ic2030.org/report/

R. Malkin and K. Von Oldenburg Beer, "Diffusion of novel healthcare technologies to resource poor settings," Annals of Biomedical
Engineering, vol. 41, no. 9, pp. 1841:50, 2013.

Prerequisites /
notice

Target Group: 
Students of higher semesters and doctoral students of 
- D-MAVT, D-ITET, D-INFK, D-HEST
- Biomedical Engineering, Robotics, Systems and Control
- Medical Faculty, University of Zurich 
Students of other departments, faculties, courses are also welcome

376-1984-00L Lasers in Medicine W  3 credits 3G M. Frenz
Abstract The lecture will provide answers to questions such as: Why lasers? How do lasers work? How does light interact with tissue? We will

concentrate on three major interaction categories: Therapeutic (from cell surgery to vision correction and general surgery), Diagnostics
(from detection of neural cell activity to diagnostics of cancer), and Imaging (from single molecules to optical tomography).

Objective Knowledge about the physical principles of a laser. You know the properties of laser light and how they can be used for medical
applications. You understand the physical principles underlyingthe light-tissue interaction. You can explain what resolution, contrast and
magnification means. You are able to order the right safety google for your laser system. You are able to determine the optimum laser
parameters for a specific clinical application.

Content Lasers become increasingly important in almost all medical disciplines especially where they can be used selectively to treat soft and hard
tissue in a non-invasive manner or for diagnostic purposes. Basic mechanisms of light propagation in tissue as well as laser-
tissue-interactions i.e. photochemical, photothermal and photomechanical interaction will be discussed. The influence of laser wavelength
and pulse duration on the interaction process will be studied. Different laser and beam delivery systems used in medicine will be presented.
Different clinical laser applications in ophthalmology, urology, gynecology and ENT-surgery will be discussed. Diagnostic applications as
well as biomedical imaging techniques are considered. Laser safety.

Lecture notes will be published in the Internet (ILIAS)
Literature - M. Born, E. Wolf, "Principles of Optics", Pergamon Press

- B.E.A. Saleh, M.C. Teich, "Fundamentals of Photonics", John Wiley and Sons, Inc.
- A.E. Siegman, "Lasers", University Science Books
- O. Svelto, "Principles of Lasers", Plenum Press
- J. Eichler, T. Seiler, "Lasertechnik in der Medizin", Springer Verlag
- M.H. Niemz, "Laser-Tissue Interaction", Springer Verlag
- A.J. Welch, M.J.C. van Gemert, "Optical-thermal response of laser-irradiated
  tissue", Plenum Press

402-0343-00L Physics Against Cancer: The Physics of Imaging and
Treating Cancer
Special Students UZH must book the module PHY361
directly at UZH.

W  6 credits 2V+1U A. J. Lomax, U. Schneider

Abstract Radiotherapy is a rapidly developing and technology driven medical discipline that is heavily dependent on physics and engineering. In this
lecture series, we will review and describe some of the current developments in radiotherapy, particularly from the physics and
technological view point, and will indicate in which direction future research in radiotherapy will lie.

Objective Radiotherapy is a rapidly developing and technology driven medical discipline that is heavily dependent on physics and engineering. In the
last few years, a multitude of new techniques, equipment and technology have been introduced, all with the primary aim of more accurately
targeting and treating cancerous tissues, leading to a precise, predictable and effective therapy technique. In this lecture series, we will
review and describe some of the current developments in radiotherapy, particularly from the physics and technological view point, and will
indicate in which direction future research in radiotherapy will lie. Our ultimate aim is to provide the student with a taste for the critical role
that physics plays in this rapidly evolving discipline and to show that there is much interesting physics still to be done.
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Content The lecture series will begin with a short introduction to radiotherapy and an overview of the lecture series (lecture 1). Lecture 2 will cover
the medical imaging as applied to radiotherapy, without which it would be impossible to identify or accurately calculate the deposition of
radiation in the patient. This will be followed by a detailed description  of the treatment planning process, whereby the distribution of
deposited energy within the tumour and patient can be accurately calculated, and the optimal treatment defined (lecture 3). Lecture 4 will
follow on with this theme, but concentrating on the more theoretical and mathematical techniques that can be used to evaluate different
treatments, using mathematically based biological models for predicting the outcome of treatments. The role of physics modeling, in order
to accurately calculate the dose deposited from radiation in the patient, will be examined in lecture 5, together with a review of
mathematical tools that can be used to optimize patient treatments. Lecture 6 will investigate a rather different issue, that is the
standardization of data sets for radiotherapy and the importance of medical data bases in modern therapy. In lecture 7 we will look in some
detail at one of the most advanced radiotherapy delivery techniques, namely Intensity Modulated Radiotherapy (IMRT). In lecture 8, the two
topics of imaging and therapy will be somewhat combined, when we will describe the role of imaging in the daily set-up and assessment of
patients. Lecture 9 follows up on this theme, in which a major problem of radiotherapy, namely organ motion and changes in patient and
tumour geometry during therapy, will be addressed, together with methods for dealing with such problems. Finally, in lectures 10-11, we will
describe in some of the multitude of different delivery techniques that are now available, including particle based therapy, rotational (tomo)
therapy approaches and robot assisted radiotherapy. In the final lecture, we will provide an overview of the likely avenues of research in the
next 5-10 years in radiotherapy. The course will be rounded-off with an opportunity to visit a modern radiotherapy unit, in order to see some
of the techniques and delivery methods described in the course in action.

Prerequisites /
notice

Although this course is seen as being complimentary to the Medical Physics I and II course of Dr Manser, no previous knowledge of
radiotherapy is necessarily expected or required for interested students who have not attended the other two courses.

402-0673-00L Physics in Medical Research: From Humans to Cells W  6 credits 2V+1U B. K. R. Müller
Abstract The aim of this lecture series is to introduce the role of physics in state-of-the-art medical research and clinical practice. Topics to be

covered range from applications of physics in medical implant technology and tissue engineering, through imaging technology, to its role in
interventional and non-interventional therapies.

Objective The lecture series is focused on applying knowledge from physics in diagnosis, planning, and therapy close to clinical practice and
fundamental medical research. Beside a general overview, the lectures give a deep insight into a very few selected techniques, which will
help the students to apply the knowledge to a broad range of related techniques.

In particular, the lectures will elucidate the physics behind the X-ray imaging currently used in clinical environment and contemporary high-
resolution developments. It is the goal to visualize and quantify (sub-)microstructures of human tissues and implants as well as their
interface.

Ultrasound is not only used for diagnostic purposes but includes therapeutic approaches such as the control of the blood-brain barrier
under MR-guidance.

Physicists in medicine are working on modeling and simulation. Based on the vascular structure in cancerous and healthy tissues, the
characteristic approaches in computational physics to develop strategies against cancer are presented. In order to deliberately destroy
cancerous tissue, heat can be supplied or extracted in different manner: cryotherapy (heat conductivity in anisotropic, viscoelastic
environment), radiofrequency treatment (single and multi-probe), laser application, and proton therapy.

Medical implants play an important role to take over well-defined tasks within the human body. Although biocompatibility is here of crucial
importance, the term is insufficiently understood. The aim of the lectures is the understanding of biocompatibility performing well-defined
experiments in vitro and in vivo. Dealing with different classes of materials (metals, ceramics, polymers) the influence of surface
modifications (morphology and surface coatings) are key issues for implant developments, which might be bio-inspired.

Mechanical stimuli can drastically influence soft and hard tissue behavior. The students should realize that a physiological window exists,
where a positive tissue response is expected and how the related parameter including strain, frequency, and resting periods can be
selected and optimized for selected tissues such as bone.

For the treatment of severe incontinence, we are developing artificial smart muscles. The students should have a critical look at promising
solutions and the selection procedure as well as realize the time-consuming and complex way to clinical practice.

The course will be completed by relating the numerous examples and a common round of questions.

Content This lecture series will cover the following topics:
Introduction: Imaging the human body down to individual cells and beyond
Development of artificial muscles for incontinence treatment
X-ray-based computed tomography in clinics and related medical research
High-resolution micro computed tomography
Phase tomography using hard X-rays in biomedical research
Metal-based implants and scaffolds
Natural and synthetic ceramics for implants and regenerative medicine
Biomedical simulations
Polymers for medical implants
From open surgery to non-invasive interventions - Physical approaches in medical imaging
Dental research
Focused Ultrasound and its clinical use
Applying physics in medicine: Benefitting patients

Lecture notes http://www.bmc.unibas.ch/education/ETH_Zurich.phtml

login and password to be provided during the lecture

Prerequisites /
notice

Students from other departments are very welcome to join and gain insight into a variety of sophisticated techniques for the benefit of
patients.
No special knowledge is required. Nevertheless, gaps in basic physical knowledge will require additional efforts.

465-0952-00L Biomedical Photonics
Does not take place this semester.

W  3 credits 2V

Abstract The lecture introduces the principles of generation, propagation and detection of light and its therapeutic and diagnostic application in
medicine.

Objective The lecture provides knowledge about light sources and light delivery systems, optical biomedical imaging techniques, optical
measurement technologies and their specific applications in medicine. Fundamental principles will be accompanied by practical and
contemporary examples. Different selected optical systems used in diagnostics and therapy will be discussed.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 279 of 1785

Content Optics always was strongly connected to the observation and interpretation of physiological phenomenon. The basic knowledge of optics
for example was initially gained by studying the function of the human eye. Nowadays, biomedical optics is an independent research field
that is no longer restricted to the observation of physiological processes but studies diagnostic and therapeutic problems in medicine. A
basic prerequisite for applying optical techniques in medicine is the understanding of the physical properties of light, the light propagation in
and its interaction with tissue. The lecture gives inside into the generation, propagation and detection of light, its propagation in tissue and
into selected optical applications in medicine. Various optical imaging techniques (optical coherence tomography or optoacoustics) as well
as therapeutic laser applications (refractive surgery, photodynamic therapy or nanosurgery) will be discussed.

Lecture notes will be provided via Internet (Ilias)
Literature - M. Born, E. Wolf, "Principles of Optics", Pergamon Press

- B.E.A. Saleh, M.C. Teich, "Fundamentals of Photonics", John Wiley and Sons, Inc.
- O. Svelto, "Principles of Lasers", Plenum Press
- J. Eichler, T. Seiler, "Lasertechnik in der Medizin", Springer Verlag
- M.H. Niemz, "Laser-Tissue Interaction", Springer Verlag
- A.J. Welch, M.J.C. van Gemert, "Optical-thermal response of laser-irradiated tissue", Plenum Press

Prerequisites /
notice

Language of instruction: English
This is the same course unit (465-0952-00L) with former course title "Medical Optics".

 Biology Courses
Number Title Type ECTS Hours Lecturers

227-0398-10L Physiology and Anatomy for Biomedical Engineers II W  3 credits 2G M. Wyss
Abstract This course offers an introduction into the structure and function of the human body, and how these are interlinked with one another.

Focusing on physiology, the visualization of anatomy is supported by 3D-animation, Computed Tomography and Magnetic Resonance
imaging.

Objective To understand basic principles and structure of the human body in consideration of the clinical relevance and the medical terminology used
in medical work and research.

Content Digestive system, nutrition and digestion
Thermal balance and thermoregulation
Kidneys and urinary system
Endocrine system and hormones
Reproductive System
Basic anatomy of neck, face and cranium
Basics of neurophysiology and neuroanatomy
Sense organs

Lecture notes Lecture notes and handouts
Literature Silbernagl S., Despopoulos A. Color Atlas of Physiology; Thieme 2008

Faller A., Schuenke M. The Human Body; Thieme 2004
Netter F. Atlas of human anatomy; Elsevier 2014

227-0945-10L Cell and Molecular Biology for Engineers II
This course is part II of a two-semester course.
Knowledge of part I is required.

W  3 credits 2G C. Frei

Abstract The course gives an introduction into cellular and molecular biology, specifically for students with a background in engineering. The focus
will be on the basic organization of eukaryotic cells, molecular mechanisms and cellular functions. Textbook knowledge will be combined
with results from recent research and technological innovations in biology.

Objective After completing this course, engineering students will be able to apply their previous training in the quantitative and physical sciences to
modern biology. Students will also learn the principles how biological models are established, and how these models can be tested.

Content Lectures will include the following topics: DNA, chromosomes, RNA, protein, genetics, gene expression, membrane structure and function,
vesicular traffic, cellular communication, energy conversion, cytoskeleton, cell cycle, cellular growth, apoptosis, autophagy, cancer,
development and stem cells.

In addition, 4 journal clubs will be held, where recent publications will be discussed (2 journal clubs in part I and 2 journal clubs in part II).
For each journal club, students (alone or in groups of up to three students) have to write a summary and discussion of the publication.
These written documents will be graded and count as 40% for the final grade.

Lecture notes Scripts of all lectures will be available.
Literature "Molecular Biology of the Cell" (6th edition) by Alberts, Johnson, Lewis, Morgan, Raff, Roberts, and Walter.

227-0949-10L Biological Methods for Engineers (Advanced Lab)
Limited number of participants. 
Students of the MSc in Biomedical Engineering have
priority.

W  4 credits 9P C. Frei

Abstract The 2 week-long, full-time block course covers basic laboratory skills and safety, cell culture, protein analysis, RNA/DNA Isolation and RT-
PCR. Each topic will be introduced, followed by practical work at the bench.

Objective The goal of this laboratory course is to give students practical exposure to basic techniques of cell and molecular biology.
Content The goal of this laboratory course is to give students practical exposure to basic techniques of cell and molecular biology.
Prerequisites /
notice

Enrollment is limited and preference given to students in the Masters of Biomedical Engineering program.

 Bioimaging
 Track Core Courses

During the Master program, a minimum of 12 CP must be obtained from track core courses.

Number Title Type ECTS Hours Lecturers

227-0946-00L Molecular Imaging - Basic Principles and Biomedical
Applications

W  2 credits 2V M. Rudin

Abstract Concept: What is molecular imaging.
Discussion/comparison of the various imaging modalities used in molecular imaging.
Design of target specific probes: specificity, delivery, amplification strategies.
Biomedical Applications.

Objective Molecular Imaging is a rapidly emerging discipline that translates concepts developed in molecular biology and cellular imaging to in vivo
imaging in animals and ultimatly in humans. Molecular imaging techniques allow the study of molecular events in the full biological context
of an intact organism and will therefore become an indispensable tool for biomedical research.
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Content Concept: What is molecular imaging.
Discussion/comparison of the various imaging modalities used in molecular imaging.
Design of target specific probes: specificity, delivery, amplification strategies.
Biomedical Applications.

227-0948-00L Magnetic Resonance Imaging in Medicine W  4 credits 3G S. Kozerke, M. Weiger Senften
Abstract Introduction to magnetic resonance imaging and spectroscopy, encoding and contrast mechanisms and their application in medicine.
Objective Understand the basic principles of signal generation, image encoding and decoding, contrast manipulation and the application thereof to

assess anatomical and functional information in-vivo.
Content Introduction to magnetic resonance imaging including basic phenomena of nuclear magnetic resonance; 2- and 3-dimensional imaging

procedures; fast and parallel imaging techniques; image reconstruction; pulse sequences and image contrast manipulation; equipment;
advanced techniques for identifying activated brain areas; perfusion and flow; diffusion tensor imaging and fiber tracking; contrast agents;
localized magnetic resonance spectroscopy and spectroscopic imaging; diagnostic applications and applications in research.

Lecture notes D. Meier, P. Boesiger, S. Kozerke
Magnetic Resonance Imaging and Spectroscopy

 Recommended Elective Courses
These courses are particularly recommended for the Bioimaging track. Please consult your track adviser if you wish to select other subjects.

Number Title Type ECTS Hours Lecturers

227-0967-00L Computational Neuroimaging Clinic W  3 credits 2V K. Stephan
Abstract This seminar teaches problem solving skills for computational neuroimaging (incl. associated computational analyses of behavioural data).

It deals with a wide variety of real-life problems that are brought to this meeting from the neuroimaging community at Zurich, e.g.,
concerning mass-univariate and multivariate analyses of fMRI/EEG data, or generative models of fMRI, EEG, or behavioural data.

Objective 1. Consolidation of theoretical knowledge (obtained in one of the following courses: 'Methods & models for fMRI data analysis',
'Translational Neuromodeling', 'Computational Psychiatry') in a practical setting.
2. Acquisition of practical problem solving strategies for computational modeling of neuroimaging data.

Content This seminar teaches problem solving skills for computational neuroimaging (incl. associated computational analyses of behavioural data).
It deals with a wide variety of real-life problems that are brought to this meeting from the neuroimaging community at Zurich, e.g.,
concerning mass-univariate and multivariate analyses of fMRI/EEG data, or generative models of fMRI, EEG, or behavioural data.

Prerequisites /
notice

The participants are expected to be familiar with general principles of statistics and have successfully completed at least one of the
following courses:
'Methods & models for fMRI data analysis',
'Translational Neuromodeling',
'Computational Psychiatry'

151-0622-00L Measuring on the Nanometer Scale W  2 credits 2G A. Stemmer
Abstract Introduction to theory and practical application of measuring techniques suitable for the nano domain.
Objective Introduction to theory and practical application of measuring techniques suitable for the nano domain.
Content Conventional techniques to analyze nano structures using photons and electrons: light microscopy with dark field and differential

interference contrast; scanning electron microscopy, transmission electron microscopy. Interferometric and other techniques to measure
distances. Optical traps. Foundations of scanning probe microscopy: tunneling, atomic force, optical near-field. Interactions between
specimen and probe. Current trends, including spectroscopy of material parameters.

Lecture notes Class notes and special papers will be distributed.

227-0125-00L Optics and Photonics W  6 credits 2V+2U J. Leuthold
Abstract This lecture covers both - the fundamentals of "Optics" such as e.g. "ray optics", "coherence", the "Planck law" or the "Einstein relations"

but also the fundamentals of "Photonics" on the generation, processing, transmission and detection of photons.
Objective A sound base for work in the field of optics and photonics will be given.
Content Chapter 1: Ray Optics

Chapter 2: Electromagnetic Optics
Chapter 3: Polarization
Chapter 4: Coherence and Interference
Chapter 5: Fourier Optics and Diffraction
Chapter 6: Guided Wave Optics
Chapter 7: Optical Fibers
Chapter 8: The Laser

Lecture notes Lecture notes will be handed out.
Prerequisites /
notice

Fundamentals of Electromagnetic Fields (Maxwell Equations) & Bachelor Lectures on Physics.

227-0384-00L Ultrasound Fundamentals, Imaging, and Medical
Applications
Course is offered for the last time in Spring Semester
2020.

W  4 credits 3G O. Göksel

Abstract Ultrasound is the only imaging modality that is nonionizing (safe), real-time, cost-effective, and portable, with many medical uses in
diagnosis, intervention guidance, surgical navigation, and as a therapeutic option. In this course, we introduce conventional and
prospective applications of ultrasound, starting with the fundamentals of ultrasound physics and imaging.

Objective Students can use the fundamentals of ultrasound, to analyze and evaluate ultrasound imaging techniques and applications, in particular in
the field of medicine, as well as to design and implement basic applications.
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Content Ultrasound is used in wide range of products, from car parking sensors, to assessing fault lines in tram wheels. Medical imaging is the eye
of the doctor into body; and ultrasound is the only imaging modality that is nonionizing (safe), real-time, cheap, and portable. Some of its
medical uses include diagnosing breast and prostate cancer, guiding needle insertions/biopsies, screening for fetal anomalies, and
monitoring cardiac arrhythmias. Ultrasound physically interacts with the tissue, and thus can also be used therapeutically, e.g., to deliver
heat to treat tumors, break kidney stones, and targeted drug delivery. Recent years have seen several novel ultrasound techniques and
applications – with many more waiting in the horizon to be discovered.

This course covers ultrasonic equipment, physics of wave propagation, numerical methods for its simulation, image generation,
beamforming (basic delay-and-sum and advanced methods), transducers (phased-, linear-, convex-arrays), near- and far-field effect,
imaging modes (e.g., A-, M-, B-mode), Doppler and harmonic imaging, ultrasound signal processing techniques (e.g., filtering, time-
gain-compensation, displacement tracking), image analysis techniques (deconvolution, real-time processing, tracking, segmentation,
computer-assisted interventions), acoustic-radiation force, plane-wave imaging, contrast agents, micro-bubbles, elastography,
biomechanical characterization, high-intensity focused ultrasound and therapy, lithotripsy, histotripsy, photo-acoustics phenomenon and
opto-acoustic imaging, as well as sample non-medical applications such as the basics of non-destructive testing (NDT).

Hands-on exercises: These will help to apply the concepts learned in the course, using simulation environments (such as Matlab k-Wave
and FieldII toolboxes).  The exercises will involve a mix of design, implementation, and evaluation examples commonly encountered in
practical applications.

Project: Current and relevant applications in the field of ultrasound are offered as project topics. Projects will be carried out throughout the
course, where the project reporting and presentations will be due towards the end of the semester. These will be part of the assessment in
grading.

Prerequisites /
notice

Prerequisites: Familiarity with basic numerical methods.
Basic programming skills in Matlab.

227-0390-00L Elements of Microscopy W  4 credits 3G M. Stampanoni, G. Csúcs,
A. Sologubenko

Abstract The lecture reviews the basics of microscopy by discussing wave propagation, diffraction phenomena and aberrations. It gives the basics
of light microscopy, introducing fluorescence, wide-field, confocal and multiphoton imaging. It further covers 3D electron microscopy and
3D X-ray tomographic micro and nanoimaging.

Objective Solid introduction to the basics of microscopy, either with visible light, electrons or X-rays.
Content It would be impossible to imagine any scientific activities without the help of microscopy.  Nowadays, scientists can count on very powerful

instruments that allow investigating sample down to the atomic level.
The lecture includes a general introduction to the principles of microscopy, from wave physics to image formation. It provides the physical
and engineering basics to understand visible light, electron and X-ray microscopy. 
During selected exercises in the lab, several sophisticated instrument will be explained and their capabilities demonstrated.

Literature Available Online.

227-0391-00L Medical Image Analysis
Basic knowledge of computer vision would be helpful.

W  3 credits 2G E. Konukoglu, M. A. Reyes Aguirre

Abstract It is the objective of this lecture to introduce the basic concepts used 
in Medical Image Analysis. In particular the lecture focuses on shape 
representation schemes, segmentation techniques, machine learning based predictive models and various image registration methods
commonly used in Medical Image Analysis applications.

Objective This lecture aims to give an overview of the basic concepts of Medical Image Analysis and its application areas.
Prerequisites /
notice

Prerequisites: 
Basic concepts of mathematical analysis and linear algebra.

Preferred:
Basic knowledge of computer vision and machine learning would be helpful.

The course will be held in English.

227-0396-00L EXCITE Interdisciplinary Summer School on Bio-
Medical Imaging
The school admits 60 MSc or PhD students with
backgrounds in biology, chemistry, mathematics, physics,
computer science or engineering based on a selection
process.
 
Students have to apply for acceptance by April 20, 2020.
To apply a curriculum vitae and an application letter need
to be submitted. The notification of acceptance will be
given by May 22, 2020. Further information can be found
at: www.excite.ethz.ch.

W  4 credits 6G S. Kozerke, G. Csúcs, J. Klohs-
Füchtemeier, S. F. Noerrelykke,
M. P. Wolf

Abstract Two-week summer school organized by EXCITE (Center for EXperimental & Clinical Imaging TEchnologies Zurich) on biological and
medical imaging. The course covers X-ray imaging, magnetic resonance imaging, nuclear imaging, ultrasound imaging, infrared and optical
microscopy, electron microscopy, image processing and analysis.

Objective Students understand basic concepts and implementations of biological and medical imaging. Based on relative advantages and limitations
of each method they can identify preferred procedures and applications. Common foundations and conceptual differences of the methods
can be explained.

Content Two-week summer school on biological and medical imaging. The course covers concepts and implementations of X-ray imaging,
magnetic resonance imaging, nuclear imaging, ultrasound imaging, infrared and optical microscopy and electron microscopy. Multi-modal
and multi-scale imaging and supporting technologies such as image analysis and modeling are discussed. Dedicated modules for physical
and life scientists taking into account the various backgrounds are offered.

Lecture notes Hand-outs, Web links
Prerequisites /
notice

The school admits 60 MSc or PhD students with backgrounds in biology, chemistry, mathematics, physics, computer science or
engineering based on a selection process. To apply a curriculum vitae, a statement of purpose and applicants references need to be
submitted. Further information can be found at: http://www.excite.ethz.ch/education/summer-school.html

227-0455-00L Terahertz: Technology and Applications W  5 credits 3G+3A K. Sankaran
Abstract This block course will provide a solid foundation for understanding physical principles of THz applications. We will discuss various building

blocks of THz technology - components dealing with generation, manipulation, and detection of THz electromagnetic radiation. We will
introduce THz applications in the domain of imaging, sensing, communications, non-destructive testing and evaluations.
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Objective This is an introductory course on Terahertz (THz) technology and applications. Devices operating in THz frequency range (0.1 to 10 THz)
have been increasingly studied in the recent years. Progress in nonlinear optical materials, ultrafast optical and electronic techniques has
strengthened research in THz application developments. Due to unique interaction of THz waves with materials, applications with new
capabilities can be developed. In theory, they can penetrate somewhat like X-rays, but are not considered harmful radiation, because THz
energy level is low. They should be able to provide resolution as good as or better than magnetic resonance imaging (MRI), possibly with
simpler equipment. Imaging, very-high bandwidth communication, and energy harvesting are the most widely explored THz application
areas. We will study the basics of THz generation, manipulation, and detection. Our emphasis will be on the physical principles and
applications of THz in the domain of imaging, sensing, communications, non-destructive testing and evaluations. 

The second part of the block course will be a short project work related to the topics covered in the lecture. The learnings from the project
work should be presented in the end.

Content PART I:

- INTRODUCTION -
Chapter 1: Introduction to THz Physics
Chapter 2: Components of THz Technology

- THz TECHNOLOGY MODULES -
Chapter 3: THz Generation
Chapter 4: THz Detection
Chapter 5: THz Manipulation

- APPLICATIONS -
Chapter 6: THz Imaging / Sensing / Communication
Chapter 7: THz Non-destructive Testing
Chapter 8: THz Applications in Plastic & Recycling Industries

PART 2:
 
- PROJECT WORK -
Short project work related to the topics covered in the lecture.
Short presentation of the learnings from the project work.
Full guidance and supervision will be given for successful completion of the short project work.

Lecture notes Soft-copy of lectures notes will be provided.
Literature - Yun-Shik Lee, Principles of Terahertz Science and Technology, Springer 2009

- Ali Rostami, Hassan Rasooli, and Hamed Baghban, Terahertz Technology: Fundamentals and Applications, Springer 2010
Prerequisites /
notice

Basic foundation in physics, particularly, electromagnetics is required. 
Students who want to refresh their electromagnetics fundamentals can get additional material required for the course.

227-0966-00L Quantitative Big Imaging: From Images to Statistics W  4 credits 2V+1U P. A. Kaestner, M. Stampanoni
Abstract The lecture focuses on the challenging task of extracting robust, quantitative metrics from imaging data and is intended to bridge the gap

between pure signal processing and the experimental science of imaging. The course will focus on techniques, scalability, and science-
driven analysis.

Objective 1.    Introduction of applied image processing for research science covering basic image processing, quantitative methods, and statistics.
2.    Understanding of imaging as a means to accomplish a scientific goal. 
3.    Ability to apply quantitative methods to complex 3D data to determine the validity of a hypothesis

Content Imaging is a well established field and is rapidly growing as technological improvements push the limits of resolution in space, time,
material and functional sensitivity. These improvements have meant bigger, more diverse datasets being acquired at an ever increasing
rate. With methods varying from focused ion beams to X-rays to magnetic resonance, the sources for these images are exceptionally
heterogeneous; however, the tools and techniques for processing these images and transforming them into quantitative, biologically or
materially meaningful information are similar. 
The course consists of equal parts theory and practical analysis of first synthetic and then real imaging datasets. Basic aspects of image
processing are covered such as filtering, thresholding, and morphology. From these concepts a series of tools will be developed for
analyzing arbitrary images in a very generic manner. Specifically a series of methods will be covered, e.g. characterizing shape, thickness,
tortuosity, alignment, and spatial distribution of material features like pores. From these metrics the statistics aspect of the course will be
developed where reproducibility, robustness, and sensitivity will be investigated in order to accurately determine the precision and accuracy
of these quantitative measurements. A major emphasis of the course will be scalability and the tools of the 'Big Data' trend will be
discussed and how cluster, cloud, and new high-performance large dataset techniques can be applied to analyze imaging datasets. In
addition, given the importance of multi-scale systems, a data-management and analysis approach based on modern databases will be
presented for storing complex hierarchical information in a flexible manner. Finally as a concluding project the students will apply the
learned methods on real experimental data from the latest 3D experiments taken from either their own work / research or partnered with an
experimental imaging group.
The course provides the necessary background to perform the quantitative evaluation of complicated 3D imaging data in a minimally
subjective or arbitrary manner to answer questions coming from the fields of physics, biology, medicine, material science, and
paleontology.

Lecture notes Available online.
Literature Will be indicated during the lecture.
Prerequisites /
notice

Ideally students will have some familiarity with basic manipulation and programming in languages like Python, Matlab, or R. Interested
students who are worried about their skill level in this regard are encouraged to contact Per Anders Kaestner directly
(anders.kaestner@psi.ch).

More advanced students who are familiar with Python, C++, (or in some cases Java) will have to opportunity to develop more of their own
tools.

227-0973-00L Translational Neuromodeling W  8 credits 3V+2U+1A K. Stephan
Abstract This course provides a systematic introduction to Translational Neuromodeling (the development of mathematical models for diagnostics of

brain diseases) and their application to concrete clinical questions (Computational Psychiatry/Psychosomatics). It focuses on a generative
modeling strategy and teaches (hierarchical) Bayesian models of neuroimaging data and behaviour, incl. exercises.

Objective To obtain an understanding of the goals, concepts and methods of Translational Neuromodeling and Computational
Psychiatry/Psychosomatics, particularly with regard to Bayesian models of neuroimaging (fMRI, EEG) and behavioural data.
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Content This course provides a systematic introduction to Translational Neuromodeling (the development of mathematical models for diagnostics of
brain diseases) and their application to concrete clinical questions (Computational Psychiatry/Psychosomatics). The first part of the course
will introduce disease concepts from psychiatry and psychosomatics, their history, and clinical priority problems. The second part of the
course concerns computational modeling of neuronal and cognitive processes for clinical applications. A particular focus is on Bayesian
methods and generative models, for example, dynamic causal models for inferring neuronal processes from neuroimaging data, and
hierarchical Bayesian models for inference on cognitive processes from behavioural data. The course discusses the mathematical and
statistical principles behind these models, illustrates their application to various psychiatric diseases, and outlines a general research
strategy based on generative models. 

Lecture topics include:
1.    Introduction to Translational Neuromodeling and Computational Psychiatry/Psychosomatics
2.    Psychiatric nosology 
3.    Pathophysiology of psychiatric disease mechanisms
4.    Principles of Bayesian inference and generative modeling
5.    Variational Bayes (VB)
6.    Bayesian model selection
7.    Markov Chain Monte Carlo techniques (MCMC)
8.    Bayesian frameworks for understanding psychiatric and psychosomatic diseases
9.    Generative models of fMRI data
10.    Generative models of electrophysiological data
11.    Generative models of behavioural data
12.    Computational concepts of schizophrenia, depression and autism
13.    Model-based predictions about individual patients

Practical exercises include mathematical derivations and the implementation of specific models and inference methods. In additional
project work, students are required to use one of the examples discussed in the course as a basis for developing their own generative
model and use it for simulations and/or inference in application to a clinical question. Group work (up to 3 students) is permitted.

Literature See TNU website:
https://www.tnu.ethz.ch/en/teaching.html

Prerequisites /
notice

Good knowledge of principles of statistics, good programming skills (MATLAB or Python)

227-0976-00L Computational Psychiatry & Computational
Psychosomatics
Number of participants limited to 24.

Information for UZH students:
Enrolment to this course unit only possible at ETH Zurich. 
No enrolment to module BMT20002.

Please mind the ETH enrolment deadlines for UZH
students: https://www.ethz.ch/en/studies/non-
degree-
courses/special-
students/special-students-university-of-zurich.html

W  2 credits 4S K. Stephan

Abstract This seminar deals with the development of clinically relevant computational tools and/or their application to psychiatry and
psychosomatics. Complementary to the annual Computational Psychiatry Course, it serves to build bridges between computational
scientists and clinicians and is designed to foster in-depth exchange, with ample time for discussion

Objective Understanding strengths and weaknesses of current trends in the development of clinically relevant computational tools and their
application to problems in psychiatry and psychosomatics. 

Content This seminar deals with the development of computational tools (e.g. generative models, machine learning) and/or their application to
psychiatry and psychosomatics. The seminar includes (i) presentations by computational scientists and clinicians, (ii) group discussion with
focus on methodology and clinical utility, (iii) self-study based on literature provided by presenters.

Literature Literature for additional self-study of the topics presented in this seminar will be provided by the presenters and will be available online at
https://www.tnu.ethz.ch/en/teaching.html 

Prerequisites /
notice

Participants are expected to be familiar with general principles of statistics (including Bayesian statistics) and have successfully completed
the course “Computational Psychiatry” (Course number 227-0971-00L).

227-1034-00L Computational Vision (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: INI402

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  6 credits 2V+1U D. Kiper

Abstract This course focuses on neural computations that underlie visual perception. We study how visual signals are processed in the retina, LGN
and visual cortex. We study the morpholgy and functional architecture of cortical circuits responsible for pattern, motion, color, and three-
dimensional vision.

Objective This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Content This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.
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Literature Books: (recommended references, not required)
1. An Introduction to Natural Computation, D. Ballard (Bradford Books, MIT Press) 1997.
2. The Handbook of Brain Theorie and Neural Networks, M. Arbib (editor), (MIT Press) 1995.

376-1397-00L Orthopaedic Biomechanics
Number of participants limited to 48.

W  3 credits 2G R. Müller, P. Atkins, J. Schwiedrzik

Abstract This course is aimed at studying the mechanical and structural engineering of the musculoskeletal system alongside the analysis and
design of orthopaedic solutions to musculoskeletal failure.

Objective To apply engineering and design principles to orthopaedic biomechanics, to quantitatively assess the musculoskeletal system and model it,
and to review rigid-body dynamics in an interesting context.

Content Engineering principles are very important in the development and application of quantitative approaches in biology and medicine. This
course includes a general introduction to structure and function of the musculoskeletal system: anatomy and physiology of musculoskeletal
tissues and joints; biomechanical methods to assess and quantify tissues and large joint systems. These methods will also be applied to
musculoskeletal failure, joint replacement and reconstruction; implants; biomaterials and tissue engineering.

Lecture notes Stored on Moodle.
Literature Orthopaedic Biomechanics:

Mechanics and Design in Musculoskeletal Systems 
 
Authors: Donald L. Bartel, Dwight T. Davy, Tony M. Keaveny
Publisher: Prentice Hall; Copyright: 2007
ISBN-10: 0130089095; ISBN-13: 9780130089090

Prerequisites /
notice

Lectures will be given in English.

402-0673-00L Physics in Medical Research: From Humans to Cells W  6 credits 2V+1U B. K. R. Müller
Abstract The aim of this lecture series is to introduce the role of physics in state-of-the-art medical research and clinical practice. Topics to be

covered range from applications of physics in medical implant technology and tissue engineering, through imaging technology, to its role in
interventional and non-interventional therapies.

Objective The lecture series is focused on applying knowledge from physics in diagnosis, planning, and therapy close to clinical practice and
fundamental medical research. Beside a general overview, the lectures give a deep insight into a very few selected techniques, which will
help the students to apply the knowledge to a broad range of related techniques.

In particular, the lectures will elucidate the physics behind the X-ray imaging currently used in clinical environment and contemporary high-
resolution developments. It is the goal to visualize and quantify (sub-)microstructures of human tissues and implants as well as their
interface.

Ultrasound is not only used for diagnostic purposes but includes therapeutic approaches such as the control of the blood-brain barrier
under MR-guidance.

Physicists in medicine are working on modeling and simulation. Based on the vascular structure in cancerous and healthy tissues, the
characteristic approaches in computational physics to develop strategies against cancer are presented. In order to deliberately destroy
cancerous tissue, heat can be supplied or extracted in different manner: cryotherapy (heat conductivity in anisotropic, viscoelastic
environment), radiofrequency treatment (single and multi-probe), laser application, and proton therapy.

Medical implants play an important role to take over well-defined tasks within the human body. Although biocompatibility is here of crucial
importance, the term is insufficiently understood. The aim of the lectures is the understanding of biocompatibility performing well-defined
experiments in vitro and in vivo. Dealing with different classes of materials (metals, ceramics, polymers) the influence of surface
modifications (morphology and surface coatings) are key issues for implant developments, which might be bio-inspired.

Mechanical stimuli can drastically influence soft and hard tissue behavior. The students should realize that a physiological window exists,
where a positive tissue response is expected and how the related parameter including strain, frequency, and resting periods can be
selected and optimized for selected tissues such as bone.

For the treatment of severe incontinence, we are developing artificial smart muscles. The students should have a critical look at promising
solutions and the selection procedure as well as realize the time-consuming and complex way to clinical practice.

The course will be completed by relating the numerous examples and a common round of questions.

Content This lecture series will cover the following topics:
Introduction: Imaging the human body down to individual cells and beyond
Development of artificial muscles for incontinence treatment
X-ray-based computed tomography in clinics and related medical research
High-resolution micro computed tomography
Phase tomography using hard X-rays in biomedical research
Metal-based implants and scaffolds
Natural and synthetic ceramics for implants and regenerative medicine
Biomedical simulations
Polymers for medical implants
From open surgery to non-invasive interventions - Physical approaches in medical imaging
Dental research
Focused Ultrasound and its clinical use
Applying physics in medicine: Benefitting patients

Lecture notes http://www.bmc.unibas.ch/education/ETH_Zurich.phtml

login and password to be provided during the lecture

Prerequisites /
notice

Students from other departments are very welcome to join and gain insight into a variety of sophisticated techniques for the benefit of
patients.
No special knowledge is required. Nevertheless, gaps in basic physical knowledge will require additional efforts.

465-0952-00L Biomedical Photonics
Does not take place this semester.

W  3 credits 2V

Abstract The lecture introduces the principles of generation, propagation and detection of light and its therapeutic and diagnostic application in
medicine.

Objective The lecture provides knowledge about light sources and light delivery systems, optical biomedical imaging techniques, optical
measurement technologies and their specific applications in medicine. Fundamental principles will be accompanied by practical and
contemporary examples. Different selected optical systems used in diagnostics and therapy will be discussed.
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Content Optics always was strongly connected to the observation and interpretation of physiological phenomenon. The basic knowledge of optics
for example was initially gained by studying the function of the human eye. Nowadays, biomedical optics is an independent research field
that is no longer restricted to the observation of physiological processes but studies diagnostic and therapeutic problems in medicine. A
basic prerequisite for applying optical techniques in medicine is the understanding of the physical properties of light, the light propagation in
and its interaction with tissue. The lecture gives inside into the generation, propagation and detection of light, its propagation in tissue and
into selected optical applications in medicine. Various optical imaging techniques (optical coherence tomography or optoacoustics) as well
as therapeutic laser applications (refractive surgery, photodynamic therapy or nanosurgery) will be discussed.

Lecture notes will be provided via Internet (Ilias)
Literature - M. Born, E. Wolf, "Principles of Optics", Pergamon Press

- B.E.A. Saleh, M.C. Teich, "Fundamentals of Photonics", John Wiley and Sons, Inc.
- O. Svelto, "Principles of Lasers", Plenum Press
- J. Eichler, T. Seiler, "Lasertechnik in der Medizin", Springer Verlag
- M.H. Niemz, "Laser-Tissue Interaction", Springer Verlag
- A.J. Welch, M.J.C. van Gemert, "Optical-thermal response of laser-irradiated tissue", Plenum Press

Prerequisites /
notice

Language of instruction: English
This is the same course unit (465-0952-00L) with former course title "Medical Optics".

 Biology Courses
Number Title Type ECTS Hours Lecturers

227-0398-10L Physiology and Anatomy for Biomedical Engineers II W  3 credits 2G M. Wyss
Abstract This course offers an introduction into the structure and function of the human body, and how these are interlinked with one another.

Focusing on physiology, the visualization of anatomy is supported by 3D-animation, Computed Tomography and Magnetic Resonance
imaging.

Objective To understand basic principles and structure of the human body in consideration of the clinical relevance and the medical terminology used
in medical work and research.

Content Digestive system, nutrition and digestion
Thermal balance and thermoregulation
Kidneys and urinary system
Endocrine system and hormones
Reproductive System
Basic anatomy of neck, face and cranium
Basics of neurophysiology and neuroanatomy
Sense organs

Lecture notes Lecture notes and handouts
Literature Silbernagl S., Despopoulos A. Color Atlas of Physiology; Thieme 2008

Faller A., Schuenke M. The Human Body; Thieme 2004
Netter F. Atlas of human anatomy; Elsevier 2014

227-0945-10L Cell and Molecular Biology for Engineers II
This course is part II of a two-semester course.
Knowledge of part I is required.

W  3 credits 2G C. Frei

Abstract The course gives an introduction into cellular and molecular biology, specifically for students with a background in engineering. The focus
will be on the basic organization of eukaryotic cells, molecular mechanisms and cellular functions. Textbook knowledge will be combined
with results from recent research and technological innovations in biology.

Objective After completing this course, engineering students will be able to apply their previous training in the quantitative and physical sciences to
modern biology. Students will also learn the principles how biological models are established, and how these models can be tested.

Content Lectures will include the following topics: DNA, chromosomes, RNA, protein, genetics, gene expression, membrane structure and function,
vesicular traffic, cellular communication, energy conversion, cytoskeleton, cell cycle, cellular growth, apoptosis, autophagy, cancer,
development and stem cells.

In addition, 4 journal clubs will be held, where recent publications will be discussed (2 journal clubs in part I and 2 journal clubs in part II).
For each journal club, students (alone or in groups of up to three students) have to write a summary and discussion of the publication.
These written documents will be graded and count as 40% for the final grade.

Lecture notes Scripts of all lectures will be available.
Literature "Molecular Biology of the Cell" (6th edition) by Alberts, Johnson, Lewis, Morgan, Raff, Roberts, and Walter.

227-0949-10L Biological Methods for Engineers (Advanced Lab)
Limited number of participants. 
Students of the MSc in Biomedical Engineering have
priority.

W  4 credits 9P C. Frei

Abstract The 2 week-long, full-time block course covers basic laboratory skills and safety, cell culture, protein analysis, RNA/DNA Isolation and RT-
PCR. Each topic will be introduced, followed by practical work at the bench.

Objective The goal of this laboratory course is to give students practical exposure to basic techniques of cell and molecular biology.
Content The goal of this laboratory course is to give students practical exposure to basic techniques of cell and molecular biology.
Prerequisites /
notice

Enrollment is limited and preference given to students in the Masters of Biomedical Engineering program.

 Biomechanics
 Track Core Courses

During the Master program, a minimum of 12 CP must be obtained from track core courses.

Number Title Type ECTS Hours Lecturers

376-1392-00L Mechanobiology: Implications for Development,
Regeneration and Tissue Engineering

W  3 credits 2G A. Ferrari, G. Shivashankar,
M. Zenobi-Wong

Abstract This course will emphasize the importance of mechanobiology to cell determination and behavior. Its importance to regenerative medicine
and tissue engineering will also be addressed. Finally, this course will discuss how age and disease adversely alter major
mechanosensitive developmental programs.

Objective This course is designed to illuminate the importance of mechanobiological processes to life as well as to teach good experimental
strategies to investigate mechanobiological phenomena.
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Content Typically, cell differentiation is studied under static conditions (cells grown on rigid plastic tissue culture dishes in two-dimensions), an
experimental approach that, while simplifying the requirements considerably, is short-sighted in scope. It is becoming increasingly apparent
that many tissues modulate their developmental programs to specifically match the mechanical stresses that they will encounter in later life.
Examples of known mechanosensitive developmental programs include osteogenesis (bones), chondrogenesis (cartilage), and
tendogenesis (tendons). Furthermore, general forms of cell behavior such as migration, extracellular matrix deposition, and complex tissue
differentiation are also regulated by mechanical stimuli.  Mechanically-regulated cellular processes are thus ubiquitous, ongoing and of
great clinical importance.

The overall importance of mechanobiology to humankind is illustrated by the fact that nearly 80% of our entire body mass arises from
tissues originating from mechanosensitive developmental programs, principally bones and muscles. Unfortunately, our ability to regenerate
mechanosensitive tissue diminishes in later life. As it is estimated that the fraction of the western world population over 65 years of age will
double in the next 25 years, an urgency in the global biomedical arena exists to better understand how to optimize complex tissue
development under physiologically-relevant mechanical environments for purposes of regenerative medicine and tissue engineering.

Lecture notes n/a
Literature Topical Scientific Manuscripts

376-1397-00L Orthopaedic Biomechanics
Number of participants limited to 48.

W  3 credits 2G R. Müller, P. Atkins, J. Schwiedrzik

Abstract This course is aimed at studying the mechanical and structural engineering of the musculoskeletal system alongside the analysis and
design of orthopaedic solutions to musculoskeletal failure.

Objective To apply engineering and design principles to orthopaedic biomechanics, to quantitatively assess the musculoskeletal system and model it,
and to review rigid-body dynamics in an interesting context.

Content Engineering principles are very important in the development and application of quantitative approaches in biology and medicine. This
course includes a general introduction to structure and function of the musculoskeletal system: anatomy and physiology of musculoskeletal
tissues and joints; biomechanical methods to assess and quantify tissues and large joint systems. These methods will also be applied to
musculoskeletal failure, joint replacement and reconstruction; implants; biomaterials and tissue engineering.

Lecture notes Stored on Moodle.
Literature Orthopaedic Biomechanics:

Mechanics and Design in Musculoskeletal Systems 
 
Authors: Donald L. Bartel, Dwight T. Davy, Tony M. Keaveny
Publisher: Prentice Hall; Copyright: 2007
ISBN-10: 0130089095; ISBN-13: 9780130089090

Prerequisites /
notice

Lectures will be given in English.

376-1712-00L Finite Element Analysis in Biomedical Engineering W  3 credits 2V S. J. Ferguson, B. Helgason
Abstract This course provides an introduction to finite element analysis, with a specific focus on problems and applications from biomedical

engineering.
Objective Finite element analysis is a powerful simulation method for the (approximate) solution of boundary value problems. While its traditional

roots are in the realm of structural engineering, the methods have found wide use in the biomedical engineering domain for the simulation
of the mechanical response of the human body and medical devices. This course provides an introduction to finite element analysis, with a
specific focus on problems and applications from biomedical engineering. This domain offers many unique challenges, including multi-scale
problems, multi-physics simulation, complex and non-linear material behaviour, rate-dependent response, dynamic processes and fluid-
solid interactions. Theories taught are reinforced through practical applications in self-programmed and commercial simulation software,
using e.g. MATLAB, ANSYS, FEBIO.

Content (Theory) The Finite Element and Finite Difference methods 
Gallerkin, weighted residuals, discretization

(Theory) Mechanical analysis of structures 
Trusses, beams, solids and shells, DOFs, hand calculations of simple FE problems, underlying PDEs

(Application) Mechanical analysis of structures 
Truss systems, beam systems, 2D solids, meshing, organ level analysis of bones

(Theory and Application) Mechanical analysis of structures 
Micro- and multi-scale analysis, voxel models, solver limitations, large scale solvers

(Theory) Non-linear mechanical analysis of structures 
Large strain, Newton-Rhapson, plasticity

(Application) Non-linear mechanical analysis of structures 
Plasticity (bone), hyperelasticity, viscoelasticity

(Theory and Application) Contact analysis 
Friction, bonding, rough contact, implants, bone-cement composites, pushout tests

(Theory) Flow in Porous Media
Potential problems, Terzhagi's consolidation

(Application) Flow in Porous Media
Confined and unconfined compression of cartilage

(Theory) Heat Transfer and Mass Transport
Diffusion, conduction and convection, equivalency of equations

(Application) Heat Transfer and Mass Transport
Sequentially-coupled poroelastic and transport models for solute transport

(Theory) Computational Biofluid Dynamics
Newtonian vs. Non-Newtonian fluid, potential flow

(Application) Computational Biofluid Dynamics
Flow between micro-rough parallel plates

Lecture notes Handouts consisting of (i) lecturers' script, (ii) selected excerpts from relevant textbooks, (iii) selected excerpts from theory manuals of
commercial simulation software, (iv) relevant scientific publications.
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Prerequisites /
notice

Familiarity with basic numerical methods.
Programming experience with MATLAB.

 Recommended Elective Courses
These courses are particularly recommended for the Biomechanics track. Please consult your track adviser if you wish to select other subjects.

Number Title Type ECTS Hours Lecturers

151-0540-00L Experimental Mechanics
Does not take place this semester.

W  4 credits 2V+1U J. Dual

Abstract 1. General aspects like transfer functions, vibrations, modal analysis, statistics, digital signal processing, phase locked loop, 2. Optical
methods 3. Piezoelectricity 4. Electromagnetic excitation and detection 5. Capacitive Detection

Objective Understanding, quantitative modelling and practical application of experimental methods for producing and measuring mechanical
quantities (motion, deformation, stresses,..)

Content 1. General Aspects: Measurement chain, transfer functions, vibrations and waves in continuous systems, modal analysis, statistics, digital
signal analysis, phase locked loop. 2. Optical methods ( acousto optic modulation, interferometry, holography, photoelasticity, shadow
optics, Moire methods ) 3. Piezoelectric materials: basic equations, applications, accelerometer ) 4. Electomagnetic excitation and
detection, 5. Capacitive detection
Practical training and homeworks

Lecture notes no
Prerequisites /
notice

Prerequisites: Mechanics I to III, Physics, Elektrotechnik

151-0622-00L Measuring on the Nanometer Scale W  2 credits 2G A. Stemmer
Abstract Introduction to theory and practical application of measuring techniques suitable for the nano domain.
Objective Introduction to theory and practical application of measuring techniques suitable for the nano domain.
Content Conventional techniques to analyze nano structures using photons and electrons: light microscopy with dark field and differential

interference contrast; scanning electron microscopy, transmission electron microscopy. Interferometric and other techniques to measure
distances. Optical traps. Foundations of scanning probe microscopy: tunneling, atomic force, optical near-field. Interactions between
specimen and probe. Current trends, including spectroscopy of material parameters.

Lecture notes Class notes and special papers will be distributed.

151-0630-00L Nanorobotics W  4 credits 2V+1U S. Pané Vidal
Abstract Nanorobotics is an interdisciplinary field that includes topics from nanotechnology and robotics. The aim of this course is to expose

students to the fundamental and essential aspects of this emerging field.
Objective The aim of this course is to expose students to the fundamental and essential aspects of this emerging field. These topics include basic

principles of nanorobotics, building parts for nanorobotic systems, powering and locomotion of nanorobots, manipulation, assembly and
sensing using nanorobots, molecular motors, and nanorobotics for nanomedicine.

151-0980-00L Biofluiddynamics W  4 credits 2V+1U D. Obrist, P. Jenny
Abstract Introduction to the fluid dynamics of the human body and the modeling of physiological flow processes (biomedical fluid dynamics).
Objective A basic understanding of fluid dynamical processes in the human body. Knowledge of the basic concepts of fluid dynamics and the ability

to apply these concepts appropriately.
Content This lecture is an introduction to the fluid dynamics of the human body (biomedical fluid dynamics). For selected topics of human

physiology, we introduce fundamental concepts of fluid dynamics (e.g., creeping flow, incompressible flow, flow in porous media, flow with
particles, fluid-structure interaction) and use them to model physiological flow processes. The list of studied topics includes the
cardiovascular system and related diseases,  blood rheology, microcirculation, respiratory fluid dynamics and fluid dynamics of the inner
ear.

Lecture notes Lecture notes are provided electronically.
Literature A list of books on selected topics of biofluiddynamics can be found on the course web page.

227-0966-00L Quantitative Big Imaging: From Images to Statistics W  4 credits 2V+1U P. A. Kaestner, M. Stampanoni
Abstract The lecture focuses on the challenging task of extracting robust, quantitative metrics from imaging data and is intended to bridge the gap

between pure signal processing and the experimental science of imaging. The course will focus on techniques, scalability, and science-
driven analysis.

Objective 1.    Introduction of applied image processing for research science covering basic image processing, quantitative methods, and statistics.
2.    Understanding of imaging as a means to accomplish a scientific goal. 
3.    Ability to apply quantitative methods to complex 3D data to determine the validity of a hypothesis

Content Imaging is a well established field and is rapidly growing as technological improvements push the limits of resolution in space, time,
material and functional sensitivity. These improvements have meant bigger, more diverse datasets being acquired at an ever increasing
rate. With methods varying from focused ion beams to X-rays to magnetic resonance, the sources for these images are exceptionally
heterogeneous; however, the tools and techniques for processing these images and transforming them into quantitative, biologically or
materially meaningful information are similar. 
The course consists of equal parts theory and practical analysis of first synthetic and then real imaging datasets. Basic aspects of image
processing are covered such as filtering, thresholding, and morphology. From these concepts a series of tools will be developed for
analyzing arbitrary images in a very generic manner. Specifically a series of methods will be covered, e.g. characterizing shape, thickness,
tortuosity, alignment, and spatial distribution of material features like pores. From these metrics the statistics aspect of the course will be
developed where reproducibility, robustness, and sensitivity will be investigated in order to accurately determine the precision and accuracy
of these quantitative measurements. A major emphasis of the course will be scalability and the tools of the 'Big Data' trend will be
discussed and how cluster, cloud, and new high-performance large dataset techniques can be applied to analyze imaging datasets. In
addition, given the importance of multi-scale systems, a data-management and analysis approach based on modern databases will be
presented for storing complex hierarchical information in a flexible manner. Finally as a concluding project the students will apply the
learned methods on real experimental data from the latest 3D experiments taken from either their own work / research or partnered with an
experimental imaging group.
The course provides the necessary background to perform the quantitative evaluation of complicated 3D imaging data in a minimally
subjective or arbitrary manner to answer questions coming from the fields of physics, biology, medicine, material science, and
paleontology.

Lecture notes Available online.
Literature Will be indicated during the lecture.
Prerequisites /
notice

Ideally students will have some familiarity with basic manipulation and programming in languages like Python, Matlab, or R. Interested
students who are worried about their skill level in this regard are encouraged to contact Per Anders Kaestner directly
(anders.kaestner@psi.ch).

More advanced students who are familiar with Python, C++, (or in some cases Java) will have to opportunity to develop more of their own
tools.
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227-1046-00L Computer Simulations of Sensory Systems
Does not take place this semester.

W  3 credits 3G

Abstract This course deals with computer simulations of the human auditory, visual, and balance system. The lecture will cover the physiological
and mechanical mechanisms of these sensory systems. And in the exercises, the simulations will be implemented with Python. The
simulations will be such that their output could be used as input for actual neuro-sensory prostheses.

Objective Our sensory systems provide us with information about what is happening in the world surrounding us. Thereby they transform incoming
mechanical, electromagnetic, and chemical signals into action potentials, the language of the central nervous system.
The main goal of this lecture is to describe how our sensors achieve these transformations, how they can be reproduced with
computational tools. For example, our auditory system performs approximately a Fourier transformation of the incoming sound waves; our
early visual system is optimized for finding edges in images that are projected onto our retina; and our balance system can be well
described with a control system that transforms linear and rotational movements into nerve impulses.
In the exercises that go with this lecture, we will use Python to reproduce the transformations achieved by our sensory systems. The goal is
to write programs whose output could be used as input for actual neurosensory prostheses: such prostheses have become commonplace
for the auditory system, and are under development for the visual and the balance system. For the corresponding exercises, at least some
basic programing experience is required!!

Content The following topics will be covered:
 Introduction into the signal processing in nerve cells.
 Introduction into Python.
 Simplified simulation of nerve cells (Hodgkins-Huxley model).
 Description of the auditory system, including the application of Fourier transforms on recorded sounds.
 Description of the visual system, including the retina and the information processing in the visual cortex. The corresponding exercises will
provide an introduction to digital image processing.
 Description of the mechanics of our balance system, and the Control System-language that can be used for an efficient description of the
corresponding signal processing (essentially Laplace transforms and control systems).

Lecture notes For each module additional material will be provided on the e-learning platform "moodle". The main content of the lecture is also available
as a wikibook, under http://en.wikibooks.org/wiki/Sensory_Systems

Literature Open source information is available as wikibook http://en.wikibooks.org/wiki/Sensory_Systems

For good overviews I recommend:

 Principles of Neural Science (5th Ed, 2012), by Eric Kandel, James Schwartz, Thomas Jessell, Steven Siegelbaum, A.J. Hudspeth     
ISBN 0071390111 / 9780071390118
THE standard textbook on neuroscience.

 L. R. Squire, D. Berg, F. E. Bloom, Lac S. du, A. Ghosh, and N. C. Spitzer. Fundamental Neuroscience, Academic Press - Elsevier, 2012
[ISBN: 9780123858702].
This book covers the biological components, from the functioning of an individual ion channels through the various senses, all the way to
consciousness. And while it does not cover the computational aspects, it nevertheless provides an excellent overview of the underlying
neural processes of sensory systems. 

 G. Mather. Foundations of Sensation and Perception, 2nd Ed Psychology Press, 2009 [ISBN: 978-1-84169-698-0 (hardcover), oder 978-
1-84169-699-7 (paperback)]
A coherent, up-to-date introduction to the basic facts and theories concerning human sensory perception.

 The best place to get started with Python programming are the https://scipy-lectures.org/
Prerequisites /
notice

 Since I have to gravel from Linz, Austria, to Zurich to give this lecture, I plan to hold this lecture in blocks (every 2nd week).
 In addition to the lectures, this course includes external lab visits to institutes actively involved in research on the relevant sensory
systems.

252-0840-02L Application-Oriented Programming W  2 credits 2G L. E. Fässler, M. Dahinden
Abstract This course provides important basic concepts for interdisciplinary programming projects. The programming language is Python and

Matlab.
Objective Students learn


- how to encode a problem into a program, test the program, and correct errors.
- to understand and improve existing code.
- to implement models from the natural sciences as a simulation.

Content The following programming concepts are introduced in the lecture:

1. Variables, data types
2. Condition check, Loops, logics
3. Arrays
4. Functions
5. Matrices
6. Random

In the practical part of the course, students work on small programming projects with a context from natural sciences. Electronic tutorials
are available as preparation.

Literature L. Fässler, M. Dahinden, D. Komm, and D. Sichau: Einführung in die Programmierung mit Python und Matlab. Begleitunterlagen zum
Onlinekurs und zur Vorlesung, 2016. ISBN: 978-3741250842.

Prerequisites /
notice

No prior knowledge is required for this course.It is based on application-oriented learning. The students spend most of their time working
through programming projects with data from natural science and discussing their results with teaching assistants. To learn the
programming basics there are electronic tutorials available.

376-1217-00L Rehabilitation Engineering I: Motor Functions W  4 credits 2V+1U R. Riener, E. Wilhelm
Abstract Rehabilitation engineering is the application of science and technology to ameliorate the handicaps of individuals with disabilities in order to

reintegrate them into society. The goal of this lecture is to present classical and new rehabilitation engineering principles and examples
applied to compensate or enhance especially motor deficits.

Objective Provide theoretical and practical knowledge of principles and applications used to rehabilitate individuals with motor disabilities.
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Content Rehabilitation is the (re)integration of an individual with a disability into society. Rehabilitation engineering is the application of science and
technology to ameliorate the handicaps of individuals with disability. Such handicaps can be classified into motor, sensor, and cognitive
(also communicational) disabilities. In general, one can distinguish orthotic and prosthetic methods to overcome these disabilities. Orthoses
support existing but affected body functions (e.g., glasses, crutches), while prostheses compensate for lost body functions (e.g., cochlea
implant, artificial limbs). In case of sensory disorders, the lost function can also be substituted by other modalities (e.g. tactile Braille display
for vision impaired persons). 

The goal of this lecture is to present classical and new technical principles as well as specific examples applied to compensate or enhance
mainly motor deficits. Modern methods rely more and more on the application of multi-modal and interactive techniques. Multi-modal
means that visual, acoustical, tactile, and kinaesthetic sensor channels are exploited by displaying the patient with a maximum amount of
information in order to compensate his/her impairment. Interaction means that the exchange of information and energy occurs bi-
directionally between the rehabilitation device and the human being. Thus, the device cooperates with the patient rather than imposing an
inflexible strategy (e.g., movement) upon the patient. Multi-modality and interactivity have the potential to increase the therapeutical
outcome compared to classical rehabilitation strategies.
In the 1 h exercise the students will learn how to solve representative problems with computational methods applied to exoprosthetics,
wheelchair dynamics, rehabilitation robotics and neuroprosthetics.

Literature Introductory Books

Neural prostheses - replacing motor function after desease or disability. Eds.: R. Stein, H. Peckham, D. Popovic. New York and Oxford:
Oxford University Press.

Advances in Rehabilitation Robotics  Human-Friendly Technologies on Movement Assistance and Restoration for People with Disabilities.
Eds: Z.Z. Bien, D. Stefanov (Lecture Notes in Control and Information Science, No. 306). Springer Verlag Berlin 2004.

Intelligent Systems and Technologies in Rehabilitation Engineering. Eds: H.N.L. Teodorescu, L.C. Jain (International Series on
Computational Intelligence). CRC Press Boca Raton, 2001.

Control of Movement for the Physically Disabled. Eds.: D. Popovic, T. Sinkjaer. Springer Verlag London, 2000.

Interaktive und autonome Systeme der Medizintechnik - Funktionswiederherstellung und Organersatz. Herausgeber: J. Werner,
Oldenbourg Wissenschaftsverlag 2005. 

Biomechanics and Neural Control of Posture and Movement. Eds.: J.M. Winters, P.E. Crago. Springer New York, 2000.

Selected Journal Articles

Abbas, J., Riener, R. (2001) Using mathematical models and advanced control systems techniques to enhance neuroprosthesis function.
Neuromodulation 4, pp. 187-195. 

Burdea, G., Popescu, V., Hentz, V., and Colbert, K. (2000): Virtual reality-based orthopedic telerehabilitation, IEEE Trans. Rehab. Eng., 8,
pp. 430-432

Colombo, G., Jörg, M., Schreier, R., Dietz, V. (2000) Treadmill training of paraplegic patients using a robotic orthosis. Journal of
Rehabilitation Research and Development, vol. 37, pp. 693-700.

Colombo, G., Jörg, M., Jezernik, S. (2002) Automatisiertes Lokomotionstraining auf dem Laufband. Automatisierungstechnik at, vol. 50, pp.
287-295.

Cooper, R. (1993) Stability of a wheelchair controlled by a human. IEEE Transactions on Rehabilitation Engineering 1, pp. 193-206. 

Krebs, H.I., Hogan, N., Aisen, M.L., Volpe, B.T. (1998): Robot-aided neurorehabilitation, IEEE Trans. Rehab. Eng., 6, pp. 75-87

Leifer, L. (1981): Rehabilitive robotics, Robot Age, pp. 4-11

Platz, T. (2003): Evidenzbasierte Armrehabilitation: Eine systematische Literaturübersicht, Nervenarzt, 74, pp. 841-849

Quintern, J. (1998) Application of functional electrical stimulation in paraplegic patients. NeuroRehabilitation 10, pp. 205-250.

Riener, R., Nef, T., Colombo, G. (2005) Robot-aided neurorehabilitation for the upper extremities. Medical & Biological Engineering &
Computing 43(1), pp. 2-10.

Riener, R., Fuhr, T., Schneider, J. (2002) On the complexity of biomechanical models used for neuroprosthesis development. International
Journal of Mechanics in Medicine and Biology 2, pp. 389-404.

Riener, R. (1999) Model-based development of neuroprostheses for paraplegic patients. Royal Philosophical Transactions: Biological
Sciences 354, pp. 877-894.

Prerequisites /
notice

Target Group: 
Students of higher semesters and PhD students of 
- D-MAVT, D-ITET, D-INFK
- Biomedical Engineering 
- Medical Faculty, University of Zurich 
Students of other departments, faculties, courses are also welcome

376-1150-00L Clinical Challenges in Musculoskeletal Disorders W  2 credits 2G M. Leunig, S. J. Ferguson, A. Müller
Abstract This course reviews musculoskeletal disorders focusing on the clinical presentation, current treatment approaches and future challenges

and opportunities to overcome failures. 
Objective Appreciation of the surgical and technical challenges, and future perspectives offered through advances in surgical technique, new

biomaterials and advanced medical device construction methods.
Content Foot deformities, knee injuries, knee OA, hip disorders in the child and adolescent, hip OA, spine deformities, degenerative spine disease,

shoulder in-stability, hand, rheumatoid diseases, neuromuscular diseases, sport injuries and prevention

376-1168-00L Sports Biomechanics W  3 credits 2V S. Lorenzetti
Abstract Various types of sport are studied from a mechanical point of view. Of particular interest are the key parameters of a sport as well as the

performance relevant indicators.
Objective The aim of this lecture is to enable the students to study a sport from a biomechanical viewpoint and to develop significant models for

which evaluations of the limitations and verifications can be carried out.
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Content Sport biomechanics is concerned with the physical and mechanical basic principles of sports. The lecture requires an in-depth mechanical
understanding on the side of the student. In this respect, the pre-attendance of the lectures Biomechanics II and Movement and Sports
Biomechanics or an equivalent course is expected. The human body is treated as a mechanical system during sport. The interaction of the
active and passive movements and outside influences is analysed. Using sports such as ski-jumping, cycling, or weight training, applicable
models are created, analyzed and suitable measuring methods are introduced. In particular, the constraints as well as the limitations of the
models are of great relevance. The students develop their own models for different sport types, critically discuss the advantages and
disadvantages and evaluate applicable measurement methods.

Lecture notes Handout will be distributed.

376-1308-00L Development Strategies for Medical Implants
Number of participants limited to 25 until 30.
Assignments will be considered chronological.

W  3 credits 2V+1U J. Mayer-Spetzler, M. Rubert

Abstract Introduction to development strategies for implantable devices considering the interdependecies of biocompatibility, clinical and economical
requirements ; discussion of the state of the art and actual trends in in orthopedics, sports medicine, traumatology and cardio-vascular
surgery as well as regenerative medicine (tissue engineering).

Objective Basic considerations in implant development
Concept of structural and surface biocompatiblity and its relevance for the design of implant and surgical technique
Understanding of conflicting factors, e.g. clinical need, economics and regulatory requirements
Concepts of tissue engineering, its strengths and weaknesses as current and future clinical solution

Content Biocompatibility as bionic guide line for the development of medical implants; implant and implantation related tissue reactions,
biocompatible materials and material processing technologies; implant testing and regulatory procedures; discussion of the state of the art
and actual trends in implant development in orthopedics, sports medicine, traumatology, spinal and cardio-vascular surgery; introduction to
tissue engineering. Selected topics will be further illustrated by commented movies from surgeries. 

Seminar: 
Group seminars on selected controversial topics in implant development. Participation is mandatory

Planned excursions (limited availability, not mandatory, to be confirmed): 
1. Participation (as visitor) on a life surgery  (travel at own expense)

Lecture notes Scribt (electronically available): 
- presented slides
- selected scientific papers for further reading

Literature Reference to key papers will be provided during the lectures
Prerequisites /
notice

Only Master students, achieved Bachelor degree is a pre-condition

The number of participants in the course is limited to 30 students in total.

Students will be exposed to surgical movies which may cause emotional reactions. The viewing of the surgical movies is voluntary and is
on the student's own responsability.

376-1614-00L Principles in Tissue Engineering W  3 credits 2V K. Maniura, M. Rottmar, M. Zenobi-
Wong

Abstract Fundamentals in blood coagulation; thrombosis, blood rheology, immune system, inflammation, foreign body reaction on the molecular
level and the entire body are discussed. Applications of biomaterials for tissue engineering in different tissues are introduced.
Fundamentals in medical implantology, in situ drug release, cell transplantation and stem cell biology are discussed.

Objective Understanding of molecular aspects for the application of biodegradable and biocompatible Materials. Fundamentals of tissue reactions
(eg. immune responses) against implants and possible clinical consequences will be discussed.

Content This class continues with applications of biomaterials and devices introduced in Biocompatible Materials I. Fundamentals in blood
coagulation; thrombosis, blood rheology; immune system, inflammation, foreign body reaction on the level of the entire body and on the
molecular level are introduced. Applications of biomaterials for tissue engineering in the vascular system, skeletal muscle, heart muscle,
tendons and ligaments, bone, teeth, nerve and brain, and drug delivery systems are introduced. Fundamentals in medical implantology, in
situ drug release, cell transplantation and stem cell biology are discussed.

Lecture notes Handouts provided during the classes and references therin.
Literature The molecular Biology of the Cell, Alberts et al.,  5th Edition, 2009.

Principles in Tissue Engineering, Langer et al., 2nd Edition, 2002

376-1620-00L Skeletal Repair
Number of participants limited to 42.

Only for Health Sciences and Technology MSc and
Biomedical Engineering MSc.

W  3 credits 3G S. Grad, M. D'Este, F. Moriarty,
M. Stoddart

Abstract The course gives an introduction into traumatic and degenerative pathologies of skeletal tissues. Emphasis is put on bone, cartilage and
intervertebral disc. Established and new treatments are described, including cell, gene and molecular therapy, biomaterials, tissue
engineering and infection prevention. In vitro/in vivo models are explained.

Objective The objectives of this course are to acquire a basic understanding of
(1) important pathologies of skeletal tissues and their consequences for the patient and the public health
(2) current surgical approaches for skeletal repair, their advantages and drawbacks
(3) recent advances in biological strategies for skeletal repair, such as (stem) cell therapy, gene therapy, biomaterials and tissue
engineering
(4) pathology, prevention and treatment of implant associated infections
(5) in vitro and in vivo models for basic, translational and pre-clinical studies

Content According to the expected background knowledge, the cellular and extracellular composition and the structure of the skeletal tissues,
including bone, cartilage, intervertebral disc, ligament and tendon will briefly be recapitulated. The functions of the healthy tissues and the
impact of acute injury (e.g. bone fracture) or progressive degenerative failure (e.g. osteoarthritis) will be demonstrated. Physiological self-
repair mechanisms, their limitations, and current (surgical) treatment options will be outlined. Particular emphasis will be put on novel
approaches for biological repair or regeneration of critical bone defects, damaged hyaline cartilage of major articulating joints, and
degenerative intervertebral disc tissues. These new treatment options include autologous cell therapies, stem cell applications, bioactive
factors, gene therapy, biomaterials or biopolymers; while tissue engineering / regenerative medicine is considered as a combination of
some of these factors. In vitro bioreactor systems and in vivo animal models will be described for preclinical testing of newly developed
materials and techniques. Bacterial infection as a major complication of invasive treatment will be explained, covering also established and
new methods for its effective inhibition. Finally, the translation of new therapies for skeletal repair from the laboratory to the clinical
application will be illustrated by recent developments.

Prerequisites /
notice

Basic knowledge in the cellular and molecular composition, structure and function of healthy skeletal tissues, especially bone, cartilage and
intervertebral disc are required; furthermore, basic understanding of biomaterial properties, cell-surface interactions, and bacterial infection
are necessary to follow this course.

376-1719-00L Statistics for Experimental Research W  3 credits 2V R.  van de Langenberg
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Abstract Students will learn the necessary statistical concepts and skills to independently (1) design experiments (2) analyse experimental data and
(3) report analyses and results in a scientifically appropriate manner.

Objective After successful completion of the course, students should be able to:
1. Determine appropriate experimental designs and choose, justify and perform the appropriate statistical analyses using R.
2. Report analyses and results in a scientifically appropriate manner, as laid out by the Publication Manual of the American Psychological
Association (APA, sixth edition).

Content We will cover basic statistical concepts (e.g., central tendency, variability, data distribution), the t-test (dependent and independent),
ANOVA (univariate, factorial and repeated measures), correlation, multiple regression, nonparametric techniques, validity and reliability
tests, effect size, data transformation, power and sample size estimation.

Lecture notes Lecture notes will be delivered in the form of commented presentations in Microsoft Powerpoint (i.e. pptx) format. R practical session
assignments will be delivered in pdf-format.

Literature Both in the lectures and in the tutorials and practical sessions, we will refer students to the following publication:

 Field A, Miles J, Field Z (2013) Discovering Statistics Using R. Sage Publications Ltd, London, UK

376-1721-00L Bone Biology and Consequences for Human Health W  2 credits 2V G. A. Kuhn, J. Goldhahn, E. Wehrle
Abstract Bone is a complex tissue that continuously adapts to mechanical and metabolic demands. Failure of this remodeling results in reduced

mechanic stability ot the skeleton. This course will provide the basic knowledge to understand the biology and pathophysiology of bone
necessary for engineering of bone tissue and design of implants.

Objective After completing this course, students will be able to understand:
a) the biological and mechanical aspects of normal bone remodeling
b) pathological changes and their consequences for the musculoskeletal system
c) the consequences for implant design, tissue engineering and treatment interventions.

Content Bone adapts continuously to mechanical and metabolic demands by complex remodeling processes. This course will deal with biological
processes in bone tissue from cell to tissue level. This lecture will cover mechanisms of bone building (anabolic side), bone resorption
(catabolic side), their coupling, and regulation mechanisms. It will also cover pathological changes and typical diseases like osteoporosis.
Consequences for musculoskeletal health and their clinical relevance will be discussed. Requirements for tissue engineering as well as
implant modification will be presented. Actual examples from research and development will be utilized for illustration.

376-1724-00L Appropriate Health System Design
Number of participants limited to 42.

W  3 credits 2V W. Karlen

Abstract This course elaborates upon relevant aspects in the conception, implementation and distribution of health devices and systems that
effectively meet peoples and societies' needs in a local context. Four key elements of appropriateness (usage, cost, durability and
performance) that are integral to the engineering design process are extensively discussed and applied.

Objective The main goals are to
> Evaluate the appropriateness of health systems to the cultural, financial, environmental and medical context in which they will be applied
and
> Design health systems from a user's perspective for a specific context

At the end of the course, students can
> name, understand and describe the 4 main principles that define appropriate technology
> apply these principles to critically analyze and assess health systems and technology
> project him/herself into a unfamiliar person and context  and create hypotheses as to that person's needs, requirements, and priorities
> modify specifications of existing systems to improve appropriateness
> discuss the challenges and illustrate the the ethical and societal consequences of proposed design modifications
> communicate effectively the results of his/her system analysis and implementation strategies to non-specialists

Content The course will be interactive and involve roleplay. Please do not sign up for this course if you are not ready to leave your comfort zone in
class. The lectures are divided in two parts:
The first part elaborates upon the important concepts of the design of health care devices and systems, and discusses implementation and
dissemination strategies. We focus on communities such as low income households, the elderly, and patients with chronic illnesses that
have special needs. Topics covered include point-of-care diagnostics, information and communication technologies, mobile health, user
interactions, and also the social-cultural considerations.
The second part consists of elaboration of an appropriate device conducted by student groups. Each group will analyse an existing product
or solution, critically assess its appropriateness according to the criteria learned in class, and provide explanations as to why the system
succeeds or fails. The students will also present design improvements. Grading will be based on a written case report due in the middle of
the semester and a final seminar presentation in form of a poster discussion and demo.

Literature WHO, "Medical Devices: Managing the Mismatch", 2010.
http://www.who.int/medical_devices/publications/med_dev_man-mismatch/en/

PATH, "The IC2030 report. Reimagining Global Health," 2015. http://ic2030.org/report/

R. Malkin and K. Von Oldenburg Beer, "Diffusion of novel healthcare technologies to resource poor settings," Annals of Biomedical
Engineering, vol. 41, no. 9, pp. 1841:50, 2013.

Prerequisites /
notice

Target Group: 
Students of higher semesters and doctoral students of 
- D-MAVT, D-ITET, D-INFK, D-HEST
- Biomedical Engineering, Robotics, Systems and Control
- Medical Faculty, University of Zurich 
Students of other departments, faculties, courses are also welcome

376-1974-00L Colloquium in Biomechanics W  2 credits 2K B. Helgason, S. J. Ferguson,
R. Müller, J. G. Snedeker, B. Taylor,
M. Zenobi-Wong

Abstract Current topics in biomechanics presented by speakers from academia and industry.
Objective Getting insight into actual areas and problems of biomechanics.

402-0673-00L Physics in Medical Research: From Humans to Cells W  6 credits 2V+1U B. K. R. Müller
Abstract The aim of this lecture series is to introduce the role of physics in state-of-the-art medical research and clinical practice. Topics to be

covered range from applications of physics in medical implant technology and tissue engineering, through imaging technology, to its role in
interventional and non-interventional therapies.
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Objective The lecture series is focused on applying knowledge from physics in diagnosis, planning, and therapy close to clinical practice and
fundamental medical research. Beside a general overview, the lectures give a deep insight into a very few selected techniques, which will
help the students to apply the knowledge to a broad range of related techniques.

In particular, the lectures will elucidate the physics behind the X-ray imaging currently used in clinical environment and contemporary high-
resolution developments. It is the goal to visualize and quantify (sub-)microstructures of human tissues and implants as well as their
interface.

Ultrasound is not only used for diagnostic purposes but includes therapeutic approaches such as the control of the blood-brain barrier
under MR-guidance.

Physicists in medicine are working on modeling and simulation. Based on the vascular structure in cancerous and healthy tissues, the
characteristic approaches in computational physics to develop strategies against cancer are presented. In order to deliberately destroy
cancerous tissue, heat can be supplied or extracted in different manner: cryotherapy (heat conductivity in anisotropic, viscoelastic
environment), radiofrequency treatment (single and multi-probe), laser application, and proton therapy.

Medical implants play an important role to take over well-defined tasks within the human body. Although biocompatibility is here of crucial
importance, the term is insufficiently understood. The aim of the lectures is the understanding of biocompatibility performing well-defined
experiments in vitro and in vivo. Dealing with different classes of materials (metals, ceramics, polymers) the influence of surface
modifications (morphology and surface coatings) are key issues for implant developments, which might be bio-inspired.

Mechanical stimuli can drastically influence soft and hard tissue behavior. The students should realize that a physiological window exists,
where a positive tissue response is expected and how the related parameter including strain, frequency, and resting periods can be
selected and optimized for selected tissues such as bone.

For the treatment of severe incontinence, we are developing artificial smart muscles. The students should have a critical look at promising
solutions and the selection procedure as well as realize the time-consuming and complex way to clinical practice.

The course will be completed by relating the numerous examples and a common round of questions.

Content This lecture series will cover the following topics:
Introduction: Imaging the human body down to individual cells and beyond
Development of artificial muscles for incontinence treatment
X-ray-based computed tomography in clinics and related medical research
High-resolution micro computed tomography
Phase tomography using hard X-rays in biomedical research
Metal-based implants and scaffolds
Natural and synthetic ceramics for implants and regenerative medicine
Biomedical simulations
Polymers for medical implants
From open surgery to non-invasive interventions - Physical approaches in medical imaging
Dental research
Focused Ultrasound and its clinical use
Applying physics in medicine: Benefitting patients

Lecture notes http://www.bmc.unibas.ch/education/ETH_Zurich.phtml

login and password to be provided during the lecture

Prerequisites /
notice

Students from other departments are very welcome to join and gain insight into a variety of sophisticated techniques for the benefit of
patients.
No special knowledge is required. Nevertheless, gaps in basic physical knowledge will require additional efforts.

 Biology Courses
Number Title Type ECTS Hours Lecturers

227-0398-10L Physiology and Anatomy for Biomedical Engineers II W  3 credits 2G M. Wyss
Abstract This course offers an introduction into the structure and function of the human body, and how these are interlinked with one another.

Focusing on physiology, the visualization of anatomy is supported by 3D-animation, Computed Tomography and Magnetic Resonance
imaging.

Objective To understand basic principles and structure of the human body in consideration of the clinical relevance and the medical terminology used
in medical work and research.

Content Digestive system, nutrition and digestion
Thermal balance and thermoregulation
Kidneys and urinary system
Endocrine system and hormones
Reproductive System
Basic anatomy of neck, face and cranium
Basics of neurophysiology and neuroanatomy
Sense organs

Lecture notes Lecture notes and handouts
Literature Silbernagl S., Despopoulos A. Color Atlas of Physiology; Thieme 2008

Faller A., Schuenke M. The Human Body; Thieme 2004
Netter F. Atlas of human anatomy; Elsevier 2014

227-0945-10L Cell and Molecular Biology for Engineers II
This course is part II of a two-semester course.
Knowledge of part I is required.

W  3 credits 2G C. Frei

Abstract The course gives an introduction into cellular and molecular biology, specifically for students with a background in engineering. The focus
will be on the basic organization of eukaryotic cells, molecular mechanisms and cellular functions. Textbook knowledge will be combined
with results from recent research and technological innovations in biology.

Objective After completing this course, engineering students will be able to apply their previous training in the quantitative and physical sciences to
modern biology. Students will also learn the principles how biological models are established, and how these models can be tested.
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Content Lectures will include the following topics: DNA, chromosomes, RNA, protein, genetics, gene expression, membrane structure and function,
vesicular traffic, cellular communication, energy conversion, cytoskeleton, cell cycle, cellular growth, apoptosis, autophagy, cancer,
development and stem cells.

In addition, 4 journal clubs will be held, where recent publications will be discussed (2 journal clubs in part I and 2 journal clubs in part II).
For each journal club, students (alone or in groups of up to three students) have to write a summary and discussion of the publication.
These written documents will be graded and count as 40% for the final grade.

Lecture notes Scripts of all lectures will be available.
Literature "Molecular Biology of the Cell" (6th edition) by Alberts, Johnson, Lewis, Morgan, Raff, Roberts, and Walter.

227-0949-10L Biological Methods for Engineers (Advanced Lab)
Limited number of participants. 
Students of the MSc in Biomedical Engineering have
priority.

W  4 credits 9P C. Frei

Abstract The 2 week-long, full-time block course covers basic laboratory skills and safety, cell culture, protein analysis, RNA/DNA Isolation and RT-
PCR. Each topic will be introduced, followed by practical work at the bench.

Objective The goal of this laboratory course is to give students practical exposure to basic techniques of cell and molecular biology.
Content The goal of this laboratory course is to give students practical exposure to basic techniques of cell and molecular biology.
Prerequisites /
notice

Enrollment is limited and preference given to students in the Masters of Biomedical Engineering program.

 Medical Physics
 Track Core Courses

During the Master program, a minimum of 12 CP must be obtained from track core courses.

Number Title Type ECTS Hours Lecturers

402-0342-00L Medical Physics II W  6 credits 2V+1U P. Manser
Abstract Applications of ionizing radiation in medicine such as radiation therapy, nuclear medicine and radiation diagnostics. Theory of dosimetry

based on cavity theory and clinical consequences. Fundamentals of dose calculation, optimization and evaluation. Concepts of external
beam radiation therapy and brachytherapy. Recent and future developments: IMRT, IGRT, SRS/SBRT, particle therapy.

Objective Getting familiar with the different medical applications of ionizing radiation in the fields of radiation therapy, nuclear medicine, and radiation
diagnostics. Dealing with concepts such as external beam radiation therapy as well as brachytherapy for the treatment of cancer patients.
Understanding the fundamental cavity theory for dose measurements and its consequences on clinical practice. Understanding different
delivery techniques such as IMRT, IGRT, SRS/SBRT, brachytherapy, particle therapy using protons, heavy ions or neutrons.
Understanding the principles of dose calculation, optimization and evaluation for radiation therapy, nuclear medicine and radiation
diagnostic applications. Finally, the lecture aims to demonstrate that medical physics is a fascinating and evolving discipline where physics
can directly be used for the benefits of patients and the society.

Content In this lecture, the use of ionizing radiation in different clinical applications is discussed. Primarily, we will concentrate on radiation therapy
and will cover applications such as external beam radiotherapy with photons and electrons, intensity modulated radiotherapy (IMRT),
image guided radiotherapy (IGRT), stereotactic radiotherapy and radiosurgery, brachytherapy, particle therapy using protons, heavy ions or
neutrons. In addition, dosimetric methods based on cavity theory are reviewed and principles of treatment planning (dose calculation,
optimization and evaluation) are discussed. Next to these topics, applications in nuclear medicine and radiation diagnostics are explained
with the clear focus on dosimetric concepts and behaviour.

Lecture notes A script will be provided.
Prerequisites /
notice

It is recommended that the students have taken the lecture Medical Physics I in advance.

 Recommended Elective Courses
These courses are particularly recommended for the Medical Physics track. Please consult your track advisor if you wish to select other subjects.

Number Title Type ECTS Hours Lecturers

227-0946-00L Molecular Imaging - Basic Principles and Biomedical
Applications

W  2 credits 2V M. Rudin

Abstract Concept: What is molecular imaging.
Discussion/comparison of the various imaging modalities used in molecular imaging.
Design of target specific probes: specificity, delivery, amplification strategies.
Biomedical Applications.

Objective Molecular Imaging is a rapidly emerging discipline that translates concepts developed in molecular biology and cellular imaging to in vivo
imaging in animals and ultimatly in humans. Molecular imaging techniques allow the study of molecular events in the full biological context
of an intact organism and will therefore become an indispensable tool for biomedical research.

Content Concept: What is molecular imaging.
Discussion/comparison of the various imaging modalities used in molecular imaging.
Design of target specific probes: specificity, delivery, amplification strategies.
Biomedical Applications.

227-0948-00L Magnetic Resonance Imaging in Medicine W  4 credits 3G S. Kozerke, M. Weiger Senften
Abstract Introduction to magnetic resonance imaging and spectroscopy, encoding and contrast mechanisms and their application in medicine.
Objective Understand the basic principles of signal generation, image encoding and decoding, contrast manipulation and the application thereof to

assess anatomical and functional information in-vivo.
Content Introduction to magnetic resonance imaging including basic phenomena of nuclear magnetic resonance; 2- and 3-dimensional imaging

procedures; fast and parallel imaging techniques; image reconstruction; pulse sequences and image contrast manipulation; equipment;
advanced techniques for identifying activated brain areas; perfusion and flow; diffusion tensor imaging and fiber tracking; contrast agents;
localized magnetic resonance spectroscopy and spectroscopic imaging; diagnostic applications and applications in research.

Lecture notes D. Meier, P. Boesiger, S. Kozerke
Magnetic Resonance Imaging and Spectroscopy

227-0968-00L Monte Carlo in Medical Physics W  4 credits 3G M. Stampanoni, M. K. Fix
Abstract Introduction in basics of Monte Carlo simulations in the field of medical radiation physics. General recipe for Monte Carlo simulations in

medical physics from code selection to fine-tuning the implementation. Characterization of radiation by means of Monte Carlo simulations.
Objective Understanding the concept of the Monte Carlo method. Getting familiar with the Monte Carlo technique, knowing different codes and

several applications of this method. Learn how to use Monte Carlo in the field of applied medical radiation physics. Understand the usage
of Monte Carlo to characterize the physical behaviour of ionizing radiation in medical physics. Share the enthusiasm about the potential of
the Monte Carlo technique and its usefulness in an interdisciplinary environment.
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Content The lecture provides the basic principles of the Monte Carlo method in medical radiation physics. Some fundamental concepts on
applications of ionizing radiation in clinical medical physics will be reviewed. Several techniques in order to increase the simulation
efficiency of Monte Carlo will be discussed. A general recipe for performing Monte Carlo simulations will be compiled. This recipe will be
demonstrated for typical clinical devices generating ionizing radiation, which will help to understand implementation of a Monte Carlo
model. Next, more patient related effects including the estimation of the dose distribution in the patient, patient movements and imaging of
the patient's anatomy. A further part of the lecture covers the simulation of radioactive sources as well as heavy ion treatment modalities.
The field of verification and quality assurance procedures from the perspective of Monte Carlo simulations will be discussed. To complete
the course potential future applications of Monte Carlo methods in the evolving field of treating patients with ionizing radiation.

Lecture notes A script will be provided.

402-0343-00L Physics Against Cancer: The Physics of Imaging and
Treating Cancer
Special Students UZH must book the module PHY361
directly at UZH.

W  6 credits 2V+1U A. J. Lomax, U. Schneider

Abstract Radiotherapy is a rapidly developing and technology driven medical discipline that is heavily dependent on physics and engineering. In this
lecture series, we will review and describe some of the current developments in radiotherapy, particularly from the physics and
technological view point, and will indicate in which direction future research in radiotherapy will lie.

Objective Radiotherapy is a rapidly developing and technology driven medical discipline that is heavily dependent on physics and engineering. In the
last few years, a multitude of new techniques, equipment and technology have been introduced, all with the primary aim of more accurately
targeting and treating cancerous tissues, leading to a precise, predictable and effective therapy technique. In this lecture series, we will
review and describe some of the current developments in radiotherapy, particularly from the physics and technological view point, and will
indicate in which direction future research in radiotherapy will lie. Our ultimate aim is to provide the student with a taste for the critical role
that physics plays in this rapidly evolving discipline and to show that there is much interesting physics still to be done.

Content The lecture series will begin with a short introduction to radiotherapy and an overview of the lecture series (lecture 1). Lecture 2 will cover
the medical imaging as applied to radiotherapy, without which it would be impossible to identify or accurately calculate the deposition of
radiation in the patient. This will be followed by a detailed description  of the treatment planning process, whereby the distribution of
deposited energy within the tumour and patient can be accurately calculated, and the optimal treatment defined (lecture 3). Lecture 4 will
follow on with this theme, but concentrating on the more theoretical and mathematical techniques that can be used to evaluate different
treatments, using mathematically based biological models for predicting the outcome of treatments. The role of physics modeling, in order
to accurately calculate the dose deposited from radiation in the patient, will be examined in lecture 5, together with a review of
mathematical tools that can be used to optimize patient treatments. Lecture 6 will investigate a rather different issue, that is the
standardization of data sets for radiotherapy and the importance of medical data bases in modern therapy. In lecture 7 we will look in some
detail at one of the most advanced radiotherapy delivery techniques, namely Intensity Modulated Radiotherapy (IMRT). In lecture 8, the two
topics of imaging and therapy will be somewhat combined, when we will describe the role of imaging in the daily set-up and assessment of
patients. Lecture 9 follows up on this theme, in which a major problem of radiotherapy, namely organ motion and changes in patient and
tumour geometry during therapy, will be addressed, together with methods for dealing with such problems. Finally, in lectures 10-11, we will
describe in some of the multitude of different delivery techniques that are now available, including particle based therapy, rotational (tomo)
therapy approaches and robot assisted radiotherapy. In the final lecture, we will provide an overview of the likely avenues of research in the
next 5-10 years in radiotherapy. The course will be rounded-off with an opportunity to visit a modern radiotherapy unit, in order to see some
of the techniques and delivery methods described in the course in action.

Prerequisites /
notice

Although this course is seen as being complimentary to the Medical Physics I and II course of Dr Manser, no previous knowledge of
radiotherapy is necessarily expected or required for interested students who have not attended the other two courses.

 Other Elective Courses
These courses may be suitable for the Medical Physics track. Please consult your track advisor.

Number Title Type ECTS Hours Lecturers

252-0840-02L Application-Oriented Programming W  2 credits 2G L. E. Fässler, M. Dahinden
Abstract This course provides important basic concepts for interdisciplinary programming projects. The programming language is Python and

Matlab.
Objective Students learn


- how to encode a problem into a program, test the program, and correct errors.
- to understand and improve existing code.
- to implement models from the natural sciences as a simulation.

Content The following programming concepts are introduced in the lecture:

1. Variables, data types
2. Condition check, Loops, logics
3. Arrays
4. Functions
5. Matrices
6. Random

In the practical part of the course, students work on small programming projects with a context from natural sciences. Electronic tutorials
are available as preparation.

Literature L. Fässler, M. Dahinden, D. Komm, and D. Sichau: Einführung in die Programmierung mit Python und Matlab. Begleitunterlagen zum
Onlinekurs und zur Vorlesung, 2016. ISBN: 978-3741250842.

Prerequisites /
notice

No prior knowledge is required for this course.It is based on application-oriented learning. The students spend most of their time working
through programming projects with data from natural science and discussing their results with teaching assistants. To learn the
programming basics there are electronic tutorials available.

252-5704-00L Advanced Methods in Computer Graphics
Number of participants limited to 24.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W  2 credits 2S O. Sorkine Hornung

Abstract This seminar covers advanced topics in computer graphics with a focus on the latest research results. Topics include modeling, rendering,
visualization,
animation, physical simulation, computational photography, and others.

Objective The goal is to obtain an in-depth understanding of actual problems and 
research topics in the field of computer graphics as well as improve              
presentation and critical analysis skills.

151-0306-00L Visualization, Simulation and Interaction - Virtual W  4 credits 4G A. Kunz
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Reality I
Abstract Technology of Virtual Reality. Human factors, Creation of virtual worlds, Lighting models, Display- and acoustic- systems, Tracking,

Haptic/tactile interaction, Motion platforms, Virtual prototypes, Data exchange, VR Complete systems, Augmented reality, Collaboration
systems; VR and Design; Implementation of the VR in the industry; Human Computer Interfaces (HCI).

Objective The product development process in the future will be characterized by the Digital Product which is the center point for concurrent
engineering with teams spreas worldwide. Visualization and simulation of complex products including their physical behaviour at an early
stage of development will be relevant in future. The lecture will give an overview to techniques for virtual reality, to their ability to visualize
and to simulate objects. It will be shown how virtual reality is already used in the product development process.

Content Introduction to the world of virtual reality; development of new VR-techniques; introduction to 3D-computergraphics; modelling; physical
based simulation; human factors; human interaction; equipment for virtual reality; display technologies; tracking systems; data gloves;
interaction in virtual environment; navigation; collision detection; haptic and tactile interaction; rendering; VR-systems; VR-applications in
industry, virtual mockup; data exchange, augmented reality.

Lecture notes A complete version of the handout is also available in English.
Prerequisites /
notice

Voraussetzungen:
keine
Vorlesung geeignet für D-MAVT, D-ITET, D-MTEC und D-INF

Testat/ Kredit-Bedingungen/ Prüfung:
 Teilnahme an Vorlesung und Kolloquien
 Erfolgreiche Durchführung von Übungen in Teams 
 Mündliche Einzelprüfung 30 Minuten

376-1614-00L Principles in Tissue Engineering W  3 credits 2V K. Maniura, M. Rottmar, M. Zenobi-
Wong

Abstract Fundamentals in blood coagulation; thrombosis, blood rheology, immune system, inflammation, foreign body reaction on the molecular
level and the entire body are discussed. Applications of biomaterials for tissue engineering in different tissues are introduced.
Fundamentals in medical implantology, in situ drug release, cell transplantation and stem cell biology are discussed.

Objective Understanding of molecular aspects for the application of biodegradable and biocompatible Materials. Fundamentals of tissue reactions
(eg. immune responses) against implants and possible clinical consequences will be discussed.

Content This class continues with applications of biomaterials and devices introduced in Biocompatible Materials I. Fundamentals in blood
coagulation; thrombosis, blood rheology; immune system, inflammation, foreign body reaction on the level of the entire body and on the
molecular level are introduced. Applications of biomaterials for tissue engineering in the vascular system, skeletal muscle, heart muscle,
tendons and ligaments, bone, teeth, nerve and brain, and drug delivery systems are introduced. Fundamentals in medical implantology, in
situ drug release, cell transplantation and stem cell biology are discussed.

Lecture notes Handouts provided during the classes and references therin.
Literature The molecular Biology of the Cell, Alberts et al.,  5th Edition, 2009.

Principles in Tissue Engineering, Langer et al., 2nd Edition, 2002

376-1792-00L Introductory Course in Neuroscience II (University of
Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: SPV0Y020

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  2 credits 2V University lecturers

Abstract This course discusses behavioral aspects in neuroscience. Modern brain imaging methods are described. Clinical issues including
diseases of the nervous system are studied. Sleep research and neuroimmunology are discussed. Finally, the course deals with the basic
concepts in psychiatry.

Prerequisites /
notice

Für Doktorierende des Zentrums für Neurowissenschaften Zürich.

376-1984-00L Lasers in Medicine W  3 credits 3G M. Frenz
Abstract The lecture will provide answers to questions such as: Why lasers? How do lasers work? How does light interact with tissue? We will

concentrate on three major interaction categories: Therapeutic (from cell surgery to vision correction and general surgery), Diagnostics
(from detection of neural cell activity to diagnostics of cancer), and Imaging (from single molecules to optical tomography).

Objective Knowledge about the physical principles of a laser. You know the properties of laser light and how they can be used for medical
applications. You understand the physical principles underlyingthe light-tissue interaction. You can explain what resolution, contrast and
magnification means. You are able to order the right safety google for your laser system. You are able to determine the optimum laser
parameters for a specific clinical application.

Content Lasers become increasingly important in almost all medical disciplines especially where they can be used selectively to treat soft and hard
tissue in a non-invasive manner or for diagnostic purposes. Basic mechanisms of light propagation in tissue as well as laser-
tissue-interactions i.e. photochemical, photothermal and photomechanical interaction will be discussed. The influence of laser wavelength
and pulse duration on the interaction process will be studied. Different laser and beam delivery systems used in medicine will be presented.
Different clinical laser applications in ophthalmology, urology, gynecology and ENT-surgery will be discussed. Diagnostic applications as
well as biomedical imaging techniques are considered. Laser safety.

Lecture notes will be published in the Internet (ILIAS)
Literature - M. Born, E. Wolf, "Principles of Optics", Pergamon Press

- B.E.A. Saleh, M.C. Teich, "Fundamentals of Photonics", John Wiley and Sons, Inc.
- A.E. Siegman, "Lasers", University Science Books
- O. Svelto, "Principles of Lasers", Plenum Press
- J. Eichler, T. Seiler, "Lasertechnik in der Medizin", Springer Verlag
- M.H. Niemz, "Laser-Tissue Interaction", Springer Verlag
- A.J. Welch, M.J.C. van Gemert, "Optical-thermal response of laser-irradiated
  tissue", Plenum Press

402-0719-MSL Particle Physics at PSI (Paul Scherrer Institute) W  9 credits 18P C. Grab
Abstract During semester breaks in Summer 6-12 students stay for 3 weeks at PSI and participate in a hands-on course on experimental particle

physics. A small real experiment is performed in common, including apparatus design, construction, running and data analysis. The course
includes some lectures, but the focus lies on the practical aspects of experimenting.

Objective Students learn all the different steps it takes to perform a complete particle physics experiment in a small team. They acquire skills to do
this themselves in the team, including design, construction, data taking and data analysis.

402-0787-00L Therapeutic Applications of Particle Physics:
Principles and Practice of Particle Therapy

W  6 credits 2V+1U A. J. Lomax
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Abstract Physics and medical physics aspects of particle physics
Subjects: Physics interactions and beam characteristics; medical accelerators; beam delivery; pencil beam scanning; dosimetry and QA;
treatment planning; precision and uncertainties; in-vivo dose verification; proton therapy biology.

Objective The lecture series is focused on the physics and medical physics aspects of particle therapy. The radiotherapy of tumours using particles
(particularly protons) is a rapidly expanding discipline, with many new proton and particle therapy facilities currently being planned and built
throughout Europe.  In this lecture series, we study in detail the physics background to particle therapy, starting from the fundamental
physics interactions of particles with tissue, through to treatment delivery, treatment planning and in-vivo dose verification. The course is
aimed at students with a good physics background and an interest in the application of physics to medicine.

Prerequisites /
notice

The former title of this course was "Medical Imaging and Therapeutic Applications of Particle Physics".

402-0812-00L Computational Statistical Physics W  8 credits 2V+2U O. Zilberberg
Abstract Computer simulation methods in statistical physics. Classical Monte-Carlo-simulations: finite-size scaling, cluster algorithms, histogram-

methods, renormalization group. Application to Boltzmann machines. Simulation of non-equilibrium systems.

Molecular dynamics simulations: long range interactions, Ewald summation, discrete elements, parallelization.

Objective The lecture will give a deeper insight into computer simulation methods in statistical physics. Thus, it is an ideal continuation of the lecture
"Introduction to Computational Physics" of the autumn semester. In the first part students learn to apply the following methods: Classical
Monte Carlo-simulations, finite-size scaling, cluster algorithms, histogram-methods, renormalization group. Moreover, students learn about
the application of statistical physics methods to Boltzmann machines and how to simulate non-equilibrium systems.

In the second part, students apply molecular dynamics simulation methods. This part includes long range interactions, Ewald summation
and discrete elements.

Content Computer simulation methods in statistical physics. Classical Monte-Carlo-simulations: finite-size scaling, cluster algorithms, histogram-
methods, renormalization group. Application to Boltzmann machines. Simulation of non-equilibrium systems. Molecular dynamics
simulations: long range interactions, Ewald summation, discrete elements, parallelization.

Lecture notes Lecture notes and slides are available online and will be distributed if desired.
Literature Literature recommendations and references are included in the lecture notes.
Prerequisites /
notice

Some basic knowledge about statistical physics, classical mechanics and computational methods is recommended.

465-0958-00L Audiological Acoustics
Does not take place this semester.

W  1 credit 1V F. Pfiffner

Abstract After introducing acoustic objects of the physical world the detection, analysis and perception of these signals in the peripheral and central
auditory system is described. Emphasis is put on understanding the processing mechanisms in the human auditory system in the aim of
restoring impaired auditory function with medical technology.

Objective The understanding of the human hearing organ, the processing of complex acoustic signals and hearing rehabilitation possibilities with
medical devices (hearing aid and implantable hearing aid systems).

Content Physiology and anatomy of the human organ of hearing, fundamentals of acoustics, audiological (Hearing) diagnostic procedures with
acoustics, psychoacoustics and electrophysiology methods
hearing losses and hearing rehabilitation

Literature ATCHERSON, Samuel R.; STOODY, Tina M. (Hg.). Auditory electrophysiology: a clinical guide. Thieme, 2012.
ROESER, Ross J., et al. Audiology-Diagnosis. New York: Thieme, 2007, 2007.
KOMPIS, Martin. Audiologie. Huber, 2009.
KATZ, Jack; Handbook of clinical audiology, 2002.

465-0952-00L Biomedical Photonics
Does not take place this semester.

W  3 credits 2V

Abstract The lecture introduces the principles of generation, propagation and detection of light and its therapeutic and diagnostic application in
medicine.

Objective The lecture provides knowledge about light sources and light delivery systems, optical biomedical imaging techniques, optical
measurement technologies and their specific applications in medicine. Fundamental principles will be accompanied by practical and
contemporary examples. Different selected optical systems used in diagnostics and therapy will be discussed.

Content Optics always was strongly connected to the observation and interpretation of physiological phenomenon. The basic knowledge of optics
for example was initially gained by studying the function of the human eye. Nowadays, biomedical optics is an independent research field
that is no longer restricted to the observation of physiological processes but studies diagnostic and therapeutic problems in medicine. A
basic prerequisite for applying optical techniques in medicine is the understanding of the physical properties of light, the light propagation in
and its interaction with tissue. The lecture gives inside into the generation, propagation and detection of light, its propagation in tissue and
into selected optical applications in medicine. Various optical imaging techniques (optical coherence tomography or optoacoustics) as well
as therapeutic laser applications (refractive surgery, photodynamic therapy or nanosurgery) will be discussed.

Lecture notes will be provided via Internet (Ilias)
Literature - M. Born, E. Wolf, "Principles of Optics", Pergamon Press

- B.E.A. Saleh, M.C. Teich, "Fundamentals of Photonics", John Wiley and Sons, Inc.
- O. Svelto, "Principles of Lasers", Plenum Press
- J. Eichler, T. Seiler, "Lasertechnik in der Medizin", Springer Verlag
- M.H. Niemz, "Laser-Tissue Interaction", Springer Verlag
- A.J. Welch, M.J.C. van Gemert, "Optical-thermal response of laser-irradiated tissue", Plenum Press

Prerequisites /
notice

Language of instruction: English
This is the same course unit (465-0952-00L) with former course title "Medical Optics".

 Biology Courses
Number Title Type ECTS Hours Lecturers

227-0398-10L Physiology and Anatomy for Biomedical Engineers II W  3 credits 2G M. Wyss
Abstract This course offers an introduction into the structure and function of the human body, and how these are interlinked with one another.

Focusing on physiology, the visualization of anatomy is supported by 3D-animation, Computed Tomography and Magnetic Resonance
imaging.

Objective To understand basic principles and structure of the human body in consideration of the clinical relevance and the medical terminology used
in medical work and research.
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Content Digestive system, nutrition and digestion
Thermal balance and thermoregulation
Kidneys and urinary system
Endocrine system and hormones
Reproductive System
Basic anatomy of neck, face and cranium
Basics of neurophysiology and neuroanatomy
Sense organs

Lecture notes Lecture notes and handouts
Literature Silbernagl S., Despopoulos A. Color Atlas of Physiology; Thieme 2008

Faller A., Schuenke M. The Human Body; Thieme 2004
Netter F. Atlas of human anatomy; Elsevier 2014

227-0945-10L Cell and Molecular Biology for Engineers II
This course is part II of a two-semester course.
Knowledge of part I is required.

W  3 credits 2G C. Frei

Abstract The course gives an introduction into cellular and molecular biology, specifically for students with a background in engineering. The focus
will be on the basic organization of eukaryotic cells, molecular mechanisms and cellular functions. Textbook knowledge will be combined
with results from recent research and technological innovations in biology.

Objective After completing this course, engineering students will be able to apply their previous training in the quantitative and physical sciences to
modern biology. Students will also learn the principles how biological models are established, and how these models can be tested.

Content Lectures will include the following topics: DNA, chromosomes, RNA, protein, genetics, gene expression, membrane structure and function,
vesicular traffic, cellular communication, energy conversion, cytoskeleton, cell cycle, cellular growth, apoptosis, autophagy, cancer,
development and stem cells.

In addition, 4 journal clubs will be held, where recent publications will be discussed (2 journal clubs in part I and 2 journal clubs in part II).
For each journal club, students (alone or in groups of up to three students) have to write a summary and discussion of the publication.
These written documents will be graded and count as 40% for the final grade.

Lecture notes Scripts of all lectures will be available.
Literature "Molecular Biology of the Cell" (6th edition) by Alberts, Johnson, Lewis, Morgan, Raff, Roberts, and Walter.

 Molecular Bioengineering
 Track Core Courses

During the Master program, a minimum of 12 CP must be obtained from track core courses.

Number Title Type ECTS Hours Lecturers

151-0622-00L Measuring on the Nanometer Scale W  2 credits 2G A. Stemmer
Abstract Introduction to theory and practical application of measuring techniques suitable for the nano domain.
Objective Introduction to theory and practical application of measuring techniques suitable for the nano domain.
Content Conventional techniques to analyze nano structures using photons and electrons: light microscopy with dark field and differential

interference contrast; scanning electron microscopy, transmission electron microscopy. Interferometric and other techniques to measure
distances. Optical traps. Foundations of scanning probe microscopy: tunneling, atomic force, optical near-field. Interactions between
specimen and probe. Current trends, including spectroscopy of material parameters.

Lecture notes Class notes and special papers will be distributed.

376-1392-00L Mechanobiology: Implications for Development,
Regeneration and Tissue Engineering

W  3 credits 2G A. Ferrari, G. Shivashankar,
M. Zenobi-Wong

Abstract This course will emphasize the importance of mechanobiology to cell determination and behavior. Its importance to regenerative medicine
and tissue engineering will also be addressed. Finally, this course will discuss how age and disease adversely alter major
mechanosensitive developmental programs.

Objective This course is designed to illuminate the importance of mechanobiological processes to life as well as to teach good experimental
strategies to investigate mechanobiological phenomena.

Content Typically, cell differentiation is studied under static conditions (cells grown on rigid plastic tissue culture dishes in two-dimensions), an
experimental approach that, while simplifying the requirements considerably, is short-sighted in scope. It is becoming increasingly apparent
that many tissues modulate their developmental programs to specifically match the mechanical stresses that they will encounter in later life.
Examples of known mechanosensitive developmental programs include osteogenesis (bones), chondrogenesis (cartilage), and
tendogenesis (tendons). Furthermore, general forms of cell behavior such as migration, extracellular matrix deposition, and complex tissue
differentiation are also regulated by mechanical stimuli.  Mechanically-regulated cellular processes are thus ubiquitous, ongoing and of
great clinical importance.

The overall importance of mechanobiology to humankind is illustrated by the fact that nearly 80% of our entire body mass arises from
tissues originating from mechanosensitive developmental programs, principally bones and muscles. Unfortunately, our ability to regenerate
mechanosensitive tissue diminishes in later life. As it is estimated that the fraction of the western world population over 65 years of age will
double in the next 25 years, an urgency in the global biomedical arena exists to better understand how to optimize complex tissue
development under physiologically-relevant mechanical environments for purposes of regenerative medicine and tissue engineering.

Lecture notes n/a
Literature Topical Scientific Manuscripts

376-1614-00L Principles in Tissue Engineering W  3 credits 2V K. Maniura, M. Rottmar, M. Zenobi-
Wong

Abstract Fundamentals in blood coagulation; thrombosis, blood rheology, immune system, inflammation, foreign body reaction on the molecular
level and the entire body are discussed. Applications of biomaterials for tissue engineering in different tissues are introduced.
Fundamentals in medical implantology, in situ drug release, cell transplantation and stem cell biology are discussed.

Objective Understanding of molecular aspects for the application of biodegradable and biocompatible Materials. Fundamentals of tissue reactions
(eg. immune responses) against implants and possible clinical consequences will be discussed.

Content This class continues with applications of biomaterials and devices introduced in Biocompatible Materials I. Fundamentals in blood
coagulation; thrombosis, blood rheology; immune system, inflammation, foreign body reaction on the level of the entire body and on the
molecular level are introduced. Applications of biomaterials for tissue engineering in the vascular system, skeletal muscle, heart muscle,
tendons and ligaments, bone, teeth, nerve and brain, and drug delivery systems are introduced. Fundamentals in medical implantology, in
situ drug release, cell transplantation and stem cell biology are discussed.

Lecture notes Handouts provided during the classes and references therin.
Literature The molecular Biology of the Cell, Alberts et al.,  5th Edition, 2009.

Principles in Tissue Engineering, Langer et al., 2nd Edition, 2002
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 Recommended Elective Courses
These courses are particularly recommended for the Molecular Bioengineering track. Please consult your track adviser if you wish to select other
subjects.

Number Title Type ECTS Hours Lecturers

151-0628-00L Scanning Probe Microscopy Lab
Limited number of participants.
Please address your application to Andreas Stemmer
(astemmer@ethz.ch).

Simultaneous enrolment in 151-0622-00L Measuring on
the Nanometer Scale is required.

W  2 credits 2P A. Stemmer

Abstract Practical application of scanning probe microscopy techniques in the field of nanoscale and molecular electronics. Limited access.
Objective Design, realisation, evaluation, and interpretation of experiments in scanning probe microscopy.
Prerequisites /
notice

Application required! The number of participants is limited.
Block course after the end of the semester.

Enrollment in the Master course 151-0622-00L Measuring on the Nanometer Scale is required.

Applications include (i) a summary of your research experience in micro and nanoscale science, (ii) a short description of your goals for the
next three years, and (iii) a statement of what you personally expect to gain from attending this course.
Send applications to Andreas Stemmer  astemmer@ethz.ch

151-0630-00L Nanorobotics W  4 credits 2V+1U S. Pané Vidal
Abstract Nanorobotics is an interdisciplinary field that includes topics from nanotechnology and robotics. The aim of this course is to expose

students to the fundamental and essential aspects of this emerging field.
Objective The aim of this course is to expose students to the fundamental and essential aspects of this emerging field. These topics include basic

principles of nanorobotics, building parts for nanorobotic systems, powering and locomotion of nanorobots, manipulation, assembly and
sensing using nanorobots, molecular motors, and nanorobotics for nanomedicine.

227-0946-00L Molecular Imaging - Basic Principles and Biomedical
Applications

W  2 credits 2V M. Rudin

Abstract Concept: What is molecular imaging.
Discussion/comparison of the various imaging modalities used in molecular imaging.
Design of target specific probes: specificity, delivery, amplification strategies.
Biomedical Applications.

Objective Molecular Imaging is a rapidly emerging discipline that translates concepts developed in molecular biology and cellular imaging to in vivo
imaging in animals and ultimatly in humans. Molecular imaging techniques allow the study of molecular events in the full biological context
of an intact organism and will therefore become an indispensable tool for biomedical research.

Content Concept: What is molecular imaging.
Discussion/comparison of the various imaging modalities used in molecular imaging.
Design of target specific probes: specificity, delivery, amplification strategies.
Biomedical Applications.

376-1620-00L Skeletal Repair
Number of participants limited to 42.

Only for Health Sciences and Technology MSc and
Biomedical Engineering MSc.

W  3 credits 3G S. Grad, M. D'Este, F. Moriarty,
M. Stoddart

Abstract The course gives an introduction into traumatic and degenerative pathologies of skeletal tissues. Emphasis is put on bone, cartilage and
intervertebral disc. Established and new treatments are described, including cell, gene and molecular therapy, biomaterials, tissue
engineering and infection prevention. In vitro/in vivo models are explained.

Objective The objectives of this course are to acquire a basic understanding of
(1) important pathologies of skeletal tissues and their consequences for the patient and the public health
(2) current surgical approaches for skeletal repair, their advantages and drawbacks
(3) recent advances in biological strategies for skeletal repair, such as (stem) cell therapy, gene therapy, biomaterials and tissue
engineering
(4) pathology, prevention and treatment of implant associated infections
(5) in vitro and in vivo models for basic, translational and pre-clinical studies

Content According to the expected background knowledge, the cellular and extracellular composition and the structure of the skeletal tissues,
including bone, cartilage, intervertebral disc, ligament and tendon will briefly be recapitulated. The functions of the healthy tissues and the
impact of acute injury (e.g. bone fracture) or progressive degenerative failure (e.g. osteoarthritis) will be demonstrated. Physiological self-
repair mechanisms, their limitations, and current (surgical) treatment options will be outlined. Particular emphasis will be put on novel
approaches for biological repair or regeneration of critical bone defects, damaged hyaline cartilage of major articulating joints, and
degenerative intervertebral disc tissues. These new treatment options include autologous cell therapies, stem cell applications, bioactive
factors, gene therapy, biomaterials or biopolymers; while tissue engineering / regenerative medicine is considered as a combination of
some of these factors. In vitro bioreactor systems and in vivo animal models will be described for preclinical testing of newly developed
materials and techniques. Bacterial infection as a major complication of invasive treatment will be explained, covering also established and
new methods for its effective inhibition. Finally, the translation of new therapies for skeletal repair from the laboratory to the clinical
application will be illustrated by recent developments.

Prerequisites /
notice

Basic knowledge in the cellular and molecular composition, structure and function of healthy skeletal tissues, especially bone, cartilage and
intervertebral disc are required; furthermore, basic understanding of biomaterial properties, cell-surface interactions, and bacterial infection
are necessary to follow this course.

376-1624-00L Practical Methods in Biofabrication
Number of participants limited to 12.

W  5 credits 4P M. Zenobi-Wong, S. J. Ferguson,
S. Schürle-Finke

Abstract Biofabrication involves the assembly of materials, cells, and biological building blocks into grafts for tissue engineering and in vitro models.
The student learns techniques involving the fabrication and characterization of tissue engineered scaffolds and the design of 3D models
based on medical imaging data.  They apply this knowledge to design, manufacture and evaluate a biofabricated graft.

Objective The objective of this course is to give students hands-on experience with the tools required to fabricate tissue engineered grafts. During the
first part of this course, students will gain practical knowledge in hydrogel synthesis and characterization, fuse deposition modelling and
stereolithography, bioprinting and bioink design, electrospinning, and cell culture and viability testing.  They will also learn the properties of
common biocompatible materials used in fabrication and how to select materials based on the application requirements.   The students
learn principles for design of 3D models.    Finally the students will apply their knowledge to a problem-based Project in the second half of
the Semester.  The Project requires significant time outside of class Hours, strong commitment and ability to work independently.
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Prerequisites /
notice

Not recommended if passed 376-1622-00 Practical Methods in Tissue Engineering

402-0342-00L Medical Physics II W  6 credits 2V+1U P. Manser
Abstract Applications of ionizing radiation in medicine such as radiation therapy, nuclear medicine and radiation diagnostics. Theory of dosimetry

based on cavity theory and clinical consequences. Fundamentals of dose calculation, optimization and evaluation. Concepts of external
beam radiation therapy and brachytherapy. Recent and future developments: IMRT, IGRT, SRS/SBRT, particle therapy.

Objective Getting familiar with the different medical applications of ionizing radiation in the fields of radiation therapy, nuclear medicine, and radiation
diagnostics. Dealing with concepts such as external beam radiation therapy as well as brachytherapy for the treatment of cancer patients.
Understanding the fundamental cavity theory for dose measurements and its consequences on clinical practice. Understanding different
delivery techniques such as IMRT, IGRT, SRS/SBRT, brachytherapy, particle therapy using protons, heavy ions or neutrons.
Understanding the principles of dose calculation, optimization and evaluation for radiation therapy, nuclear medicine and radiation
diagnostic applications. Finally, the lecture aims to demonstrate that medical physics is a fascinating and evolving discipline where physics
can directly be used for the benefits of patients and the society.

Content In this lecture, the use of ionizing radiation in different clinical applications is discussed. Primarily, we will concentrate on radiation therapy
and will cover applications such as external beam radiotherapy with photons and electrons, intensity modulated radiotherapy (IMRT),
image guided radiotherapy (IGRT), stereotactic radiotherapy and radiosurgery, brachytherapy, particle therapy using protons, heavy ions or
neutrons. In addition, dosimetric methods based on cavity theory are reviewed and principles of treatment planning (dose calculation,
optimization and evaluation) are discussed. Next to these topics, applications in nuclear medicine and radiation diagnostics are explained
with the clear focus on dosimetric concepts and behaviour.

Lecture notes A script will be provided.
Prerequisites /
notice

It is recommended that the students have taken the lecture Medical Physics I in advance.

551-1132-00L Basic Virology
Does not take place this semester.

W  2 credits 1V

Abstract Introduction into the basics of virology, including characterization of viruses, virus-cell interactions, virus-host interactions, virus-host
population interactions, basics of prevention and prophylaxis as well as diagnostics.

Objective Introduction into the basics of virology.
Content Basics in virology. Characterization of viruses, virus-cell interactions, virus-host interactions, virus-host population interactions, basics of

prevention and prophylaxis as well as diagnostics.
Lecture notes The lecture uses  the lecturer's 'Allgemeine Virologie' as a basis.

The lecturer's slides as well as selected primary literature will be provided 24-48 hrs prior to the lecture in pdf format.
Literature Flint et al., 2009. Principles of Virology, 3rd Edition. 

ASM Press, Washington, DC, USA. 
Vol I. ISBN 978-1-55581-479-3
Vol II. ISBN 978-1-55581-480-9

Prerequisites /
notice

Basic knowledge in molecular biology, cell biology, immunology.

636-0110-00L ImmunoEngineering
Attention: This course was offered in previous semesters
with the number: 636-0010-00L "Biomolecular
Engineering and Immunotechnology". Students that
already passed course 636-0010-00L cannot receive
credits for course 636-0110-00L.

W  4 credits 3V S. Reddy

Abstract Immunoengineering is an emerging area of research that uses technology and engineering principles to understand and manipulate the
immune system. This is a highly interdisciplinary field and thus the instructor will present an integrated view that will include basic
immunology, systems immunology, and synthetic immunology.

Objective The objective of this course is to introduce the students to the basic principles and applications of Immunoengineering. There will be an
emphasis directed towards applications directly relevant in immunotherapy and biotechnology. This course requires prerequisite knowledge
of molecular biology, biochemistry, cell biology, and genetics; these subjects will only be reviewed briefly during the course.

Content Immunoengineering will be divided into three primary sections: i) basic principles in immunology; ii) systems immunology; iii) synthetic
immunology. 

I. Basic principles in immunology will cover the foundational concepts of innate and adaptive immunity. Topics include immunogenetics,
pattern recognition receptors, lymphocyte receptors, humoral and T cell responses. 

II. Systems immunology uses quantitative multiscale measurements and computational biology to describe and understand the complexity
of the immune system. In this section we will cover high-throughput methods that are used to understand and profile immune responses.  

III. Synthetic immunology is based on using methods in molecular and cellular engineering to control immune cell function and behavior. In
this section students will learn about how immune receptors and cells are being engineered for applications such as cancer immunotherapy
and precision and personalized medicine.

Literature Reading material from Janeway's Immunobiology will be distributed, so students do not need to worry about purchasing or obtaining it.
Supporting reading material from research articles will be provided to students.

Prerequisites /
notice

This course requires prerequisite knowledge of molecular biology, biochemistry, cell biology, and genetics; these subjects will only be
reviewed briefly during the course.

636-0111-00L Synthetic Biology I
Attention: This course was offered in previous semesters
with the number: 636-0002-00L "Synthetic Biology I".
Students that already passed course 636-0002-00L
cannot receive credits for course 636-0111-00L.

W  4 credits 3G S. Panke, J. Stelling

Abstract         Theoretical & practical introduction into the design of dynamic biological systems at different levels of abstraction, ranging from
biological fundamentals of systems design (introduction to bacterial gene regulation, elements of transcriptional & translational control,
advanced genetic engineering) to engineering design principles (standards, abstractions) mathematical modelling & systems desig

Objective         After the course, students will be able to theoretically master the biological and engineering fundamentals required for biological design
to be able to participate in the international iGEM competition (see www.igem.ethz.ch).

Content         The overall goal of the course is to familiarize the students with the potential, the requirements and the problems of designing dynamic
biological elements that are of central importance for manipulating biological systems, primarily (but not exclusively) prokaryotic systems.
Next, the students will be taken through a number of successful examples of biological design, such as toggle switches, pulse generators,
and oscillating systems, and apply the biological and engineering fundamentals to these examples, so that they get hands-on experience
on how to integrate the various disciplines on their way to designing biological systems.

Lecture notes         Handouts during classes.
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Literature         Mark Ptashne, A Genetic Switch (3rd ed), Cold Spring Haror Laboratory Press
Uri Alon, An Introduction to Systems Biology, Chapman & Hall

Prerequisites /
notice

        1) Though we do not place a formal requirement for previous participation in particular courses, we expect all participants to be familiar
with a certain level of biology and of mathematics. Specifically, there will be material for self study available on
https://bsse.ethz.ch/bpl/education/lectures/synthetic-biology-i/download.html as of mid January, and everybody is expected to be fully
familiar with this material BEFORE THE CLASS BEGINS to be able to follow the different lectures. Please contact
sven.panke@bsse.ethz.ch for access to material
2) The course is also thought as a preparation for the participation in the international iGEM synthetic biology summer competition
(www.syntheticbiology.ethz.ch, http://www.igem.org). This competition is also the contents of the course Synthetic Biology II.
https://bsse.ethz.ch/bpl/education/lectures/synthetic-biology-i/download.html

 Biology Courses
Number Title Type ECTS Hours Lecturers

227-0398-10L Physiology and Anatomy for Biomedical Engineers II W  3 credits 2G M. Wyss
Abstract This course offers an introduction into the structure and function of the human body, and how these are interlinked with one another.

Focusing on physiology, the visualization of anatomy is supported by 3D-animation, Computed Tomography and Magnetic Resonance
imaging.

Objective To understand basic principles and structure of the human body in consideration of the clinical relevance and the medical terminology used
in medical work and research.

Content Digestive system, nutrition and digestion
Thermal balance and thermoregulation
Kidneys and urinary system
Endocrine system and hormones
Reproductive System
Basic anatomy of neck, face and cranium
Basics of neurophysiology and neuroanatomy
Sense organs

Lecture notes Lecture notes and handouts
Literature Silbernagl S., Despopoulos A. Color Atlas of Physiology; Thieme 2008

Faller A., Schuenke M. The Human Body; Thieme 2004
Netter F. Atlas of human anatomy; Elsevier 2014

227-0945-10L Cell and Molecular Biology for Engineers II
This course is part II of a two-semester course.
Knowledge of part I is required.

W  3 credits 2G C. Frei

Abstract The course gives an introduction into cellular and molecular biology, specifically for students with a background in engineering. The focus
will be on the basic organization of eukaryotic cells, molecular mechanisms and cellular functions. Textbook knowledge will be combined
with results from recent research and technological innovations in biology.

Objective After completing this course, engineering students will be able to apply their previous training in the quantitative and physical sciences to
modern biology. Students will also learn the principles how biological models are established, and how these models can be tested.

Content Lectures will include the following topics: DNA, chromosomes, RNA, protein, genetics, gene expression, membrane structure and function,
vesicular traffic, cellular communication, energy conversion, cytoskeleton, cell cycle, cellular growth, apoptosis, autophagy, cancer,
development and stem cells.

In addition, 4 journal clubs will be held, where recent publications will be discussed (2 journal clubs in part I and 2 journal clubs in part II).
For each journal club, students (alone or in groups of up to three students) have to write a summary and discussion of the publication.
These written documents will be graded and count as 40% for the final grade.

Lecture notes Scripts of all lectures will be available.
Literature "Molecular Biology of the Cell" (6th edition) by Alberts, Johnson, Lewis, Morgan, Raff, Roberts, and Walter.

227-0949-10L Biological Methods for Engineers (Advanced Lab)
Limited number of participants. 
Students of the MSc in Biomedical Engineering have
priority.

W  4 credits 9P C. Frei

Abstract The 2 week-long, full-time block course covers basic laboratory skills and safety, cell culture, protein analysis, RNA/DNA Isolation and RT-
PCR. Each topic will be introduced, followed by practical work at the bench.

Objective The goal of this laboratory course is to give students practical exposure to basic techniques of cell and molecular biology.
Content The goal of this laboratory course is to give students practical exposure to basic techniques of cell and molecular biology.
Prerequisites /
notice

Enrollment is limited and preference given to students in the Masters of Biomedical Engineering program.

 Semester Project
Number Title Type ECTS Hours Lecturers

227-1772-10L Semester Project
Registration in mystudies required!

O  12 credits 20A Professors

Abstract The semester project is designed to train the students in solving specific biomedical engineering problems. This project uses the technical
and social skills acquired during the master's program. The semester project ist advised by a professor.

Objective see above

227-1101-00L How to Write Scientific Texts
Strongly recommended prerequisite for Semester Projects
and Master Theses at D-ITET (MSc BME, MSc EEIT, MSc
EST).

E-  0 credits U. Koch

Abstract The four hour lecture covers the basics of writing and presenting of scientific work. The focus will be on the structure and the main
elements of a scientific text rather than the language. Citation rules, good practice of scientific writing and an overview on software tools will
be part of the training.

Objective Knowledge on structure and content of a scientific text. 
Stimulation of a discussion on how to write a scientific text versus an interesting novel. 
Discussion of the practice of proper citing and critical reflection on recent plagiarism allegations.
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Content * Topic 1: Structure of a Scientific Text (title, author list, abstract, state-of-the-art, "in this paper" paragraph, scientific part, summary,
equations, figures)

* Topic 2: Power Point Presentations

* Topic 3: Citation Rules and Citation Software

* Topic 4: Guidelines for Research Integrity

The lecture will be given in two parts on two afternoons. Some exercises will be built into the lecture.

Literature ETH "Citation Etiquette", see www.plagiate.ethz.ch.

ETH Guidlines on "Guidelines for Research Integrity", see https://ethz.ch/content/dam/ethz/special-
interest/itet/department/Studies/ETH_Research_Integrity_2011.pdf

Prerequisites /
notice

Students should already have a Bachelor degree and plan to do either a semester project or a master thesis in the immediate future.

 Master's Thesis
Number Title Type ECTS Hours Lecturers

227-1700-00L Master's Thesis
Admission only if all of the following apply:
a. bachelor program successfully completed;
b. successfull completion of the track core courses, the
biology laboratory and the semester project;
c. acquired (if applicable) all credits from additional
requirements for admission to master program.

Registration in mystudies required!

O  30 credits 40D Professors

Abstract The masters program culminates in a six months research project which adresses a scientific research questions on one's chosen area of
spezialization. The masters thesis is supervised by a program-affiliated faculty member and the topic must be approved by the track
advisor.

Objective see above

227-1101-00L How to Write Scientific Texts
Strongly recommended prerequisite for Semester Projects
and Master Theses at D-ITET (MSc BME, MSc EEIT, MSc
EST).

E-  0 credits U. Koch

Abstract The four hour lecture covers the basics of writing and presenting of scientific work. The focus will be on the structure and the main
elements of a scientific text rather than the language. Citation rules, good practice of scientific writing and an overview on software tools will
be part of the training.

Objective Knowledge on structure and content of a scientific text. 
Stimulation of a discussion on how to write a scientific text versus an interesting novel. 
Discussion of the practice of proper citing and critical reflection on recent plagiarism allegations.

Content * Topic 1: Structure of a Scientific Text (title, author list, abstract, state-of-the-art, "in this paper" paragraph, scientific part, summary,
equations, figures)

* Topic 2: Power Point Presentations

* Topic 3: Citation Rules and Citation Software

* Topic 4: Guidelines for Research Integrity

The lecture will be given in two parts on two afternoons. Some exercises will be built into the lecture.

Literature ETH "Citation Etiquette", see www.plagiate.ethz.ch.

ETH Guidlines on "Guidelines for Research Integrity", see https://ethz.ch/content/dam/ethz/special-
interest/itet/department/Studies/ETH_Research_Integrity_2011.pdf

Prerequisites /
notice

Students should already have a Bachelor degree and plan to do either a semester project or a master thesis in the immediate future.

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
ITET

see Science in Perspective: Language Courses ETH/UZH

Biomedical Engineering Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Biotechnology Master
 Core Courses

Students need to acquire a total of 8 ECTS in lectures in this category. 
The list of core courses is a closed list, no other course can be added to this category.

Number Title Type ECTS Hours Lecturers

636-0101-00L Systems Genomics O  4 credits 3G N. Beerenwinkel, C. Beisel,
S. Reddy

Abstract This lecture course is an introduction to Systems Genomics. It addresses how fundamental questions in biological systems are studied and
how the resulting data is statistically analyzed in order to derive predictive mathematical models. The focus is on viewing biology from a
genomic perspective, which requires high-throughput experimental methods (e.g., RNA-seq, genome-scale screening, single-cell

Objective The goal of this course is to learn how a detailed quantitative description of genome biology can be employed for a better understanding of
molecular and cellular processes and function. Students will learn fundamental questions driving the field of Systems Genomics. They will
also be introduced to traditional and advanced state-of-the-art technologies (e.g., CRISPR-Cas9 screening, droplet-microfluidic
sequencing, cellular genetic barcoding) that are used to obtain quantitative data in Systems Genomics. They will learn how to use these
data to develop mathematical models and efficient statistical inference algorithms to recognize patterns, molecular interrelationships, and
systems behavior. Finally, students will gain a perspective of how Systems Genomics can be used for applied biological sciences (e.g.,
drug discovery and screening, bio-production, cell line engineering, biomarker discovery, and diagnostics).

Content Lectures in Systems Genomics will alternate between lectures on (i) biological questions, experimental technologies, and applications, and
(ii) statistical data analysis and mathematical modeling. Selected complex biological systems and the respective experimental tools for a
quantitative analysis will be presented. Some specific examples are the use of RNA-sequencing to do quantitative gene expression
profiling, CRISPR-Cas9 genome scale screening to identify genes responsible for drug resistance, single-cell measurements to identify
novel cellular phenotypes, and genetic barcoding of cells to dissect development and lineage differentiation. 

Main Topics:
-- Next-generation sequencing
-- Transcriptomics
-- Biological network analysis
-- Functional and perturbation genomics
-- Single-cell biology and analysis
-- Genomic profiling of the immune system
-- Genomic profiling of cancer
-- Evolutionary genomics 
-- Genome-wide association studies

Selected genomics datasets will be analyzed by students in the tutorials using the statistical programming language R and dedicated
Bioconductor packages.

Lecture notes The PowerPoint presentations of the lectures as well as other course material relevant for an active participation will be made available
online.

Literature -- Do K-A, Qin ZS & Vannucci M (2013) Advances in Statistical Bioinformatics: Models and Integrative Inference for High-Throughput Data,
Cambridge University Press
-- Klipp E. et al (2009) Systems Biology, Wiley-Blackwell
-- Alon U (2007) An Introduction to Systems Biology, Chapman & Hall
-- Zvelebil M & Baum JO (2008) Understanding Bioinformatics, Garland Science

 Practical Training
Students need to acquire a total of 14 ECTS in lab courses. 
All listed lab courses are mandatory. 

Number Title Type ECTS Hours Lecturers

636-0207-00L Lab Course: Cellular Engineering Stem Cells
Attention: This lab course was offered in previous
semesters with the number: 626-0806-00L "Laboratory
Course Stem Cell Purification, Culture and Manipulation”.
Students that already passed course 626-0806-00L
cannot receive credits for course 636-0207-00L.

O 2 credits 6P T. Schroeder

Abstract Mammalian stem cells of different organs are purified, cultured, differentiated, analyzed and manipulated. Plasmids and viral vectors will be
cloned, produced and transfected / transduced to manipulate stem cells. Computational and analytical molecular biology methods, FACS
and imaging and lectures complement the program.

Objective Independent planning and conducting of experiments with mammalian stem cells including all steps from culturing different cell lines to
DNA transfection / transduction and expression analysis by different analytical methods. Documenting and writing a report on conducted
experiments and results.

Content Practical course on purification of primary mammalian stem cells, culture of primary stem cells and stem cell lines, characterization,
manipulation and differentiation of stem cells. Construction of plasmids or viral vectors for gene expression, DNA transfer by transfection
and transduction, analysis of gene expression by fluorescent proteins, PCR, fluorescence-activated cell sorting (FACS), imaging.
Documentation of experiments in a laboratory journal, writing of a report on the experiments and results.

636-0206-00L Lab Course: Cellular Engineering Mammalian Cells
Attention: This lab course was offered in previous
semesters with the number: 626-0802-00L "Practical
Course in Mammalian Cell Biotechnology”. Students that
already passed course 626-0802-00L cannot receive
credits for course 636-0206-00L.

O 2 credits 6P M. Fussenegger,
A. M. Palma Teixeira

Abstract Mammalian cells will be transfected and transduced for the production of biopharmaceuticals, for drug discovery as well as for the design of
synthetic biology-inspired programmable gene circuits. A wide array of analytical techniques, lectures, and excursions to biotech
companies will complement the practical part.

Objective Independent planning and conducting of experiments with mammalian cells including all steps from culturing different cell lines to DNA
transfection/transduction and expression analysis using a wide array of analytical methods.

Content A practical course on characterization and cultivation of mammalian cells, DNA transfer by transfection, construction of synthetic gene
networks, analysis of gene expression by enzymatic and immunological methods and fluorescent proteins, bioprocessing, mammalian cell-
based assays for drug discovery and diagnostics. Excursions to Biotech/Pharma companies.

Lecture notes Will be distributed on first day of the practical course

636-0205-00L Lab Course: Mammalian Gene Circuits O 2 credits 5P Y. Benenson
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Abstract The students are trained in basic techniques in construction and characterization of synthetic gene circuits in mammalian cells.
Experimental circuits are built with both the input and the output conjugated to fluorescent reporters, allowing characterization at the single
cell level.

Objective The objective of the course is to construct a genetic sensor for a molecular regulatory input such as microRNA or a transcription factor and
characterize the input/output relationship of this sensor with the help of fluorescent reporters, fluorescent microscopy and fluorescent-
activated cell sorting. The emphasis is on single-cell characterization.

Content The course will take place over 4 weeks, with 2 days per week spent on lab work. The 4 weeks will be dedicated to the following activities

Week 1: Introduction to the course; supervised construct design and detailed planning. Cloning of the constructs: part 1.
Week 2: Cloning of the constructs, purification and characterization of DNA constructs
Week 3: Cell culture transfection, microscopy and flow cytometry characterization
Week 4: Data analysis and preparation of the final report; possibility to repeat failed experiments.

Lecture notes Preparatory materials will be provided before the start of the course.
Literature Will be provided before the course

636-0202-00L Lab Course: Next-Generation Sequencing O  2 credits 5P C. Beisel, S. Reddy
Abstract The Lab Course will take place Monday/Tuesday 9-17h, 10 days in total, start of this lab course is on Monday, September 25 2017.
Objective Students shall obtain a basic understanding in NGS and its application in transcription profiling including theoretical considerations when

starting an RNA-seq experiment and the practical hands-on work of library preparation and usage of bioinformatics tools for data analysis.
Content Introduction to NGS technologies and applications. Design of an RNA-seq transcription profiling experiment. Specific treatment of cells (+/-

signal-induction) and RNA extraction.  Handling and quality control of RNA samples. Sequencing library preparation starting with total RNA.
Quality control and quantification of the libraries. Setup of an NGS run and sequencing of the prepared RNA-seq libraries using the
NextSeq 500 system. Analysis of the generated sequence data: sequence data QC, criteria for run performance and quality of data; pre-
processing of the raw data; mapping sequence reads to a reference sequence; quantification of transcript abundance and differential gene
expression.

Lecture notes Material will be provided during the course
Literature Sara Goodwin, John D. McPherson & W. Richard McCombie. Coming of age: ten years of next-generation sequencing technologies.

Nature Reviews Genetics 17, 333-351 (2016)

Zhong Wang, Mark Gerstein & Michael Snyder. RNA-Seq: a revolutionary tool for transcriptomics. Nature Reviews Genetics 10, 57-63
(January 2009)

Fatih Ozsolak & Patrice M. Milos. RNA sequencing: advances, challenges and opportunities. Nature Reviews Genetics 12, 87-98 (February
2011)

Ana Conesa, Pedro Madrigal, Sonia Tarazona et al. A survey of best practices for RNA-seq data analysis. Genome Biology 2016 17:13.

 Advanced Courses
Students need to aquire a total of 24 ECTS in this category. 
The list of advanced courses is a closed list, no other course can be added to this category. 

 Biomelecular-Orientated
Number Title Type ECTS Hours Lecturers

636-0110-00L ImmunoEngineering
Attention: This course was offered in previous semesters
with the number: 636-0010-00L "Biomolecular
Engineering and Immunotechnology". Students that
already passed course 636-0010-00L cannot receive
credits for course 636-0110-00L.

W 4 credits 3V S. Reddy

Abstract Immunoengineering is an emerging area of research that uses technology and engineering principles to understand and manipulate the
immune system. This is a highly interdisciplinary field and thus the instructor will present an integrated view that will include basic
immunology, systems immunology, and synthetic immunology.

Objective The objective of this course is to introduce the students to the basic principles and applications of Immunoengineering. There will be an
emphasis directed towards applications directly relevant in immunotherapy and biotechnology. This course requires prerequisite knowledge
of molecular biology, biochemistry, cell biology, and genetics; these subjects will only be reviewed briefly during the course.

Content Immunoengineering will be divided into three primary sections: i) basic principles in immunology; ii) systems immunology; iii) synthetic
immunology. 

I. Basic principles in immunology will cover the foundational concepts of innate and adaptive immunity. Topics include immunogenetics,
pattern recognition receptors, lymphocyte receptors, humoral and T cell responses. 

II. Systems immunology uses quantitative multiscale measurements and computational biology to describe and understand the complexity
of the immune system. In this section we will cover high-throughput methods that are used to understand and profile immune responses.  

III. Synthetic immunology is based on using methods in molecular and cellular engineering to control immune cell function and behavior. In
this section students will learn about how immune receptors and cells are being engineered for applications such as cancer immunotherapy
and precision and personalized medicine.

Literature Reading material from Janeway's Immunobiology will be distributed, so students do not need to worry about purchasing or obtaining it.
Supporting reading material from research articles will be provided to students.

Prerequisites /
notice

This course requires prerequisite knowledge of molecular biology, biochemistry, cell biology, and genetics; these subjects will only be
reviewed briefly during the course.

636-0114-00L Microsensors and Microsystems
Attention: This course was offered in previous semesters
with the number: 636-0004-00 "Microsensors and
Microsystems". Students that already passed course 636-
0004-00 cannot receive credits for course 636-0114-00.
Prerequisites: Physics I and Physics II highly
recommended. This class builds on the contents of course
636-0103-00L, "Microtechnology", which are assumed to
be known

W 4 credits 3G A. Hierlemann

Abstract Students are introduced to microsensor and microsystem technology, the different materials and associated micromachining and
fabrication techniques. They become acquainted with fundamentals of different transducers and their applications.
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Objective Students are introduced to microsensor and microsystem technology. The students will get to know the different materials (silicon, glass,
plastics) and the respective micromachining and fabrication techniques. They will become acquainted with the fundamentals of the different
transducers including mechanical, thermal, magnetic, chemical, optical, and biosensors. They also will get to know strategies to integrate
components into microsystems.

Content Introduction to microensors and microsystems

# Brief introduction to semiconductors
# Silicon and glass micromachining
# Plastic materials and their micromachining
# Fundamentals of different transducers
# Mechanical sensors
# Thermal sensors
# Magnetic sensors
# Optical devices
# Chemical and biosensors
# Microfluidics
# BioMEMS

Lecture notes Handouts in English
Literature - S.M. Sze, "Semiconductor Devices, Physics and Technology", 2nd edition, Wiley, 2002

- W. Menz, J. Mohr, O. Paul, “Microsystem Technology”, Wiley-VCH, 2001
- G. T. A. Kovacs, “Micromachined Transducers Sourcebook”, McGraw-Hill, 1998
- M. J. Madou, “Fundamentals of Microfabrication", 2nd ed., CRC Press, 2002
- S.A. Campbell, "The Science and Engineering of Microelectronic Fabrication", 2nd edition, Oxford University Press, 2001

Prerequisites /
notice

Parts of the course rely on knowledge of the fall semester class "Microtechnology" (636-0103-00L).
Lab URL: www.bel.ethz.ch

636-0113-00L Genome Engineering
No longer accepting registrations. Course is fully booked. 

W 4 credits 3V R. Platt

Abstract This course is both an introduction to genome engineering and also a highly interactive practical training on effectively reading, writing, and
presenting in an academic context.

Objective The objective of this course is to learn how gene editing technologies function at the molecular and cellular level and how they are applied
in research and clinical settings. Students will be introduced to the history and motivation behind the discovery and development of
transformative genome engineering technologies, and also gain insight into the ethical, safety, and regulatory facets shaping the field. This
content will be explored by critically examining and discussing current literature in the field and devising a technology development plan.

Content The course content is comprised of lectures, discussions, and a project. Lectures in Genome Engineering will be technology-focused and
incorporate: 1) historical context to motivate the need for developing the technology, 2) development of the technology from concept to
robust tool, 3) methods to discover, characterize, and evaluate the technology, and 4) applications of the technology in basic and applied
research. Primary research articles will be assigned each week, which will be followed by an in-class lecture and discussion. The course
project will be team-based and entail devising a solution to a critical need in the field. 

Main topics:
--Discovery and development of genome editing technologies
--The prokaryotic adaptive immune system CRISPR-Cas
--Genome engineering methods for generating genetically engineered model systems
--Genotype-phenotype linkage via genetic screens 
--Massively paralleled perturbation and phenotyping 
--Gene editing tools as molecular recording devices
--Gene editing tools as diagnostics and therapeutics

Lecture notes Made available through the course website.
Literature Assigned each week. Made available through the course website.

636-0022-00L Design of Experiments W 4 credits 3G H.-M. Kaltenbach
Abstract The course introduces 'classical' statistical design of experiments, particularly designs for blocking, full and fractional factorial designs with

confounding, and response surface methods. Topics covered include (restricted) randomization and blocking, sample size and power
calculations, confounding, and basics of analysis-of-variance methods for analysis including random effects and nesting.

Objective Students will learn about the statistical basics of designing and analyzing experiments with multiple qualitative and/or quantitative variables.
Students will be able to construct designs for efficiently identifying important influence factors in their experiments, use sequential designs
for optimizing experimental conditions, and correctly handle analyses with nested sampling or involving multiple comparisons.

Content The course introduces the basics of statistical design of experiments. We will start by discussing the role of randomization for the validity of
inferences, see how replication (i.e., sample size) affects the precision of estimates that can be made, how we deal with nested replication
(for example, taking several measurements on the same animal), and how we correctly handle multiple comparisons based on the same
data.

We will then discuss how restrictions of randomization lead to blocked designs, which serve to improve precision of comparisons between
experimental conditions. Such designs are also important to avoid confounding of the experimental effect of interest with other effects of no
interest, e.g., to handle batch effects that are common in biological experimentation.

Next, we learn how to design efficient experiments with multiple factors of interest. In contrast to a one-variable-at-a time approach,
factorial designs allow investigation of multiple factors simultaneously, and under some assumptions on the interplay of the factors, we may
even get away with only a fraction of all possible factor combinations while still getting all the information we need.

We then discuss optimizing the combination of factors with respect to some response function, such as optimizing the composition of a
medium solution to achieve maximum growth rate. Response surface methods offer an efficient and systematic way of finding optimal
conditions with low effort through sequential experimentation; they are also common in industrial (engineering) applications.

Throughout the course, we will touch on several additional topics without getting into much detail, such as designs that are 'optimal' for
either inference or prediction, and designs where experimental conditions are nested (e.g., split-plot designs).

The course assumes familiarity with the content of a typical introductory course in statistics: distributions and random variables, estimators
and confidence intervals, hypothesis testing using p-values and false positives/negatives, and basics of linear regression or analysis of
variance. 

Lecture notes Course material will be made available at: http://www.csb.ethz.ch/education/lectures.html
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Literature Main text:
Gary W. Oehlert: A first course in design and analysis of experiments, Freeman (http://users.stat.umn.edu/~gary/Book.html)
Additional texts:
D. R. Cox: Planning of Experiments, Wiley
G. Casella: Statistical Design, Springer
H. R. Lindman: Analysis of variance in complex experimental designs, Freeman (now Springer)

636-0115-00L Biochemical Engineering W 4 credits 3G S. Panke, W. Minas
Abstract The course covers the fundamentals of implementing biotechnological reactions and cultivations into reactors and major methods of

product purification. 


Objective The objective is to instruct students in the key concepts that are required for efficient application of biotechnological systems (enzymes and
cells) for the production of chemicals and proteins. 

Content Enzyme kinetics – mass transfer in heterogeneous systems – enzyme reactors – residence time distributions - upstream processing of
fermentation processes – ideal reactors – macrokinetics - gas transfer – membrane processes – chromatography

Lecture notes Handouts and text book references will be provided over the course. 
Literature Eg Pauline Doran, Bioprocess Engineering, Clark & Blanch, Biochemical Engineering, Harrison and Todd, Bioseparation Science and

Engineering

636-0112-00L Analytical Methods and Lab-on-Chip Technology for
Biology and Molecular Diagnostics

W 4 credits 3G P. S. Dittrich

Abstract Analytical methods are the key for a comprehensive understanding of biological systems. This course introduces modern bioanalytical
concepts and methods that are applied in the life sciences. Techniques for sample preparation, fluid handling, and detection,  including
microfluidics, microarray technology, immunological methods, sensors and biosensors, and various spectroscopic detection techniques

Objective Students will learn the basic principles, potential and limitations of analytical methods and lab-on-chip technology.  
Content Analytical methods are the key for a comprehensive understanding of biological systems. This course introduces into modern bioanalytical

concepts and methods that are applied in the life sciences. The lecture includes discussions of highly topical studies. 

Topics will include:
Targets: Biomolecules, biomarkers, signalling factors – what and where to measure
Detection: Fluorescence spectroscopy, related techniques and label-free detection methods
Basic principles of microfluidics/lab-on-chip technology
Applied microfluidics: Single-cell analysis, medical applications and point-of-care diagnostic 
Microarray technology
Immunological methods
Sensors and biosensors

Lecture notes Handouts during the course .

636-0111-00L Synthetic Biology I
Attention: This course was offered in previous semesters
with the number: 636-0002-00L "Synthetic Biology I".
Students that already passed course 636-0002-00L
cannot receive credits for course 636-0111-00L.

W 4 credits 3G S. Panke, J. Stelling

Abstract         Theoretical & practical introduction into the design of dynamic biological systems at different levels of abstraction, ranging from
biological fundamentals of systems design (introduction to bacterial gene regulation, elements of transcriptional & translational control,
advanced genetic engineering) to engineering design principles (standards, abstractions) mathematical modelling & systems desig

Objective         After the course, students will be able to theoretically master the biological and engineering fundamentals required for biological design
to be able to participate in the international iGEM competition (see www.igem.ethz.ch).

Content         The overall goal of the course is to familiarize the students with the potential, the requirements and the problems of designing dynamic
biological elements that are of central importance for manipulating biological systems, primarily (but not exclusively) prokaryotic systems.
Next, the students will be taken through a number of successful examples of biological design, such as toggle switches, pulse generators,
and oscillating systems, and apply the biological and engineering fundamentals to these examples, so that they get hands-on experience
on how to integrate the various disciplines on their way to designing biological systems.

Lecture notes         Handouts during classes.
Literature         Mark Ptashne, A Genetic Switch (3rd ed), Cold Spring Haror Laboratory Press

Uri Alon, An Introduction to Systems Biology, Chapman & Hall
Prerequisites /
notice

        1) Though we do not place a formal requirement for previous participation in particular courses, we expect all participants to be familiar
with a certain level of biology and of mathematics. Specifically, there will be material for self study available on
https://bsse.ethz.ch/bpl/education/lectures/synthetic-biology-i/download.html as of mid January, and everybody is expected to be fully
familiar with this material BEFORE THE CLASS BEGINS to be able to follow the different lectures. Please contact
sven.panke@bsse.ethz.ch for access to material
2) The course is also thought as a preparation for the participation in the international iGEM synthetic biology summer competition
(www.syntheticbiology.ethz.ch, http://www.igem.org). This competition is also the contents of the course Synthetic Biology II.
https://bsse.ethz.ch/bpl/education/lectures/synthetic-biology-i/download.html

636-0116-00L Nanomachines of the Cell
Does not take place this semester.
Attention: This course was offered in previous semesters
with the number: 636-0008-00L "Nanomachines of the
Cell II". Students that already passed course 636-0008-00
cannot receive credits for course 636-0116-00. 
Prerequisites: Students should have an interdisciplinary
background (bachelor) in molecular biotechnology,
biochemistry, cell biology, physics, bioinformatics or
molecular bioengineering.

W 4 credits 3G D. J. Müller

Abstract The lecture "Nanomachines of the Cell" introduces the concept of using functional biomolecular units of the cell as nanoscopic machines
and to assemble them to nanoscopic factories. The specific aim is to be able to use these machines and factories in more complex
biotechnological processes as nanoscale functional elements or to control cellular systems and health

Objective Gain of an interdisciplinary research and development competence which qualifies for scientific work (master`s or doctoral thesis) as well
as for work in the research and development department of a biotechnological company. The module is of general use in nano- and
biotechnological courses of study focusing modern biomolecular technologies.
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Content - What are nanomachines of the cell? Understanding the cell as a complex factory. Are there engineering principles of the cell and if so
what can we learn? New ways to understand and to apply engineering principles of cellular nanomachines in biotechnology and
nanotechnology.
- Introduction into factors and mechanisms that determine protein folding and stability. Inter- and intramolecular interactions. Energy
landscape concept to describe protein folding, stabilization, destabilization, and unfolding. Mechanisms of protein stabilization,
destabilization and aggregation in health and disease. Mechanisms of protein (de-)stabilization in biomaterials science, bioengineering, and
in biotechnological and pharmacological applications. Methods to prevent protein destabilization in biotechnological applications. Ways to
adjust and manipulate the protein stability in biotechnology and medicine. Designing molecular compounds that stabilize specific proteins.
Molecular compounds that lead to protein destabilization, misfolding and denaturation.
- Biological and artificial membranes. Principles of membrane assembly, properties, stability and durability. Vesicles as containers for
cargo. Engineering vesicles from native and synthetic components. Engineering ultrastable synthetic vesicles. Applying vesicles in
biotechnology and medicine. Functionalizing vesicular membranes with proteins.
- Principles of membrane proteins. Structure and function relationship of membrane proteins. Importance of membrane proteins in
pharmacology and biotechnology. Structural and functional characterization of membrane proteins. Bionanotechnological tools to handle
and manipulate single membrane proteins.
- Membrane proteins as a toolbox to assemble nanoscopic functional vesicles. Multifunctional synthetic vesicles: Vesicles for drug delivery,
vesicles for active transport, vesicles converting energy, vesicles switching their affinity, function, stability, and other properties.
- Energy currencies of the cell. Energy conversion. Storable and transient forms of energy. Nature created a variety of light-driven ion
pumps. How to use the pumps and to modify them to our purpose? Employing light-driven ion pumps in biotechnology. Employing light-
driven proton pumps adsorbing different wavelengths to boost the membrane gradient. Tuning the adsorption spectra of a light-driven ion
pump.
- Structure, function, engineering and application of F-ATP synthases. Engineering artificial vesicular systems to convert light into ion
gradients to synthesize ATP. Engineering ATP synthases as nanopropellers to move vesicles. Engineering a light-frequency tuned proton
pumps to control the speed of nanopropelled vesicles. Engineering light-driven ion pumps to power the synthetic ATP propellers and to
steer vesicles. Engineering and employing ATP synthases as molecular mixing devices.
Principles of signal transduction. The family of G-protein coupled receptors (GPCRs). Structure and function of GPCRs. Engineering (and
other) possibilities to manipulate the functional state of GPCRs.
- Engineering light-activated channels for cellular control: Optogenetics.
- Assembly and employing fibrillar structures.
- DNA origami. Using DNA to build artificial three-dimensional structures at nanometer precision.
- Microtubuli. Occurrence, structure, function, and properties. Designing supports as circuits for molecular shuttles. Biofunctionalization of
the circuits. Transporting molecular cargo along circuits. Engineering molecular devices to switch the transport 'on' and 'off'.
- Motor proteins. Translational motors, rotary motors, chemical driven motors, light-driven motors, unidirectional and bidirectional motors,
reversibility, molecular ratchets, future visions. Common and different engineering principles of the F-ATP synthase and the flagella motor.
Structure, function, energy source, and rotational modes. Controlled assembly of a complex machinery such as the flagella motor.

Lecture notes Will be provided as needed.
Literature Alberts et al: Molecular Biology of the cell


Biochemistry (5th edition), Jeremy M. Berg, John L. Tymoczko, Lubert Stryer; ISBN 0-7167-4684-0, Freeman

Principles of Biochemistry, Nelson & Cox; ISBN: 1-57259-153-6, Worth Publishers, New York

Cell Biology, Pollard & Earnshaw; ISBN:0-7216-3997-6, Saunder, Pennsylvania
Intermolecular & Surface Forces, Israelachvili; ISBN: 0-12-375181-0, Academic Press, London

Proteins: Biochemistry and Biotechnolgy, Walsh; ISBN: 0-471-899070, Wiley & Sons, New York

Textbook of Biochemistry with Clinical Correlations, Devlin; ISBN: 0-471-411361, Wiley & Sons, New York

Molecular Virology, Modrow et al.; ISBN: 3-8274-1086-X, Spektrum Verlag, Heidelberg

Prerequisites /
notice

Students should have an interdisciplinary background (bachelor) in molecular biotechnology, biochemistry, cell biology, physics,
bioinformatics or molecular bioengineering.

The module is composed of 3 SWS (3 hours/week): 2-hour lecture, 1-hour seminar. For the seminar, students prepare oral presentations
on specific in-depth subjects with/under the guidance of the teacher.

636-0107-00L Microbial Biotechnology W  4 credits 3G S. Panke, M. Jeschek
Abstract Students of this course know and can evaluate modern methods of microbial biotechnology and enzyme technology and understand their

relation to modern applications of microbial biotechnology.
Objective Students of this course know and can evaluate modern methods of microbial biotechnology and enzyme technology and understand their

relation to modern applications of microbial biotechnology.
Content The course will cover in its main part selected fundamental and advanced topics and methodologies in microbial molecular biotechnology.

Major topics include I) Microbial physiology of microbes (prokaryotes and selected fungi), II) Applications of Microbial Biotechnology, III)
Enzymes - advanced kinetics and engineering, IV) Principles of in vivo directed evolution, V) System approaches to cell
engineering/metabolic engineering, and VI) Trends in Microbial Biotechnology. The course is a mix of lectures and different exercise
formats.

Lecture notes Notes will be provided in the forms of handouts.
Literature The course will use selected parts of textbooks and then original scientific publications and reviews.

636-0121-00L Single Cell Technologies W+ 4 credits 3G B. Treutlein
Abstract Single-cell sequencing and imaging technologies are being applied to primary human organs and to engineered cells and tissues to

understand cell states that emerge in these systems at unparalleled resolution. These technologies require sophisticated experimental and
computational methods, which we will discuss in practical detail in this course. 

Objective To understand the history and current state of the art of single-cell sequencing and imaging methods, gain experimental experience in the
implementation of these methods, and to learn data analytical techniques to extract biological insight from the high-information content
data. 
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Content This course will include lecture sessions and paper discussion seminars, along with wet lab single-cell genomic experiments, followed by
computational data analysis sessions based in R. In the lecture, I will cover the molecular biology and technical aspects underlying popular
single-cell sequencing methods, as well as methods to spatially localize cell states within tissues or other multi-cellular systems. We will
also cover the experimental aspects of light sheet microscopy and other microscopy methods as a tool to analyze cellular dynamics within
complex tissues. We will read recent, seminal manuscripts in the single-cell genomics field and discuss the papers in detail as a group. 

Seminar topics will include: Single-cell RNA/DNA/Epigenome sequencing, Lineage tracing, Perturbation screens, Trajectory reconstruction,
Light sheet microscopy, Tissue clearing

In the lab, we will select an exciting biological phenomena to explore using single-cell sequencing and each student will get hands on
experience in designing and executing the experiment, going through the steps of tissue dissociation, isolating cells, capturing and labeling
nucleic acid, generating and sequencing libraries. We will then go through each step of sequencing read processing and quality control
analysis, followed by sessions on data exploration (cell composition, marker gene detection, trajectory reconstruction, differential gene
expression analysis, etc.)

 System-Orientated
Number Title Type ECTS Hours Lecturers

636-0110-00L ImmunoEngineering
Attention: This course was offered in previous semesters
with the number: 636-0010-00L "Biomolecular
Engineering and Immunotechnology". Students that
already passed course 636-0010-00L cannot receive
credits for course 636-0110-00L.

W 4 credits 3V S. Reddy

Abstract Immunoengineering is an emerging area of research that uses technology and engineering principles to understand and manipulate the
immune system. This is a highly interdisciplinary field and thus the instructor will present an integrated view that will include basic
immunology, systems immunology, and synthetic immunology.

Objective The objective of this course is to introduce the students to the basic principles and applications of Immunoengineering. There will be an
emphasis directed towards applications directly relevant in immunotherapy and biotechnology. This course requires prerequisite knowledge
of molecular biology, biochemistry, cell biology, and genetics; these subjects will only be reviewed briefly during the course.

Content Immunoengineering will be divided into three primary sections: i) basic principles in immunology; ii) systems immunology; iii) synthetic
immunology. 

I. Basic principles in immunology will cover the foundational concepts of innate and adaptive immunity. Topics include immunogenetics,
pattern recognition receptors, lymphocyte receptors, humoral and T cell responses. 

II. Systems immunology uses quantitative multiscale measurements and computational biology to describe and understand the complexity
of the immune system. In this section we will cover high-throughput methods that are used to understand and profile immune responses.  

III. Synthetic immunology is based on using methods in molecular and cellular engineering to control immune cell function and behavior. In
this section students will learn about how immune receptors and cells are being engineered for applications such as cancer immunotherapy
and precision and personalized medicine.

Literature Reading material from Janeway's Immunobiology will be distributed, so students do not need to worry about purchasing or obtaining it.
Supporting reading material from research articles will be provided to students.

Prerequisites /
notice

This course requires prerequisite knowledge of molecular biology, biochemistry, cell biology, and genetics; these subjects will only be
reviewed briefly during the course.

636-0114-00L Microsensors and Microsystems
Attention: This course was offered in previous semesters
with the number: 636-0004-00 "Microsensors and
Microsystems". Students that already passed course 636-
0004-00 cannot receive credits for course 636-0114-00.
Prerequisites: Physics I and Physics II highly
recommended. This class builds on the contents of course
636-0103-00L, "Microtechnology", which are assumed to
be known

W 4 credits 3G A. Hierlemann

Abstract Students are introduced to microsensor and microsystem technology, the different materials and associated micromachining and
fabrication techniques. They become acquainted with fundamentals of different transducers and their applications.

Objective Students are introduced to microsensor and microsystem technology. The students will get to know the different materials (silicon, glass,
plastics) and the respective micromachining and fabrication techniques. They will become acquainted with the fundamentals of the different
transducers including mechanical, thermal, magnetic, chemical, optical, and biosensors. They also will get to know strategies to integrate
components into microsystems.

Content Introduction to microensors and microsystems

# Brief introduction to semiconductors
# Silicon and glass micromachining
# Plastic materials and their micromachining
# Fundamentals of different transducers
# Mechanical sensors
# Thermal sensors
# Magnetic sensors
# Optical devices
# Chemical and biosensors
# Microfluidics
# BioMEMS

Lecture notes Handouts in English
Literature - S.M. Sze, "Semiconductor Devices, Physics and Technology", 2nd edition, Wiley, 2002

- W. Menz, J. Mohr, O. Paul, “Microsystem Technology”, Wiley-VCH, 2001
- G. T. A. Kovacs, “Micromachined Transducers Sourcebook”, McGraw-Hill, 1998
- M. J. Madou, “Fundamentals of Microfabrication", 2nd ed., CRC Press, 2002
- S.A. Campbell, "The Science and Engineering of Microelectronic Fabrication", 2nd edition, Oxford University Press, 2001

Prerequisites /
notice

Parts of the course rely on knowledge of the fall semester class "Microtechnology" (636-0103-00L).
Lab URL: www.bel.ethz.ch

636-0113-00L Genome Engineering
No longer accepting registrations. Course is fully booked. 

W 4 credits 3V R. Platt
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Abstract This course is both an introduction to genome engineering and also a highly interactive practical training on effectively reading, writing, and
presenting in an academic context.

Objective The objective of this course is to learn how gene editing technologies function at the molecular and cellular level and how they are applied
in research and clinical settings. Students will be introduced to the history and motivation behind the discovery and development of
transformative genome engineering technologies, and also gain insight into the ethical, safety, and regulatory facets shaping the field. This
content will be explored by critically examining and discussing current literature in the field and devising a technology development plan.

Content The course content is comprised of lectures, discussions, and a project. Lectures in Genome Engineering will be technology-focused and
incorporate: 1) historical context to motivate the need for developing the technology, 2) development of the technology from concept to
robust tool, 3) methods to discover, characterize, and evaluate the technology, and 4) applications of the technology in basic and applied
research. Primary research articles will be assigned each week, which will be followed by an in-class lecture and discussion. The course
project will be team-based and entail devising a solution to a critical need in the field. 

Main topics:
--Discovery and development of genome editing technologies
--The prokaryotic adaptive immune system CRISPR-Cas
--Genome engineering methods for generating genetically engineered model systems
--Genotype-phenotype linkage via genetic screens 
--Massively paralleled perturbation and phenotyping 
--Gene editing tools as molecular recording devices
--Gene editing tools as diagnostics and therapeutics

Lecture notes Made available through the course website.
Literature Assigned each week. Made available through the course website.

636-0022-00L Design of Experiments W 4 credits 3G H.-M. Kaltenbach
Abstract The course introduces 'classical' statistical design of experiments, particularly designs for blocking, full and fractional factorial designs with

confounding, and response surface methods. Topics covered include (restricted) randomization and blocking, sample size and power
calculations, confounding, and basics of analysis-of-variance methods for analysis including random effects and nesting.

Objective Students will learn about the statistical basics of designing and analyzing experiments with multiple qualitative and/or quantitative variables.
Students will be able to construct designs for efficiently identifying important influence factors in their experiments, use sequential designs
for optimizing experimental conditions, and correctly handle analyses with nested sampling or involving multiple comparisons.

Content The course introduces the basics of statistical design of experiments. We will start by discussing the role of randomization for the validity of
inferences, see how replication (i.e., sample size) affects the precision of estimates that can be made, how we deal with nested replication
(for example, taking several measurements on the same animal), and how we correctly handle multiple comparisons based on the same
data.

We will then discuss how restrictions of randomization lead to blocked designs, which serve to improve precision of comparisons between
experimental conditions. Such designs are also important to avoid confounding of the experimental effect of interest with other effects of no
interest, e.g., to handle batch effects that are common in biological experimentation.

Next, we learn how to design efficient experiments with multiple factors of interest. In contrast to a one-variable-at-a time approach,
factorial designs allow investigation of multiple factors simultaneously, and under some assumptions on the interplay of the factors, we may
even get away with only a fraction of all possible factor combinations while still getting all the information we need.

We then discuss optimizing the combination of factors with respect to some response function, such as optimizing the composition of a
medium solution to achieve maximum growth rate. Response surface methods offer an efficient and systematic way of finding optimal
conditions with low effort through sequential experimentation; they are also common in industrial (engineering) applications.

Throughout the course, we will touch on several additional topics without getting into much detail, such as designs that are 'optimal' for
either inference or prediction, and designs where experimental conditions are nested (e.g., split-plot designs).

The course assumes familiarity with the content of a typical introductory course in statistics: distributions and random variables, estimators
and confidence intervals, hypothesis testing using p-values and false positives/negatives, and basics of linear regression or analysis of
variance. 

Lecture notes Course material will be made available at: http://www.csb.ethz.ch/education/lectures.html
Literature Main text:

Gary W. Oehlert: A first course in design and analysis of experiments, Freeman (http://users.stat.umn.edu/~gary/Book.html)
Additional texts:
D. R. Cox: Planning of Experiments, Wiley
G. Casella: Statistical Design, Springer
H. R. Lindman: Analysis of variance in complex experimental designs, Freeman (now Springer)

636-0115-00L Biochemical Engineering W 4 credits 3G S. Panke, W. Minas
Abstract The course covers the fundamentals of implementing biotechnological reactions and cultivations into reactors and major methods of

product purification. 


Objective The objective is to instruct students in the key concepts that are required for efficient application of biotechnological systems (enzymes and
cells) for the production of chemicals and proteins. 

Content Enzyme kinetics – mass transfer in heterogeneous systems – enzyme reactors – residence time distributions - upstream processing of
fermentation processes – ideal reactors – macrokinetics - gas transfer – membrane processes – chromatography

Lecture notes Handouts and text book references will be provided over the course. 
Literature Eg Pauline Doran, Bioprocess Engineering, Clark & Blanch, Biochemical Engineering, Harrison and Todd, Bioseparation Science and

Engineering

636-0112-00L Analytical Methods and Lab-on-Chip Technology for
Biology and Molecular Diagnostics

W 4 credits 3G P. S. Dittrich

Abstract Analytical methods are the key for a comprehensive understanding of biological systems. This course introduces modern bioanalytical
concepts and methods that are applied in the life sciences. Techniques for sample preparation, fluid handling, and detection,  including
microfluidics, microarray technology, immunological methods, sensors and biosensors, and various spectroscopic detection techniques

Objective Students will learn the basic principles, potential and limitations of analytical methods and lab-on-chip technology.  
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Content Analytical methods are the key for a comprehensive understanding of biological systems. This course introduces into modern bioanalytical
concepts and methods that are applied in the life sciences. The lecture includes discussions of highly topical studies. 

Topics will include:
Targets: Biomolecules, biomarkers, signalling factors – what and where to measure
Detection: Fluorescence spectroscopy, related techniques and label-free detection methods
Basic principles of microfluidics/lab-on-chip technology
Applied microfluidics: Single-cell analysis, medical applications and point-of-care diagnostic 
Microarray technology
Immunological methods
Sensors and biosensors

Lecture notes Handouts during the course .

636-0111-00L Synthetic Biology I
Attention: This course was offered in previous semesters
with the number: 636-0002-00L "Synthetic Biology I".
Students that already passed course 636-0002-00L
cannot receive credits for course 636-0111-00L.

W 4 credits 3G S. Panke, J. Stelling

Abstract         Theoretical & practical introduction into the design of dynamic biological systems at different levels of abstraction, ranging from
biological fundamentals of systems design (introduction to bacterial gene regulation, elements of transcriptional & translational control,
advanced genetic engineering) to engineering design principles (standards, abstractions) mathematical modelling & systems desig

Objective         After the course, students will be able to theoretically master the biological and engineering fundamentals required for biological design
to be able to participate in the international iGEM competition (see www.igem.ethz.ch).

Content         The overall goal of the course is to familiarize the students with the potential, the requirements and the problems of designing dynamic
biological elements that are of central importance for manipulating biological systems, primarily (but not exclusively) prokaryotic systems.
Next, the students will be taken through a number of successful examples of biological design, such as toggle switches, pulse generators,
and oscillating systems, and apply the biological and engineering fundamentals to these examples, so that they get hands-on experience
on how to integrate the various disciplines on their way to designing biological systems.

Lecture notes         Handouts during classes.
Literature         Mark Ptashne, A Genetic Switch (3rd ed), Cold Spring Haror Laboratory Press

Uri Alon, An Introduction to Systems Biology, Chapman & Hall
Prerequisites /
notice

        1) Though we do not place a formal requirement for previous participation in particular courses, we expect all participants to be familiar
with a certain level of biology and of mathematics. Specifically, there will be material for self study available on
https://bsse.ethz.ch/bpl/education/lectures/synthetic-biology-i/download.html as of mid January, and everybody is expected to be fully
familiar with this material BEFORE THE CLASS BEGINS to be able to follow the different lectures. Please contact
sven.panke@bsse.ethz.ch for access to material
2) The course is also thought as a preparation for the participation in the international iGEM synthetic biology summer competition
(www.syntheticbiology.ethz.ch, http://www.igem.org). This competition is also the contents of the course Synthetic Biology II.
https://bsse.ethz.ch/bpl/education/lectures/synthetic-biology-i/download.html

636-0116-00L Nanomachines of the Cell
Does not take place this semester.
Attention: This course was offered in previous semesters
with the number: 636-0008-00L "Nanomachines of the
Cell II". Students that already passed course 636-0008-00
cannot receive credits for course 636-0116-00. 
Prerequisites: Students should have an interdisciplinary
background (bachelor) in molecular biotechnology,
biochemistry, cell biology, physics, bioinformatics or
molecular bioengineering.

W 4 credits 3G D. J. Müller

Abstract The lecture "Nanomachines of the Cell" introduces the concept of using functional biomolecular units of the cell as nanoscopic machines
and to assemble them to nanoscopic factories. The specific aim is to be able to use these machines and factories in more complex
biotechnological processes as nanoscale functional elements or to control cellular systems and health

Objective Gain of an interdisciplinary research and development competence which qualifies for scientific work (master`s or doctoral thesis) as well
as for work in the research and development department of a biotechnological company. The module is of general use in nano- and
biotechnological courses of study focusing modern biomolecular technologies.
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Content - What are nanomachines of the cell? Understanding the cell as a complex factory. Are there engineering principles of the cell and if so
what can we learn? New ways to understand and to apply engineering principles of cellular nanomachines in biotechnology and
nanotechnology.
- Introduction into factors and mechanisms that determine protein folding and stability. Inter- and intramolecular interactions. Energy
landscape concept to describe protein folding, stabilization, destabilization, and unfolding. Mechanisms of protein stabilization,
destabilization and aggregation in health and disease. Mechanisms of protein (de-)stabilization in biomaterials science, bioengineering, and
in biotechnological and pharmacological applications. Methods to prevent protein destabilization in biotechnological applications. Ways to
adjust and manipulate the protein stability in biotechnology and medicine. Designing molecular compounds that stabilize specific proteins.
Molecular compounds that lead to protein destabilization, misfolding and denaturation.
- Biological and artificial membranes. Principles of membrane assembly, properties, stability and durability. Vesicles as containers for
cargo. Engineering vesicles from native and synthetic components. Engineering ultrastable synthetic vesicles. Applying vesicles in
biotechnology and medicine. Functionalizing vesicular membranes with proteins.
- Principles of membrane proteins. Structure and function relationship of membrane proteins. Importance of membrane proteins in
pharmacology and biotechnology. Structural and functional characterization of membrane proteins. Bionanotechnological tools to handle
and manipulate single membrane proteins.
- Membrane proteins as a toolbox to assemble nanoscopic functional vesicles. Multifunctional synthetic vesicles: Vesicles for drug delivery,
vesicles for active transport, vesicles converting energy, vesicles switching their affinity, function, stability, and other properties.
- Energy currencies of the cell. Energy conversion. Storable and transient forms of energy. Nature created a variety of light-driven ion
pumps. How to use the pumps and to modify them to our purpose? Employing light-driven ion pumps in biotechnology. Employing light-
driven proton pumps adsorbing different wavelengths to boost the membrane gradient. Tuning the adsorption spectra of a light-driven ion
pump.
- Structure, function, engineering and application of F-ATP synthases. Engineering artificial vesicular systems to convert light into ion
gradients to synthesize ATP. Engineering ATP synthases as nanopropellers to move vesicles. Engineering a light-frequency tuned proton
pumps to control the speed of nanopropelled vesicles. Engineering light-driven ion pumps to power the synthetic ATP propellers and to
steer vesicles. Engineering and employing ATP synthases as molecular mixing devices.
Principles of signal transduction. The family of G-protein coupled receptors (GPCRs). Structure and function of GPCRs. Engineering (and
other) possibilities to manipulate the functional state of GPCRs.
- Engineering light-activated channels for cellular control: Optogenetics.
- Assembly and employing fibrillar structures.
- DNA origami. Using DNA to build artificial three-dimensional structures at nanometer precision.
- Microtubuli. Occurrence, structure, function, and properties. Designing supports as circuits for molecular shuttles. Biofunctionalization of
the circuits. Transporting molecular cargo along circuits. Engineering molecular devices to switch the transport 'on' and 'off'.
- Motor proteins. Translational motors, rotary motors, chemical driven motors, light-driven motors, unidirectional and bidirectional motors,
reversibility, molecular ratchets, future visions. Common and different engineering principles of the F-ATP synthase and the flagella motor.
Structure, function, energy source, and rotational modes. Controlled assembly of a complex machinery such as the flagella motor.

Lecture notes Will be provided as needed.
Literature Alberts et al: Molecular Biology of the cell


Biochemistry (5th edition), Jeremy M. Berg, John L. Tymoczko, Lubert Stryer; ISBN 0-7167-4684-0, Freeman

Principles of Biochemistry, Nelson & Cox; ISBN: 1-57259-153-6, Worth Publishers, New York

Cell Biology, Pollard & Earnshaw; ISBN:0-7216-3997-6, Saunder, Pennsylvania
Intermolecular & Surface Forces, Israelachvili; ISBN: 0-12-375181-0, Academic Press, London

Proteins: Biochemistry and Biotechnolgy, Walsh; ISBN: 0-471-899070, Wiley & Sons, New York

Textbook of Biochemistry with Clinical Correlations, Devlin; ISBN: 0-471-411361, Wiley & Sons, New York

Molecular Virology, Modrow et al.; ISBN: 3-8274-1086-X, Spektrum Verlag, Heidelberg

Prerequisites /
notice

Students should have an interdisciplinary background (bachelor) in molecular biotechnology, biochemistry, cell biology, physics,
bioinformatics or molecular bioengineering.

The module is composed of 3 SWS (3 hours/week): 2-hour lecture, 1-hour seminar. For the seminar, students prepare oral presentations
on specific in-depth subjects with/under the guidance of the teacher.

636-0121-00L Single Cell Technologies W+ 4 credits 3G B. Treutlein
Abstract Single-cell sequencing and imaging technologies are being applied to primary human organs and to engineered cells and tissues to

understand cell states that emerge in these systems at unparalleled resolution. These technologies require sophisticated experimental and
computational methods, which we will discuss in practical detail in this course. 

Objective To understand the history and current state of the art of single-cell sequencing and imaging methods, gain experimental experience in the
implementation of these methods, and to learn data analytical techniques to extract biological insight from the high-information content
data. 

Content This course will include lecture sessions and paper discussion seminars, along with wet lab single-cell genomic experiments, followed by
computational data analysis sessions based in R. In the lecture, I will cover the molecular biology and technical aspects underlying popular
single-cell sequencing methods, as well as methods to spatially localize cell states within tissues or other multi-cellular systems. We will
also cover the experimental aspects of light sheet microscopy and other microscopy methods as a tool to analyze cellular dynamics within
complex tissues. We will read recent, seminal manuscripts in the single-cell genomics field and discuss the papers in detail as a group. 

Seminar topics will include: Single-cell RNA/DNA/Epigenome sequencing, Lineage tracing, Perturbation screens, Trajectory reconstruction,
Light sheet microscopy, Tissue clearing

In the lab, we will select an exciting biological phenomena to explore using single-cell sequencing and each student will get hands on
experience in designing and executing the experiment, going through the steps of tissue dissociation, isolating cells, capturing and labeling
nucleic acid, generating and sequencing libraries. We will then go through each step of sequencing read processing and quality control
analysis, followed by sessions on data exploration (cell composition, marker gene detection, trajectory reconstruction, differential gene
expression analysis, etc.)

 Research Projects and Internship
Students need to acquire a total of 20 ECTS in this category. 
Either choose Research Project I (8 ECTS) and Research Project II (12 ECTS) 
Or choose Research Project I (8 ECTS) and Industry Internship (12 ECTS)
Instead of Research Project I (8 ECTS) students may also choose Synthetic Biology II (8 ECTS)

 Research Projects
Number Title Type ECTS Hours Lecturers

636-0802-00L Research Project I O  8 credits 23A Professors
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Abstract In a research project students extend their knowledge in a particular field, get acquainted with the scientific way of working, and learn to
work on an actual research topic. Research projects are carried out in a core or optional subject area as chosen by the student.

Objective Students get acquainted with scientific working methods and deepen their knowledge in a particular research area

636-0803-00L Research Project II
Enrollment only for students that don`t do an industry
internship but two research projects. 

W  12 credits 34A Professors

Abstract In a research project students extend their knowledge in a particular field, get acquainted with the scientific way of working, and learn to
work on an actual research topic. Research projects are carried out in a core or optional subject area as chosen by the student.

Objective Students get acquainted with scientific working methods and deepen their knowledge in a particular research area

 Internship
Number Title Type ECTS Hours Lecturers

636-0804-00L Industry Internship W  12 credits 34A Professors
Abstract Industry internship of at least 12 weeks, completed with a written report.
Objective Students gain experience in an industrial environment and an overview of different research areas by applying concepts taught in the

courses. 
Prerequisites /
notice

The students look for a placement themselves.

 Electives
Electives may be taken at D-BSSE or at Uni Basel. 
The mentor may assign other courses to the electives category based on student`s formal request. 
Courses offered in the advanced courses category may also be taken as electives.

Number Title Type ECTS Hours Lecturers

636-0518-00L Molecular Medicine II W+ 2 credits 2V external organisers

636-0514-00L Dynamics and Maintenance of the Genome: DNA
Replication, Repair, Recombination

W+ 2 credits 2V external organisers

636-0516-00L Transcription, Regulation and Gene Expression in
Eukaryotes

W+ 2 credits 2V external organisers

636-0522-00L Evaluation of Compound Properties W+ 1 credit 1S external organisers

636-0536-00L G4: Chromatin and Epigenetics
Does not take place this semester.

W+ 2 credits 2V external organisers

636-0016-00L Computational Systems Biology: Stochastic
Approaches

W 4 credits 3G M. H. Khammash, A. Gupta

Abstract This course is concerned with the development of computational methods for modeling, simulation, and analysis of stochasticity in living
cells. Using these tools, the course explores the richness of stochastic phenomena, how it arises from the interactions of dynamics and
noise, and its biological implications.

Objective To understand the origins and implications of stochastic noise in living cells, and to learn the computational tools for the modeling,
simulation, analysis, and identification of stochastic biochemical reaction networks.

Content The cellular environment is abuzz with noise. A key source of this noise is the randomness that characterizes the motion of cellular
constituents at the molecular level. Cellular noise not only results in random fluctuations (over time) within individual cells, but it is also a
main source of phenotypic variability among clonal cell populations. 

Review of basic probability and stochastic processes; Introduction to stochastic gene expression; deterministic vs. stochastic models; the
stochastic chemical kinetics framework; a rigorous derivation of the chemical master equation; moment computations; linear vs. nonlinear
propensities; linear noise approximations; Monte Carlo simulations; Gillespie's Stochastic Simulation Algorithm (SSA) and variants; direct
methods for the solution of the Chemical Master Equation; moment closure methods; intrinsic and extrinsic noise in gene expression;
parameter identification from noise; propagation of noise in cell networks; noise suppression in cells; the role of feedback; exploiting noise;
bimodality and stochastic switches.

Literature Literature will be distributed during the course as needed.
Prerequisites /
notice

Students are expected to have completed the course `Mathematical modeling for systems biology (BSc Biotechnology) or `Computational
systems biology (MSc Computational biology and bioinformatics). Concurrent enrollment in `Computational Systems Biology: Deterministic
Approaches is recommended.

636-0019-00L Data Mining II
Prerequisites: Basic understanding of mathematics, as
taught in basic mathematics courses at the Bachelor`s
level. Ideally, students will have attended Data Mining I
before taking this class.

W 6 credits 3G+2A K. M. Borgwardt

Abstract Data Mining, the search for statistical dependencies in large databases, is of utmost important in modern society, in particular in biological
and medical research. Building on the basic algorithms and concepts of data mining presented in the course "Data Mining I", this course
presents advanced algorithms and concepts from data mining and the state-of-the-art in applications of data mining.

Objective The goal of this course is that the participants gain an advanced understanding of data mining problems and algorithms to solve these
problems, in particular in biological and medical applications, and to enable them to conduct their own research projects in the domain of
data mining.

Content The goal of the field of data mining is to find patterns and statistical dependencies in large databases, to gain an understanding of the
underlying system from which the data were obtained. In computational biology, data mining contributes to the analysis of vast
experimental data generated by high-throughput technologies, and thereby enables the generation of new hypotheses.
 
In this course, we will present advanced topics in data mining and its applications in computational biology.
 
Tentative list of topics:
 
1.     Dimensionality Reduction
2.     Association Rule Mining
3.     Text Mining
4.     Graph Mining

Lecture notes Course material will be provided in form of slides.
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Literature Will be provided during the course.

262-0200-00L Bayesian Phylodynamics W 4 credits 2G+2A T. Stadler, T. Vaughan
Abstract How fast was Ebola spreading in West Africa? Where and when did the epidemic outbreak start? How can we construct the phylogenetic

tree of great apes, and did gene flow occur between different apes? At the end of the course, students will have designed, performed,
presented, and discussed their own phylodynamic data analysis to answer such questions.

Objective Attendees will extend their knowledge of Bayesian phylodynamics obtained in the “Computational Biology” class (636-0017-00L) and will
learn how to apply this theory to real world data. The main theoretical concepts introduced are:
* Bayesian statistics
* Phylogenetic and phylodynamic models
* Markov Chain Monte Carlo methods
Attendees will apply these concepts to a number of applications yielding biological insight into:
* Epidemiology
* Pathogen evolution
* Macroevolution of species

Content In the first part of the semester, in each week, we will first present the theoretical concepts of Bayesian phylodynamics. The presentation
will be followed by attendees using the software package BEAST v2 to apply these theoretical concepts to empirical data. We use
previously published datasets on e.g. Ebola, Zika, Yellow Fever, Apes, and Penguins for analysis. Examples of these practical tutorials are
available on https://taming-the-beast.org/. 
In the second part of the semester, the students choose an empirical dataset of genetic sequencing data and possibly some non-genetic
metadata. They then design and conduct a research project in which they perform Bayesian phylogenetic analyses of their dataset. The
weekly class is intended to discuss and monitor progress and to address students’ questions very interactively. At the end of the semester,
the students present their research project in an oral presentation. The content of the presentation, the style of the presentation, and the
performance in answering the questions after the presentation will be marked.

Lecture notes Lecture slides will be available on moodle.
Literature The following books provide excellent background material:

•    Drummond, A. & Bouckaert, R. 2015. Bayesian evolutionary analysis with BEAST.
•    Yang, Z. 2014. Molecular Evolution: A Statistical Approach.
•    Felsenstein, J. 2003. Inferring Phylogenies.
The tutorials in this course are based on our Summer School “Taming the BEAST”: https://taming-the-beast.org/

Prerequisites /
notice

This class builds upon the content which we teach in the Computational Biology class (636-0017-00L). Attendees must have either taken
the Computational Biology class or acquired the content elsewhere.

636-0551-00L Supramolecular Chemistry W 3 credits 2V K. Tiefenbacher
Abstract This course provides an introduction to supramolecular chemistry. Prior knowledge in supramolecular chemistry is not a prerequisite for this

course. 
Objective After this course, the student is expected to understand and be able to apply the basics of supramolecular chemistry: host-guest

interactions, host design, self-assembly and simple enzyme mimetics.
Content This course provides an introduction to supramolecular chemistry. Prior knowledge in supramolecular chemistry is not a prerequisite for this

course. We will first cover the basic concepts of supramolecular chemistry: non-covalent interactions, host-guest chemistry, binding
constant determination and binding strength. Subsequently, we will take a closer look at how to bind different species: cations, anions and
neutral organic molecules. Towards the end of the semester, we will cover self-assembly processes and applications of supramolecular
structures as simple enzyme mimetics.

Lecture notes The lecture slides are provided online via ADAM. No additional literature is required. If additional information is desired, the book
“Supramolecular Chemistry” by Jonathan W. Steed and Jerry L. Atwood (John Wiley & Sons) is recommended.

262-6190-00L Machine Learning W 8 credits 4G external organisers

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

see Science in Perspective: Language Courses ETH/UZH

 Master's Thesis
Number Title Type ECTS Hours Lecturers

636-0900-00L Master's Thesis
Only students who fulfill the following criteria are allowed
to begin with their master thesis:
a. successful completion of the bachelor programme; 
b. fulfilling of any additional requirements necessary to
gain admission to the master programme.

O  40 credits 91D Lecturers

Abstract In the Master thesis students prove their ability to independent, structured and scientific working. The Master thesis is carried out under the
supervision of a professor in a research group of the D-BSSE, usually at the D-BSSE. Students are free to choose the area. 

Objective In the Master Thesis students prove their ability to independent, structured and scientific working.

 Additional Requirements
The courses below are only available for MSc students with additional admission requirements.

Number Title Type ECTS Hours Lecturers

636-1001-AAL Bio I: General Biology
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  5 credits 7R D. J. Müller

Literature Campbell “Biology“, chapters: 1 – 28, 40, 42, 43, 45

636-1002-AAL Bio II: Biochemistry
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  5 credits 7R S. Panke

Literature Stryer “Biochemistry”, chapters: 1-18, 24, 27-32
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636-1004-AAL Bio IV: Genetics
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  5 credits 7R R. Platt

Literature Lewin, Genes XI, chapters: 3,15, 16, 19-23, 26-30

636-1003-AAL Bio III: Cellular Biology
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  5 credits 7R D. J. Müller

Literature Alberts “Molecular biology of the cell”, chapters: 7-13, 15-17

636-1005-AAL Bio V: Bioinformatics
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  5 credits 7R N. Beerenwinkel

Literature Pevsner J, Bioinformatics and Functional Genomics, 3rd edition, 2015, chapters 1–7

636-1006-AAL Bio Lab I: General Biology
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  1 credit 3R P. S. Dittrich

Content General lab instructions (safety in the lab, buffers, media, pipetting, monoseptic working, proteins and protein degradation, PAGE, enzyme
assays

636-1007-AAL Bio Lab II: Microbiology
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  1 credit 3R S. Reddy

Content E. coli cultures, growth curves in different formats (shake flasks, µTPs) and readouts, making competent cells, transformation and
electroporation, plasmid isolation, ELISA

636-1008-AAL Bio Lab III: Molecular Biology I
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  1 credit 3R R. Platt

Content PCR, restriction digest, ligation, transformation, gel analysis, Sanger sequencing, Gibson assembly

636-1010-AAL Bio Lab V: Molecular Biology III
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  1 credit 3R S. Panke

Content “-omics” analyses in eukaryotic cells (sample preparation for  and analysis of omics data)

636-1009-AAL Bio Lab IV: Molecular Biology II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  1 credit 3R S. Panke

Content Gene expression in prokaryotes: Construction of reporter constructs, induction and readout under different conditions, influence of
degradation tags, genome editing in bacteria

 Seminars, Colloquia and Additional Courses
The credit points of the here listed subjects won't be taken in account for the MSc programm.

Number Title Type ECTS Hours Lecturers

636-0301-00L Current Topics in Biosystems Science and
Engineering

E- Dr 2 credits 1S R. Platt, N. Beerenwinkel,
Y. Benenson, K. M. Borgwardt,
P. S. Dittrich, M. Fussenegger,
A. Hierlemann, D. Iber,
M. H. Khammash, D. J. Müller,
S. Panke, S. Reddy, T. Schroeder,
T. Stadler, J. Stelling, B. Treutlein,
C. Uhler

Abstract This seminar will feature invited lectures about recent advances and developments in systems biology, including topics from biology,
bioengineering, and computational biology.

Objective To provide an overview of current systems biology research.
Content The final list of topics will be available at http://www.bsse.ethz.ch/education/.
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Biotechnology Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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CAS ARC Digital
 Core Courses

Number Title Type ECTS Hours Lecturers

072-0106-00L Module 6: Roles and Responsibilities
Only for CAS ARC in Digital and MAS in Architecture,
Real Estate, Construction.

O  1 credit 2G A. Paulus, S. Menz

Abstract Key terms: Activities, liability, dependencies, competences
Objective Module 6 describes the individual roles of the protagonists involved in digitally-aided planning, the contract award process, and the

construction and usage of buildings, enabling the participants to set their own responsibilities in the context of a specific project.
Content The implementation of digitally-aided processes requires rethinking in relation to the roles and responsibilities involved in the value-creation

chain in the building industry. The current position and the expected activities need to be given special attention. The variety of new role
models arising, such as BIM coordination, is explained in this module using each of the activities and responsibilities involved, viewed in
relation to theoretical and actual projects. In addition, current issues involving remuneration and legal liability are discussed.

Lecture notes Scripts, documents, studies, dates and addresses are stored on the server of the program.
Literature Literature recommendations at www.bauprozess.arch.ethz.ch and www.kompetenz.arch.ethz.ch

072-0107-00L Module 7: Ordering and Process Organisation
Only for CAS ARC in Digital and MAS in Architecture,
Real Estate, Construction.

O  1 credit 2G A. Paulus, S. Menz

Abstract Key terms: “Last planner,” “quality gates,” LOD and BIM project development plan
Objective The organisational elements involved in digitally-aided project work are defined in Module 7. Using a case study, the participants learn how

to competently put together what is known as a BIM project development plan.
Content The early setting of project goals, tasks and activities contributes to the success of a project, as the organisation can then be transparently

defined and communicated. Currently, what is known as a BIM project development plan helps define the project aims, organisation and
details of the attributes, semantics, SOI, LOD and LOI that are to be used. The basis for these can be provided both by the familiar SIA
process and also an superimposed flexible process organisation. Finally, the standards and definitions used by the Swiss professional
associations are explained.

Lecture notes Scripts, documents, studies, dates and addresses are stored on the server of the program.
Literature Literature recommendations at www.bauprozess.arch.ethz.ch and www.kompetenz.arch.ethz.ch

072-0108-00L Module 8: Development of a Digitalisation Strategy
Only for CAS ARC in Digital and MAS in Architecture,
Real Estate, Construction.

O  1 credit 2G A. Paulus, S. Menz

Abstract Key terms: Forward-looking company and project organisation
Objective Module 8 provides the basis for the development of robust long-term strategies for implementing digitalisation in projects and companies.

The participants learn how to evaluate these strategies independently and critically.
Content To be able to use digitally-aided project processing and value creation in specific contexts, a digitalisation strategy is needed as the

foundation for later implementation in the project and in the company. This strategy defines the planned activities needed to achieve the
goals. Using participants’ own list of tasks, the existing state is compared with the target state in relation to available resources, strengths,
competences, technical requirements and processes.

Lecture notes Scripts, documents, studies, dates and addresses are stored on the server of the program.
Literature Literature recommendations at www.bauprozess.arch.ethz.ch and www.kompetenz.arch.ethz.ch

072-0109-00L Module 9: Implementation a Strategy
Only for CAS ARC in Digital and MAS in Architecture,
Real Estate, Construction.

O  1 credit 2G A. Paulus, S. Menz

Abstract Key terms: Resources and competences, milestones and IDM
Objective Module 9 describes milestones, tools and the corresponding framework conditions for implementing a strategy, enabling the participants to

implement the strategy formulated in Module 8.
Content Experience shows that implementing a digitalisation strategy in a project or company can be successful when the project goals,

protagonists and resources have been correctly understood, so that easily achieved added value can be created at an early point.
Successful examples will be studied, as well as the formulation of pilot projects, software adaptation, investment and critical pathways. The
role of specific tools such as information delivery manuals (IDMs) is explained.

Lecture notes Scripts, documents, studies, dates and addresses are stored on the server of the program.
Literature Literature recommendations at www.bauprozess.arch.ethz.ch and www.kompetenz.arch.ethz.ch

072-0110-00L Module 10: Prospects for the Future
Only for CAS ARC in Digital and MAS in Architecture,
Real Estate, Construction.

O  1 credit 2G A. Paulus, S. Menz

Abstract Key terms: Adaptation and strategy
Objective Finally, Module 10 takes up topical developments and places them in order of importance, enabling the participants to act independently

and in accordance with the situation.
Content The rapidity with which digitalisation is influencing one’s own attitudes and activities makes it necessary to compare robust long-term

information with topical everyday events. Specifically, tools and ideas from the SIA, CRB, KBOB, IPB and “Bauen digital Schweiz” will be
discussed, as well as the options available in current software programs.

The participants will present their own theses on digitalisation and open them up for discussion in the plenary session.

Lecture notes Scripts, documents, studies, dates and addresses are stored on the server of the program.
Literature Literature recommendations at www.bauprozess.arch.ethz.ch and www.kompetenz.arch.ethz.ch

 Term Paper
Number Title Type ECTS Hours Lecturers

072-0190-00L Term Paper in Digitalisation
Only for CAS ARC in Digital and MAS in Architecture,
Real Estate, Construction.

O  2 credits 6A A. Paulus, S. Menz

Abstract Our advanced studies' lectures are given in German. Please find an abstract/the keywords in the field 'objective'.
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Objective The students are able to understand the following terminologies, processes and competences. They are able to put them into practice.
- Implementation of Methodologies
- Scientific working
- Analysis, interpretation, assessments
- Editor, proof reading
- Storytelling
- To publish on a certain subject
- To present and to lecture

Content Our advanced studies' lectures are given in German. Please find an abstract/the keywords in the field 'objective'.
Lecture notes Please find the teaching material, the further readings and Information on our server.
Literature www.map.arch.ethz.ch/en

CAS ARC Digital - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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CAS ARC in Strategies for Built Environment
 Core Courses

Number Title Type ECTS Hours Lecturers

072-0301-00L Module 1: Perception of Demand
Only for CAS ARC in Handling the Building Stock and
MAS in Architecture, Real Estate, Construction.

O 1 credit 2G A. Paulus, S. Menz

Abstract Key words: construction and real estate market, micro and macro environment
Objective In Module 1, by interpreting the snapshot of one's own enterprise and opportunities and dangers

to appreciate.
Content Introductory module «Enterprise» considers the role of organizations in the economic network of markets and their identity. It presents the

peculiarities of planning offices as a service provider, shows different types of companies and discusses the business cycle from founding
to succession planning. In addition, the branch-specific development of leadership and organizational models as well as the problem of
access to international markets are examined. Accompanying the basics of a general business model for service companies are taught and
key criteria defined.

Lecture notes Scripts, documents, studies, dates and addresses are stored on the server of the program.
Literature Literature recommendations at www.bauprozess.arch.ethz.ch and www.kompetenz.arch.ethz.ch

072-0302-00L Module 2: Estate
Only for CAS ARC in Handling the Building Stock and
MAS in Architecture, Real Estate, Construction.

O 1 credit 2G A. Paulus, S. Menz

Abstract Key words: Bauwerk Schweiz, new construction and renovation, economy
Change in value, demolition / replacement, potential for compression

Objective Knowledge about type, extent and change of the building Switzerland and the main questions.
Content With more than CHF 3'585 billion (excluding land), Switzerland is the largest national capital. It grows by around 4.7 per cent each year, but

its value is under-invested. Is there a risk of slippage? Should more be invested in maintenance / repair or more canceled and replaced?
How big is the compaction potential in the stock? Excursus on civil engineering and infrastructure construction

Lecture notes Scripts, documents, studies, dates and addresses are stored on the server of the program.
Literature Literature recommendations at www.bauprozess.arch.ethz.ch and www.kompetenz.arch.ethz.ch

072-0303-00L Module 3: Life Cycle
Only for CAS ARC in Handling the Building Stock and
MAS in Architecture, Real Estate, Construction.

O 1 credit 2G A. Paulus, S. Menz

Abstract Key words: intention development, realization operation
Objective The participants understand a property in the context of a life cycle
Content The importance of a life-cycle-oriented approach has arrived in the Swiss construction and real estate sector. Cumulative management

costs can exceed the cost of construction after just a few years. In this module, a systematic consideration of the phases and processes in
the life cycle of a property takes place. Study I explores various aspects of life-cycle planning and construction.

Lecture notes Scripts, documents, studies, dates and addresses are stored on the server of the program.

072-0304-00L Module 4: Care
Only for CAS ARC in Handling the Building Stock and
MAS in Architecture, Real Estate, Construction.

O 1 credit 2G A. Paulus, S. Menz

Abstract Key words: maintenance, change, replacement
Preservation of value, increase in value, destruction of value and replacement construction

Objective The various depths of intervention in dealing with a existing property and their effects are known.
Content The structure and nomenclature of the interventions in the stock are presented and models for the registration and calculation of the

structural interventions are presented. It focuses specifically on ongoing maintenance, the periodic repair and planning of renewal cycles,
as well as on structural interventions and value-enhancing measures. Based on the study II, the learning content is applied and various
options for action in dealing with the building stock are evaluated.

Lecture notes Scripts, documents, studies, dates and addresses are stored on the server of the program.
Literature Literature recommendations at www.bauprozess.arch.ethz.ch and www.kompetenz.arch.ethz.ch

072-0305-00L Module 5: Recyclables
Only for CAS ARC in Handling the Building Stock and
MAS in Architecture, Real Estate, Construction.

O 1 credit 2G A. Paulus, S. Menz

Abstract Key words: building fabric, material cycle
Production and disposal / reusability of building fabric, energy flows, pollutants

Objective Building and breaking off is understood as an energy and material flow.
Content The total weight of all properties in Switzerland is estimated at around 1 billion tonnes. Every year around 10 million m3 of buildings are

demolished and more than 60 million t of raw materials are used in new buildings. This module examines the cycle principle and its
implications for selective decommissioning, disposal, landfilling, recycling and reuse, as well as the importance of the gray matter energy of
materials.
Continuation, reuse, demolition / new construction - stakeholders, goals and conflicting goals

Lecture notes Scripts, documents, studies, dates and addresses are stored on the server of the program.
Literature Literature recommendations at www.bauprozess.arch.ethz.ch and www.kompetenz.arch.ethz.ch

 Term Paper
Offered in the Autumn Semester.

CAS ARC in Strategies for Built Environment - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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CAS ARC in Unternehmensführung
 Core Courses

Number Title Type ECTS Hours Lecturers

072-0406-00L Module 6: Legal Basis
Only for CAS ARC in Unternehmensführung and MAS in
Architecture, Real Estate, Construction.

O  1 credit 2G A. Paulus, S. Menz

Abstract Our advanced studies' lectures are given in German. Please find an abstract/the keywords in the field 'objective'.
Objective The students are able to understand the following terminologies, processes and competences. They are able to put them into practice.

- Labor and employment law
- Contracting
- Data protection

Content Our advanced studies' lectures are given in German. Please find an abstract/the keywords in the field 'objective'.
Lecture notes Please find the teaching material, the further readings and Information on our server.
Literature www.map.arch.ethz.ch/en

072-0407-00L Module 7: Leadership
Only for CAS ARC in Unternehmensführung and MAS in
Architecture, Real Estate, Construction.

O  1 credit 2G A. Paulus, S. Menz

Abstract Our advanced studies' lectures are given in German. Please find an abstract/the keywords in the field 'objective'.
Objective The students are abe to understand the following terminologies, processes and competences. The are able to put them into practice.

- Socio-economic organisational forms
- Leadership: attitude and practice
- Human ressources
- Change management
- Mediation and conflict resolution

Content Our advanced studies' lectures are given in German. Please find an abstract/the keywords in the field 'objective'.
Lecture notes Please find the teaching material, the further readings and Information on our server.
Literature www.map.arch.ethz.ch/en

072-0408-00L Module 8: Organisation
Only for CAS ARC in Unternehmensführung and MAS in
Architecture, Real Estate, Construction.

O  1 credit 2G A. Paulus, S. Menz

Abstract Our advanced studies' lectures are given in German. Please find an abstract/the keywords in the field 'objective'.
Objective The students are able to understand the following terminologies, processes and competences. They are able to put them into practice.

- Project management
- Tools and Instruments
- Control and Monitoring

Content Our advanced studies' lectures are given in German. Please find an abstract/the keywords in the field 'objective'.
Lecture notes Please find the teaching material, the further readings and Information on our server.
Literature www.map.arch.ethz.ch/en

072-0409-00L Module 9: Best Practices
Only for CAS ARC in Unternehmensführung and MAS in
Architecture, Real Estate, Construction.

O  1 credit 2G A. Paulus, S. Menz

Abstract Our advanced studies' lectures are given in German. Please find an abstract/the keywords in the field 'objective'.
Objective The students are able to understand the following terminologies, processes and competences. They are able to put them into practice.

- Critical thinking
- Analysis, interpretation, adoption, implementation

Content Our advanced studies' lectures are given in German. Please find an abstract/the keywords in the field 'objective'.
Lecture notes Please find the teaching material, the further readings and Information on our server.
Literature www.map.arch.ethz.ch/en

072-0410-00L Module 10: Strategy
Only for CAS ARC in Unternehmensführung and MAS in
Architecture, Real Estate, Construction.

O  1 credit 2G A. Paulus, S. Menz

Abstract Our advanced studies' lectures are given in German. Please find an abstract/the keywords in the field 'objective'.
Objective The students are able to understand the following terminologies, processes and competences. They are able to put them into practice.

- Strategy and futures
- Time horizons
- Micro and macro environment
- Certainty and uncertainty

Content Our advanced studies' lectures are given in German. Please find an abstract/the keywords in the field 'objective'.
Lecture notes Please find the teaching material, the further readings and Information on our server.
Literature www.map.arch.ethz.ch/en

 Term Paper
Number Title Type ECTS Hours Lecturers

072-0490-00L Term Paper in Corporate Governance
Only for CAS ARC in Digital and MAS in Architecture,
Real Estate, Construction.

O  2 credits 6A A. Paulus, S. Menz

Abstract Our advanced studies' lectures are given in German. Please find an abstract/the keywords in the field 'objective'.
Objective The students are able to understand the following terminologies, processes and competences. They are able to put them into practice.

- Implementation of Methodologies
- Scientific working
- Analysis, interpretation, assessments
- Editor, proof reading
- Storytelling
- To publish on a certain subject
- To present and to lecture

Content Our advanced studies' lectures are given in German. Please find an abstract/the keywords in the field 'objective'.
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Lecture notes Please find the teaching material, the further readings and Information on our server.
Literature www.map.arch.ethz.ch/en

CAS ARC in Unternehmensführung - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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CAS in Advanced Materials and Processes
 Module

Number Title Type ECTS Hours Lecturers

344-0100-00L CAS Module in Advanced Materials and Processes
Only for CAS in Advanced Materials and Processes. 
The enrolment is done by the MaP executive office.

O  12 credits 26A Professors

Abstract CAS AMaP participants are offered a MaP professor as a mentor together with whom they design their study plan along an individually-
specified focus area in ‘Advanced Materials and Processes’. Building on the individual expertise, interests and needs of the participants,
the customised CAS AMaP module consists of the elements (i) research project, ii) courses and lectures, (iii) knowledge transfer.

Objective The CAS AMaP module is fully customisable, building on the expertise of technical specialist professionals and aims at:
- training skills at the frontiers of the current state of research in Advanced Materials and Processes,
- deepening technical know-how with state-of-the-art knowledge in the specified focus area, and
- advancing practical competencies in the impart of expertise and knowledge transfer across disciplines and educational levels.

Content Depending on individual interests and needs of the technical specialist professionals, the CAS AMaP module consists of the elements:
I. conducting a research project in the mentor’s group, addressing fundamental, development or applied problems, considering theoretical
and/or experimental aspects,
II. individual schedule of courses and lectures with state-of-the-art knowledge, and
III. sharing of know-how in, e.g. seminars and interactive formats, thereby enhancing bidirectional knowledge transfer.

CAS in Advanced Materials and Processes - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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CAS in Applied Earth Sciences
 Modules Geo-Resources

The Module Geo-Resources runs over two semesters (FS and HS) and is offered every three years.

Takes place in FS22

Number Title Type ECTS Hours Lecturers

669-0100-00L Spring Course: Characterisation of Groundwater
Systems
Does not take place this semester.
Only for CAS in Angewandten Erdwissenschaften.

W 2 credits 2G M. O. Saar

Abstract The course provides current knowledge on the description of groundwater resources in porous and fractured aquifers using characteristic
parameters and the application of such characterisation. The course includes a 1-day computer workshop.

669-0101-00L Project Module: Geo-Resources
Does not take place this semester.
Only for CAS in Angewandten Erdwissenschaften.

W 2 credits 1S

Abstract The project module of the module group Geo-Resources includes a one-day workshop as part of the spring course and the preparation of a
joint cooperative online course script by the participants.

 Modules Geo-Contructions
The Module Geo-Constructions runs over two semesters (FS and HS) and is offered every three years.

Number Title Type ECTS Hours Lecturers

669-0200-00L Spring Course: Characterisation and Behaviour of
Rock and Soil
Only for CAS in Angewandten Erdwissenschaften.

W  2 credits 2G S. Löw, J. Aaron, I. Anastasopoulos

Abstract The courses provides the theoretical basics of subsurface investigations; a further focus is the use of the soil and rock mechanical
parameters by geotechnical and structural engineers. In a one-day workshop, the procedure is trained on the concrete project.

Objective The course enables the participants to plan engineering geological soil and rock investigations in a targeted manner and to evaluate the
results obtained.

669-0201-00L Project Module: Geo-Constructions
Only for CAS in Angewandten Erdwissenschaften.

W 2 credits 1S S. Löw, J. Aaron

Abstract In the project module of the module group Geo-Constructions the participants create a common course script for the spring and autumn
course in online cooperation.

 Modules Geo-Risks
The Module Geo-Risks runs over two semesters (FS and HS) and is offered every three years.

Takes place in FS21

CAS in Applied Earth Sciences - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 324 of 1785

CAS in Applied Statistics
 Compulsory Courses

Number Title Type ECTS Hours Lecturers

447-0000-00L Introduction to Probability and Statistics
Does not take place this semester.
Only for DAS and CAS in Applied Statistics.

O  4 credits 2V+2U

Abstract Introduction to simple methods and fundamental concepts of probability and statistics. The concepts are introduced using example data.
Objective Grundverständnis für die Gesetze des Zufalls und des Denkens in Wahrscheinlichkeiten. Kenntnis von Methoden zur Darstellung von

Daten und zu ihrer quantitativen Interpretation unter Berücksichtigung der statistischen Unsicherheit.
Content Modelle und Statistik für Zähldaten:

Diskrete Wahrscheinlichkeitsmodelle, Binomialverteilung, Tests und Vertrauensintervalle für eine Wahrscheinlichkeit, Poisson-Verteilung
und deren Statistik, weitere Verteilungen.
Modelle und Statistik für Messdaten: 
Beschreibende Statistik, Zufallsvariablen mit Dichten, t-Test und Wilcoxon-Test und zugehörige Vertrauensintervalle.

447-0102-01L Applied Multivariate Statistics I
Only for DAS and CAS in Applied Statistics.

O  3 credits 1V+1U B. Sick

Abstract Visualization techniques, principal component analysis, MDS and t-SNE. Hierarchical clustering, k-means clustering.
Objective Multivariate Statistics deals with joint distributions of several random variables. The course introduces the basic concepts and provides an

overview of classical and modern methods of multivariate statistics and their applications.

447-6624-01L Applied Time Series I
Only for DAS and CAS in Applied Statistics.

O  2 credits 1V+1U M. Dettling

Abstract Introduction to time series analysis: examples, goals and mathematical notation. Descriptive techniques, modelling and prediction.
Objective Getting to know the mathematical properties of time series, as well as the requirements, descriptive techniques, models and software that

are necessary such that the student can independently run an applied time series analysis.
Content The course starts with an introduction to time series analysis that comprises of examples and goals. We continue with notation and

descriptive analysis of time series. A major part of the course will be dedicated to modeling and forecasting of time series using the flexible
class of ARMA models.

Lecture notes A script will be available.

446-0990-00L Interview
Only for CAS in Applied Statistics.

O  0 credits Supervisors

Abstract In the interview participants present and discuss the application of statistical methodology in an area of application determined by the
participants.

Objective Presentation and discussion of statistical questions of the own area of expertise.

 Further Courses
Number Title Type ECTS Hours Lecturers

447-0000-01L Introduction to R
Does not take place this semester.
Only for DAS and CAS in Applied Statistics.

Z  0 credits 1V+2U

Abstract Introduction to R: data import, basic data manipulation, and data visualisation.
Objective The students will be able to use R for simple data analysis.

447-0102-02L Applied Multivariate Statistics II
Only for DAS and CAS in Applied Statistics.

W  3 credits 1V+1U B. Sick

Abstract Specialized methods of multivariate statistics: Classification, tree-based models, support vector machines, neural networks.
Objective Multivariate Statistics deals with joint distributions of several random variables. The course introduces more advanced concepts.

447-6624-02L Applied Time Series II
Only for DAS and CAS in Applied Statistics.

W  4 credits 1V+1U M. Dettling

Abstract More advanced topics in time series analysis like time series regression, state space models and spectral analysis.
Objective Getting to know advanced methods and software that are necessary such that the student can independently run an applied time series

analysis.
Lecture notes A script will be available.

447-6222-01L Robust Regression
Only for DAS and CAS in Applied Statistics.

W  1 credit A. F. Ruckstuhl

Abstract The basic ideas of robust fitting techniques are explained theoretically and practically using regression models and explorative multivariate
analysis.

Objective Participants are familiar with common robust fitting methods for linear regression models as well as for exploratory multivariate analysis
and are able to assess their suitability for the data at hand.

Content Influence function, breakdown point, regression M-estimation, regression MM-estimation, robust inference, covariance estimation with high
breakdown point, application in principal component analysis and linear discriminant analysis.

Literature Lecture notes are available.

447-6222-02L Nonlinear Regression
Only for DAS and CAS in Applied Statistics.

W  1 credit A. F. Ruckstuhl

Abstract Fitting nonlinear regression functions and determining reliable confidence intervals.
Objective Participants know the challenges that arise in fitting nonlinear regression functions. In addition, they are aware of the difference between

classical and profile based methods to determine confidence intervals.
Content Nonlinear regression models, estimation methods, approximate tests and confidence intervals, estimation methods, profile t plot, profile

traces, parameter transformations, prediction and calibration.
Lecture notes Lecture notes are available.

447-6236-00L Statistics for Survival Data W  2 credits 1V+1U A. Hauser
Abstract The primary purpose of a survival analysis is to model and analyze time-to-event data; that is, data that have as a principal endpoint the

length of time for an event to occur. This block course introduces the field of survival analysis without getting too embroiled in the
theoretical technicalities.
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Objective Presented here are some frequently used parametric models and methods, including accelerated failure time models; and the newer
nonparametric procedures which include the Kaplan-Meier estimate of survival and the Cox proportional hazards regression model. The
statistical tools treated are applicable to data from medical clinical trials, public health, epidemiology, engineering, economics, psychology,
and demography as well.

Content The primary purpose of a survival analysis is to model and analyze time-to-event data; that is, data that have as a principal endpoint the
length of time for an event to occur. Such events are generally referred to as "failures." Some examples are time until an electrical
component fails, time to first recurrence of a tumor (i.e., length of remission) after initial treatment, time to death, time to the learning of a
skill, and promotion times for employees.

In these examples we can see that it is possible that a "failure" time will not be observed either by deliberate design or due to random
censoring. This occurs, for example, if a patient is still alive at the end of a clinical trial period or has moved away. The necessity of
obtaining methods of analysis that accommodate censoring is the primary reason for developing specialized models and procedures for
failure time data. Survival analysis is the modern name given to the collection of statistical procedures which accommodate time-to-event
censored data. Prior to these new procedures, incomplete data were treated as missing data and omitted from the analysis. This resulted in
the loss of the partial information obtained and in introducing serious systematic error (bias) in estimated quantities. This, of course, lowers
the efficacy of the study. The procedures discussed here avoid bias and are more powerful as they utilize the partial information available
on a subject or item.

This block course introduces the field of survival analysis without getting too embroiled in the theoretical technicalities. Models for failure
times describe either the survivor function or hazard rate and their dependence on explanatory variables. Presented here are some
frequently used parametric models and methods, including accelerated failure time models; and the newer nonparametric procedures
which include the Kaplan-Meier estimate of survival and the Cox proportional hazards regression model. The statistical tools treated are
applicable to data from medical clinical trials, public health, epidemiology, engineering, economics, psychology, and demography as well.

CAS in Applied Statistics - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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CAS in Applied Manufacturing Technology
 Module

Number Title Type ECTS Hours Lecturers

165-0100-00L Manufacturing Processes
Only for CAS in Applied Manufacturing Technologies and
MAS in Applied Technology. 

O  3 credits 2G R. Spolenak

Abstract The module discusses the most important manufacturing processes and technologies driving Industry 4.0, including both traditional and
advanced manufacturing. The course will cover a wide variety of modern forming, shaping and joining techniques. Further, it will introduce
advanced technology such as non-conventional machining, micromanufacturing and additive manufacturing. 

Objective The module will reveal the fundamental link between materials properties and processing, and will thus provide a basis for the discussion of
product design considerations from the viewpoint of manufacturing processes. 

165-0101-00L Production Systems
Only for CAS in Applied Manufacturing Technologies and
MAS in Applied Technology. 

O  3 credits 2G S. Verhasselt

Abstract The module deals with the technology and principles that are used to manage systems of production, i.e. combinations of manufacturing
processes and support processes such as logistics. 

Objective The goal is for participants to learn about the variety of typical industry production systems including their applicability in defined business
environments and situations; to learn about the basics of production management and about evolving trends and new technology. 

165-0102-00L Product Development & Technology Implementation
Only for CAS in Applied Manufacturing Technologies and
MAS in Applied Technology. 

O  3 credits 2G M. Meboldt

Abstract The module focuses on agile product development and the implementation of new technologies using additive manufacturing as an
example. Participants will be introduced to basic principles, methods and mindset of Agile development by solving a practical development
task in teams. Next, we will explore how agile development is used to integrate new technologies into a company.

Objective After attending this course, participants are familiar with the fundamentals of Additive Manufacturing (AM), the technology’s impact on
product development and value creation. Furtherrmore, the students are introduced to the key principles and practices of Agile product
development.

165-0103-00L Materials
Only for CAS in Applied Manufacturing Technologies and
MAS in Applied Technology. 

O  3 credits 2G R. Spolenak

Abstract This module provides fundamental training in the behavior and manufacturing properties of materials as well as an introduction to materials
selection and design considerations as practiced in industry, including related concepts such as Design for Manufacturing and “green”
design. 

Objective •    to understand the societal implications of materials development
•    to appreciate the challenges in materials selection
•    to follow the economical aspect of process selection
•    to grasp that any material is much more than its chemical composition

CAS in Applied Manufacturing Technology - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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CAS in Applied Technology in Energy
 Module

Number Title Type ECTS Hours Lecturers

247-0100-00L Energy Fundamentals
Only for CAS in Applied Technology in Energy and MAS in
Applied Technology.

O  3 credits 2G C. Schaffner

Abstract The module provides an introduction to the fundamental science and the underlying technology throughout the rest of the CAS in Applied
Technology in Energy.

Objective Participants will have an overview over today’s energy system (including energy generation, distribution and consumption) functions and
will understand the underlying scientific principles, technologies as well as the regulatory frameworks.

Content Today’s energy system (including energy generation, distribution and consumption) will be explained, starting from the underlying scientific
principles moving to energy technologies as well as the relevant regulatory frameworks and economic principles. Special attention will be
paid to understanding renewable (solar & wind) electricity generation and why this rapidly evolving technology is driving change in multiple
industries. If time permits, the basics of climate change science and its relationship to energy related business decisions will be discussed
as well.

Prerequisites /
notice

MAS AT participants must have successfully completed CAS 1 and 2 in order to enrol. 

Non-MAS applicants must satisfy the following requirements:
- Demonstrated managerial experience working with technology companies or industries
- Good knowledge of English 
- ETH recognized Master’s degree*

CAS ATE applications will be reviewed by the Admission Committee of the Certificate Programme. The final decision is communicated in
writing.

* For non-MAS applicants, preference may be given to applicants with technical degrees or demonstrated practical knowledge in a relevant
field for the purpose of maintaining a higher level of technical discussion.

247-0101-00L Energy Storage
Only for CAS in Applied Technology in Energy and MAS in
Applied Technology.

O  3 credits 2G V. Wood

Abstract This module provides an overview over the most important  technologies for electrical energy storage, with an emphasis on batteries.
Objective Participants will gain knowledge about energy storage technologies. They will understand technological progress as well as barriers in the

future development of batteries.
Content The most important technologies for electrical energy storage in industry will be explained, with an emphasis on batteries. They will be

introduced to the energy storage technologies in use in industry as well as technology- and market-driven opportunities for change and new
applications. The design, manufacture, operation, and usage scenarios of lithium ion batteries will be explained in detail. Future
improvements in battery energy storage will be explored in terms of both likely progress and critical barriers.

Prerequisites /
notice

MAS AT participants must have successfully completed CAS 1 and 2 in order to enrol. 

Non-MAS applicants must satisfy the following requirements:
- Demonstrated managerial experience working with technology companies or industries
- Good knowledge of English 
- ETH recognized Master’s degree*

CAS ATE applications will be reviewed by the Admission Committee of the Certificate Programme. The final decision is communicated in
writing.

* For non-MAS applicants, preference may be given to applicants with technical degrees or demonstrated practical knowledge in a relevant
field for the purpose of maintaining a higher level of technical discussion.

247-0102-00L Electric Power Grid Systems
Only for CAS in Applied Technology in Energy and MAS in
Applied Technology.

O  3 credits 2G C. Franck, G. Hug

Abstract This module provides an overview over the technical operation and management of power grid systems.
Objective Participants will gain an understanding of the operation and management of power grid systems, including challenges and opportunities for

future developments.
Content For decades, electric power grid systems remained essentially unchanged. Now, they are undergoing significant changes driven by

technology. Despite or maybe even because of these changes it is important to understand the fundamental setup and workings of the
electric power grid. 

Participants will learn about the technical operation and management of traditional power grid systems. The fundamental equipment and
mechanisms responsible for transforming and transporting electricity to end users and the concept of AC power will be explained. Typical
grid connections and management and the underlying physical principles will be discussed. The opportunities for and barriers to future grid
technology and systems from both an operator’s and end user’s perspective will be explored, potentially including distributed generation,
microgrids/islanding, demand response, virtual power plants, etc.

Prerequisites /
notice

MAS AT participants must have successfully completed CAS 1 and 2 in order to enrol. 

Non-MAS applicants must satisfy the following requirements:
- Demonstrated managerial experience working with technology companies or industries
- Good knowledge of English 
- ETH recognized Master’s degree*

CAS ATE applications will be reviewed by the Admission Committee of the Certificate Programme. The final decision is communicated in
writing.

* For non-MAS applicants, preference may be given to applicants with technical degrees or demonstrated practical knowledge in a relevant
field for the purpose of maintaining a higher level of technical discussion.

247-0103-00L Electrification and Practical Applications
Only for CAS in Applied Technology in Energy and MAS in
Applied Technology.

O  3 credits 2G C. Schaffner

Abstract The focus of this module is on understanding electrification technology and their practical application in multiple industries.
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Objective Participants will understand the opportunities and challenges of the electrification of different sectors (e.g. transportation, buildings,
industry).

Content This course takes a case study approach to look at how electrification is currently impacting products and technology use in manufacturing,
electronics, automotive/ transport, building construction and facilities management. Some policy and regulatory elements may be discussed
to provide context, but the focus is on understanding the technical and practical aspects of implementation. The technical results that can
be expected will be discussed in terms of power availability and security, energy efficiency, etc. as well as how electrification supports other
potential technical goals such as digitalization and automation.

Prerequisites /
notice

MAS AT participants must have successfully completed CAS 1 and 2 in order to enrol. 

Non-MAS applicants must satisfy the following requirements:
- Demonstrated managerial experience working with technology companies or industries
- Good knowledge of English 
- ETH recognized Master’s degree*

CAS ATE applications will be reviewed by the Admission Committee of the Certificate Programme. The final decision is communicated in
writing.

* For non-MAS applicants, preference may be given to applicants with technical degrees or demonstrated practical knowledge in a relevant
field for the purpose of maintaining a higher level of technical discussion.

CAS in Applied Technology in Energy - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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CAS in Collaborative Decision Making Under Uncertainty
 Module

Number Title Type ECTS Hours Lecturers

744-0101-00L Module 1: Systems Thinking
Only for CAS in Collaborative Decision Making Under
Uncertainty.

O  1 credit 1G B. B. Pearce, D. N. Bresch,
M. Stauffacher

Abstract This is the first of nine modules for the Certificate of Advanced Studies in Collaborative Decision Making Under Uncertainty. Each module
is designed to focus on a particular methodology and a specific theme related to climate risk and sustainable development. Each module is
titled after the methodological focus of each module. The focus of this module is systems thinking.

Objective The focus of this first module is to introduce participants to a fundamental way of tackling complexity and analyzing the world using
systems thinking.

The learning objectives are to:
- Understand and apply systems thinking to strategic decision making scenarios.
- Analyze decision making processes within participants’ institutional settings.
- Identify common core concepts that connects challenges experienced by each participant’s decision making situation.

Content Collect decision making challenges within the working context of each participant by applying concepts from systems thinking. The
methods that are likely to be used are storytelling, rich picture creation from soft systems methodology, concept mapping, qualitative
systems modeling, and peer feedback.

Literature Includes selected readings from: 

Midgley, G. (2000). Systemic intervention. In Systemic Intervention (pp. 113-133). Springer, Boston, MA.
Senge, P. M. (2006). The Fifth Discipline (2nd ed.). New York: Random House.
Vester, F. (1988). The biocybernetic approach as a basis for planning our environment. Systems Practice, 1(4), 399–413.
http://doi.org/10.1007/BF01066582

Additional readings and exercises will be announced in class.

Prerequisites /
notice

All 9 modules must be completed to obtain the Certificate of Advanced Studies.

744-0102-00L Module 2: Macrocognition and Elicitation of Expert
Knowledge
Only for CAS in Collaborative Decision Making Under
Uncertainty.

O  1 credit 1G B. B. Pearce, D. N. Bresch

Abstract This is the second of nine modules for the Certificate of Advanced Studies in Collaborative Decision Making Under Uncertainty. The focus
of this module is on the elicitation and use of expert knowledge for collaborative processes.

Objective The focus of this second module is to introduce participants to the concepts of macrocognition and ways in which expert knowledge can be
elicited for collaborative problem solving. 

The learning objectives are to:
-    Understand and practice using knowledge maps, influence diagrams, concept mapping and other methods for eliciting expert
knowledge.
-    Apply methods for eliciting unknown unknowns from a group. 
-    Identify the expertise within the group for understanding complexity. 
-    Relate to core challenges identified from Module 1.

Literature Includes selected readings from:

Kahneman, D., & Klein, G. (2009). Conditions for intuitive expertise: A failure to disagree. American Psychologist, 64(6), 515–526.
http://doi.org/10.1037/a0016755
Klein, G. A. (1998). Sources of power: How people make decisions. Cambridge, MA: MIT press.
Klein, G. A., Calderwood, R., & Macgregor, D. (1989). Critical Decision Method for Eliciting Knowledge (Vol. 19, pp. 462–472). Presented
at the IEEE Transactions on Systems, Man and Cybernetics. http://doi.org/10.1109/21.31053
Crandall, B., Klein, G. A., & Hoffmann, R. R. (2006). Working Minds. Cambridge: MIT Press.

Additional readings and exercises will be announced in class.

Prerequisites /
notice

Participation and completion of Module 1.
All modules must be completed in order to receive the certificate.

744-0103-00L Module 3: Mental Models Theory
Only for CAS in Collaborative Decision Making Under
Uncertainty.

O  1 credit 1G B. B. Pearce, D. N. Bresch

Abstract This is the third of nine modules for the Certificate of Advanced Studies in Collaborative Decision Making Under Uncertainty. This focus of
this module is on the use of mental models theory for collaborative processes.

Objective The focus of this third module is to introduce participants to mental model theories and related concepts that are relevant for creating
conditions for effective problem framing/problem structuring. 

The learning objectives are to:
-    Understand the relationship between the concept of a “mental model”, shared mental models and problem .framing/problem structuring
-    Exchange and integrate  participants’ own mental models for problem identification.
-    Experience the importance of problem framing for effective collaboration.
-    Create problem definitions for group projects.

Literature Includes selected readings from:

Argyris, C. (1976). Single-loop and double-loop models in research on decision making. Administrative Science Quarterly, 363–375.
Johnson-Laird, P. N. (1983). Mental Models. Cambridge, MA: Harvard University Press.
Morgan, M. G., Fischhoff, B., Bostrom, A., & Atman, C. J. (2002). Risk communication: A mental models approach. Cambridge, UK:
Cambridge University Press.
Schön, D. A. (1984). The Reflective Practitioner: How Professionals Think In Action. New York: Basic Books.

Additional reading and exercises will be announced in class.

Prerequisites /
notice

Completion of Modules 1 and 2.
All modules must be completed in order to receive the certificate.

744-0104-00L Module 4: Design Thinking O  1 credit 1G B. B. Pearce, M. Stauffacher
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Only for CAS in Collaborative Decision Making Under
Uncertainty.

Abstract This is the fourth of nine modules for the Certificate of Advanced Studies in Collaborative Decision Making Under Uncertainty. The focus of
this module is on the application of design thinking for creating strategy prototypes to confront complex problems.

Objective The focus of this fourth module is to introduce participants to design thinking as a means of collaborative problem solving.

The learning objectives are to:
-    Learn design thinking through experiencing it.
-    Identify insights as the basis of problem definition using design thinking methodology.
-    Refine problem definitions based on insights. 
-    Develop first iteration “solutions” to problem definitions.

Prerequisites /
notice

Completion of Modules 1-3.
All modules must be completed in order to receive the certificate.

744-0105-00L Module 5: Decisions Heuristics and Systems Thinking
Review
Only for CAS in Collaborative Decision Making Under
Uncertainty.

O  1 credit 1G B. B. Pearce, M. Stauffacher

Abstract This is the fifth of nine modules for the Certificate of Advanced Studies in Collaborative Decision Making Under Uncertainty. The focus of
this module is to apply insights from decisions heuristics and systems thinking in order to develop evaluative criteria for the refinement and
selection of strategy prototypes.

Objective The focus of this fifth module is to introduce participants to the heuristics, biases and processes that both individuals and groups encounter
in making decisions. Contrasting views of heuristics decision making, as well as the theory of collective action will be used as the
background for developing this understanding. These processes will also be linked back to systems thinking. 

The learning objectives are to:
-    Understand major theories of decision heuristics as it applies to both individuals and groups.
-    Connect these theories to systems thinking.
-    Develop and refine further solutions to problem definitions.
-    Apply decision heuristics and systems thinking to review and select solutions.

Literature Includes selected readings from:

Gigerenzer, G., Todd, P. M., ABC Research Group. (1999). Simple Heuristics that Make Us Smart. Oxford: Oxford University Press.
Kahneman, D. (2011). Thinking, Fast and Slow. New York: Farrar, Straus and Giroux.
Ostrom, E. (2015). Governing the Commons (2nd ed.). Cambridge, UK: Cambridge University Press.
Tversky, A., & Kahneman, D. (1986). Rational Choice and the Framing of Decisions. The Journal of Business, 59(4).
http://doi.org/10.2307/2352759?refreqid=search-gateway:7ccb9066b95a8996e388dda0e571d13d

Additional reading and exercises will be announced in class.

Prerequisites /
notice

Completion of Modules 1-4.
All modules must be completed in order to receive the certificate.

744-0106-00L Module 6: Prototyping I
Only for CAS in Collaborative Decision Making Under
Uncertainty.

O  1 credit 1G B. B. Pearce, M. Stauffacher

Abstract This is the sixth of nine modules for the Certificate of Advanced Studies in Collaborative Decision Making Under Uncertainty. The focus of
this module is to  make strategy prototypes concrete by creating first-level versions of the ideas.

Objective This focus of this sixth module is to continue working with the first set of solutions identified from the previous module. Based on the
accumulated knowledge from the inputs already given, participants refine problem statements and brainstorm a second iteration of possible
solutions to these problem statements. 

The learning objectives are to:
-    Refine and finalize problem statements in groups.
-    Create a first-level prototype of a solution to the problem statement.

Prerequisites /
notice

Completion of Modules 1-5.
All modules must be completed in order to receive the certificate.

744-0107-00L Module 7: Prototypes Analysis and Systems Thinking
Review
Only for CAS in Collaborative Decision Making Under
Uncertainty.

O  1 credit 1G B. B. Pearce, D. N. Bresch

Abstract This is the seventh of nine modules for the Certificate of Advanced Studies in Collaborative Decision Making Under Uncertainty. The focus
of this module is to refine strategy prototypes through an exploration of potential unintended consequences and unknown unknowns.

Objective The focus of this seventh module is to analyze first-level prototypes within a systems thinking framework. Based on the outputs,
participants refine their prototypes.  

The learning objectives are to:
-    Apply systems thinking by integrating solutions with systems analysis to consider possible unintended consequences of decision making
-    Review and integrate inputs from previous modules to help with further selection of prototypes and implementation.

Prerequisites /
notice

Completion of Modules 1-6.
All modules must be completed in order to receive the certificate.

744-0108-00L Module 8: Prototyping II
Only for CAS in Collaborative Decision Making Under
Uncertainty.

O  1 credit 1G B. B. Pearce, M. Stauffacher

Abstract This is the eighth of nine modules for the Certificate of Advanced Studies in Collaborative Decision Making Under Uncertainty. The focus of
this module is to change and revise prototypes based on new insights during group work between modules.

Objective The focus of this eighth module is to create second-level prototypes, building on insights obtained from making and analyzing first-level
prototypes.

The learning objectives are to:
-    Create second-level prototypes that will be ready to test in the real world outside of the classroom.
-    Evaluate the strengths and weaknesses of the working process.
-    Document the collaboration process.
-    Create a plan for refining prototypes before the final presentation.

Prerequisites /
notice

Completion of Modules 1-7.
All modules must be completed in order to receive the certificate.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 331 of 1785

744-0109-00L Module 9: Final Presentation/Output Rounds
Only for CAS in Collaborative Decision Making Under
Uncertainty.

O  1 credit 1G B. B. Pearce, D. N. Bresch,
M. Stauffacher

Abstract This is the last of nine modules for the Certificate of Advanced Studies in Collaborative Decision Making Under Uncertainty. The final
versions of the strategy prototypes will be presented to the public and discussed during this session.

Objective The focus of this ninth module is to present, discuss, and reflect on the prototypes developed over the course of the CAS. 

The presentations will be open to the public on Friday. 

The learning objectives are to:
-    Practice communicating ideas of how to engage with uncertainty in strategic decision making.
-    Reflect and draw insights from the experience of working in collaboration with others.
-    Establish next steps for improved decision making in the future on an individual and organizational level.

Prerequisites /
notice

Completion of Modules 1-8
All modules must be completed in order to receive the certificate.

 Group Work
Number Title Type ECTS Hours Lecturers

744-0500-00L Group Work between Modules O  1 credit 11A B. B. Pearce, D. N. Bresch,
M. Stauffacher

Abstract Between each of the nine modules that are a part of the CAS CDM, participants are expected to work on their group projects together. This
amount of time should amount to 150 hours in total. Groups will be able to determine the topic and direction of this work during the in-class
sessions

Objective The learning objectives are to: 
-    Test concepts and methods discussed in-class in the real world.
-    Identify differences between theory and practice in the application of these methods.
-    Create and test viability of prototypes developed in-class.

Prerequisites /
notice

Accompanies Modules 1-9 as an obligatory element of coursework.

CAS in Collaborative Decision Making Under Uncertainty - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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CAS in Cyber Security
The CAS takes place in Autumn Semester only.

Course beginning: Autumn Semester 2020

CAS in Cyber Security - Key for Type

E- Recommended, not eligible for credits
O Compulsory
W+ Eligible for credits and recommended

W Eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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CAS in Development and Cooperation
Takes place each spring semester and every second autumn semester (odd years).

 Module
Number Title Type ECTS Hours Lecturers

865-0000-03L Current Development Debate – Policy Coherence for
Development
Does not take place this semester.
Only for CAS in Development and Cooperation students,
as well as specialists with at least 24 months of practical
experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also
be admitted.

Registration only through the NADEL administration office.

O 1 credit 2G

Abstract The training course provides an introduction into strategic schools of thought that are important in current theoretical discussions and
policies of development cooperation.

Objective The training course provides an introductio into strategic schools of thought that are important in current theoretical discussions and
policies of development cooperation.

Prerequisites /
notice

Students of the course must fulfil requirements specified on the homepage of NADEL. Electronic registration may be done only after
registration with NADEL secretariate.

865-0037-00L M4P – Making Markets Work for the Poor
Only for MAS/CAS in Development and Cooperation
students, as well as specialists with at least 24 months of
practical experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also
be admitted.

Registration only through the NADEL administration office.

W 2 credits 3G K. Harttgen

Abstract The course conveys basic knowledge about the M4P-project approach in development cooperation (Making Markets Work for the Poor).
Important elements are: strategic framework of the M4P-concept; understanding systems and system change; sustainability and facilitation
of system change; measurement and management of private sector promotion in development assistance.

Objective The course conveys basic knowledge about the M4P-project approach in development cooperation (Making Markets Work for the Poor).
Important elements are: strategic framework of the M4P-concept; understanding systems and system change; sustainability and facilitation
of system change; measurement and management of private sector promotion in development assistance.

Prerequisites /
notice

Students of the course must fulfil requirements specified on the homepage of NADEL.

865-0042-00L Financial Management of Projects
Does not take place this semester.
Only for MAS/CAS in Development and Cooperation
students, as well as specialists with at least 24 months of
practical experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also
be admitted.

Registration only through the NADEL administration office.

W 2 credits 2G I. Günther

Abstract The course conveys basic knowledge of methods and instruments for the financial management and the economic analysis of development
projects. Case studies and exercises are used to make students familiar with methods and instruments of financial management.

Objective The course conveys basic knowledge of methods and instruments for the financial management and the economic analysis of development
projects. Case studies and exercises are used to make students familiar with methods and instruments of financial management.

Prerequisites /
notice

Students of the course must fulfill requirements specified on the homepage of NADEL.

865-0000-01L Planning and Monitoring of Projects
Only for CAS in Development and Cooperation students,
as well as specialists with at least 24 months of practical
experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also
be admitted.

Registration only through the NADEL administration office.

O 2 credits 3G K. Schneider

Abstract The course provides a deeper understanding of the methodological foundations of results-oriented planning and steering of development
projects. Together with the participants, we reflect on the situation-specific application of instruments for project planning and the
development of a monitoring system, which makes it possible, in complex contexts, to adapt and steer projects.

Objective The course participants are able to describe the process of project planning using the correct technical terminology, to initiate an analysis
of the initial situation and possible development scenarios, to elaborate a monitoring system, and to adaptively steer the implementation of
projects.

Content - Basic concepts of result-oriented project management
- Instruments and resources for project planning, including the elaboration of a "logframe matrix"
- Instruments and resources for project monitoring, and for the development of a monitoring system, including indicators to assess
objectives achievement and steer the project
- "Alternatives" to the logframe in project management

Prerequisites /
notice

Students of the course must fulfill requirements specified on the homepage of NADEL.

865-0044-00L Evaluation of Projects W 2 credits 3G K. Schneider, F. Brugger
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Only for MAS/CAS in Development and Cooperation
students, as well as specialists with at least 24 months of
practical experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also
be admitted.

Registration only through the NADEL administration office.

Abstract The course deals with different approaches and types of evaluations within the framework of development projects. The participants
acquire knowledge and skills for the use of methods for the analysis of project processes and results and their use in project management.
In order to deepen the understanding, practical project examples are focused on.

Objective The course enables to plan and manage evaluation processes effectively and efficiently.
Content - Purpose, design and implementation of evaluations

- Evaluation Standards
- Advantages and disadvantages of different evaluation methods
- Quality assurance and implementation of evaluation results

Prerequisites /
notice

Students of the course must fulfil requirements specified on the homepage of NADEL. Electronic registration may be done only after
registration with NADEL secretariate.

865-0065-00L VET between Poverty Alleviation and Economic
Development
Only for MAS/CAS in Development and Cooperation
students, as well as specialists with at least 24 months of
practical experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also
be admitted.

Registration only through the NADEL administration office.

W 2 credits 3G L. B. Nilsen, F. Kehl, M. Maurer

Abstract The course aims at strengthening the capacity in portfolio management for VET, skills development and active labor market policies. It
deals with basic issues and challenges of Vocational Education and Training (VET) in Developing Countries. In view of the many of school
leavers VET has to place itself between the contradicting intensions of quality education and short-term training interventions.

Objective The participants are able to
- Assess project proposals and ongoing project regarding their relevance and suitability in the specific country context
- Explain strengths and weaknesses of the opposing approaches "dual apprenticeship" and "competency based training" as well as
synergies and incompatibilities between the two
- Describe the competent use of tools currently applied in VET

Content • Basic concepts and terms
• Differences and commonalities between VET and neighboring systems
• Planning, assessment of VET interventions with different objectives: economic development, poverty alleviation, creation of self-
employment or systems development
• VET as a cooperation system of stakeholders with different duties, interests and competencies
• Background, potential use and limitations of (national) qualification frameworks
• Half-day visit to important actors of the Swiss VET landscape

Prerequisites /
notice

Students of the course must fulfil requirements specified on the homepage of NADEL. Electronic registration may be done only after
registration with NADEL secretariate.

865-0000-07L Climate Change and Development
Only for MAS/CAS in Development and Cooperation
students, as well as specialists with at least 24 months of
practical experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also
be admitted.

ETH MA/MSc students apply with a letter of motivation to
the NADEL administration office.

Registration only through the NADEL administration office.

W 2 credits 3G L. B. Nilsen

Abstract Climate change has taken a lead position on the international development agenda. This course equips participants with a better
understanding of the interlinkages between climate change and development, and enables them to integrate climate change considerations
into the planning and implementation of development projects.

Objective After completing the course, participants will be able to:
• discuss the interconnections between climate change and sustainable development 
• explain opportunities and challenges that the current climate agreement presents for developing countries 
• understand political, technological, and financial challenges of low-carbon development and how they can be addressed 
• explain the complementary nature of mitigation and adaptation and the major strategies used in each
• analyse linkages between climate change adaptation and development planning
• understand the basic steps in defining climate adaptation projects, and recognize the opportunities and limitations of climate models for
decision-making.   
• engage in an informed dialogue about climate finance, and recognize the main sources of financing to support low carbon and climate-
resilient development
• recognize the institutional opportunities and challenges of climate mainstreaming in international humanitarian and development
organisations

Content Climate change and sustainable development
Implications of climate change for developing countries
International and national policy responses and challenges of climate change negotiations
Mitigation and adaptation in resource-poor and vulnerable settings
Climate financing 
Trade-offs between mitigation, adaptation and development goals
Climate smart development projects

865-0000-02L Tools and Approaches for Capacity Development
Does not take place this semester.

W 2 credits 3G
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Only for MAS/CAS in Development and Cooperation
students, as well as specialists with at least 24 months of
practical experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also
be admitted.

Registration only through the NADEL administration office.

Abstract This course offers an introduction to approaches and tools for capacity development, considering training and human resources
development, institutional change and systemic reform. The objective of the course is to build practical skills for better planning, design,
implementation, and assessment of capacity development initiatives.

Objective After completing the course, participants will be able to
• Explain basic concepts of Capacity Development and its role in the international development cooperation. 
• Critically discuss approaches of capacity development, including human resources development, institutional change and systemic
reform. 
• Designe, implement and evaluate capacity development interventions. 
• Manage learning- and change processes. 
• Reflect upon own experiences and lessons learnt

Content • The concept of capacity development and its role in the international development cooperation. 
• Key approaches of capacity development, including human resources development, institutional change and systemic reform. 
• Examples and application of important capacity development instruments.
• Designing, implementation and evaluation of capacity development interventions. 
• Management of learning- and change processes. 

865-0002-00L Migration: A Challenge for Development Cooperation
Only for MAS/CAS in Development and Cooperation
students, as well as specialists with at least 24 months of
practical experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also
be admitted.

ETH MA/MSc students apply with a letter of motivation to
the NADEL administration office.

Registration only through the NADEL administration office.

W 1 credit 2G K. Schneider, L. Hensgen

Abstract An estimated 250 million people are currently living outside countries of origin - voluntarily as migrants or involuntarily as refugees. The
course explores the role that international cooperation can play in promoting the positive aspects of migration and in reducing the negative
consequences.

Objective Course participants have improved understanding of the following issues:
- Definition of migration concepts and terms, including migrants, refugees, IDPs
- The geography of migration flows 
- The evolving concept of “migration and development” 
- International organizations and their strategies and activities in terms of migration

Content Today's migration movements are initiated in the countries of origin through different causes, whether political, social, economic, or natural.
Although the concept of migration is negatively connoted for many people, international migration has a positive impact on both the
countries of origin and the recipient countries. In addition to the transfer of goods and capital, it can also be understood as part of the
increasing globalization process.

865-0000-06L Impact Evaluations in Practice
Only for MAS/CAS in Development and Cooperation
students, as well as specialists with at least 24 months of
practical experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also
be admitted.

Registration only through the NADEL administration office.

W 2 credits 3G I. Günther, A. Rom

Abstract The course gives an introduction to the most important methods for rigorous impact analysis of development programs and projects. The
course is designed to both cover the most fundamental methods of impact analysis and introduce real world case studies from national,
international and non-governmental development organizations and asks how rigorous impact analysis has influenced their policies.

Objective Participants understand the most important methods of impact analysis. They are able to conduct small scale studies to evaluate the
impact of their own programs as well as manage larger impact evaluations for their organizations. Participants are able to use the results of
own and external impact studies.

Content Introduction to rigorous impact analysis; Case studies and their policy implications; Introduction to the required statistical knowledge;
Potentials and limitations of quantitative analysis; Experimental and quasi-experimental methods; Relevant and feasible indicators for the
measurement of outcomes and impacts; Data collection and analysis; Project management of an impact analysis.

Prerequisites /
notice

Students of the course must fulfil requirements specified on the homepage of NADEL. Electronic registration may be done only after
registration with NADEL secretariate.

865-0056-00L Conflict Sensitivity and Peacebuilding – Tools and
Approaches
Does not take place this semester.
Only for MAS/CAS in Development and Cooperation
students, as well as specialists with at least 24 months of
practical experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also
be admitted.

ETH MA/MSc students apply with a letter of motivation to
the NADEL administration office.

Registration only through the NADEL administration office.

W 2 credits 3G
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Abstract The course offers an introduction to the subject and contributes to a better understanding of the current debate and policy practices.
Participants get an overview of concepts, methodological approaches as well as operational experiences and challenges of the actors in
this complex area.

Objective The course offers an introduction to the subject and contributes to a better understanding of the current debate and policy practices.

865-0066-04L ICT4D – Concepts, Strategies and Good Practices
Only for MAS/CAS in Development and Cooperation
students, as well as specialists with at least 24 months of
practical experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also
be admitted.

ETH MA/MSc students apply with a letter of motivation to
the NADEL administration office.

Registration only through the NADEL administration office.

W 2 credits 3G F. Brugger

Abstract Information and communication technologies (ICTs) represent the deepest technical change experienced in international development.
Digital development strategies need to be broader than ICT strategies. This course assesses the role of ICTs in development, discusses
the existing evidence on the impact of ICT on development, and introduces key concepts and methods for ICT4D practice and strategy.

Objective Information and communication technologies (ICTs) represent the fastest and deepest technical change experienced in international
development. By now, they affect every development sector – the work of farmers and micro-entrepreneurs, healthcare workers and
microfinance institutions, social mobilization and political change. Yet, the ‘digital dividends’ are unevenly distributed and questions of ‘data
justice’ in development are largely unexplored. To close the gap, just greater digital adoption will not be enough. Digital development
strategies need to be broader than ICT strategies. This course helps to understand the role of ICTs in development, discusses the existing
evidence on the impact of ICT on development, and introduces key concepts and methods for ICT4D practice and strategy.

Content • ICTs and development: the conceptual links
• The impact of ICT on development: evidence from research
• Digital revolution and its analog foundations
• Concepts, strategies and components needed for ICT4D to work
• ICT4D and project cycle management
• Good practice in implementing ICT4D
• Emerging technologies and models relevant for ICT-enabled development

CAS in Development and Cooperation - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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CAS in Computer Science
 Focus Courses and Electives

Number Title Type ECTS Hours Lecturers

227-0558-00L Principles of Distributed Computing W 7 credits 2V+2U+2A R. Wattenhofer, M. Ghaffari
Abstract We study the fundamental issues underlying the design of distributed systems: communication, coordination, fault-tolerance, locality,

parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential algorithmic ideas and lower bound
techniques.

Objective Distributed computing is essential in modern computing and communications systems. Examples are on the one hand large-scale networks
such as the Internet, and on the other hand multiprocessors such as your new multi-core laptop. This course introduces the principles of
distributed computing, emphasizing the fundamental issues underlying the design of distributed systems and networks: communication,
coordination, fault-tolerance, locality, parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential
algorithmic ideas and lower bound techniques, basically the "pearls" of distributed computing. We will cover a fresh topic every week.

Content Distributed computing models and paradigms, e.g. message passing, shared memory, synchronous vs. asynchronous systems, time and
message complexity, peer-to-peer systems, small-world networks, social networks, sorting networks, wireless communication, and self-
organizing systems.

Distributed algorithms, e.g. leader election, coloring, covering, packing, decomposition, spanning trees, mutual exclusion, store and collect,
arrow, ivy, synchronizers, diameter, all-pairs-shortest-path, wake-up, and lower bounds

Lecture notes Available. Our course script is used at dozens of other universities around the world.
Literature Lecture Notes By Roger Wattenhofer. These lecture notes are taught at about a dozen different universities through the world.


Distributed Computing: Fundamentals, Simulations and Advanced Topics
Hagit Attiya, Jennifer Welch.
McGraw-Hill Publishing, 1998, ISBN 0-07-709352 6

Introduction to Algorithms
Thomas Cormen, Charles Leiserson, Ronald Rivest.
The MIT Press, 1998, ISBN 0-262-53091-0 oder 0-262-03141-8

Disseminatin of Information in Communication Networks
Juraj Hromkovic, Ralf Klasing, Andrzej Pelc, Peter Ruzicka, Walter Unger.
Springer-Verlag, Berlin Heidelberg, 2005, ISBN 3-540-00846-2

Introduction to Parallel Algorithms and Architectures: Arrays, Trees, Hypercubes
Frank Thomson Leighton.
Morgan Kaufmann Publishers Inc., San Francisco, CA, 1991, ISBN 1-55860-117-1

Distributed Computing: A Locality-Sensitive Approach
David Peleg.
Society for Industrial and Applied Mathematics (SIAM), 2000, ISBN 0-89871-464-8

Prerequisites /
notice

Course pre-requisites: Interest in algorithmic problems. (No particular course needed.)

227-1034-00L Computational Vision (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: INI402

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W 6 credits 2V+1U D. Kiper

Abstract This course focuses on neural computations that underlie visual perception. We study how visual signals are processed in the retina, LGN
and visual cortex. We study the morpholgy and functional architecture of cortical circuits responsible for pattern, motion, color, and three-
dimensional vision.

Objective This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Content This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Literature Books: (recommended references, not required)
1. An Introduction to Natural Computation, D. Ballard (Bradford Books, MIT Press) 1997.
2. The Handbook of Brain Theorie and Neural Networks, M. Arbib (editor), (MIT Press) 1995.

252-0312-00L Ubiquitous Computing W 4 credits 2V+1A C. Holz, F. Mattern, S. Mayer
Abstract Unlike desktop computing, ubiquitous computing occurs anytime and everywhere, using any device, in any location, and in any format.

Computers exist in different forms, from watches and phones to refrigerators or pairs of glasses. 
Main topics: Smart environments, IoT, mobiles & wearables, context & location, sensing & tracking, computer vision on embedded
systems, health monitoring, fabrication.
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Objective Unlike desktop computing, ubiquitous computing occurs anytime and everywhere, using any device, in any location, and in any format.
Computers exist in different forms, from watches and phones to refrigerators or pairs of glasses. 
Main topics: Smart environments, IoT, mobiles & wearables, context & location, sensing & tracking, computer vision on embedded
systems, health monitoring, fabrication.

Lecture notes Copies of slides will be made available
Literature Will be provided in the lecture. To put you in the mood:

Mark Weiser: The Computer for the 21st Century. Scientific American, September 1991, pp. 94-104

252-0437-00L Distributed Algorithms W  5 credits 3V+1A F. Mattern
Abstract Models of distributed computations, time space diagrams, virtual time, logical clocks and causality, wave algorithms, parallel and distributed

graph traversal, consistent snapshots, mutual exclusion, election and symmetry breaking, distributed termination detection, garbage
collection in distributed systems, monitoring distributed systems, global predicates.

Objective Become acquainted with models and algorithms for distributed systems.
Content Verteilte Algorithmen sind Verfahren, die dadurch charakterisiert sind, dass mehrere autonome Prozesse gleichzeitig Teile eines

gemeinsamen Problems in kooperativer Weise bearbeiten und der dabei erforderliche Informationsaustausch ausschliesslich über
Nachrichten erfolgt. Derartige Algorithmen kommen im Rahmen verteilter Systeme zum Einsatz, bei denen kein gemeinsamer Speicher
existiert und die Übertragungszeit von Nachrichten i.a. nicht vernachlässigt werden kann. Da dabei kein Prozess eine aktuelle konsistente
Sicht des globalen Zustands besitzt, führt dies zu interessanten Problemen.
Im einzelnen werden u.a. folgende Themen behandelt: 
Modelle verteilter Berechnungen; Raum-Zeit Diagramme; Virtuelle Zeit; Logische Uhren und Kausalität; Wellenalgorithmen; Verteilte und
parallele Graphtraversierung; Berechnung konsistenter Schnappschüsse; Wechselseitiger Ausschluss; Election und Symmetriebrechung;
Verteilte Terminierung; Garbage-Collection in verteilten Systemen; Beobachten verteilter Systeme; Berechnung globaler Prädikate.

Literature - F. Mattern: Verteilte Basisalgorithmen, Springer-Verlag
- G. Tel: Topics in Distributed Algorithms, Cambridge University Press
- G. Tel: Introduction to Distributed Algorithms, Cambridge University Press, 2nd edition
- A.D. Kshemkalyani, M. Singhal: Distributed Computing, Cambridge University Press
- N. Lynch: Distributed Algorithms, Morgan Kaufmann Publ

252-0526-00L Statistical Learning Theory W 7 credits 3V+2U+1A J. M. Buhmann, C. Cotrini Jimenez
Abstract The course covers advanced methods of statistical learning: 


- Variational methods and optimization.
- Deterministic annealing. 
- Clustering for diverse types of data.
- Model validation by information theory.

Objective The course surveys recent methods of statistical learning. The fundamentals of machine learning, as presented in the courses "Introduction
to Machine Learning" and "Advanced Machine Learning", are expanded from the perspective of statistical learning.

Content - Variational methods and optimization. We consider optimization approaches for problems where the optimizer is a probability distribution.
We will discuss concepts like maximum entropy, information bottleneck, and deterministic annealing.

- Clustering. This is the problem of sorting data into groups without using training samples. We discuss alternative notions of "similarity"
between data points and adequate optimization procedures.

- Model selection and validation. This refers to the question of how complex the chosen model should be. In particular, we present an
information theoretic approach for model validation.

- Statistical physics models. We discuss approaches for approximately optimizing large systems, which originate in statistical physics (free
energy minimization applied to spin glasses and other models). We also study sampling methods based on these models.

Lecture notes A draft of a script will be provided. Lecture slides will be made available.
Literature Hastie, Tibshirani, Friedman: The Elements of Statistical Learning, Springer, 2001.


L. Devroye, L. Gyorfi, and G. Lugosi: A probabilistic theory of pattern recognition. Springer, New York, 1996

Prerequisites /
notice

Knowledge of machine learning (introduction to machine learning and/or advanced machine learning)
Basic knowledge of statistics.

252-0538-00L Shape Modeling and Geometry Processing W 6 credits 2V+1U+2A O. Sorkine Hornung
Abstract This course covers the fundamentals and some of the latest developments in geometric modeling and geometry processing. Topics include

surface modeling based on point clouds and polygonal meshes, mesh generation, surface reconstruction, mesh fairing and
parameterization, discrete differential geometry, interactive shape editing, topics in digital shape fabrication.

Objective The students will learn how to design, program and analyze algorithms and systems for interactive 3D shape modeling and geometry
processing.

Content Recent advances in 3D geometry processing have created a plenitude of novel concepts for the mathematical representation and
interactive manipulation of geometric models. This course covers the fundamentals and some of the latest developments in geometric
modeling and geometry processing. Topics include surface modeling based on point clouds and triangle meshes, mesh generation, surface
reconstruction, mesh fairing and parameterization, discrete differential geometry, interactive shape editing and digital shape fabrication.

Lecture notes Slides and course notes
Prerequisites /
notice

Prerequisites:
Visual Computing, Computer Graphics or an equivalent class. Experience with C++ programming. Solid background in linear algebra and
analysis. Some knowledge of differential geometry, computational geometry and numerical methods is helpful but not a strict requirement.

252-0579-00L 3D Vision W 5 credits 3G+1A M. Pollefeys, V. Larsson
Abstract The course covers camera models and calibration, feature tracking and matching, camera motion estimation via simultaneous localization

and mapping (SLAM) and visual odometry (VO), epipolar and mult-view geometry, structure-from-motion, (multi-view) stereo, augmented
reality, and image-based (re-)localization.

Objective After attending this course, students will:
   1. understand the core concepts for recovering 3D shape of objects and scenes from images and video.
   2. be able to implement basic systems for vision-based robotics and simple virtual/augmented reality applications.
   3. have a good overview over the current state-of-the art in 3D vision.
   4. be able to critically analyze and asses current research in this area.

Content The goal of this course is to teach the core techniques required for robotic and augmented reality applications: How to determine the
motion of a camera and how to estimate the absolute position and orientation of a camera in the real world. This course will introduce the
basic concepts of 3D Vision in the form of short lectures, followed by student presentations discussing the current state-of-the-art. The
main focus of this course are student projects on 3D Vision topics, with an emphasis on robotic vision and virtual and augmented reality
applications.

252-0820-00L Case Studies from Practice W 4 credits 2V+1U M. Brandis
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Abstract The course is designed to provide students with an understanding of "real-life" computer science challenges in business settings and teach
them how to address these.

Objective By using case studies that are based on actual IT projects, students will learn how to deal with complex, not straightforward problems. It will
help them to apply their theoretical Computer Science background in practice and will teach them fundamental principles of IT
management and challenges with IT in practice.
A particular focus is to make the often imprecise and fuzzy problems in practice accessible to factual analysis and reasoning, and to
challenge "common wisdom" and hearsay.

Content The course consists of multiple lectures on methods to systematically analyze problems in a business setting and communicate about them
as well as about IT management and IT economics, presented by the lecturer, and a number of case studies provided by guest lecturers
from either IT companies or IT departments of a diverse range of companies. Students will obtain insights into both established and startup
companies, small and big, and different industries.
Presenting companies have included avaloq, Accenture, AdNovum, Bank Julius Bär, Credit Suisse, Deloitte, HP, Hotelcard, IBM Research,
McKinsey & Company, Open Web Technology, SAP Research, Selfnation, SIX Group, Teralytics, 28msec, Zühlke and dormakaba, and
Marc Brandis Strategic Consulting. The participating companies in spring 2019 will be announced at course start.

Prerequisites /
notice

Participants should be aware that the provided documents supporting the cases are usually taken directly from the projects and companies
being addressed, and thus differ very much in terms of presentation style, terminology, and explicitly provided contextual information.
Earlier participants have found it difficult to solve the exercises completely and to fully grasp the contents taught in the cases, if they were
not able to attend the case presentation, and were just relying on the provided documents.

252-1424-00L Models of Computation W 6 credits 2V+2U+1A M. Cook
Abstract This course surveys many different models of computation: Turing Machines, Cellular Automata, Finite State Machines, Graph Automata,

Circuits, Tilings, Lambda Calculus, Fractran, Chemical Reaction Networks, Hopfield Networks, String Rewriting Systems, Tag Systems,
Diophantine Equations, Register Machines, Primitive Recursive Functions, and more.

Objective The goal of this course is to become acquainted with a wide variety of models of computation, to understand how models help us to
understand the modeled systems, and to be able to develop and analyze models appropriate for new systems.

Content This course surveys many different models of computation: Turing Machines, Cellular Automata, Finite State Machines, Graph Automata,
Circuits, Tilings, Lambda Calculus, Fractran, Chemical Reaction Networks, Hopfield Networks, String Rewriting Systems, Tag Systems,
Diophantine Equations, Register Machines, Primitive Recursive Functions, and more.

252-3005-00L Natural Language Understanding
Does not take place this semester.
Takes place in HS20.

W 5 credits 2V+1U+1A to be announced

Abstract This course presents topics in natural language processing with an emphasis on modern techniques, primarily focusing on statistical and
deep learning approaches. The course provides an overview of the primary areas of research in language processing as well as a detailed
exploration of the models and techniques used both in research and in commercial natural language systems.

Objective The objective of the course is to learn the basic concepts in the statistical processing of natural languages. The course will be project-
oriented so that the students can also gain hands-on experience with state-of-the-art tools and techniques.

Content This course presents an introduction to general topics and techniques used in natural language processing today, primarily focusing on
statistical approaches. The course provides an overview of the primary areas of research in language processing as well as a detailed
exploration of the models and techniques used both in research and in commercial natural language systems.

Literature Lectures will make use of textbooks such as the one by Jurafsky and Martin where appropriate, but will also make use of original research
and survey papers.

252-5706-00L Mathematical Foundations of Computer Graphics and
Vision

W 5 credits 2V+1U+1A M. R. Oswald, C. Öztireli

Abstract This course presents the fundamental mathematical tools and concepts used in computer graphics and vision. Each theoretical topic is
introduced in the context of practical vision or graphic problems, showcasing its importance in real-world applications.

Objective The main goal is to equip the students with the key mathematical tools necessary to understand state-of-the-art algorithms in vision and
graphics. In addition to the theoretical part, the students will learn how to use these mathematical tools to solve a wide range of practical
problems in visual computing. After successfully completing this course, the students will be able to apply these mathematical concepts
and tools to practical industrial and academic projects in visual computing.

Content The theory behind various mathematical concepts and tools will be introduced, and their practical utility will be showcased in diverse
applications in computer graphics and vision. The course will cover topics in sampling, reconstruction, approximation, optimization, robust
fitting, differentiation, quadrature and spectral methods. Applications will include 3D surface reconstruction, camera pose estimation, image
editing, data projection, character animation, structure-aware geometry processing, and rendering.

261-5110-00L Optimization for Data Science W 8 credits 3V+2U+2A B. Gärtner, D. Steurer
Abstract This course provides an in-depth theoretical treatment of optimization methods that are particularly relevant in data science.
Objective Understanding the theoretical guarantees (and their limits) of relevant optimization methods used in data science. Learning general

paradigms to deal with optimization problems arising in data science.
Content This course provides an in-depth theoretical treatment of optimization methods that are particularly relevant in machine learning and data

science.

In the first part of the course, we will first give a brief introduction to convex optimization, with some basic motivating examples from
machine learning. Then we will analyse classical and more recent first and second order methods for convex optimization: gradient
descent, projected gradient descent, subgradient descent, stochastic gradient descent, Nesterov's accelerated method, Newton's method,
and Quasi-Newton methods. The emphasis will be on analysis techniques that occur repeatedly in convergence analyses for various
classes of convex functions. We will also discuss some classical and recent theoretical results for nonconvex optimization. 

In the second part, we discuss convex programming relaxations as a powerful and versatile paradigm for designing efficient algorithms to
solve computational problems arising in data science. We will learn about this paradigm and develop a unified perspective on it through the
lens of the sum-of-squares semidefinite programming hierarchy. As applications, we are discussing non-negative matrix factorization,
compressed sensing and sparse linear regression, matrix completion and phase retrieval, as well as robust estimation.

Prerequisites /
notice

As background, we require material taught in the course "252-0209-00L Algorithms, Probability, and Computing". It is not necessary that
participants have actually taken the course, but they should be prepared to catch up if necessary.

261-5120-00L Machine Learning for Health Care
Number of participants limited to 150.


W 5 credits 3P+1A G. Rätsch, J. Vogt, V. Boeva

Abstract The course will review the most relevant methods and applications of Machine Learning in Biomedicine, discuss the main challenges they
present and their current technical problems. 

Objective During the last years, we have observed a rapid growth in the field of Machine Learning (ML), mainly due to improvements in ML
algorithms, the increase of data availability and a reduction in computing costs. This growth is having a profound impact in biomedical
applications, where the great variety of tasks and data types enables us to get benefit of ML algorithms in many different ways. In this
course we will review the most relevant methods and applications of ML in biomedicine, discuss the main challenges they present and their
current technical solutions. 
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Content The course will consist of four topic clusters that will cover the most relevant applications of ML in Biomedicine: 
1) Structured time series: Temporal time series of structured data often appear in biomedical datasets, presenting challenges as containing
variables with different periodicities, being conditioned by static data, etc.
2) Medical notes: Vast amount of medical observations are stored in the form of free text, we will analyze stategies for extracting
knowledge from them. 
3) Medical images: Images are a fundamental piece of information in many medical disciplines. We will study how to train ML algorithms
with them. 
4) Genomics data: ML in genomics is still an emerging subfield, but given that genomics data are arguably the most extensive and complex
datasets that can be found in biomedicine, it is expected that many relevant ML applications will arise in the near future. We will review and
discuss current applications and challenges.   

Prerequisites /
notice

Data Structures & Algorithms, Introduction to Machine Learning, Statistics/Probability, Programming in Python, Unix Command Line

Relation to Course 261-5100-00 Computational Biomedicine: This course is a continuation of the previous course with new topics related to
medical data and machine learning. The format of Computational Biomedicine II will also be different. It is helpful but not essential to attend
Computational Biomedicine before attending Computational Biomedicine II.

263-2925-00L Program Analysis for System Security and Reliability W 6 credits 2V+1U+2A P. Tsankov
Abstract Security issues in modern systems (blockchains, datacenters, AI) result in billions of losses due to hacks. This course introduces the

security issues in modern systems and state-of-the-art automated techniques for building secure and reliable systems. The course has a
practical focus and covers systems built by successful ETH spin-offs.


Objective * Learn about security issues in modern systems -- blockchains, smart contracts, AI-based systems (e.g., autonomous cars), data centers -
- and why they are challenging to address.

* Understand how the latest automated analysis techniques work, both discrete and probabilistic.

* Understand how these techniques combine with machine-learning methods, both supervised and unsupervised.

* Understand how to use these methods to build reliable and secure modern systems.

* Learn about new open problems that if solved can lead to research and commercial impact.

Content Part I: Security of Blockchains

- We will cover existing blockchains (e.g., Ethereum, Bitcoin), how they work, what the core security issues are, and how these have led to
massive financial losses.
- We will show how to extract useful information about smart contracts and transactions using interactive analysis frameworks for querying
blockchains (e.g. Google's Ethereum BigQuery).
- We will discuss the state-of-the-art security tools (e.g., https://securify.ch) for ensuring that smart contracts are free of security
vulnerabilities.
- We will study the latest automated reasoning systems (e.g., https://verx.ch) for checking custom (temporal) properties of smart contracts
and illustrate their operation on real-world use cases.
- We will study the underlying methods for automated reasoning and testing (e.g., abstract interpretation, symbolic execution, fuzzing) are
used to build such tools.


Part II: Security of Datacenters and Networks

- We will show how to ensure that datacenters and ISPs are secured using declarative reasoning methods (e.g., Datalog). We will also see
how to automatically synthesize secure configurations (e.g. using SyNET and NetComplete) which lead to desirable behaviors, thus
automating the job of the network operator and avoiding critical errors.
- We will discuss how to apply modern discrete probabilistic inference (e.g., PSI and Bayonet) so to reason about probabilistic network
properties (e.g., the probability of a packet reaching a destination if links fail).


Part III: Machine Learning for Security

- We will discuss how machine learning models for structured prediction are used to address security tasks, including de-obfuscation of
binaries (Debin: https://debin.ai), Android APKs (DeGuard: http://apk-deguard.com) and JavaScript (JSNice: http://jsnice.org).
- We will study to leverage program abstractions in combination with clustering techniques to learn security rules for cryptography APIs
from large codebases.
- We will study how to automatically learn to identify security vulnerabilities related to the handling of untrusted inputs (cross-Site scripting,
SQL injection, path traversal, remote code execution) from large codebases.


To gain a deeper understanding, the course will involve a hands-on programming project where the methods studied in the class will be
applied.

263-3501-00L Future Internet W 6 credits 1V+1U+3A A. Singla
Abstract This course will discuss recent advances in networking, with a focus on the Internet, with topics ranging from the algorithmic design of

applications like video streaming to the likely near-future of satellite-based networking.
Objective The goals of the course are to build on basic undergraduate-level networking, and provide an understanding of the tradeoffs and existing

technology in the design of large, complex networked systems, together with concrete experience of the challenges through a series of lab
exercises.

Content The focus of the course is on principles, architectures, protocols, and applications used in modern networked systems. Example topics
include:

- How video streaming services like Netflix work, and research on improving their performance.
- How Web browsing could be made faster
- How the Internet's protocols are improving
- Exciting developments in satellite-based networking (ala SpaceX)
- The role of data centers in powering Internet services

A series of programming assignments will form a substantial part of the course grade.

Lecture notes Lecture slides will be made available at the course Web site: https://ndal.ethz.ch/courses/fi.html
Literature No textbook is required, but there will be regularly assigned readings from research literature, liked to the course Web site:

https://ndal.ethz.ch/courses/fi.html.
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Prerequisites /
notice

An undergraduate class covering the basics of networking, such as Internet routing and TCP. At ETH, Computer Networks (252-0064-00L)
and Communication Networks (227-0120-00L) suffice. Similar courses from other universities are acceptable too.

263-3710-00L Machine Perception
Number of participants limited to 200.

W 5 credits 2V+1U+1A O. Hilliges

Abstract Recent developments in neural networks (aka “deep learning”) have drastically advanced the performance of machine perception systems
in a variety of areas including computer vision, robotics,  and intelligent UIs. This course is a deep dive into deep learning algorithms and
architectures with applications to a variety of perceptual tasks.

Objective Students will learn about fundamental aspects of modern deep learning approaches for perception. Students will learn to implement, train
and debug their own neural networks and gain a detailed understanding of cutting-edge research in learning-based computer vision,
robotics and HCI. The final project assignment will involve training a complex neural network architecture and applying it on a real-world
dataset of human activity.

The core competency acquired through this course is a solid foundation in deep-learning algorithms to process and interpret human input
into computing systems. In particular, students should be able to develop systems that deal with the problem of recognizing people in
images, detecting and describing body parts, inferring their spatial configuration, performing action/gesture recognition from still images or
image sequences, also considering multi-modal data, among others.

Content We will focus on teaching: how to set up the problem of machine perception, the learning algorithms, network architectures and advanced
deep learning concepts in particular probabilistic deep learning models 

The course covers the following main areas:
    I) Foundations of deep-learning.
    II) Probabilistic deep-learning for generative modelling of data (latent variable models, generative adversarial networks and auto-
regressive models). 
    III) Deep learning in computer vision, human-computer interaction and robotics.   

Specific topics include: 
    I) Deep learning basics:
        a) Neural Networks and training (i.e., backpropagation)
        b) Feedforward Networks
        c) Timeseries modelling (RNN, GRU, LSTM)
        d) Convolutional Neural Networks for classification
    II) Probabilistic Deep Learning:
        a) Latent variable models (VAEs)
        b) Generative adversarial networks (GANs)
        c) Autoregressive models (PixelCNN, PixelRNN, TCNs)
    III) Deep Learning techniques for machine perception:
        a) Fully Convolutional architectures for dense per-pixel tasks (i.e., instance segmentation)
        b) Pose estimation and other tasks involving human activity
                c) Deep reinforcement learning 
    IV) Case studies from research in computer vision, HCI, robotics and signal processing

Literature Deep Learning
Book by Ian Goodfellow and Yoshua Bengio

Prerequisites /
notice

This is an advanced grad-level course that requires a background in machine learning. Students are expected to have a solid mathematical
foundation, in particular in linear algebra, multivariate calculus, and probability. The course will focus on state-of-the-art research in deep-
learning and will not repeat basics of machine learning

Please take note of the following conditions:
    1) The number of participants is limited to 200 students (MSc and PhDs).
    2) Students must have taken the exam in Machine Learning (252-0535-00) or have acquired equivalent knowledge
    3) All practical exercises will require basic knowledge of Python and will use libraries such as TensorFlow, scikit-learn and scikit-image.
We will provide introductions to TensorFlow and other libraries that are needed but will not provide introductions to basic programming or
Python. 

The following courses are strongly recommended as prerequisite:
 * "Visual Computing" or "Computer Vision" 
 
The course will be assessed by a final written examination in English. No course materials or electronic devices can be used during the
examination. Note that the examination will be based on the contents of the lectures, the associated reading materials and the exercises.

263-3800-00L Advanced Operating Systems W  7 credits 2V+2U+2A D. Cock, T. Roscoe
Abstract This course is intended to give students a thorough understanding of design and implementation issues for modern operating systems, with

a particular emphasis on the challenges of modern hardware features. We will cover key design issues in implementing an operating
system, such as memory management, scheduling, protection, inter-process communication, device drivers, and file systems.

Objective The goals of the course are, firstly, to give students:

1. A broader perspective on OS design than that provided by knowledge of Unix or Windows, building on the material in a standard
undergraduate operating systems class

2. Practical experience in dealing directly with the concurrency, resource management, and abstraction problems confronting OS designers
and implementers

3. A glimpse into future directions for the evolution of OS and computer hardware design

Content The course is based on practical implementation work, in C and assembly language, and requires solid knowledge of both.  The work is
mostly carried out in teams of 3-4, using real hardware, and is a mixture of team milestones and individual projects which fit together into a
complete system at the end.  Emphasis is also placed on a final report which details the complete finished artifact, evaluates its
performance, and discusses the choices the team made while building it.

Prerequisites /
notice

The course is based around a milestone-oriented project, where students work in small groups to implement major components of a
microkernel-based operating system. The final assessment will be a combination grades awarded for milestones during the course of the
project, a final written report on the work, and a set of test cases run on the final code.

263-4400-00L Advanced Graph Algorithms and Optimization
Number of participants limited to 30.

W 5 credits 3G+1A R. Kyng

Abstract This course will cover a number of advanced topics in optimization and graph algorithms.
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Objective The course will take students on a deep dive into modern approaches to
 graph algorithms using convex optimization techniques. 

 By studying convex optimization through the lens of graph algorithms,
 students should develop a deeper understanding of fundamental
 phenomena in optimization.

 The course will cover some traditional discrete approaches to various graph
 problems, especially flow problems, and then contrast these approaches
 with modern, asymptotically faster methods based on combining convex
 optimization with spectral and combinatorial graph theory.

Content Students should leave the course understanding key
 concepts in optimization such as first and second-order optimization,
 convex duality, multiplicative weights and dual-based methods,
 acceleration, preconditioning, and non-Euclidean optimization.

 Students will also be familiarized with central techniques in the
 development of graph algorithms in the past 15 years, including graph
 decomposition techniques, sparsification, oblivious routing, and
 spectral and combinatorial preconditioning.

Prerequisites /
notice

This course is targeted toward masters and doctoral students with an
 interest in theoretical computer science. 

 Students should be comfortable with design and analysis of algorithms, probability, and linear algebra. 

 Having passed the course Algorithms, Probability, and Computing (APC)  is highly recommended, but not formally required. If you are not
 sure whether you're ready for this class or not, please consult the
 instructor.

263-4507-00L Advances in Distributed Graph Algorithms
Does not take place this semester.

W 6 credits 3V+1U+1A M. Ghaffari

Abstract How can a network of computers solve the graph problems needed for running that network?
Objective This course will familiarize the students with the algorithmic tools and techniques in local distributed graph algorithms, and overview the

recent highlights in the field. This will also prepare the students for independent research at the frontier of this area.

This is a special‐topics course in algorithm design. It should be accessible to any student with sufficient theoretical/algorithmic background.
In particular, it assumes no familiarity with distributed computing. We only expect that the students are comfortable with the basics of
algorithm design and analysis, as well as probability theory. It is possible to take this course simultaneously with the course “Principles of
Distributed Computing”. If you are not sure whether you are ready for this class or not, please consult the instructor.

Content How can a network of computers solve the graph problems needed for running that network?

Answering this and similar questions is the underlying motivation of the area of Distributed Graph Algorithms. The area focuses on the
foundational algorithmic aspects in these questions and provides methods for various distributed systems --- e.g., the Internet, a wireless
network, a multi-processor computer, etc --- to solve computational problems that can be abstracted as graph problems. For instance, think
about shortest path computation in routing, or about coloring and independent set computation in contention resolution.

Over the past decade, we have witnessed a renaissance in the area of Distributed Graph Algorithms, with tremendous progress in many
directions and solutions for a number of decades-old central problems. This course overviews the highlights of these results. The course
will mainly focus on one half of the field, which revolves around locality and local problems. The other half, which relates to the issue of
congestion and dealing with limited bandwidth in global problems, will not be addressed in this offering of the course.

The course will cover a sampling of the recent developments (and open questions) at the frontier of research of distributed graph
algorithms. The material will be based on a compilation of recent papers in this area, which will be provided throughout the semester. The
tentative list of topics includes:
-    The shattering technique for local graph problems and its necessity
-    Lovasz Local Lemma algorithms, their distributed variants, and distributed applications
-               Distributed Derandomization
-    Distributed Lower bounds 
-    Graph Coloring
-    Complexity Hierarchy and Gaps
-    Primal-Dual Techniques

Prerequisites /
notice

The class assumes no knowledge in distributed algorithms/computing. Our only prerequisite is the undergraduate class Algorithms,
Probability, and Computing (APC) or any other course that can be seen as the equivalent. In particular, much of what we will discuss uses
randomized algorithms and therefore, we will assume that the students are familiar with the tools and techniques in randomized algorithms
and analysis (to the extent covered in the APC class).

263-4600-00L Formal Methods for Information Security W  5 credits 2V+1U+1A R. Sasse, C. Sprenger
Abstract The course focuses on formal methods for the modelling and analysis of security protocols for critical systems, ranging from authentication

protocols for network security to electronic voting protocols and online banking.
Objective The students will learn the key ideas and theoretical foundations of formal modelling and analysis of security protocols. The students will

complement their theoretical knowledge by solving practical exercises, completing a small project, and using state-of-the-art tools.
Content The course treats formal methods mainly for the modelling and analysis of security protocols. Cryptographic protocols (such as SSL/TLS,

SSH, Kerberos, SAML single-sign on, and IPSec) form the basis for secure communication and business processes. Numerous attacks on
published protocols show that the design of cryptographic protocols is extremely error-prone. A rigorous analysis of these protocols is
therefore indispensable, and manual analysis is insufficient. The lectures cover the theoretical basis for the (tool-supported) formal
modeling and analysis of such protocols. Specifically, we discuss their operational semantics, the formalization of security properties, and
techniques and algorithms for their verification.

In addition to the classical security properties for confidentiality and authentication, we will study strong secrecy and privacy properties. We
will discuss electronic voting protocols, and RFID protocols (a staple of the Internet of Things), where these properties are central. The
accompanying tutorials provide an opportunity to apply the theory and tools to concrete protocols. Moreover, we will discuss methods to
abstract and refine security protocols and the link between symbolic protocol models and cryptographic models. 

Furthermore, we will also present a security notion for general systems based on non-interference as well as language-based information
flow security where non-interference is enforced via a type system.

263-4656-00L Digital Signatures W 4 credits 2V+1A D. Hofheinz
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Abstract Digital signatures as one central cryptographic building block. Different security goals and security definitions for digital signatures, followed
by a variety of popular and fundamental signature schemes with their security analyses. 

Objective The student knows a variety of techniques to construct and analyze the security of digital signature schemes. This includes modularity as a
central tool of constructing secure schemes, and reductions as a central tool to proving the security of schemes.

Content We will start with several definitions of security for signature schemes, and investigate the relations among them. We will proceed to
generic (but inefficient) constructions of secure signatures, and then move on to a number of efficient schemes based on concrete
computational hardness assumptions. On the way, we will get to know paradigms such as hash-then-sign, one-time signatures, and
chameleon hashing as central tools to construct secure signatures.

Literature Jonathan Katz, "Digital Signatures."
Prerequisites /
notice

Ideally, students will have taken the D-INFK Bachelors course "Information Security" or an equivalent course at Bachelors level.

263-4660-00L Applied Cryptography
Number of participants limited to 150.

W 8 credits 3V+2U+2P K. Paterson

Abstract This course will introduce the basic primitives of cryptography, using rigorous syntax and game-based security definitions. The course will
show how these primitives can be combined to build cryptographic protocols and systems.

Objective The goal of the course is to put students' understanding of cryptography on sound foundations, to enable them to start to build well-
designed cryptographic systems, and to expose them to some of the pitfalls that arise when doing so.

Content Basic symmetric primitives (block ciphers, modes, hash functions); generic composition; AEAD; basic secure channels; basic public key
primitives (encryption,signature, DH key exchange); ECC; randomness; applications.

Literature Textbook: Boneh and Shoup, “A Graduate Course in Applied Cryptography”,
https://crypto.stanford.edu/~dabo/cryptobook/BonehShoup_0_4.pdf.

Prerequisites /
notice

Ideally, students will have taken the D-INFK Bachelors course “Information Security" or an equivalent course at Bachelors level.

263-5806-00L Computational Models of Motion for Character
Animation and Robotics

W 6 credits 2V+2U+1A S. Coros, M. Bächer,
B. Thomaszewski

Abstract This course covers fundamentals of physics-based modelling and numerical optimization from the perspective of character animation and
robotics applications. The methods discussed in class derive their theoretical underpinnings from applied mathematics, control theory and
computational mechanics, and they will be richly illustrated using examples ranging from locomotion controllers and crowd simula

Objective Students will learn how to represent, model and algorithmically control the behavior of animated characters and real-life robots. The
lectures are accompanied by programming assignments (written in C++) and a capstone project.

Content Optimal control and trajectory optimization; multibody systems; kinematics; forward and inverse dynamics; constrained and unconstrained
numerical optimization; mass-spring models for crowd simulation; FEM; compliant systems; sim-to-real; robotic manipulation of elastically-
deforming objects. 

Prerequisites /
notice

Experience with C++ programming, numerical linear algebra and multivariate calculus. Some background in physics-based modeling,
kinematics and dynamics is helpful, but not necessary.


272-0300-00L Algorithmics for Hard Problems
Does not take place this semester.
This course  d o e s  n o t  include the Mentored Work
Specialised Courses with an Educational Focus in
Computer Science A.

W 5 credits 2V+1U+1A

Abstract This course unit looks into algorithmic approaches to the solving of hard problems, particularly with moderately exponential-time algorithms
and parameterized algorithms.

The seminar is accompanied by a comprehensive reflection upon the significance of the approaches presented for computer science tuition
at high schools.

Objective To systematically acquire an overview of the methods for solving hard problems. To get deeper knowledge of exact and parameterized
algorithms.

Content First, the concept of hardness of computation is introduced (repeated for the computer science students). Then some methods for solving
hard problems are treated in a systematic way. For each algorithm design method, it is discussed what guarantees it can give and how we
pay for the improved efficiency. A special focus lies on moderately exponential-time algorithms and parameterized algorithms.

Lecture notes Unterlagen und Folien werden zur Verfügung gestellt.
Literature J. Hromkovic: Algorithmics for Hard Problems, Springer 2004.


R. Niedermeier: Invitation to Fixed-Parameter Algorithms, 2006.

M. Cygan et al.: Parameterized Algorithms, 2015.

F. Fomin, D. Kratsch: Exact Exponential Algorithms, 2010.

272-0302-00L Approximation and Online Algorithms W 5 credits 2V+1U+1A H.-J. Böckenhauer, D. Komm
Abstract This lecture deals with approximative algorithms for hard optimization problems and algorithmic approaches for solving online problems as

well as the limits of these approaches.
Objective Get a systematic overview of different methods for designing approximative algorithms for hard optimization problems and online problems.

Get to know methods for showing the limitations of these approaches.
Content Approximation algorithms are one of the most succesful techniques to attack hard optimization problems. Here, we study the so-called

approximation ratio, i.e., the ratio of the cost of the computed approximating solution and an optimal one (which is not computable
efficiently). 
For an online problem, the whole instance is not known in advance, but it arrives pieceweise and for every such piece a corresponding part
of the definite output must be given. The quality of an algorithm for such an online problem is measured by the competitive ratio, i.e., the
ratio of the cost of the computed solution and the cost of an optimal solution that could be given if the whole input was known in advance.

The contents of this lecture are
- the classification of optimization problems by the reachable approximation ratio, 
- systematic methods to design approximation algorithms (e.g., greedy strategies, dynamic programming, linear programming relaxation),
- methods to show non-approximability,
- classic online problem like paging or scheduling problems and corresponding algorithms,
- randomized online algorithms,
- the design and analysis principles for online algorithms, and
- limits of the competitive ratio and the advice complexity as a way to do a deeper analysis of the complexity of online problems.
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Literature The lecture is based on the following books:

J. Hromkovic: Algorithmics for Hard Problems, Springer, 2004

D. Komm:  An Introduction to Online Computation: Determinism, Randomization, Advice, Springer, 2016

Additional literature: 

A. Borodin, R. El-Yaniv: Online Computation and Competitive Analysis, Cambridge University Press, 1998

401-3052-05L Graph Theory W 5 credits 2V+1U B. Sudakov
Abstract Basic notions, trees, spanning trees, Caley's formula, vertex and edge connectivity, 2-connectivity, Mader's theorem, Menger's theorem,

Eulerian graphs, Hamilton cycles, Dirac's theorem, matchings, theorems of Hall, König and Tutte, planar graphs, Euler's formula, basic
non-planar graphs, graph colorings, greedy colorings, Brooks' theorem, 5-colorings of planar graphs

Objective The students will get an overview over the most fundamental questions concerning graph theory. We expect them to understand the proof
techniques and to use them autonomously on related problems.

Lecture notes Lecture will be only at the blackboard.
Literature West, D.: "Introduction to Graph Theory"

Diestel, R.: "Graph Theory"

Further literature links will be provided in the lecture.

Prerequisites /
notice

Students are expected to have a mathematical background and should be able to write rigorous proofs.


NOTICE: This course unit was previously offered as 252-1408-00L Graphs and Algorithms.

401-3632-00L Computational Statistics W 8 credits 3V+1U M. H. Maathuis
Abstract We discuss modern statistical methods for data analysis, including methods for data exploration, prediction and inference. We pay attention

to algorithmic aspects, theoretical properties and practical considerations. The class is hands-on and methods are applied using the
statistical programming language R.

Objective The student obtains an overview of modern statistical methods for data analysis, including their algorithmic aspects and theoretical
properties. The methods are applied using the statistical programming language R.

Content See the class website
Prerequisites /
notice

At least one semester of (basic) probability and statistics.

Programming experience is helpful but not required.

 Seminars
Number Title Type ECTS Hours Lecturers

227-0126-00L Advanced Topics in Networked Embedded Systems W 2 credits 1S L. Thiele, J. Beutel
Abstract The seminar will cover advanced topics in networked embedded systems. A particular focus are cyber-physical systems, internet of things,

and sensor networks in various application domains.
Objective The goal is to get a deeper understanding on leading edge technologies in the discipline, on classes of applications, and on current as well

as future research directions. In addition, participants will improve their presentation, reading and reviewing skills.
Content The seminar enables Master students, PhDs and Postdocs to learn about latest breakthroughs in wireless sensor networks, networked

embedded systems and devices, and energy-harvesting in several application domains, including environmental monitoring, tracking, smart
buildings and control. Participants are requested to actively participate in the organization and preparation of the seminar. In particular, they
review all presented papers using a standard scientific reviewing system, they present one of the papers orally and they lead the
corresponding discussion session.

252-3002-00L Algorithms for Database Systems
Number of participants limited to 15.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.


W 2 credits 2S P. Penna

Abstract Query processing, optimization, stream-based systems, distributed and parallel databases, non-standard databases.
Objective Develop an understanding of selected problems of current interest in the area of algorithms for database systems.

252-4102-00L Seminar on Randomized Algorithms and Probabilistic
Methods
The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

Number of participants limited to 24.

W 2 credits 2S A. Steger

Abstract The aim of the seminar is to study papers which bring the students to the forefront of today's research topics. This semester we will study
selected papers of the conference Symposium on Discrete Algorithms (SODA18).

Objective Read papers from the forefront of today's research; learn how to give a scientific talk.
Prerequisites /
notice

The seminar is open for both students from mathematics and students from computer science. As prerequisite we require that you passed
the course Randomized Algorithms and Probabilistic Methods (or equivalent, if you come from abroad).

252-4202-00L Seminar in Theoretical Computer Science W 2 credits 2S E. Welzl, B. Gärtner, M. Ghaffari,
M. Hoffmann, J. Lengler, A. Steger,
D. Steurer, B. Sudakov

Abstract Presentation of recent publications in theoretical computer science, including results by diploma, masters and doctoral candidates.
Objective To get an overview of current research in the areas covered by the involved research groups. To present results from the literature.
Prerequisites /
notice

This seminar takes place as part of the joint research seminar of several theory groups. Intended participation is for students with excellent
performance only. Formal restriction is: prior successful participation in a master level seminar in theoretical computer science.

252-5704-00L Advanced Methods in Computer Graphics
Number of participants limited to 24.

W 2 credits 2S O. Sorkine Hornung
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The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

Abstract This seminar covers advanced topics in computer graphics with a focus on the latest research results. Topics include modeling, rendering,
visualization,
animation, physical simulation, computational photography, and others.

Objective The goal is to obtain an in-depth understanding of actual problems and 
research topics in the field of computer graphics as well as improve              
presentation and critical analysis skills.

261-5113-00L Computational Challenges in Medical Genomics
Number of participants limited to 20.

W 2 credits 2S A. Kahles, G. Rätsch

Abstract This seminar discusses recent relevant contributions to the fields of computational genomics, algorithmic bioinformatics, statistical genetics
and related areas. Each participant will hold a presentation and lead the subsequent discussion.

Objective Preparing and holding a scientific presentation in front of peers is a central part of working in the scientific domain. In this seminar, the
participants will learn how to efficiently summarize the relevant parts of a scientific publication, critically reflect its contents, and summarize
it for presentation to an audience. The necessary skills to succesfully present the key points of existing research work are the same as
needed to communicate own research ideas. 
In addition to holding a presentation, each student will both contribute to as well as lead a discussion section on the topics presented in the
class.

Content The topics covered in the seminar are related to recent computational challenges that arise from the fields of genomics and biomedicine,
including but not limited to genomic variant interpretation, genomic sequence analysis, compressive genomics tasks, single-cell
approaches, privacy considerations, statistical frameworks, etc.
Both recently  published works contributing novel ideas to the areas mentioned above as well as seminal contributions from the past are
amongst the list of selected papers.

Prerequisites /
notice

Knowledge of algorithms and data structures and interest in applications in genomics and computational biomedicine.

263-2100-00L Research Topics in Software Engineering
Number of participants limited to 22.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S Z. Su, P. He, M. Rigger, T. Su

Abstract This seminar is an opportunity to become familiar with current research in software engineering and more generally with the methods and
challenges of scientific research.

Objective Each student will be asked to study some papers from the recent software engineering literature and review them. This is an exercise in
critical review and analysis. Active participation is required (a presentation of a paper as well as participation in discussions).

Content The aim of this seminar is to introduce students to recent research results in the area of programming languages and software engineering.
To accomplish that, students will study and present research papers in the area as well as participate in paper discussions. The papers will
span topics in both theory and practice, including papers on program verification, program analysis, testing, programming language design,
and development tools.

Literature The publications to be presented will be announced on the seminar home page at least one week before the first session.
Prerequisites /
notice

Papers will be distributed during the first lecture.

263-3712-00L Seminar on Computational Interaction
Number of participants limited to 14.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S O. Hilliges

Abstract Computational Interaction focuses on the use of algorithms to enhance the interaction with a computing system. Papers from scientific
venues such as CHI, UIST & SIGGRAPH will be examined in-depth. Student present and discuss the papers to extract techniques and
insights that can be applied to software & hardware projects. Topics include user modeling, computational design, and input & output.

Objective The goal of the seminar is to familiarize students with exciting new research topics in this important area, but also to teach basic scientific
writing and oral presentation skills.

Content The seminar will have a different structure from regular seminars to encourage more discussion and a deeper learning experience. We will
use a case-study format where all students read the same paper each week but fulfill different roles and hence prepare with different
viewpoints in mind (e.g. "presenter", "historian", "student", etc).

The seminar will cover multiple topics of computational interaction, including:
1) User- and context modeling for UI adaptation
 Intent modeling, activity and emotion recognition, and user perception.

2) Computational design
 Design mining, design exploration, UI optimization.

3) Computer supported input
 Text entry, pointing, gestural input, physiological sensing, eye tracking, and sketching.

4) Computer supported output
 Information retrieval, fabrication, mixed reality interfaces, haptics, and gaze contingency

For each topic, a paper will be chosen that represents the state of the art of research or seminal work that inspired and fostered future
work. Student will learn how to incorporate computational methods into system that involve software, hardware, and, very importantly,
users.

Seminar website: https://ait.ethz.ch/teaching/courses/2020-SS-Seminar-Computational-Interaction/

263-3840-00L Hardware Architectures for Machine Learning
The deadline for deregistering expires at the end of the
second week of the semester. Students who are still

W 2 credits 2S G. Alonso, T. Hoefler, C. Zhang
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registered after that date, but do not attend the seminar,
will officially fail the seminar.

Abstract The seminar covers recent results in the increasingly important field of hardware acceleration for data science and machine learning, both
in dedicated machines or in data centers.

Objective The seminar aims at students interested in the system aspects of machine learning, who are willing to bridge the gap across traditional
disciplines: machine learning, databases, systems, and computer architecture.

Content The seminar is intended to cover recent results in the increasingly important field of hardware acceleration for data science and machine
learning, both in dedicated machines or in data centers. 

Prerequisites /
notice

The seminar should be of special interest to students intending to complete a master's thesis or a doctoral dissertation in related topics.

263-4203-00L Geometry: Combinatorics and Algorithms
The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S B. Gärtner, M. Hoffmann, E. Welzl,
M. Wettstein

Abstract This seminar complements the course Geometry: Combinatorics & Algorithms. Students of the seminar will present original research
papers, some classic and some of them very recent. 

Objective Each student is expected to read, understand, and elaborate on a selected research paper. To this end, (s)he should give a 45-min.
presentation about the paper. The process includes

* getting an overview of the related literature;
* understanding and working out the background/motivation:
why and where are the questions addressed relevant?
* understanding the contents of the paper in all details;
* selecting parts suitable for the presentation;
* presenting the selected parts in such a way that an audience
with some basic background in geometry and graph theory can easily understand and appreciate it.

Content This seminar is held once a year and complements the course Geometry: Combinatorics & Algorithms. Students of the seminar will present
original research papers, some classic and some of them very recent. The seminar is a good preparation for a master, diploma, or
semester thesis in the area.

Prerequisites /
notice

Prerequisite: Successful participation in the course "Geometry: Combinatorics & Algorithms" (takes place every HS) is required.

263-4651-00L Current Topics in Cryptography
Number of participants limited to 24.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S D. Hofheinz, U. Maurer,
K. Paterson

Abstract In this seminar course, students present and discuss a variety of recent research papers in Cryptography.
Objective Independent study of scientific literature and assessment of its contributions as well as learning and practicing presentation techniques.
Content The course lecturers will provide a list of papers from which students will select.
Literature The reading list will be published on the course website.
Prerequisites /
notice

Ideally, students will have taken the D-INFK Bachelors course “Information Security" or an equivalent course at Bachelors level. Ideally,
they will have attended or will attend in parallel the Masters course in "Applied Cryptography”.

263-5225-00L Advanced Topics in Machine Learning and Data
Science
Number of participants limited to 20.

The deadline for deregistering expires at the end of the
fourth week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S F. Perez Cruz

Abstract In this seminar, recent papers of the machine learning and data science literature are presented and discussed. Possible topics cover
statistical models, machine learning algorithms and its applications.

Objective The seminar “Advanced Topics in Machine Learning and Data Science” familiarizes students with recent developments in machine learning
and data science. Recently published articles, as well as influential papers, have to be presented and critically reviewed. The students will
learn how to structure a scientific presentation, which covers the motivation, key ideas and main results of a scientific paper. An important
goal of the seminar presentation is to summarize the essential ideas of the paper in sufficient depth for the audience to be able to follow its
main conclusion, especially why the article is (or is not) worth attention. The presentation style will play an important role and should reach
the level of professional scientific presentations.

Content The seminar will cover a number of recent papers which have emerged as important contributions to the machine learning and data
science literatures. The topics will vary from year to year but they are centered on methodological issues in machine learning and its
application, not only to text or images, but other scientific
domains like medicine, climate or physics.

Literature The papers will be presented in the first session of the seminar.

CAS in Computer Science - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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CAS in International Policy and Advocacy
The CAS is offered once per year in the spring semester.
Course duration: 1 Semester, part-time

More information at: www.sspg.ethz.ch/en

 Module
Number Title Type ECTS Hours Lecturers

372-0003-00L International Policy
Does not take place this semester.
Only for CAS in International Policy and Advocacy

O 3 credits 4G M. Ambühl

Abstract This module explores the foundations of international policy and the varied context within which international projects take place.
Participants are encouraged to connect their own areas of expertise and their own professional emphasis to these higher-order dimensions
- a necessary foundation for sound decision-making and negotiation in a competitive international environment.

Objective The program empowers participants to:
effectively represent their organization's interests;
manage complex governance projects within an international context;
navigate the complexities of competitive international environments.

372-0004-00L Strategy & Leadership
Does not take place this semester.
Only for CAS in International Policy and Advocacy

O 1 credit 1G M. Ambühl

Abstract This module covers the latest research on management structures and processes as it applies to negotiations and interest representation.
Participants are enabled to plan, implement and assess complex international projects.

Objective The program empowers participants to:
effectively represent their organization's interests;
manage complex governance projects within an international context;
navigate the complexities of competitive international environments.

372-0005-00L International Advocacy
Does not take place this semester.
Only for CAS in International Policy and Advocacy

O 2 credits 2G M. Ambühl

Abstract At the center of this module are the tools and frameworks necessary for representing an organization's interests. It enables participants to
identify relevant stakeholders, to build effective advocacy and communications campaigns and to participate confidently in international
negotiations.

Objective The program empowers participants to:
effectively represent their organization's interests;
manage complex governance projects within an international context;
navigate the complexities of competitive international environments.

372-0006-00L Negotiations
Does not take place this semester.
Only for CAS in International Policy and Advocacy

O 2 credits 2G M. Ambühl

Abstract This module centers on the negotiation process and prepares students to prepare for and carry out a variety of negotiations. Participants
are enabled to apply the learnings directly through a series of mini-negotiation simulations, as well as in-depth discussions of real life case
studies

Objective The program empowers participants to:
effectively represent their organization's interests;
manage complex governance projects within an international context;
navigate the complexities of competitive international environments.

 CAS Thesis
Number Title Type ECTS Hours Lecturers

372-9000-00L CAS IPA Thesis
Does not take place this semester.
Only for CAS in International Policy and Advocacy

O  7 credits 9D M. Ambühl

Abstract The centerpiece of the CAS Project is a full-day simulation in which participant groups face off against each other in a complex negotiation
around a contemporary multilateral issue. In this challenging real-life atmosphere, participants are required to make use of all of the
knowledge and competencies gained during the course in order to successfully reach an agreement with the other sides.

Objective The CAS Project and its component assignments are structured so as to relate all academic inputs of the teaching modules directly into a
practical and highly relevant case, allowing for maximum retention of the knowledge and skils gained during the CAS.

CAS in International Policy and Advocacy - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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CAS in Future Transport Systems: New Business Models
The CAS in Future Transport Systems: New Business Models  takes place in Spring Semester only (every two years). 

Course duration: Approx. six months part time

More information at: http://www.mas-mobilitaet.mavt.ethz.ch/programm/cas-mobilitaet-der-zukunft.html

 Major Courses
Number Title Type ECTS Hours Lecturers

166-0300-00L Framework Conditions and Transport Behaviour
Only for MAS in Future Transport Systems and CAS in
Future Transport Systems: New Business Models

O  4 credits 3G P. J. de Haan van der Weg

Abstract This module addresses the demand for new business models for future transport systems. Why and in what way do people wish to be
mobile? What are the economic, social and legal framework conditions, and how will these develop? What approaches leading to new
value propositions will follow?

Objective Participants
• can tell the difference between drivers of mobility which cannot really change and those which can change;
• are able to identify the effects of path dependence on transport systems and future transport systems;
• are familiar with the socio-psychological factors involved in transport vehicle acquisition and transport behaviour, and can apply them in
ideas for new business models;
• are able to judge the significance of travel time, driving time and fixed costs and use this knowledge to identify new business models;
• are able to design incentives which will trigger maximum changes in behaviour and/or facilitate cooperative behaviour;
• are able to embed electric mobility conceptually such that its potential is realised and the associated risks are minimised;
• are familiar with the framework conditions and efficient drivers required to replace overland transport with air transport;
• are able to assemble combinations of political and market instruments on the basis of their efficiency profiles and side-effects in order to
realise efficiency potentials and changes in behaviour;
• are able to design policy and market measures in such a way that they minimise rebound effects (including those in connection with
automatic and fully autonomous vehicles);
• are able to recognise the properties of automatic and fully autonomous vehicles which are particularly suitable for new business models.

Content Content
• Why are people mobile? What resources (time, money, space) do they invest in mobility?
• What are the various qualities of transport services (comfort/stress, risk/safety, plannability, multifunctionality)?
• What are the various resource and quality profiles of current transport services, and what mutual dependencies are there?
• What current mobility demands are unsated? Why are they unsated? What future key technologies might change this?
• What current forms of mobility might be substituted by other transport services? If they were substituted, how would the necessary
resources and transport service qualities change?

Methods
• Group work (groups of four and groups of two)
• Creative methods for generating value propositions
• Tasks in preparation for the fourth course day: design, implementation and analysis of a small survey of potential target clients regarding
a not-yet-existing business model

Case studies
• Reciprocal presentation of personally compiled case studies

Lecture notes Distributed at start of module.
Literature Distributed at start of module.
Prerequisites /
notice

Announced to students of the of the MAS | CAS at the beginning of the term.

166-0301-00L New Business Models for Future Transport Systems
Only for MAS in Future Transport Systems and CAS in
Future Transport Systems: New Business Models

O  3 credits 2G A. Müller

Abstract This module addresses the implementation of (digital) strategies and innovative business models of the future and elucidates the drivers,
inhibitors and challenges of business model innovation. Using suitable methods and procedures, participants in the module develop,
evaluate and refine prototypes of sustainable future business models.

Objective Participants
• are able to understand and explain the core issues, concepts and strategies of business model innovation;
• are able to describe the relevance and the process of business model development;
• are able to translate a personally developed business case into a sustainable business model;
• are able to apply suitable design strategies to optimise a personally developed business model;
• are able to appropriately embed new business models into a corporate or business segment strategy;
• are able to assess the strengths, weaknesses, opportunities and risks of a business model;
• are able to convincingly present their own business case / business model in a structured manner to relevant stakeholder groups
(investors, board members, clients, partners);
• are able to engage with and develop various points of view to assess business models;
• are able to shape a modelling process for themselves and reflect on it.
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Content Business model innovation:
• Conceptual foundations of business model innovation
• Drivers, inhibitors and challenges of business model innovation
• Business model innovation in established organisations and structures
• Case study and mini cases in the context of transport system / mobility business model innovation

Business modelling (essentials):
• Business model thinking and modelling 
• The Business Model Canvas as a conceptual and methodological tool
     o Customer benefits / value propositions
     o Demand side
     o Supply side
• Business model patterns

Business modelling (application)
• Creation of a real business case for business modelling
• Business model prototyping (basis: Business Model Canvas)
• Evaluation and review/re-prototyping of participants’ own business cases / business models

Incorporating new business models into corporate / business segment strategies
• Fit with strategic analysis
• Compliance with corporate or business segment strategy
• Contribution to strategy implementation

Presenting business models convincingly (basics/application)
• Basics of business model presentation
• Development of participants’ own storylines and presentation structure (business value concept)
• Pitching of own business case / business model

Methods
• Blended learning elements to prepare for classroom sessions
• Case studies and examples; group work (4-person and 2-person groups)
• Classroom discussions to introduce relevant concepts and instruments
• Homework for the 4th and 5th NG-2 course days: Develop a structured presentation of a personally developed business case (business
model) for delivery to relevant stakeholder groups (investors, board members, clients, partners)

Case studies
• Reciprocal presentations of personally developed business cases

Lecture notes Distributed at start of module.
Literature Distributed at start of module.
Prerequisites /
notice

Announced to students of the of the MAS | CAS at the beginning of the term. 

166-0302-00L Implementing New Strategies and Business Models
for Future Transport Systems
Only for MAS in Future Transport Systems and CAS in
Future Transport Systems: New Business Models

O  4 credits 3G C. G. C. Marxt

Abstract In order to be successful, new strategies / innovative business models have to be implemented in the market as well as in the company
itself. This requires proactively managed transition processes. This module deals with such transition processes on three levels: change
management theory – best-practice examples – one’s own practice.

Objective Participants…
• know and understand selected classic and current theories regarding change (management) in systems
• know how to design and initiate participative transition processes 
• are familiar with / know how to apply selected tools of change management
• have discussed best-practice cases with responsible managers within the mobility/transportation sector
• have reflected theory and best-practice cases in regard to their own practice
• have developed management options and approaches for their own practice

Content Content
• Classic and current change management approaches
• Communication in transition processes
• Participation: integration of stakeholders
• Dealing with resistances
• Discussions with guests from practice regarding the management of transition processes related to the implementation of new strategies /
business models

Methods
• Selected change management methods and tools

Case studies
• Various good/best practice cases within the mobility sector
• Change cases of students

Lecture notes Distributed at start of module.
Literature Distributed at start of module.
Prerequisites /
notice

 Announced to students of the of the MAS | CAS at the beginning of the term. 

 CAS Thesis
Number Title Type ECTS Hours Lecturers

166-0390-00L CAS Project: New Business Models
Only for MAS in Future Transport Systems and CAS in
Future Transport Systems: New Business Models

O  3 credits 5D K. Oswald

Abstract The participants, in heterogeneous teams, deal with a current problem from the topics of the CAS New Business Models.
Objective - Deal with a specific problem from the CAS New Business Models subject area.

- Be able to work interdisciplinary and across sectors, where appropriate together with relevant other parties.
- Communicate the results appropriately. 
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Lecture notes Distributed at start of module.
Literature Distributed at start of module.
Prerequisites /
notice

 Announced to students of the of the MAS | CAS at the beginning of the term. 

CAS in Future Transport Systems: New Business Models - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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CAS in Future Transport Systems: Systemic Aspects of Future Transport
The CAS in Systemic Aspects of Future Transport takes place in Spring Semester only (every two years). 

Course duration: Approx. six months part time

More information at: http://www.mas-mobilitaet.mavt.ethz.ch/programm/cas-mobilitaet-der-zukunft.html

 Major
Number Title Type ECTS Hours Lecturers

166-0100-00L Transport Systems: Dynamics and Future
Developments
Does not take place this semester.
Only for MAS in Future Transport Systems and CAS in
Systemic Aspects of Future Transport.

O  3 credits 2G

Abstract Interrelationships and dynamic change and the impact of these on mobility and transportation are being investigated in this module. The
module addresses desirable future development of urban transport systems in Switzerland by covering and critically examining authentic,
existing transport scenarios (e.g. ARE) in an exercise setting which deploys backcasting.

Objective Participants
- understand the complexity of the transport system status quo as a whole, and are able to describe it qualitatively and create an
operational and/or working context (K1);
- understand the development of transport systems and future transport scenarios over time, and can infer objectives from the latter (K2);
- understand how digitisation drives new mobility services (mobility as a service), and are able to qualitatively estimate the changes these
bring to transport systems as a whole (K3);
- are able to pinpoint the challenges and potential of the transition to autonomous transport forms (K4).

Content - Deepen understanding of complex transport systems and their dynamics past – status quo – future
- Consolidate a foundation in the dynamics of transport systems: elements and their interrelationships
- Overview and selection of methods/approaches for the development and analysis of scenarios
- Future perspectives (ARE), target scenarios
- Transformation and change in systems
- Transport policy and the potential of regulation
- Excursion: “Autonomous transport”

Methods selected
- System analysis, scenario analysis, foresight, indicators for sustainable mobility, case study learning via a pilot project on future transport
systems

Lecture notes Distributed at start of module
Literature Distributed at start of module
Prerequisites /
notice

Announced to students of the of the MAS / CAS at the beginning of the term

166-0101-00L Development and Assessment of Transport Scenarios
Does not take place this semester.
Only for MAS in Future Transport Systems and CAS in
Systemic Aspects of Future Transport.

O  4 credits 3G

Abstract This module familiarises participants with current methods of developing and evaluating transport scenarios. These include analysis of the
interrelationship of space and traffic; traffic modelling methods; and evaluation according to economic and planning criteria.

Objective Participants

- are familiar with suitable methods for developing transport scenarios and how to analyse and evaluate them. In particular, they know how
to address the challenges of evaluating future forms of transport;
- are able to select a suitable method and determine an evaluation concept with relation to a specific problem.

Content - Methodological foundations of traffic modelling (44-level model, activity-based model,agent-based simulation)
- Design and evaluation of transport scenarios using MATSim (traffic simulation) with a focus on transport with autonomous vehicles
- Interrelationship of space and traffic (accessibility measurement, settlement density and mixed usage) and what to consider in designing
and evaluating transport scenarios
- Approaches to evaluation of traffic scenarios (cost-benefit analyses and their foundations, methodological limits), analysis of effects taking
into account user group and space type
- Ecobalancing with Life Cycle Assessment (LCA) in addressing passenger and goods transport issues
- Backcasting as a tool for defining political measures which generate sustainable transport scenarios

Lecture notes Distributed at start of module
Literature Distributed at start of module
Prerequisites /
notice

Announced to students of the of the MAS / CAS til the beginning of the term.

166-0102-00L Foundations for the Design of Transport System
Innovation and Change Processes
Does not take place this semester.
Only for MAS in Future Transport Systems and CAS in
Systemic Aspects of Future Transport.

O  4 credits 3G

Abstract The module establishes the fundamentals for an understanding and for designing innovation and change processes in transport systems
on different levels (individual, economy, company) and from technology, macro und microeconomic or socio-technical perspectives.
Success factors, barriers and also changed parameters shall be discussed.

Objective Particiants are able
- to understand the economic fundamentals of innovation and change processes in the area of transport
- to analyse the foundations and challenges of disruption in transport and mobility systems
- and to set these concepts and frameworks in context to their own work practice.

Content In this module, innovation, transformation and change in transportation systems on different levels are discussed from different
complementary perspectives. Respective theories and methods are introduced: 
- Concepts and frameworks
- Emerging trends as new opportunities for innovation 
- Innovation today in the transport/mobility system: theoretical basis and concrete examples
- Transformation of socio-technical systems

Lecture notes Distributed at start of module
Literature Distributed at start of module
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Prerequisites /
notice

Announced to students of the of the MAS / CAS at the beginning of the term

 CAS Thesis
Number Title Type ECTS Hours Lecturers

166-0190-00L CAS Thesis on System Aspects
Does not take place this semester.
Only for MAS in Future Transport Systems and CAS in
Systemic Aspects of Future Transport.

O  3 credits 5D J. Schippl

Abstract The participants deal with a current problem from the topics of CAS System Aspects.
Objective - Deal with a specific problem from the CAS System Aspects subject area.

- Deepen selected content from module independently
- Be able to work interdisciplinary and across sectors, where appropriate together with relevant other parties.
- Communicate the results appropriately.

Content In der CAS-Arbeit zeigen die Studierenden, dass sie in der Lage sind eine fundiert aufbereitete Auseinandersetzung mit technischen und
nicht-technischen Entwicklungen im Mobilitätsystem und deren mögliche Auswirkungen auf das Schweizer Verkehrssystem oder auf
Teilbereiche desselben anzufertigen.  

Die Teilnehmenden setzen sich dabei aktiv mit aktuellen und/oder zukünftig erwarteten Entwicklungen im Mobilitätssektor auseinander,
übersetzen mögliche Entwicklungen in verkehrliche Parameter (=Zukunft der Mobilität); greifen auf Lerninhalte des Studiums zurück;
entwickeln ausgewählte Themen selbständig (bzw. im Rahmen einer Arbeitsgruppe) weiter und setzen sich mit der Relevanz für die Praxis
auseinander (Relevanz für Stakeholdergruppen wie z.B. politische Entscheidungsträger, Verkehrsunternehmen, Industrie,
Umweltverbände, Energieversorger sowie auch andere gesellschaftliche Gruppen, z.B. für Menschen im Rentenalter).

Lecture notes Distributed at start of module.
Literature Distributed at start of module.
Prerequisites /
notice

Announced to students of the of the MAS / CAS at the beginning of the term.

CAS in Future Transport Systems: Systemic Aspects of Future Transport - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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CAS in Future Transport Systems: Technology Potential
The "CAS in Future Transport Systems: Technology Potential" takes place only in Autumn Semester (every two years). 

Start of the next course: Autumn Semester 2021  
Course duration: Six months part time

More Information at: http://www.mas-mobilitaet.mavt.ethz.ch/

CAS in Future Transport Systems: Technology Potential - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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CAS in Natural Hazard - Risk Management
 Modules

Number Title Type ECTS Hours Lecturers

141-0101-00L Risk Management of Integral Natural Hazards
Only for CAS in Natural Hazard - Risk Management.

O  3 credits T. Vogel

141-0102-00L Processes
Only for CAS in Natural Hazard - Risk Management.

O  3 credits T. Vogel

141-0103-00L Digitalisation
Only for CAS in Natural Hazard - Risk Management.

O  3 credits T. Vogel

141-0200-00L Project
Only for CAS in Natural Hazard - Risk Management.

O  3 credits T. Vogel

CAS in Natural Hazard - Risk Management - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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CAS in Nutrition for Disease Prevention and Health
 Disciplinary Subjects

Number Title Type ECTS Hours Lecturers

752-6102-00L The Role of Food and Nutrition for Disease Prevention W  3 credits 2V J. Baumgartner, M. Andersson
Abstract The course teaches the links between the diet and the etiology and progression of chronic diseases.
Objective To examine and understand the protective effects of foods and food ingredients in the maintenance of health and the prevention of chronic

disease, as well as the progression of complications of chronic diseases.
Content The course evaluates food and nutrition in relation to primary and secondary prevention of chronic diseases.
Lecture notes There is no script. Powerpoint presentations and relevant literature will be made available online to students.
Literature Obligatory course literature to be provided by the responsible lecturer and the individual invited lecturers.
Prerequisites /
notice

No compulsory prerequisites, but prior completion of Introduction to Nutritional Science (752-6001-00L) and Advanced Topics in Nutritional
Science (752-6002-00L) is strongly adviced.

752-6202-00L Nutrition Case Studies W  2 credits 2G J. Baumgartner
Abstract In groups, students address real-world case studies focusing on the links between nutrition and health. Each case is being introduced by

the lecturer and presented to the class by the respective group, followed by a class discussion facilitated by the group and the lecturer.
Objective The aim of the course is to improve the students’: 


- Understanding of the relationships between nutrition/diets and several major diseases/health outcomes.

- Ability to integrate knowledge on diet/nutrition, health/disease and methodologies in nutrition sciences.

- Ability to make evidence-based decisions/recommendations by gathering and analyzing scientific information.

- Communication and problem solving skills, as well as critical thinking ability.

Lecture notes Presentation slides, case studies, and relevant literature will be shared.
Literature Relevant scientific literature will be provided.
Prerequisites /
notice

Students are expected to attend and actively participate in the course, which includes the presentation of a case study (in groups), critical
reading of the pertinent literature, and participation in class discussions.

CAS in Nutrition for Disease Prevention and Health - Key for Type

Dr Suitable for doctorate
O Compulsory
W+ Eligible for credits and recommended

W Eligible for credits
E- Recommended, not eligible for credits
Z Courses outside the curriculum

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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CAS in Pharmaceuticals - From Research to Market
 Modules

Number Title Type ECTS Hours Lecturers

541-0001-00L Module 1: Health System, Pharmabusiness and
Marketing
Only for CAS in Pharmaceuticals.

The enrolment is done by the CAS in Pharmaceuticals
study administration.

W  2.5 credits 3G R. Furegati Hafner, R. Schibli

Abstract Students learn about the different health systems, primarily about the European and the Swiss specialities, then also in comparison with
the US  system. A short introduction is made about Marketing with focus on Pharma, the legislation and patents/licencing are discussed
and pharmacooeconomic aspects and business development are explained and intensified through workshops.

Objective Pharmabusiness and Corporate Governance;
Pharmamarketing with workshop;
Healthcare systems in Switzerland and in the EU;
Pharmacoeconomics with workshop;
Data integrity for supply chain powered by blockchain;
Opinion Leader Management, Workshop;
Legislation;
Patents and licences;
Building Pharma 4.0 – Future Directions;
Market Access, Pricing and Reimbursement;
Business Development:
Connected Health;

Lecture notes Course documents in print and a link to the electronic version are distributed during the module.

541-0003-00L Module 3: Quality and GMP
Only for CAS in Pharmaceuticals.

The enrolment is done by the CAS in Pharmaceuticals
study administration.

W  2.5 credits 3G R. Furegati Hafner, R. Schibli

541-0004-00L Module 4: Health Communication
Does not take place this semester.
Only for CAS in Pharmaceuticals.

The enrolment is done by the CAS in Pharmaceuticals
study administration.

W  2.5 credits 3G R. Schibli

Abstract Health Communication
Negotiation
Presentation Power

Objective Basics of Health Communication
Knowledge Management
Internal and external communication
Publich Relations (PR)
Intercultural communication
Crisis Management
Communication with Health Authorities
Social media

541-0005-00L Module 5: Pharmaceutical Development and
Production
Does not take place this semester.
Only for CAS in Pharmaceuticals.

The enrolment is done by the CAS in Pharmaceuticals
study administration.

W  2.5 credits 3G R. Schibli

Abstract Students learn about the pharmaceutical drug development process from the analytical characterisation of drug product both for small
molecules and biotechnological drug substandes. The learnings include: formulation of clinical and market form, scale-up, 2D/3D printing
technology for drugs, clinical trial supply, commercial packaging, supply chain management and continuous manufacturing.

Objective •    Analytical characterization of the active pharmaceutical ingredient (API)
•    Drug formulation: clinical form and market form
•    Analytical characterization of formulations
•    Scale-up of manufacturing processes
•    Clinical trial supply 
•    Commercial packaging
•    Technical project management
•    Supply chain management
•    Leading pharmaceutical operational excellence
•    Research trends in drug formulation and delivery
Continuing Manufacturing

541-0006-00L Module 6: Regulatory Affairs
Does not take place this semester.
Only for CAS in Pharmaceuticals.

The enrolment is done by the CAS in Pharmaceuticals
study administration.

W  2.5 credits 3G R. Schibli

Abstract Students learn about the regulatory aspects of drug development, about the Swiss, European and FDA regulations, regulatory information
and strategies, personalizing healthcare and the role of companion diagnostics, about special regulations for biosimilars, medical devices,
generics, orphan drugs, GMOs and advanced therapeutics incl. gene therapy and pharmacovigilance.
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Objective •    European regulations for medicinal products
•    Clinical trial directives and application procedures
•    Marketing authorization procedures in the EU
•    FDA regulations
•    Swiss authorities and regulations
•    Helvetisation of regulatory documents
•    Variations and change control
•    Pharmacovigilance
•    Regulatory aspects of packaging
•    Electronic submissions
•    Health economics and outcomes research
•    Special regulations: Biologics, Orphan drugs, Biosimilars, Pediatrics, Generics
•    How to search the web for regulatory information

 Essay
Number Title Type ECTS Hours Lecturers

541-1000-00L Essay
Only for CAS in Pharmaceuticals.

The enrolment is done by the CAS in Pharmaceuticals
study administration.

O  1 credit 2D R. Furegati Hafner, R. Schibli

Abstract The essay is an essential part of the CAS program „Pharmaceuticals – From Research to Market“ (CAS Pharm) and serves as final
performance assessment.

Objective The essay documents the student’s competence development during the program as well as the transfer of acquired knowledge to
professional practice/activities.

CAS in Pharmaceuticals - From Research to Market - Key for Type

Dr Suitable for doctorate
O Compulsory
W+ Eligible for credits and recommended

W Eligible for credits
E- Recommended, not eligible for credits
Z Courses outside the curriculum

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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CAS in Public Governance and Administration
The CAS in Public Governance and Administration is offered once per year in September.

 Module
Number Title Type ECTS Hours Lecturers

371-0001-00L Module: Public Governance and Administration
Does not take place this semester.
Only for CAS in Public Governance and Administration.

O  8 credits 1G M. Ambühl

Abstract The Certificate of Advanced Studies in Public Governance and Administration equips aspiring public sector leaders to manage complex
governance projects and processes.

Objective Program participants will learn to:
Understand key governance frameworks and problems;
Dissect multi-dimensional policy issues, with a particular emphasis on technological disruption;
Lead effectively across the spectrum of technical, human and conceptual challenges.

 CAS Thesis
The CAS Thesis is offered once per year in September.

CAS in Public Governance and Administration - Key for Type

Dr Suitable for doctorate
O Compulsory
W+ Eligible for credits and recommended

W Eligible for credits
E- Recommended, not eligible for credits
Z Courses outside the curriculum

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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CAS in Radiopharmaceutical Chemistry, Radiopharmacy
 Modules

Number Title Type ECTS Hours Lecturers

542-0002-00L Module II: Radiopharmaceutical Chemistry
Only for CAS in Radiopharmazeutischer Chemie,
Radiopharmacy.

The enrolment is done by the CAS study administration.

O  4 credits 6G R. Furegati Hafner, R. Schibli

Abstract This postgraduate certificate course consists of three 2-week-modules and enables natural scientists to assume responsibility for the small-
batch production and quality control of radiopharmaceuticals.

Module II: Radiopharmaceutical Chemistry
6 x 4hours of laboratory practice in different locations (PSI, ETH Hönggerberg)

Objective •    Introduction to radiopharmacy and physics
•    Radionuclide production
•    Generator systems
•    In vitro- and in vivo-characterization of radiolabelled peptides and antibodies
•    The chemistry of Tc and Re
•    Kits and pitfalls
•    Radiopharmaceutical chemistry with halogen isotopes
•    18F- and 11C-radiolabelled pharmaceuticals
•    Chemistry of radiometals other than Tc and Re
•    Animal and in vitro models
•    Practical sessions:
•    Radiolabelling and quality control of antibodies
•    Mo/Tc-generator and use of kits including quality control and preclinical application
•    Ge/Ga-generator and 68Ga-radiolabelling of peptides including quality control/video cell labelling
•    Insight into the routine manufacturing of clinical PET radiopharmaceuticals
•    11C- and 18F- radiolabelling for research
•    In vitro/preclinical characterization of PET radiopharmaceuticals

CAS in Radiopharmaceutical Chemistry, Radiopharmacy - Key for Type

Dr Suitable for doctorate
O Compulsory
W+ Eligible for credits and recommended

W Eligible for credits
E- Recommended, not eligible for credits
Z Courses outside the curriculum

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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CAS in Spatial Planning
 Lectures

Number Title Type ECTS Hours Lecturers

115-0505-00L Lecture Week 05: Traffic Systems
Only for MAS, DAS and CAS in Spatial Planning.

W  2 credits 1G K. W. Axhausen, F. Corman

Abstract Interrelationships between networks, supply, and space; Demand and demand models; Evaluation of changes in infrastructure; traffic
systems: rail infrastructure, passenger transportation; case study.

Objective Understanding of the life cycle costs and effects of infrastructure on spatial development as accessibility producing and /or vital network
industries. Understanding planning processes for network infrastructure operation and production as well as the challenges of network
operation. 

115-0506-00L Lecture Week 06: Communication and Negotiation
Only for MAS, DAS and CAS in Spatial Planning.

W  2 credits 1G M. Ambühl, M. Gutmann

Abstract This module introduces students to the basic theories and competencies of public sector management, with an emphasis on negotiation
and communication, through lectures, case studies and group exercises.

Objective By the end of the module students are able to plan, manage and assess projects and negotiations, and have accurately reflected on their
management and communication strengths and deficits.

115-0507-00L Lecture Week 07: Spatial Economy
Only for MAS, DAS and CAS in Spatial Planning.

W  2 credits 1G J. Aring, M. Gmünder

Abstract Main features of regional and urban economics; Land and landscape economics; Regional structural analysis and benchmarking;
Globalisation; Digital transformation; company and locational competition; Regional economic policy, locational management; Real estate
development; Market based land-use planning instruments; Federalism, financial equalisation, regional planning policy; Swiss regional
policy

Objective Economic background and requirements for spatial planning related to intensifying regional competitiveness in a changing world.
Understanding of spatially relevant economic relationships and driving forces. Assessment of spatial concepts, policies and measures.
Development of new concepts for the spatial development policy at different levels (local, regional, national, international).

115-0508-00L Lecture Week 08: Spatial Sociology
Only for MAS, DAS and CAS in Spatial Planning.

W  2 credits 1G C. Schmid, P. Klaus

Abstract Spatial Planning is strongly linked with social processes. Thus, planning measures have impacts on the people, and changes in society
influence planning processes. Concepts such as urbanisation, gentrification, segregation and density are discussed in the course.
Instruments related to practice such as participation and ethnography are presented.

Objective Aim of the course is to present the most important interrelations between society and spatial planning and spatial development.  The main
focus is on a better understanding of topics, pro-cedures and methods in social sciences. The course presents new approaches to urban
quality, working with statistics and interviews, as well as the ethnographic exploration of neighbor-hoods. Finally, it highlights the variety
and the possibilities of the collaboration with the popu-lation in planning processes - the participation process - and to make it useful for
practice.

115-0509-00L Lecture Week 09: Planning and Politics
Only for MAS, DAS and CAS in Spatial Planning.

W  2 credits 1G D. Kaufmann, W. Schenkel

Abstract Introduction to political science as a discipline; The Swiss political system; Spatial planning in the Swiss political system context; Planning
and governance: steering by the state and new coordination mechanisms, concepts and examples of governance proposals; Trends,
drivers and policies in urban regions.

Objective Approaching, understanding and structured discussion of the political science approach to spatial planning. Apply political science toolbox
in practical processes and projects. Recognize and utilize relevance of political science approach for personal and professional interests or
requirements.

CAS in Spatial Planning - Key for Type

Dr Suitable for doctorate
O Compulsory
W+ Eligible for credits and recommended

W Eligible for credits
E- Recommended, not eligible for credits
Z Courses outside the curriculum

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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CAS in Regenerative Materials
Offered only in the Spring Semester.

 Modules
Number Title Type ECTS Hours Lecturers

140-0101-00L Discovering Regenerative Materials
Only for CAS in Regenerative Materials.

O  2 credits 3G G. Habert, S. Claude

Abstract Regenerative materials come in a wide variety of forms and compositions, from raw materials to industrialized construction systems.
Knowing the specificities of these different materials is needed to adopt the appropriate constructive choice adapted to the socio-economic
situation of the territory and the resource availability.

Objective - Learn the diversity of regenerative materials. 
- Understand the material through its composition, implementation, LCA analysis and aesthetic. 
- Take inspiration from vernacular architecture : think local - adopt a territorial approach. 
- Grasp the fundamental relations existing between a specific construction choice, a level of industrialisation, and the material and
immaterial resources available on the territory.
- Dare an innovative project which overcome legislative barriers and involve the inhabitants as early as possible in the design process.
- Learn how to develop solutions to move towards a regenerative architecture.

Literature A list of literature will be offered on a specific online platform, that could be used by all students attending the lectures

140-0102-00L Earth Construction
Only for CAS in Regenerative Materials.

O  2 credits 3G G. Habert, S. Claude

Abstract Earth construction is attracting attention in contemporary construction. New strategies have been developed for innovation, combining
traditional techniques with modern construction systems and new materials. These constructions are still challenging with regards to
standards and building codes, but many solutions exist to fulfil the expectation and ambition to make a different architecture.

Objective - Learn the different techniques of earth construction. 
- Understand the structural behaviour and the durability risks. 
- Define the cost and planning of earth construction. 
- Adapt the production process to the project: local resources, production line, prefabrication. 
- Gain experience from projects overcoming structural engineering difficulties and the lack of standards.

Literature A list of literature will be offered on a specific online platform, that could be used by all students attending the lectures

140-0103-00L Bio-Based Construction
Only for CAS in Regenerative Materials.

O  2 credits 3G G. Habert, S. Claude

Abstract Lightweight construction correspond to wooden-framed or prefabricated system fulfilled with a lightweight biobased material. Knowing the
technical aspects, limitations and solutions, rules, public market, but also building physic is essential for a good conception and the
management of the project.

Objective - Know the different techniques of lightweight construction and good practices to prevent future disorders.
- Understand the specific thermal and hygrothermal behaviour.
- Define the cost and planning strategies.
- Know the recent development of lightweight materials.
- Identify the challenges for the organization  of bio-material supply chain in a territory.

Literature A list of literature will be offered on a specific online platform, that could be used by all students attending the lectures

140-0104-00L Re-Valuing the Building Stock
Only for CAS in Regenerative Materials.

O  2 credits 3G G. Habert, S. Claude

Abstract New construction represent only one percent of construction per year in European countries. Re-valuing the existing building stock is
therefore a priority. Using bio-based insulation for energy retrofit and the reuse of building component in case of building demolition
represent promising carbon-neutral solutions for the construction sector.

Objective - Adopt a methodology for the retrofit of historic buildings as well as 50’s to 80’s building stock. 
- Understand and manage the moisture risks when retrofitting buildings. 
- Know the biobased insulation market. 
- Practice deconstruction of existing building, from dismantling to reuse. 
- Challenge the conventional building design to maximize its potential for later reuse.

Literature A list of literature will be offered on a specific online platform, that could be used by all students attending the lectures

 Project
Number Title Type ECTS Hours Lecturers

140-0200-00L Project
Only for CAS in Regenerative Materials.

O  4 credits 3G G. Habert, S. Claude

Abstract The last module of the CAS consists in an individual or group project exercise, that will be presented during a final review on the 15th of
May 2020

Objective -Analysis of the local resources, the regional know-how and the social challenges of the project to tend towards a regenerative architecture 
-Definition of a pre-program with cost and planning 
-Formulation of a strategy to overcome blockage

CAS in Regenerative Materials - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Chemistry (General Courses)
 General Courses

Number Title Type ECTS Hours Lecturers

529-0499-00L Physical Chemistry Z 1 credit 1K B. H. Meier, A. Barnes, M. Ernst,
P. H. Hünenberger, G. Jeschke,
F. Merkt, M. Reiher, J. Richardson,
R. Riek, S. Riniker, T. Schmidt,
R. Signorell, H. J. Wörner

Abstract Seminar series covering current developments in  Physical Chemistry
Objective Discussing current developments in  Physical Chemistry

529-0688-00L Safety Lecture for Assistants Z 0 credits T. Mäder
Abstract Safety-Praxis und Riskmanagement in Laboratorien


Objective Gute Safety-Praxis
Content Safety-Regeln, Riskmanagement im Labor, Safety-Parcours

Chemistry (General Courses) - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Chemistry Bachelor
 Bachelor Studies (Programme Regulations 2018)

 2. Semester
 Compulsory Subjects First Year Examination

Number Title Type ECTS Hours Lecturers

529-0012-02L General Chemistry (Inorganic Chemistry) II O  4 credits 3V+1U J. Cvengros, H. Grützmacher
Abstract 1) General definitions 2) The VSEPR model 3) Qualitative molecular orbital diagrams 4) Closest packing, metal structures 5) The

Structures of metalloids
6) Structures of the non-metals 7) Synthesis of the elements 8) Reactivity of the elements 9) Ionic Compounds 10) Ions in Solution 11)
Element hydrogen compounds 12) Element halogen compounds 13) Element oxygen compounds 14) Redox chemistry

Objective Understanding of the fundamental principles of the structures, properties, and reactivities of the main group elements (groups 1,2 and 13 to
18).

Content The course is divided in 14 sections in which the fundamental phenomena of the chemistry of the main group elements are discussed: Part
1: Introduction in the periodical properties of the elements and general definitions Part 2: The VSEPR model Part 3: Qualitative molecular
orbital diagrams for simple inorganic molecules  Part 4: Closest packing and structures of metals  Part 5: The Structures of semimetals
(metalloids) of the main group elements Part 6: Structures of the non-metals Part 7: Synthesis of the elements. Part 8: Reactivity of the
elements Part 9: Ionic Compounds Part 10: Ions in Solution Part 11: Element hydrogen compounds Part 12: Element halogen compounds
Part 13: Element oxygen compounds Part 14: Redox chemistry.

Lecture notes The transparencies used in the course are accessible via the internet on http://www.gruetzmacher.ethz.ch/education/lectures/lecture-
material-allgemeine-chemie---general-chemistry.html

Literature J. Huheey, E. Keiter, R. Keiter, Inorganic Chemistry, Principles and Reactivity, 4th edition, deGruyter, 2003.

C.E.Housecroft, E.C.Constable, Chemistry, 4th edition, Pearson Prentice Hall, 2010.

Prerequisites /
notice

Basis for the understanding of this lecture is the course Allgemeine Chemie 1.

529-0012-03L General Chemistry (Organic Chemistry) II O  4 credits 3V+1U P. Chen
Abstract Classification of organic reactions, reactive intermediates: radicals, carbocations, carbanions, acids & bases,  electrophilic aromatic

substitution, electrophilic addition to double bonds, HSAB concept, nucleophilic substitution at sp3 hybridized carbon centres (SN1/SN2
reactions), nucleophilic aromatic substitutions, eliminations, oxidations, reductions.

Objective Understanding of fundamental reactivity principles and the relationship between structure and reactivity. Knowledge of the most important
reaction types and of selected classes of compounds.

Content Classification of organic reactions, reactive intermediates: radicals, carbocations, carbanions,  acids & bases, electrophilic aromatic
substitution, electrophilic addition to double bonds, HSAB concept, nucleophilic substitution at sp3 hybridized carbon centres (SN1/SN2
reactions), nucleophilic aromatic substitutions, eliminations, oxidations, reductions.

Lecture notes pdf file available at the beginning of the course
Literature [1] P. Sykes, "Reaktionsmechanismen der Organischen Chemie", VCH Verlagsgesellschaft, Weinheim 1988.

[2] Carey/Sundberg, Advanced Organic Chemistry, Part A and B, 3rd ed., Plenum Press, New York, 1990/1991. Deutsch: Organische
Chemie. 
[3] Vollhardt/Schore, Organic Chemistry, 2th ed., Freeman, New York, 1994 Deutsche Fassung: Organische Chemie 1995, Verlag
Chemie, Wein¬heim, 1324 S. Dazu: N. Schore, Arbeitsbuch zu Vollhardt, Organische Chemie, 2. Aufl. Verlag Chemie, Weinheim, 1995, ca
400 S. 
[4] J. March, Advanced Organic Chemistry; Reactions, Mechanisms, and Structure, 5th ed., Wiley, New York, 1992.
[5] Streitwieser/Heathcock, Organische Chemie, 2. Auflage, Verlag Chemie, Weinheim, 1994.
[6] Streitwieser/Heathcock/Kosower, Introduction to Organic Chemistry, 4th ed., MacMillan Publishing Company, New York, 1992.
[7] P. Y. Bruice, Organische Chemie, 5. Auflage, Pearson Verlag, 2007.

529-0012-01L Physical Chemistry I: Thermodynamics O  4 credits 3V+1U A. Barnes
Abstract Foundations of chemical thermodynamics:  Entropy, chemical thermodynamics, laws of thermodynamics, partition functions, chemical

reactions, reaction free energies, equilibrium conditions, chemical potential, standard states, ideal and real systems and gases, phase
equilibria, colligative properties, with applications to current research at the ETHZ.

Objective Understanding of entropy and thermodynamic principles.
Content The first, second and third law of thermodynamics: empirical temperature and thermodynamic temperature scale, internal energy, entropy,

thermal equilibrium. Models and standard states: ideal gases, ideal solutions and mixtures, real gases, real solutions and mixtures, activity,
tables of standard thermodynamic quantities. Reaction thermodynamics: the chemical potential, reaction parameters and equilibrium
conditions, equilibrium constants and their pressure and temperature dependence. Phase equilibria.

Lecture notes See homepage of the lecture.
Literature See homepage of the lecture.
Prerequisites /
notice

Requirements: Allgemeine Chemie I, Grundlagen der Mathematik

402-0044-00L Physics II O  4 credits 3V+1U S. P. Quanz
Abstract Introduction to the concepts and tools in physics with the help of demonstration experiments: electromagnetism, optics, introduction to

modern physics.
Objective The concepts and tools in physics, as well as the methods of an experimental science are taught. The student should learn to identify,

communicate and solve physical problems in his/her own field of science.
Content Electromagnetism (electric current, magnetic fields, electromagnetic induction, magnetic materials, Maxwell's equations)

Optics (light, geometrical optics, interference and diffraction)
Short introduction to quantum physics

Lecture notes The lecture follows the book "Physik" by Paul A. Tipler.
Literature Paul A. Tipler and Gene Mosca

Physik
Springer Spektrum Verlag

401-0272-00L Mathematical Foundations I: Analysis B O  3 credits 2V+1U L. Kobel-Keller
Abstract Basics about multidimensional analysis.

Ordinary differential equations as mathematical models to describe processes (continuation from Analysis A). 
Numerical, analytical and geometrical aspects of differential equations.

Objective Introduction to calculus in several dimensions. 
Building simple models and analysing them mathematically.
Knowledge of the basic concepts.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 366 of 1785

Content Basics about multidimensional analysis.
Differential equations as mathematical models to describe processes. Numerical, analytical and geometrical aspects of differential
equations.

Literature - G. B. Thomas, M. D. Weir, J. Hass: Analysis 2, Lehr- und Übungsbuch, Pearson-Verlag
- D. W. Jordan, P. Smith: Mathematische Methoden für die Praxis, Spektrum Akademischer Verlag
- M. Akveld/R. Sperb: Analysis I, Analysis II (vdf)
- L. Papula: Mathematik für Ingenieure und Naturwissenschaftler Bde 1,2,3. (Vieweg)
Further reading suggestions will be indicated during the lecture.

401-0622-00L Mathematical Foundations II: Linear Algebra and
Statistics

O  3 credits 2V+1U M. Auer

Abstract Systems of linear equations; matrix algebra, determinants; vector spaces, norms and scalar products; linear maps, basis transformations;
eigenvalues and eigenvectors.

Random variables and probability, discrete and continuous distribution models; expectation, variance, central limit theorem, parameter
estimation; statistical hypothesis tests; confidence intervals; regression analysis.

Objective A sound knowledge of mathematics is an essential prerequisite for a quantitative and computer-based approach to natural sciences. In an
intensive two-semester course the most important basic concepts of mathematics, namely univariate and multivariate calculus, linear
algebra and statistics are taught.

Content Systems of linear equations; matrix algebra, determinants; vector spaces, norms and scalar products; linear maps, basis transformations;
eigenvalues and eigenvectors. - Least squares fitting and regression models; random variables, statistical properties of least-squares
estimators; tests, confidence and prediction intervals in regression models; residual analysis.

Lecture homepage: https://moodle-app2.let.ethz.ch/course/view.php?id=11841

Lecture notes For the part on Linear Algebra, there is a short script (in German) which summarizes the main concepts and results without examples. For
a self-contained presentation, the book by Nipp and Stoffer should be used. For the part on Statistics there is a detailed script (in German)
available which should be self-contained. The book by Stahel can be used  for additional information.

Literature Linear Algebra: K. Nipp/D. Stoffer: "Lineare Algebra", vdf, 5th edition, 2002.
Statistics: W. Stahel, "Statistische Datenanalyse", Vieweg, 5rd edition, 2008.

 Laboratory Courses
Number Title Type ECTS Hours Lecturers

529-0230-00L Inorganic and Organic Chemistry I
Enrolment only possible up to the beginning of the
semester.


O  8 credits 12P J. W. Bode, M. Jackl,
V. R. Pattabiraman,
A. Schuhmacher

Abstract Laboratory Course in Inorganic and Organic Chemistry I
Objective Introduction into basic techniques used in the organic laboratory. Understanding organic reactions through experiments.
Content Part I: Basic operations such as the isolation, purification and characterization of organic compounds: distillation, extraction,

chromatography, crystallization, IR (UV/1H-NMR)-spectroscopy for the identification of the constituion of organic compounds.

Part II: Organic reactions: preparative chemistry. From simple, one-step to multistep syntheses. Both classic and modern reactions will be
performed.

Part III: Preparation of a chiral, enantiomerically pure ligand for asymmetric catalysis (together with AOCP II)

Literature - R. K. Müller, R. Keese: "Grundoperationen der präparativen organischen Chemie"; J. Leonard, B. Lygo, G. Procter: "Praxis der
Organischen Chemie" (Übersetzung herausgegeben von G. Dyker), VCH, Weinheim, 1996, ISBN 3-527-29411-2.

Prerequisites /
notice

Prerequisites: 
- Praktikum Allgemeine Chemie (1. Semester, 529-0011-04/05) 
- Vorlesung Organische Chemie I (1. Semester, 529-0011-03) 

 4. Semester
 Compulsory Subjects Examination Block I

Number Title Type ECTS Hours Lecturers

529-0122-00L Inorganic Chemistry II O  3 credits 3G M. Kovalenko, K. Kravchyk
Abstract The lecture is based on Inorganic Chemistry I and addresses an enhanced understanding of the symmetry aspects of chemical bonding of

molecules and translation polymers, i.e. crystal structures.
Objective The lecture follows Inorganic Chemistry I and addresses an enhanced understanding of the symmetry aspects of chemical bonding of

molecules and translation polymers.
Content Symmetry aspects of chemical bonding, point groups and representations for the deduction of molecular orbitals, energy assessment for

molecules and solids, Sanderson formalism, derivation and understanding of band structures, densities of states, overlap populations,
crystal symmetry, basic crystal structures and corresponding properties, visual representations of crystal structures.

Lecture notes see Moodle
Literature 1. I. Hargittai, M. Hargittai, "Symmetry through the Eyes of a Chemist", Plenum Press, 1995; 

2. R. Hoffmann, "Solids and Surfaces", VCH 1988; 
3. U. Müller, "Anorganische Strukturchemie", 6. Auflage, Vieweg + Teubner 2008

Prerequisites /
notice

Requirements: Inorganic Chemistry I

529-0222-00L Organic Chemistry II O  3 credits 2V+1U B. Morandi
Abstract This course builds on the material learned in Organic Chemistry I  or Organic Chemistry II for Biology/Pharmacy Students. Topics include

advanced concepts and mechanisms of organic reactions and introductions to pericyclic and organometallic reactions. These topics are
combined to the planning and execution of multiple step syntheses of complex molecules.

Objective Goals of this course include the a deeper understanding of basic organic reactions and mechanism as well as advanced and catalytic
transformations (for example, Mitsunobu reactions, Corey-Chaykovsky epoxidation, Stetter reactions, etc). Reactive intermediates including
carbenes and nitrenes are covered, along with methods for their generation and use in complex molecule synthesis. Frontier molecular
orbital theory (FMO) is introduced and used to rationalize pericyclic reactions including Diels Alder reactions, cycloadditions, and
rearrangements (Cope, Claisen). The basic concepts and key reactions of catalytic organometallic chemistry, which are key methods in
modern organic synthesis, and introduced, with an emphasis on their catalytic cycles and elementrary steps. All of these topics are
combined in an overview of strategies for complex molecule synthesis, with specific examples from natural product derived molecules used
as medicines.
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Content Oxidation and reduction of organic compounds, redox netural reactions and rearrangments, advanced transformations of functional groups
and reaction mechanismes, kinetic and thermodynamic control of organic reactions, carbenes and nitrenes, frontier molecular orbital theory
(FMO), cycloadditions and pericyclic reactions, introduction to organometallic chemistry and catalytic cross couplings, introduction to
peptide synthesis and protecting groups, retrosynthetic analysis of complex organic molecules, planning and execution of multi-step
reaction.

Lecture notes The lecture notes and additional documents including problem sets are available as PDF files online, without charge. Link:
https://morandi.ethz.ch/education.html

Literature Clayden, Greeves, and Warren. Organic Chemistry, 2nd Edition. Oxford University Press, 2012.

529-0431-00L Physical Chemistry III: Molecular Quantum Mechanics O  4 credits 4G F. Merkt

Abstract Postulates of quantum mechanics, operator algebra, Schrödinger's equation, state functions and expectation values, matrix representation
of operators, particle in a box, tunneling, harmonic oscillator, molecular vibrations, angular momentum and spin, generalised Pauli principle,
perturbation theory, electronic structure of atoms and molecules, Born-Oppenheimer approximation.

Objective This is an introductory course in quantum mechanics. The course starts with an overview of the fundamental concepts of quantum
mechanics and introduces the mathematical formalism. The postulates and theorems of quantum mechanics are discussed in the context
of experimental and numerical determination of physical quantities. The course develops the tools necessary for the understanding and
calculation of elementary quantum phenomena in atoms and molecules.

Content Postulates and theorems of quantum mechanics: operator algebra, Schrödinger's equation, state functions and expectation values. Linear
motions: free particles, particle in a box, quantum mechanical tunneling, the harmonic oscillator and molecular vibrations. Angular
momentum: electronic spin and orbital motion, molecular rotations. Electronic structure of atoms and molecules: the Pauli principle, angular
momentum coupling, the Born-Oppenheimer approximation. Variational principle and perturbation theory. Discussion of bigger systems
(solids, nano-structures).

Lecture notes A script written in German will be available. The script is, however, no replacement for personal notes during the lecture and does not cover
all aspects discussed.

529-0058-00L Analytical Chemistry II O  3 credits 3G D. Günther, T. Bucheli, M.-O. Ebert,
P. Lienemann, G. Schwarz

Abstract Enhanced knowledge about the elemental analysis and spectrocopical techniques with close relation to practical applications. This course
is based on the knowledge from analytical chemistry I. Separation methods are included.

Objective Use and applications of the elemental analysis and spectroscopical knowledge to solve relevant analytical problems.
Content Combined application of spectroscopic methods for structure determination, and practical application of element analysis. More complex

NMR methods: recording techniques, application of exchange phenomena, double resonance, spin-lattice relaxation, nuclear Overhauser
effect, applications of experimental 2d and multipulse NMR spectroscopy, shift reagents. Application of chromatographic and
electrophoretic separation methods: basics, working technique, quality assessment of a separation method, van-Deemter equation, gas
chromatography, liquid chromatography (HPLC, ion chromatography, gel permeation, packing materials, gradient elution, retention index),
electrophoresis, electroosmotic flow, zone electrophoresis, capillary electrophoresis, isoelectrical focussing, electrochromatography, 2d gel
electrophoresis, SDS-PAGE, field flow fractionation, enhanced knowledge in atomic absorption spectroscopy, atomic emission
spectroscopy, X-ray fluorescence spectroscopy, ICP-OES, ICP-MS.

Lecture notes Script will be available
Literature Literature will be within the script.
Prerequisites /
notice

Exercises for spectra interpretation are part of the lecture. In addition the lecture 529-0289-00 "Instrumentalanalyse organischer
Verbindungen" (4th semester) is recommended.
Prerequisite: 529-0051-00 "Analytische Chemie I" (3rd semester)

529-0625-00L Chemical Engineering O  3 credits 3G W. J. Stark
Abstract Chemical Engineering provides an introduction to production and process design. Beyond different types and operation of chemical or bio-

reactors, issues of scaling, new synthesis methods and problems of industrial production are addressed. An introduction in heterogeneous
catalysis and transport of impulse, mass and energy connect the new concepts to the basic education in chemistry and biology.

Objective Intended for chemists, chemical engineers, biochemists and biologists, the course Chemical and Bioengineering 4th semester addresses
the basics of production and process design. Starting with different reactors, process steps and unit operations in production, the industrial
scale usage of chemicals and reagents are discussed and further illustrated by examples. Material and energy balances and the concept of
selectivity are used to broaden the students view on the complexity of production and show how modern engineering can contribute to an
environmentally sustainable production. In the second part of the lecture, reactors, single cells or living matter are discussed in terms of
transport properties. Beyond metabolism or chemical processes, transport of impulse, mass and energy heavily influence chemical and
biological processes. They are introduced simultaneously and provide a basis for the understanding of flow, diffusion and heat transport.
Dimensionless numbers are used to implement transport properties in unit operations and process design. An introduction to
heterogeneous catalysis connects the acquired concepts to chemistry and biology and shows how powerful new processes arise from
combining molecular understanding and transport.

Content Elements of chemical transformations: preparation of reactants, reaction process, product work-up and recycling, product purification;
continuous, semibatch and batch processes; material balances: chemical reactors and separation processes, multiple systems and
multistage systems; energy balances: chemical reactors and separation processes, enthalpy changes, coupled material and energy
balances; multiple reactions: optimisation of reactor performance, yield and selectivity; mass transport and chemical reaction: mixing
effects in homogeneous and heterogeneous systems, diffusion and reaction in porous materials; heat exchange and chemical reaction:
adiabatic reactors, optimum operating conditions for exothermic and endothermic equilibrium reactions, thermal runaway, reactor size and
scale up.

Lecture notes Supporting material to the course is available on the homepage www.fml.ethz.ch
Literature Literature and text books are announced at the beginning of the course.

 Laboratory Courses
Number Title Type ECTS Hours Lecturers

529-0054-00L Physical and Analytical Chemistry O  10 credits 15P E. C. Meister, R. Zenobi,
M. Badertscher, M.-O. Ebert,
K. Eyer, B. Hattendorf,
Y. Yamakoshi

Abstract Practical introduction to important experimental methods in physical and analytical chemistry.
Objective The students have to carry out selected experiments in physical chemistry and  evaluate measurement data.

They acquire a good knowledge about the most important practical techniques in analytical chemistry.
Laboratory reports have to be written to each experiment.
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Content Physical chemistry part:
Short recapitulation of statistics and analysis of measurement data. Writing experimental reports with regard to publication of scientific
works. Basic physical chemistry experiments (a maximum of six experiments from the following themes): 1. Phase diagrams (liquid-vapour
and solid-liquid phase diagrams, cryoscopy); 2. electrochemistry and electronics; 3. quantum chemistry studies; 4. kinetics; 5.
thermochemistry; 6. speed of sound in gases and liquids; 7. surface tension.

Analytical chemistry part:
1. Introduction to the concept of sampling, quantitative elemental analysis and trace analysis, atomic spectroscopic methods, comparative
measurements with electrochemical methods; 2. Separation methods, their principles and optimisation: comparison of the different
chromatographic methods, effect of the stationary and mobile phases, common errors/artefacts, liquid chromatography, gas
chromatography (injection methods). 3. Spectroscopic methods in organic structure determination: recording of IR and UV/VIS spectra,
recording technique in NMR

Mandatory exercises in spectroscopy in an accompanying tutorial 529-0289-00 "Instrumentalanalyse organischer Verbindungen" are an
integral part of this course.

Lecture notes Descriptions for experiments available online.
Literature Für PC-Teil: Erich Meister, Grundpraktikum Physikalische Cheme, 2. Aufl. Vdf UTB, Zürich 2012.
Prerequisites /
notice

Prerequisites:
529-0051-00 "Analytische Chemie I (3. Semester)"
529-0058-00 "Analytische Chemie II (4. Semester)" in parallel to the lab class, or completed in an earlier semester. The course 529-
0289-00L "Instumentalanalyse organischer Verbindungen" is an obligatory component of the lab class / praktikum.

 Bachelor Studies (Programme Regulations 2005)
 4. Semester

 Compulsory Subjects Examination Block I
Number Title Type ECTS Hours Lecturers

529-0122-00L Inorganic Chemistry II O  3 credits 3G M. Kovalenko, K. Kravchyk
Abstract The lecture is based on Inorganic Chemistry I and addresses an enhanced understanding of the symmetry aspects of chemical bonding of

molecules and translation polymers, i.e. crystal structures.
Objective The lecture follows Inorganic Chemistry I and addresses an enhanced understanding of the symmetry aspects of chemical bonding of

molecules and translation polymers.
Content Symmetry aspects of chemical bonding, point groups and representations for the deduction of molecular orbitals, energy assessment for

molecules and solids, Sanderson formalism, derivation and understanding of band structures, densities of states, overlap populations,
crystal symmetry, basic crystal structures and corresponding properties, visual representations of crystal structures.

Lecture notes see Moodle
Literature 1. I. Hargittai, M. Hargittai, "Symmetry through the Eyes of a Chemist", Plenum Press, 1995; 

2. R. Hoffmann, "Solids and Surfaces", VCH 1988; 
3. U. Müller, "Anorganische Strukturchemie", 6. Auflage, Vieweg + Teubner 2008

Prerequisites /
notice

Requirements: Inorganic Chemistry I

529-0222-00L Organic Chemistry II O  3 credits 2V+1U B. Morandi
Abstract This course builds on the material learned in Organic Chemistry I  or Organic Chemistry II for Biology/Pharmacy Students. Topics include

advanced concepts and mechanisms of organic reactions and introductions to pericyclic and organometallic reactions. These topics are
combined to the planning and execution of multiple step syntheses of complex molecules.

Objective Goals of this course include the a deeper understanding of basic organic reactions and mechanism as well as advanced and catalytic
transformations (for example, Mitsunobu reactions, Corey-Chaykovsky epoxidation, Stetter reactions, etc). Reactive intermediates including
carbenes and nitrenes are covered, along with methods for their generation and use in complex molecule synthesis. Frontier molecular
orbital theory (FMO) is introduced and used to rationalize pericyclic reactions including Diels Alder reactions, cycloadditions, and
rearrangements (Cope, Claisen). The basic concepts and key reactions of catalytic organometallic chemistry, which are key methods in
modern organic synthesis, and introduced, with an emphasis on their catalytic cycles and elementrary steps. All of these topics are
combined in an overview of strategies for complex molecule synthesis, with specific examples from natural product derived molecules used
as medicines.

Content Oxidation and reduction of organic compounds, redox netural reactions and rearrangments, advanced transformations of functional groups
and reaction mechanismes, kinetic and thermodynamic control of organic reactions, carbenes and nitrenes, frontier molecular orbital theory
(FMO), cycloadditions and pericyclic reactions, introduction to organometallic chemistry and catalytic cross couplings, introduction to
peptide synthesis and protecting groups, retrosynthetic analysis of complex organic molecules, planning and execution of multi-step
reaction.

Lecture notes The lecture notes and additional documents including problem sets are available as PDF files online, without charge. Link:
https://morandi.ethz.ch/education.html

Literature Clayden, Greeves, and Warren. Organic Chemistry, 2nd Edition. Oxford University Press, 2012.

529-0431-00L Physical Chemistry III: Molecular Quantum Mechanics O  4 credits 4G F. Merkt

Abstract Postulates of quantum mechanics, operator algebra, Schrödinger's equation, state functions and expectation values, matrix representation
of operators, particle in a box, tunneling, harmonic oscillator, molecular vibrations, angular momentum and spin, generalised Pauli principle,
perturbation theory, electronic structure of atoms and molecules, Born-Oppenheimer approximation.

Objective This is an introductory course in quantum mechanics. The course starts with an overview of the fundamental concepts of quantum
mechanics and introduces the mathematical formalism. The postulates and theorems of quantum mechanics are discussed in the context
of experimental and numerical determination of physical quantities. The course develops the tools necessary for the understanding and
calculation of elementary quantum phenomena in atoms and molecules.

Content Postulates and theorems of quantum mechanics: operator algebra, Schrödinger's equation, state functions and expectation values. Linear
motions: free particles, particle in a box, quantum mechanical tunneling, the harmonic oscillator and molecular vibrations. Angular
momentum: electronic spin and orbital motion, molecular rotations. Electronic structure of atoms and molecules: the Pauli principle, angular
momentum coupling, the Born-Oppenheimer approximation. Variational principle and perturbation theory. Discussion of bigger systems
(solids, nano-structures).

Lecture notes A script written in German will be available. The script is, however, no replacement for personal notes during the lecture and does not cover
all aspects discussed.

402-0084-00L Physics II O 4 credits 3V+1U G. Dissertori
Abstract This course is an introduction to classical physics, with special focus on applications in medicine.
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Objective Obtain an understanding of basic concepts in classical physics and their application (using mathematical pre-knowledge) to the solution of
simple problems, including certain applications in medicine.

Obtain an understanding of relevant quantities and of orders of magnitude.

Content Electromagnetism;
Thermodynamics;
Optics.

Lecture notes Will be distributed at the start of the semester.
Literature "Physik für Mediziner, Biologen, Pharmazeuten", von Alfred Trautwein, Uwe Kreibig, Jürgen Hüttermann; De Gruyter Verlag.
Prerequisites /
notice

Voraussetzung Mathematik I+II und Physik I (Studiengänge Gesundheitswissenschaften und Technologie bzw. Humanmedizin) /
Mathematik-Lehrveranstaltungen des Basisjahres (Studiengänge Chemie, Chemieingenieurwissenschaften bzw. Interdisziplinäre
Naturwissenschaften)

529-0058-00L Analytical Chemistry II O  3 credits 3G D. Günther, T. Bucheli, M.-O. Ebert,
P. Lienemann, G. Schwarz

Abstract Enhanced knowledge about the elemental analysis and spectrocopical techniques with close relation to practical applications. This course
is based on the knowledge from analytical chemistry I. Separation methods are included.

Objective Use and applications of the elemental analysis and spectroscopical knowledge to solve relevant analytical problems.
Content Combined application of spectroscopic methods for structure determination, and practical application of element analysis. More complex

NMR methods: recording techniques, application of exchange phenomena, double resonance, spin-lattice relaxation, nuclear Overhauser
effect, applications of experimental 2d and multipulse NMR spectroscopy, shift reagents. Application of chromatographic and
electrophoretic separation methods: basics, working technique, quality assessment of a separation method, van-Deemter equation, gas
chromatography, liquid chromatography (HPLC, ion chromatography, gel permeation, packing materials, gradient elution, retention index),
electrophoresis, electroosmotic flow, zone electrophoresis, capillary electrophoresis, isoelectrical focussing, electrochromatography, 2d gel
electrophoresis, SDS-PAGE, field flow fractionation, enhanced knowledge in atomic absorption spectroscopy, atomic emission
spectroscopy, X-ray fluorescence spectroscopy, ICP-OES, ICP-MS.

Lecture notes Script will be available
Literature Literature will be within the script.
Prerequisites /
notice

Exercises for spectra interpretation are part of the lecture. In addition the lecture 529-0289-00 "Instrumentalanalyse organischer
Verbindungen" (4th semester) is recommended.
Prerequisite: 529-0051-00 "Analytische Chemie I" (3rd semester)

529-0625-00L Chemical Engineering O  3 credits 3G W. J. Stark
Abstract Chemical Engineering provides an introduction to production and process design. Beyond different types and operation of chemical or bio-

reactors, issues of scaling, new synthesis methods and problems of industrial production are addressed. An introduction in heterogeneous
catalysis and transport of impulse, mass and energy connect the new concepts to the basic education in chemistry and biology.

Objective Intended for chemists, chemical engineers, biochemists and biologists, the course Chemical and Bioengineering 4th semester addresses
the basics of production and process design. Starting with different reactors, process steps and unit operations in production, the industrial
scale usage of chemicals and reagents are discussed and further illustrated by examples. Material and energy balances and the concept of
selectivity are used to broaden the students view on the complexity of production and show how modern engineering can contribute to an
environmentally sustainable production. In the second part of the lecture, reactors, single cells or living matter are discussed in terms of
transport properties. Beyond metabolism or chemical processes, transport of impulse, mass and energy heavily influence chemical and
biological processes. They are introduced simultaneously and provide a basis for the understanding of flow, diffusion and heat transport.
Dimensionless numbers are used to implement transport properties in unit operations and process design. An introduction to
heterogeneous catalysis connects the acquired concepts to chemistry and biology and shows how powerful new processes arise from
combining molecular understanding and transport.

Content Elements of chemical transformations: preparation of reactants, reaction process, product work-up and recycling, product purification;
continuous, semibatch and batch processes; material balances: chemical reactors and separation processes, multiple systems and
multistage systems; energy balances: chemical reactors and separation processes, enthalpy changes, coupled material and energy
balances; multiple reactions: optimisation of reactor performance, yield and selectivity; mass transport and chemical reaction: mixing
effects in homogeneous and heterogeneous systems, diffusion and reaction in porous materials; heat exchange and chemical reaction:
adiabatic reactors, optimum operating conditions for exothermic and endothermic equilibrium reactions, thermal runaway, reactor size and
scale up.

Lecture notes Supporting material to the course is available on the homepage www.fml.ethz.ch
Literature Literature and text books are announced at the beginning of the course.

 Laboratory Courses
Number Title Type ECTS Hours Lecturers

529-0054-00L Physical and Analytical Chemistry O  10 credits 15P E. C. Meister, R. Zenobi,
M. Badertscher, M.-O. Ebert,
K. Eyer, B. Hattendorf,
Y. Yamakoshi

Abstract Practical introduction to important experimental methods in physical and analytical chemistry.
Objective The students have to carry out selected experiments in physical chemistry and  evaluate measurement data.

They acquire a good knowledge about the most important practical techniques in analytical chemistry.
Laboratory reports have to be written to each experiment.

Content Physical chemistry part:
Short recapitulation of statistics and analysis of measurement data. Writing experimental reports with regard to publication of scientific
works. Basic physical chemistry experiments (a maximum of six experiments from the following themes): 1. Phase diagrams (liquid-vapour
and solid-liquid phase diagrams, cryoscopy); 2. electrochemistry and electronics; 3. quantum chemistry studies; 4. kinetics; 5.
thermochemistry; 6. speed of sound in gases and liquids; 7. surface tension.

Analytical chemistry part:
1. Introduction to the concept of sampling, quantitative elemental analysis and trace analysis, atomic spectroscopic methods, comparative
measurements with electrochemical methods; 2. Separation methods, their principles and optimisation: comparison of the different
chromatographic methods, effect of the stationary and mobile phases, common errors/artefacts, liquid chromatography, gas
chromatography (injection methods). 3. Spectroscopic methods in organic structure determination: recording of IR and UV/VIS spectra,
recording technique in NMR

Mandatory exercises in spectroscopy in an accompanying tutorial 529-0289-00 "Instrumentalanalyse organischer Verbindungen" are an
integral part of this course.

Lecture notes Descriptions for experiments available online.
Literature Für PC-Teil: Erich Meister, Grundpraktikum Physikalische Cheme, 2. Aufl. Vdf UTB, Zürich 2012.
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Prerequisites /
notice

Prerequisites:
529-0051-00 "Analytische Chemie I (3. Semester)"
529-0058-00 "Analytische Chemie II (4. Semester)" in parallel to the lab class, or completed in an earlier semester. The course 529-
0289-00L "Instumentalanalyse organischer Verbindungen" is an obligatory component of the lab class / praktikum.

 6. Semester
 Compulsory Subjects Examination Block II

Number Title Type ECTS Hours Lecturers

529-0131-00L Inorganic Chemistry IV: (Nano-)Materials; Synthesis,
Properties and Surface Chemistry

O  4 credits 3G C. Copéret, A. Comas Vives

Abstract Introduction into Solid State Chemistry, to the synthesis and properties of solids and to Nanomaterials.
Objective Introduction into solid compounds and nanomaterials: syntheses, properties and applications.
Content Section 1. Generalities – Prof. C. Copéret

    How do we apprehend a solid? Bulk vs. Surface
    Texture, Surface area (N2 adsorption, BET), Crystallinity (X-ray diffraction), Surface functionalities (IR, NMR), Acidity/Basicity (Probe
molecules: pyridine, CO, CO2…), Point of Zero Electric Charge

Section 2. Materials – Prof. C. Copéret
    2.1 Synthetic methods
    2.2 Sol-Gel and Solution Chemistry of Solids 

Section 3. Metal oxides – Prof. C. Copéret 
    3.1 Silica (SiO2)
    3.2 Alumina (Al2O3)
    3.3 Aluminosilicates (amorphous, layered materials and zeolites)
    3.4. Mesostructured and hybrid materials 
    3.5 Semi-conducting and conducting oxides (e.g TiO2 and related materials, IrO2)
        3.6 Other materials: Single and Complex Oxides, (MgO, CaO, MgAlO2, Perovskites), Polyoxometallates

Section 4. Other materials  

    Metal halides and chalcogenides
        Carbon-based materials
        Metals and Alloys

Section 5. Bonding in Solids and Surfaces – Dr. Comas-Vives
Lecture notes is provided on the internet.
Literature A. West, Solid State Chemistry and its Applications, Wiley 1989; 

U. Müller, Anorganische Strukturchemie, Teubner Taschenbuch 2006; 
R. Nesper, H.-J. Muhr, Chimia 52 (1998) 571;
C.N.R. Rao, A. Müller, A.K. Cheetham, Nanomaterials, Wiley-VCH 2007.

Prerequisites /
notice

AC-II

529-0232-00L Organic Chemistry IV: Physical Organic Chemistry O  4 credits 2V+1U P. Chen, R. Poranne
Abstract Introduction to qualitative molecular orbital theory as applied to organic reactivity.  Hückel theory, perturbation theory, molecular symmetry.

Frontier orbital theory and stereoelectronic effects.  Pericyclic reactions, photochemistry
Objective Introduction to theoretical methods in organic chemistry
Content Qualitative MO theory and its application to organic reactions, thermal rearrangements, pericyclic reactions.

529-0434-00L Physical Chemistry V: Spectroscopy O  4 credits 3G H. J. Wörner
Abstract Absorption and scattering of electromagnetic radiation; transition probabilities, rate equations; Einstein coefficients and lasers; selection

rules and symmetry; band shape, energy transfer, and broadening mechanisms; atomic spectroscopy; molecular spectroscopy: vibration
and rotation; spectroscopy of clusters, nanoparticles and condensed phases

Objective The lecture is devoted to atomic, molecular, and condensed phase spectroscopy treating both theoretical and experimental aspects. The
focus is on the interaction between electromagnetic radiation and matter.

Content Absorption and scattering of electromagnetic radiation; transition probabilities, rate equations; Einstein coefficients and lasers; selection
rules and symmetry; band shape, energy transfer, and broadening mechanisms; atomic spectroscopy; molecular spectroscopy: vibration
and rotation; spectroscopy of clusters, nanoparticles and condensed phases

Lecture notes is partly available

529-0580-00L Safety, Environmental Aspects and Risk Management O  4 credits 3G S. Kiesewetter, K. Timmel
Abstract Overview of the impact of industrial activities on the environment and human beings; required risk assessments and preventive measures

as well as hints on the of Swiss legislation (environment / occupational safety).
Objective Basic understanding of the impact of industrial activities on human beings and the environment; raise awareness for risks and safety

concerns.
Content Risikoanalysen – wozu braucht es eine Risikoanalyse? Kennenlernen der Hilfsmittel zur Erarbeitung einer Risikoanalyse, Besprechung

konkreter Beispiele; Hinweise zu weiteren Hilfsmitteln; Hinweise gesetzliche Grundlagen , Bereiche Umwelt und Arbeitssicherheit.   Aufbau
einer Sicherheitsorganisation in einem Unternehmen, an einer Hochschule.

Lecture notes Wird bei der ersten Vorlesung zur Verfügung gestellt.
Literature Ergänzungsliteratur wird im Skript angegeben.
Prerequisites /
notice

Im Rahmen der Vorlesung wird eine Gruppenarbeit im Sinne eines Leistungselementes durchgeführt, die benotet wird. Die Schlussnote
setzt sich wie folgt zusammen: Gruppenarbeit (Gewichtung 30%) und schriftlicher Prüfung (70%)

 Laboratory Courses and Research Projects
Students enrolled in the 6th semester of the Bachelor's programme in Chemistry at ETH are admitted to complete laboratory practicals and up to two
research projects in the Master's elective/core subject areas. This applies solely to students with a maximum of 60 missing credits for the Bachelor's
diploma.

 Electives
Students are free to choose from a range of D-CHAB chemistry courses appropriate to their level of study (please note admission requirements). In
case of doubt, contact the student administration.

 Inorganic Chemistry
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Number Title Type ECTS Hours Lecturers

529-0142-00L Advanced Organometallic and Coordination
Chemistry: Learning from Nature and Industrial
Processes
Prerequisites: successful participation in 529-0132-00L
"Inorganic Chemistry III: Organometallic Chemistry and
Homogeneous Catalysis".

W 6 credits 3G V. Mougel, C. Copéret

Abstract This class will discuss advanced concepts in organometallic, bio-inorganic and coordination chemistry, in the context of homogeneous and
heterogeneous catalysis as well as enzymatic processes.
The class will thus cover a broad range of catalytic transformations focusing on the sustainable and efficient use of feedstock molecules,
exploring the parallel between industrial and biological systems.

Objective Gain knowledge of catalytic transformations, relevant to processes found in industry and in Nature.
Development of an extended molecular understanding of organometallic, bio-inorganic and coordination chemistry in relation to catalytic
transformations.

Content Specific focus will be given to key reactions such as alkane functionalization and homologation, olefin metathesis and polymerization,
oxidation, processes related to conversion of C1 molecules (CH4 and CO2), CO/H2 to hydrocarbons (Fischer-Tropsch) and N2/H2 to
ammonia (Haber-Bosch) as well as the corresponding enzymatic counterparts. 
The fundamental underlying principle of the associated elementary steps and reaction mechanisms involved in these processes, that
include C-H activation, O/N-atom transfer reactions, N-N, C-O and C-C bond cleavage and formation will be discussed in details exploiting
Molecular Orbital theory and spectroscopy.

Lecture notes A script is provided on Ilias. 
It is expected that the students will consult the accompanying literature.

Literature Books

1) R. Crabtree: the Organometallic Chemistry of Transition Metals – Wiley, 5th Edition

2) TA Albright, JB Burdett, MH Whangbo: Orbital Interactions in Chemistry – Wiley Interscience

3) Y. Jean: Molecular Orbitals of Transition Metal complexes – Oxford University Press

4) Bertini, Gray, Stiefel, Valentine: Biological Inorganic Chemistry – University Science Books

Prerequisites /
notice

it is expected that students will have knowledge of AC-III or similar class/level.

529-0948-00L Solid State Chemistry
Does not take place this semester.
Registration only until 27.01.2020. Participants who have
passed the course "Inorganic Chemistry II" will be
favoured. Other students can only be admitted if spaces
are available. 
Limited to 20 participants. Electronic registration is
mandatory (except for ETH-external participants).

W 3 credits 6P M. Kovalenko

Abstract An introduction to crystal growth with the Bridgman-Stockbarger technique and physical characterization of single crystals. 
Objective The practical laboratory course gives an insight into the growth of single crystals and their applications. Focus lies on the growth of

semiconductor crystals and the measurement of their physical (optical & electronic) properties. The complete work is documented in a
detailed scientific report.

Content The growth of perovskite (CsPbBr3) semiconductor crystals using the Bridgman-Stockbarger technique as a model system for single
crystals grown from the melt. The preparation of crystals for physical measurements through cutting and polishing. Measuring optical
characteristics (absorption) as well as electronic properties, including current-voltage (IV) measurements, time-of-flight, charge carrier
recombination, charge extraction efficiencies, and photodetection.  

Lecture notes Electronic version of the script will be provided.

 Organic Chemistry
Number Title Type ECTS Hours Lecturers

529-0242-00L Supramolecular Chemistry W 6 credits 3G Y. Yamakoshi, B. M. Lewandowski
Abstract Principles of molecular recognition: cation/anion complexation and their technological applications; complexation of neutral molecules in

aqueous solution; non-covalent interactions involving aromatic rings; hydrogen bonding; molecular sef-assembly - a chemical approach
towards nanostructures; thermodynamics and kinetics of complexation processes; synthesis of receptors; template effects.

Objective The objective of this class is to reach an understanding of the nature and magnitude of the intermolecular interactions and solvation effects
that provide the driving force for the association between molecules and/or ions induced by non-covalent bonding interactions. The lecture
(2 h) is complemented by a problem solving class (1 h) which focuses on receptor syntheses and other synthetic aspects of supramolecular
chemistry.

Content Principles of molecular recognition: cation complexation, anion complexation, cation and anion complexation in technological applications,
complexation of neutral molecules in aqueous solution, non-covalent interactions involving aromatic rings, hydrogen bonding, molecular
sef-assembly - a chemical approach towards nanostructures, thermodynamics and kinetics of complexation processes, synthesis of
receptors, template effects.

Lecture notes Printed lecture notes will be available for purchase at the beginning of the class. Problem sets and answer keys will be available on-line.
Literature No compulsory textbooks. Literature for further reading will be presented during the class and cited in the lecture notes.
Prerequisites /
notice

Course prerequisite: classes in organic and physical chemistry of the first two years of studies.

 Physical Chemistry
Number Title Type ECTS Hours Lecturers

529-0442-00L Advanced Kinetics W 6 credits 3G J. Richardson
Abstract This lecture covers the theoretical and conceptual foundations of quantum dynamics in molecular systems.  Particular attention is taken to

derive and compare quantum and classical approximations which can be used to simulate the dynamics of molecular systems and the
reaction rate constant used in chemical kinetics.
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Objective The theory of quantum dynamics is derived from the time-dependent Schrödinger equation.  This is illustrated with molecular examples
including tunnelling, recurrences, nonadiabatic crossings.  We consider thermal distributions, correlation functions, interaction with light and
nonadiabatic effects.  Quantum scattering theory is introduced and applied to discuss molecular collisions. The dynamics of systems with a
very large number of quantum states are discussed to understand the transition from microscopic to macroscopic dynamics.  A rigorous
rate theory is obtained both from a quantum-mechanical picture as well as within the classical approximation.  The approximations leading
to conventional transition-state theory for polyatomic reactions are discussed.  In this way, relaxation and irreversibility will be explained
which are at the foundation of statistical mechanics.

By the end of the course, the student will have learned many ways to simplify the complex problem posed by quantum dynamics.  They will
understand when and why certain approximations are valid in different situations and will use this to make quantitative and qualitative
predictions about how different molecular systems behave.

Lecture notes Will be available online.
Literature D. J. Tannor, Introduction to Quantum Mechanics: A Time-Dependent Perspective

R. D. Levine, Molecular Reaction Dynamics
S. Mukamel, Principles of Nonlinear Optical Spectroscopy

Prerequisites /
notice

529-0422-00L Physical Chemistry II: Chemical Reaction Dynamics

529-0440-00L Physical Electrochemistry and Electrocatalysis W 6 credits 3G T. Schmidt
Abstract Fundamentals of electrochemistry, electrochemical electron transfer, electrochemical processes, electrochemical kinetics, electrocatalysis,

surface electrochemistry, electrochemical energy conversion processes and introduction into the technologies (e.g., fuel cell, electrolysis),
electrochemical methods (e.g., voltammetry, impedance spectroscopy), mass transport.

Objective Providing an overview and in-depth understanding of Fundamentals of electrochemistry, electrochemical electron transfer, electrochemical
processes, electrochemical kinetics, electrocatalysis, surface electrochemistry, electrochemical energy conversion processes (fuel cell,
electrolysis), electrochemical methods and mass transport during electrochemical reactions. The students will learn about the importance
of electrochemical kinetics and its relation to industrial electrochemical processes and in the energy seactor.

Content Review of electrochemical thermodynamics, description electrochemical kinetics, Butler-Volmer equation, Tafel kinetics, simple
electrochemical reactions, electron transfer, Marcus Theory, fundamentals of electrocatalysis, elementary reaction processes, rate-
determining steps in electrochemical reactions, practical examples and applications specifically for electrochemical energy conversion
processes, introduction to electrochemical methods, mass transport in electrochemical systems. Introduction to fuel cells and electrolysis

Lecture notes Will be handed out during the Semester
Literature Physical Electrochemistry, E. Gileadi, Wiley VCH

Electrochemical Methods, A. Bard/L. Faulkner, Wiley-VCH
Modern Electrochemistry 2A - Fundamentals of Electrodics, J. Bockris, A. Reddy, M. Gamboa-Aldeco, Kluwer Academic/Plenum
Publishers

 Analytical Chemistry
Number Title Type ECTS Hours Lecturers

529-0042-00L Structure Elucidation by NMR W 4 credits 2G M.-O. Ebert
Abstract Structure Elucidation of Complex Organic Molecules by NMR
Objective Structure elucidation of complex organic molecules (including peptides, oligosaccharides and oligonucleotides) by advanced 1D and 2D

NMR spectroscopy. The emphasis of the course is on the selection of optimal strategies for the solution of a given problem, spectrum
interpretation and possible artifacts. Solving and discussing practical case studies/problems demonstrating the individual methods and, in
the last third of the course, the combined application of several methods form an important part of the course.

Content Structure determination by multi-pulse and 2D NMR spectroscopy. Homonuclear and heteronuclear shift correlation through scalar
coupling; one and two dimensional methods based on the nuclear Overhauser effect. Choosing the best strategy for a given problem,
interpretation and artefacts.

Lecture notes Scripts (in English) are distributed in the course
Literature T.D.W. Claridge, High Resolution NMR Techniques in Organic Chemistry, Pergamon Press, 1999 (NMR part)


Further reading and citations are listed in the script.


Prerequisites /
notice

The course language is English.
Required level:
Courses in analytical chemistry of the 2nd year or equivalent.

 Biological Chemistry
Number Title Type ECTS Hours Lecturers

529-0732-00L Proteins and Lipids
Note for BSc Biology students: Only one of the two
concept courses 529-0731-00 Nucleic Acids and
Carbohydrates (autumn semester) or 529-0732-00
Proteins and Lipids (spring semester) can be counted for
the Bachelor's degree.

W 6 credits 3G D. Hilvert

Abstract An overview of the relationship between protein sequence, conformation and function.
Objective Overview of the relationship between protein sequence, conformation and function.
Content Proteins, structures and properties, (bio)synthesis of polypeptides, protein folding and design, protein engineering, chemical modification of

proteins, proteomics.
Literature General Literature:

- T.E. Creighton:  Proteins: Structures and Molecular Properties, 2nd Edition, H.W. Freeman and Company, New York, 1993.
- C. Branden, J. Tooze , Introduction to Protein Structure, Garland Publishing, New York, 1991.
- J. M. Berg, J. L. Tymoczko, L. Stryer:  Biochemistry, 5th edition, H.W. Freeman and Company, New York, 2002.
- G.A. Petsko, D. Ringe: Protein Structure and Function, New Science Press Ltd., London, 2004.

Original Literature:
Citations from the original literature relevant to the individual lectures will be assigned weekly.

 Chemical Aspects of Energy
Number Title Type ECTS Hours Lecturers

529-0191-01L Electrochemical Energy Conversion and Storage
Technologies

W 4 credits 3G L. Gubler, E. Fabbri,
J. Herranz Salañer
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Abstract The course provides an introduction to the principles and applications of electrochemical energy conversion (e.g. fuel cells) and storage
(e.g. batteries) technologies in the broader context of a renewable energy system.

Objective Students will discover the importance of electrochemical energy conversion and storage in energy systems of today and the future,
specifically in the framework of renewable energy scenarios. Basics and key features of electrochemical devices will be discussed, and
applications in the context of the overall energy system will be highlighted with focus on future mobility technologies and grid-scale energy
storage. Finally, the role of (electro)chemical processes in power-to-X and deep decarbonization concepts will be elaborated.

Content Overview of energy utilization: past, present and future, globally and locally; today’s and future challenges for the energy system; climate
changes; renewable energy scenarios; introduction to electrochemistry; electrochemical devices, basics and their applications: batteries,
fuel cells, electrolyzers, flow batteries, supercapacitors, chemical energy carriers: hydrogen & synthetic natural gas; electromobility; grid-
scale energy storage, power-to-gas, power-to-X and deep decarbonization, techno-economics and life cycle analysis.

Lecture notes all lecture materials will be available for download on the course website.
Literature - M. Sterner, I. Stadler (Eds.): Handbook of Energy Storage (Springer, 2019).

- C.H. Hamann, A. Hamnett, W. Vielstich; Electrochemistry, Wiley-VCH (2007).
- T.F. Fuller, J.N. Harb: Electrochemical Engineering, Wiley (2018)

Prerequisites /
notice

Basic physical chemistry background required, prior knowledge of electrochemistry basics desired.

 Computational Chemistry
Number Title Type ECTS Hours Lecturers

529-0474-00L Quantum Chemistry W 6 credits 3G S. Knecht, T. Weymuth
Abstract Introduction into the basic concepts of electronic structure theory and into numerical methods of quantum chemistry. Exercise classes are

designed to deepen the theory; practical case studies using quantum chemical software to provide a 'hands-on' expertise in applying these
methods.

Objective Nowadays, chemical research can be carried out in silico, an intellectual achievement for which Pople and Kohn have been awarded the
Nobel prize of the year 1998. This lecture shows how that has been accomplished. It works out the many-particle theory of many-electron
systems (atoms and molecules) and discusses its implementation into computer programs. A complete picture of quantum chemistry shall
be provided that will allow students to carry out such calculations on molecules (for accompanying experimental work in the wet lab or as a
basis for further study of the theory).

Content Basic concepts of many-particle quantum mechanics. Derivation of the many-electron theory for atoms and molecules; starting with the
harmonic approximation for the nuclear problem and with Hartree-Fock theory for the electronic problem to Moeller-Plesset perturbation
theory and configuration interaction and to coupled cluster and multi-configurational approaches. Density functional theory. Case studies
using quantum mechanical software.

Lecture notes Hand outs in German will be provided for each lecture (they are supplemented by (computer) examples that continuously illustrate how the
theory works).

Literature Textbooks on Quantum Chemistry:
F.L. Pilar, Elementary Quantum Chemistry, Dover Publications
I.N. Levine, Quantum Chemistry, Prentice Hall

Hartree-Fock in basis set representation:
A. Szabo and N. Ostlund, Modern Quantum Chemistry: Introduction to Advanced Electronic Structure Theory, McGraw-Hill

Textbooks on Computational Chemistry:
F. Jensen, Introduction to Computational Chemistry, John Wiley & Sons
C.J. Cramer, Essentials of Computational Chemistry, John Wiley & Sons

Prerequisites /
notice

Basic knowledge in quantum mechanics (e.g. through course physical chemistry III - quantum mechanics) required

 Materials Science
Number Title Type ECTS Hours Lecturers

327-1206-00L Advanced Building Blocks for Soft Materials W  5 credits 4G E. Dufresne, A. Anastasaki
Abstract Part 1 of the course (Spring semester) focuses on the chemistry of the building blocks and to learn how structures can be manipulated by

chemistry, composition and phase behaviour. The goal is to learn what can be done, both in an idealized research environment and in the
realm of industrial scale production.

Objective The goal of the two courses combined is to present the students with a toolbox for materials engineers to design, study and make soft
materials.

Content Where physics, chemistry and biology meet engineering.
Lecture notes Copies of the slides and a set of lecture notes will be provided.
Literature For the first and the second part combined there are a few books of recommended reading, but their is no textbook that we will rigorously

follow.

Introduction to Soft Matter: Synthetic and Biological Self-Assembling Materials Paperback by Ian W. Hamley
ISBN-13: 978-0470516102  ISBN-10: 0470516100 

Structured Fluids: Polymers, Colloids, Surfactants 
by Thomas A. Witten, Philip A. Pincus (OXford)
ISBN-13: 978-0199583829  ISBN-10: 019958382X

 Industrial Chemistry
Number Title Type ECTS Hours Lecturers

529-0192-00L Industrial Chemistry
Replacement for 529-0502-00L Catalysis

W  4 credits 3G J. A. van Bokhoven,
M. Ranocchiari

Abstract The lecture will describe how the most important chemicals and intermediates are produced from both a chemical and chemical
engineering point of view. Reaction mechanisms up to reactor design will be covered.

Objective Basic knowledge of reaction mechanisms and reactor design of the most important chemicals and intermediates.
Content The vast majority of all intermediates and chemicals originate from coal, oil or gas. The development of these processes over a time span

of more than hundred years has resulted in fascinating chemistry and processes. The lecture will describe how the most important
chemicals and intermediates are produced from both a chemical and chemical engineering point of view. Reaction mechanisms up to
reactor design will be covered.

Lecture notes Supplemental material will be available on the webpage:
http://www.vanbokhoven.ethz.ch/education.html
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Literature Hans-Jürgen Arpe, Industrial Organic Chemistry, 5th Edition, Wyley-VCH, 2010

G. P. Chiusoli, P. M. Maitlis, Metal-catalysis in Industrial Organic Processes, RSC Publishing, 2008

 GESS Science in Perspective
 Science in Perspective

see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
CHAB

 Language Courses
see Science in Perspective: Language Courses ETH/UZH

Chemistry Bachelor - Key for Type

E- Recommended, not eligible for credits
O Compulsory
W+ Eligible for credits and recommended

W Eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Chemistry Teaching Diploma
Further information: https://www.ethz.ch/de/studium/didaktische-ausbildung/studienangebot-zulassung/lehrdiplom-fuer-maturitaetsschulen.html

 Educational Science
Courses offered in the category Educational Science are listed under "Programme: Educational Science for Teaching Diploma".

Number Title Type ECTS Hours Lecturers

851-0240-01L Designing Learning Environments for School  (EW2
TD)
Prerequisites: successful participation in 851-0240-00L
"Human Learning (EW1)".

Adresses to students enrolled either in Teaching Diploma*
(TD) or Teaching Certificate (TC) in Computer Science,
Mathematics or Physics.
*Except for students of Sport Teaching Diploma, who
complete the sport-specific course unit EW2.

O  3 credits 2V E. Stern, P. Greutmann, J. Maue

Abstract Teaching is a complex skill. The lecture comprises (a) presentations about the theoretical background of this skill, (b) discussions of
practical aspects, and (c) practical exercises.

Objective The participants have the conceptual und procedural knowledge, and skills necessary for long-term planning, preparing, and implementing
good lessons. They can apply this knowledge on different topics of their scientific STEM-background.

Content We discuss characteristics of successful lessons and how to design such lessons by using curricula and lesson plans, teaching goals and a
variety of teaching methods.

Lecture notes The lecture comprises interactive parts where the participants  elaborate and extend their knowledge and skills. Thus, there is no
comprehensive written documentation of the lecture. The participants can download presentation slides, learning materials, and templates
from "Moodle".

Literature The necessary literature can be downloaded from "Moodle".
Prerequisites /
notice

The lecture EW2 can only be attended by students who already successfully completed the lecture Human Learning (EW1).
There will be two independent lectures for different groups of students. You will get further information in an email at the beginning of the
semester.
To get the Credits you have to
- regularly attend to the lecture
- have the grade 4 or higher in the final written exam.

851-0240-24L Designing Learning Environments for Schools (EW2
LD) - Portfolio
- Enrolment only possible with simultaneous enrolment in
course 851-0240-01L Designing Learning Environments
for School (EW2 LD)!

- Prerequisites: successful participation in 851-0240-00L
"Human Learning (EW1)".

- Adresses to students enrolled either in Teaching
Diploma* (TD) or Teaching Certificate (TC) in Computer
Science, Mathematics or Physics.
*Except for students of Sport Teaching Diploma, who
complete the sport-specific course unit EW2. 

O  1 credit 2U P. Greutmann, J. Maue

Abstract In this lecture, you design a portfolio, i.e. a complete and elaborated teaching enviroment for schools, based on your scientific STEM-
background

Objective This lecture is an implementation and transfer of the theoretical inputs provided by the lecture "Designing Learning Environments for
School" (EW2).

851-0242-11L Gender Issues In Education and STEM
Number of participants limited to 20.

Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

Prerequisite: students should be taking the course 851-
0240-00L Human Learning (EW1) in parallel, or to have
successfully completed it.

W  2 credits 2S M. Berkowitz Biran, T. Braas,
C. M. Thurn

Abstract In this seminar, we introduce some of the major gender-related  issues in the context of education and science learning, such as the under-
representation of girls and women in science, technology, engineering and mathematics (STEM). Different perspectives, controversies and
empirical evidence will be discussed.

Objective - To familiarize students with gender issues in the educational and STEM contexts and with controversies regarding these issues.
- To develop a critical view on existing perspectives. 
- To integrate this knowledge with teacher's work.

Content Why do fewer women than men specialize in STEM (science, technology, engineering and mathematics)? Are girls better in language and
boys better in math? These and other questions about gender differences relevant to education and STEM learning have been occupying
researchers for decades. In this seminar, students will learn about major gender issues in the educational context and the different
perspectives for understanding them. 

Students will read and critically discuss selected publications on these topics and their implications for the classroom context. There will be
weekly (or bi-weekly) assignments as well as a final project in which students will integrate and elaborate on the topics learned in the
seminar.

Prerequisites /
notice

Recommended: Completion of the course 851-0240-00L Human Learning (EW1).

Active participation in the seminar.

851-0242-08L Research Methods in Educational Science
Number of participants limited to 30.

This course unit can only be enroled after successful
participation in, or imultaneous enrolment in the course

W  1 credit 1S P. Edelsbrunner, T. Braas,
C. M. Thurn
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851-0240-00L "Human Learning (EW 1)" .
Abstract Literature from learning sciences will be read and discussed. Research methods will be in focus.

At the first meeting all participants will be allocated to working groups and two further meetings will be set up with the groups.
In the small groups students will write critical short essays about the read literature. The essays will be presented and discussed in the
plenum at the third meeting.

Objective - Understand research methods used in the empirical educational sciences
- Understand and critically examine information from scientific journals and media
- Understand pedagogically relevant findings from the empirical educational sciences

see Educational Science Teaching Diploma

851-0238-01L Support and Diagnosis of Knowledge Acquisition
Processes (EW3)
Enrolment only possible with matriculation in Teaching
Diploma (except for students of Sport Teaching Diploma,
who complete the sport-specific course unit EW3) and for
students who intend to enrol in the "Teaching Diploma"

Prerequisites: successful participation in 851-0240-00L
"Human Learning (EW1)".

W 3 credits 3S P. Edelsbrunner, J. Maue,
C. M. Thurn

Abstract In this seminar students learn advanced techniques to support and to diagnose knowledge acquisition processes in school.
Objective The main goals are:

(1) You have a deep understanding about the cognitive mechanisms of knowledge acquisition.
(2) You have a basic understanding about psychological test theory and can appropriately administer tests.
(3) You know various techniques of formative assessment and can apply these to uncover students' misconceptions.

 Subject Didactics in Chemistry
Important Notice: Enrolment in the courses of this category is only possible if no more than 12 CP of potential additional requirements have to be
acquired.

Number Title Type ECTS Hours Lecturers

529-0952-00L Subject Didactics Chemistry II
Prerequisites: Students may only enrol in this course after
having completed the course Subject Didactics in
Chemistry I 529-0950-00L.


Information for UZH students:
Enrolment to this course unit only possible at ETH. No
enrolment to module 090PCh2  at UZH. 
Please mind the ETH enrolment deadlines for UZH
students: https://www.ethz.ch/en/studies/non-
degree-
courses/special-
students/special-students-university-of-zurich.html 

O  4 credits 3V A. Baertsch

Abstract Introduction to Teaching Chemistry at High School Level
Objective Students have basic didactic knowledge for chemistry lessons at a middle school. They can design and reflect on lessons, engage students

actively in class, easily explain challenging concepts, use experiments for theory, teach in the lab and correct exams.
Content Schwerpunkte im zweiten Studiensemester bilden die folgenden Themen:

- Laborunterricht: Offene Fragestellungen und präzise Anleitungen
- Hausaufgaben, Prüfungen und Noten 
- Der Alltagsbezug gibt dem Unterricht Bedeutung
- Medien: Animationen, Filme, Wandtafel und Tablet
- Stöchiometrie
- Reaktionsgeschwindigkeit und Katalyse
- Dynamisches Gleichgewicht
- Säure/Base-Reaktionen
- Redox-Reaktionen
- Organische Chemie
- Strukturaufklärung
- Chiralität
- Biochemie

Lecture notes Die Unterlagen sind auf der Plattform http://fdchemie.pbworks.com zugänglich
Literature E. Rossa: Chemie-Didaktik, Cornelsen Verlag, 2015

H.-D. Barke et al: Chemiedidaktik kompakt, Lernprozesse in Theorie und Praxis, Springer Verlag, 2. Auflage, 2015
H.-D. Barke: Chemiedidaktik: Diagnose und Korrektur von Schülervorstellungen, Springer Verlag, 2006
H.-J. Bader et al: Konkrete Fachdidaktik Chemie, Oldenbourg Verlag, 2002

529-0959-00L Mentored Work Subject Didactics Chemistry A O  2 credits 4A R. Ciorciaro
Abstract In their mentored work on subject didactics, students put into practice the contents of the subject-didactics lectures and go into these in

greater depth. Under supervision, they compile tuition materials that are conducive to learning and/or analyse and reflect on certain topics
from a subject-based and pedagogical angle.

Objective The objective is for the students: 
- to be able to familiarise themselves with a tuition topic by consulting different sources,  acquiring materials and reflecting on the relevance
of the topic and the access they have selected to this topic from a specialist, subject-didactics and pedagogical angle and potentially from a
social angle too.
- to show that they can independently compile a tuition sequence that is conducive to learning and develop this to the point where it is
ready for use.

Content Eine kurze Anleitung zur mentorierten Arbeit in Fachdidaktik wird zur Verfügung gestellt.
Lecture notes Eine kurze Anleitung zur mentorierten Arbeit in Fachdidaktik wird zur Verfügung gestellt.
Literature Die Literatur ist themenspezifisch. Die Studierenden beschaffen sie sich in der Regel selber (siehe Lernziele). In besonderen Fällen wird

sie vom Betreuer zur Verfügung gestellt.
Prerequisites /
notice

Die Arbeit sollte vor Beginn des Praktikums abgeschlossen werden.

529-0960-00L Mentored Work Subject Didactics Chemistry B O 2 credits 4A R. Ciorciaro
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Abstract In their mentored work on subject didactics, students put into practice the contents of the subject-didactics lectures and go into these in
greater depth. Under supervision, they compile tuition materials that are conducive to learning and/or analyse and reflect on certain topics
from a subject-based and pedagogical angle.

Objective The objective is for the students: 
- to be able to familiarise themselves with a tuition topic by consulting different sources,  acquiring materials and reflecting on the relevance
of the topic and the access they have selected to this topic from a specialist, subject-didactics and pedagogical angle and potentially from a
social angle too.
- to show that they can independently compile a tuition sequence that is conducive to learning and develop this to the point where it is
ready for use.

Content Thematische Schwerpunkte
Die Gegenstände der mentorierten Arbeit in Fachdidaktik stammen in der Regel aus dem gymnasialen Unterricht.

Lernformen
Alle Studierenden erhalten ein individuelles Thema und erstellen dazu eine eigenständige Arbeit. Sie werden dabei von ihrer
Betreuungsperson begleitet. Gegebenenfalls stellen sie ihre Arbeit oder Aspekte daraus in einem Kurzvortrag vor. Die mentorierte Arbeit ist
Teil des Portfolios der Studierenden.

Lecture notes Eine kurze Anleitung zur mentorierten Arbeit in Fachdidaktik wird zur Verfügung gestellt.
Literature Die Literatur ist themenspezifisch. Die Studierenden beschaffen sie sich in der Regel selber (siehe Lernziele). In besonderen Fällen wird

sie vom Betreuer zur Verfügung gestellt.
Prerequisites /
notice

Die Arbeit sollte vor Beginn des Praktikums abgeschlossen werden.

 Professional Training in Chemistry
Important Notice: Enrolment in the courses of this category is only possible if no more than 12 CP of potential additional requirements have to be
acquired.

Number Title Type ECTS Hours Lecturers

529-0964-00L Teaching Internship Chemistry O  8 credits 17P A. Baertsch
Abstract The teaching practice takes in 50 lessons: 30 are taught by the students, and the students sit in on 20 lessons. The teaching practice lasts

4-6 weeks. It gives students the opportunity to implement the contents of their specialist-subject, educational science and subject-didactics
training in the classroom. Students also conduct work assignments in parallel to their teaching practice.

Objective - Students use their specialist-subject, educational-science and subject-didactics training to draw up concepts for teaching.
- They acquire the skills of the teaching trade. 
- They practise finding the balance between instruction and openness so that pupils can and, indeed, must make their own cognitive
contribution.
- They learn to assess pupils' work.
- Together with the teacher in charge of their teacher training, the students constantly evaluate their own performance.

Content Die Studierenden sammeln Erfahrungen in der Unterrichtsführung, der Auseinandersetzung mit Lernenden, der Klassenbetreuung und der
Leistungsbeurteilung. Zu Beginn des Praktikums plant die Praktikumslehrperson gemeinsam mit dem/der Studierenden das Praktikum und
die Arbeitsaufträge. Die schriftlich dokumentierten Ergebnisse der Arbeitsaufträge sind Bestandteil des Portfolios der Studierenden.
Anlässlich der Hospitationen erläutert die Praktikumslehrperson ihre fachlichen und didaktischen Überlegungen, auf deren Basis sie den
Unterricht geplant hat und tauscht sich mit dem/der Studierenden aus. Die von dem/der Studierenden gehaltenen Lektionen werden vor-
und nachbesprochen. Die Praktikumslehrperson sorgt ausserdem dafür, dass der/die Studierende Einblick in den schulischen Alltag erhält
und die vielfältigen Verpflichtungen einer Lehrperson kennen lernt.

Prerequisites /
notice

Findet am Schluss der Ausbildung, vor Ablegung der Prüfungslektionen statt.

529-0968-01L Examination Lesson II Chemistry
Simultaneous enrolment in "Examination Lesson II
Chemistry" (529-0968-02L) is compulsory.

Will mark the conclusion of the teacher training
programme in Chemistry.

O  1 credit 2P A. Baertsch

Abstract In the context of an examination lesson conducted and graded at a high school, the candidates provide evidence of the subject-
matter-based and didactic skills they have acquired in the course of their training.

Objective On the basis of a specified topic, the candidate shows that they are in a position
- to develop and conduct teaching that is conducive to learning at high school level, substantiating it in terms of the subject-matter and from
the didactic angle 
- to analyze the tuition they have given with regard to its strengths and weaknesses, and outline improvements.

Content Die Studierenden erfahren das Lektionsthema in der Regel zwei Wochen vor dem Prüfungstermin. Zudem erhalten sie Informationen über
den Wissensstand der Schülerinnen und Schüler und können die Klasse besuchen.
Die Studierenden erstellen eine Vorbereitung gemäss Anleitung und reichen sie 48 Stunden vor der Prüfung ein.
Die gehaltene Lektion wird kriteriumsbasiert beurteilt. Die Beurteilung umfasst auch die schriftliche Vorbereitung und eine mündliche
Reflexion über die gehaltene Lektion im Rahmen eines kurzen Kolloquiums.

Lecture notes Dokument: Schriftliche Vorbereitung für Prüfungslektionen https://www.ethz.ch/content/dam/ethz/main/education/didaktische-
ausbildung/Files/Diverses/Schriftliche%20Unterrichtsvorbereitung_18.07.2017.pdf

Prerequisites /
notice

Nach Abschluss der übrigen Ausbildung.

529-0968-02L Examination Lesson II Chemistry
Simultaneous enrolment in "Examination Lesson I
Chemistry" (529-0968-01L) is compulsory.

Will mark the conclusion of the teacher training
programme in Chemistry.

O  1 credit 2P A. Baertsch

Abstract In the context of an examination lesson conducted and graded at a high school, the candidates provide evidence of the subject-
matter-based and didactic skills they have acquired in the course of their training.

Objective On the basis of a specified topic, the candidate shows that they are in a position
- to develop and conduct teaching that is conducive to learning at high school level, substantiating it in terms of the subject-matter and from
the didactic angle 
- to analyze the tuition they have given with regard to its strengths and weaknesses, and outline improvements.
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Content Die Studierenden erfahren das Lektionsthema in der Regel zwei Wochen vor dem Prüfungstermin. Zudem erhalten sie Informationen über
den Wissensstand der Schülerinnen und Schüler und können die Klasse besuchen.
Die Studierenden erstellen eine Vorbereitung gemäss Anleitung und reichen sie 48 Stunden vor dem Termin ein.
Die gehaltene Lektion wird kriteriumsbasiert beurteilt. Die Beurteilung umfasst auch die schriftliche Vorbereitung und eine mündliche
Reflexion über die gehaltene Lektion im Rahmen eines kurzen Kolloquiums

Lecture notes Dokument: Schriftliche Vorbereitung für Prüfungslektionen https://www.ethz.ch/content/dam/ethz/main/education/didaktische-
ausbildung/Files/Diverses/Schriftliche%20Unterrichtsvorbereitung_18.07.2017.pdf

Prerequisites /
notice

Nach Abschluss der übrigen Ausbildung.

 Spec. Courses in Resp. Subj. w/ Educ. Focus & Further Subj. Didactics
Number Title Type ECTS Hours Lecturers

529-0961-00L Fundamental Aspects of Chemistry with an
Educational Focus A

O  4 credits 2A A. Togni, R. Alberto

Abstract Selected topics in general chemistry:
1) Acids, super acids, acidity functions, and unconventional solvents
2) Inorganic medicinal chemistry
3) History of radioactivity and modern radiochemistry
4) Molecular geometry and structure

Objective In this course unit, participants acquire extended and more in-depth knowledge of selected chemistry topics. The selection is based to a
large extent on the partial aspects of chemistry that are typically taught at high school. By gaining a broader understanding, teachers are
put in a position where they can comprehend the topics that are to be taught in a wider and, to some extent, unconventional context and
critically process these in respect of their teachability and learnabiltiy. At the same time, interrelationships between the classical sub-
disciplines of chemistry are highlighted, along with the unique features of chemistry as one of the central natural sciences.

Content Content of the four modules:
1) Acids, super acids, acidity functions, non acqueous media, and unconventional solvents.
2) Inorganic medicinal chemistry: Metals in biological systems, metal-containing drugs.
3) History of radioactivity and modern radiochemistry: From the discovery of radioactivity to modern element synthesis.
4) Molecular geometry and structure: From the VSEPR model to the electron localization function (ELF), hypervalent compounds and their
applications.

Lecture notes Folien und ausgewählte Literatur werden zur Verfügung gestellt.
Literature Ausgewählte Artikel aus der Primärliteratur werden vorgestellt, kommentiert und zur Lektüre empfohlen.
Prerequisites /
notice

FV A (gelesen im Frühjahrsemester) und FV B (gelesen im Herbstsemester) bauen nicht aufeinander. Die Reihenfolge der Belegung ist
somit indifferent.

529-0961-01L Mentored Work Specialised Courses in the Respective
Subject with an Educational Focus Chemistry A

O  2 credits 4A R. Ciorciaro

Abstract In the mentored work on their subject specialisation, students link high-school and university aspects of the subject, thus strengthening
their teaching competence with regard to curriculum decisions and the future development of the tuition. They compile texts under
supervision that are directly comprehensible to the targeted readers - generally specialist-subject teachers at high-school level.

Objective The aim is for the students
- to familiarise themselves with a new topic by obtaining material and studying the sources, so that they can selectively extend their
specialist competence in this way.
- to independently develop a text on the topic, with special focus on its mathematical comprehensibility in respect of the level of knowledge
of the targeted readership.
- To try out different options for specialist further training in their profession.

Content Thematische Schwerpunkte:
Die mentorierte Arbeit in FV besteht in der Regel in einer Literaturarbeit über ein Thema, das einen Bezug zum gymnasialem Unterricht
oder seiner Weiterentwicklung hat. Die Studierenden setzen darin Erkenntnisse aus den Vorlesungen in FV praktisch um.

Lernformen:
Alle Studierenden erhalten ein individuelles Thema und erstellen dazu eine eigenständige Arbeit. Sie werden dabei von ihrer
Betreuungsperson begleitet. Gegebenenfalls stellen sie ihre Arbeit oder Aspekte daraus in einem Kurzvortrag vor. Die mentorierte
Arbeit ist Teil des Portfolios der Studierenden.

Lecture notes Eine Anleitung zur mentorierten Arbeit in FV wird zur Verfügung gestellt.
Literature Die Literatur ist themenspezifisch. Sie muss je nach Situation selber beschafft werden oder wird zur Verfügung gestellt.
Prerequisites /
notice

Die Arbeit sollte vor Beginn des Praktikums abgeschlossen werden.

529-0962-01L Mentored Work Specialised Courses in the Respective
Subject with an Educational Focus Chemistry B

O 2 credits 4A R. Ciorciaro

Abstract In the mentored work on their subject specialisation, students link high-school and university aspects of the subject, thus strengthening
their teaching competence with regard to curriculum decisions and the future development of the tuition. They compile texts under
supervision that are directly comprehensible to the targeted readers - generally specialist-subject teachers at high-school level.

Objective The aim is for the students
- to familiarise themselves with a new topic by obtaining material and studying the sources, so that they can selectively extend their
specialist competence in this way.
- to independently develop a text on the topic, with special focus on its mathematical comprehensibility in respect of the level of knowledge
of the targeted readership.
- To try out different options for specialist further training in their profession.

Content Thematische Schwerpunkte:
Die mentorierte Arbeit in FV besteht in der Regel in einer Literaturarbeit über ein Thema, das einen Bezug zum gymnasialem Unterricht
oder seiner Weiterentwicklung hat. Die Studierenden setzen darin Erkenntnisse aus den Vorlesungen in FV praktisch um.

Lernformen:
Alle Studierenden erhalten ein individuelles Thema und erstellen dazu eine eigenständige Arbeit. Sie werden dabei von ihrer
Betreuungsperson begleitet. Gegebenenfalls stellen sie ihre Arbeit oder Aspekte daraus in einem Kurzvortrag vor. Die mentorierte
Arbeit ist Teil des Portfolios der Studierenden.

Lecture notes Eine Anleitung zur mentorierten Arbeit in FV wird zur Verfügung gestellt.
Literature Die Literatur ist themenspezifisch. Sie muss je nach Situation selber beschafft werden oder wird zur Verfügung gestellt.
Prerequisites /
notice

Die Arbeit sollte vor Beginn des Praktikums abgeschlossen werden.

 Compulsory Elective Courses
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see Compulsory Elective Courses Teaching Diploma

 Additional Requirements (ETH-Masterstudents in Chemical + Bioeng.)
 Part 1

Number Title Type ECTS Hours Lecturers

529-0200-10L Research Project I O  13 credits 16A Supervisors
Abstract In a research project students extend their knowledge in a particular field, get acquainted with the scientific way of working, and learn to

work on an actual research topic. Research projects are carried out in a core or optional subject area as chosen by the student.
Objective Students are accustomed to scientific work and they get to know one specific research field.

529-0232-00L Organic Chemistry IV: Physical Organic Chemistry O  4 credits 2V+1U P. Chen, R. Poranne
Abstract Introduction to qualitative molecular orbital theory as applied to organic reactivity.  Hückel theory, perturbation theory, molecular symmetry.

Frontier orbital theory and stereoelectronic effects.  Pericyclic reactions, photochemistry
Objective Introduction to theoretical methods in organic chemistry
Content Qualitative MO theory and its application to organic reactions, thermal rearrangements, pericyclic reactions.

 Part 2
see Chemistry Master > Electives 

Chemistry Teaching Diploma - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Chemistry Master
 Master Studies (Programme Regulations 2018)

 Core Subjects
 Inorganic Chemistry

Number Title Type ECTS Hours Lecturers

529-0134-01L Functional Inorganics W  6 credits 3G M. Kovalenko, K. Kravchyk,
T. Lippert, G. Raino

Abstract This course covers the synthesis, properties and applications of inorganic materials. In particular, the focus is on photo-active coordination
compounds, quasicrystals, nanocrystals (including nanowires), molecular precursors for inorganic materials and metal-organic frameworks.

Objective Understanding the structure-property relationship and the design principles of modern inorganic materials for prospective applications in
photovoltaics, electrochemical energy storage (e.g. Li-ion batteries), thermoelectrics and photochemical and photoelectrochemical water
splitting.

Content (A) Introduction into the synthesis and atomic structure of modern molecular and crystalline inorganic materials.
-Quasicrystals
-Nanocrystals, including shape engineering
-Molecular precursors (including organometallic and coordination compounds) for inorganic materials
-Metal-organic frameworks
-Photoactive molecules

(B) Applications of inorganic materials:
-photovoltaics
-Li-ion batteries
-Thermoelectrics
-Photochemical and photoelectrochemical water splitting
-Light-emitting devices etc.

Lecture notes will be distributed during lectures
Literature will be suggested in the lecture notes
Prerequisites /
notice

No special knowledge beyond undergraduate curriculum

 Research Projects
Number Title Type ECTS Hours Lecturers

529-0200-10L Research Project I W  13 credits 16A Supervisors
Abstract In a research project students extend their knowledge in a particular field, get acquainted with the scientific way of working, and learn to

work on an actual research topic. Research projects are carried out in a core or optional subject area as chosen by the student.
Objective Students are accustomed to scientific work and they get to know one specific research field.

529-0201-10L Research Project II W  13 credits 16A Supervisors
Abstract In a research project students extend their knowledge in a particular field, get acquainted with the scientific way of working, and learn to

work on an actual research topic. Research projects are carried out in a core or optional subject area as chosen by the student.
Objective Students are accustomed to scientific work and they get to know one specific research field.

 Industry Internship or Laboratory Course
Number Title Type ECTS Hours Lecturers

529-0202-00L Industry Internship
Only for Chemistry MSc, Programme Regulations 2018.

W  13 credits Supervisors

Abstract Internship in industry with a minimum duration of 7 weeks 
Objective The aim of the internship is to make students acquainted with industrial work environments. During this time, they will have the opportunity

to get involved in current projects of the host institution. 

 Electives
Students are free to choose from a range of D-CHAB chemistry courses appropriate to their level of study (please note admission requirements). In
case of doubt, contact the student administration.

 Inorganic Chemistry
Number Title Type ECTS Hours Lecturers

529-0134-01L Functional Inorganics W 6 credits 3G M. Kovalenko, K. Kravchyk,
T. Lippert, G. Raino

Abstract This course covers the synthesis, properties and applications of inorganic materials. In particular, the focus is on photo-active coordination
compounds, quasicrystals, nanocrystals (including nanowires), molecular precursors for inorganic materials and metal-organic frameworks.

Objective Understanding the structure-property relationship and the design principles of modern inorganic materials for prospective applications in
photovoltaics, electrochemical energy storage (e.g. Li-ion batteries), thermoelectrics and photochemical and photoelectrochemical water
splitting.

Content (A) Introduction into the synthesis and atomic structure of modern molecular and crystalline inorganic materials.
-Quasicrystals
-Nanocrystals, including shape engineering
-Molecular precursors (including organometallic and coordination compounds) for inorganic materials
-Metal-organic frameworks
-Photoactive molecules

(B) Applications of inorganic materials:
-photovoltaics
-Li-ion batteries
-Thermoelectrics
-Photochemical and photoelectrochemical water splitting
-Light-emitting devices etc.

Lecture notes will be distributed during lectures
Literature will be suggested in the lecture notes
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Prerequisites /
notice

No special knowledge beyond undergraduate curriculum

529-0144-01L NMR Spectroscopy in Inorganic Chemistry W  6 credits 3G R. Verel
Abstract Theory and applications of NMR spectroscopy with a focus of its use to problems in Inorganic Chemistry.

The use of the Bloch Equations to describe broadband and selective excitation, measurement techniques and processing strategies of
NMR data, applications of NMR to the study of molecular structure, chemical exchange processes, diffusion spectroscopy, and solid-state
NMR techniques.

Objective In depth understanding of both practical and theoretical aspects of solution and solid-state NMR and its application to problems in Inorganic
Chemistry

Content Selection of the following themes:
1. Bloch Equations and its use to understand broadband and selective pulses.
2. Measurement techniques and processing strategies of NMR data.
3. Applications of NMR to the study of molecular structure: Experiments and strategies to solve problems in Inorganic Chemistry.
4. Application of NMR to the study of chemical exchange processes.
5. Application of NMR to the study of self-diffusion and the determination of diffusion coefficients.
6. Differences and similarities between fundamental interactions in solution and solid-state NMR
7. Experimental techniques in solid-state NMR (Magic Angle Spinning, Cross Polarization, Decoupling and Recoupling Techniques,
MQMAS)
8. The use of Dynamic Nuclear Polarization for the study of surfaces.

Lecture notes A handout is provided during the lectures. It is expected that the students will consult the accompanying literature as specified during the
lecture.

Literature Specified during the lecture
Prerequisites /
notice

529-0432-00    Physikalische Chemie IV: Magnetische Resonanz   
529-0058-00    Analytische Chemie II
(or equivalent)

The individual and in depth (literature) study of a theme related but separate from the themes presented during the lecture requires
different compentences compared to the ones which are tested during the oral exam. Therefore the students must give a presentation
during the semester about a theme based on their study of the literature. A list of possible themes and corresponding literature will be
provided during the lecture.
The student presentation is a mandatory "pass/fail" element of the course and must be passed separately from the oral exam. If the
presentation fails it will not be possible to pass the final exam. A renewed presentation is not required in case the oral exam has to be
repeated.

529-0948-00L Solid State Chemistry
Does not take place this semester.
Registration only until 27.01.2020. Participants who have
passed the course "Inorganic Chemistry II" will be
favoured. Other students can only be admitted if spaces
are available. 
Limited to 20 participants. Electronic registration is
mandatory (except for ETH-external participants).

W 3 credits 6P M. Kovalenko

Abstract An introduction to crystal growth with the Bridgman-Stockbarger technique and physical characterization of single crystals. 
Objective The practical laboratory course gives an insight into the growth of single crystals and their applications. Focus lies on the growth of

semiconductor crystals and the measurement of their physical (optical & electronic) properties. The complete work is documented in a
detailed scientific report.

Content The growth of perovskite (CsPbBr3) semiconductor crystals using the Bridgman-Stockbarger technique as a model system for single
crystals grown from the melt. The preparation of crystals for physical measurements through cutting and polishing. Measuring optical
characteristics (absorption) as well as electronic properties, including current-voltage (IV) measurements, time-of-flight, charge carrier
recombination, charge extraction efficiencies, and photodetection.  

Lecture notes Electronic version of the script will be provided.

 Material Science
Number Title Type ECTS Hours Lecturers

529-0941-00L Introduction to Macromolecular Chemistry W  4 credits 3G D. Opris
Abstract Basic definitions, types of polyreactions, constitution of homo- and copolymers, networks, configurative and conformative aspects, contour

length, coil formation, mobility, glass temperature, rubber elasticity, molecular weight distribution, energetics of and examples for
polyreactions.

Objective Understanding the significance of molecular size, constitution, configuration and conformation of synthetic and natural macromolecules for
their specific physical and chemical properties.

Content This introductory course on macromolecular chemistry discusses definitions, introduces types of polyreactions, and compares chain and
step-growth polymerizations. It also treats the constitution of polymers, homo- and copolymers, networks, configuration and conformation of
polymers. Topics of interest are contour length, coil formation, the mobility in polymers, glass temperature, rubber elasticity, molecular
weight distribution, energetics of polyreactions, and examples for polyreactions (polyadditions, polycondensations, polymerizations).
Selected polymerization mechanisms and procedures are discussed whenever appropriate throughout the course. Some methods of
molecular weight determination are introduced.

Lecture notes Course materials (consisting of personal notes and distributed paper copies) are sufficient for exam preparation.
Prerequisites /
notice

The course will be taught in English. Complicated expressions will also be given in German. Questions are welcome in English or German.
The written examination will be in English, answers in German are acceptable. A basic chemistry knowledge is required.

PhD students who need recognized credit points are required to pass the written exam.

402-0468-15L Nanomaterials for Photonics
Does not take place this semester.

W  6 credits 2V+1U R. Grange

Abstract The lecture describes various nanomaterials (semiconductor, metal, dielectric, carbon-based...) for photonic applications (optoelectronics,
plasmonics, photonic crystal...). It starts with nanophotonic concepts of light-matter interactions, then the fabrication methods, the optical
characterization techniques, the description of the properties and the state-of-the-art applications.

Objective The students will acquire theoretical and experimental knowledge in the different types of nanomaterials (semiconductors, metals,
dielectric, carbon-based, ...) and their uses as building blocks for advanced applications in photonics (optoelectronics, plasmonics, photonic
crystal, ...). Together with the exercises, the students will learn (1) to read, summarize and discuss scientific articles related to the lecture,
(2) to estimate order of magnitudes with calculations using the theory seen during the lecture, (3) to prepare a short oral presentation about
one topic related to the lecture, and (4) to imagine a useful photonic device.
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Content 1.    Introduction to Nanomaterials for photonics
     a.    Classification of the materials in sizes and speed...
     b.    General info about scattering and absorption
     c.    Nanophotonics concepts 

2.    Analogy between photons and electrons
     a.    Wavelength, wave equation
     b.    Dispersion relation
     c.    How to confine electrons and photons
     d.    Tunneling effects

3.    Characterization of Nanomaterials
     a.    Optical microscopy: Bright and dark field, fluorescence, confocal, High resolution: PALM (STORM), STED
     b.    Electron microscopy : SEM, TEM
     c.    Scanning probe microscopy: STM, AFM
     d.    Near field microscopy: SNOM
     e.    X-ray diffraction: XRD, EDS

4.    Generation of Nanomaterials
     a.    Top-down approach
     b.    Bottom-up approach

5.    Plasmonics
     a.    What is a plasmon, Drude model
     b.    Surface plasmon and localized surface plasmon (sphere, rod, shell)
     c.    Theoretical models to calculate the radiated field: electrostatic approximation and Mie scattering
     d.    Fabrication of plasmonic structures: Chemical synthesis, Nanofabrication
     e.    Applications

6.    Organic nanomaterials
     a.    Organic quantum-confined structure: nanomers and quantum dots.
     b.    Carbon nanotubes: properties, bandgap description, fabrication
     c.    Graphene: motivation, fabrication, devices

7.    Semiconductors
     a.    Crystalline structure, wave function...
     b.    Quantum well: energy levels equation, confinement
     c.    Quantum wires, quantum dots
     d.    Optical properties related to quantum confinement
     e.    Example of effects: absorption, photoluminescence...
     f.    Solid-state-lasers : edge emitting, surface emitting, quantum cascade

8.    Photonic crystals
     a.    Analogy photonic and electronic crystal, in nature
     b.    1D, 2D, 3D photonic crystal
     c.    Theoretical modeling: frequency and time domain technique
     d.    Features: band gap, local enhancement, superprism...
  
9.    Optofluidic
     a.    What is optofluidic ?
     b.    History of micro-nano-opto-fluidic
     c.    Basic properties of fluids
     d.    Nanoscale forces and scale law
     e.    Optofluidic: fabrication
     f.    Optofluidic: applications
     g.    Nanofluidics

10.    Nanomarkers
     a.    Contrast in imaging modalities
     b.    Optical imaging mechanisms
     c.    Static versus dynamic probes

Lecture notes Slides and book chapter will be available for downloading
Literature References will be given during the lecture
Prerequisites /
notice

Basics of solid-state physics (i.e. energy bands) can help

227-0390-00L Elements of Microscopy W  4 credits 3G M. Stampanoni, G. Csúcs,
A. Sologubenko

Abstract The lecture reviews the basics of microscopy by discussing wave propagation, diffraction phenomena and aberrations. It gives the basics
of light microscopy, introducing fluorescence, wide-field, confocal and multiphoton imaging. It further covers 3D electron microscopy and
3D X-ray tomographic micro and nanoimaging.

Objective Solid introduction to the basics of microscopy, either with visible light, electrons or X-rays.
Content It would be impossible to imagine any scientific activities without the help of microscopy.  Nowadays, scientists can count on very powerful

instruments that allow investigating sample down to the atomic level.
The lecture includes a general introduction to the principles of microscopy, from wave physics to image formation. It provides the physical
and engineering basics to understand visible light, electron and X-ray microscopy. 
During selected exercises in the lab, several sophisticated instrument will be explained and their capabilities demonstrated.

Literature Available Online.

327-2138-00L Polymer Surfaces in Materials Science and
Biotechnology
Does not take place this semester.

W 3 credits 3G to be announced

Abstract This course aims to introduce the students to the functionalization of materials using polymers, comprising synthetic aspects, applications
and the basics of characterization. The course includes an introduction to industrially relevant coatings for protection, chemical design of
adsorbates for surface functionalization, and the application of polymer interfaces in nanotechnology and biomaterials.
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Objective The topics of this course are closely related to important industrial challenges, and additionally provide an overview of the most advanced
developments in materials functionalization strategies.  

By attending this course, the students (i) will gain a basic but robust knowledge of organic coatings that are relevant in industrial
applications, (ii) will acquire the fundamentals of surface functionalization using polymers, and (iii) will be introduced to the most advanced
applications of polymeric surfaces in biomaterials and nanobiotechnology.

Content - Protective coatings and paints
- Functionalization of inorganic surfaces with organic compounds
- Bio-repellent coatings: general aspects
- Marine biofouling
- From bio-passivity to bio-activity: application of polymer coatings on biomaterials
- Polymer surfaces in nanotechnology: assembly and patterning methods
- Application of polymer surfaces in sensors
- Polymers in drug delivery and nanobiotechnology
- Polymeric lubricants at surfaces
- Application of polymer/organic surfaces in optics and electronics

Lecture notes A script and copies of slides will be provided by the lecturer.
Prerequisites /
notice

This course will build upon prior basic knowledge in organic, inorganic and polymer chemistry, and requires an understanding of
undergraduate-level concepts of materials science. 

 Economics and Technology Management
Number Title Type ECTS Hours Lecturers

363-1008-00L Public Economics W  3 credits 2V M. Köthenbürger, T. Giommoni
Abstract Public Economics analyses the role of the government in the economy. In this course we will discuss justifications for and the design of

public policy as well as its consequences on market outcomes. Issues related to public goods, taxation, in particular the effects of tax policy
on labor supply, entrepreneurship and innovation will be emphasized.

Objective The primary goal of the course is to familiarize students with the central concepts and principles of public economics. The course aims at
providing a good understanding of  theoretical work and how it may be applied to actual policy problems. Students will get a good overview
of recent key contributions in the field and how these relate to empirical observations.

Content Overview: The course Public Economics analyses the role of the government in the economy. In most developed countries, government
activity is significant and ranges from public service provision, redistribution of incomes, regulation and taxation. In many cases, public
expenditures are 30-40 percent of GDP. In the course, we will discuss justifications for and the design of public policy as well as its
consequences on market outcomes. We will repeatedly use real-world policy examples to allow students to apply their knowledge and to
realize how effectively the knowledge can be used to understand and design public policy making.   

Organization: The course consists of four big building blocks, “externalities”, “taxation”, “political economy”, and “social security”. For each
of the building blocks we will provide slides. There will be three problem sets and a written exam at the end of the course. Problem sets will
not be graded. Credit points are given for passed exams only.

 Chemical Aspects of Energy
Number Title Type ECTS Hours Lecturers

529-0507-00L Hands-on Electrochemistry for Energy Storage and
Conversion Applications
Additional Information: Previous attendance to one of the
two electrochemistry-related courses available at ETHZ
(Electrochemistry by Prof. P. Novak, or Physical
Electrochemistry and Electrocatalysis by Prof. T.J.
Schmidt) is mandatory.

W 6 credits 6P L. Gubler, E. Fabbri,
J. Herranz Salañer, S. Trabesinger

Abstract The course will provide the students with hands-on laboratory experience in the field of electrochemistry, specifically within the context of
energy related applications (i.e., Li-ion and redox flow batteries, fuel cells and electrolyzers).

Objective Solidify the students’ theoretical knowledge of electrochemistry; apply these concepts in the context of energy-related applications; get the
students acquainted with different electrochemical techniques, as well as with application-relevant materials and preparation methods.

Content Days 1 & 2: Introduction to basic electrochemical processes
Days 3 - 8: 3 x 2-day blocks of laboratory work (rotating assignments):
- Lithium-ion batteries
- Redox flow batteries
- Polymer electrolyte fuel cells
Days 9 & 10: preparation and completion of the course’s report and oral presentation (for evaluation)

Lecture notes The course material will be prepared and provided by the lecturers.
Literature References to academic publications of specific relevance to the experiments to be performed will be included within the courses’ script
Prerequisites /
notice

- Course language is english. 
- The course will take place at the Paul Scherrer Institut, 5232 Villigen PSI (www.psi.ch). 
- The number of participants is limited to 18 (first-come first-served basis, Master level students have priority over PhD students).
- Students are encouraged to bring their own protective gear for the work in the lab (lab coat, safety goggles). If needed, this can also be
provided, please contact the organizers in advance.
- Participants need to be insured (health / accident insurance).
- On-site accommodation at the PSI guesthouse (www.psi.ch/gaestehaus) is possible and will be arranged.

 Master's Thesis
Number Title Type ECTS Hours Lecturers

529-0500-10L Master's Thesis
Only for Chemistry MSc, Programme Regulations 2018.

Only students who fulfill the following criteria are allowed
to begin with their Master's thesis:
a. successful completion of the Bachelor's programme; 
b. fulfilling of any additional requirements necessary to
gain admission to the Master's programme.

Duration of the Master's Thesis 20 weeks.

O  25 credits 54D Supervisors

Abstract In the Master thesis students prove their ability to independent, structured and scientific working. The Master thesis is usually carried out in
a core or optional subject area as chosen by the student.
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Objective In the Master Thesis students prove their ability to independent, structured and scientific working.

 Master Studies (Programme Regulations 2005)
 Core Subjects

 Inorganic Chemistry
Number Title Type ECTS Hours Lecturers

529-0134-00L Functional Inorganics
Only for Chemistry MSc, Programme Regulations 2005.

W  7 credits 3G M. Kovalenko, K. Kravchyk,
T. Lippert, G. Raino

Abstract This course covers the synthesis, properties and applications of inorganic materials. In particular, the focus is on photo-active coordination
compounds, quasicrystals, nanocrystals (including nanowires), molecular precursors for inorganic materials and metal-organic frameworks.

Objective Understanding the structure-property relationship and the design principles of modern inorganic materials for prospective applications in
photovoltaics, electrochemical energy storage (e.g. Li-ion batteries), thermoelectrics and photochemical and photoelectrochemical water
splitting.

Content (A) Introduction into the synthesis and atomic structure of modern molecular and crystalline inorganic materials.
-Quasicrystals
-Nanocrystals, including shape engineering
-Molecular precursors (including organometallic and coordination compounds) for inorganic materials
-Metal-organic frameworks
-Photoactive molecules

(B) Applications of inorganic materials:
-photovoltaics
-Li-ion batteries
-Thermoelectrics
-Photochemical and photoelectrochemical water splitting
-Light-emitting devices etc.

Lecture notes will be distributed during lectures
Literature will be suggested in the lecture notes
Prerequisites /
notice

No special knowledge beyond undergraduate curriculum

 Electives
 Inorganic Chemistry

Number Title Type ECTS Hours Lecturers

529-0134-00L Functional Inorganics
Only for Chemistry MSc, Programme Regulations 2005.

W  7 credits 3G M. Kovalenko, K. Kravchyk,
T. Lippert, G. Raino

Abstract This course covers the synthesis, properties and applications of inorganic materials. In particular, the focus is on photo-active coordination
compounds, quasicrystals, nanocrystals (including nanowires), molecular precursors for inorganic materials and metal-organic frameworks.

Objective Understanding the structure-property relationship and the design principles of modern inorganic materials for prospective applications in
photovoltaics, electrochemical energy storage (e.g. Li-ion batteries), thermoelectrics and photochemical and photoelectrochemical water
splitting.

Content (A) Introduction into the synthesis and atomic structure of modern molecular and crystalline inorganic materials.
-Quasicrystals
-Nanocrystals, including shape engineering
-Molecular precursors (including organometallic and coordination compounds) for inorganic materials
-Metal-organic frameworks
-Photoactive molecules

(B) Applications of inorganic materials:
-photovoltaics
-Li-ion batteries
-Thermoelectrics
-Photochemical and photoelectrochemical water splitting
-Light-emitting devices etc.

Lecture notes will be distributed during lectures
Literature will be suggested in the lecture notes
Prerequisites /
notice

No special knowledge beyond undergraduate curriculum

529-0144-00L NMR Spectroscopy in Inorganic Chemistry
Only for Chemistry MSc, Programme Regulations 2005.

W 7 credits 3G R. Verel

Abstract Theory and applications of NMR spectroscopy with a focus of its use to problems in Inorganic Chemistry.
The use of the Bloch Equations to describe broadband and selective excitation, measurement techniques and processing strategies of
NMR data, applications of NMR to the study of molecular structure, chemical exchange processes, diffusion spectroscopy, and solid-state
NMR techniques.

Objective In depth understanding of both practical and theoretical aspects of solution and solid-state NMR and its application to problems in Inorganic
Chemistry

Content Selection of the following themes:
1. Bloch Equations and its use to understand broadband and selective pulses.
2. Measurement techniques and processing strategies of NMR data.
3. Applications of NMR to the study of molecular structure: Experiments and strategies to solve problems in Inorganic Chemistry.
4. Application of NMR to the study of chemical exchange processes.
5. Application of NMR to the study of self-diffusion and the determination of diffusion coefficients.
6. Differences and similarities between fundamental interactions in solution and solid-state NMR
7. Experimental techniques in solid-state NMR (Magic Angle Spinning, Cross Polarization, Decoupling and Recoupling Techniques,
MQMAS)
8. The use of Dynamic Nuclear Polarization for the study of surfaces.

Lecture notes A handout is provided during the lectures. It is expected that the students will consult the accompanying literature as specified during the
lecture.

Literature Specified during the lecture
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Prerequisites /
notice

529-0432-00    Physikalische Chemie IV: Magnetische Resonanz
529-0058-00    Analytische Chemie II
(or equivalent)

The individual and in depth (literature) study of a theme related but separate from the themes presented during the lecture requires
different compentences compared to the ones which are tested during the oral exam. Therefore the students must give a presentation
during the semester about a theme based on their study of the literature. A list of possible themes and corresponding literature will be
provided during the lecture.
The student presentation is a mandatory "pass/fail" element of the course and must be passed separately from the oral exam. If the
presentation fails it will not be possible to pass the final exam. A renewed presentation is not required in case the oral exam has to be
repeated.

 Materials Science
Number Title Type ECTS Hours Lecturers

529-0941-00L Introduction to Macromolecular Chemistry W  4 credits 3G D. Opris
Abstract Basic definitions, types of polyreactions, constitution of homo- and copolymers, networks, configurative and conformative aspects, contour

length, coil formation, mobility, glass temperature, rubber elasticity, molecular weight distribution, energetics of and examples for
polyreactions.

Objective Understanding the significance of molecular size, constitution, configuration and conformation of synthetic and natural macromolecules for
their specific physical and chemical properties.

Content This introductory course on macromolecular chemistry discusses definitions, introduces types of polyreactions, and compares chain and
step-growth polymerizations. It also treats the constitution of polymers, homo- and copolymers, networks, configuration and conformation of
polymers. Topics of interest are contour length, coil formation, the mobility in polymers, glass temperature, rubber elasticity, molecular
weight distribution, energetics of polyreactions, and examples for polyreactions (polyadditions, polycondensations, polymerizations).
Selected polymerization mechanisms and procedures are discussed whenever appropriate throughout the course. Some methods of
molecular weight determination are introduced.

Lecture notes Course materials (consisting of personal notes and distributed paper copies) are sufficient for exam preparation.
Prerequisites /
notice

The course will be taught in English. Complicated expressions will also be given in German. Questions are welcome in English or German.
The written examination will be in English, answers in German are acceptable. A basic chemistry knowledge is required.

PhD students who need recognized credit points are required to pass the written exam.

227-0390-00L Elements of Microscopy W 4 credits 3G M. Stampanoni, G. Csúcs,
A. Sologubenko

Abstract The lecture reviews the basics of microscopy by discussing wave propagation, diffraction phenomena and aberrations. It gives the basics
of light microscopy, introducing fluorescence, wide-field, confocal and multiphoton imaging. It further covers 3D electron microscopy and
3D X-ray tomographic micro and nanoimaging.

Objective Solid introduction to the basics of microscopy, either with visible light, electrons or X-rays.
Content It would be impossible to imagine any scientific activities without the help of microscopy.  Nowadays, scientists can count on very powerful

instruments that allow investigating sample down to the atomic level.
The lecture includes a general introduction to the principles of microscopy, from wave physics to image formation. It provides the physical
and engineering basics to understand visible light, electron and X-ray microscopy. 
During selected exercises in the lab, several sophisticated instrument will be explained and their capabilities demonstrated.

Literature Available Online.

402-0468-15L Nanomaterials for Photonics
Does not take place this semester.

W  6 credits 2V+1U R. Grange

Abstract The lecture describes various nanomaterials (semiconductor, metal, dielectric, carbon-based...) for photonic applications (optoelectronics,
plasmonics, photonic crystal...). It starts with nanophotonic concepts of light-matter interactions, then the fabrication methods, the optical
characterization techniques, the description of the properties and the state-of-the-art applications.

Objective The students will acquire theoretical and experimental knowledge in the different types of nanomaterials (semiconductors, metals,
dielectric, carbon-based, ...) and their uses as building blocks for advanced applications in photonics (optoelectronics, plasmonics, photonic
crystal, ...). Together with the exercises, the students will learn (1) to read, summarize and discuss scientific articles related to the lecture,
(2) to estimate order of magnitudes with calculations using the theory seen during the lecture, (3) to prepare a short oral presentation about
one topic related to the lecture, and (4) to imagine a useful photonic device.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 386 of 1785

Content 1.    Introduction to Nanomaterials for photonics
     a.    Classification of the materials in sizes and speed...
     b.    General info about scattering and absorption
     c.    Nanophotonics concepts 

2.    Analogy between photons and electrons
     a.    Wavelength, wave equation
     b.    Dispersion relation
     c.    How to confine electrons and photons
     d.    Tunneling effects

3.    Characterization of Nanomaterials
     a.    Optical microscopy: Bright and dark field, fluorescence, confocal, High resolution: PALM (STORM), STED
     b.    Electron microscopy : SEM, TEM
     c.    Scanning probe microscopy: STM, AFM
     d.    Near field microscopy: SNOM
     e.    X-ray diffraction: XRD, EDS

4.    Generation of Nanomaterials
     a.    Top-down approach
     b.    Bottom-up approach

5.    Plasmonics
     a.    What is a plasmon, Drude model
     b.    Surface plasmon and localized surface plasmon (sphere, rod, shell)
     c.    Theoretical models to calculate the radiated field: electrostatic approximation and Mie scattering
     d.    Fabrication of plasmonic structures: Chemical synthesis, Nanofabrication
     e.    Applications

6.    Organic nanomaterials
     a.    Organic quantum-confined structure: nanomers and quantum dots.
     b.    Carbon nanotubes: properties, bandgap description, fabrication
     c.    Graphene: motivation, fabrication, devices

7.    Semiconductors
     a.    Crystalline structure, wave function...
     b.    Quantum well: energy levels equation, confinement
     c.    Quantum wires, quantum dots
     d.    Optical properties related to quantum confinement
     e.    Example of effects: absorption, photoluminescence...
     f.    Solid-state-lasers : edge emitting, surface emitting, quantum cascade

8.    Photonic crystals
     a.    Analogy photonic and electronic crystal, in nature
     b.    1D, 2D, 3D photonic crystal
     c.    Theoretical modeling: frequency and time domain technique
     d.    Features: band gap, local enhancement, superprism...
  
9.    Optofluidic
     a.    What is optofluidic ?
     b.    History of micro-nano-opto-fluidic
     c.    Basic properties of fluids
     d.    Nanoscale forces and scale law
     e.    Optofluidic: fabrication
     f.    Optofluidic: applications
     g.    Nanofluidics

10.    Nanomarkers
     a.    Contrast in imaging modalities
     b.    Optical imaging mechanisms
     c.    Static versus dynamic probes

Lecture notes Slides and book chapter will be available for downloading
Literature References will be given during the lecture
Prerequisites /
notice

Basics of solid-state physics (i.e. energy bands) can help

327-2138-00L Polymer Surfaces in Materials Science and
Biotechnology
Does not take place this semester.

W 3 credits 3G to be announced

Abstract This course aims to introduce the students to the functionalization of materials using polymers, comprising synthetic aspects, applications
and the basics of characterization. The course includes an introduction to industrially relevant coatings for protection, chemical design of
adsorbates for surface functionalization, and the application of polymer interfaces in nanotechnology and biomaterials.

Objective The topics of this course are closely related to important industrial challenges, and additionally provide an overview of the most advanced
developments in materials functionalization strategies.  

By attending this course, the students (i) will gain a basic but robust knowledge of organic coatings that are relevant in industrial
applications, (ii) will acquire the fundamentals of surface functionalization using polymers, and (iii) will be introduced to the most advanced
applications of polymeric surfaces in biomaterials and nanobiotechnology.

Content - Protective coatings and paints
- Functionalization of inorganic surfaces with organic compounds
- Bio-repellent coatings: general aspects
- Marine biofouling
- From bio-passivity to bio-activity: application of polymer coatings on biomaterials
- Polymer surfaces in nanotechnology: assembly and patterning methods
- Application of polymer surfaces in sensors
- Polymers in drug delivery and nanobiotechnology
- Polymeric lubricants at surfaces
- Application of polymer/organic surfaces in optics and electronics
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Lecture notes A script and copies of slides will be provided by the lecturer.
Prerequisites /
notice

This course will build upon prior basic knowledge in organic, inorganic and polymer chemistry, and requires an understanding of
undergraduate-level concepts of materials science. 

 Chemical Aspects of Energy
Number Title Type ECTS Hours Lecturers

529-0507-00L Hands-on Electrochemistry for Energy Storage and
Conversion Applications
Additional Information: Previous attendance to one of the
two electrochemistry-related courses available at ETHZ
(Electrochemistry by Prof. P. Novak, or Physical
Electrochemistry and Electrocatalysis by Prof. T.J.
Schmidt) is mandatory.

W 6 credits 6P L. Gubler, E. Fabbri,
J. Herranz Salañer, S. Trabesinger

Abstract The course will provide the students with hands-on laboratory experience in the field of electrochemistry, specifically within the context of
energy related applications (i.e., Li-ion and redox flow batteries, fuel cells and electrolyzers).

Objective Solidify the students’ theoretical knowledge of electrochemistry; apply these concepts in the context of energy-related applications; get the
students acquainted with different electrochemical techniques, as well as with application-relevant materials and preparation methods.

Content Days 1 & 2: Introduction to basic electrochemical processes
Days 3 - 8: 3 x 2-day blocks of laboratory work (rotating assignments):
- Lithium-ion batteries
- Redox flow batteries
- Polymer electrolyte fuel cells
Days 9 & 10: preparation and completion of the course’s report and oral presentation (for evaluation)

Lecture notes The course material will be prepared and provided by the lecturers.
Literature References to academic publications of specific relevance to the experiments to be performed will be included within the courses’ script
Prerequisites /
notice

- Course language is english. 
- The course will take place at the Paul Scherrer Institut, 5232 Villigen PSI (www.psi.ch). 
- The number of participants is limited to 18 (first-come first-served basis, Master level students have priority over PhD students).
- Students are encouraged to bring their own protective gear for the work in the lab (lab coat, safety goggles). If needed, this can also be
provided, please contact the organizers in advance.
- Participants need to be insured (health / accident insurance).
- On-site accommodation at the PSI guesthouse (www.psi.ch/gaestehaus) is possible and will be arranged.

 Laboratory Courses and Research Projects
Number Title Type ECTS Hours Lecturers

529-0200-00L Research Project I
Only for Chemistry MSc, Programme Regulations 2005.

O  16 credits 16A Supervisors

Abstract In a research project students extend their knowledge in a particular field, get acquainted with the scientific way of working, and learn to
work on an actual research topic. Research projects are carried out in a core or optional subject area as chosen by the student.

Objective Students are accustomed to scientific work and they get to know one specific research field.

529-0201-00L Research Project II
Only for Chemistry MSc, Programme Regulations 2005.

O  17 credits 17A Supervisors

Abstract In a research project students extend their knowledge in a particular field, get acquainted with the scientific way of working, and learn to
work on an actual research topic. Research projects are carried out in a core or optional subject area as chosen by the student.

Objective Students are accustomed to scientific work and they get to know one specific research field.

 Master's Thesis
Number Title Type ECTS Hours Lecturers

529-0500-00L Master's Thesis
Only for Chemistry MSc, Programme Regulations 2005.

Only students who meet the following criteria are allowed
to begin with their Master's thesis:
a. successful completion of the Bachelor's programme; 
b. having passed all additional requirements necessary to
gain admission to the Master's programme.

Duration of the Master's Thesis 16 weeks.

O  20 credits 43D Supervisors

Abstract In the Master thesis students prove their ability to independent, structured and scientific working. The Master thesis is usually carried out in
a core or optional subject area as chosen by the student.

Objective In the Master Thesis students prove their ability to independent, structured and scientific working.

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
CHAB

see Science in Perspective: Language Courses ETH/UZH

 Course Units for Additional Admission Requirements
The courses below are only available to MSc students with additional admission requirements.

Number Title Type ECTS Hours Lecturers

529-0051-AAL Analytical Chemistry I
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

All other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R D. Günther, R. Zenobi
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Abstract Introduction into the most important spectroscopical methods and their applications to gain structural information.
Objective Knowledge about the necessary theoretical background of spectroscopical methods and their practical applications
Content Application oriented basics of organic and inorganic instrumental analysis and of the empirical employment of structure elucidation

methods:
Mass spectrometry: Ionization methods, mass separation, isotope signals, rules of fragmentation, rearrangements.
NMR spectroscopy: Experimental basics, chemical shift, spin-spin coupling.
IR spectroscopy: Revisiting topics like harmonic oscillator, normal vibrations, coupled oscillating systems (in accordance to the basics of
the related lecture in physical chemistry); sample preparation, acquisition techniques, law of Lambert and Beer, interpretation of IR spectra;
Raman spectroscopy.
UV/VIS spectroscopy: Basics, interpretation of electron spectra. Circular dichroism (CD) und optical rotation dispersion (ORD).
Atomic absorption, emission, and X-ray fluorescence spectroscopy: Basics, sample preparation.

Lecture notes Script will be provided for factory costs.
Literature - R. Kellner, J.-M. Mermet, M. Otto, H. M. Widmer (Eds.) Analytical Chemistry, Wiley-VCH, Weinheim, 1998;

- D. A. Skoog und J. J. Leary, Instrumentelle Analytik, Springer, Heidelberg, 1996;
- M. Hesse, H. Meier, B. Zeeh, Spektroskopische Methoden in der organischen Chemie, 5. überarbeitete Auflage, Thieme, Stuttgart, 1995
- E. Pretsch, P. Bühlmann, C. Affolter, M. Badertscher, Spektroskopische Daten zur Strukturaufklärung organischer verbindungen, 4.
Auflage, Springer, Berlin/Heidelberg, 2001- 
Kläntschi N., Lienemann P., Richner P., Vonmont H: Elementanalytik. Instrumenteller Nachweis und Bestimmung von Elementen und
deren Verbindungen. Spektrum Analytik, 1996, Hardcover, 339 S., ISBN 3-86025-134-1. 

Prerequisites /
notice

Excercises are integrated in the lectures. In addition, attendance in the lecture 529-0289-00 "Instrumental analysis of organic compounts"
(4th semester) is recommended.

529-0058-AAL Analytical Chemistry II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

This course does not offer a lecture of its own but it is
linked to the course 529-0058-00L.

E- 3 credits 6R D. Günther, M.-O. Ebert,
P. Lienemann, G. Schwarz,
R. Zenobi

Abstract Enhanced knowledge about the elemental analysis and spectrocopical techniques with close relation to practical applications. This course
is based on the knowledge from analytical chemistry I. Separation methods are included.

Objective Use and applications of the elemental analysis and spectroscopical knowledge to solve relevant analytical problems. 
Content Combined application of spectroscopic methods for structure determination, and practical application of element analysis. More complex

NMR methods: recording techniques, application of exchange phenomena, double resonance, spin-lattice relaxation, nuclear Overhauser
effect, applications of experimental 2d and multipulse NMR spectroscopy, shift reagents. Application of chromatographic and
electrophoretic separation methods: basics, working technique, quality assessment of a separation method, van-Deemter equation, gas
chromatography, liquid chromatography (HPLC, ion chromatography, gel permeation, packing materials, gradient elution, retention index),
electrophoresis, electroosmotic flow, zone electrophoresis, capillary electrophoresis, isoelectrical focussing, electrochromatography, 2d gel
electrophoresis, SDS-PAGE, field flow fractionation, enhanced knowledge in atomic absorption spectroscopy, atomic emission
spectroscopy, X-ray fluorescence spectroscopy, ICP-OES, ICP-MS.           

Literature general: R. Kellner, J.-M. Mermet, M. Otto, H. M. Widmer (Eds.) Analytical Chemistry, Wiley-VCH, Weinheim, 1998;
XRF: R. Schramm, X-Ray Fluorescence Analysis: Practical and Easy, Fluxana, Kleve, 2012;
ICP-MS: R. Thomas, Practical Guide to ICP-MS - A Tutorial for beginners, 3rd Edition, CRC Press, Taylor & Francis Group, Boca Raton,
2013 (especially: chapters 1-15, 19 and 21).
Separation methods: S. Ahuja (Ed.), Chromatography and Separation Science, Volume 4 of series "Separation Science and Technology",
Elsevier Academic Press, San Diego, 2003.
K. Robards, P. R. Haddad, and P. E. Jackson, Principle and Practise of Modern Chromatographic Methods, Academic Press, London,
1994.
F. Foret, L. Krivankova, and P. Bocek, Capillary Zone Electrophoresis, VCH, Weinheim (1993)
 

Prerequisites /
notice

None.

529-0132-AAL Inorganic Chemistry III: Organometallic Chemistry and
Homogeneous Catalysis
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

All other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

This course does not offer a lecture of its own but it is
linked to the course 529-0132-00L.

E-  4 credits 9R A. Togni, A. Mezzetti

Abstract Fundamental aspects of the organometallic chemistry ot the transition elements. Mechanistic homogeneous catalysis including oxidative
additions, reductive eliminations and insertion reactions. Catalytic hydrogenation, carbonylation, C-C bond-forming and related reactions.

Objective Towards an understanding of the fundamental coordination-chemical and mechanistic aspects of transition-metal chemistry relevant to
homogeneous catalysis.

Content Fundamental aspects of the organometallic chemistry ot the transition elements. Mechanistic homogeneous catalysis including oxidative
additions, reductive eliminations and insertion reactions. Catalytic hydrogenation, carbonylation, C-C bond-forming and related reactions.

Literature 1) Robert H. Crabtree, The Organometallic Chemistry of the Transition Metals, 6th Edition, Wiley, 2014, ISBN: 978-1-118-13807-6.
A relatively concise but excellent introduction to organometallic chemistry. Strong textbook character, available as E-book

2) John F. Hartwig, Organotransition Metal Chemistry. From Bonding to Catalysis, University Science Books, 2010, ISBN: 978-
1-891389-53-5.
A more comprehensive standard work on organometallic chemistry. Several chapters written by various authors, partly specialized review-
article style.

529-0431-AAL Physical Chemistry III: Molecular Quantum Mechanics
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

All other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

This course does not offer a lecture of its own but it is

E-  4 credits 9R F. Merkt
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linked to the course 529-0431-00L.
Abstract Postulates of quantum mechanics, operator algebra, Schrödinger's equation, state functions and expectation values, matrix representation

of operators, particle in a box, tunneling, harmonic oscillator, molecular vibrations, angular momentum and spin, generalised Pauli principle,
perturbation theory, electronic structure of atoms and molecules, Born-Oppenheimer approximation.

Objective This is an introductory course in quantum mechanics. The course starts with an overview of the fundamental concepts of quantum
mechanics and introduces the mathematical formalism. The postulates and theorems of quantum mechanics are discussed in the context
of experimental and numerical determination of physical quantities. The course develops the tools necessary for the understanding and
calculation of elementary quantum phenomena in atoms and molecules.

Content Postulates and theorems of quantum mechanics: operator algebra, Schrödinger's equation, state functions and expectation values. Linear
motions: free particles, particle in a box, quantum mechanical tunneling, the harmonic oscillator and molecular vibrations. Angular
momentum: electronic spin and orbital motion, molecular rotations. Electronic structure of atoms and molecules: the Pauli principle, angular
momentum coupling, the Born-Oppenheimer approximation. Variational principle and perturbation theory. Discussion of bigger systems
(solids, nano-structures).

Literature P.W. Atkins, R.S. Friedman: Molecular Quantum Mechanics, 5th Edition, Oxford University Press 2010, ISBN 978-0-19-954142-3.

 J.S. Townsend: A Modern Approach to Quantum Mechanics, 2nd Edition, University Science Books 2012, ISBN 978-1-89-138-978-8.

529-0432-AAL Physical Chemistry IV: Magnetic Resonance
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  4 credits 9R B. H. Meier, M. Ernst, G. Jeschke

Abstract Theoretical foundations of magnetic resonance (NMR,EPR) and selected applications.
Objective Introduction to magnetic resonance in isotropic and anisotropic phase.
Content The course gives an introduction to magnetic resonance spectroscopy (NMR and EPR) in liquid, liquid crystalline and solid phase. It starts

from a classical description in the framework of the Bloch equations. The implications of chemical exchange are studied and two-
dimensional exchange spectroscopy is introduced. An introduction to Fourier spectroscopy in one and two dimensions is given and simple
'pulse trickery' is described. A quantum-mechanical description of magnetic resonance experiments is introduced and the spin Hamiltonian
is derived. The chemical shift term as well as the scalar, dipolar and quadrupolar terms are discussed. The product-operator formalism is
introduced and various experiments are described, e.g. polarization transfer. Applications in chemistry, biology, physics and medicine, e.g.
determination of 3D molecular structure of dissolved molecules, determination of the structure of  paramagnetic compounds and imaging
(MRI) are presented.

Lecture notes handed out in the lecture (in english)
Literature see http://www.ssnmr.ethz.ch/education/PC_IV_Lecture

529-0129-AAL Inorganic and Organic Chemistry II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  11 credits 16R A. Mezzetti, V. Mougel

Abstract Introduction to the experimental methods of Inorganic Chemistry
Objective The teaching laboratory offers an insight into different aspects of Inorganic Chemistry, including solid state chemistry, organometallic

chemistry, kinetics, etc.. The synthesis, characterization and analysis of inorganic compound are a main topic. Emphasis is given to
scientific writing (experiment reports).

Content Inorganic chemistry part: Synthesis and analysis of  elemento-organic compounds, metal complexes, and organometallic compounds.
Introduction to Schlenk techniques, solid state synthesis, and kinetics. Introduction in the chemistry library: literature data banks and
collections of spectra.
Organic synthesis with organometallic compounds and catalysts: Experiments in the framework of a selected specialised project. Possible
projects:  Rh catalysed asymmetric hydrogenation of enamides, Mn-catalysed epoxidation of olefins, Cu catalysed Diels-Alder reactions,
synthesis of organo-boron compounds and Pd catalysed coupling with halides, Ru catalysed transfer hydrogenation.

Lecture notes A manual is distributed in the teaching laboratory.
Prerequisites /
notice

Prerequisites:
- Practical Course General Chemistry (1. Semester, 529-0011-04)
- Practical Course Inorg. and Org. Chemistry I (2. Sem., 529-0230)
- Attendance of Course Inorg. Chemistry 1 (3. Sem., 529-0121)
If necessary, access priority will be settled according to the results of the first-year examinations.

Chemistry Master - Key for Type

W Eligible for credits
O Compulsory
W+ Eligible for credits and recommended

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Chemical and Bioengineering Master
 Master Studies (Programme Regulations 2018)

 Kernfächer
 Products and Materials

Number Title Type ECTS Hours Lecturers

529-0610-01L Interface Engineering of Materials W+  6 credits 4G C.-J. Shih
Abstract Advances in interface engineering, the control of molecular and charge behaviour between two phases, are driving the development of new

technologies across many industrial and scientific fields. This course will review the fundamental engineering concepts required to analyse
and solve problems at liquid-solid and solid-solid interfaces.

Objective Introduce the students to the engineering principles of energy, mass, and electron transport at the liquid-solid and solid-solid interfaces, for
the applications in materials processing and electronic devices. 

Content PART A: Solid-Liquid Interface
Chapter 1: Interface Phenomena
Chapter 2: Crystallization and Crystal Growth
Chapter 3: Electrical Double Layer
Chapter 4: Electroosmotic Flow
PART B: Solid-Solid Interface
Chapter 5: Fundamentals of Electronic Materials
Chapter 6: Junction Characteristics
Chapter 7: Solar Cells and Light Emitting Diodes
Chapter 8: Field-Effect Transistors

Literature Hiemenz P.C., Rajagopalan R., Principles of Colloid and Surface Chemistry, 3rd Edition.
Deen W.M., Analysis of Transport Phenomena, 2nd Edition.
Sze S.M. and Ng K.K., Physics of Semiconductor Devices, 3rd Edition.

Prerequisites /
notice

Engineering Mathematics, Transport Phenomena, Undergraduate Physical Chemistry

 Research Project or Industry Internship
Number Title Type ECTS Hours Lecturers

529-0300-10L Research Project
Only for Chemical and Bioengineering MSc, Programme
Regulations 2018.

W  13 credits 16A Supervisors

Abstract In a research project students extend their knowledge in a particular field, get acquainted with the scientific way of working, and learn to
work on an actual research topic. Research projects are carried out in a core or optional subject area as chosen by the student.

Objective First contact with experimental techniques of chemical engineering in a research group. Critical evaluation and presentation of the results in
a scientific report.

Content This laboratory project is organised during the spring vacation before the sixth semester. The participant can choose his topic from the list
of projects suggested. Main emphasis during this research work is to get experience in using different engineering tools and evaluation and
the interpretation of the results. Those are presented as a scientific report.

529-0301-00L Industry Internship
Only for Chemical and Bioengineering MSc, Programme
Regulations 2018.

W  13 credits Supervisors

Abstract Internship in industry with a minimum duration of 7 weeks
Objective The aim of the internship is to make students acquainted  with industrial work environments. During this time, they will have the opportunity

to get involved in current projects of the host institution.
Content This laboratory project is organised during the spring vacation before the sixth semester. The participant can choose his topic from the list

of projects suggested. Main emphasis during this research work is to get experience in using different engineering tools and evaluation and
the interpretation of the results. Those are presented as a scientific report.

 Master's Thesis
Number Title Type ECTS Hours Lecturers

529-0600-10L Master's Thesis
Only for Chemical and Bioengineering MSc, Programme
Regulations 2018.

Only students who fulfill the following criteria are allowed
to begin with their Master's thesis:
a. successful completion of the Bachelor's programme; 
b. fulfilling of any additional requirements necessary to
gain admission to the Master's programme.

Duration of the Master's Thesis 20 weeks.

O  25 credits 54D Professors

Abstract In the Master thesis students prove their ability to independent, structured and scientific working. The Master thesis is carried out in a
research group of the Department of Chemistry and Applied Biosciences, usually in the Institute of Chemical and Bioengineering, as
chosen by the student.

Objective In the Master Thesis students prove their ability to independent, structured and scientific working.

 Electives
 Products and Materials

Number Title Type ECTS Hours Lecturers

529-0610-01L Interface Engineering of Materials W  6 credits 4G C.-J. Shih
Abstract Advances in interface engineering, the control of molecular and charge behaviour between two phases, are driving the development of new

technologies across many industrial and scientific fields. This course will review the fundamental engineering concepts required to analyse
and solve problems at liquid-solid and solid-solid interfaces.

Objective Introduce the students to the engineering principles of energy, mass, and electron transport at the liquid-solid and solid-solid interfaces, for
the applications in materials processing and electronic devices. 
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Content PART A: Solid-Liquid Interface
Chapter 1: Interface Phenomena
Chapter 2: Crystallization and Crystal Growth
Chapter 3: Electrical Double Layer
Chapter 4: Electroosmotic Flow
PART B: Solid-Solid Interface
Chapter 5: Fundamentals of Electronic Materials
Chapter 6: Junction Characteristics
Chapter 7: Solar Cells and Light Emitting Diodes
Chapter 8: Field-Effect Transistors

Literature Hiemenz P.C., Rajagopalan R., Principles of Colloid and Surface Chemistry, 3rd Edition.
Deen W.M., Analysis of Transport Phenomena, 2nd Edition.
Sze S.M. and Ng K.K., Physics of Semiconductor Devices, 3rd Edition.

Prerequisites /
notice

Engineering Mathematics, Transport Phenomena, Undergraduate Physical Chemistry

529-0135-00L Cook and Look: Watching Functional Materials in Situ W 3 credits 3G M. Nachtegaal, D. Ferri,
O. Safonova, T. Schmidt

Abstract Hands-on course on in situ spectroscopies (x-ray, infrared, Raman) and x-ray diffraction for understanding the structure of functional
materials.

Objective Thorough understanding of available state-of-the-art spectroscopies for the characterization of the structure of functional materials under in
situ conditions. 
Problem solving strategies and reporting in a scientific format.
To learn the basics of spectroscopic data analysis. 

Content This course will introduce state-of-the art synchrotron techniques (x-ray absorption and emission spectroscopies, x-ray diffraction) as well
as complementary infrared and Raman spectroscopies for the characterization of functional materials, such as catalysts, under operating
(in situ) conditions. On the ‘cook’ days, each technique will be introduced by a lecture, after which samples will be ‘cooked’ (sample
preparation, building in situ setup, and measurement). This will be followed by a ‘look’ day where the collected data will be analyzed.
Principles of x-ray data treatment, including Fourier transformation, will be introduced.

Lecture notes A course manual with in depth background information will be distributed before the course.
Literature Will be suggested in the course manual and made available during the course.
Prerequisites /
notice

The course will take place at the Swiss Light Source, at the Paul Scherrer Institut. Students will be housed for several nights in the guest
house. You are required to contact the organizers upon registration since beamtime and housing has to be reserved well in advance. 

 Biochemical Engineering
Number Title Type ECTS Hours Lecturers

551-0324-00L Systems Biology W  6 credits 4V P. Picotti, M. Claassen, U. Sauer,
B. Snijder, B. Wollscheid

Abstract Introduction to experimental and computational methods of systems biology. By using bakers yeast as a thread through the series, we
focus on global methods for analysis of and interference with biological functions. Illustrative applications to other organisms will highlight
medical and biotechnological aspects.

Objective - obtain an overview of global analytical methods
- obtain an overview of computational methods in systems biology
- understand the concepts of systems biology

Content Overview of global analytical methods (e.g. DNA arrays, proteomics, metabolomics, fluxes etc), global interference methods (siRNA,
mutant libraries, synthetic lethality etc.) and imaging methods. Introduction to mass spectrometry and proteomics. Concepts of metabolism
in microbes and higher cells. Systems biology of developmental processes. Concepts of mathematical modeling and applications of
computational systems biology.

Lecture notes no script
Literature The course is not taught by a particular book, but some books are suggested for further reading:

 
- Systems biology in Practice by Klipp, Herwig, Kowald, Wierling und Lehrach. Wiley-VCH 2005

 Environment and Energy
Number Title Type ECTS Hours Lecturers

529-0191-01L Electrochemical Energy Conversion and Storage
Technologies

W  4 credits 3G L. Gubler, E. Fabbri,
J. Herranz Salañer

Abstract The course provides an introduction to the principles and applications of electrochemical energy conversion (e.g. fuel cells) and storage
(e.g. batteries) technologies in the broader context of a renewable energy system.

Objective Students will discover the importance of electrochemical energy conversion and storage in energy systems of today and the future,
specifically in the framework of renewable energy scenarios. Basics and key features of electrochemical devices will be discussed, and
applications in the context of the overall energy system will be highlighted with focus on future mobility technologies and grid-scale energy
storage. Finally, the role of (electro)chemical processes in power-to-X and deep decarbonization concepts will be elaborated.

Content Overview of energy utilization: past, present and future, globally and locally; today’s and future challenges for the energy system; climate
changes; renewable energy scenarios; introduction to electrochemistry; electrochemical devices, basics and their applications: batteries,
fuel cells, electrolyzers, flow batteries, supercapacitors, chemical energy carriers: hydrogen & synthetic natural gas; electromobility; grid-
scale energy storage, power-to-gas, power-to-X and deep decarbonization, techno-economics and life cycle analysis.

Lecture notes all lecture materials will be available for download on the course website.
Literature - M. Sterner, I. Stadler (Eds.): Handbook of Energy Storage (Springer, 2019).

- C.H. Hamann, A. Hamnett, W. Vielstich; Electrochemistry, Wiley-VCH (2007).
- T.F. Fuller, J.N. Harb: Electrochemical Engineering, Wiley (2018)

Prerequisites /
notice

Basic physical chemistry background required, prior knowledge of electrochemistry basics desired.

529-0507-00L Hands-on Electrochemistry for Energy Storage and
Conversion Applications
Additional Information: Previous attendance to one of the
two electrochemistry-related courses available at ETHZ
(Electrochemistry by Prof. P. Novak, or Physical
Electrochemistry and Electrocatalysis by Prof. T.J.
Schmidt) is mandatory.

W 6 credits 6P L. Gubler, E. Fabbri,
J. Herranz Salañer, S. Trabesinger

Abstract The course will provide the students with hands-on laboratory experience in the field of electrochemistry, specifically within the context of
energy related applications (i.e., Li-ion and redox flow batteries, fuel cells and electrolyzers).
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Objective Solidify the students’ theoretical knowledge of electrochemistry; apply these concepts in the context of energy-related applications; get the
students acquainted with different electrochemical techniques, as well as with application-relevant materials and preparation methods.

Content Days 1 & 2: Introduction to basic electrochemical processes
Days 3 - 8: 3 x 2-day blocks of laboratory work (rotating assignments):
- Lithium-ion batteries
- Redox flow batteries
- Polymer electrolyte fuel cells
Days 9 & 10: preparation and completion of the course’s report and oral presentation (for evaluation)

Lecture notes The course material will be prepared and provided by the lecturers.
Literature References to academic publications of specific relevance to the experiments to be performed will be included within the courses’ script
Prerequisites /
notice

- Course language is english. 
- The course will take place at the Paul Scherrer Institut, 5232 Villigen PSI (www.psi.ch). 
- The number of participants is limited to 18 (first-come first-served basis, Master level students have priority over PhD students).
- Students are encouraged to bring their own protective gear for the work in the lab (lab coat, safety goggles). If needed, this can also be
provided, please contact the organizers in advance.
- Participants need to be insured (health / accident insurance).
- On-site accommodation at the PSI guesthouse (www.psi.ch/gaestehaus) is possible and will be arranged.

 Systems and Process Engineering
Number Title Type ECTS Hours Lecturers

529-0941-00L Introduction to Macromolecular Chemistry W  4 credits 3G D. Opris
Abstract Basic definitions, types of polyreactions, constitution of homo- and copolymers, networks, configurative and conformative aspects, contour

length, coil formation, mobility, glass temperature, rubber elasticity, molecular weight distribution, energetics of and examples for
polyreactions.

Objective Understanding the significance of molecular size, constitution, configuration and conformation of synthetic and natural macromolecules for
their specific physical and chemical properties.

Content This introductory course on macromolecular chemistry discusses definitions, introduces types of polyreactions, and compares chain and
step-growth polymerizations. It also treats the constitution of polymers, homo- and copolymers, networks, configuration and conformation of
polymers. Topics of interest are contour length, coil formation, the mobility in polymers, glass temperature, rubber elasticity, molecular
weight distribution, energetics of polyreactions, and examples for polyreactions (polyadditions, polycondensations, polymerizations).
Selected polymerization mechanisms and procedures are discussed whenever appropriate throughout the course. Some methods of
molecular weight determination are introduced.

Lecture notes Course materials (consisting of personal notes and distributed paper copies) are sufficient for exam preparation.
Prerequisites /
notice

The course will be taught in English. Complicated expressions will also be given in German. Questions are welcome in English or German.
The written examination will be in English, answers in German are acceptable. A basic chemistry knowledge is required.

PhD students who need recognized credit points are required to pass the written exam.

 Economics and Technology Management
Number Title Type ECTS Hours Lecturers

363-1008-00L Public Economics W  3 credits 2V M. Köthenbürger, T. Giommoni
Abstract Public Economics analyses the role of the government in the economy. In this course we will discuss justifications for and the design of

public policy as well as its consequences on market outcomes. Issues related to public goods, taxation, in particular the effects of tax policy
on labor supply, entrepreneurship and innovation will be emphasized.

Objective The primary goal of the course is to familiarize students with the central concepts and principles of public economics. The course aims at
providing a good understanding of  theoretical work and how it may be applied to actual policy problems. Students will get a good overview
of recent key contributions in the field and how these relate to empirical observations.

Content Overview: The course Public Economics analyses the role of the government in the economy. In most developed countries, government
activity is significant and ranges from public service provision, redistribution of incomes, regulation and taxation. In many cases, public
expenditures are 30-40 percent of GDP. In the course, we will discuss justifications for and the design of public policy as well as its
consequences on market outcomes. We will repeatedly use real-world policy examples to allow students to apply their knowledge and to
realize how effectively the knowledge can be used to understand and design public policy making.   

Organization: The course consists of four big building blocks, “externalities”, “taxation”, “political economy”, and “social security”. For each
of the building blocks we will provide slides. There will be three problem sets and a written exam at the end of the course. Problem sets will
not be graded. Credit points are given for passed exams only.

 Master Studies (Programme Regulations 2005)
 Core Subjects

 Polymers
Number Title Type ECTS Hours Lecturers

529-0610-00L Interface Engineering of Materials
Only for Chemical and Bioengineering MSc, Programme
Regulations 2005.

W+  7 credits 4G C.-J. Shih

Abstract Advances in interface engineering, the control of molecular and charge behaviour between two phases, are driving the development of new
technologies across many industrial and scientific fields. This course will review the fundamental engineering concepts required to analyse
and solve problems at liquid-solid and solid-solid interfaces.

Objective Introduce the students to the engineering principles of energy, mass, and electron transport at the liquid-solid and solid-solid interfaces, for
the applications in materials processing and electronic devices. 

Content PART A: Solid-Liquid Interface
Chapter 1: Interface Phenomena
Chapter 2: Crystallization and Crystal Growth
Chapter 3: Electrical Double Layer
Chapter 4: Electroosmotic Flow
PART B: Solid-Solid Interface
Chapter 5: Fundamentals of Electronic Materials
Chapter 6: Junction Characteristics
Chapter 7: Solar Cells and Light Emitting Diodes
Chapter 8: Field-Effect Transistors
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Literature Hiemenz P.C., Rajagopalan R., Principles of Colloid and Surface Chemistry, 3rd Edition.
Deen W.M., Analysis of Transport Phenomena, 2nd Edition.
Sze S.M. and Ng K.K., Physics of Semiconductor Devices, 3rd Edition.

Prerequisites /
notice

Engineering Mathematics, Transport Phenomena, Undergraduate Physical Chemistry

 Electives
Number Title Type ECTS Hours Lecturers

551-0342-00L Metabolomics
Number of participants limited to 15.

The enrolment is done by the D-BIOL study
administration.

W  6 credits 7G N. Zamboni, U. Sauer

Abstract The course covers all basic aspects of metabolome measurements, from sample sampling to mass spectrometry and data analysis.
Participants work in groups and independently perform and interpret metabolomic experiments.

Objective Performing and reporting a metabolomic experiment, understanding pro and cons of mass spectrometry based metabolomics. Knowledge
of workflows and tools to assist experiment interpretation, and metabolite identification.

Content Basics of metabolomics: workflows, sample preparation, targeted and untargeted mass spectrometry, instrumentation, separation
techniques (GC, LC, CE), metabolite identification, data interpretation and integration, normalization, QCs, maintenance.

Soft skills to be trained: project planning, presentation, reporting, independent working style, team work.

529-0941-00L Introduction to Macromolecular Chemistry W  4 credits 3G D. Opris
Abstract Basic definitions, types of polyreactions, constitution of homo- and copolymers, networks, configurative and conformative aspects, contour

length, coil formation, mobility, glass temperature, rubber elasticity, molecular weight distribution, energetics of and examples for
polyreactions.

Objective Understanding the significance of molecular size, constitution, configuration and conformation of synthetic and natural macromolecules for
their specific physical and chemical properties.

Content This introductory course on macromolecular chemistry discusses definitions, introduces types of polyreactions, and compares chain and
step-growth polymerizations. It also treats the constitution of polymers, homo- and copolymers, networks, configuration and conformation of
polymers. Topics of interest are contour length, coil formation, the mobility in polymers, glass temperature, rubber elasticity, molecular
weight distribution, energetics of polyreactions, and examples for polyreactions (polyadditions, polycondensations, polymerizations).
Selected polymerization mechanisms and procedures are discussed whenever appropriate throughout the course. Some methods of
molecular weight determination are introduced.

Lecture notes Course materials (consisting of personal notes and distributed paper copies) are sufficient for exam preparation.
Prerequisites /
notice

The course will be taught in English. Complicated expressions will also be given in German. Questions are welcome in English or German.
The written examination will be in English, answers in German are acceptable. A basic chemistry knowledge is required.

PhD students who need recognized credit points are required to pass the written exam.

551-0324-00L Systems Biology W  6 credits 4V P. Picotti, M. Claassen, U. Sauer,
B. Snijder, B. Wollscheid

Abstract Introduction to experimental and computational methods of systems biology. By using bakers yeast as a thread through the series, we
focus on global methods for analysis of and interference with biological functions. Illustrative applications to other organisms will highlight
medical and biotechnological aspects.

Objective - obtain an overview of global analytical methods
- obtain an overview of computational methods in systems biology
- understand the concepts of systems biology

Content Overview of global analytical methods (e.g. DNA arrays, proteomics, metabolomics, fluxes etc), global interference methods (siRNA,
mutant libraries, synthetic lethality etc.) and imaging methods. Introduction to mass spectrometry and proteomics. Concepts of metabolism
in microbes and higher cells. Systems biology of developmental processes. Concepts of mathematical modeling and applications of
computational systems biology.

Lecture notes no script
Literature The course is not taught by a particular book, but some books are suggested for further reading:

 
- Systems biology in Practice by Klipp, Herwig, Kowald, Wierling und Lehrach. Wiley-VCH 2005

227-0390-00L Elements of Microscopy W  4 credits 3G M. Stampanoni, G. Csúcs,
A. Sologubenko

Abstract The lecture reviews the basics of microscopy by discussing wave propagation, diffraction phenomena and aberrations. It gives the basics
of light microscopy, introducing fluorescence, wide-field, confocal and multiphoton imaging. It further covers 3D electron microscopy and
3D X-ray tomographic micro and nanoimaging.

Objective Solid introduction to the basics of microscopy, either with visible light, electrons or X-rays.
Content It would be impossible to imagine any scientific activities without the help of microscopy.  Nowadays, scientists can count on very powerful

instruments that allow investigating sample down to the atomic level.
The lecture includes a general introduction to the principles of microscopy, from wave physics to image formation. It provides the physical
and engineering basics to understand visible light, electron and X-ray microscopy. 
During selected exercises in the lab, several sophisticated instrument will be explained and their capabilities demonstrated.

Literature Available Online.

529-0191-01L Electrochemical Energy Conversion and Storage
Technologies

W 4 credits 3G L. Gubler, E. Fabbri,
J. Herranz Salañer

Abstract The course provides an introduction to the principles and applications of electrochemical energy conversion (e.g. fuel cells) and storage
(e.g. batteries) technologies in the broader context of a renewable energy system.

Objective Students will discover the importance of electrochemical energy conversion and storage in energy systems of today and the future,
specifically in the framework of renewable energy scenarios. Basics and key features of electrochemical devices will be discussed, and
applications in the context of the overall energy system will be highlighted with focus on future mobility technologies and grid-scale energy
storage. Finally, the role of (electro)chemical processes in power-to-X and deep decarbonization concepts will be elaborated.

Content Overview of energy utilization: past, present and future, globally and locally; today’s and future challenges for the energy system; climate
changes; renewable energy scenarios; introduction to electrochemistry; electrochemical devices, basics and their applications: batteries,
fuel cells, electrolyzers, flow batteries, supercapacitors, chemical energy carriers: hydrogen & synthetic natural gas; electromobility; grid-
scale energy storage, power-to-gas, power-to-X and deep decarbonization, techno-economics and life cycle analysis.

Lecture notes all lecture materials will be available for download on the course website.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 394 of 1785

Literature - M. Sterner, I. Stadler (Eds.): Handbook of Energy Storage (Springer, 2019).
- C.H. Hamann, A. Hamnett, W. Vielstich; Electrochemistry, Wiley-VCH (2007).
- T.F. Fuller, J.N. Harb: Electrochemical Engineering, Wiley (2018)

Prerequisites /
notice

Basic physical chemistry background required, prior knowledge of electrochemistry basics desired.

529-0610-00L Interface Engineering of Materials
Only for Chemical and Bioengineering MSc, Programme
Regulations 2005.

W+ 7 credits 4G C.-J. Shih

Abstract Advances in interface engineering, the control of molecular and charge behaviour between two phases, are driving the development of new
technologies across many industrial and scientific fields. This course will review the fundamental engineering concepts required to analyse
and solve problems at liquid-solid and solid-solid interfaces.

Objective Introduce the students to the engineering principles of energy, mass, and electron transport at the liquid-solid and solid-solid interfaces, for
the applications in materials processing and electronic devices. 

Content PART A: Solid-Liquid Interface
Chapter 1: Interface Phenomena
Chapter 2: Crystallization and Crystal Growth
Chapter 3: Electrical Double Layer
Chapter 4: Electroosmotic Flow
PART B: Solid-Solid Interface
Chapter 5: Fundamentals of Electronic Materials
Chapter 6: Junction Characteristics
Chapter 7: Solar Cells and Light Emitting Diodes
Chapter 8: Field-Effect Transistors

Literature Hiemenz P.C., Rajagopalan R., Principles of Colloid and Surface Chemistry, 3rd Edition.
Deen W.M., Analysis of Transport Phenomena, 2nd Edition.
Sze S.M. and Ng K.K., Physics of Semiconductor Devices, 3rd Edition.

Prerequisites /
notice

Engineering Mathematics, Transport Phenomena, Undergraduate Physical Chemistry

151-0928-00L CO2 Capture and Storage and the Industry of Carbon-
Based Resources

W  4 credits 3G M. Mazzotti, L. Bretschger,
N. Gruber, C. Müller, M. Repmann,
T. Schmidt, D. Sutter

Abstract Carbon-based resources (coal, oil, gas): origin, production, processing, resource economics. Climate change: science, policies. CCS
systems: CO2 capture in power/industrial plants, CO2 transport and storage. Besides technical details, economical, legal and societal
aspects are considered (e.g. electricity markets, barriers to deployment).

Objective The goal of the lecture is to introduce carbon dioxide capture and storage (CCS) systems, the technical solutions developed so far and the
current research questions. This is done in the context of the origin, production, processing and economics of carbon-based resources, and
of climate change issues. After this course, students are familiar with important technical and non-technical issues related to use of carbon
resources, climate change, and CCS as a transitional mitigation measure.

The class will be structured in 2 hours of lecture and one hour of exercises/discussion. At the end of the semester a group project is
planned.

Content Both the Swiss and the European energy system face a number of significant challenges over the coming decades. The major concerns
are the security and economy of energy supply and the reduction of greenhouse gas emissions. Fossil fuels will continue to satisfy the
largest part of the energy demand in the medium term for Europe, and they could become part of the Swiss energy portfolio due to the
planned phase out of nuclear power. Carbon capture and storage is considered an important option for the decarbonization of the power
sector and it is the only way to reduce emissions in CO2 intensive industrial plants (e.g. cement- and steel production).  
Building on the previously offered class "Carbon Dioxide Capture and Storage (CCS)", we have added two specific topics: 1) the industry of
carbon-based resources, i.e. what is upstream of the CCS value chain, and 2) the science of climate change, i.e. why and how CO2
emissions are a problem.
The course is devided into four parts:
I) The first part will be dedicated to the origin, production, and processing of conventional as well as of unconventional carbon-based
resources. 
II) The second part will comprise two lectures from experts in the field of climate change sciences and resource economics.
III) The third part will explain the technical details of CO2 capture (current and future options) as well as of CO2 storage and utilization
options, taking again also economical, legal, and sociatel aspects into consideration.
IV) The fourth part will comprise two lectures from industry experts, one with focus on electricity markets, the other on the experiences
made with CCS technologies in the industry.
Throughout the class, time will be allocated to work on a number of tasks related to the theory, individually, in groups, or in plenum.
Moreover, the students will apply the theoretical knowledge acquired during the course in a case study covering all the topics.

Lecture notes Power Point slides and distributed handouts
Literature IPCC Special Report on Global Warming of 1.5°C, 2018.

http://www.ipcc.ch/report/sr15/

IPCC AR5 Climate Change 2014: Synthesis Report, 2014. www.ipcc.ch/report/ar5/syr/

IPCC Special Report on Carbon dioxide Capture and Storage, 2005. www.ipcc.ch/activity/srccs/index.htm

The Global Status of CCS: 2014. Published by the Global CCS Institute, Nov 2014. 
http://www.globalccsinstitute.com/publications/global-status-ccs-2014

Prerequisites /
notice

External lecturers from the industry and other institutes will contribute with specialized lectures according to the schedule distributed at the
beginning of the semester.

529-0135-00L Cook and Look: Watching Functional Materials in Situ W 3 credits 3G M. Nachtegaal, D. Ferri,
O. Safonova, T. Schmidt

Abstract Hands-on course on in situ spectroscopies (x-ray, infrared, Raman) and x-ray diffraction for understanding the structure of functional
materials.

Objective Thorough understanding of available state-of-the-art spectroscopies for the characterization of the structure of functional materials under in
situ conditions. 
Problem solving strategies and reporting in a scientific format.
To learn the basics of spectroscopic data analysis. 
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Content This course will introduce state-of-the art synchrotron techniques (x-ray absorption and emission spectroscopies, x-ray diffraction) as well
as complementary infrared and Raman spectroscopies for the characterization of functional materials, such as catalysts, under operating
(in situ) conditions. On the ‘cook’ days, each technique will be introduced by a lecture, after which samples will be ‘cooked’ (sample
preparation, building in situ setup, and measurement). This will be followed by a ‘look’ day where the collected data will be analyzed.
Principles of x-ray data treatment, including Fourier transformation, will be introduced.

Lecture notes A course manual with in depth background information will be distributed before the course.
Literature Will be suggested in the course manual and made available during the course.
Prerequisites /
notice

The course will take place at the Swiss Light Source, at the Paul Scherrer Institut. Students will be housed for several nights in the guest
house. You are required to contact the organizers upon registration since beamtime and housing has to be reserved well in advance. 

 Laboratory Course, Research Project, and Case Study
Number Title Type ECTS Hours Lecturers

529-0300-00L Research Project
Only for Chemical and Bioengineering MSc, Programme
Regulations 2005.

O  8 credits 8A Supervisors

Abstract In a research project students extend their knowledge in a particular field, get acquainted with the scientific way of working, and learn to
work on an actual research topic. Research projects are carried out in a core or optional subject area as chosen by the student.

Objective First contact with experimental techniques of chemical engineering in a research group. Critical evaluation and presentation of the results in
a scientific report.

Content This laboratory project is organised during the spring vacation before the sixth semester. The participant can choose his topic from the list
of projects suggested. Main emphasis during this research work is to get experience in using different engineering tools and evaluation and
the interpretation of the results. Those are presented as a scientific report.

 Master's Thesis
Number Title Type ECTS Hours Lecturers

529-0600-00L Master's Thesis
Only for Chemical and Bioengineering MSc, Programme
Regulations 2005.

Only students who meet the following criteria are allowed
to begin with their Master's thesis:
a. successful completion of the Bachelor's programme; 
b. having passed all additional requirements necessary to
gain admission to the Master's programme.

Duration of the Master's Thesis 16 weeks.

O  20 credits 43D Supervisors

Abstract In the Master thesis students prove their ability to independent, structured and scientific working. The Master thesis is carried out in a
research group of the Department of Chemistry and Applied Biosciences, usually in the Institute of Chemical and Bioengineering, as
chosen by the student.

Objective In the Master Thesis students prove their ability to independent, structured and scientific working.

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
CHAB

see Science in Perspective: Language Courses ETH/UZH

 Course Units for Additional Admission Requirements
The courses below are only available to MSc students with additional admission requirements.

Number Title Type ECTS Hours Lecturers

551-0103-AAL Fundamentals of Biology II: Cell Biology
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  5 credits 11R U. Kutay, Y. Barral, E. Hafen,
G. Schertler, U. Suter, S. Werner

Abstract The goal of this course is to provide students with a wide general understanding in cell biology. With this material as a foundation, students
have enough of a cell biological basis to begin their specialization not only in cell biology but also in related fields such as biochemistry,
microbiology, pharmacological sciences, molecular biology, and others.

Objective The goal of this course is to provide students with a wide general understanding cell biology. With this material as a foundation, students
have enough of a cell biological basis to begin their specialization not only in cell biology but also in related fields such as biochemistry,
microbiology, pharmacological sciences, molecular biology, and others.

Content The focus is animal cells and the development of multicellular organisms with a clear emphasis on the molecular basis of cellular structures
and phenomena. The topics include biological membranes, the cytoskeleton, protein sorting, energy metabolism, cell cycle and division,
viruses, extracellular matrix, cell signaling, embryonic development and cancer research.
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Literature Alberts et al. 'Molecular Biology of the Cell' 6th edition, 2014, ISBN 9780815344322 (hard cover) and ISBN 9780815345244 (paperback).

Topic/Lecturer/Chapter/Pages:

Analyzing cells & molecules / Gebhard Schertler/8/ 439-463;
Membrane structure / Gebhard Schertler/ 10/ 565-595;
Compartments and Sorting/ Ulrike Kutay/12+14+6/641-694/755-758/782-783/315-320/325 -333/Table 6-2/Figure6-20, 6-21, 6-32, 6-34;
Intracellular Membrane Traffic/ Ulrike Kutay/13/695-752;
The Cytoskeleton/ Ulrike Kutay/ 16/889 - 948 (only the essentials);
Membrane Transport of Small Molecules and the Electrical Properties of Membranes /Sabine Werner/11/597 - 633;
Mechanisms of Cell Communication / Sabine Werner/15/813-876;
Cancer/ Sabine Werner/20/1091-1141;
Cell Junctions and Extracellular Matrix/Ueli Suter / 1035-1081;
Stem Cells and Tissue Renewal/Ueli Suter /1217-1262;
Development of Multicellular organisms/ Ernst Hafen/ 21/ 1145-1179 /1184-1198/1198-1213;
Cell Migration/Joao Matos/951-960;
Cell Death/Joao Matos/1021-1032;
Cell Cycle/chromosome segregation/Cell division/Meiosis/Joao Matos/ 963-1018.

Prerequisites /
notice

none

551-0016-AAL Biology II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  2 credits 4R M. Stoffel, E. Hafen

Abstract The lecture course Biology II is a basic introductory course into biology for students who need to pass this course for admission to their
MSc curriculum.

Objective The objective of the lecture course Biology II is the understanding of form, function, and development of animals and of the basic
underlying mechanisms.

Content The following numbers of chapters refer to the text-book "Biology" (Campbell & Reece, 10th edition, 2015) on which the course is based.
Chapters 1-4 are a basic prerequisite. The sections "Structure of the Cell" (Chapters 5-10, 12, 17) and "General Genetics" (Chapters 13-16,
18, 46) are covered by the lecture Biology I.

1. Genomes, DNA Technology, Genetic Basis of Development

Chapter 19: Eukaryotic Genomes: Organization, Regulation, and Evolution
Chapter 20: DNA Technology and Genomics
Chapter 21: The Genetic Basis of Development

2. Form, Function, and Development of Animals I

Chapter 40: Basic Principles of Animal Form and Function
Chapter 41: Animal Nutrition
Chapter 44: Osmoregulation and Excretion
Chapter 47: Animal Development

3. Form, Function, and Develeopment of Animals II

Chapter 42: Circulation and Gas Exchange
Chapter 43: The Immune System
Chapter 45: Hormones and the Endocrine System
Chapter 48: Nervous Systems
Chapter 49: Sensory and Motor Mechanisms

Literature The following text-book is the basis for the courses Biology I and II:

Biology, Campbell and Rees, 10th Edition, 2015, Pearson/Benjamin Cummings, ISBN 978-3-8632-6725-4 

Prerequisites /
notice

Prerequisite: Lecture course Biology I of winter semester

529-0051-AAL Analytical Chemistry I
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

All other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R D. Günther, R. Zenobi

Abstract Introduction into the most important spectroscopical methods and their applications to gain structural information.
Objective Knowledge about the necessary theoretical background of spectroscopical methods and their practical applications
Content Application oriented basics of organic and inorganic instrumental analysis and of the empirical employment of structure elucidation

methods:
Mass spectrometry: Ionization methods, mass separation, isotope signals, rules of fragmentation, rearrangements.
NMR spectroscopy: Experimental basics, chemical shift, spin-spin coupling.
IR spectroscopy: Revisiting topics like harmonic oscillator, normal vibrations, coupled oscillating systems (in accordance to the basics of
the related lecture in physical chemistry); sample preparation, acquisition techniques, law of Lambert and Beer, interpretation of IR spectra;
Raman spectroscopy.
UV/VIS spectroscopy: Basics, interpretation of electron spectra. Circular dichroism (CD) und optical rotation dispersion (ORD).
Atomic absorption, emission, and X-ray fluorescence spectroscopy: Basics, sample preparation.

Lecture notes Script will be provided for factory costs.
Literature - R. Kellner, J.-M. Mermet, M. Otto, H. M. Widmer (Eds.) Analytical Chemistry, Wiley-VCH, Weinheim, 1998;

- D. A. Skoog und J. J. Leary, Instrumentelle Analytik, Springer, Heidelberg, 1996;
- M. Hesse, H. Meier, B. Zeeh, Spektroskopische Methoden in der organischen Chemie, 5. überarbeitete Auflage, Thieme, Stuttgart, 1995
- E. Pretsch, P. Bühlmann, C. Affolter, M. Badertscher, Spektroskopische Daten zur Strukturaufklärung organischer verbindungen, 4.
Auflage, Springer, Berlin/Heidelberg, 2001- 
Kläntschi N., Lienemann P., Richner P., Vonmont H: Elementanalytik. Instrumenteller Nachweis und Bestimmung von Elementen und
deren Verbindungen. Spektrum Analytik, 1996, Hardcover, 339 S., ISBN 3-86025-134-1. 
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Prerequisites /
notice

Excercises are integrated in the lectures. In addition, attendance in the lecture 529-0289-00 "Instrumental analysis of organic compounts"
(4th semester) is recommended.

551-0013-AAL Biochemistry
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E- 2 credits 4R R. Glockshuber

Abstract The lecture is a basic introductory course on the molecular principles of biology for students who need to pass this course for admission to
their MSc curriculum.

Objective The goal of this course is to give the students a basic understanding of the molecules that build a cell and make it function, and the basic
principles of metabolism and molecular genetics

Content The course content is based on the following chapters of the textbook Biochemistry (Berg, Tymoczko, Stryer, 7th edition, 2012, Freeman &
Co, New York)

Chapter 1: The molecular design of life
Chapter 2: Protein composition and structure
Chapter 3: Exploring proteins and proteomes
Chapter 4: DNA, RNA and the flow of information
Chapter 5: Exploring Genes and Genomes
Chapter 7: Hemoglobin
Chapter 8: Enzymes and the basic concepts of catalysis
Chapter 11: Carbohydrates
Chapter 12: Lipids and cell membranes
Chapter 15: Metabolism: Basic concepts and design

Literature Biochemistry (Berg, Tymoczko, Stryer, 7th edition, 2012, Freeman & Co, New York)

Chemical and Bioengineering Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Chemical Engineering Bachelor
 Bachelor Studies (Programme Regulations 2018)

 2. Semester
 Compulsory Subjects First Year Examinations

Number Title Type ECTS Hours Lecturers

529-0012-02L General Chemistry (Inorganic Chemistry) II O  4 credits 3V+1U J. Cvengros, H. Grützmacher
Abstract 1) General definitions 2) The VSEPR model 3) Qualitative molecular orbital diagrams 4) Closest packing, metal structures 5) The

Structures of metalloids
6) Structures of the non-metals 7) Synthesis of the elements 8) Reactivity of the elements 9) Ionic Compounds 10) Ions in Solution 11)
Element hydrogen compounds 12) Element halogen compounds 13) Element oxygen compounds 14) Redox chemistry

Objective Understanding of the fundamental principles of the structures, properties, and reactivities of the main group elements (groups 1,2 and 13 to
18).

Content The course is divided in 14 sections in which the fundamental phenomena of the chemistry of the main group elements are discussed: Part
1: Introduction in the periodical properties of the elements and general definitions Part 2: The VSEPR model Part 3: Qualitative molecular
orbital diagrams for simple inorganic molecules  Part 4: Closest packing and structures of metals  Part 5: The Structures of semimetals
(metalloids) of the main group elements Part 6: Structures of the non-metals Part 7: Synthesis of the elements. Part 8: Reactivity of the
elements Part 9: Ionic Compounds Part 10: Ions in Solution Part 11: Element hydrogen compounds Part 12: Element halogen compounds
Part 13: Element oxygen compounds Part 14: Redox chemistry.

Lecture notes The transparencies used in the course are accessible via the internet on http://www.gruetzmacher.ethz.ch/education/lectures/lecture-
material-allgemeine-chemie---general-chemistry.html

Literature J. Huheey, E. Keiter, R. Keiter, Inorganic Chemistry, Principles and Reactivity, 4th edition, deGruyter, 2003.

C.E.Housecroft, E.C.Constable, Chemistry, 4th edition, Pearson Prentice Hall, 2010.

Prerequisites /
notice

Basis for the understanding of this lecture is the course Allgemeine Chemie 1.

529-0012-03L General Chemistry (Organic Chemistry) II O  4 credits 3V+1U P. Chen
Abstract Classification of organic reactions, reactive intermediates: radicals, carbocations, carbanions, acids & bases,  electrophilic aromatic

substitution, electrophilic addition to double bonds, HSAB concept, nucleophilic substitution at sp3 hybridized carbon centres (SN1/SN2
reactions), nucleophilic aromatic substitutions, eliminations, oxidations, reductions.

Objective Understanding of fundamental reactivity principles and the relationship between structure and reactivity. Knowledge of the most important
reaction types and of selected classes of compounds.

Content Classification of organic reactions, reactive intermediates: radicals, carbocations, carbanions,  acids & bases, electrophilic aromatic
substitution, electrophilic addition to double bonds, HSAB concept, nucleophilic substitution at sp3 hybridized carbon centres (SN1/SN2
reactions), nucleophilic aromatic substitutions, eliminations, oxidations, reductions.

Lecture notes pdf file available at the beginning of the course
Literature [1] P. Sykes, "Reaktionsmechanismen der Organischen Chemie", VCH Verlagsgesellschaft, Weinheim 1988.

[2] Carey/Sundberg, Advanced Organic Chemistry, Part A and B, 3rd ed., Plenum Press, New York, 1990/1991. Deutsch: Organische
Chemie. 
[3] Vollhardt/Schore, Organic Chemistry, 2th ed., Freeman, New York, 1994 Deutsche Fassung: Organische Chemie 1995, Verlag
Chemie, Wein¬heim, 1324 S. Dazu: N. Schore, Arbeitsbuch zu Vollhardt, Organische Chemie, 2. Aufl. Verlag Chemie, Weinheim, 1995, ca
400 S. 
[4] J. March, Advanced Organic Chemistry; Reactions, Mechanisms, and Structure, 5th ed., Wiley, New York, 1992.
[5] Streitwieser/Heathcock, Organische Chemie, 2. Auflage, Verlag Chemie, Weinheim, 1994.
[6] Streitwieser/Heathcock/Kosower, Introduction to Organic Chemistry, 4th ed., MacMillan Publishing Company, New York, 1992.
[7] P. Y. Bruice, Organische Chemie, 5. Auflage, Pearson Verlag, 2007.

529-0012-01L Physical Chemistry I: Thermodynamics O  4 credits 3V+1U A. Barnes
Abstract Foundations of chemical thermodynamics:  Entropy, chemical thermodynamics, laws of thermodynamics, partition functions, chemical

reactions, reaction free energies, equilibrium conditions, chemical potential, standard states, ideal and real systems and gases, phase
equilibria, colligative properties, with applications to current research at the ETHZ.

Objective Understanding of entropy and thermodynamic principles.
Content The first, second and third law of thermodynamics: empirical temperature and thermodynamic temperature scale, internal energy, entropy,

thermal equilibrium. Models and standard states: ideal gases, ideal solutions and mixtures, real gases, real solutions and mixtures, activity,
tables of standard thermodynamic quantities. Reaction thermodynamics: the chemical potential, reaction parameters and equilibrium
conditions, equilibrium constants and their pressure and temperature dependence. Phase equilibria.

Lecture notes See homepage of the lecture.
Literature See homepage of the lecture.
Prerequisites /
notice

Requirements: Allgemeine Chemie I, Grundlagen der Mathematik

402-0044-00L Physics II O  4 credits 3V+1U S. P. Quanz
Abstract Introduction to the concepts and tools in physics with the help of demonstration experiments: electromagnetism, optics, introduction to

modern physics.
Objective The concepts and tools in physics, as well as the methods of an experimental science are taught. The student should learn to identify,

communicate and solve physical problems in his/her own field of science.
Content Electromagnetism (electric current, magnetic fields, electromagnetic induction, magnetic materials, Maxwell's equations)

Optics (light, geometrical optics, interference and diffraction)
Short introduction to quantum physics

Lecture notes The lecture follows the book "Physik" by Paul A. Tipler.
Literature Paul A. Tipler and Gene Mosca

Physik
Springer Spektrum Verlag

401-0272-00L Mathematical Foundations I: Analysis B O  3 credits 2V+1U L. Kobel-Keller
Abstract Basics about multidimensional analysis.

Ordinary differential equations as mathematical models to describe processes (continuation from Analysis A). 
Numerical, analytical and geometrical aspects of differential equations.

Objective Introduction to calculus in several dimensions. 
Building simple models and analysing them mathematically.
Knowledge of the basic concepts.
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Content Basics about multidimensional analysis.
Differential equations as mathematical models to describe processes. Numerical, analytical and geometrical aspects of differential
equations.

Literature - G. B. Thomas, M. D. Weir, J. Hass: Analysis 2, Lehr- und Übungsbuch, Pearson-Verlag
- D. W. Jordan, P. Smith: Mathematische Methoden für die Praxis, Spektrum Akademischer Verlag
- M. Akveld/R. Sperb: Analysis I, Analysis II (vdf)
- L. Papula: Mathematik für Ingenieure und Naturwissenschaftler Bde 1,2,3. (Vieweg)
Further reading suggestions will be indicated during the lecture.

401-0622-00L Mathematical Foundations II: Linear Algebra and
Statistics

O  3 credits 2V+1U M. Auer

Abstract Systems of linear equations; matrix algebra, determinants; vector spaces, norms and scalar products; linear maps, basis transformations;
eigenvalues and eigenvectors.

Random variables and probability, discrete and continuous distribution models; expectation, variance, central limit theorem, parameter
estimation; statistical hypothesis tests; confidence intervals; regression analysis.

Objective A sound knowledge of mathematics is an essential prerequisite for a quantitative and computer-based approach to natural sciences. In an
intensive two-semester course the most important basic concepts of mathematics, namely univariate and multivariate calculus, linear
algebra and statistics are taught.

Content Systems of linear equations; matrix algebra, determinants; vector spaces, norms and scalar products; linear maps, basis transformations;
eigenvalues and eigenvectors. - Least squares fitting and regression models; random variables, statistical properties of least-squares
estimators; tests, confidence and prediction intervals in regression models; residual analysis.

Lecture homepage: https://moodle-app2.let.ethz.ch/course/view.php?id=11841

Lecture notes For the part on Linear Algebra, there is a short script (in German) which summarizes the main concepts and results without examples. For
a self-contained presentation, the book by Nipp and Stoffer should be used. For the part on Statistics there is a detailed script (in German)
available which should be self-contained. The book by Stahel can be used  for additional information.

Literature Linear Algebra: K. Nipp/D. Stoffer: "Lineare Algebra", vdf, 5th edition, 2002.
Statistics: W. Stahel, "Statistische Datenanalyse", Vieweg, 5rd edition, 2008.

 Laboratory Courses
Number Title Type ECTS Hours Lecturers

529-0230-00L Inorganic and Organic Chemistry I
Enrolment only possible up to the beginning of the
semester.


O  8 credits 12P J. W. Bode, M. Jackl,
V. R. Pattabiraman,
A. Schuhmacher

Abstract Laboratory Course in Inorganic and Organic Chemistry I
Objective Introduction into basic techniques used in the organic laboratory. Understanding organic reactions through experiments.
Content Part I: Basic operations such as the isolation, purification and characterization of organic compounds: distillation, extraction,

chromatography, crystallization, IR (UV/1H-NMR)-spectroscopy for the identification of the constituion of organic compounds.

Part II: Organic reactions: preparative chemistry. From simple, one-step to multistep syntheses. Both classic and modern reactions will be
performed.

Part III: Preparation of a chiral, enantiomerically pure ligand for asymmetric catalysis (together with AOCP II)

Literature - R. K. Müller, R. Keese: "Grundoperationen der präparativen organischen Chemie"; J. Leonard, B. Lygo, G. Procter: "Praxis der
Organischen Chemie" (Übersetzung herausgegeben von G. Dyker), VCH, Weinheim, 1996, ISBN 3-527-29411-2.

Prerequisites /
notice

Prerequisites: 
- Praktikum Allgemeine Chemie (1. Semester, 529-0011-04/05) 
- Vorlesung Organische Chemie I (1. Semester, 529-0011-03) 

 4. Semester
 Examination Block I

Number Title Type ECTS Hours Lecturers

529-0122-00L Inorganic Chemistry II O  3 credits 3G M. Kovalenko, K. Kravchyk
Abstract The lecture is based on Inorganic Chemistry I and addresses an enhanced understanding of the symmetry aspects of chemical bonding of

molecules and translation polymers, i.e. crystal structures.
Objective The lecture follows Inorganic Chemistry I and addresses an enhanced understanding of the symmetry aspects of chemical bonding of

molecules and translation polymers.
Content Symmetry aspects of chemical bonding, point groups and representations for the deduction of molecular orbitals, energy assessment for

molecules and solids, Sanderson formalism, derivation and understanding of band structures, densities of states, overlap populations,
crystal symmetry, basic crystal structures and corresponding properties, visual representations of crystal structures.

Lecture notes see Moodle
Literature 1. I. Hargittai, M. Hargittai, "Symmetry through the Eyes of a Chemist", Plenum Press, 1995; 

2. R. Hoffmann, "Solids and Surfaces", VCH 1988; 
3. U. Müller, "Anorganische Strukturchemie", 6. Auflage, Vieweg + Teubner 2008

Prerequisites /
notice

Requirements: Inorganic Chemistry I

529-0222-00L Organic Chemistry II O  3 credits 2V+1U B. Morandi
Abstract This course builds on the material learned in Organic Chemistry I  or Organic Chemistry II for Biology/Pharmacy Students. Topics include

advanced concepts and mechanisms of organic reactions and introductions to pericyclic and organometallic reactions. These topics are
combined to the planning and execution of multiple step syntheses of complex molecules.

Objective Goals of this course include the a deeper understanding of basic organic reactions and mechanism as well as advanced and catalytic
transformations (for example, Mitsunobu reactions, Corey-Chaykovsky epoxidation, Stetter reactions, etc). Reactive intermediates including
carbenes and nitrenes are covered, along with methods for their generation and use in complex molecule synthesis. Frontier molecular
orbital theory (FMO) is introduced and used to rationalize pericyclic reactions including Diels Alder reactions, cycloadditions, and
rearrangements (Cope, Claisen). The basic concepts and key reactions of catalytic organometallic chemistry, which are key methods in
modern organic synthesis, and introduced, with an emphasis on their catalytic cycles and elementrary steps. All of these topics are
combined in an overview of strategies for complex molecule synthesis, with specific examples from natural product derived molecules used
as medicines.
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Content Oxidation and reduction of organic compounds, redox netural reactions and rearrangments, advanced transformations of functional groups
and reaction mechanismes, kinetic and thermodynamic control of organic reactions, carbenes and nitrenes, frontier molecular orbital theory
(FMO), cycloadditions and pericyclic reactions, introduction to organometallic chemistry and catalytic cross couplings, introduction to
peptide synthesis and protecting groups, retrosynthetic analysis of complex organic molecules, planning and execution of multi-step
reaction.

Lecture notes The lecture notes and additional documents including problem sets are available as PDF files online, without charge. Link:
https://morandi.ethz.ch/education.html

Literature Clayden, Greeves, and Warren. Organic Chemistry, 2nd Edition. Oxford University Press, 2012.

529-0431-00L Physical Chemistry III: Molecular Quantum Mechanics O  4 credits 4G F. Merkt

Abstract Postulates of quantum mechanics, operator algebra, Schrödinger's equation, state functions and expectation values, matrix representation
of operators, particle in a box, tunneling, harmonic oscillator, molecular vibrations, angular momentum and spin, generalised Pauli principle,
perturbation theory, electronic structure of atoms and molecules, Born-Oppenheimer approximation.

Objective This is an introductory course in quantum mechanics. The course starts with an overview of the fundamental concepts of quantum
mechanics and introduces the mathematical formalism. The postulates and theorems of quantum mechanics are discussed in the context
of experimental and numerical determination of physical quantities. The course develops the tools necessary for the understanding and
calculation of elementary quantum phenomena in atoms and molecules.

Content Postulates and theorems of quantum mechanics: operator algebra, Schrödinger's equation, state functions and expectation values. Linear
motions: free particles, particle in a box, quantum mechanical tunneling, the harmonic oscillator and molecular vibrations. Angular
momentum: electronic spin and orbital motion, molecular rotations. Electronic structure of atoms and molecules: the Pauli principle, angular
momentum coupling, the Born-Oppenheimer approximation. Variational principle and perturbation theory. Discussion of bigger systems
(solids, nano-structures).

Lecture notes A script written in German will be available. The script is, however, no replacement for personal notes during the lecture and does not cover
all aspects discussed.

529-0058-00L Analytical Chemistry II O  3 credits 3G D. Günther, T. Bucheli, M.-O. Ebert,
P. Lienemann, G. Schwarz

Abstract Enhanced knowledge about the elemental analysis and spectrocopical techniques with close relation to practical applications. This course
is based on the knowledge from analytical chemistry I. Separation methods are included.

Objective Use and applications of the elemental analysis and spectroscopical knowledge to solve relevant analytical problems.
Content Combined application of spectroscopic methods for structure determination, and practical application of element analysis. More complex

NMR methods: recording techniques, application of exchange phenomena, double resonance, spin-lattice relaxation, nuclear Overhauser
effect, applications of experimental 2d and multipulse NMR spectroscopy, shift reagents. Application of chromatographic and
electrophoretic separation methods: basics, working technique, quality assessment of a separation method, van-Deemter equation, gas
chromatography, liquid chromatography (HPLC, ion chromatography, gel permeation, packing materials, gradient elution, retention index),
electrophoresis, electroosmotic flow, zone electrophoresis, capillary electrophoresis, isoelectrical focussing, electrochromatography, 2d gel
electrophoresis, SDS-PAGE, field flow fractionation, enhanced knowledge in atomic absorption spectroscopy, atomic emission
spectroscopy, X-ray fluorescence spectroscopy, ICP-OES, ICP-MS.

Lecture notes Script will be available
Literature Literature will be within the script.
Prerequisites /
notice

Exercises for spectra interpretation are part of the lecture. In addition the lecture 529-0289-00 "Instrumentalanalyse organischer
Verbindungen" (4th semester) is recommended.
Prerequisite: 529-0051-00 "Analytische Chemie I" (3rd semester)

529-0625-00L Chemical Engineering O  3 credits 3G W. J. Stark
Abstract Chemical Engineering provides an introduction to production and process design. Beyond different types and operation of chemical or bio-

reactors, issues of scaling, new synthesis methods and problems of industrial production are addressed. An introduction in heterogeneous
catalysis and transport of impulse, mass and energy connect the new concepts to the basic education in chemistry and biology.

Objective Intended for chemists, chemical engineers, biochemists and biologists, the course Chemical and Bioengineering 4th semester addresses
the basics of production and process design. Starting with different reactors, process steps and unit operations in production, the industrial
scale usage of chemicals and reagents are discussed and further illustrated by examples. Material and energy balances and the concept of
selectivity are used to broaden the students view on the complexity of production and show how modern engineering can contribute to an
environmentally sustainable production. In the second part of the lecture, reactors, single cells or living matter are discussed in terms of
transport properties. Beyond metabolism or chemical processes, transport of impulse, mass and energy heavily influence chemical and
biological processes. They are introduced simultaneously and provide a basis for the understanding of flow, diffusion and heat transport.
Dimensionless numbers are used to implement transport properties in unit operations and process design. An introduction to
heterogeneous catalysis connects the acquired concepts to chemistry and biology and shows how powerful new processes arise from
combining molecular understanding and transport.

Content Elements of chemical transformations: preparation of reactants, reaction process, product work-up and recycling, product purification;
continuous, semibatch and batch processes; material balances: chemical reactors and separation processes, multiple systems and
multistage systems; energy balances: chemical reactors and separation processes, enthalpy changes, coupled material and energy
balances; multiple reactions: optimisation of reactor performance, yield and selectivity; mass transport and chemical reaction: mixing
effects in homogeneous and heterogeneous systems, diffusion and reaction in porous materials; heat exchange and chemical reaction:
adiabatic reactors, optimum operating conditions for exothermic and endothermic equilibrium reactions, thermal runaway, reactor size and
scale up.

Lecture notes Supporting material to the course is available on the homepage www.fml.ethz.ch
Literature Literature and text books are announced at the beginning of the course.

 Laboratory Courses
Number Title Type ECTS Hours Lecturers

529-0054-00L Physical and Analytical Chemistry O  10 credits 15P E. C. Meister, R. Zenobi,
M. Badertscher, M.-O. Ebert,
K. Eyer, B. Hattendorf,
Y. Yamakoshi

Abstract Practical introduction to important experimental methods in physical and analytical chemistry.
Objective The students have to carry out selected experiments in physical chemistry and  evaluate measurement data.

They acquire a good knowledge about the most important practical techniques in analytical chemistry.
Laboratory reports have to be written to each experiment.
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Content Physical chemistry part:
Short recapitulation of statistics and analysis of measurement data. Writing experimental reports with regard to publication of scientific
works. Basic physical chemistry experiments (a maximum of six experiments from the following themes): 1. Phase diagrams (liquid-vapour
and solid-liquid phase diagrams, cryoscopy); 2. electrochemistry and electronics; 3. quantum chemistry studies; 4. kinetics; 5.
thermochemistry; 6. speed of sound in gases and liquids; 7. surface tension.

Analytical chemistry part:
1. Introduction to the concept of sampling, quantitative elemental analysis and trace analysis, atomic spectroscopic methods, comparative
measurements with electrochemical methods; 2. Separation methods, their principles and optimisation: comparison of the different
chromatographic methods, effect of the stationary and mobile phases, common errors/artefacts, liquid chromatography, gas
chromatography (injection methods). 3. Spectroscopic methods in organic structure determination: recording of IR and UV/VIS spectra,
recording technique in NMR

Mandatory exercises in spectroscopy in an accompanying tutorial 529-0289-00 "Instrumentalanalyse organischer Verbindungen" are an
integral part of this course.

Lecture notes Descriptions for experiments available online.
Literature Für PC-Teil: Erich Meister, Grundpraktikum Physikalische Cheme, 2. Aufl. Vdf UTB, Zürich 2012.
Prerequisites /
notice

Prerequisites:
529-0051-00 "Analytische Chemie I (3. Semester)"
529-0058-00 "Analytische Chemie II (4. Semester)" in parallel to the lab class, or completed in an earlier semester. The course 529-
0289-00L "Instumentalanalyse organischer Verbindungen" is an obligatory component of the lab class / praktikum.

 Bachelor Studies (Programme Regulations 2006)
 4. Semester

 Compulsory Subjects Examination Block I
Number Title Type ECTS Hours Lecturers

529-0122-00L Inorganic Chemistry II O  3 credits 3G M. Kovalenko, K. Kravchyk
Abstract The lecture is based on Inorganic Chemistry I and addresses an enhanced understanding of the symmetry aspects of chemical bonding of

molecules and translation polymers, i.e. crystal structures.
Objective The lecture follows Inorganic Chemistry I and addresses an enhanced understanding of the symmetry aspects of chemical bonding of

molecules and translation polymers.
Content Symmetry aspects of chemical bonding, point groups and representations for the deduction of molecular orbitals, energy assessment for

molecules and solids, Sanderson formalism, derivation and understanding of band structures, densities of states, overlap populations,
crystal symmetry, basic crystal structures and corresponding properties, visual representations of crystal structures.

Lecture notes see Moodle
Literature 1. I. Hargittai, M. Hargittai, "Symmetry through the Eyes of a Chemist", Plenum Press, 1995; 

2. R. Hoffmann, "Solids and Surfaces", VCH 1988; 
3. U. Müller, "Anorganische Strukturchemie", 6. Auflage, Vieweg + Teubner 2008

Prerequisites /
notice

Requirements: Inorganic Chemistry I

529-0222-00L Organic Chemistry II O  3 credits 2V+1U B. Morandi
Abstract This course builds on the material learned in Organic Chemistry I  or Organic Chemistry II for Biology/Pharmacy Students. Topics include

advanced concepts and mechanisms of organic reactions and introductions to pericyclic and organometallic reactions. These topics are
combined to the planning and execution of multiple step syntheses of complex molecules.

Objective Goals of this course include the a deeper understanding of basic organic reactions and mechanism as well as advanced and catalytic
transformations (for example, Mitsunobu reactions, Corey-Chaykovsky epoxidation, Stetter reactions, etc). Reactive intermediates including
carbenes and nitrenes are covered, along with methods for their generation and use in complex molecule synthesis. Frontier molecular
orbital theory (FMO) is introduced and used to rationalize pericyclic reactions including Diels Alder reactions, cycloadditions, and
rearrangements (Cope, Claisen). The basic concepts and key reactions of catalytic organometallic chemistry, which are key methods in
modern organic synthesis, and introduced, with an emphasis on their catalytic cycles and elementrary steps. All of these topics are
combined in an overview of strategies for complex molecule synthesis, with specific examples from natural product derived molecules used
as medicines.

Content Oxidation and reduction of organic compounds, redox netural reactions and rearrangments, advanced transformations of functional groups
and reaction mechanismes, kinetic and thermodynamic control of organic reactions, carbenes and nitrenes, frontier molecular orbital theory
(FMO), cycloadditions and pericyclic reactions, introduction to organometallic chemistry and catalytic cross couplings, introduction to
peptide synthesis and protecting groups, retrosynthetic analysis of complex organic molecules, planning and execution of multi-step
reaction.

Lecture notes The lecture notes and additional documents including problem sets are available as PDF files online, without charge. Link:
https://morandi.ethz.ch/education.html

Literature Clayden, Greeves, and Warren. Organic Chemistry, 2nd Edition. Oxford University Press, 2012.

529-0431-00L Physical Chemistry III: Molecular Quantum Mechanics O  4 credits 4G F. Merkt

Abstract Postulates of quantum mechanics, operator algebra, Schrödinger's equation, state functions and expectation values, matrix representation
of operators, particle in a box, tunneling, harmonic oscillator, molecular vibrations, angular momentum and spin, generalised Pauli principle,
perturbation theory, electronic structure of atoms and molecules, Born-Oppenheimer approximation.

Objective This is an introductory course in quantum mechanics. The course starts with an overview of the fundamental concepts of quantum
mechanics and introduces the mathematical formalism. The postulates and theorems of quantum mechanics are discussed in the context
of experimental and numerical determination of physical quantities. The course develops the tools necessary for the understanding and
calculation of elementary quantum phenomena in atoms and molecules.

Content Postulates and theorems of quantum mechanics: operator algebra, Schrödinger's equation, state functions and expectation values. Linear
motions: free particles, particle in a box, quantum mechanical tunneling, the harmonic oscillator and molecular vibrations. Angular
momentum: electronic spin and orbital motion, molecular rotations. Electronic structure of atoms and molecules: the Pauli principle, angular
momentum coupling, the Born-Oppenheimer approximation. Variational principle and perturbation theory. Discussion of bigger systems
(solids, nano-structures).

Lecture notes A script written in German will be available. The script is, however, no replacement for personal notes during the lecture and does not cover
all aspects discussed.

402-0084-00L Physics II O 4 credits 3V+1U G. Dissertori
Abstract This course is an introduction to classical physics, with special focus on applications in medicine.
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Objective Obtain an understanding of basic concepts in classical physics and their application (using mathematical pre-knowledge) to the solution of
simple problems, including certain applications in medicine.

Obtain an understanding of relevant quantities and of orders of magnitude.

Content Electromagnetism;
Thermodynamics;
Optics.

Lecture notes Will be distributed at the start of the semester.
Literature "Physik für Mediziner, Biologen, Pharmazeuten", von Alfred Trautwein, Uwe Kreibig, Jürgen Hüttermann; De Gruyter Verlag.
Prerequisites /
notice

Voraussetzung Mathematik I+II und Physik I (Studiengänge Gesundheitswissenschaften und Technologie bzw. Humanmedizin) /
Mathematik-Lehrveranstaltungen des Basisjahres (Studiengänge Chemie, Chemieingenieurwissenschaften bzw. Interdisziplinäre
Naturwissenschaften)

529-0058-00L Analytical Chemistry II O  3 credits 3G D. Günther, T. Bucheli, M.-O. Ebert,
P. Lienemann, G. Schwarz

Abstract Enhanced knowledge about the elemental analysis and spectrocopical techniques with close relation to practical applications. This course
is based on the knowledge from analytical chemistry I. Separation methods are included.

Objective Use and applications of the elemental analysis and spectroscopical knowledge to solve relevant analytical problems.
Content Combined application of spectroscopic methods for structure determination, and practical application of element analysis. More complex

NMR methods: recording techniques, application of exchange phenomena, double resonance, spin-lattice relaxation, nuclear Overhauser
effect, applications of experimental 2d and multipulse NMR spectroscopy, shift reagents. Application of chromatographic and
electrophoretic separation methods: basics, working technique, quality assessment of a separation method, van-Deemter equation, gas
chromatography, liquid chromatography (HPLC, ion chromatography, gel permeation, packing materials, gradient elution, retention index),
electrophoresis, electroosmotic flow, zone electrophoresis, capillary electrophoresis, isoelectrical focussing, electrochromatography, 2d gel
electrophoresis, SDS-PAGE, field flow fractionation, enhanced knowledge in atomic absorption spectroscopy, atomic emission
spectroscopy, X-ray fluorescence spectroscopy, ICP-OES, ICP-MS.

Lecture notes Script will be available
Literature Literature will be within the script.
Prerequisites /
notice

Exercises for spectra interpretation are part of the lecture. In addition the lecture 529-0289-00 "Instrumentalanalyse organischer
Verbindungen" (4th semester) is recommended.
Prerequisite: 529-0051-00 "Analytische Chemie I" (3rd semester)

529-0625-00L Chemical Engineering O  3 credits 3G W. J. Stark
Abstract Chemical Engineering provides an introduction to production and process design. Beyond different types and operation of chemical or bio-

reactors, issues of scaling, new synthesis methods and problems of industrial production are addressed. An introduction in heterogeneous
catalysis and transport of impulse, mass and energy connect the new concepts to the basic education in chemistry and biology.

Objective Intended for chemists, chemical engineers, biochemists and biologists, the course Chemical and Bioengineering 4th semester addresses
the basics of production and process design. Starting with different reactors, process steps and unit operations in production, the industrial
scale usage of chemicals and reagents are discussed and further illustrated by examples. Material and energy balances and the concept of
selectivity are used to broaden the students view on the complexity of production and show how modern engineering can contribute to an
environmentally sustainable production. In the second part of the lecture, reactors, single cells or living matter are discussed in terms of
transport properties. Beyond metabolism or chemical processes, transport of impulse, mass and energy heavily influence chemical and
biological processes. They are introduced simultaneously and provide a basis for the understanding of flow, diffusion and heat transport.
Dimensionless numbers are used to implement transport properties in unit operations and process design. An introduction to
heterogeneous catalysis connects the acquired concepts to chemistry and biology and shows how powerful new processes arise from
combining molecular understanding and transport.

Content Elements of chemical transformations: preparation of reactants, reaction process, product work-up and recycling, product purification;
continuous, semibatch and batch processes; material balances: chemical reactors and separation processes, multiple systems and
multistage systems; energy balances: chemical reactors and separation processes, enthalpy changes, coupled material and energy
balances; multiple reactions: optimisation of reactor performance, yield and selectivity; mass transport and chemical reaction: mixing
effects in homogeneous and heterogeneous systems, diffusion and reaction in porous materials; heat exchange and chemical reaction:
adiabatic reactors, optimum operating conditions for exothermic and endothermic equilibrium reactions, thermal runaway, reactor size and
scale up.

Lecture notes Supporting material to the course is available on the homepage www.fml.ethz.ch
Literature Literature and text books are announced at the beginning of the course.

 Laboratory Courses
Number Title Type ECTS Hours Lecturers

529-0054-00L Physical and Analytical Chemistry O  10 credits 15P E. C. Meister, R. Zenobi,
M. Badertscher, M.-O. Ebert,
K. Eyer, B. Hattendorf,
Y. Yamakoshi

Abstract Practical introduction to important experimental methods in physical and analytical chemistry.
Objective The students have to carry out selected experiments in physical chemistry and  evaluate measurement data.

They acquire a good knowledge about the most important practical techniques in analytical chemistry.
Laboratory reports have to be written to each experiment.

Content Physical chemistry part:
Short recapitulation of statistics and analysis of measurement data. Writing experimental reports with regard to publication of scientific
works. Basic physical chemistry experiments (a maximum of six experiments from the following themes): 1. Phase diagrams (liquid-vapour
and solid-liquid phase diagrams, cryoscopy); 2. electrochemistry and electronics; 3. quantum chemistry studies; 4. kinetics; 5.
thermochemistry; 6. speed of sound in gases and liquids; 7. surface tension.

Analytical chemistry part:
1. Introduction to the concept of sampling, quantitative elemental analysis and trace analysis, atomic spectroscopic methods, comparative
measurements with electrochemical methods; 2. Separation methods, their principles and optimisation: comparison of the different
chromatographic methods, effect of the stationary and mobile phases, common errors/artefacts, liquid chromatography, gas
chromatography (injection methods). 3. Spectroscopic methods in organic structure determination: recording of IR and UV/VIS spectra,
recording technique in NMR

Mandatory exercises in spectroscopy in an accompanying tutorial 529-0289-00 "Instrumentalanalyse organischer Verbindungen" are an
integral part of this course.

Lecture notes Descriptions for experiments available online.
Literature Für PC-Teil: Erich Meister, Grundpraktikum Physikalische Cheme, 2. Aufl. Vdf UTB, Zürich 2012.
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Prerequisites /
notice

Prerequisites:
529-0051-00 "Analytische Chemie I (3. Semester)"
529-0058-00 "Analytische Chemie II (4. Semester)" in parallel to the lab class, or completed in an earlier semester. The course 529-
0289-00L "Instumentalanalyse organischer Verbindungen" is an obligatory component of the lab class / praktikum.

 6. Semester
 Compulsory Subjects

 Examination Block Catalysis and Heterogeneous Process Engineering
Number Title Type ECTS Hours Lecturers

529-0192-00L Industrial Chemistry
Replacement for 529-0502-00L Catalysis

O  4 credits 3G J. A. van Bokhoven,
M. Ranocchiari

Abstract The lecture will describe how the most important chemicals and intermediates are produced from both a chemical and chemical
engineering point of view. Reaction mechanisms up to reactor design will be covered.

Objective Basic knowledge of reaction mechanisms and reactor design of the most important chemicals and intermediates.
Content The vast majority of all intermediates and chemicals originate from coal, oil or gas. The development of these processes over a time span

of more than hundred years has resulted in fascinating chemistry and processes. The lecture will describe how the most important
chemicals and intermediates are produced from both a chemical and chemical engineering point of view. Reaction mechanisms up to
reactor design will be covered.

Lecture notes Supplemental material will be available on the webpage:
http://www.vanbokhoven.ethz.ch/education.html

Literature Hans-Jürgen Arpe, Industrial Organic Chemistry, 5th Edition, Wyley-VCH, 2010

G. P. Chiusoli, P. M. Maitlis, Metal-catalysis in Industrial Organic Processes, RSC Publishing, 2008

529-0633-00L Heterogeneous Reaction Engineering O  4 credits 3G J. Pérez-Ramírez, C. Mondelli
Abstract Heterogeneous Reaction Engineering equips students with tools essential for the optimal development of heterogeneous processes.

Integrating concepts from chemical engineering and chemistry, students will be introduced to the fundamental principles of heterogeneous
reactions and will develop the necessary skills for the selection and design of various types of idealized reactors.

Objective At the end of the course the students will understand the basic principles of catalyzed and uncatalyzed heterogeneous reactions. They will
know models to represent fluid-fluid and fluid-solid reactions; how to describe the kinetics of surface reactions; how to evaluate mass and
heat transfer phenomena and account for their impact on catalyst effectiveness; the principle causes of catalyst deactivation;  and reactor
systems and protocols for catalyst testing.

Content The following components are covered: 
-    Fluid-fluid and fluid-solid heterogeneous reactions.
-    Kinetics of surface reactions.
-    Mass and heat transport phenomena.
-    Catalyst effectiveness. 
-    Catalyst deactivation.
-    Strategies for catalyst testing.

These aspects are exemplified through modern examples. 
For each core topic exercises are assigned and evaluated.
The course also features an industrial lecture.

Lecture notes A dedicated script and lecture slides are available in printed form during the course.
Literature H. Scott Fogler: Elements of Chemical Reaction Engineering, Prentice Hall, New Jersey, 1992


O. Levenspiel: Chemical Reaction Engineering, 3rd edition, John Wiley & Sons, New Jersey, 1999

Further relevant sources are given during the course.

151-0926-00L Separation Process Technology I O  4 credits 3G M. Mazzotti
Abstract Non-empirical design of gas-liquid, vapor-liquid, and liquid-liquid separation processes for ideal and non-ideal systems, based on mass

transfer phenomena and phase equilibrium. 
Objective Non-empirical design of gas-liquid, vapor-liquid, and liquid-liquid separation processes for ideal and non-ideal systems, based on mass

transfer phenomena and phase equilibrium. 
Content Methods for the non empirical design of equilibrium stage separations for ideal and non-ideal systems, based on mass transfer phenomena

and phase equilibrium. Topics: introduction to the separation process technology. Phase equilibrium: vapor/liquid and liquid/liquid. Flash
vaporization: binary and multicomponent. Equilibrium stages and multistage cascades. Gas absorption and stripping. Continuous
distillation: design methods for binary and multicomponent systems; continuous-contact equipment; azeotropic distillation, equipment for
gas-liquid operations. Liquid/liquid extraction. The lecture is supported by a web base learning tool, i.e. HyperTVT.

Lecture notes Lecture notes available
Literature Treybal "Mass-transfer operations" oder Seader/Henley "Separation process principles" oder Wankat "Equilibrium stage separations"  oder

Weiss/Militzer/Gramlich "Thermische Verfahrenstechnik"
Prerequisites /
notice

Prerequisite: Stoffaustausch

A self-learning web-based environment is available (HyperTVT):
http://www.spl.ethz.ch/

 Examination Block Process Engineering
Number Title Type ECTS Hours Lecturers

529-0580-00L Safety, Environmental Aspects and Risk Management O  4 credits 3G S. Kiesewetter, K. Timmel
Abstract Overview of the impact of industrial activities on the environment and human beings; required risk assessments and preventive measures

as well as hints on the of Swiss legislation (environment / occupational safety).
Objective Basic understanding of the impact of industrial activities on human beings and the environment; raise awareness for risks and safety

concerns.
Content Risikoanalysen – wozu braucht es eine Risikoanalyse? Kennenlernen der Hilfsmittel zur Erarbeitung einer Risikoanalyse, Besprechung

konkreter Beispiele; Hinweise zu weiteren Hilfsmitteln; Hinweise gesetzliche Grundlagen , Bereiche Umwelt und Arbeitssicherheit.   Aufbau
einer Sicherheitsorganisation in einem Unternehmen, an einer Hochschule.

Lecture notes Wird bei der ersten Vorlesung zur Verfügung gestellt.
Literature Ergänzungsliteratur wird im Skript angegeben.
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Prerequisites /
notice

Im Rahmen der Vorlesung wird eine Gruppenarbeit im Sinne eines Leistungselementes durchgeführt, die benotet wird. Die Schlussnote
setzt sich wie folgt zusammen: Gruppenarbeit (Gewichtung 30%) und schriftlicher Prüfung (70%)

529-0031-00L Chemical Process Control O  3 credits 3G R. Grass
Abstract Concept of control. Modelling of dynamic systems. State space description, linearisation. Laplace transform, system response. Closed loop

control - idea of feedback. PID control. Stability, Routh-Hurwitz criterion, frequency response, Bode diagram. Feedforward compensation,
cascade control. Multivariable systems. Application to reactor control.

Objective Chemical Process Control.  Process automation, concept of control. Modelling of dynamical systems - examples. State space description,
linearisation, analytical/numerical solution.
Laplace transform, system response for first and second order systems. Closed loop control - idea of feedback. PID control, Ziegler -
Nichols tuning. Stability, Routh-Hurwitz criteria, root locus, frequency response, Bode diagram, Nyquist criterion. Feedforward
compensation, cascade control. Multivariable systems (transfer matrix, state space representation), multi-loop control, problem of coupling,
Relative Gain Array, decoupling, sensitivity to model uncertainty. Applications to distillation and reactor control.

Content Process automation, concept of control. Modelling of dynamical systems with examples. State space description, linearisation,
analytical/numerical solution. Laplace transform, system response for first and second order systems. Closed loop control - idea of
feedback. PID control, Ziegler - Nichols tuning. Stability, Routh-Hurwitz criterion, frequency response, Bode diagram. Feedforward
compensation, cascade control. Multivariable systems (transfer matrix, state space representation), multi-loop control, problem of coupling,
Relative Gain Array, decoupling, sensitivity to model uncertainty. Applications to distillation and reactor control.

Lecture notes https://www.ethz.ch/content/specialinterest/chab/chemical-n-bioengineering/functional-materials-lab/en/lectures/RegTech.html
Literature - "Feedback Control of Dynamical Systems", 4th Edition, by G.F. Franklin, J.D. Powell and A. Emami-Naeini; Prentice Hall, 2002.

- "Process Dynamics & Control", by D.E. Seborg, T.F. Edgar and D.A. Mellichamp; Wiley 1989.
- "Process Dynamics, Modelling & Control", by B.A. Ogunnaike and W.H. Ray;
Oxford University Press 1994.

Prerequisites /
notice

Analysis II , linear algebra.

MATLAB is used extensively for system analysis and simulation.

151-0940-00L Modelling and Mathematical Methods in Process and
Chemical Engineering

O  4 credits 3G M. Mazzotti

Abstract Study of the non-numerical solution of systems of ordinary differential equations and first order partial differential equations, with application
to chemical kinetics, simple batch distillation, and chromatography.

Objective Study of the non-numerical solution of systems of ordinary differential equations and first order partial differential equations, with application
to chemical kinetics, simple batch distillation, and chromatography.

Content Development of mathematical models in process and chemical engineering, particularly for chemical kinetics, batch distillation, and
chromatography. Study of systems of ordinary differential equations (ODEs), their stability, and their qualitative analysis. Study of single
first order partial differential equation (PDE) in space and time, using the method of characteristics. Application of the theory of ODEs to
population dynamics, chemical kinetics (Belousov-Zhabotinsky reaction), and simple batch distillation (residue curve maps). Application of
the method of characteristic to chromatography.

Lecture notes no skript
Literature A. Varma, M. Morbidelli, "Mathematical methods in chemical engineering," Oxford University Press (1997) 

H.K. Rhee, R. Aris, N.R. Amundson, "First-order partial differential equations. Vol. 1," Dover Publications, New York (1986)
R. Aris, "Mathematical modeling: A chemical engineers perspective," Academic Press, San Diego (1999)

 Case Studies
Number Title Type ECTS Hours Lecturers

529-0549-02L Case Studies in Process Design II O  3 credits 3A G. Guillén Gosálbez
Abstract Based on part I of the case study course the main reaction and purification steps of one process alternative are investigated. Models

describing the different unit operations have to be built.  These models are used for a sensitivity analysis and optimization of the operating
conditions.  The results are discussed with regard to technical, economic, safety, and environmental implications.

Objective - application of the knowledge obtained in lectures
- modeling of unit operations
- problem-oriented problem solving (application of different methods to the same subject)
- team work
- report writing and presentation techniques

Content Based on the process evaluation conducted in part I of the case study course the main reaction and purification steps of one process
alternative are investigated in detail.  For this purpose models describing the different unit operations have to be built.  These models are
used for a sensitivity analysis and optimization of the operating conditions.  The results are discussed with regard to technical, economic,
safety, and environmental implications.  The final result also includes a detailed mass and energy balance for selected operating
conditions.  The findings of this course are further evaluated in the third part of the case study course.

 GESS Science in Perspective
 Science in Perspective

see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
CHAB

 Language Courses
see Science in Perspective: Language Courses ETH/UZH

Chemical Engineering Bachelor - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Comparative and International Studies Master
 Core Seminars

Number Title Type ECTS Hours Lecturers

857-0004-00L Political Economy
Only for MA Comparative and International Studies. 

W 8 credits 3S T. Bernauer, V. Koubi

Abstract This seminar focuses on the interplay of political and economic factors in shaping policy outcomes at local to global levels. It concentrates
on the application of economic logic to political questions and the influence of political processes and institutions on economic activity.

Objective This seminar focuses on the interplay of political and economic factors in shaping policy outcomes at local to global levels. It concentrates
on the application of economic logic to political questions and the influence of political processes and institutions on economic activity.

Content This seminar focuses on the interplay of political and economic factors in shaping policy outcomes at local to global levels. It focuses on the
application of economic logic to political questions and the influence of political processes and institutions on economic activity. It draws on
a broad range of theoretical perspectives from comparative and international politics, positive political theory, public choice, and
economics. We first review basic theoretical models from political science and economics and then use them to investigate a number of
specific areas of interest. We examine the effects of special interests on government regulation of economic activity, the determinants of
the size of government, economic growth and sustainable development, the politics of international trade and investment, and monetary
and fiscal policy. We seek to make students familiar not only with the theoretical and methodological approaches used in this area of study,
but also with important research issues in comparative and international political economy.

Lecture notes see http://www.cis.ethz.ch/education/macis/courses
Prerequisites /
notice

Core course in the MA CIS program. Restricted to students of MA CIS. 8 ECTS credit points upon successful completion. The overall grade
will be based on a review essay, a written mid-term exam, and a written end-of-semester exam.

857-0102-00L Methods III: Causal Inference
Only for MA Comparative and International Studies.

O 8 credits 2U+2S D. Hangartner, D. Ward

Abstract Introduction to methods for supervised and unsupervised learning for the social sciences.


Objective The goal of this course is provide students with an introduction to statistical learning methods. Upon completion of the course, students will
have an understanding of modern computiational methods for modelling and prediction, the assumptions on which they are based, and be
able to use them to address specific research questions in the social sciences.

Content This course provides an introduction to statistical methods used for causal inference in the social sciences. Using the potential outcomes
framework of causality, we discuss designs and methods for data from randomized experiments and observational studies. In particular,
designs and methods covered include randomization, matching, instrumental variables, difference-in-difference, synthetic control,
regression discontinuity, and quantile regression. Examples are drawn from the social sciences.

Literature Angrist, Joshua D., and Jörn-Steffen Pischke. Mostly harmless econometrics: An empiricist's companion. Princeton university press, 2008.

Rosenbaum, Paul R. Design of Observational Studies. Springer. 2010.

Prerequisites /
notice

Methods III or equivalent

 Research Seminars
Number Title Type ECTS Hours Lecturers

857-0006-00L Political Order and Conflict
Number of participants limited to 15.
MA Comparative and International Studies are given
priority. 
Registration required: lcederman@ethz.ch. 

W  8 credits 2S L.-E. Cederman, G. Schvitz

Abstract This seminar builds on the MACIS seminar on political violence and covers primarily the quantitative literature on civil and regional wars,
especially with respect to the effect of economic and ethnic factors, political institutions and the geographic and international context. The
students will develop an original research question to be dealt with in a research paper.

Objective This seminar covers ethnic violence, political-economy perspectives on war, the role of political institutions, and the international
dimensions of civil conflict. The goal of the seminar is to expose the students to these topics by allowing them to discuss them in class and
to write a term paper addressing an original research question.  


857-0051-00L Comparative and EU Politics
Number of participants limited to 15.

MA Comparative and International Studies are given
priority. 

W 8 credits 2S F. Schimmelfennig

Abstract This advanced research seminar deals with current issues and research in comparative politics and EU integration and politics.
Objective This seminar is designed for advanced students of political science with an interest in comparative European politics and EU integration

and politics. It introduces students to state-of-the-art theorizing, data, methods, and empirical findings and provides them with opportunities
to work with data on their own. After taking this seminar, students should have a good overview of current research and be prepared to
write their Master's thesis in this area. Topics include: European integration, EU decision-making, parliaments in the EU and its member
states, party groups and parliamentarians. Students may also propose research topics of their interest.

857-0100-00L Ending Violence
Number of participants limited to 15.

MA Comparative and International Studies are given
priority. 

W 8 credits 2S A. Wenger, A. Duursma

Abstract This seminar addresses a range of interventions commonly used for conflict management and resolution and intended to reduce levels of
violence and end civil wars, including mediation, peacekeeping, humanitarian interventions, Security Sector Reform (SSR), and
peacebuilding. Students will become acquainted with key theoretical explanations and incorporate those insights into their own projects.

Objective The aim of this course is to introduce students to different approaches to manage and resolve violent conflict and civil wars. The focus will
be on forms of intervention in diverse conflict settings. Readings focus on empirical and theoretical literature about the transformation,
prevention and reduction of violence during and after civil wars. The course will identify and discuss the main actors, strategies and
dynamics associated with ending violence. Students will develop their own research design, including a research question, a short literature
review, a theoretical framework and planned research methods, to take on the difficult questions of how, where, when and why violence
ends with the help of conflict management and resolution practices.

857-0002-00L Methods IV: Statistical Learning
Number of participants limited to 15.


W 8 credits 2U+2S D. Hangartner, M. Marbach
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MA Comparative and International Studies are given
priority.

Abstract This course provides an introduction to statistical methods used for causal inference in the social sciences, covering both experimental and
observational studies.

Objective Familiarity with the key research designs and statistical methods used for causal inference from randomised and observational data.
Content Topics include linear regression with interaction and fixed effects, binary logistic regression, classification, resampling methods, shrinkage

approaches, tree-based methods, support vector machines, clustering, principal component analysis, factor analysis, and item response
theory.

Literature James, Gareth, Daniela Witten, Trevor Hastie, and Robert Tibshirani. An introduction to statistical learning. Springer, 2013. (7th edition). 

The PDF of the textbook is made freely and legally available by the authors and Springer press and part of the course package.

Prerequisites /
notice

Methods II

 Electives
Number Title Type ECTS Hours Lecturers

857-0075-01L Contemporary European Politics W 3 credits 2S J. Lipps, A. Baysan, M.-
E. Bélanger, N. Olszewska,
D. Schraff, I. Vergioglou

Abstract How have the powers of the European Union expanded until now and what are the problems facing the Union today? This class offers an
introduction to theories of European integration. Furthermore, we discuss the challenges of supranational governance in the context of the
EU, covering a wide array of policy fields.

Objective Since its start in the fifties, the European Union has evolved into a complex multilevel system, different from the nation state and different
from other International Organizations. The course “Contemporary European Politics” introduces students to the institutions of the
European Union and the gradual expansion of their competences. Throughout the course, we engage with current debates in EU studies
on supranational decision-making in times of crisis. Upon completion, the participants are familiar with the legislative process regulating
scientific and every-day life in such diverse policy fields as financial markets, climate policy and data privacy. Based on this knowledge,
participants are able to identify chances and challenges of regulation beyond the nation state.

Content The sessions cover the following topics:
- EU Institutions
- Decision-making
- Parliamentary Democracy
- Judicial Politics
- European Identity and Public Spheres
- Enlargement and Neighbourhood Policy
- Democratic Backsliding
- Political Conflict in the EU
- Implementation of EU law
- Eurozone
- Inequality
- Euroscepticism and Brexit
- The Future of Integration

865-0000-07L Climate Change and Development
Only for MAS/CAS in Development and Cooperation
students, as well as specialists with at least 24 months of
practical experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also
be admitted.

ETH MA/MSc students apply with a letter of motivation to
the NADEL administration office.

Registration only through the NADEL administration office.

W 2 credits 3G L. B. Nilsen

Abstract Climate change has taken a lead position on the international development agenda. This course equips participants with a better
understanding of the interlinkages between climate change and development, and enables them to integrate climate change considerations
into the planning and implementation of development projects.

Objective After completing the course, participants will be able to:
• discuss the interconnections between climate change and sustainable development 
• explain opportunities and challenges that the current climate agreement presents for developing countries 
• understand political, technological, and financial challenges of low-carbon development and how they can be addressed 
• explain the complementary nature of mitigation and adaptation and the major strategies used in each
• analyse linkages between climate change adaptation and development planning
• understand the basic steps in defining climate adaptation projects, and recognize the opportunities and limitations of climate models for
decision-making.   
• engage in an informed dialogue about climate finance, and recognize the main sources of financing to support low carbon and climate-
resilient development
• recognize the institutional opportunities and challenges of climate mainstreaming in international humanitarian and development
organisations

Content Climate change and sustainable development
Implications of climate change for developing countries
International and national policy responses and challenges of climate change negotiations
Mitigation and adaptation in resource-poor and vulnerable settings
Climate financing 
Trade-offs between mitigation, adaptation and development goals
Climate smart development projects

865-0002-00L Migration: A Challenge for Development Cooperation
Only for MAS/CAS in Development and Cooperation
students, as well as specialists with at least 24 months of
practical experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also

W 1 credit 2G K. Schneider, L. Hensgen
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be admitted.

ETH MA/MSc students apply with a letter of motivation to
the NADEL administration office.

Registration only through the NADEL administration office.

Abstract An estimated 250 million people are currently living outside countries of origin - voluntarily as migrants or involuntarily as refugees. The
course explores the role that international cooperation can play in promoting the positive aspects of migration and in reducing the negative
consequences.

Objective Course participants have improved understanding of the following issues:
- Definition of migration concepts and terms, including migrants, refugees, IDPs
- The geography of migration flows 
- The evolving concept of “migration and development” 
- International organizations and their strategies and activities in terms of migration

Content Today's migration movements are initiated in the countries of origin through different causes, whether political, social, economic, or natural.
Although the concept of migration is negatively connoted for many people, international migration has a positive impact on both the
countries of origin and the recipient countries. In addition to the transfer of goods and capital, it can also be understood as part of the
increasing globalization process.

865-0056-00L Conflict Sensitivity and Peacebuilding – Tools and
Approaches
Does not take place this semester.
Only for MAS/CAS in Development and Cooperation
students, as well as specialists with at least 24 months of
practical experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also
be admitted.

ETH MA/MSc students apply with a letter of motivation to
the NADEL administration office.

Registration only through the NADEL administration office.

W 2 credits 3G

Abstract The course offers an introduction to the subject and contributes to a better understanding of the current debate and policy practices.
Participants get an overview of concepts, methodological approaches as well as operational experiences and challenges of the actors in
this complex area.

Objective The course offers an introduction to the subject and contributes to a better understanding of the current debate and policy practices.

865-0066-04L ICT4D – Concepts, Strategies and Good Practices
Only for MAS/CAS in Development and Cooperation
students, as well as specialists with at least 24 months of
practical experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also
be admitted.

ETH MA/MSc students apply with a letter of motivation to
the NADEL administration office.

Registration only through the NADEL administration office.

W 2 credits 3G F. Brugger

Abstract Information and communication technologies (ICTs) represent the deepest technical change experienced in international development.
Digital development strategies need to be broader than ICT strategies. This course assesses the role of ICTs in development, discusses
the existing evidence on the impact of ICT on development, and introduces key concepts and methods for ICT4D practice and strategy.

Objective Information and communication technologies (ICTs) represent the fastest and deepest technical change experienced in international
development. By now, they affect every development sector – the work of farmers and micro-entrepreneurs, healthcare workers and
microfinance institutions, social mobilization and political change. Yet, the ‘digital dividends’ are unevenly distributed and questions of ‘data
justice’ in development are largely unexplored. To close the gap, just greater digital adoption will not be enough. Digital development
strategies need to be broader than ICT strategies. This course helps to understand the role of ICTs in development, discusses the existing
evidence on the impact of ICT on development, and introduces key concepts and methods for ICT4D practice and strategy.

Content • ICTs and development: the conceptual links
• The impact of ICT on development: evidence from research
• Digital revolution and its analog foundations
• Concepts, strategies and components needed for ICT4D to work
• ICT4D and project cycle management
• Good practice in implementing ICT4D
• Emerging technologies and models relevant for ICT-enabled development

860-0001-00L Public Institutions and Policy-Making Processes
Number of participants limited to 25.

Priority for MSc Science, Technology, and Policy.

W 3 credits 2.8G T. Bernauer, S. Bechtold,
F. Schimmelfennig

Abstract Students acquire the contextual knowledge for analyzing public policies. They learn why and how public policies and laws are developed,
designed, and implemented at national and international levels, and what challenges arise in this regard.

Objective Public policies result from decision-making processes that take place within formal institutions of the state (parliament, government, public
administration, courts). That is, policies are shaped by the characteristics of decision-making processes and the characteristics of public
institutions and related actors (e.g. interest groups). In this course, students acquire the contextual knowledge for analyzing public policies.
They learn why and how public policies and laws are developed, designed, and implemented at national and international levels, and what
challenges arise in this regard. The course is organized in three modules. The first module (Stefan Bechtold) examines basic concepts and
the role of law, law-making, and law enforcement in modern societies. The second module (Thomas Bernauer) deals with the functioning of
legislatures, governments, and interest groups. The third module (Frank Schimmelfennig) focuses on the European Union and international
organisations.
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Content Public policies result from decision-making processes that take place within formal institutions of the state (parliament, government, public
administration, courts). That is, policies are shaped by the characteristics of decision-making processes and the characteristics of public
institutions and related actors (e.g. interest groups). In this course, students acquire the contextual knowledge for analyzing public policies.
They learn why and how public policies and laws are developed, designed, and implemented at national and international levels, and what
challenges arise in this regard. The course is organized in three modules. The first module (Stefan Bechtold) examines basic concepts and
the role of law, law-making, and law enforcement in modern societies. The second module (Thomas Bernauer) deals with the functioning of
legislatures, governments, and interest groups. The third module (Frank Schimmelfennig) focuses on the European Union and international
organisations.

Lecture notes Reading materials will be distributed electronically to the students when the semester starts.
Literature Baylis, John, Steve Smith, and Patricia Owens (2014): The Globalization of World Politics. An Introduction to International Relations.

Oxford: Oxford University Press.

Caramani, Daniele (ed.) (2014): Comparative Politics. Oxford: Oxford University Press. 

Gilardi, Fabrizio (2012): Transnational Diffusion: Norms, Ideas, and Policies, in Carlsnaes, Walter, Thomas Risse and Beth Simmons,
Handbook of International Relations, 2nd Edition, London: Sage, pp. 453-477.

Hage, Jaap and Bram Akkermans (eds.) (2nd edition 2017): Introduction to Law, Heidelberg: Springer.

Jolls, Christine (2013): Product Warnings, Debiasing, and Free Speech: The Case of Tobacco Regulation, Journal of Institutional and
Theoretical Economics 169: 53-78.

Lelieveldt, Herman and Sebastiaan Princen (2011): The Politics of European Union. Cambridge: Cambridge University Press.

Lessig, Lawrence (2006): Code and Other Laws of Cyberspace, Version 2.0, New York: Basic Books. Available at
http://codev2.cc/download+remix/Lessig-Codev2.pdf.

Schimmelfennig, Frank and Ulrich Sedelmeier (2004): Governance by Conditionality: EU Rule Transfer to the Candidate Countries of
Central and Eastern Europe, in: Journal of European Public Policy 11(4): 669-687.

Shipan, Charles V. and Craig Volden (2012): Policy Diffusion: Seven Lessons for Scholars and Practitioners. Public Administration Review
72(6): 788-796. 

Sunstein, Cass R. (2014): The Limits of Quantification, California Law Review 102: 1369-1422.

Thaler, Richard H. and Cass R. Sunstein (2003): Libertarian Paternalism. American Economic Review: Papers & Proceedings 93: 175-179.

Prerequisites /
notice

This is a Master level course. The course is capped at 25 students, with ISTP Master students having priority.

860-0032-00L Principles of Macroeconomics
Prerequisite: An introductory course in Economics is
required to sign up for this course.

Number of participants is limited to 20

STP students have priority

W 3 credits 2V S. Sarferaz

Abstract This course examines the behaviour of macroeconomic variables, such as gross domestic product, unemployment and inflation rates. It
tries to answer questions like: How can we explain fluctuations of national economic activity? What can economic policy do against
unemployment and inflation?

Objective This lecture will introduce the fundamentals of macroeconomic theory and explain their relevance to every-day economic problems.
Content This course helps you understand the world in which you live. There are many questions about the macroeconomy that might spark your

curiosity. Why are living standards so meagre in many African countries? Why do some countries have high rates of inflation while others
have stable prices? Why have some European countries adopted a common currency? These are just a few of the questions that this
course will help you answer. Furthermore, this course will give you a better understanding of the potential and limits of economic policy. As
a voter, you help choose the policies that guide the allocation of society's resources. When deciding which policies to support, you may find
yourself asking various questions about economics. What are the burdens associated with alternative forms of taxation? What are the
effects of free trade with other countries? How does the government budget deficit affect the economy? These and similar questions are
always on the minds of policy makers.

860-0033-00L Big Data for Public Policy
Only for MSc STP, MSc CIS, PhD students D-GESS and
D-MTEC.  
STP students have priority.

W 3 credits 2G E. Ash, M. Guillot

Abstract This course provides an introduction to big data methods for public policy analysis. Students will put these techniques to work on a course
project using real-world data, to be designed and implemented in consultation with the instructors.

Content Many policy problems involve prediction. For example, a budget office might want to predict the number of applications for benefits
payments next month, based on labor market conditions this month. This course provides a hands-on introduction to the "big data"
techniques for making such predictions. These techniques include:

-- procuring big datasets, especially through web scraping or API interfaces, including social media data;
-- pre-processing and dimension reduction of massive datasets for tractable computation;
-- machine learning for predicting outcomes, including how to select and tune the model, evaluate model performance using held-out test
data, and report results;
-- interpreting machine learning model predictions to understand what is going on inside the black box;
-- data visualization including interactive web apps.

Students will put these techniques to work on a course project using real-world data, to be designed and implemented in consultation with
the instructors.

 Master's Thesis
Number Title Type ECTS Hours Lecturers

857-0021-00L Master's Thesis
Only students who fulfill the following criteria are allowed
to begin with their master thesis:
a. successful completion of the bachelor programme; 
b. fulfilling of any additional requirements necessary to
gain admission to the master programme.

O  26 credits 56D Supervisors
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Abstract The Master Thesis is an independent piece of research on an issue in comparative and international politics. It combines theory, methods,
and empirical work.

Objective The Thesis should demonstrate the students' ability to conduct independent research on the basis of the theoretical and methodological
knowledge acquired during the MA program.

857-0019-00L Master's Thesis Colloquium
Only for Comparative and International Studies MSc.
Permission to begin master thesis is required to register
for the Colloquium.


O  4 credits 3K M. Ares Abalde

Abstract In this colloquium, students enrolled in the MACIS program first present and discuss research design and methods issues concerning their
prospective MA theses. Towards the end of the semester they present preliminary findings from their MA thesis work.

Objective It is the goal of the colloquium to help students with the initial steps of writing their master theses. During the colloquium, they will develop a
relevant research question and hypotheses and select appropriate methods and data.

Comparative and International Studies Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Computational Biology and Bioinformatics Master
More informations at: https://www.cbb.ethz.ch

 Core Courses
Please note that the list of core courses is a closed list. Other courses cannot be added to the core course category in the study plan. Also the
assignments of courses to core subcategories cannot be changed.  
Students need to pass at least one course in each core subcategory. 
A total of 40 ECTS needs to be acquired in the core course category. 

 Bioinformatics
Please note that all Bioinformatics core courses are offered in the autumn semester

 Biophysics
Number Title Type ECTS Hours Lecturers

262-5100-00L Protein Biophysics (University of Zurich)
No enrollment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: BCH304

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W 6 credits 3V+1U University lecturers

Abstract The course includes a general introduction into protein structure and biophysics as well as into the usage of molecular dynamics
simulations and other computational methods, protein structure and X-ray techniques, protein NMR for determining protein structure and
dynamics as well as for folding studies and protein thermodynamics.

Objective A 4 hour/week course on all aspects of protein biophysics. The course includes a general introduction into protein structure and biophysics
as well as into the usage of molecular dynamics simulations and other computational methods, protein structure and X-ray techniques,
protein NMR for determining protein structure and dynamics as well as for folding studies and protein thermodynamics.

Content The lecture course consists of four parts:
1) non-covalent interactions, properties of water and hydrophobic
effect, protein folding and misfolding, molecular dynamics simulations;
2) atomistic simulations of proteins
3) thermodynamics and kinetics of protein folding;
4) single molecule biophysics: single molecule fluorescence
spectroscopy, fluorescence correlation spectroscopy, and applications to
stochastic processes in biology.

151-0980-00L Biofluiddynamics W 4 credits 2V+1U D. Obrist, P. Jenny
Abstract Introduction to the fluid dynamics of the human body and the modeling of physiological flow processes (biomedical fluid dynamics).
Objective A basic understanding of fluid dynamical processes in the human body. Knowledge of the basic concepts of fluid dynamics and the ability

to apply these concepts appropriately.
Content This lecture is an introduction to the fluid dynamics of the human body (biomedical fluid dynamics). For selected topics of human

physiology, we introduce fundamental concepts of fluid dynamics (e.g., creeping flow, incompressible flow, flow in porous media, flow with
particles, fluid-structure interaction) and use them to model physiological flow processes. The list of studied topics includes the
cardiovascular system and related diseases,  blood rheology, microcirculation, respiratory fluid dynamics and fluid dynamics of the inner
ear.

Lecture notes Lecture notes are provided electronically.
Literature A list of books on selected topics of biofluiddynamics can be found on the course web page.

 Biosystems
Number Title Type ECTS Hours Lecturers

636-0016-00L Computational Systems Biology: Stochastic
Approaches

W 4 credits 3G M. H. Khammash, A. Gupta

Abstract This course is concerned with the development of computational methods for modeling, simulation, and analysis of stochasticity in living
cells. Using these tools, the course explores the richness of stochastic phenomena, how it arises from the interactions of dynamics and
noise, and its biological implications.

Objective To understand the origins and implications of stochastic noise in living cells, and to learn the computational tools for the modeling,
simulation, analysis, and identification of stochastic biochemical reaction networks.

Content The cellular environment is abuzz with noise. A key source of this noise is the randomness that characterizes the motion of cellular
constituents at the molecular level. Cellular noise not only results in random fluctuations (over time) within individual cells, but it is also a
main source of phenotypic variability among clonal cell populations. 

Review of basic probability and stochastic processes; Introduction to stochastic gene expression; deterministic vs. stochastic models; the
stochastic chemical kinetics framework; a rigorous derivation of the chemical master equation; moment computations; linear vs. nonlinear
propensities; linear noise approximations; Monte Carlo simulations; Gillespie's Stochastic Simulation Algorithm (SSA) and variants; direct
methods for the solution of the Chemical Master Equation; moment closure methods; intrinsic and extrinsic noise in gene expression;
parameter identification from noise; propagation of noise in cell networks; noise suppression in cells; the role of feedback; exploiting noise;
bimodality and stochastic switches.

Literature Literature will be distributed during the course as needed.
Prerequisites /
notice

Students are expected to have completed the course `Mathematical modeling for systems biology (BSc Biotechnology) or `Computational
systems biology (MSc Computational biology and bioinformatics). Concurrent enrollment in `Computational Systems Biology: Deterministic
Approaches is recommended.

636-0111-00L Synthetic Biology I
Attention: This course was offered in previous semesters
with the number: 636-0002-00L "Synthetic Biology I".
Students that already passed course 636-0002-00L
cannot receive credits for course 636-0111-00L.

W 4 credits 3G S. Panke, J. Stelling

Abstract         Theoretical & practical introduction into the design of dynamic biological systems at different levels of abstraction, ranging from
biological fundamentals of systems design (introduction to bacterial gene regulation, elements of transcriptional & translational control,
advanced genetic engineering) to engineering design principles (standards, abstractions) mathematical modelling & systems desig

Objective         After the course, students will be able to theoretically master the biological and engineering fundamentals required for biological design
to be able to participate in the international iGEM competition (see www.igem.ethz.ch).
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Content         The overall goal of the course is to familiarize the students with the potential, the requirements and the problems of designing dynamic
biological elements that are of central importance for manipulating biological systems, primarily (but not exclusively) prokaryotic systems.
Next, the students will be taken through a number of successful examples of biological design, such as toggle switches, pulse generators,
and oscillating systems, and apply the biological and engineering fundamentals to these examples, so that they get hands-on experience
on how to integrate the various disciplines on their way to designing biological systems.

Lecture notes         Handouts during classes.
Literature         Mark Ptashne, A Genetic Switch (3rd ed), Cold Spring Haror Laboratory Press

Uri Alon, An Introduction to Systems Biology, Chapman & Hall
Prerequisites /
notice

        1) Though we do not place a formal requirement for previous participation in particular courses, we expect all participants to be familiar
with a certain level of biology and of mathematics. Specifically, there will be material for self study available on
https://bsse.ethz.ch/bpl/education/lectures/synthetic-biology-i/download.html as of mid January, and everybody is expected to be fully
familiar with this material BEFORE THE CLASS BEGINS to be able to follow the different lectures. Please contact
sven.panke@bsse.ethz.ch for access to material
2) The course is also thought as a preparation for the participation in the international iGEM synthetic biology summer competition
(www.syntheticbiology.ethz.ch, http://www.igem.org). This competition is also the contents of the course Synthetic Biology II.
https://bsse.ethz.ch/bpl/education/lectures/synthetic-biology-i/download.html

 Data Science
Number Title Type ECTS Hours Lecturers

551-0364-00L Functional Genomics
Information for UZH students:
Enrolment to this course unit only possible at ETH. No
enrolment to module BIO 254 at UZH. 

Please mind the ETH enrolment deadlines for UZH
students: https://www.ethz.ch/en/studies/non-
degree-
courses/special-
students/special-students-university-of-zurich.html

W 3 credits 2V C. von Mering, C. Beyer,
B. Bodenmiller, M. Gstaiger,
H. Rehrauer, R. Schlapbach,
K. Shimizu, N. Zamboni, further
lecturers

Abstract Functional genomics is key to understanding the dynamic aspects of genome function and regulation. Functional genomics approaches
use the wealth of data produced by large-scale DNA sequencing, gene expression profiling, proteomics and metabolomics. Today
functional genomics is becoming increasingly important for the generation and interpretation of quantitative biological data.

Objective Functional genomics is key to understanding the dynamic aspects of genome function and regulation.  Functional genomics approaches
use the wealth of data produced by large-scale DNA sequencing, gene expression profiling, proteomics and metabolomics.  Today
functional genomics is becoming increasingly important for the generation and interpretation of quantitative biological data.  Such data
provide the basis for systems biology efforts to elucidate the structure, dynamics and regulation of cellular networks.

Content The curriculum of the Functional Genomics course emphasizes an in depth understanding of new technology platforms for modern
genomics and advanced genetics, including the application of functional genomics approaches such as advanced sequencing, proteomics,
metabolomics, clustering and classification.  Students will learn quality controls and standards (benchmarking) that apply to the generation
of quantitative data and will be able to analyze and interpret these data. The training obtained in the Functional Genomics course will be
immediately applicable to experimental research and design of systems biology projects.

Prerequisites /
notice

The Functional Genomics course will be taught in English.

636-0702-00L Statistical Models in Computational Biology W 6 credits 2V+1U+2A N. Beerenwinkel
Abstract The course offers an introduction to graphical models and their application to complex biological systems. Graphical models combine a

statistical methodology with efficient algorithms for inference in settings of high dimension and uncertainty. The unifying graphical model
framework is developed and used to examine several classical and topical computational biology methods.

Objective The goal of this course is to establish the common language of graphical models for applications in computational biology and to see this
methodology at work for several real-world data sets.

Content Graphical models are a marriage between probability theory and graph theory. They combine the notion of probabilities with efficient
algorithms for inference among many random variables. Graphical models play an important role in computational biology, because they
explicitly address two features that are inherent to biological systems: complexity and uncertainty. We will develop the basic theory and the
common underlying formalism of graphical models and discuss several computational biology applications. Topics covered include
conditional independence, Bayesian networks, Markov random fields, Gaussian graphical models, EM algorithm, junction tree algorithm,
model selection, Dirichlet process mixture, causality, the pair hidden Markov model for sequence alignment, probabilistic phylogenetic
models, phylo-HMMs, microarray experiments and gene regulatory networks, protein interaction networks, learning from perturbation
experiments, time series data and dynamic Bayesian networks. Some of the biological applications will be explored in small data analysis
problems as part of the exercises.

Lecture notes no
Literature - Airoldi EM (2007) Getting started in probabilistic graphical models. PLoS Comput Biol 3(12): e252. doi:10.1371/journal.pcbi.0030252

- Bishop CM. Pattern Recognition and Machine Learning. Springer, 2007.
- Durbin R, Eddy S, Krogh A, Mitchinson G. Biological Sequence Analysis. Cambridge university Press, 2004

636-0019-00L Data Mining II
Prerequisites: Basic understanding of mathematics, as
taught in basic mathematics courses at the Bachelor`s
level. Ideally, students will have attended Data Mining I
before taking this class.

W 6 credits 3G+2A K. M. Borgwardt

Abstract Data Mining, the search for statistical dependencies in large databases, is of utmost important in modern society, in particular in biological
and medical research. Building on the basic algorithms and concepts of data mining presented in the course "Data Mining I", this course
presents advanced algorithms and concepts from data mining and the state-of-the-art in applications of data mining.

Objective The goal of this course is that the participants gain an advanced understanding of data mining problems and algorithms to solve these
problems, in particular in biological and medical applications, and to enable them to conduct their own research projects in the domain of
data mining.
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Content The goal of the field of data mining is to find patterns and statistical dependencies in large databases, to gain an understanding of the
underlying system from which the data were obtained. In computational biology, data mining contributes to the analysis of vast
experimental data generated by high-throughput technologies, and thereby enables the generation of new hypotheses.
 
In this course, we will present advanced topics in data mining and its applications in computational biology.
 
Tentative list of topics:
 
1.     Dimensionality Reduction
2.     Association Rule Mining
3.     Text Mining
4.     Graph Mining

Lecture notes Course material will be provided in form of slides.
Literature Will be provided during the course.

262-6190-00L Machine Learning W 8 credits 4G external organisers

252-0220-00L Introduction to Machine Learning
Limited number of participants. Preference is given to
students in programmes in which the course is being
offered. All other students will be waitlisted. Please do not
contact Prof. Krause for any questions in this regard. If
necessary, please contact studiensekretariat@inf.ethz.ch 

W 8 credits 4V+2U+1A A. Krause

Abstract The course introduces the foundations of learning and making predictions based on data.
Objective The course will introduce the foundations of learning and making predictions from data. We will study basic concepts such as trading

goodness of fit and model complexitiy. We will discuss important machine learning algorithms used in practice, and provide hands-on
experience in a course project.

Content - Linear regression (overfitting, cross-validation/bootstrap, model selection, regularization, [stochastic] gradient descent)
- Linear classification: Logistic regression (feature selection, sparsity, multi-class)
- Kernels and the kernel trick (Properties of kernels; applications to linear and logistic regression); k-nearest neighbor
- Neural networks (backpropagation, regularization, convolutional neural networks)
- Unsupervised learning (k-means, PCA, neural network autoencoders)
- The statistical perspective (regularization as prior; loss as likelihood; learning as MAP inference)
- Statistical decision theory (decision making based on statistical models and utility functions)
- Discriminative vs. generative modeling (benefits and challenges in modeling joint vy. conditional distributions)
- Bayes' classifiers (Naive Bayes, Gaussian Bayes; MLE)
- Bayesian approaches to unsupervised learning (Gaussian mixtures, EM)

Literature Textbook: Kevin Murphy, Machine Learning: A Probabilistic Perspective, MIT Press
Prerequisites /
notice

Designed to provide a basis for following courses:
- Advanced Machine Learning
- Deep Learning
- Probabilistic Artificial Intelligence 
- Seminar "Advanced Topics in Machine Learning"

636-0101-00L Systems Genomics W 4 credits 3G N. Beerenwinkel, C. Beisel,
S. Reddy

Abstract This lecture course is an introduction to Systems Genomics. It addresses how fundamental questions in biological systems are studied and
how the resulting data is statistically analyzed in order to derive predictive mathematical models. The focus is on viewing biology from a
genomic perspective, which requires high-throughput experimental methods (e.g., RNA-seq, genome-scale screening, single-cell

Objective The goal of this course is to learn how a detailed quantitative description of genome biology can be employed for a better understanding of
molecular and cellular processes and function. Students will learn fundamental questions driving the field of Systems Genomics. They will
also be introduced to traditional and advanced state-of-the-art technologies (e.g., CRISPR-Cas9 screening, droplet-microfluidic
sequencing, cellular genetic barcoding) that are used to obtain quantitative data in Systems Genomics. They will learn how to use these
data to develop mathematical models and efficient statistical inference algorithms to recognize patterns, molecular interrelationships, and
systems behavior. Finally, students will gain a perspective of how Systems Genomics can be used for applied biological sciences (e.g.,
drug discovery and screening, bio-production, cell line engineering, biomarker discovery, and diagnostics).

Content Lectures in Systems Genomics will alternate between lectures on (i) biological questions, experimental technologies, and applications, and
(ii) statistical data analysis and mathematical modeling. Selected complex biological systems and the respective experimental tools for a
quantitative analysis will be presented. Some specific examples are the use of RNA-sequencing to do quantitative gene expression
profiling, CRISPR-Cas9 genome scale screening to identify genes responsible for drug resistance, single-cell measurements to identify
novel cellular phenotypes, and genetic barcoding of cells to dissect development and lineage differentiation. 

Main Topics:
-- Next-generation sequencing
-- Transcriptomics
-- Biological network analysis
-- Functional and perturbation genomics
-- Single-cell biology and analysis
-- Genomic profiling of the immune system
-- Genomic profiling of cancer
-- Evolutionary genomics 
-- Genome-wide association studies

Selected genomics datasets will be analyzed by students in the tutorials using the statistical programming language R and dedicated
Bioconductor packages.

Lecture notes The PowerPoint presentations of the lectures as well as other course material relevant for an active participation will be made available
online.

Literature -- Do K-A, Qin ZS & Vannucci M (2013) Advances in Statistical Bioinformatics: Models and Integrative Inference for High-Throughput Data,
Cambridge University Press
-- Klipp E. et al (2009) Systems Biology, Wiley-Blackwell
-- Alon U (2007) An Introduction to Systems Biology, Chapman & Hall
-- Zvelebil M & Baum JO (2008) Understanding Bioinformatics, Garland Science

 Seminar
Compulsory seminar. 

Number Title Type ECTS Hours Lecturers
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636-0704-00L Computational Biology and Bioinformatics Seminar O 2 credits 2S J. Stelling, D. Iber,
M. H. Khammash, J. Payne,
T. Stadler, C. Uhler

Abstract Computational Biology und Bioinformatik analysieren lebende Systeme mit Methoden der Informatik. Das Seminar kombiniert
Präsentationen von Studierenden und Forschenden, um das sich schnell entwickelnde Gebiet aus der Informatikperspektive zu skizzieren.
Themenbereiche sind Sequenzanalyse, Proteomics, Optimierung und Bio-inspired computing, Systemmodellierung, -simulation und -
analyse.

Objective Studying and presenting fundamental papers of Computational Biology and Bioinformatics. Learning how to make a scientific presentation
and how classical methods are used or further developed in current research.

Content Computational biology and bioinformatics aim at advancing the understanding of living systems through computation. The complexity of
these systems, however, provides challenges for software and algorithms, and often requires entirely novel approaches in computer
science. The aim of the seminar is to give an overview of this rapidly developing field from a computer science perspective. In particular, it
will focus on the areas of (i) DNA sequence analysis, sequence comparison and reconstruction of phylogenetic trees, (ii) protein
identification from experimental data, (iii) optimization and bio-inspired computing, and (iv) systems analysis of complex biological
networks.                                                                                                                     The seminar combines the discussion of selected
research papers with a major impact in their domain by the students with the presentation of current active research projects / open
challenges in computational biology and bioinformatics by the lecturers. Each week, the seminar will focus on a different topic related to
ongoing research projects at ETHZ, thus giving the students the opportunity of obtaining knowledge about the basic research approaches
and problems as well as of gaining insight into (and getting excited about) the latest developments in the field.

Literature Original papers to be presented by the students will be provided in the first week of the seminar.

 Advanced Courses
A total of 30 ECTS needs to be acquired in the Advanced Courses category. Thereof 18 ECTS in the Theory and 12 ECTS in the Biology category. 
Note that some of the lectures are being recorded: https://video.ethz.ch/lectures.html

 Theory
At least 18 ECTS need to be acquired in this category.

Number Title Type ECTS Hours Lecturers

252-0063-00L Data Modelling and Databases W 7 credits 4V+2U C. Zhang
Abstract Data modelling (Entity Relationship), relational data model, relational design theory (normal forms), SQL, database integrity, transactions

and advanced database engines
Objective Introduction to relational databases and data management. Basics of SQL programming and transaction management.
Content The course covers the basic aspects of the design and implementation of databases and information systems. The courses focuses on

relational databases as a starting point but will also cover data management issues beyond databases such as: transactional consistency,
replication, data warehousing, other data models, as well as SQL.

Literature Kemper, Eickler: Datenbanksysteme: Eine Einführung. Oldenbourg Verlag, 7. Auflage, 2009.

Garcia-Molina, Ullman, Widom: Database Systems: The Complete Book. Pearson, 2. Auflage, 2008.

401-0674-00L Numerical Methods for Partial Differential Equations
Not meant for BSc/MSc students of mathematics.

W 10 credits 2G+2U+2P+4A R. Hiptmair

Abstract Derivation, properties, and implementation of fundamental numerical methods for a few key partial differential equations: convection-
diffusion, heat equation, wave equation, conservation laws. Implementation in C++ based on a finite element library.

Objective Main skills to be acquired in this course:
* Ability to implement fundamental numerical methods for the solution of partial differential equations efficiently.
* Ability to modify and adapt numerical algorithms guided by awareness of their mathematical foundations.
* Ability to select and assess numerical methods in light of the predictions of theory
* Ability to identify features of a PDE (= partial differential equation) based model that are relevant for the selection and performance of a
numerical algorithm.
* Ability to understand research publications on theoretical and practical aspects of numerical methods for partial differential equations.
* Skills in the efficient implementation of finite element methods on unstructured meshes.

This course is neither a course on the mathematical foundations and numerical analysis of methods nor an course that merely teaches
recipes and how to apply software packages.
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Content 1 Second-Order Scalar Elliptic Boundary Value Problems
1.2 Equilibrium Models: Examples 
1.3 Sobolev spaces
1.4 Linear Variational Problems
1.5 Equilibrium Models: Boundary Value Problems
1.6 Diffusion Models (Stationary Heat Conduction)
1.7 Boundary Conditions
1.8 Second-Order Elliptic Variational Problems
1.9 Essential and Natural Boundary Conditions
2 Finite Element Methods (FEM)
2.2 Principles of Galerkin Discretization
2.3 Case Study: Linear FEM for Two-Point Boundary Value Problems
2.4 Case Study: Triangular Linear FEM in Two Dimensions
2.5 Building Blocks of General Finite Element Methods
2.6 Lagrangian Finite Element Methods
2.7 Implementation of Finite Element Methods
2.7.1 Mesh Generation and Mesh File Format
2.7.2 Mesh Information and Mesh Data Structures
2.7.2.1 L EHR FEM++ Mesh: Container Layer
2.7.2.2 L EHR FEM++ Mesh: Topology Layer
2.7.2.3 L EHR FEM++ Mesh: Geometry Layer
2.7.3 Vectors and Matrices
2.7.4 Assembly Algorithms
2.7.4.1 Assembly: Localization
2.7.4.2 Assembly: Index Mappings
2.7.4.3 Distribute Assembly Schemes
2.7.4.4 Assembly: Linear Algebra Perspective
2.7.5 Local Computations
2.7.5.1 Analytic Formulas for Entries of Element Matrices
2.7.5.2 Local Quadrature
2.7.6 Treatment of Essential Boundary Conditions
2.8 Parametric Finite Element Methods
3 FEM: Convergence and Accuracy
3.1 Abstract Galerkin Error Estimates
3.2 Empirical (Asymptotic) Convergence of Lagrangian FEM
3.3 A Priori (Asymptotic) Finite Element Error Estimates
3.4 Elliptic Regularity Theory
3.5 Variational Crimes
3.6 FEM: Duality Techniques for Error Estimation
3.7 Discrete Maximum Principle
3.8 Validation and Debugging of Finite Element Codes
4 Beyond FEM: Alternative Discretizations [dropped]
5 Non-Linear Elliptic Boundary Value Problems [dropped]
6 Second-Order Linear Evolution Problems
6.1 Time-Dependent Boundary Value Problems
6.2 Parabolic Initial-Boundary Value Problems
6.3 Linear Wave Equations
7 Convection-Diffusion Problems [dropped]
8 Numerical Methods for Conservation Laws
8.1 Conservation Laws: Examples
8.2 Scalar Conservation Laws in 1D
8.3 Conservative Finite Volume (FV) Discretization
8.4 Timestepping for Finite-Volume Methods
8.5 Higher-Order Conservative Finite-Volume Schemes

Lecture notes The lecture will be taught in flipped classroom format:
- Video tutorials for all thematic units will be published online.
- Tablet notes accompanying the videos will be made available to the audience as PDF.
- A comprehensive lecture document will cover all aspects of the course.

Literature Chapters of the following books provide supplementary reading
(detailed references in course material):

* D. Braess: Finite Elemente,
Theorie, schnelle Löser und Anwendungen in der Elastizitätstheorie, Springer 2007 (available online).
* S. Brenner and R. Scott. Mathematical theory of finite element methods, Springer 2008 (available online).
* A. Ern and J.-L. Guermond. Theory and Practice of Finite Elements, volume 159 of Applied Mathematical Sciences. Springer, New York,
2004.
* Ch. Großmann and H.-G. Roos: Numerical Treatment of Partial Differential Equations, Springer 2007.
* W. Hackbusch. Elliptic Differential Equations. Theory and Numerical Treatment, volume 18 of Springer Series in Computational
Mathematics. Springer, Berlin, 1992.
* P. Knabner and L. Angermann. Numerical Methods for Elliptic and Parabolic Partial Differential Equations, volume 44 of Texts in Applied
Mathematics. Springer, Heidelberg, 2003.
* S. Larsson and V. Thomée. Partial Differential Equations with Numerical Methods, volume 45 of Texts in Applied Mathematics. Springer,
Heidelberg, 2003.
* R. LeVeque. Finite Volume Methods for Hyperbolic Problems. Cambridge Texts in Applied Mathematics. Cambridge University Press,
Cambridge, UK, 2002.

However, study of supplementary literature is not important for for following the course.

Prerequisites /
notice

Mastery of basic calculus and linear algebra is taken for granted.
Familiarity with fundamental numerical methods (solution methods for linear systems of equations, interpolation, approximation, numerical
quadrature, numerical integration of ODEs) is essential.

Important: Coding skills and experience in C++ are essential.

Homework assignments involve substantial coding, partly based on a C++ finite element library. The written examination will be computer
based and will comprise coding tasks.

401-3052-05L Graph Theory W 5 credits 2V+1U B. Sudakov
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Abstract Basic notions, trees, spanning trees, Caley's formula, vertex and edge connectivity, 2-connectivity, Mader's theorem, Menger's theorem,
Eulerian graphs, Hamilton cycles, Dirac's theorem, matchings, theorems of Hall, König and Tutte, planar graphs, Euler's formula, basic
non-planar graphs, graph colorings, greedy colorings, Brooks' theorem, 5-colorings of planar graphs

Objective The students will get an overview over the most fundamental questions concerning graph theory. We expect them to understand the proof
techniques and to use them autonomously on related problems.

Lecture notes Lecture will be only at the blackboard.
Literature West, D.: "Introduction to Graph Theory"

Diestel, R.: "Graph Theory"

Further literature links will be provided in the lecture.

Prerequisites /
notice

Students are expected to have a mathematical background and should be able to write rigorous proofs.


NOTICE: This course unit was previously offered as 252-1408-00L Graphs and Algorithms.

227-1034-00L Computational Vision (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: INI402

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W 6 credits 2V+1U D. Kiper

Abstract This course focuses on neural computations that underlie visual perception. We study how visual signals are processed in the retina, LGN
and visual cortex. We study the morpholgy and functional architecture of cortical circuits responsible for pattern, motion, color, and three-
dimensional vision.

Objective This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Content This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Literature Books: (recommended references, not required)
1. An Introduction to Natural Computation, D. Ballard (Bradford Books, MIT Press) 1997.
2. The Handbook of Brain Theorie and Neural Networks, M. Arbib (editor), (MIT Press) 1995.

227-0558-00L Principles of Distributed Computing W 7 credits 2V+2U+2A R. Wattenhofer, M. Ghaffari
Abstract We study the fundamental issues underlying the design of distributed systems: communication, coordination, fault-tolerance, locality,

parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential algorithmic ideas and lower bound
techniques.

Objective Distributed computing is essential in modern computing and communications systems. Examples are on the one hand large-scale networks
such as the Internet, and on the other hand multiprocessors such as your new multi-core laptop. This course introduces the principles of
distributed computing, emphasizing the fundamental issues underlying the design of distributed systems and networks: communication,
coordination, fault-tolerance, locality, parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential
algorithmic ideas and lower bound techniques, basically the "pearls" of distributed computing. We will cover a fresh topic every week.

Content Distributed computing models and paradigms, e.g. message passing, shared memory, synchronous vs. asynchronous systems, time and
message complexity, peer-to-peer systems, small-world networks, social networks, sorting networks, wireless communication, and self-
organizing systems.

Distributed algorithms, e.g. leader election, coloring, covering, packing, decomposition, spanning trees, mutual exclusion, store and collect,
arrow, ivy, synchronizers, diameter, all-pairs-shortest-path, wake-up, and lower bounds

Lecture notes Available. Our course script is used at dozens of other universities around the world.
Literature Lecture Notes By Roger Wattenhofer. These lecture notes are taught at about a dozen different universities through the world.


Distributed Computing: Fundamentals, Simulations and Advanced Topics
Hagit Attiya, Jennifer Welch.
McGraw-Hill Publishing, 1998, ISBN 0-07-709352 6

Introduction to Algorithms
Thomas Cormen, Charles Leiserson, Ronald Rivest.
The MIT Press, 1998, ISBN 0-262-53091-0 oder 0-262-03141-8

Disseminatin of Information in Communication Networks
Juraj Hromkovic, Ralf Klasing, Andrzej Pelc, Peter Ruzicka, Walter Unger.
Springer-Verlag, Berlin Heidelberg, 2005, ISBN 3-540-00846-2

Introduction to Parallel Algorithms and Architectures: Arrays, Trees, Hypercubes
Frank Thomson Leighton.
Morgan Kaufmann Publishers Inc., San Francisco, CA, 1991, ISBN 1-55860-117-1

Distributed Computing: A Locality-Sensitive Approach
David Peleg.
Society for Industrial and Applied Mathematics (SIAM), 2000, ISBN 0-89871-464-8
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Prerequisites /
notice

Course pre-requisites: Interest in algorithmic problems. (No particular course needed.)

401-3632-00L Computational Statistics W 8 credits 3V+1U M. H. Maathuis
Abstract We discuss modern statistical methods for data analysis, including methods for data exploration, prediction and inference. We pay attention

to algorithmic aspects, theoretical properties and practical considerations. The class is hands-on and methods are applied using the
statistical programming language R.

Objective The student obtains an overview of modern statistical methods for data analysis, including their algorithmic aspects and theoretical
properties. The methods are applied using the statistical programming language R.

Content See the class website
Prerequisites /
notice

At least one semester of (basic) probability and statistics.

Programming experience is helpful but not required.

101-0178-01L Uncertainty Quantification in Engineering W 3 credits 2G S. Marelli
Abstract Uncertainty quantification aims at studying the impact of aleatory and epistemic uncertainty onto computational models used in science and

engineering. The course introduces the basic concepts of uncertainty quantification: probabilistic modelling of data (copula theory),
uncertainty propagation techniques (Monte Carlo simulation, polynomial chaos expansions), and sensitivity analysis.

Objective After this course students will be able to properly pose an uncertainty quantification problem, select the appropriate computational methods
and interpret the results in meaningful statements for field scientists, engineers and decision makers. The course is suitable for any
master/Ph.D. student in engineering or natural sciences, physics, mathematics, computer science with a basic knowledge in probability
theory.

Content The course introduces uncertainty quantification through a set of practical case studies that come from civil, mechanical, nuclear and
electrical engineering, from which a general framework is introduced. The course in then divided into three blocks: probabilistic modelling
(introduction to copula theory), uncertainty propagation (Monte Carlo simulation and polynomial chaos expansions) and sensitivity analysis
(correlation measures, Sobol' indices). Each block contains lectures and tutorials using Matlab and the in-house software UQLab
(www.uqlab.com).

Lecture notes Detailed slides are provided for each lecture. A printed script gathering all the lecture slides may be bought at the beginning of the
semester.

Prerequisites /
notice

A basic background in probability theory and statistics (bachelor level) is required. A summary of useful notions will be handed out at the
beginning of the course.

A good knowledge of Matlab is required to participate in the tutorials and for the mini-project.

252-0526-00L Statistical Learning Theory W 7 credits 3V+2U+1A J. M. Buhmann, C. Cotrini Jimenez
Abstract The course covers advanced methods of statistical learning: 


- Variational methods and optimization.
- Deterministic annealing. 
- Clustering for diverse types of data.
- Model validation by information theory.

Objective The course surveys recent methods of statistical learning. The fundamentals of machine learning, as presented in the courses "Introduction
to Machine Learning" and "Advanced Machine Learning", are expanded from the perspective of statistical learning.

Content - Variational methods and optimization. We consider optimization approaches for problems where the optimizer is a probability distribution.
We will discuss concepts like maximum entropy, information bottleneck, and deterministic annealing.

- Clustering. This is the problem of sorting data into groups without using training samples. We discuss alternative notions of "similarity"
between data points and adequate optimization procedures.

- Model selection and validation. This refers to the question of how complex the chosen model should be. In particular, we present an
information theoretic approach for model validation.

- Statistical physics models. We discuss approaches for approximately optimizing large systems, which originate in statistical physics (free
energy minimization applied to spin glasses and other models). We also study sampling methods based on these models.

Lecture notes A draft of a script will be provided. Lecture slides will be made available.
Literature Hastie, Tibshirani, Friedman: The Elements of Statistical Learning, Springer, 2001.


L. Devroye, L. Gyorfi, and G. Lugosi: A probabilistic theory of pattern recognition. Springer, New York, 1996

Prerequisites /
notice

Knowledge of machine learning (introduction to machine learning and/or advanced machine learning)
Basic knowledge of statistics.

227-0216-00L Control Systems II W 6 credits 4G R. Smith
Abstract Introduction to basic and advanced concepts of modern feedback control.
Objective Introduction to basic and advanced concepts of modern feedback control.
Content This course is designed as a direct continuation of the course "Regelsysteme" (Control Systems). The primary goal is to further familiarize

students with various dynamic phenomena and their implications for the analysis and design of feedback controllers. Simplifying
assumptions on the underlying plant that were made in the course "Regelsysteme" are relaxed, and advanced concepts and techniques
that allow the treatment of typical industrial control problems are presented. Topics include control of systems with multiple inputs and
outputs, control of uncertain systems (robustness issues), limits of achievable performance, and controller implementation issues.

Lecture notes The slides of the lecture are available to download.
Literature Skogestad, Postlethwaite: Multivariable Feedback Control - Analysis and Design. Second Edition. John Wiley, 2005.
Prerequisites /
notice

Prerequisites:
Control Systems or equivalent

151-0566-00L Recursive Estimation W 4 credits 2V+1U R. D'Andrea
Abstract Estimation of the state of a dynamic system based on a model and observations in a computationally efficient way.
Objective Learn the basic recursive estimation methods and their underlying principles.
Content Introduction to state estimation; probability review; Bayes' theorem; Bayesian tracking; extracting estimates from probability distributions;

Kalman filter; extended Kalman filter; particle filter; observer-based control and the separation principle.
Lecture notes Lecture notes available on course website: http://www.idsc.ethz.ch/education/lectures/recursive-estimation.html
Prerequisites /
notice

Requirements: Introductory probability theory and matrix-vector algebra.

401-3642-00L Brownian Motion and Stochastic Calculus W 10 credits 4V+1U W. Werner
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Abstract This course covers some basic objects of stochastic analysis. In particular, the following topics are discussed: construction and properties
of Brownian motion, stochastic integration, Ito's formula and applications, stochastic differential equations and connection with partial
differential equations.

Objective This course covers some basic objects of stochastic analysis. In particular, the following topics are discussed: construction and properties
of Brownian motion, stochastic integration, Ito's formula and applications, stochastic differential equations and connection with partial
differential equations.

Lecture notes Lecture notes will be distributed in class.
Literature - J.-F. Le Gall, Brownian Motion, Martingales, and Stochastic Calculus, Springer (2016).

- I. Karatzas, S. Shreve, Brownian Motion and Stochastic Calculus, Springer (1991).
- D. Revuz, M. Yor, Continuous Martingales and Brownian Motion, Springer (2005).
- L.C.G. Rogers, D. Williams, Diffusions, Markov Processes and Martingales, vol. 1 and 2, Cambridge University Press (2000).
- D.W. Stroock, S.R.S. Varadhan, Multidimensional Diffusion Processes, Springer (2006).

Prerequisites /
notice

Familiarity with measure-theoretic probability as in the standard D-MATH course "Probability Theory" will be assumed. Textbook accounts
can be found for example in 
- J. Jacod, P. Protter, Probability Essentials, Springer (2004).
- R. Durrett, Probability: Theory and Examples, Cambridge University Press (2010).

401-3602-00L Applied Stochastic Processes
Does not take place this semester.

W 8 credits 3V+1U not available

Abstract Poisson processes; renewal processes; Markov chains in discrete and in continuous time; some applications.
Objective Stochastic processes are a way to describe and study the behaviour of systems that evolve in some random way. In this course, the

evolution will be with respect to a scalar parameter interpreted as time, so that we discuss the temporal evolution of the system. We
present several classes of stochastic processes, analyse their properties and behaviour and show by some examples how they can be
used. The main emphasis is on theory; in that sense, "applied" should be understood to mean "applicable".

Literature R. N. Bhattacharya and E. C. Waymire, "Stochastic Processes with Applications", SIAM (2009), available online:
http://epubs.siam.org/doi/book/10.1137/1.9780898718997
R. Durrett, "Essentials of Stochastic Processes", Springer (2012), available online: http://link.springer.com/book/10.1007/978-
1-4614-3615-7/page/1
M. Lefebvre, "Applied Stochastic Processes", Springer (2007), available online: http://link.springer.com/book/10.1007/978-
0-387-48976-6/page/1
S. I. Resnick, "Adventures in Stochastic Processes", Birkhäuser (2005)

Prerequisites /
notice

Prerequisites are familiarity with (measure-theoretic) probability theory as it is treated in the course "Probability Theory" (401-3601-00L).

636-0530-00L High Performance Computing W 4 credits 4G external organisers

262-6220-00L Molecular Dynamics Simulations with Applications in
Soft Matter
Does not take place this semester.

W 3 credits 3V external organisers

262-0200-00L Bayesian Phylodynamics W 4 credits 2G+2A T. Stadler, T. Vaughan
Abstract How fast was Ebola spreading in West Africa? Where and when did the epidemic outbreak start? How can we construct the phylogenetic

tree of great apes, and did gene flow occur between different apes? At the end of the course, students will have designed, performed,
presented, and discussed their own phylodynamic data analysis to answer such questions.

Objective Attendees will extend their knowledge of Bayesian phylodynamics obtained in the “Computational Biology” class (636-0017-00L) and will
learn how to apply this theory to real world data. The main theoretical concepts introduced are:
* Bayesian statistics
* Phylogenetic and phylodynamic models
* Markov Chain Monte Carlo methods
Attendees will apply these concepts to a number of applications yielding biological insight into:
* Epidemiology
* Pathogen evolution
* Macroevolution of species

Content In the first part of the semester, in each week, we will first present the theoretical concepts of Bayesian phylodynamics. The presentation
will be followed by attendees using the software package BEAST v2 to apply these theoretical concepts to empirical data. We use
previously published datasets on e.g. Ebola, Zika, Yellow Fever, Apes, and Penguins for analysis. Examples of these practical tutorials are
available on https://taming-the-beast.org/. 
In the second part of the semester, the students choose an empirical dataset of genetic sequencing data and possibly some non-genetic
metadata. They then design and conduct a research project in which they perform Bayesian phylogenetic analyses of their dataset. The
weekly class is intended to discuss and monitor progress and to address students’ questions very interactively. At the end of the semester,
the students present their research project in an oral presentation. The content of the presentation, the style of the presentation, and the
performance in answering the questions after the presentation will be marked.

Lecture notes Lecture slides will be available on moodle.
Literature The following books provide excellent background material:

•    Drummond, A. & Bouckaert, R. 2015. Bayesian evolutionary analysis with BEAST.
•    Yang, Z. 2014. Molecular Evolution: A Statistical Approach.
•    Felsenstein, J. 2003. Inferring Phylogenies.
The tutorials in this course are based on our Summer School “Taming the BEAST”: https://taming-the-beast.org/

Prerequisites /
notice

This class builds upon the content which we teach in the Computational Biology class (636-0017-00L). Attendees must have either taken
the Computational Biology class or acquired the content elsewhere.

261-5113-00L Computational Challenges in Medical Genomics
Number of participants limited to 20.

W 2 credits 2S A. Kahles, G. Rätsch

Abstract This seminar discusses recent relevant contributions to the fields of computational genomics, algorithmic bioinformatics, statistical genetics
and related areas. Each participant will hold a presentation and lead the subsequent discussion.

Objective Preparing and holding a scientific presentation in front of peers is a central part of working in the scientific domain. In this seminar, the
participants will learn how to efficiently summarize the relevant parts of a scientific publication, critically reflect its contents, and summarize
it for presentation to an audience. The necessary skills to succesfully present the key points of existing research work are the same as
needed to communicate own research ideas. 
In addition to holding a presentation, each student will both contribute to as well as lead a discussion section on the topics presented in the
class.

Content The topics covered in the seminar are related to recent computational challenges that arise from the fields of genomics and biomedicine,
including but not limited to genomic variant interpretation, genomic sequence analysis, compressive genomics tasks, single-cell
approaches, privacy considerations, statistical frameworks, etc.
Both recently  published works contributing novel ideas to the areas mentioned above as well as seminal contributions from the past are
amongst the list of selected papers.
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Prerequisites /
notice

Knowledge of algorithms and data structures and interest in applications in genomics and computational biomedicine.

262-6240-00L Distributed Information Systems
Mutually exclusive courses in the advanced course
category: "Distributed Information Systems" (Uni Basel)
and "Principles of Distributed Compution" (ETH Zürich).

W 4 credits 2V external organisers

252-0834-00L Information Systems for Engineers
Wird ab HS20 nur in Herbstsemester angeboten.

W  4 credits 2V+1U G. Fourny

Abstract This course provides the basics of relational databases from the perspective of the user.

We will discover why tables are so incredibly powerful to express relations, learn the SQL query language, and how to make the most of it.
The course also covers support for data cubes (analytics).

Objective This lesson is complementary with Big Data for Engineers as they cover different time periods of database history and practices -- you can
even take both lectures at the same time.

After visiting this course, you will be capable to:

1. Explain, in the big picture, how a relational database works and what it can do in your own words.

2. Explain the relational data model (tables, rows, attributes, primary keys, foreign keys), formally and informally, including the relational
algebra operators (select, project, rename, all kinds of joins, division, cartesian product, union, intersection, etc).

3. Perform non-trivial reading SQL queries on existing relational databases, as well as insert new data, update and delete existing data.

4. Design new schemas to store data in accordance to the real world's constraints, such as relationship cardinality

5. Explain what bad design is and why it matters.

6. Adapt and improve an existing schema to make it more robust against anomalies, thanks to a very good theoretical knowledge of what is
called "normal forms".

7. Understand how indices work (hash indices, B-trees), how they are implemented, and how to use them to make queries faster.

8. Access an existing relational database from a host language such as Java, using bridges such as JDBC.

9. Explain what data independence is all about and didn't age a bit since the 1970s.

10. Explain, in the big picture, how a relational database is physically implemented.

11. Know and deal with the natural syntax for relational data, CSV.

12. Explain the data cube model including slicing and dicing.

13. Store data cubes in a relational database.

14. Map cube queries to SQL.

15. Slice and dice cubes in a UI.

And of course, you will think that tables are the most wonderful object in the world.

Content Using a relational database
=================
1. Introduction
2. The relational model
3. Data definition with SQL
4. The relational algebra
5. Queries with SQL

Taking a relational database to the next level
=================
6. Database design theory
7. Databases and host languages
8. Databases and host languages
9. Indices and optimization
10. Database architecture and storage

Analytics on top of a relational database
=================
12. Data cubes

Outlook
=================
13. Outlook

Literature - Lecture material (slides).

- Book: "Database Systems: The Complete Book", H. Garcia-Molina, J.D. Ullman, J. Widom
(It is not required to buy the book, as the library has it)

Prerequisites /
notice

For non-CS/DS students only, BSc and MSc
Elementary knowledge of set theory and logics
Knowledge as well as basic experience with a programming language such as Pascal, C, C++, Java, Haskell, Python

636-0022-00L Design of Experiments W 4 credits 3G H.-M. Kaltenbach
Abstract The course introduces 'classical' statistical design of experiments, particularly designs for blocking, full and fractional factorial designs with

confounding, and response surface methods. Topics covered include (restricted) randomization and blocking, sample size and power
calculations, confounding, and basics of analysis-of-variance methods for analysis including random effects and nesting.
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Objective Students will learn about the statistical basics of designing and analyzing experiments with multiple qualitative and/or quantitative variables.
Students will be able to construct designs for efficiently identifying important influence factors in their experiments, use sequential designs
for optimizing experimental conditions, and correctly handle analyses with nested sampling or involving multiple comparisons.

Content The course introduces the basics of statistical design of experiments. We will start by discussing the role of randomization for the validity of
inferences, see how replication (i.e., sample size) affects the precision of estimates that can be made, how we deal with nested replication
(for example, taking several measurements on the same animal), and how we correctly handle multiple comparisons based on the same
data.

We will then discuss how restrictions of randomization lead to blocked designs, which serve to improve precision of comparisons between
experimental conditions. Such designs are also important to avoid confounding of the experimental effect of interest with other effects of no
interest, e.g., to handle batch effects that are common in biological experimentation.

Next, we learn how to design efficient experiments with multiple factors of interest. In contrast to a one-variable-at-a time approach,
factorial designs allow investigation of multiple factors simultaneously, and under some assumptions on the interplay of the factors, we may
even get away with only a fraction of all possible factor combinations while still getting all the information we need.

We then discuss optimizing the combination of factors with respect to some response function, such as optimizing the composition of a
medium solution to achieve maximum growth rate. Response surface methods offer an efficient and systematic way of finding optimal
conditions with low effort through sequential experimentation; they are also common in industrial (engineering) applications.

Throughout the course, we will touch on several additional topics without getting into much detail, such as designs that are 'optimal' for
either inference or prediction, and designs where experimental conditions are nested (e.g., split-plot designs).

The course assumes familiarity with the content of a typical introductory course in statistics: distributions and random variables, estimators
and confidence intervals, hypothesis testing using p-values and false positives/negatives, and basics of linear regression or analysis of
variance. 

Lecture notes Course material will be made available at: http://www.csb.ethz.ch/education/lectures.html
Literature Main text:

Gary W. Oehlert: A first course in design and analysis of experiments, Freeman (http://users.stat.umn.edu/~gary/Book.html)
Additional texts:
D. R. Cox: Planning of Experiments, Wiley
G. Casella: Statistical Design, Springer
H. R. Lindman: Analysis of variance in complex experimental designs, Freeman (now Springer)

252-3900-00L Big Data for Engineers
This course is not intended for Computer Science and
Data Science MSc students! 

W 6 credits 2V+2U+1A G. Fourny

Abstract This course is part of the series of database lectures offered to all ETH departments, together with Information Systems for Engineers. It
introduces the most recent advances in the database field: how do we scale storage and querying to Petabytes of data, with trillions of
records? How do we deal with heterogeneous data sets? How do we deal with alternate data shapes like trees and graphs?

Objective This lesson is complementary with Information Systems for Engineers as they cover different time periods of database history and
practices -- you can even take both lectures at the same time.

The key challenge of the information society is to turn data into information, information into knowledge, knowledge into value. This has
become increasingly complex. Data comes in larger volumes, diverse shapes, from different sources. Data is more heterogeneous and less
structured than forty years ago. Nevertheless, it still needs to be processed fast, with support for complex operations.

This combination of requirements, together with  the technologies that have emerged in order to address them, is typically referred to as
"Big Data." This revolution has led to a completely new way to do business, e.g., develop new products and business models, but also to
do science -- which is sometimes referred to as data-driven science or the "fourth paradigm".

Unfortunately, the quantity of data produced and available -- now in the Zettabyte range (that's 21 zeros) per year -- keeps growing faster
than our ability to process it. Hence, new architectures and approaches for processing it were and are still needed. Harnessing them must
involve a deep understanding of data not only in the large, but also in the small.

The field of databases evolves at a fast pace. In order to be prepared, to the extent possible, to the (r)evolutions that will take place in the
next few decades, the emphasis of the lecture will be on the paradigms and core design ideas, while today's technologies will serve as
supporting illustrations thereof.

After visiting this lecture, you should have gained an overview and understanding of the Big Data landscape, which is the basis on which
one can make informed decisions, i.e., pick and orchestrate the relevant technologies together for addressing each business use case
efficiently and consistently.
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Content This course gives an overview of database technologies and of the most important database design principles that lay the foundations of
the Big Data universe. 

It targets specifically students with a scientific or Engineering, but not Computer Science, background.

We take the monolithic, one-machine relational stack from the 1970s, smash it down and rebuild it on top of large clusters: starting with
distributed storage, and all the way up to syntax, models, validation, processing, indexing, and querying. A broad range of aspects is
covered with a focus on how they fit all together in the big picture of the Big Data ecosystem.

No data is harmed during this course, however, please be psychologically prepared that our data may not always be in normal form.

- physical storage: distributed file systems (HDFS), object storage(S3), key-value stores

- logical storage: document stores (MongoDB), column stores (HBase)

- data formats and syntaxes (XML, JSON, RDF, CSV, YAML, protocol buffers, Avro)

- data shapes and models (tables, trees)

- type systems and schemas: atomic types, structured types (arrays, maps), set-based type systems (?, *, +)

- an overview of functional, declarative programming languages across data shapes (SQL, JSONiq)

- the most important query paradigms (selection, projection, joining, grouping, ordering, windowing)

- paradigms for parallel processing, two-stage (MapReduce) and DAG-based (Spark)

- resource management (YARN)

- what a data center is made of and why it matters (racks, nodes, ...)

- underlying architectures (internal machinery of HDFS, HBase, Spark)

- optimization techniques (functional and declarative paradigms, query plans, rewrites, indexing)

- applications.

Large scale analytics and machine learning are outside of the scope of this course.

Literature Papers from scientific conferences and journals. References will be given as part of the course material during the semester.
Prerequisites /
notice

This course is not intended for Computer Science and Data Science students. Computer Science and Data Science students interested in
Big Data MUST attend the Master's level Big Data lecture, offered in Fall.

Requirements: programming knowledge (Java, C++, Python, PHP, ...) as well as basic knowledge on databases (SQL). If you have already
built your own website with a backend SQL database, this is perfect.

Attendance is especially recommended to those who attended Information Systems for Engineers last Fall, which introduced the "good old
databases of the 1970s" (SQL, tables and cubes). However, this is not a strict requirement, and it is also possible to take the lectures in
reverse order.

261-5120-00L Machine Learning for Health Care
Number of participants limited to 150.


W 5 credits 3P+1A G. Rätsch, J. Vogt, V. Boeva

Abstract The course will review the most relevant methods and applications of Machine Learning in Biomedicine, discuss the main challenges they
present and their current technical problems. 

Objective During the last years, we have observed a rapid growth in the field of Machine Learning (ML), mainly due to improvements in ML
algorithms, the increase of data availability and a reduction in computing costs. This growth is having a profound impact in biomedical
applications, where the great variety of tasks and data types enables us to get benefit of ML algorithms in many different ways. In this
course we will review the most relevant methods and applications of ML in biomedicine, discuss the main challenges they present and their
current technical solutions. 

Content The course will consist of four topic clusters that will cover the most relevant applications of ML in Biomedicine: 
1) Structured time series: Temporal time series of structured data often appear in biomedical datasets, presenting challenges as containing
variables with different periodicities, being conditioned by static data, etc.
2) Medical notes: Vast amount of medical observations are stored in the form of free text, we will analyze stategies for extracting
knowledge from them. 
3) Medical images: Images are a fundamental piece of information in many medical disciplines. We will study how to train ML algorithms
with them. 
4) Genomics data: ML in genomics is still an emerging subfield, but given that genomics data are arguably the most extensive and complex
datasets that can be found in biomedicine, it is expected that many relevant ML applications will arise in the near future. We will review and
discuss current applications and challenges.   

Prerequisites /
notice

Data Structures & Algorithms, Introduction to Machine Learning, Statistics/Probability, Programming in Python, Unix Command Line

Relation to Course 261-5100-00 Computational Biomedicine: This course is a continuation of the previous course with new topics related to
medical data and machine learning. The format of Computational Biomedicine II will also be different. It is helpful but not essential to attend
Computational Biomedicine before attending Computational Biomedicine II.

 Biology
At least 12 ECTS need to be acquired in this category.

Number Title Type ECTS Hours Lecturers

262-5110-00L Protein Crystallography and Electron Microscopy
(University of Zurich)
No enrollment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: BCH630

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae

W 3 credits 3G University lecturers
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Abstract The lecture introduces two methods for the structure determination of

biological macromolecules and cellular components: X-ray crystallography and electron microscopy (EM).
Objective To understand the basic concepts of protein crystallography and electron microscopy in theory and practice.
Content The lecture introduces two methods for the structure determination of

biological macromolecules and cellular components: X-ray crystallography
and electron microscopy (EM). The lecture provides students with the
main concepts of protein structure determination by X-ray
crystallography (protein crystallization, crystal symmetry and
diffraction, data collection, phasing methods, refinement). The second
part of the lecture will deal with electron microscopy. The topics
include Transmission EM, Scanning EM, sample preparation, data
acquisition, 3D reconstruction, aberration, detectors.

551-0314-00L Microbiology (Part II) W 3 credits 2V W.-D. Hardt, L. Eberl, H.-
M. Fischer, J. Piel, J. Vorholt-
Zambelli

Abstract Advanced lecture class providing a broad overview on bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Objective This concept class will be based on common concepts and introduce to the enormous diversity among bacteria and archaea. It will cover

the current research on bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Content Advanced class covering the state of the research in bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Lecture notes Updated handouts will be provided during the class.
Literature Current literature references will be provided during the lectures.
Prerequisites /
notice

English

551-0318-00L Immunology II W 3 credits 2V A. Oxenius, M. Kopf,
S. R. Leibundgut, E. Wetter Slack,
further lecturers

Abstract Introduction into the cellular and molecular basis of the immune system and immune responses against diverse pathogens, tumors,
transplants, and self (autoimmunity)

Objective The lectures will provide a detailed understanding:
- how innate and adaptive immune responses interact at the cellular and molecular level.
- how the immune system recognizes and fights against pathogenic microorganisms including viruses, bacteria, and parasites.
- why lymphocytes tolerate self molecules.
- about function and dysfunction the intestinal immune system.
- immunopathology and inflammatory diseases.

Content The aim of lecture is to understand:
> How pathogens are recognized by the innate immune system
> Immune defense against various pathogens
> Immunology of the skin, lung and intestines
> Tumor immunology
> Migration and homing of immune cells
> tolerance and autoimmunity
> T cell memory

Lecture notes Presentations of the lecturers are available at the Moodle link
Literature Recommended: Kuby Immunology (Freeman)

701-1708-00L Infectious Disease Dynamics W 4 credits 2V S. Bonhoeffer, R. D. Kouyos,
R. R. Regös, T. Stadler

Abstract This course introduces into current research on the population biology of infectious diseases. The course discusses the most important
mathematical tools and their application to relevant diseases of human, natural or managed populations.

Objective Attendees will learn about:
* the impact of important infectious pathogens and their evolution on human, natural and managed populations
* the population biological impact of interventions such as treatment or vaccination
* the impact of population structure on disease transmission

Attendees will learn how:
* the emergence spread of infectious diseases is described mathematically
* the impact of interventions can be predicted and optimized with mathematical models
* population biological models are parameterized from empirical data
* genetic information can be used to infer the population biology of the infectious disease

The course will focus on how the formal methods ("how") can be used to derive biological insights about the host-pathogen system
("about").

Content After an introduction into the history of infectious diseases and epidemiology the course will discuss basic epidemiological models and the
mathematical methods of their analysis. We will then discuss the population dynamical effects of intervention strategies such as vaccination
and treatment. In the second part of the course we will introduce into more advanced topics such as the effect of spatial population
structure, explicit contact structure, host heterogeneity, and stochasticity. In the final part of the course we will introduce basic concepts of
phylogenetic analysis in the context of infectious diseases.

Lecture notes Slides and script of the lecture will be available online.
Literature The course is not based on any of the textbooks below, but they are excellent choices as accompanying material:

* Keeling & Rohani, Modeling Infectious Diseases in Humans and Animals, Princeton Univ Press 2008
* Anderson & May, Infectious Diseases in Humans, Oxford Univ Press 1990
* Murray, Mathematical Biology, Springer 2002/3
* Nowak & May, Virus Dynamics, Oxford Univ Press 2000
* Holmes, The Evolution and Emergence of RNA Viruses, Oxford Univ Press 2009

Prerequisites /
notice

Basic knowledge of population dynamics and population genetics as well as linear algebra and analysis will be an advantage.

551-1404-00L RNA and Proteins: Post-Transcriptional Regulation of
Gene Expression (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: BCH252


W 3 credits 2V University lecturers

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 423 of 1785

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

Abstract The course introduces the cellular processes and molecular mechanisms involved in regulating genome expression at the post-
transcriptional level. 
Topics will include : 
-RNA processing, and transport; 
-protein synthesis and translational control, trafficking and degradation; 
-RNA-guided regulation (RNA interference, microRNAs); 
-molecular surveillance and quality control mechanisms

Objective -Outline the cellular processes
used by eukaryotic and prokaryotic cells
to control gene expression at the post-
transcriptional level.
-Describe the molecular mechanisms
underlying post-transcriptional gene
regulation
-Identify experimental approaches
used to study post-transcriptional gene
regulation and describe their strengths
and weaknesses.

636-0110-00L ImmunoEngineering
Attention: This course was offered in previous semesters
with the number: 636-0010-00L "Biomolecular
Engineering and Immunotechnology". Students that
already passed course 636-0010-00L cannot receive
credits for course 636-0110-00L.

W 4 credits 3V S. Reddy

Abstract Immunoengineering is an emerging area of research that uses technology and engineering principles to understand and manipulate the
immune system. This is a highly interdisciplinary field and thus the instructor will present an integrated view that will include basic
immunology, systems immunology, and synthetic immunology.

Objective The objective of this course is to introduce the students to the basic principles and applications of Immunoengineering. There will be an
emphasis directed towards applications directly relevant in immunotherapy and biotechnology. This course requires prerequisite knowledge
of molecular biology, biochemistry, cell biology, and genetics; these subjects will only be reviewed briefly during the course.

Content Immunoengineering will be divided into three primary sections: i) basic principles in immunology; ii) systems immunology; iii) synthetic
immunology. 

I. Basic principles in immunology will cover the foundational concepts of innate and adaptive immunity. Topics include immunogenetics,
pattern recognition receptors, lymphocyte receptors, humoral and T cell responses. 

II. Systems immunology uses quantitative multiscale measurements and computational biology to describe and understand the complexity
of the immune system. In this section we will cover high-throughput methods that are used to understand and profile immune responses.  

III. Synthetic immunology is based on using methods in molecular and cellular engineering to control immune cell function and behavior. In
this section students will learn about how immune receptors and cells are being engineered for applications such as cancer immunotherapy
and precision and personalized medicine.

Literature Reading material from Janeway's Immunobiology will be distributed, so students do not need to worry about purchasing or obtaining it.
Supporting reading material from research articles will be provided to students.

Prerequisites /
notice

This course requires prerequisite knowledge of molecular biology, biochemistry, cell biology, and genetics; these subjects will only be
reviewed briefly during the course.

636-0518-00L Molecular Medicine II W 2 credits 2V external organisers

636-0514-00L Dynamics and Maintenance of the Genome: DNA
Replication, Repair, Recombination

W 2 credits 2V external organisers

636-0516-00L Transcription, Regulation and Gene Expression in
Eukaryotes

W 2 credits 2V external organisers

636-0536-00L G4: Chromatin and Epigenetics
Does not take place this semester.

W 2 credits 2V external organisers

262-6200-00L Stem Cell Biology W 2 credits 2S external organisers

262-6230-00L Signaling in the Nervous System W 2 credits 2V external organisers

551-0338-00L Current Approaches in Single Cell Analysis
(University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: BIO256

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W 2 credits 1V University lecturers

Abstract In this lecture, we will discuss the most important single cell
approaches, the questions they can address and current developments. We will cover single cell: genomics, transcriptomics, proteomics
(CyTOF mass cytometry), metabolomics and highly multiplexed imaging. Finally, we will also discuss the latest approaches for the analysis
of such generated highly multiplexed single cell data.
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Objective On completion of this module the students should be able to:
- explain the basic principles of single cell analysis techniques
- identify and justify the limitations of the current single cell
technologies and suggest reasonable improvements
- know the basic challenges in data analysis imposed by the complex
multi parameter data.
Key skills:
On completion of this module the students should be able to:
- summarize and discuss the impact these technologies have on biology
and medicine
- design biological and biomedical experiments for which single cell
analysis is essential

Content Currently single cell analysis approaches revolutionize the way we study and understand biological systems. In all biological and
biomedical settings, cell populations and tissues are highly heterogeneous; this heterogeneity plays a critical role in basic biological
processes such as cell cycle, development and organismic function, but is also a major player in disease, e.g. for cancer development,
diagnosis and treatment.
Currently, single cell analysis techniques are rapidly developing and
find broad application, as the single cell measurements not only enable
to study cell specific functions, but often reveal unexpected biological
mechanisms in so far (assumed) well understood biological processes.
In this lecture, we will discuss the most important single cell approaches, the questions they can address and current developments. We
will cover single cell genomics, single cell transcriptomics, single cell proteomics (CyTOF mass cytometry), single cell metabolomics and
highly multiplexed single cell imaging. Finally, we will also discuss the latest approaches for the analysis of such generated highly
multiplexed single cell data.

262-5140-00L Biomedical Imaging and Scientific Visualization
(University of Zurich)
No enrollment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: BIO219

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W 2 credits 2V University lecturers

551-0307-01L Molecular and Structural Biology II: Molecular
Machines and Cellular Assemblies
D-BIOL  students are obliged to take part I and part II as a
two-semester course.

W 3 credits 2V N. Ban, F. Allain, S. Jonas,
M. Pilhofer

Abstract This course on advanced topics in Molecular Biology and Biochemistry will cover the structure and function of cellular assemblies. General
topics in basic biochemistry will be further developed with examples of the function of large cellular machines involved in DNA packaging,
translation, virus architecture, RNA processing, cell-cell interactions, and the molecular basis of CRISPER systems.

Objective Students will gain a deep understanding of large cellular assemblies and the structure-function relationships governing their function in
fundamental cellular processes. The lectures throughout the course will be complemented by exercises and discussions of original
research examples to provide students with a deeper understanding of the subjects and to encourage active student participation.

Content Advanced class covering the state of the research in structural molecular biology of basic cellular processes with emphasis on the function
of large cellular assemblies.

Lecture notes Updated handouts will be provided during the class.
Literature The lecture will be based on the latest literature. Additional suggested

literature:
Branden, C., and J. Tooze, Introduction to Protein Structure, 2nd ed. 
(1995). Garland, New York.

636-0113-00L Genome Engineering
No longer accepting registrations. Course is fully booked. 

W 4 credits 3V R. Platt

Abstract This course is both an introduction to genome engineering and also a highly interactive practical training on effectively reading, writing, and
presenting in an academic context.

Objective The objective of this course is to learn how gene editing technologies function at the molecular and cellular level and how they are applied
in research and clinical settings. Students will be introduced to the history and motivation behind the discovery and development of
transformative genome engineering technologies, and also gain insight into the ethical, safety, and regulatory facets shaping the field. This
content will be explored by critically examining and discussing current literature in the field and devising a technology development plan.

Content The course content is comprised of lectures, discussions, and a project. Lectures in Genome Engineering will be technology-focused and
incorporate: 1) historical context to motivate the need for developing the technology, 2) development of the technology from concept to
robust tool, 3) methods to discover, characterize, and evaluate the technology, and 4) applications of the technology in basic and applied
research. Primary research articles will be assigned each week, which will be followed by an in-class lecture and discussion. The course
project will be team-based and entail devising a solution to a critical need in the field. 

Main topics:
--Discovery and development of genome editing technologies
--The prokaryotic adaptive immune system CRISPR-Cas
--Genome engineering methods for generating genetically engineered model systems
--Genotype-phenotype linkage via genetic screens 
--Massively paralleled perturbation and phenotyping 
--Gene editing tools as molecular recording devices
--Gene editing tools as diagnostics and therapeutics

Lecture notes Made available through the course website.
Literature Assigned each week. Made available through the course website.

 Lab Rotations
Students need to acquire a total of 18 ECTS in this category. 
At least two lab rotations need to be completed in two different research groups.

Either choose Lab Rotation Short 1 (6 ECTS), Lab Rotation Short 2 (6 ECTS) and Lab Rotation Short 3 (6 ECTS)
Or choose Lab Rotation Long 1 (9 ECTS) and Lab Rotation Long 2 (9 ECTS) 
Or choose Lab Rotation Short 1 (6 ECTS) and Industry Internship (12 ECTS)

Number Title Type ECTS Hours Lecturers
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262-0100-00L Lab Rotation Short 1 W  6 credits 13A Lecturers
Abstract Flexible short research project of 4 weeks, completed with a written report.
Objective Students gain an overview of different research areas by applying concepts taught in the core courses and advanced courses.

262-0101-00L Lab Rotation Short 2 W  6 credits 13A Lecturers
Abstract Flexible short research project of 4 weeks, completed with a written report.
Objective Students gain an overview of different research areas by applying concepts taught in the core courses and advanced courses.

262-0102-00L Lab Rotation Short 3 W  6 credits 13A Lecturers
Abstract Flexible short research project of 4 weeks, completed with a written report.
Objective Students gain an overview of different research areas by applying concepts taught in the core courses and advanced courses.

262-0103-00L Lab Rotation Long 1 W  9 credits 19A Lecturers
Abstract Flexible short research project of 6 weeks, completed with a written report.
Objective Students gain an overview of different research areas by applying concepts taught in the core courses and advanced courses.

262-0104-00L Lab Rotation Long 2 W  9 credits 19A Lecturers
Abstract Flexible short research project of 6 weeks, completed with a written report.
Objective Students gain an overview of different research areas by applying concepts taught in the core courses and advanced courses.

262-0105-00L Industry Internship W  12 credits 26A Lecturers
Abstract Industry internship of at least 8 weeks, completed with a written report.
Objective Students gain experience in an industrial environment and an overview of different research areas by applying concepts taught in the core

courses and advanced courses.
Prerequisites /
notice

The students look for a placement themselves.

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
BSSE

see Science in Perspective: Language Courses ETH/UZH

 Master's Thesis
Number Title Type ECTS Hours Lecturers

262-0800-00L Master's Thesis
Students can only start with their master's thesis if:

- The BSc programme has been completed successfully
- Assigned additional requirements for the admission to
the master's programme have been passed
- All credits in the cores course category (40 ECTS) and
lab rotations category (18 ECTS) have been acquired for
the master's programme

O 30 credits 64D Professors

Abstract The Master Thesis is the result of an independent scientific research and/or constructive development project in the chosen area of
specialization.

Objective The Master thesis concludes the Master programme. By writing up the Master thesis, students show their ability to independently produce
a coherent and scientific piece of work.

Content The program concludes with a Master thesis of 6 months duration that includes a written report and an oral presentation. The topic of the
thesis can be chosen according to the student's interests in the field of computational biology & bioinformatics.

 Course Units for Additional Admission Requirements
The courses below are only available for MSc students with additional admission requirements.

Number Title Type ECTS Hours Lecturers

252-0002-AAL Data Structures and Algorithms
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  8 credits 15R F. Friedrich Wicker

Abstract This course is about fundamental algorithm design paradigms (such as induction, divide-and-conquer, backtracking, dynamic
programming), classic algorithmic problems (such as sorting and searching), and data structures (such as lists, hashing, search trees).
Moreover, an introduction to parallel programming is provided. The programming model of C++ will be discussed in some depth.

Objective An understanding of the design and analysis of fundamental algorithms and data structures. Knowledge regarding chances, problems and
limits of parallel and concurrent programming. Deeper insight into a modern programming model by means of the programming language
C++.
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Content Fundamental algorithms and data structures are presented and analyzed. Firstly, this comprises design paradigms for the development of
algorithms such as induction, divide-and-conquer, backtracking and dynamic programming and classical algorithmic problems such as
searching and sorting. Secondly, data structures for different purposes are presented, such as linked lists, hash tables, balanced search
trees, heaps and union-find structures. The relationship and tight coupling between algorithms and data structures is illustrated with
geometric problems and graph algorithms.

In the part about parallel programming, parallel architectures are discussed conceptually (multicore, vectorization, pipelining). Parallel
programming concepts are presented (Amdahl's and Gustavson's laws, task/data parallelism, scheduling). Problems of concurrency are
analyzed (Data races, bad interleavings, memory reordering). Process synchronisation and communication in a shared memory system is
explained (mutual exclusion, semaphores, monitors, condition variables). Progress conditions are analysed (freedom from deadlock,
starvation, lock- and wait-freedom). The concepts are underpinned with examples of concurrent and parallel programs and with parallel
algorithms.

The programming model of C++ is discussed in some depth. The RAII (Resource Allocation is Initialization) principle will be explained.
Exception handling, functors and lambda expression and generic prorgamming with templates are further examples of this part. The
implementation of parallel and concurrent algorithm with C++ is also part of the exercises (e.g. threads, tasks, mutexes, condition variables,
promises and futures).

Literature Cormen, Leiserson, Rivest, and Stein: Introduction to Algorithms, 3rd ed., MIT Press, 2009. ISBN 978-0-262-03384-8 (recommended text)

B. Stroustrup, The C++ Programming Language (4th Edition) Addison-Wesley, 2013.

Maurice Herlihy, Nir Shavit, The Art of Multiprocessor Programming, Elsevier, 2012.

Prerequisites /
notice

Prerequisites:
Lecture Series 252-0856-00L Computer Science or equivalent knowledge in programming with C++.

Please note that this is a self study (virtual) course, which implies that (in the autumn semester) there are no physical lectures or exercise
sessions offered. If you want to attend the real course, please go to 252-0002-00L in the spring semester.

406-0242-AAL Analysis II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  7 credits 15R M. Akveld

Abstract Mathematical tools of an engineer
Objective Mathematics as a tool to solve engineering problems, mathematical formulation of problems in science and engineering. Basic

mathematical knowledge of an engineer
Content Multi variable calculus: gradient, directional derivative, chain rule, Taylor expansion. Multiple integrals: coordinate transformations, path

integrals, integrals over surfaces, divergence theorem, applications in physics.
Literature - James Stewart: Multivariable Calculus, Thomson Brooks/Cole

- William L. Briggs / Lyle Cochran: Calculus: Early Transcendentals: International Edition, Pearson Education (Chapters 10 - 14)

406-0603-AAL Stochastics (Probability and Statistics)
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  4 credits 9R M. Kalisch

Abstract Introduction to basic methods and fundamental concepts of statistics and
probability theory for non-mathematicians. The concepts are presented on
the basis of some descriptive examples. The course will be based on the
book "Statistics for research" by S. Dowdy et.al. and on the
book "Introductory Statistics with R" by P. Dalgaard.

Objective The objective of this course is to build a solid fundament in probability
and statistics. The student should understand some fundamental concepts and
be able to apply these concepts to applications in the real
world. Furthermore, the student should have a basic knowledge of the
statistical programming language "R". The main topics of the course are:
- Introduction to probability
- Common distributions
- Binomialtest
- z-Test, t-Test
- Regression

Content From "Statistics for research":
Ch 1: The Role of Statistics
Ch 2: Populations, Samples, and Probability Distributions
Ch 3: Binomial Distributions
Ch 6: Sampling Distribution of Averages
Ch 7: Normal Distributions
Ch 8: Student's t Distribution
Ch 9: Distributions of Two Variables [Regression]

From "Introductory Statistics with R":
Ch 1: Basics
Ch 2: Probability and distributions
Ch 3: Descriptive statistics and tables
Ch 4: One- and two-sample tests
Ch 5: Regression and correlation
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Literature "Statistics for research" by S. Dowdy et. al. (3rd
edition); Print ISBN: 9780471267355; Online ISBN: 9780471477433; DOI:
10.1002/0471477435; 
From within the ETH, this book is freely available online under:
http://onlinelibrary.wiley.com/book/10.1002/0471477435

"Introductory Statistics with R" by Peter Dalgaard; ISBN
978-0-387-79053-4; DOI: 10.1007/978-0-387-79054-1
From within the ETH, this book is freely available online under:
http://www.springerlink.com/content/m17578/

252-0856-AAL Computer Science
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  4 credits 9R F. Friedrich Wicker, M. Schwerhoff

Abstract The course covers the fundamental concepts of computer programming with a focus on systematic algorithmic problem solving. Taught
language is C++. No programming experience is required.

Objective Primary educational objective is to learn programming with C++. After having successfully attended the course, students have a good
command of the mechanisms to construct a program. They know the fundamental control and data structures and understand how an
algorithmic problem is mapped to a computer program. They have an idea of what happens "behind the scenes" when a program is
translated and executed. Secondary goals are an algorithmic computational thinking, understanding the possibilities and limits of
programming and to impart the way of thinking like a computer scientist.

Content The course covers fundamental data types, expressions and statements, (limits of) computer arithmetic, control statements, functions,
arrays, structural types and pointers. The part on object orientation deals with classes, inheritance and polymorphism; simple dynamic data
types are introduced as examples. In general, the concepts provided in the course are motivated and illustrated with algorithms and
applications.

Lecture notes English lecture notes will be provided during the semester. The lecture notes and the lecture slides will be made available for download on
the course web page. Exercises are solved and submitted online.

Literature Bjarne Stroustrup: Einführung in die Programmierung mit C++, Pearson Studium, 2010
Stephen Prata, C++ Primer Plus, Sixth Edition, Addison Wesley, 2012
Andrew Koenig and Barbara E. Moo: Accelerated C++, Addison-Wesley, 2000

Prerequisites /
notice

This virtual self-study course is also offered physically in the autumn semester. We recommend to visit the classes of the course 252-
0856-00L (or that of the equivalent course 252-0847-00L). While the classes are only offered in German, there are English spoken
Exercises. All exercises and exams are offered bilingual (German and English).

636-1005-AAL Bio V: Bioinformatics
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E- 5 credits 7R N. Beerenwinkel

Literature Pevsner J, Bioinformatics and Functional Genomics, 3rd edition, 2015, chapters 1–7

Computational Biology and Bioinformatics Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Cyber Security Master
 Field of Specialization

 Core Courses
Number Title Type ECTS Hours Lecturers

263-4660-00L Applied Cryptography
Number of participants limited to 150.

W 8 credits 3V+2U+2P K. Paterson

Abstract This course will introduce the basic primitives of cryptography, using rigorous syntax and game-based security definitions. The course will
show how these primitives can be combined to build cryptographic protocols and systems.

Objective The goal of the course is to put students' understanding of cryptography on sound foundations, to enable them to start to build well-
designed cryptographic systems, and to expose them to some of the pitfalls that arise when doing so.

Content Basic symmetric primitives (block ciphers, modes, hash functions); generic composition; AEAD; basic secure channels; basic public key
primitives (encryption,signature, DH key exchange); ECC; randomness; applications.

Literature Textbook: Boneh and Shoup, “A Graduate Course in Applied Cryptography”,
https://crypto.stanford.edu/~dabo/cryptobook/BonehShoup_0_4.pdf.

Prerequisites /
notice

Ideally, students will have taken the D-INFK Bachelors course “Information Security" or an equivalent course at Bachelors level.

 Electives
Number Title Type ECTS Hours Lecturers

252-0408-00L Cryptographic Protocols W 6 credits 2V+2U+1A M. Hirt, U. Maurer
Abstract The course presents a selection of hot research topics in cryptography. The choice of topics varies and may include provable security,

interactive proofs, zero-knowledge protocols, secret sharing, secure multi-party computation, e-voting, etc.
Objective Indroduction to a very active research area with many gems and paradoxical

results. Spark interest in fundamental problems.
Content The course presents a selection of hot research topics in cryptography. The choice of topics varies and may include provable security,

interactive proofs, zero-knowledge protocols, secret sharing, secure multi-party computation, e-voting, etc.
Lecture notes the lecture notes are in German, but they are not required as the entire

course material is documented also in other course material (in english).
Prerequisites /
notice

A basic understanding of fundamental cryptographic concepts 
(as taught for example in the course Information Security or
in the course Cryptography Foundations) is useful, but not required.

263-2925-00L Program Analysis for System Security and Reliability W 6 credits 2V+1U+2A P. Tsankov
Abstract Security issues in modern systems (blockchains, datacenters, AI) result in billions of losses due to hacks. This course introduces the

security issues in modern systems and state-of-the-art automated techniques for building secure and reliable systems. The course has a
practical focus and covers systems built by successful ETH spin-offs.


Objective * Learn about security issues in modern systems -- blockchains, smart contracts, AI-based systems (e.g., autonomous cars), data centers -
- and why they are challenging to address.

* Understand how the latest automated analysis techniques work, both discrete and probabilistic.

* Understand how these techniques combine with machine-learning methods, both supervised and unsupervised.

* Understand how to use these methods to build reliable and secure modern systems.

* Learn about new open problems that if solved can lead to research and commercial impact.

Content Part I: Security of Blockchains

- We will cover existing blockchains (e.g., Ethereum, Bitcoin), how they work, what the core security issues are, and how these have led to
massive financial losses.
- We will show how to extract useful information about smart contracts and transactions using interactive analysis frameworks for querying
blockchains (e.g. Google's Ethereum BigQuery).
- We will discuss the state-of-the-art security tools (e.g., https://securify.ch) for ensuring that smart contracts are free of security
vulnerabilities.
- We will study the latest automated reasoning systems (e.g., https://verx.ch) for checking custom (temporal) properties of smart contracts
and illustrate their operation on real-world use cases.
- We will study the underlying methods for automated reasoning and testing (e.g., abstract interpretation, symbolic execution, fuzzing) are
used to build such tools.


Part II: Security of Datacenters and Networks

- We will show how to ensure that datacenters and ISPs are secured using declarative reasoning methods (e.g., Datalog). We will also see
how to automatically synthesize secure configurations (e.g. using SyNET and NetComplete) which lead to desirable behaviors, thus
automating the job of the network operator and avoiding critical errors.
- We will discuss how to apply modern discrete probabilistic inference (e.g., PSI and Bayonet) so to reason about probabilistic network
properties (e.g., the probability of a packet reaching a destination if links fail).


Part III: Machine Learning for Security

- We will discuss how machine learning models for structured prediction are used to address security tasks, including de-obfuscation of
binaries (Debin: https://debin.ai), Android APKs (DeGuard: http://apk-deguard.com) and JavaScript (JSNice: http://jsnice.org).
- We will study to leverage program abstractions in combination with clustering techniques to learn security rules for cryptography APIs
from large codebases.
- We will study how to automatically learn to identify security vulnerabilities related to the handling of untrusted inputs (cross-Site scripting,
SQL injection, path traversal, remote code execution) from large codebases.


To gain a deeper understanding, the course will involve a hands-on programming project where the methods studied in the class will be
applied.
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263-4600-00L Formal Methods for Information Security W  5 credits 2V+1U+1A R. Sasse, C. Sprenger
Abstract The course focuses on formal methods for the modelling and analysis of security protocols for critical systems, ranging from authentication

protocols for network security to electronic voting protocols and online banking.
Objective The students will learn the key ideas and theoretical foundations of formal modelling and analysis of security protocols. The students will

complement their theoretical knowledge by solving practical exercises, completing a small project, and using state-of-the-art tools.
Content The course treats formal methods mainly for the modelling and analysis of security protocols. Cryptographic protocols (such as SSL/TLS,

SSH, Kerberos, SAML single-sign on, and IPSec) form the basis for secure communication and business processes. Numerous attacks on
published protocols show that the design of cryptographic protocols is extremely error-prone. A rigorous analysis of these protocols is
therefore indispensable, and manual analysis is insufficient. The lectures cover the theoretical basis for the (tool-supported) formal
modeling and analysis of such protocols. Specifically, we discuss their operational semantics, the formalization of security properties, and
techniques and algorithms for their verification.

In addition to the classical security properties for confidentiality and authentication, we will study strong secrecy and privacy properties. We
will discuss electronic voting protocols, and RFID protocols (a staple of the Internet of Things), where these properties are central. The
accompanying tutorials provide an opportunity to apply the theory and tools to concrete protocols. Moreover, we will discuss methods to
abstract and refine security protocols and the link between symbolic protocol models and cryptographic models. 

Furthermore, we will also present a security notion for general systems based on non-interference as well as language-based information
flow security where non-interference is enforced via a type system.

263-4656-00L Digital Signatures W 4 credits 2V+1A D. Hofheinz
Abstract Digital signatures as one central cryptographic building block. Different security goals and security definitions for digital signatures, followed

by a variety of popular and fundamental signature schemes with their security analyses. 
Objective The student knows a variety of techniques to construct and analyze the security of digital signature schemes. This includes modularity as a

central tool of constructing secure schemes, and reductions as a central tool to proving the security of schemes.
Content We will start with several definitions of security for signature schemes, and investigate the relations among them. We will proceed to

generic (but inefficient) constructions of secure signatures, and then move on to a number of efficient schemes based on concrete
computational hardness assumptions. On the way, we will get to know paradigms such as hash-then-sign, one-time signatures, and
chameleon hashing as central tools to construct secure signatures.

Literature Jonathan Katz, "Digital Signatures."
Prerequisites /
notice

Ideally, students will have taken the D-INFK Bachelors course "Information Security" or an equivalent course at Bachelors level.

 Seminar
Number Title Type ECTS Hours Lecturers

263-4651-00L Current Topics in Cryptography
Number of participants limited to 24.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S D. Hofheinz, U. Maurer,
K. Paterson

Abstract In this seminar course, students present and discuss a variety of recent research papers in Cryptography.
Objective Independent study of scientific literature and assessment of its contributions as well as learning and practicing presentation techniques.
Content The course lecturers will provide a list of papers from which students will select.
Literature The reading list will be published on the course website.
Prerequisites /
notice

Ideally, students will have taken the D-INFK Bachelors course “Information Security" or an equivalent course at Bachelors level. Ideally,
they will have attended or will attend in parallel the Masters course in "Applied Cryptography”.

 Semester Project
Number Title Type ECTS Hours Lecturers

260-0100-00L Semester Project
Only for Cyber Security MSc

W 12 credits 26A Professors

Abstract The Semester Project provides students with the opportunity to apply acquired knowledge and skills. 
Objective The students can gain hand-on experience by solving independently a technical-scientific problem.
Prerequisites /
notice

Prerequisites: At least one core course in Cyber Security and one inter focus course must have been completed successfully.

 Minor
 Computational Science

 Core Courses
Number Title Type ECTS Hours Lecturers

401-3632-00L Computational Statistics W 8 credits 3V+1U M. H. Maathuis
Abstract We discuss modern statistical methods for data analysis, including methods for data exploration, prediction and inference. We pay attention

to algorithmic aspects, theoretical properties and practical considerations. The class is hands-on and methods are applied using the
statistical programming language R.

Objective The student obtains an overview of modern statistical methods for data analysis, including their algorithmic aspects and theoretical
properties. The methods are applied using the statistical programming language R.

Content See the class website
Prerequisites /
notice

At least one semester of (basic) probability and statistics.

Programming experience is helpful but not required.

 Electives
Number Title Type ECTS Hours Lecturers

252-0526-00L Statistical Learning Theory W 7 credits 3V+2U+1A J. M. Buhmann, C. Cotrini Jimenez
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Abstract The course covers advanced methods of statistical learning: 

- Variational methods and optimization.
- Deterministic annealing. 
- Clustering for diverse types of data.
- Model validation by information theory.

Objective The course surveys recent methods of statistical learning. The fundamentals of machine learning, as presented in the courses "Introduction
to Machine Learning" and "Advanced Machine Learning", are expanded from the perspective of statistical learning.

Content - Variational methods and optimization. We consider optimization approaches for problems where the optimizer is a probability distribution.
We will discuss concepts like maximum entropy, information bottleneck, and deterministic annealing.

- Clustering. This is the problem of sorting data into groups without using training samples. We discuss alternative notions of "similarity"
between data points and adequate optimization procedures.

- Model selection and validation. This refers to the question of how complex the chosen model should be. In particular, we present an
information theoretic approach for model validation.

- Statistical physics models. We discuss approaches for approximately optimizing large systems, which originate in statistical physics (free
energy minimization applied to spin glasses and other models). We also study sampling methods based on these models.

Lecture notes A draft of a script will be provided. Lecture slides will be made available.
Literature Hastie, Tibshirani, Friedman: The Elements of Statistical Learning, Springer, 2001.


L. Devroye, L. Gyorfi, and G. Lugosi: A probabilistic theory of pattern recognition. Springer, New York, 1996

Prerequisites /
notice

Knowledge of machine learning (introduction to machine learning and/or advanced machine learning)
Basic knowledge of statistics.

261-5120-00L Machine Learning for Health Care
Number of participants limited to 150.


W 5 credits 3P+1A G. Rätsch, J. Vogt, V. Boeva

Abstract The course will review the most relevant methods and applications of Machine Learning in Biomedicine, discuss the main challenges they
present and their current technical problems. 

Objective During the last years, we have observed a rapid growth in the field of Machine Learning (ML), mainly due to improvements in ML
algorithms, the increase of data availability and a reduction in computing costs. This growth is having a profound impact in biomedical
applications, where the great variety of tasks and data types enables us to get benefit of ML algorithms in many different ways. In this
course we will review the most relevant methods and applications of ML in biomedicine, discuss the main challenges they present and their
current technical solutions. 

Content The course will consist of four topic clusters that will cover the most relevant applications of ML in Biomedicine: 
1) Structured time series: Temporal time series of structured data often appear in biomedical datasets, presenting challenges as containing
variables with different periodicities, being conditioned by static data, etc.
2) Medical notes: Vast amount of medical observations are stored in the form of free text, we will analyze stategies for extracting
knowledge from them. 
3) Medical images: Images are a fundamental piece of information in many medical disciplines. We will study how to train ML algorithms
with them. 
4) Genomics data: ML in genomics is still an emerging subfield, but given that genomics data are arguably the most extensive and complex
datasets that can be found in biomedicine, it is expected that many relevant ML applications will arise in the near future. We will review and
discuss current applications and challenges.   

Prerequisites /
notice

Data Structures & Algorithms, Introduction to Machine Learning, Statistics/Probability, Programming in Python, Unix Command Line

Relation to Course 261-5100-00 Computational Biomedicine: This course is a continuation of the previous course with new topics related to
medical data and machine learning. The format of Computational Biomedicine II will also be different. It is helpful but not essential to attend
Computational Biomedicine before attending Computational Biomedicine II.

263-5300-00L Guarantees for Machine Learning W 5 credits 2V+2A F. Yang
Abstract This course teaches classical and recent methods in statistics and optimization commonly used to prove theoretical guarantees for

machine learning algorithms. The knowledge is then applied in project work that focuses on understanding phenomena in modern machine
learning.

Objective This course is aimed at advanced master and doctorate students who want to understand and/or conduct independent research on theory
for modern machine learning. For this purpose, students will learn common mathematical techniques from statistical learning theory. In
independent project work, they then apply their knowledge and go through the process of critically questioning recently published work,
finding relevant research questions and learning how to effectively present research ideas to a professional audience.

Content This course teaches some classical and recent methods in statistical learning theory aimed at proving theoretical guarantees for machine
learning algorithms, including topics in

- concentration bounds, uniform convergence
- high-dimensional statistics (e.g. Lasso)
- prediction error bounds for non-parametric statistics (e.g. in kernel spaces)
- minimax lower bounds
- regularization via optimization

The project work focuses on active theoretical ML research that aims to understand modern phenomena in machine learning, including but
not limited to

- how overparameterization could help generalization ( interpolating models, linearized NN )
- how overparameterization could help optimization ( non-convex optimization, loss landscape )
- complexity measures and approximation theoretic properties of randomly initialized and
trained NN
- generalization of robust learning ( adversarial robustness, standard and robust error tradeoff )
- prediction with calibrated confidence ( conformal prediction, calibration )

Prerequisites /
notice

It’s absolutely necessary for students to have a strong mathematical background (basic real analysis, probability theory, linear algebra) and
good knowledge of core concepts in machine learning taught in courses such as “Introduction to Machine Learning”, “Regression”/
“Statistical Modelling”. It's also helpful to have heard an optimization course or approximation theoretic course. In addition to these
prerequisites, this class requires a certain degree of mathematical maturity—including abstract thinking and the ability to understand and
write proofs.

 Distributed Systems
 Core Courses
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Number Title Type ECTS Hours Lecturers

227-0558-00L Principles of Distributed Computing W 7 credits 2V+2U+2A R. Wattenhofer, M. Ghaffari
Abstract We study the fundamental issues underlying the design of distributed systems: communication, coordination, fault-tolerance, locality,

parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential algorithmic ideas and lower bound
techniques.

Objective Distributed computing is essential in modern computing and communications systems. Examples are on the one hand large-scale networks
such as the Internet, and on the other hand multiprocessors such as your new multi-core laptop. This course introduces the principles of
distributed computing, emphasizing the fundamental issues underlying the design of distributed systems and networks: communication,
coordination, fault-tolerance, locality, parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential
algorithmic ideas and lower bound techniques, basically the "pearls" of distributed computing. We will cover a fresh topic every week.

Content Distributed computing models and paradigms, e.g. message passing, shared memory, synchronous vs. asynchronous systems, time and
message complexity, peer-to-peer systems, small-world networks, social networks, sorting networks, wireless communication, and self-
organizing systems.

Distributed algorithms, e.g. leader election, coloring, covering, packing, decomposition, spanning trees, mutual exclusion, store and collect,
arrow, ivy, synchronizers, diameter, all-pairs-shortest-path, wake-up, and lower bounds

Lecture notes Available. Our course script is used at dozens of other universities around the world.
Literature Lecture Notes By Roger Wattenhofer. These lecture notes are taught at about a dozen different universities through the world.


Distributed Computing: Fundamentals, Simulations and Advanced Topics
Hagit Attiya, Jennifer Welch.
McGraw-Hill Publishing, 1998, ISBN 0-07-709352 6

Introduction to Algorithms
Thomas Cormen, Charles Leiserson, Ronald Rivest.
The MIT Press, 1998, ISBN 0-262-53091-0 oder 0-262-03141-8

Disseminatin of Information in Communication Networks
Juraj Hromkovic, Ralf Klasing, Andrzej Pelc, Peter Ruzicka, Walter Unger.
Springer-Verlag, Berlin Heidelberg, 2005, ISBN 3-540-00846-2

Introduction to Parallel Algorithms and Architectures: Arrays, Trees, Hypercubes
Frank Thomson Leighton.
Morgan Kaufmann Publishers Inc., San Francisco, CA, 1991, ISBN 1-55860-117-1

Distributed Computing: A Locality-Sensitive Approach
David Peleg.
Society for Industrial and Applied Mathematics (SIAM), 2000, ISBN 0-89871-464-8

Prerequisites /
notice

Course pre-requisites: Interest in algorithmic problems. (No particular course needed.)

263-3800-00L Advanced Operating Systems W 7 credits 2V+2U+2A D. Cock, T. Roscoe
Abstract This course is intended to give students a thorough understanding of design and implementation issues for modern operating systems, with

a particular emphasis on the challenges of modern hardware features. We will cover key design issues in implementing an operating
system, such as memory management, scheduling, protection, inter-process communication, device drivers, and file systems.

Objective The goals of the course are, firstly, to give students:

1. A broader perspective on OS design than that provided by knowledge of Unix or Windows, building on the material in a standard
undergraduate operating systems class

2. Practical experience in dealing directly with the concurrency, resource management, and abstraction problems confronting OS designers
and implementers

3. A glimpse into future directions for the evolution of OS and computer hardware design

Content The course is based on practical implementation work, in C and assembly language, and requires solid knowledge of both.  The work is
mostly carried out in teams of 3-4, using real hardware, and is a mixture of team milestones and individual projects which fit together into a
complete system at the end.  Emphasis is also placed on a final report which details the complete finished artifact, evaluates its
performance, and discusses the choices the team made while building it.

Prerequisites /
notice

The course is based around a milestone-oriented project, where students work in small groups to implement major components of a
microkernel-based operating system. The final assessment will be a combination grades awarded for milestones during the course of the
project, a final written report on the work, and a set of test cases run on the final code.

 Elective Courses
Number Title Type ECTS Hours Lecturers

252-0312-00L Ubiquitous Computing W 4 credits 2V+1A C. Holz, F. Mattern, S. Mayer
Abstract Unlike desktop computing, ubiquitous computing occurs anytime and everywhere, using any device, in any location, and in any format.

Computers exist in different forms, from watches and phones to refrigerators or pairs of glasses. 
Main topics: Smart environments, IoT, mobiles & wearables, context & location, sensing & tracking, computer vision on embedded
systems, health monitoring, fabrication.

Objective Unlike desktop computing, ubiquitous computing occurs anytime and everywhere, using any device, in any location, and in any format.
Computers exist in different forms, from watches and phones to refrigerators or pairs of glasses. 
Main topics: Smart environments, IoT, mobiles & wearables, context & location, sensing & tracking, computer vision on embedded
systems, health monitoring, fabrication.

Lecture notes Copies of slides will be made available
Literature Will be provided in the lecture. To put you in the mood:

Mark Weiser: The Computer for the 21st Century. Scientific American, September 1991, pp. 94-104

252-0437-00L Distributed Algorithms W 5 credits 3V+1A F. Mattern
Abstract Models of distributed computations, time space diagrams, virtual time, logical clocks and causality, wave algorithms, parallel and distributed

graph traversal, consistent snapshots, mutual exclusion, election and symmetry breaking, distributed termination detection, garbage
collection in distributed systems, monitoring distributed systems, global predicates.

Objective Become acquainted with models and algorithms for distributed systems.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 432 of 1785

Content Verteilte Algorithmen sind Verfahren, die dadurch charakterisiert sind, dass mehrere autonome Prozesse gleichzeitig Teile eines
gemeinsamen Problems in kooperativer Weise bearbeiten und der dabei erforderliche Informationsaustausch ausschliesslich über
Nachrichten erfolgt. Derartige Algorithmen kommen im Rahmen verteilter Systeme zum Einsatz, bei denen kein gemeinsamer Speicher
existiert und die Übertragungszeit von Nachrichten i.a. nicht vernachlässigt werden kann. Da dabei kein Prozess eine aktuelle konsistente
Sicht des globalen Zustands besitzt, führt dies zu interessanten Problemen.
Im einzelnen werden u.a. folgende Themen behandelt: 
Modelle verteilter Berechnungen; Raum-Zeit Diagramme; Virtuelle Zeit; Logische Uhren und Kausalität; Wellenalgorithmen; Verteilte und
parallele Graphtraversierung; Berechnung konsistenter Schnappschüsse; Wechselseitiger Ausschluss; Election und Symmetriebrechung;
Verteilte Terminierung; Garbage-Collection in verteilten Systemen; Beobachten verteilter Systeme; Berechnung globaler Prädikate.

Literature - F. Mattern: Verteilte Basisalgorithmen, Springer-Verlag
- G. Tel: Topics in Distributed Algorithms, Cambridge University Press
- G. Tel: Introduction to Distributed Algorithms, Cambridge University Press, 2nd edition
- A.D. Kshemkalyani, M. Singhal: Distributed Computing, Cambridge University Press
- N. Lynch: Distributed Algorithms, Morgan Kaufmann Publ

252-0817-00L Distributed Systems Laboratory
In the Master Programme max. 10 credits can be
accounted by Labs
on top of the Interfocus Courses. Additional Labs will be
listed on the Addendum.

W 10 credits 9P G. Alonso, T. Hoefler, F. Mattern,
A. Singla, R. Wattenhofer,
C. Zhang

Abstract This course involves the participation in a substantial development and/or evaluation project involving distributed systems technology.
There are projects available in a wide range of areas: from web services to ubiquitous computing including as well wireless networks, ad-
hoc networks, and distributed application on mobile phones.

Objective Students acquire practical knowledge about technologies from the area of distributed systems.
Content This course involves the participation in a substantial development and/or evaluation project involving distributed systems technology.

There are projects available in a wide range of areas: from web services to ubiquitous computing including as well wireless networks, ad-
hoc networks, and distributed application on mobile phones. The objecte of the project is for the students to gain hands-on-experience with
real products and the latest technology in distributed systems. There is no lecture associated to the course.
For information of the course or projects available, please contact Prof. Mattern, Prof. Wattenhofer, Prof. Roscoe or Prof. G. Alonso.

263-3710-00L Machine Perception
Number of participants limited to 200.

W 5 credits 2V+1U+1A O. Hilliges

Abstract Recent developments in neural networks (aka “deep learning”) have drastically advanced the performance of machine perception systems
in a variety of areas including computer vision, robotics,  and intelligent UIs. This course is a deep dive into deep learning algorithms and
architectures with applications to a variety of perceptual tasks.

Objective Students will learn about fundamental aspects of modern deep learning approaches for perception. Students will learn to implement, train
and debug their own neural networks and gain a detailed understanding of cutting-edge research in learning-based computer vision,
robotics and HCI. The final project assignment will involve training a complex neural network architecture and applying it on a real-world
dataset of human activity.

The core competency acquired through this course is a solid foundation in deep-learning algorithms to process and interpret human input
into computing systems. In particular, students should be able to develop systems that deal with the problem of recognizing people in
images, detecting and describing body parts, inferring their spatial configuration, performing action/gesture recognition from still images or
image sequences, also considering multi-modal data, among others.

Content We will focus on teaching: how to set up the problem of machine perception, the learning algorithms, network architectures and advanced
deep learning concepts in particular probabilistic deep learning models 

The course covers the following main areas:
    I) Foundations of deep-learning.
    II) Probabilistic deep-learning for generative modelling of data (latent variable models, generative adversarial networks and auto-
regressive models). 
    III) Deep learning in computer vision, human-computer interaction and robotics.   

Specific topics include: 
    I) Deep learning basics:
        a) Neural Networks and training (i.e., backpropagation)
        b) Feedforward Networks
        c) Timeseries modelling (RNN, GRU, LSTM)
        d) Convolutional Neural Networks for classification
    II) Probabilistic Deep Learning:
        a) Latent variable models (VAEs)
        b) Generative adversarial networks (GANs)
        c) Autoregressive models (PixelCNN, PixelRNN, TCNs)
    III) Deep Learning techniques for machine perception:
        a) Fully Convolutional architectures for dense per-pixel tasks (i.e., instance segmentation)
        b) Pose estimation and other tasks involving human activity
                c) Deep reinforcement learning 
    IV) Case studies from research in computer vision, HCI, robotics and signal processing

Literature Deep Learning
Book by Ian Goodfellow and Yoshua Bengio

Prerequisites /
notice

This is an advanced grad-level course that requires a background in machine learning. Students are expected to have a solid mathematical
foundation, in particular in linear algebra, multivariate calculus, and probability. The course will focus on state-of-the-art research in deep-
learning and will not repeat basics of machine learning

Please take note of the following conditions:
    1) The number of participants is limited to 200 students (MSc and PhDs).
    2) Students must have taken the exam in Machine Learning (252-0535-00) or have acquired equivalent knowledge
    3) All practical exercises will require basic knowledge of Python and will use libraries such as TensorFlow, scikit-learn and scikit-image.
We will provide introductions to TensorFlow and other libraries that are needed but will not provide introductions to basic programming or
Python. 

The following courses are strongly recommended as prerequisite:
 * "Visual Computing" or "Computer Vision" 
 
The course will be assessed by a final written examination in English. No course materials or electronic devices can be used during the
examination. Note that the examination will be based on the contents of the lectures, the associated reading materials and the exercises.
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 Information Systems
 Core Courses

Number Title Type ECTS Hours Lecturers

263-2925-00L Program Analysis for System Security and Reliability W 6 credits 2V+1U+2A P. Tsankov
Abstract Security issues in modern systems (blockchains, datacenters, AI) result in billions of losses due to hacks. This course introduces the

security issues in modern systems and state-of-the-art automated techniques for building secure and reliable systems. The course has a
practical focus and covers systems built by successful ETH spin-offs.


Objective * Learn about security issues in modern systems -- blockchains, smart contracts, AI-based systems (e.g., autonomous cars), data centers -
- and why they are challenging to address.

* Understand how the latest automated analysis techniques work, both discrete and probabilistic.

* Understand how these techniques combine with machine-learning methods, both supervised and unsupervised.

* Understand how to use these methods to build reliable and secure modern systems.

* Learn about new open problems that if solved can lead to research and commercial impact.

Content Part I: Security of Blockchains

- We will cover existing blockchains (e.g., Ethereum, Bitcoin), how they work, what the core security issues are, and how these have led to
massive financial losses.
- We will show how to extract useful information about smart contracts and transactions using interactive analysis frameworks for querying
blockchains (e.g. Google's Ethereum BigQuery).
- We will discuss the state-of-the-art security tools (e.g., https://securify.ch) for ensuring that smart contracts are free of security
vulnerabilities.
- We will study the latest automated reasoning systems (e.g., https://verx.ch) for checking custom (temporal) properties of smart contracts
and illustrate their operation on real-world use cases.
- We will study the underlying methods for automated reasoning and testing (e.g., abstract interpretation, symbolic execution, fuzzing) are
used to build such tools.


Part II: Security of Datacenters and Networks

- We will show how to ensure that datacenters and ISPs are secured using declarative reasoning methods (e.g., Datalog). We will also see
how to automatically synthesize secure configurations (e.g. using SyNET and NetComplete) which lead to desirable behaviors, thus
automating the job of the network operator and avoiding critical errors.
- We will discuss how to apply modern discrete probabilistic inference (e.g., PSI and Bayonet) so to reason about probabilistic network
properties (e.g., the probability of a packet reaching a destination if links fail).


Part III: Machine Learning for Security

- We will discuss how machine learning models for structured prediction are used to address security tasks, including de-obfuscation of
binaries (Debin: https://debin.ai), Android APKs (DeGuard: http://apk-deguard.com) and JavaScript (JSNice: http://jsnice.org).
- We will study to leverage program abstractions in combination with clustering techniques to learn security rules for cryptography APIs
from large codebases.
- We will study how to automatically learn to identify security vulnerabilities related to the handling of untrusted inputs (cross-Site scripting,
SQL injection, path traversal, remote code execution) from large codebases.


To gain a deeper understanding, the course will involve a hands-on programming project where the methods studied in the class will be
applied.

 Elective Courses
Number Title Type ECTS Hours Lecturers

252-0312-00L Ubiquitous Computing W 4 credits 2V+1A C. Holz, F. Mattern, S. Mayer
Abstract Unlike desktop computing, ubiquitous computing occurs anytime and everywhere, using any device, in any location, and in any format.

Computers exist in different forms, from watches and phones to refrigerators or pairs of glasses. 
Main topics: Smart environments, IoT, mobiles & wearables, context & location, sensing & tracking, computer vision on embedded
systems, health monitoring, fabrication.

Objective Unlike desktop computing, ubiquitous computing occurs anytime and everywhere, using any device, in any location, and in any format.
Computers exist in different forms, from watches and phones to refrigerators or pairs of glasses. 
Main topics: Smart environments, IoT, mobiles & wearables, context & location, sensing & tracking, computer vision on embedded
systems, health monitoring, fabrication.

Lecture notes Copies of slides will be made available
Literature Will be provided in the lecture. To put you in the mood:

Mark Weiser: The Computer for the 21st Century. Scientific American, September 1991, pp. 94-104

 Software Engineering
 Core Courses

Number Title Type ECTS Hours Lecturers

263-2925-00L Program Analysis for System Security and Reliability W  6 credits 2V+1U+2A P. Tsankov
Abstract Security issues in modern systems (blockchains, datacenters, AI) result in billions of losses due to hacks. This course introduces the

security issues in modern systems and state-of-the-art automated techniques for building secure and reliable systems. The course has a
practical focus and covers systems built by successful ETH spin-offs.
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Objective * Learn about security issues in modern systems -- blockchains, smart contracts, AI-based systems (e.g., autonomous cars), data centers -
- and why they are challenging to address.

* Understand how the latest automated analysis techniques work, both discrete and probabilistic.

* Understand how these techniques combine with machine-learning methods, both supervised and unsupervised.

* Understand how to use these methods to build reliable and secure modern systems.

* Learn about new open problems that if solved can lead to research and commercial impact.

Content Part I: Security of Blockchains

- We will cover existing blockchains (e.g., Ethereum, Bitcoin), how they work, what the core security issues are, and how these have led to
massive financial losses.
- We will show how to extract useful information about smart contracts and transactions using interactive analysis frameworks for querying
blockchains (e.g. Google's Ethereum BigQuery).
- We will discuss the state-of-the-art security tools (e.g., https://securify.ch) for ensuring that smart contracts are free of security
vulnerabilities.
- We will study the latest automated reasoning systems (e.g., https://verx.ch) for checking custom (temporal) properties of smart contracts
and illustrate their operation on real-world use cases.
- We will study the underlying methods for automated reasoning and testing (e.g., abstract interpretation, symbolic execution, fuzzing) are
used to build such tools.


Part II: Security of Datacenters and Networks

- We will show how to ensure that datacenters and ISPs are secured using declarative reasoning methods (e.g., Datalog). We will also see
how to automatically synthesize secure configurations (e.g. using SyNET and NetComplete) which lead to desirable behaviors, thus
automating the job of the network operator and avoiding critical errors.
- We will discuss how to apply modern discrete probabilistic inference (e.g., PSI and Bayonet) so to reason about probabilistic network
properties (e.g., the probability of a packet reaching a destination if links fail).


Part III: Machine Learning for Security

- We will discuss how machine learning models for structured prediction are used to address security tasks, including de-obfuscation of
binaries (Debin: https://debin.ai), Android APKs (DeGuard: http://apk-deguard.com) and JavaScript (JSNice: http://jsnice.org).
- We will study to leverage program abstractions in combination with clustering techniques to learn security rules for cryptography APIs
from large codebases.
- We will study how to automatically learn to identify security vulnerabilities related to the handling of untrusted inputs (cross-Site scripting,
SQL injection, path traversal, remote code execution) from large codebases.


To gain a deeper understanding, the course will involve a hands-on programming project where the methods studied in the class will be
applied.

 Elective Courses
In spring 2020 there will be no course offered in this category.

 Theoretical Computer Science
 Core Courses

Number Title Type ECTS Hours Lecturers

261-5110-00L Optimization for Data Science W 8 credits 3V+2U+2A B. Gärtner, D. Steurer
Abstract This course provides an in-depth theoretical treatment of optimization methods that are particularly relevant in data science.
Objective Understanding the theoretical guarantees (and their limits) of relevant optimization methods used in data science. Learning general

paradigms to deal with optimization problems arising in data science.
Content This course provides an in-depth theoretical treatment of optimization methods that are particularly relevant in machine learning and data

science.

In the first part of the course, we will first give a brief introduction to convex optimization, with some basic motivating examples from
machine learning. Then we will analyse classical and more recent first and second order methods for convex optimization: gradient
descent, projected gradient descent, subgradient descent, stochastic gradient descent, Nesterov's accelerated method, Newton's method,
and Quasi-Newton methods. The emphasis will be on analysis techniques that occur repeatedly in convergence analyses for various
classes of convex functions. We will also discuss some classical and recent theoretical results for nonconvex optimization. 

In the second part, we discuss convex programming relaxations as a powerful and versatile paradigm for designing efficient algorithms to
solve computational problems arising in data science. We will learn about this paradigm and develop a unified perspective on it through the
lens of the sum-of-squares semidefinite programming hierarchy. As applications, we are discussing non-negative matrix factorization,
compressed sensing and sparse linear regression, matrix completion and phase retrieval, as well as robust estimation.

Prerequisites /
notice

As background, we require material taught in the course "252-0209-00L Algorithms, Probability, and Computing". It is not necessary that
participants have actually taken the course, but they should be prepared to catch up if necessary.

 Elective Courses
Number Title Type ECTS Hours Lecturers

252-1424-00L Models of Computation W 6 credits 2V+2U+1A M. Cook
Abstract This course surveys many different models of computation: Turing Machines, Cellular Automata, Finite State Machines, Graph Automata,

Circuits, Tilings, Lambda Calculus, Fractran, Chemical Reaction Networks, Hopfield Networks, String Rewriting Systems, Tag Systems,
Diophantine Equations, Register Machines, Primitive Recursive Functions, and more.

Objective The goal of this course is to become acquainted with a wide variety of models of computation, to understand how models help us to
understand the modeled systems, and to be able to develop and analyze models appropriate for new systems.

Content This course surveys many different models of computation: Turing Machines, Cellular Automata, Finite State Machines, Graph Automata,
Circuits, Tilings, Lambda Calculus, Fractran, Chemical Reaction Networks, Hopfield Networks, String Rewriting Systems, Tag Systems,
Diophantine Equations, Register Machines, Primitive Recursive Functions, and more.
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272-0302-00L Approximation and Online Algorithms W 5 credits 2V+1U+1A H.-J. Böckenhauer, D. Komm
Abstract This lecture deals with approximative algorithms for hard optimization problems and algorithmic approaches for solving online problems as

well as the limits of these approaches.
Objective Get a systematic overview of different methods for designing approximative algorithms for hard optimization problems and online problems.

Get to know methods for showing the limitations of these approaches.
Content Approximation algorithms are one of the most succesful techniques to attack hard optimization problems. Here, we study the so-called

approximation ratio, i.e., the ratio of the cost of the computed approximating solution and an optimal one (which is not computable
efficiently). 
For an online problem, the whole instance is not known in advance, but it arrives pieceweise and for every such piece a corresponding part
of the definite output must be given. The quality of an algorithm for such an online problem is measured by the competitive ratio, i.e., the
ratio of the cost of the computed solution and the cost of an optimal solution that could be given if the whole input was known in advance.

The contents of this lecture are
- the classification of optimization problems by the reachable approximation ratio, 
- systematic methods to design approximation algorithms (e.g., greedy strategies, dynamic programming, linear programming relaxation),
- methods to show non-approximability,
- classic online problem like paging or scheduling problems and corresponding algorithms,
- randomized online algorithms,
- the design and analysis principles for online algorithms, and
- limits of the competitive ratio and the advice complexity as a way to do a deeper analysis of the complexity of online problems.

Literature The lecture is based on the following books:

J. Hromkovic: Algorithmics for Hard Problems, Springer, 2004

D. Komm:  An Introduction to Online Computation: Determinism, Randomization, Advice, Springer, 2016

Additional literature: 

A. Borodin, R. El-Yaniv: Online Computation and Competitive Analysis, Cambridge University Press, 1998

263-4400-00L Advanced Graph Algorithms and Optimization
Number of participants limited to 30.

W 5 credits 3G+1A R. Kyng

Abstract This course will cover a number of advanced topics in optimization and graph algorithms.
Objective The course will take students on a deep dive into modern approaches to

 graph algorithms using convex optimization techniques. 

 By studying convex optimization through the lens of graph algorithms,
 students should develop a deeper understanding of fundamental
 phenomena in optimization.

 The course will cover some traditional discrete approaches to various graph
 problems, especially flow problems, and then contrast these approaches
 with modern, asymptotically faster methods based on combining convex
 optimization with spectral and combinatorial graph theory.

Content Students should leave the course understanding key
 concepts in optimization such as first and second-order optimization,
 convex duality, multiplicative weights and dual-based methods,
 acceleration, preconditioning, and non-Euclidean optimization.

 Students will also be familiarized with central techniques in the
 development of graph algorithms in the past 15 years, including graph
 decomposition techniques, sparsification, oblivious routing, and
 spectral and combinatorial preconditioning.

Prerequisites /
notice

This course is targeted toward masters and doctoral students with an
 interest in theoretical computer science. 

 Students should be comfortable with design and analysis of algorithms, probability, and linear algebra. 

 Having passed the course Algorithms, Probability, and Computing (APC)  is highly recommended, but not formally required. If you are not
 sure whether you're ready for this class or not, please consult the
 instructor.

401-3052-05L Graph Theory W 5 credits 2V+1U B. Sudakov
Abstract Basic notions, trees, spanning trees, Caley's formula, vertex and edge connectivity, 2-connectivity, Mader's theorem, Menger's theorem,

Eulerian graphs, Hamilton cycles, Dirac's theorem, matchings, theorems of Hall, König and Tutte, planar graphs, Euler's formula, basic
non-planar graphs, graph colorings, greedy colorings, Brooks' theorem, 5-colorings of planar graphs

Objective The students will get an overview over the most fundamental questions concerning graph theory. We expect them to understand the proof
techniques and to use them autonomously on related problems.

Lecture notes Lecture will be only at the blackboard.
Literature West, D.: "Introduction to Graph Theory"

Diestel, R.: "Graph Theory"

Further literature links will be provided in the lecture.

Prerequisites /
notice

Students are expected to have a mathematical background and should be able to write rigorous proofs.


NOTICE: This course unit was previously offered as 252-1408-00L Graphs and Algorithms.

401-3903-11L Geometric Integer Programming W 6 credits 2V+1U J. Paat
Abstract Integer programming is the task of minimizing a linear function over all the integer points in a polyhedron. This lecture introduces the key

concepts of an algorithmic theory for solving such problems.
Objective The purpose of the lecture is to provide a geometric treatment of the theory of integer optimization.
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Content Key topics are:

- Lattice theory and the polynomial time solvability of integer optimization problems in fixed dimension.

- Structural properties of integer sets that reveal other parameters affecting the complexity of integer problems

- Duality theory for integer optimization problems from the vantage point of lattice free sets.

Lecture notes not available, blackboard presentation
Literature Lecture notes will be provided. 


Other helpful materials include 

Bertsimas, Weismantel: Optimization over Integers, 2005

and

Schrijver: Theory of linear and integer programming, 1986.

Prerequisites /
notice

"Mathematical Optimization" (401-3901-00L)

 Visual Computing
 Core Courses

Number Title Type ECTS Hours Lecturers

252-0538-00L Shape Modeling and Geometry Processing W 6 credits 2V+1U+2A O. Sorkine Hornung
Abstract This course covers the fundamentals and some of the latest developments in geometric modeling and geometry processing. Topics include

surface modeling based on point clouds and polygonal meshes, mesh generation, surface reconstruction, mesh fairing and
parameterization, discrete differential geometry, interactive shape editing, topics in digital shape fabrication.

Objective The students will learn how to design, program and analyze algorithms and systems for interactive 3D shape modeling and geometry
processing.

Content Recent advances in 3D geometry processing have created a plenitude of novel concepts for the mathematical representation and
interactive manipulation of geometric models. This course covers the fundamentals and some of the latest developments in geometric
modeling and geometry processing. Topics include surface modeling based on point clouds and triangle meshes, mesh generation, surface
reconstruction, mesh fairing and parameterization, discrete differential geometry, interactive shape editing and digital shape fabrication.

Lecture notes Slides and course notes
Prerequisites /
notice

Prerequisites:
Visual Computing, Computer Graphics or an equivalent class. Experience with C++ programming. Solid background in linear algebra and
analysis. Some knowledge of differential geometry, computational geometry and numerical methods is helpful but not a strict requirement.

 Elective Courses
Number Title Type ECTS Hours Lecturers

252-0526-00L Statistical Learning Theory W 7 credits 3V+2U+1A J. M. Buhmann, C. Cotrini Jimenez
Abstract The course covers advanced methods of statistical learning: 


- Variational methods and optimization.
- Deterministic annealing. 
- Clustering for diverse types of data.
- Model validation by information theory.

Objective The course surveys recent methods of statistical learning. The fundamentals of machine learning, as presented in the courses "Introduction
to Machine Learning" and "Advanced Machine Learning", are expanded from the perspective of statistical learning.

Content - Variational methods and optimization. We consider optimization approaches for problems where the optimizer is a probability distribution.
We will discuss concepts like maximum entropy, information bottleneck, and deterministic annealing.

- Clustering. This is the problem of sorting data into groups without using training samples. We discuss alternative notions of "similarity"
between data points and adequate optimization procedures.

- Model selection and validation. This refers to the question of how complex the chosen model should be. In particular, we present an
information theoretic approach for model validation.

- Statistical physics models. We discuss approaches for approximately optimizing large systems, which originate in statistical physics (free
energy minimization applied to spin glasses and other models). We also study sampling methods based on these models.

Lecture notes A draft of a script will be provided. Lecture slides will be made available.
Literature Hastie, Tibshirani, Friedman: The Elements of Statistical Learning, Springer, 2001.


L. Devroye, L. Gyorfi, and G. Lugosi: A probabilistic theory of pattern recognition. Springer, New York, 1996

Prerequisites /
notice

Knowledge of machine learning (introduction to machine learning and/or advanced machine learning)
Basic knowledge of statistics.

252-0570-00L Game Programming Laboratory
In the Master Programme max. 10 credits can be
accounted by Labs on top of the Interfocus Courses.
Additional Labs will be listed on the Addendum.

W 10 credits 9P B. Sumner

Abstract The goal of this course is the in-depth understanding of the technology and programming underlying computer games. Students gradually
design and develop a computer game in small groups and get acquainted with the art of game programming.

Objective The goal of this new course is to acquaint students with the
technology and art of programming modern three-dimensional computer
games.
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Content This course addresses modern three-dimensional computer game technology.  During the course, small groups of students will design and
develop a computer game.  Focus will be put on technical aspects of game development, such as rendering, cinematography, interaction,
physics, animation, and AI.  In addition, we will cultivate creative thinking for advanced gameplay and visual effects. 

The "laboratory" format involves a practical, hands-on approach with traditional lectures.  We will meet once a week to discuss technical
issues and to track progress.  For development we use MonoGames, which is a collection of libraries and tools that facilitate game
development. While development will take place on PCs, we will ultimately deployour games on the Xbox One console.

At the end of the course we will present our results to the public.

Lecture notes Game Design Workshop: A Playcentric Approach to Creating Innovative Games by Tracy Fullerton
Prerequisites /
notice

The number of participants is limited.

Prerequisites include:

- Good programming skills (Java, C++, C#, etc.)

- CG experience: Students should have taken, at a minimum, Visual
Computing.  Higher level courses are recommended, such as Introduction
to Computer Graphics, Surface Representations and Geometric Modeling,
and Physically-based Simulation in Computer Graphics.

252-0579-00L 3D Vision W 5 credits 3G+1A M. Pollefeys, V. Larsson
Abstract The course covers camera models and calibration, feature tracking and matching, camera motion estimation via simultaneous localization

and mapping (SLAM) and visual odometry (VO), epipolar and mult-view geometry, structure-from-motion, (multi-view) stereo, augmented
reality, and image-based (re-)localization.

Objective After attending this course, students will:
   1. understand the core concepts for recovering 3D shape of objects and scenes from images and video.
   2. be able to implement basic systems for vision-based robotics and simple virtual/augmented reality applications.
   3. have a good overview over the current state-of-the art in 3D vision.
   4. be able to critically analyze and asses current research in this area.

Content The goal of this course is to teach the core techniques required for robotic and augmented reality applications: How to determine the
motion of a camera and how to estimate the absolute position and orientation of a camera in the real world. This course will introduce the
basic concepts of 3D Vision in the form of short lectures, followed by student presentations discussing the current state-of-the-art. The
main focus of this course are student projects on 3D Vision topics, with an emphasis on robotic vision and virtual and augmented reality
applications.

252-5706-00L Mathematical Foundations of Computer Graphics and
Vision

W 5 credits 2V+1U+1A M. R. Oswald, C. Öztireli

Abstract This course presents the fundamental mathematical tools and concepts used in computer graphics and vision. Each theoretical topic is
introduced in the context of practical vision or graphic problems, showcasing its importance in real-world applications.

Objective The main goal is to equip the students with the key mathematical tools necessary to understand state-of-the-art algorithms in vision and
graphics. In addition to the theoretical part, the students will learn how to use these mathematical tools to solve a wide range of practical
problems in visual computing. After successfully completing this course, the students will be able to apply these mathematical concepts
and tools to practical industrial and academic projects in visual computing.

Content The theory behind various mathematical concepts and tools will be introduced, and their practical utility will be showcased in diverse
applications in computer graphics and vision. The course will cover topics in sampling, reconstruction, approximation, optimization, robust
fitting, differentiation, quadrature and spectral methods. Applications will include 3D surface reconstruction, camera pose estimation, image
editing, data projection, character animation, structure-aware geometry processing, and rendering.

263-3710-00L Machine Perception
Number of participants limited to 200.

W 5 credits 2V+1U+1A O. Hilliges

Abstract Recent developments in neural networks (aka “deep learning”) have drastically advanced the performance of machine perception systems
in a variety of areas including computer vision, robotics,  and intelligent UIs. This course is a deep dive into deep learning algorithms and
architectures with applications to a variety of perceptual tasks.

Objective Students will learn about fundamental aspects of modern deep learning approaches for perception. Students will learn to implement, train
and debug their own neural networks and gain a detailed understanding of cutting-edge research in learning-based computer vision,
robotics and HCI. The final project assignment will involve training a complex neural network architecture and applying it on a real-world
dataset of human activity.

The core competency acquired through this course is a solid foundation in deep-learning algorithms to process and interpret human input
into computing systems. In particular, students should be able to develop systems that deal with the problem of recognizing people in
images, detecting and describing body parts, inferring their spatial configuration, performing action/gesture recognition from still images or
image sequences, also considering multi-modal data, among others.

Content We will focus on teaching: how to set up the problem of machine perception, the learning algorithms, network architectures and advanced
deep learning concepts in particular probabilistic deep learning models 

The course covers the following main areas:
    I) Foundations of deep-learning.
    II) Probabilistic deep-learning for generative modelling of data (latent variable models, generative adversarial networks and auto-
regressive models). 
    III) Deep learning in computer vision, human-computer interaction and robotics.   

Specific topics include: 
    I) Deep learning basics:
        a) Neural Networks and training (i.e., backpropagation)
        b) Feedforward Networks
        c) Timeseries modelling (RNN, GRU, LSTM)
        d) Convolutional Neural Networks for classification
    II) Probabilistic Deep Learning:
        a) Latent variable models (VAEs)
        b) Generative adversarial networks (GANs)
        c) Autoregressive models (PixelCNN, PixelRNN, TCNs)
    III) Deep Learning techniques for machine perception:
        a) Fully Convolutional architectures for dense per-pixel tasks (i.e., instance segmentation)
        b) Pose estimation and other tasks involving human activity
                c) Deep reinforcement learning 
    IV) Case studies from research in computer vision, HCI, robotics and signal processing
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Literature Deep Learning
Book by Ian Goodfellow and Yoshua Bengio

Prerequisites /
notice

This is an advanced grad-level course that requires a background in machine learning. Students are expected to have a solid mathematical
foundation, in particular in linear algebra, multivariate calculus, and probability. The course will focus on state-of-the-art research in deep-
learning and will not repeat basics of machine learning

Please take note of the following conditions:
    1) The number of participants is limited to 200 students (MSc and PhDs).
    2) Students must have taken the exam in Machine Learning (252-0535-00) or have acquired equivalent knowledge
    3) All practical exercises will require basic knowledge of Python and will use libraries such as TensorFlow, scikit-learn and scikit-image.
We will provide introductions to TensorFlow and other libraries that are needed but will not provide introductions to basic programming or
Python. 

The following courses are strongly recommended as prerequisite:
 * "Visual Computing" or "Computer Vision" 
 
The course will be assessed by a final written examination in English. No course materials or electronic devices can be used during the
examination. Note that the examination will be based on the contents of the lectures, the associated reading materials and the exercises.

263-5806-00L Computational Models of Motion for Character
Animation and Robotics

W 6 credits 2V+2U+1A S. Coros, M. Bächer,
B. Thomaszewski

Abstract This course covers fundamentals of physics-based modelling and numerical optimization from the perspective of character animation and
robotics applications. The methods discussed in class derive their theoretical underpinnings from applied mathematics, control theory and
computational mechanics, and they will be richly illustrated using examples ranging from locomotion controllers and crowd simula

Objective Students will learn how to represent, model and algorithmically control the behavior of animated characters and real-life robots. The
lectures are accompanied by programming assignments (written in C++) and a capstone project.

Content Optimal control and trajectory optimization; multibody systems; kinematics; forward and inverse dynamics; constrained and unconstrained
numerical optimization; mass-spring models for crowd simulation; FEM; compliant systems; sim-to-real; robotic manipulation of elastically-
deforming objects. 

Prerequisites /
notice

Experience with C++ programming, numerical linear algebra and multivariate calculus. Some background in physics-based modeling,
kinematics and dynamics is helpful, but not necessary.


227-1034-00L Computational Vision (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: INI402

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W 6 credits 2V+1U D. Kiper

Abstract This course focuses on neural computations that underlie visual perception. We study how visual signals are processed in the retina, LGN
and visual cortex. We study the morpholgy and functional architecture of cortical circuits responsible for pattern, motion, color, and three-
dimensional vision.

Objective This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Content This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Literature Books: (recommended references, not required)
1. An Introduction to Natural Computation, D. Ballard (Bradford Books, MIT Press) 1997.
2. The Handbook of Brain Theorie and Neural Networks, M. Arbib (editor), (MIT Press) 1995.

 Interfocus Courses
Number Title Type ECTS Hours Lecturers

263-0007-00L Advanced Systems Lab
Only for master students, otherwise a special permission
by the study administration of D-INFK is required.

W 8 credits 3V+2U+2A M. Püschel, C. Zhang

Abstract This course introduces the student to the foundations and state-of-the-art techniques in developing high performance software for
mathematical functionality occurring in various fields in computer science. The focus is on optimizing for a single core and includes
optimizing for the memory hierarchy, for special instruction sets, and the possible use of automatic performance tuning.

Objective Software performance (i.e., runtime) arises through the complex interaction of algorithm, its implementation, the compiler used, and the
microarchitecture the program is run on. The first goal of the course is to provide the student with an understanding of this "vertical"
interaction, and hence software performance, for mathematical functionality. The second goal is to teach a systematic strategy how to use
this knowledge to write fast software for numerical problems. This strategy will be trained in several homeworks and a semester-long group
project.
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Content The fast evolution and increasing complexity of computing platforms pose a major challenge for developers of high performance software
for engineering, science, and consumer applications: it becomes increasingly harder to harness the available computing power.
Straightforward implementations may lose as much as one or two orders of magnitude in performance. On the other hand, creating optimal
implementations requires the developer to have an understanding of algorithms, capabilities and limitations of compilers, and the target
platform's architecture and microarchitecture.

This interdisciplinary course introduces the student to the foundations and state-of-the-art techniques in high performance mathematical
software development using important functionality such as matrix operations, transforms, filters, and others as examples. The course will
explain how to optimize for the memory hierarchy, take advantage of special instruction sets, and other details of current processors that
require optimization. The concept of automatic performance tuning is introduced. The focus is on optimization for a single core; thus, the
course complements others on parallel and distributed computing.

Finally a general strategy for performance analysis and optimization is introduced that the students will apply in group projects that
accompany the course.

Prerequisites /
notice

Solid knowledge of the C programming language and matrix algebra.

263-0008-00L Computational Intelligence Lab
Only for master students, otherwise a special permission
by the study administration of D-INFK is required.

W 8 credits 2V+2U+3A T. Hofmann

Abstract This laboratory course teaches fundamental concepts in computational science and machine learning with a special emphasis on matrix
factorization and  representation learning. The class covers techniques like dimension reduction, data clustering, sparse coding, and deep
learning as well as a wide spectrum of related use cases and applications.

Objective Students acquire fundamental theoretical concepts and methodologies from machine learning and how to apply these techniques to build
intelligent systems that solve real-world problems. They learn to successfully develop solutions to application problems by following the key
steps of modeling, algorithm design, implementation and experimental validation. 

This lab course has a strong focus on practical assignments. Students work in groups of three to four people, to develop solutions to three
application problems: 1. Collaborative filtering and recommender systems, 2. Text sentiment classification, and 3. Road segmentation in
aerial imagery. 

For each of these problems, students submit their solutions to an online evaluation and ranking system, and get feedback in terms of
numerical accuracy and computational speed. In the final part of the course, students combine and extend one of their previous promising
solutions, and write up their findings in an extended abstract in the style of a conference paper.

(Disclaimer: The offered projects may be subject to change from year to year.)

Content see course description

 Free Electives
All Master level courses offered by ETH Zurich, EPF Lausanne and the University of Zurich may be chosen.

Course Catalogue of ETH Zurich

 GESS Science in Perspective
Recommended GESS Science in Perspective (Type B) for
D-INFK.

see GESS Science in Perspective: Type A: Enhancement
of Reflection Capability

see GESS Science in Perspective: Language Courses
ETH/UZH

 Internship
Number Title Type ECTS Hours Lecturers

260-0700-00L Internship
Only for Cyber Security MSc

E-  0 credits external organisers

Abstract An Internship provides opportunities to gain experience in an industrial environment and it creates a network of contacts. 
Objective see above

 Master's Thesis
Number Title Type ECTS Hours Lecturers

260-0800-00L Master's Thesis
Only students who fulfill the following criteria are allowed
to begin with their master thesis:
a. successful completion of the bachelor programme; 
b. fulfilling of any additional requirements necessary to
gain admission to the master programme.

O  30 credits 64D Professors

Abstract The Master thesis completes the master programme and is an independent scientific project. 
Objective The Master’s thesis shall demonstrate that students are able to use the knowledge and skills acquired during Master’s studies to solve a

complex cyber security problem.

Cyber Security Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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DAS in Applied Statistics
 Compulsory Courses and Supplements

Number Title Type ECTS Hours Lecturers

447-0000-00L Introduction to Probability and Statistics
Does not take place this semester.
Only for DAS and CAS in Applied Statistics.

O  4 credits 2V+2U

Abstract Introduction to simple methods and fundamental concepts of probability and statistics. The concepts are introduced using example data.
Objective Grundverständnis für die Gesetze des Zufalls und des Denkens in Wahrscheinlichkeiten. Kenntnis von Methoden zur Darstellung von

Daten und zu ihrer quantitativen Interpretation unter Berücksichtigung der statistischen Unsicherheit.
Content Modelle und Statistik für Zähldaten:

Diskrete Wahrscheinlichkeitsmodelle, Binomialverteilung, Tests und Vertrauensintervalle für eine Wahrscheinlichkeit, Poisson-Verteilung
und deren Statistik, weitere Verteilungen.
Modelle und Statistik für Messdaten: 
Beschreibende Statistik, Zufallsvariablen mit Dichten, t-Test und Wilcoxon-Test und zugehörige Vertrauensintervalle.

447-0000-01L Introduction to R
Does not take place this semester.
Only for DAS and CAS in Applied Statistics.

Z  0 credits 1V+2U

Abstract Introduction to R: data import, basic data manipulation, and data visualisation.
Objective The students will be able to use R for simple data analysis.

447-0102-01L Applied Multivariate Statistics I
Only for DAS and CAS in Applied Statistics.

O  3 credits 1V+1U B. Sick

Abstract Visualization techniques, principal component analysis, MDS and t-SNE. Hierarchical clustering, k-means clustering.
Objective Multivariate Statistics deals with joint distributions of several random variables. The course introduces the basic concepts and provides an

overview of classical and modern methods of multivariate statistics and their applications.

447-6624-01L Applied Time Series I
Only for DAS and CAS in Applied Statistics.

O  2 credits 1V+1U M. Dettling

Abstract Introduction to time series analysis: examples, goals and mathematical notation. Descriptive techniques, modelling and prediction.
Objective Getting to know the mathematical properties of time series, as well as the requirements, descriptive techniques, models and software that

are necessary such that the student can independently run an applied time series analysis.
Content The course starts with an introduction to time series analysis that comprises of examples and goals. We continue with notation and

descriptive analysis of time series. A major part of the course will be dedicated to modeling and forecasting of time series using the flexible
class of ARMA models.

Lecture notes A script will be available.

447-0990-00L Workshop
Only for DAS in Applied Statistics.

O  1 credit 1S L. Meier

Abstract In the workshop each participant gives a short talk about a recent statistical problem encountered in their daily work.
Objective Presentation of a statistical problem, getting to know different applications of statistical methodology.

 Electives
Number Title Type ECTS Hours Lecturers

447-0102-02L Applied Multivariate Statistics II
Only for DAS and CAS in Applied Statistics.

W  3 credits 1V+1U B. Sick

Abstract Specialized methods of multivariate statistics: Classification, tree-based models, support vector machines, neural networks.
Objective Multivariate Statistics deals with joint distributions of several random variables. The course introduces more advanced concepts.

447-6624-02L Applied Time Series II
Only for DAS and CAS in Applied Statistics.

W  4 credits 1V+1U M. Dettling

Abstract More advanced topics in time series analysis like time series regression, state space models and spectral analysis.
Objective Getting to know advanced methods and software that are necessary such that the student can independently run an applied time series

analysis.
Lecture notes A script will be available.

447-6222-01L Robust Regression
Only for DAS and CAS in Applied Statistics.

W  1 credit A. F. Ruckstuhl

Abstract The basic ideas of robust fitting techniques are explained theoretically and practically using regression models and explorative multivariate
analysis.

Objective Participants are familiar with common robust fitting methods for linear regression models as well as for exploratory multivariate analysis
and are able to assess their suitability for the data at hand.

Content Influence function, breakdown point, regression M-estimation, regression MM-estimation, robust inference, covariance estimation with high
breakdown point, application in principal component analysis and linear discriminant analysis.

Literature Lecture notes are available.

447-6222-02L Nonlinear Regression
Only for DAS and CAS in Applied Statistics.

W  1 credit A. F. Ruckstuhl

Abstract Fitting nonlinear regression functions and determining reliable confidence intervals.
Objective Participants know the challenges that arise in fitting nonlinear regression functions. In addition, they are aware of the difference between

classical and profile based methods to determine confidence intervals.
Content Nonlinear regression models, estimation methods, approximate tests and confidence intervals, estimation methods, profile t plot, profile

traces, parameter transformations, prediction and calibration.
Lecture notes Lecture notes are available.

447-6236-00L Statistics for Survival Data W  2 credits 1V+1U A. Hauser
Abstract The primary purpose of a survival analysis is to model and analyze time-to-event data; that is, data that have as a principal endpoint the

length of time for an event to occur. This block course introduces the field of survival analysis without getting too embroiled in the
theoretical technicalities.
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Objective Presented here are some frequently used parametric models and methods, including accelerated failure time models; and the newer
nonparametric procedures which include the Kaplan-Meier estimate of survival and the Cox proportional hazards regression model. The
statistical tools treated are applicable to data from medical clinical trials, public health, epidemiology, engineering, economics, psychology,
and demography as well.

Content The primary purpose of a survival analysis is to model and analyze time-to-event data; that is, data that have as a principal endpoint the
length of time for an event to occur. Such events are generally referred to as "failures." Some examples are time until an electrical
component fails, time to first recurrence of a tumor (i.e., length of remission) after initial treatment, time to death, time to the learning of a
skill, and promotion times for employees.

In these examples we can see that it is possible that a "failure" time will not be observed either by deliberate design or due to random
censoring. This occurs, for example, if a patient is still alive at the end of a clinical trial period or has moved away. The necessity of
obtaining methods of analysis that accommodate censoring is the primary reason for developing specialized models and procedures for
failure time data. Survival analysis is the modern name given to the collection of statistical procedures which accommodate time-to-event
censored data. Prior to these new procedures, incomplete data were treated as missing data and omitted from the analysis. This resulted in
the loss of the partial information obtained and in introducing serious systematic error (bias) in estimated quantities. This, of course, lowers
the efficacy of the study. The procedures discussed here avoid bias and are more powerful as they utilize the partial information available
on a subject or item.

This block course introduces the field of survival analysis without getting too embroiled in the theoretical technicalities. Models for failure
times describe either the survivor function or hazard rate and their dependence on explanatory variables. Presented here are some
frequently used parametric models and methods, including accelerated failure time models; and the newer nonparametric procedures
which include the Kaplan-Meier estimate of survival and the Cox proportional hazards regression model. The statistical tools treated are
applicable to data from medical clinical trials, public health, epidemiology, engineering, economics, psychology, and demography as well.

 Diploma Thesis
Number Title Type ECTS Hours Lecturers

447-1990-00L Diploma Thesis
Only for DAS in Applied Statistics.

O  2 credits 4D Supervisors

Abstract The diploma thesis typically consists of a data analysis of data from a participant's own field of work. The thesis  requires a time
expenditure of about one or two weeks. Thesis work should prove the participants' capability to apply useful and modern statistical methods
to address appropriate questions properly and effectively.

Objective Thesis work should prove the participants' capability to apply useful and modern statistical methods to address appropriate questions
properly and effectively.

DAS in Applied Statistics - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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DAS in Cyber Security
 Core Courses

Core courses are offered in the Autmn Semester only. 

 Elective Courses
Number Title Type ECTS Hours Lecturers

252-0408-00L Cryptographic Protocols W  6 credits 2V+2U+1A M. Hirt, U. Maurer
Abstract The course presents a selection of hot research topics in cryptography. The choice of topics varies and may include provable security,

interactive proofs, zero-knowledge protocols, secret sharing, secure multi-party computation, e-voting, etc.
Objective Indroduction to a very active research area with many gems and paradoxical

results. Spark interest in fundamental problems.
Content The course presents a selection of hot research topics in cryptography. The choice of topics varies and may include provable security,

interactive proofs, zero-knowledge protocols, secret sharing, secure multi-party computation, e-voting, etc.
Lecture notes the lecture notes are in German, but they are not required as the entire

course material is documented also in other course material (in english).
Prerequisites /
notice

A basic understanding of fundamental cryptographic concepts 
(as taught for example in the course Information Security or
in the course Cryptography Foundations) is useful, but not required.

263-3501-00L Future Internet W 6 credits 1V+1U+3A A. Singla
Abstract This course will discuss recent advances in networking, with a focus on the Internet, with topics ranging from the algorithmic design of

applications like video streaming to the likely near-future of satellite-based networking.
Objective The goals of the course are to build on basic undergraduate-level networking, and provide an understanding of the tradeoffs and existing

technology in the design of large, complex networked systems, together with concrete experience of the challenges through a series of lab
exercises.

Content The focus of the course is on principles, architectures, protocols, and applications used in modern networked systems. Example topics
include:

- How video streaming services like Netflix work, and research on improving their performance.
- How Web browsing could be made faster
- How the Internet's protocols are improving
- Exciting developments in satellite-based networking (ala SpaceX)
- The role of data centers in powering Internet services

A series of programming assignments will form a substantial part of the course grade.

Lecture notes Lecture slides will be made available at the course Web site: https://ndal.ethz.ch/courses/fi.html
Literature No textbook is required, but there will be regularly assigned readings from research literature, liked to the course Web site:

https://ndal.ethz.ch/courses/fi.html.
Prerequisites /
notice

An undergraduate class covering the basics of networking, such as Internet routing and TCP. At ETH, Computer Networks (252-0064-00L)
and Communication Networks (227-0120-00L) suffice. Similar courses from other universities are acceptable too.

263-4600-00L Formal Methods for Information Security W  5 credits 2V+1U+1A R. Sasse, C. Sprenger
Abstract The course focuses on formal methods for the modelling and analysis of security protocols for critical systems, ranging from authentication

protocols for network security to electronic voting protocols and online banking.
Objective The students will learn the key ideas and theoretical foundations of formal modelling and analysis of security protocols. The students will

complement their theoretical knowledge by solving practical exercises, completing a small project, and using state-of-the-art tools.
Content The course treats formal methods mainly for the modelling and analysis of security protocols. Cryptographic protocols (such as SSL/TLS,

SSH, Kerberos, SAML single-sign on, and IPSec) form the basis for secure communication and business processes. Numerous attacks on
published protocols show that the design of cryptographic protocols is extremely error-prone. A rigorous analysis of these protocols is
therefore indispensable, and manual analysis is insufficient. The lectures cover the theoretical basis for the (tool-supported) formal
modeling and analysis of such protocols. Specifically, we discuss their operational semantics, the formalization of security properties, and
techniques and algorithms for their verification.

In addition to the classical security properties for confidentiality and authentication, we will study strong secrecy and privacy properties. We
will discuss electronic voting protocols, and RFID protocols (a staple of the Internet of Things), where these properties are central. The
accompanying tutorials provide an opportunity to apply the theory and tools to concrete protocols. Moreover, we will discuss methods to
abstract and refine security protocols and the link between symbolic protocol models and cryptographic models. 

Furthermore, we will also present a security notion for general systems based on non-interference as well as language-based information
flow security where non-interference is enforced via a type system.

263-4660-00L Applied Cryptography
Number of participants limited to 150.

W 8 credits 3V+2U+2P K. Paterson

Abstract This course will introduce the basic primitives of cryptography, using rigorous syntax and game-based security definitions. The course will
show how these primitives can be combined to build cryptographic protocols and systems.

Objective The goal of the course is to put students' understanding of cryptography on sound foundations, to enable them to start to build well-
designed cryptographic systems, and to expose them to some of the pitfalls that arise when doing so.

Content Basic symmetric primitives (block ciphers, modes, hash functions); generic composition; AEAD; basic secure channels; basic public key
primitives (encryption,signature, DH key exchange); ECC; randomness; applications.

Literature Textbook: Boneh and Shoup, “A Graduate Course in Applied Cryptography”,
https://crypto.stanford.edu/~dabo/cryptobook/BonehShoup_0_4.pdf.

Prerequisites /
notice

Ideally, students will have taken the D-INFK Bachelors course “Information Security" or an equivalent course at Bachelors level.

DAS in Cyber Security - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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DAS in Data Science
 Core Courses

 Foundations Courses
Number Title Type ECTS Hours Lecturers

252-0220-00L Introduction to Machine Learning
Limited number of participants. Preference is given to
students in programmes in which the course is being
offered. All other students will be waitlisted. Please do not
contact Prof. Krause for any questions in this regard. If
necessary, please contact studiensekretariat@inf.ethz.ch 

W  8 credits 4V+2U+1A A. Krause

Abstract The course introduces the foundations of learning and making predictions based on data.
Objective The course will introduce the foundations of learning and making predictions from data. We will study basic concepts such as trading

goodness of fit and model complexitiy. We will discuss important machine learning algorithms used in practice, and provide hands-on
experience in a course project.

Content - Linear regression (overfitting, cross-validation/bootstrap, model selection, regularization, [stochastic] gradient descent)
- Linear classification: Logistic regression (feature selection, sparsity, multi-class)
- Kernels and the kernel trick (Properties of kernels; applications to linear and logistic regression); k-nearest neighbor
- Neural networks (backpropagation, regularization, convolutional neural networks)
- Unsupervised learning (k-means, PCA, neural network autoencoders)
- The statistical perspective (regularization as prior; loss as likelihood; learning as MAP inference)
- Statistical decision theory (decision making based on statistical models and utility functions)
- Discriminative vs. generative modeling (benefits and challenges in modeling joint vy. conditional distributions)
- Bayes' classifiers (Naive Bayes, Gaussian Bayes; MLE)
- Bayesian approaches to unsupervised learning (Gaussian mixtures, EM)

Literature Textbook: Kevin Murphy, Machine Learning: A Probabilistic Perspective, MIT Press
Prerequisites /
notice

Designed to provide a basis for following courses:
- Advanced Machine Learning
- Deep Learning
- Probabilistic Artificial Intelligence 
- Seminar "Advanced Topics in Machine Learning"

401-3632-00L Computational Statistics W  8 credits 3V+1U M. H. Maathuis
Abstract We discuss modern statistical methods for data analysis, including methods for data exploration, prediction and inference. We pay attention

to algorithmic aspects, theoretical properties and practical considerations. The class is hands-on and methods are applied using the
statistical programming language R.

Objective The student obtains an overview of modern statistical methods for data analysis, including their algorithmic aspects and theoretical
properties. The methods are applied using the statistical programming language R.

Content See the class website
Prerequisites /
notice

At least one semester of (basic) probability and statistics.

Programming experience is helpful but not required.

 Capstone Project
Number Title Type ECTS Hours Lecturers

266-0100-00L Capstone Project
Only for DAS in Data Science.

O 8 credits 17A F. Perez Cruz, O. Verscheure,
T. Hofmann

Abstract The capstone project is part of the DAS in Data Science and is an opportunity to apply the knowledge acquired in the program in an
independent, real-world project. 

Objective To apply the knowledge acquired in the program in an independent, real-world project.
Content The capstone project can be done under the supervision of the Swiss Data Science Center, or of any core or adjunct faculty of Data

Science.

The project has to be finished within 6 months. 
Deadline for a project the following semester conducted at the SDSC is mid June/mid December.

 Specialisation Track
 Hardware for Machine Learning

Number Title Type ECTS Hours Lecturers

227-0150-00L Systems-on-chip for Data Analytics and Machine
Learning
Previously "Energy-Efficient Parallel Computing Systems
for Data Analytics"

W  6 credits 4G L. Benini

Abstract Systems-on-chip architecture and related design issues with a focus on machine learning and data analytics applications. It will cover multi-
cores, many-cores, vector engines, GP-GPUs, application-specific processors and heterogeneous compute accelerators.  Special
emphasis given to energy-efficiency issues and hardware-software techniques for power and energy minimization.

Objective Give in-depth understanding of the links and dependencies between architectures and their energy-efficient implementation and to get a
comprehensive exposure to state-of-the-art systems-on-chip platforms for machine learning and data analytics. Practical experience will
also be gained through practical exercises and mini-projects (hardware and software) assigned on specific topics.

Content The course will cover advanced system-on-chip architectures,  with an in-depth view on design challenges related to advanced silicon
technology and state-of-the-art system integration options (nanometer silicon technology, novel storage devices, three-dimensional
integration, advanced system packaging).   The emphasis will be on programmable parallel architectures with application focus on machine
learning and data analytics.  The main SoC architectural families will be covered: namely, multi and many- cores,  GPUs, vector
accelerators, application-specific processors, heterogeneous platforms.   The course will cover the complex design choices required to
achieve scalability and energy proportionality.   The course will will also delve into system design, touching on hardware-software tradeoffs
and full-system analysis and optimization taking into account non-functional constraints and quality metrics, such as power consumption,
thermal dissipation, reliability and variability. The application focus will be on machine learning both in the cloud and at the edges (near-
sensor analytics).

Lecture notes Slides will be provided to accompany lectures.  Pointers to scientific literature will be given. Exercise scripts and tutorials will be provided.
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Literature John L. Hennessy, David A. Patterson, Computer Architecture: A Quantitative Approach (The Morgan Kaufmann Series in Computer
Architecture and Design) 6th Edition, 2017.

Prerequisites /
notice

Knowledge of digital design at the level of "Design of Digital Circuits SS12" is required.

Knowledge of basic VLSI design at the level of  "VLSI I: Architectures of VLSI Circuits" is required

227-0155-00L Machine Learning on Microcontrollers
Registration in this class requires the permission of the
instructors. Class size will be limited to 30. 
Preference is given to students in the MSc EEIT.

W 6 credits 3G+2A M. Magno, L. Benini

Abstract Machine Learning (ML) and artificial intelligence are pervading the digital society. Today, even low power embedded systems are
incorporating ML, becoming increasingly “smart”. This lecture gives an overview of ML methods and algorithms to process and extract
useful near-sensor information in end-nodes of the “internet-of-things”, using low-power microcontrollers/ processors (ARM-Cortex-M;
RISC-V)

Objective Learn how to Process data from sensors and how to extract useful information with low power microprocessors using ML techniques. We
will analyze data coming from real low-power sensors (accelerometers, microphones, ExG bio-signals, cameras…). The main objective is
to study in details how Machine Learning algorithms can be adapted to the performance constraints and limited resources of low-power
microcontrollers.

Content The final goal of the course is a deep understanding of machine learning and its practical implementation on single- and multi-core
microcontrollers, coupled with performance and energy efficiency analysis and optimization. The main topics of the course include:

- Sensors and sensor data acquisition with low power embedded systems

- Machine Learning: Overview of supervised and unsupervised learning and in particular supervised learning (Bayes Decision Theory,
Decision Trees, Random Forests, kNN-Methods, Support Vector Machines, Convolutional Networks and Deep Learning)

- Low-power embedded systems and their architecture. Low Power microcontrollers (ARM-Cortex M) and RISC-V-based Parallel Ultra Low
Power (PULP) systems-on-chip. 

- Low power smart sensor system design: hardware-software tradeoffs, analysis, and optimization. Implementation and performance
evaluation of ML  in battery-operated embedded systems. 

The laboratory exercised will show how to address concrete design problems, like motion, gesture recognition, emotion detection, image
and sound classification, using real sensors data and real MCU boards. 

Presentations from Ph.D. students and the visit to the Digital Circuits and Systems Group will introduce current research topics and
international research projects.

Lecture notes Script and exercise sheets. Books will be suggested during the course.
Prerequisites /
notice

Prerequisites: Good experience in C language programming. Microprocessors and computer architecture. Basics of Digital Signal
Processing. Some exposure to machine learning concepts is also desirable. 

 Image Analysis & Computer Vision
Number Title Type ECTS Hours Lecturers

227-0391-00L Medical Image Analysis
Basic knowledge of computer vision would be helpful.

W  3 credits 2G E. Konukoglu, M. A. Reyes Aguirre

Abstract It is the objective of this lecture to introduce the basic concepts used 
in Medical Image Analysis. In particular the lecture focuses on shape 
representation schemes, segmentation techniques, machine learning based predictive models and various image registration methods
commonly used in Medical Image Analysis applications.

Objective This lecture aims to give an overview of the basic concepts of Medical Image Analysis and its application areas.
Prerequisites /
notice

Prerequisites: 
Basic concepts of mathematical analysis and linear algebra.

Preferred:
Basic knowledge of computer vision and machine learning would be helpful.

The course will be held in English.

227-1034-00L Computational Vision (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: INI402

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  6 credits 2V+1U D. Kiper

Abstract This course focuses on neural computations that underlie visual perception. We study how visual signals are processed in the retina, LGN
and visual cortex. We study the morpholgy and functional architecture of cortical circuits responsible for pattern, motion, color, and three-
dimensional vision.

Objective This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.
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Content This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Literature Books: (recommended references, not required)
1. An Introduction to Natural Computation, D. Ballard (Bradford Books, MIT Press) 1997.
2. The Handbook of Brain Theorie and Neural Networks, M. Arbib (editor), (MIT Press) 1995.

252-0579-00L 3D Vision W  5 credits 3G+1A M. Pollefeys, V. Larsson
Abstract The course covers camera models and calibration, feature tracking and matching, camera motion estimation via simultaneous localization

and mapping (SLAM) and visual odometry (VO), epipolar and mult-view geometry, structure-from-motion, (multi-view) stereo, augmented
reality, and image-based (re-)localization.

Objective After attending this course, students will:
   1. understand the core concepts for recovering 3D shape of objects and scenes from images and video.
   2. be able to implement basic systems for vision-based robotics and simple virtual/augmented reality applications.
   3. have a good overview over the current state-of-the art in 3D vision.
   4. be able to critically analyze and asses current research in this area.

Content The goal of this course is to teach the core techniques required for robotic and augmented reality applications: How to determine the
motion of a camera and how to estimate the absolute position and orientation of a camera in the real world. This course will introduce the
basic concepts of 3D Vision in the form of short lectures, followed by student presentations discussing the current state-of-the-art. The
main focus of this course are student projects on 3D Vision topics, with an emphasis on robotic vision and virtual and augmented reality
applications.

263-3710-00L Machine Perception
Number of participants limited to 200.

W  5 credits 2V+1U+1A O. Hilliges

Abstract Recent developments in neural networks (aka “deep learning”) have drastically advanced the performance of machine perception systems
in a variety of areas including computer vision, robotics,  and intelligent UIs. This course is a deep dive into deep learning algorithms and
architectures with applications to a variety of perceptual tasks.

Objective Students will learn about fundamental aspects of modern deep learning approaches for perception. Students will learn to implement, train
and debug their own neural networks and gain a detailed understanding of cutting-edge research in learning-based computer vision,
robotics and HCI. The final project assignment will involve training a complex neural network architecture and applying it on a real-world
dataset of human activity.

The core competency acquired through this course is a solid foundation in deep-learning algorithms to process and interpret human input
into computing systems. In particular, students should be able to develop systems that deal with the problem of recognizing people in
images, detecting and describing body parts, inferring their spatial configuration, performing action/gesture recognition from still images or
image sequences, also considering multi-modal data, among others.

Content We will focus on teaching: how to set up the problem of machine perception, the learning algorithms, network architectures and advanced
deep learning concepts in particular probabilistic deep learning models 

The course covers the following main areas:
    I) Foundations of deep-learning.
    II) Probabilistic deep-learning for generative modelling of data (latent variable models, generative adversarial networks and auto-
regressive models). 
    III) Deep learning in computer vision, human-computer interaction and robotics.   

Specific topics include: 
    I) Deep learning basics:
        a) Neural Networks and training (i.e., backpropagation)
        b) Feedforward Networks
        c) Timeseries modelling (RNN, GRU, LSTM)
        d) Convolutional Neural Networks for classification
    II) Probabilistic Deep Learning:
        a) Latent variable models (VAEs)
        b) Generative adversarial networks (GANs)
        c) Autoregressive models (PixelCNN, PixelRNN, TCNs)
    III) Deep Learning techniques for machine perception:
        a) Fully Convolutional architectures for dense per-pixel tasks (i.e., instance segmentation)
        b) Pose estimation and other tasks involving human activity
                c) Deep reinforcement learning 
    IV) Case studies from research in computer vision, HCI, robotics and signal processing

Literature Deep Learning
Book by Ian Goodfellow and Yoshua Bengio

Prerequisites /
notice

This is an advanced grad-level course that requires a background in machine learning. Students are expected to have a solid mathematical
foundation, in particular in linear algebra, multivariate calculus, and probability. The course will focus on state-of-the-art research in deep-
learning and will not repeat basics of machine learning

Please take note of the following conditions:
    1) The number of participants is limited to 200 students (MSc and PhDs).
    2) Students must have taken the exam in Machine Learning (252-0535-00) or have acquired equivalent knowledge
    3) All practical exercises will require basic knowledge of Python and will use libraries such as TensorFlow, scikit-learn and scikit-image.
We will provide introductions to TensorFlow and other libraries that are needed but will not provide introductions to basic programming or
Python. 

The following courses are strongly recommended as prerequisite:
 * "Visual Computing" or "Computer Vision" 
 
The course will be assessed by a final written examination in English. No course materials or electronic devices can be used during the
examination. Note that the examination will be based on the contents of the lectures, the associated reading materials and the exercises.

 Neural Information Processing
Number Title Type ECTS Hours Lecturers
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227-0395-00L Neural Systems W  6 credits 2V+1U+1A R. Hahnloser, M. F. Yanik,
B. Grewe

Abstract This course introduces principles of information processing in neural systems. It covers basic neuroscience for engineering students,
experiment techniques used in animal research and methods for inferring neural mechanisms. Students learn about neural information
processing and basic principles of natural intelligence and their impact on artificially intelligent systems.

Objective This course introduces 
- Basic neurophysiology and mathematical descriptions of neurons
- Methods for dissecting animal behavior 
- Neural recordings in intact nervous systems and information decoding principles
- Methods for manipulating the state and activity in selective neuron types  
- Neuromodulatory systems and their computational roles
- Reward circuits and reinforcement learning
- Imaging methods for reconstructing the synaptic networks among neurons  
- Birdsong and language 
- Neurobiological principles for machine learning.

Content From active membranes to propagation of action potentials. From synaptic physiology to synaptic learning rules. From receptive fields to
neural population decoding. From fluorescence imaging to connectomics.  Methods for reading and manipulation neural ensembles. From
classical  conditioning to reinforcement learning. From the visual system to deep convolutional networks. Brain architectures for learning
and memory. From birdsong to computational linguistics.

Prerequisites /
notice

Before taking this course, students are encouraged to complete "Bioelectronics and Biosensors" (227-0393-10L).

As part of the exercises for this class, students are expected to complete a programming or literature review project to be defined at the
beginning of the semester.

227-0973-00L Translational Neuromodeling W  8 credits 3V+2U+1A K. Stephan
Abstract This course provides a systematic introduction to Translational Neuromodeling (the development of mathematical models for diagnostics of

brain diseases) and their application to concrete clinical questions (Computational Psychiatry/Psychosomatics). It focuses on a generative
modeling strategy and teaches (hierarchical) Bayesian models of neuroimaging data and behaviour, incl. exercises.

Objective To obtain an understanding of the goals, concepts and methods of Translational Neuromodeling and Computational
Psychiatry/Psychosomatics, particularly with regard to Bayesian models of neuroimaging (fMRI, EEG) and behavioural data.

Content This course provides a systematic introduction to Translational Neuromodeling (the development of mathematical models for diagnostics of
brain diseases) and their application to concrete clinical questions (Computational Psychiatry/Psychosomatics). The first part of the course
will introduce disease concepts from psychiatry and psychosomatics, their history, and clinical priority problems. The second part of the
course concerns computational modeling of neuronal and cognitive processes for clinical applications. A particular focus is on Bayesian
methods and generative models, for example, dynamic causal models for inferring neuronal processes from neuroimaging data, and
hierarchical Bayesian models for inference on cognitive processes from behavioural data. The course discusses the mathematical and
statistical principles behind these models, illustrates their application to various psychiatric diseases, and outlines a general research
strategy based on generative models. 

Lecture topics include:
1.    Introduction to Translational Neuromodeling and Computational Psychiatry/Psychosomatics
2.    Psychiatric nosology 
3.    Pathophysiology of psychiatric disease mechanisms
4.    Principles of Bayesian inference and generative modeling
5.    Variational Bayes (VB)
6.    Bayesian model selection
7.    Markov Chain Monte Carlo techniques (MCMC)
8.    Bayesian frameworks for understanding psychiatric and psychosomatic diseases
9.    Generative models of fMRI data
10.    Generative models of electrophysiological data
11.    Generative models of behavioural data
12.    Computational concepts of schizophrenia, depression and autism
13.    Model-based predictions about individual patients

Practical exercises include mathematical derivations and the implementation of specific models and inference methods. In additional
project work, students are required to use one of the examples discussed in the course as a basis for developing their own generative
model and use it for simulations and/or inference in application to a clinical question. Group work (up to 3 students) is permitted.

Literature See TNU website:
https://www.tnu.ethz.ch/en/teaching.html

Prerequisites /
notice

Good knowledge of principles of statistics, good programming skills (MATLAB or Python)

227-1032-00L Neuromorphic Engineering II
Information for UZH students:
Enrolment to this course unit only possible at ETH. No
enrolment to module INI405 at UZH. 

Please mind the ETH enrolment deadlines for UZH
students: https://www.ethz.ch/en/studies/non-
degree-
courses/special-
students/special-students-university-of-zurich.html

W  6 credits 5G S.-C. Liu, T. Delbrück, G. Indiveri

Abstract This course teaches the basics of analog chip design and layout with an emphasis on neuromorphic circuits, which are introduced in the fall
semester course "Neuromorphic Engineering I".

Objective Design of a neuromorphic circuit for implementation with CMOS technology.
Content This course teaches the basics of analog chip design and layout with an emphasis on neuromorphic circuits, which are introduced in the

autumn semester course "Neuromorphic Engineering I".

The principles of CMOS processing technology are presented. Using a set of inexpensive software tools for simulation, layout and
verification, suitable for neuromorphic circuits, participants learn to simulate circuits on the transistor level and to make their layouts on the
mask level. Important issues in the layout of neuromorphic circuits will be explained and illustrated with examples. In the latter part of the
semester students simulate and layout a neuromorphic chip. Schematics of basic building blocks will be provided. The layout will then be
fabricated and will be tested by students during the following fall semester.

Literature S.-C. Liu et al.: Analog VLSI Circuits and Principles; software documentation.
Prerequisites /
notice

Prerequisites: Neuromorphic Engineering I strongly recommended
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227-1034-00L Computational Vision (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: INI402

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  6 credits 2V+1U D. Kiper

Abstract This course focuses on neural computations that underlie visual perception. We study how visual signals are processed in the retina, LGN
and visual cortex. We study the morpholgy and functional architecture of cortical circuits responsible for pattern, motion, color, and three-
dimensional vision.

Objective This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Content This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Literature Books: (recommended references, not required)
1. An Introduction to Natural Computation, D. Ballard (Bradford Books, MIT Press) 1997.
2. The Handbook of Brain Theorie and Neural Networks, M. Arbib (editor), (MIT Press) 1995.

 Statistics
Number Title Type ECTS Hours Lecturers

401-0102-00L Applied Multivariate Statistics W  5 credits 2V+1U F. Sigrist
Abstract Multivariate statistics analyzes data on several random variables simultaneously. This course introduces the basic concepts and provides

an overview of classical and modern methods of multivariate statistics including visualization, dimension reduction, supervised and
unsupervised learning for multivariate data. An emphasis is on applications and solving problems with the statistical software R.

Objective After the course, you are able to:
- describe the various methods and the concepts behind them
- identify adequate methods for a given statistical problem
- use the statistical software R to efficiently apply these methods
- interpret the output of these methods

Content Visualization, multivariate outliers, the multivariate normal distribution, dimension reduction, principal component analysis, multidimensional
scaling, factor analysis, cluster analysis, classification, multivariate tests and multiple testing

Lecture notes None
Literature 1) "An Introduction to Applied Multivariate Analysis with R" (2011) by Everitt and Hothorn 

2) "An Introduction to Statistical Learning: With Applications in R" (2013) by Gareth, Witten, Hastie and Tibshirani

Electronic versions (pdf) of both books can be downloaded for free from the ETH library.

Prerequisites /
notice

This course is targeted at students with a non-math background. 

Requirements:
==========
1) Introductory course in statistics (min: t-test, regression; ideal: conditional probability, multiple regression)
2) Good understanding of R (if you don't know R, it is recommended that you study chapters 1,2,3,4, and 5 of "Introductory Statistics with
R" from Peter Dalgaard, which is freely available online from the ETH library)

An alternative course with more emphasis on theory is 401-6102-00L "Multivariate Statistics" (only every second year).

401-0102-00L and 401-6102-00L are mutually exclusive. You can register for only one of these two courses.

401-4632-15L Causality W  4 credits 2G C. Heinze-Deml
Abstract In statistics, we are used to search for the best predictors of some random variable. In many situations, however, we are interested in

predicting a system's behavior under manipulations. For such an analysis, we require knowledge about the underlying causal structure of
the system. In this course, we study concepts and theory behind causal inference.

Objective After this course, you should be able to
- understand the language and concepts of causal inference
- know the assumptions under which one can infer causal relations from observational and/or interventional data
- describe and apply different methods for causal structure learning
- given data and a causal structure, derive causal effects and predictions of interventional experiments

Prerequisites /
notice

Prerequisites: basic knowledge of probability theory and regression

401-6102-00L Multivariate Statistics
Does not take place this semester.

W  4 credits 2G not available

Abstract Multivariate Statistics deals with joint distributions of several random variables. This course introduces the basic concepts and provides an
overview over classical and modern methods of multivariate statistics. We will consider the theory behind the methods as well as their
applications.

Objective After the course, you should be able to:
- describe the various methods and the concepts and theory behind them
- identify adequate methods for a given statistical problem
- use the statistical software "R" to efficiently apply these methods
- interpret the output of these methods
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Content Visualization / Principal component analysis / Multidimensional scaling / The multivariate Normal distribution / Factor analysis / Supervised
learning / Cluster analysis

Lecture notes None
Literature The course will be based on class notes and books that are available electronically via the ETH library.
Prerequisites /
notice

Target audience: This course is the more theoretical version of  "Applied Multivariate Statistics" (401-0102-00L) and is targeted at students
with a math background. 

Prerequisite: A basic course in probability and statistics. 

Note: The courses 401-0102-00L and 401-6102-00L are mutually exclusive. You may register for at most one of these two course units.

401-6624-11L Applied Time Series W  5 credits 2V+1U M. Dettling
Abstract The course starts with an introduction to time series analysis (examples, goal, mathematical notation). In the following, descriptive

techniques, modeling and prediction as well as advanced topics will be covered.
Objective Getting to know the mathematical properties of time series, as well as the requirements, descriptive techniques, models, advanced

methods and software that are necessary such that the student can independently run an applied time series analysis.
Content The course starts with an introduction to time series analysis that comprises of examples and goals. We continue with notation and

descriptive analysis of time series. A major part of the course will be dedicated to modeling and forecasting of time series using the flexible
class of ARMA models. More advanced topics that will be covered in the following are time series regression, state space models and
spectral analysis.

Lecture notes A script will be available.
Prerequisites /
notice

The course starts with an introduction to time series analysis that comprises of examples and goals. We continue with notation and
descriptive analysis of time series. A major part of the course will be dedicated to modeling and forecasting of time series using the flexible
class of ARMA models. More advanced topics that will be covered in the following are time series regression, state space models and
spectral analysis.

 Machine Learning and Artificial Intelligence
Number Title Type ECTS Hours Lecturers

252-0526-00L Statistical Learning Theory W  7 credits 3V+2U+1A J. M. Buhmann, C. Cotrini Jimenez
Abstract The course covers advanced methods of statistical learning: 


- Variational methods and optimization.
- Deterministic annealing. 
- Clustering for diverse types of data.
- Model validation by information theory.

Objective The course surveys recent methods of statistical learning. The fundamentals of machine learning, as presented in the courses "Introduction
to Machine Learning" and "Advanced Machine Learning", are expanded from the perspective of statistical learning.

Content - Variational methods and optimization. We consider optimization approaches for problems where the optimizer is a probability distribution.
We will discuss concepts like maximum entropy, information bottleneck, and deterministic annealing.

- Clustering. This is the problem of sorting data into groups without using training samples. We discuss alternative notions of "similarity"
between data points and adequate optimization procedures.

- Model selection and validation. This refers to the question of how complex the chosen model should be. In particular, we present an
information theoretic approach for model validation.

- Statistical physics models. We discuss approaches for approximately optimizing large systems, which originate in statistical physics (free
energy minimization applied to spin glasses and other models). We also study sampling methods based on these models.

Lecture notes A draft of a script will be provided. Lecture slides will be made available.
Literature Hastie, Tibshirani, Friedman: The Elements of Statistical Learning, Springer, 2001.


L. Devroye, L. Gyorfi, and G. Lugosi: A probabilistic theory of pattern recognition. Springer, New York, 1996

Prerequisites /
notice

Knowledge of machine learning (introduction to machine learning and/or advanced machine learning)
Basic knowledge of statistics.

252-3005-00L Natural Language Understanding
Does not take place this semester.
Takes place in HS20.

W  5 credits 2V+1U+1A to be announced

Abstract This course presents topics in natural language processing with an emphasis on modern techniques, primarily focusing on statistical and
deep learning approaches. The course provides an overview of the primary areas of research in language processing as well as a detailed
exploration of the models and techniques used both in research and in commercial natural language systems.

Objective The objective of the course is to learn the basic concepts in the statistical processing of natural languages. The course will be project-
oriented so that the students can also gain hands-on experience with state-of-the-art tools and techniques.

Content This course presents an introduction to general topics and techniques used in natural language processing today, primarily focusing on
statistical approaches. The course provides an overview of the primary areas of research in language processing as well as a detailed
exploration of the models and techniques used both in research and in commercial natural language systems.

Literature Lectures will make use of textbooks such as the one by Jurafsky and Martin where appropriate, but will also make use of original research
and survey papers.

261-5110-00L Optimization for Data Science W 8 credits 3V+2U+2A B. Gärtner, D. Steurer
Abstract This course provides an in-depth theoretical treatment of optimization methods that are particularly relevant in data science.
Objective Understanding the theoretical guarantees (and their limits) of relevant optimization methods used in data science. Learning general

paradigms to deal with optimization problems arising in data science.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 451 of 1785

Content This course provides an in-depth theoretical treatment of optimization methods that are particularly relevant in machine learning and data
science.

In the first part of the course, we will first give a brief introduction to convex optimization, with some basic motivating examples from
machine learning. Then we will analyse classical and more recent first and second order methods for convex optimization: gradient
descent, projected gradient descent, subgradient descent, stochastic gradient descent, Nesterov's accelerated method, Newton's method,
and Quasi-Newton methods. The emphasis will be on analysis techniques that occur repeatedly in convergence analyses for various
classes of convex functions. We will also discuss some classical and recent theoretical results for nonconvex optimization. 

In the second part, we discuss convex programming relaxations as a powerful and versatile paradigm for designing efficient algorithms to
solve computational problems arising in data science. We will learn about this paradigm and develop a unified perspective on it through the
lens of the sum-of-squares semidefinite programming hierarchy. As applications, we are discussing non-negative matrix factorization,
compressed sensing and sparse linear regression, matrix completion and phase retrieval, as well as robust estimation.

Prerequisites /
notice

As background, we require material taught in the course "252-0209-00L Algorithms, Probability, and Computing". It is not necessary that
participants have actually taken the course, but they should be prepared to catch up if necessary.

263-3710-00L Machine Perception
Number of participants limited to 200.

W  5 credits 2V+1U+1A O. Hilliges

Abstract Recent developments in neural networks (aka “deep learning”) have drastically advanced the performance of machine perception systems
in a variety of areas including computer vision, robotics,  and intelligent UIs. This course is a deep dive into deep learning algorithms and
architectures with applications to a variety of perceptual tasks.

Objective Students will learn about fundamental aspects of modern deep learning approaches for perception. Students will learn to implement, train
and debug their own neural networks and gain a detailed understanding of cutting-edge research in learning-based computer vision,
robotics and HCI. The final project assignment will involve training a complex neural network architecture and applying it on a real-world
dataset of human activity.

The core competency acquired through this course is a solid foundation in deep-learning algorithms to process and interpret human input
into computing systems. In particular, students should be able to develop systems that deal with the problem of recognizing people in
images, detecting and describing body parts, inferring their spatial configuration, performing action/gesture recognition from still images or
image sequences, also considering multi-modal data, among others.

Content We will focus on teaching: how to set up the problem of machine perception, the learning algorithms, network architectures and advanced
deep learning concepts in particular probabilistic deep learning models 

The course covers the following main areas:
    I) Foundations of deep-learning.
    II) Probabilistic deep-learning for generative modelling of data (latent variable models, generative adversarial networks and auto-
regressive models). 
    III) Deep learning in computer vision, human-computer interaction and robotics.   

Specific topics include: 
    I) Deep learning basics:
        a) Neural Networks and training (i.e., backpropagation)
        b) Feedforward Networks
        c) Timeseries modelling (RNN, GRU, LSTM)
        d) Convolutional Neural Networks for classification
    II) Probabilistic Deep Learning:
        a) Latent variable models (VAEs)
        b) Generative adversarial networks (GANs)
        c) Autoregressive models (PixelCNN, PixelRNN, TCNs)
    III) Deep Learning techniques for machine perception:
        a) Fully Convolutional architectures for dense per-pixel tasks (i.e., instance segmentation)
        b) Pose estimation and other tasks involving human activity
                c) Deep reinforcement learning 
    IV) Case studies from research in computer vision, HCI, robotics and signal processing

Literature Deep Learning
Book by Ian Goodfellow and Yoshua Bengio

Prerequisites /
notice

This is an advanced grad-level course that requires a background in machine learning. Students are expected to have a solid mathematical
foundation, in particular in linear algebra, multivariate calculus, and probability. The course will focus on state-of-the-art research in deep-
learning and will not repeat basics of machine learning

Please take note of the following conditions:
    1) The number of participants is limited to 200 students (MSc and PhDs).
    2) Students must have taken the exam in Machine Learning (252-0535-00) or have acquired equivalent knowledge
    3) All practical exercises will require basic knowledge of Python and will use libraries such as TensorFlow, scikit-learn and scikit-image.
We will provide introductions to TensorFlow and other libraries that are needed but will not provide introductions to basic programming or
Python. 

The following courses are strongly recommended as prerequisite:
 * "Visual Computing" or "Computer Vision" 
 
The course will be assessed by a final written examination in English. No course materials or electronic devices can be used during the
examination. Note that the examination will be based on the contents of the lectures, the associated reading materials and the exercises.

 Big Data Systems
Number Title Type ECTS Hours Lecturers

252-0834-00L Information Systems for Engineers
Wird ab HS20 nur in Herbstsemester angeboten.

W  4 credits 2V+1U G. Fourny

Abstract This course provides the basics of relational databases from the perspective of the user.

We will discover why tables are so incredibly powerful to express relations, learn the SQL query language, and how to make the most of it.
The course also covers support for data cubes (analytics).
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Objective This lesson is complementary with Big Data for Engineers as they cover different time periods of database history and practices -- you can
even take both lectures at the same time.

After visiting this course, you will be capable to:

1. Explain, in the big picture, how a relational database works and what it can do in your own words.

2. Explain the relational data model (tables, rows, attributes, primary keys, foreign keys), formally and informally, including the relational
algebra operators (select, project, rename, all kinds of joins, division, cartesian product, union, intersection, etc).

3. Perform non-trivial reading SQL queries on existing relational databases, as well as insert new data, update and delete existing data.

4. Design new schemas to store data in accordance to the real world's constraints, such as relationship cardinality

5. Explain what bad design is and why it matters.

6. Adapt and improve an existing schema to make it more robust against anomalies, thanks to a very good theoretical knowledge of what is
called "normal forms".

7. Understand how indices work (hash indices, B-trees), how they are implemented, and how to use them to make queries faster.

8. Access an existing relational database from a host language such as Java, using bridges such as JDBC.

9. Explain what data independence is all about and didn't age a bit since the 1970s.

10. Explain, in the big picture, how a relational database is physically implemented.

11. Know and deal with the natural syntax for relational data, CSV.

12. Explain the data cube model including slicing and dicing.

13. Store data cubes in a relational database.

14. Map cube queries to SQL.

15. Slice and dice cubes in a UI.

And of course, you will think that tables are the most wonderful object in the world.

Content Using a relational database
=================
1. Introduction
2. The relational model
3. Data definition with SQL
4. The relational algebra
5. Queries with SQL

Taking a relational database to the next level
=================
6. Database design theory
7. Databases and host languages
8. Databases and host languages
9. Indices and optimization
10. Database architecture and storage

Analytics on top of a relational database
=================
12. Data cubes

Outlook
=================
13. Outlook

Literature - Lecture material (slides).

- Book: "Database Systems: The Complete Book", H. Garcia-Molina, J.D. Ullman, J. Widom
(It is not required to buy the book, as the library has it)

Prerequisites /
notice

For non-CS/DS students only, BSc and MSc
Elementary knowledge of set theory and logics
Knowledge as well as basic experience with a programming language such as Pascal, C, C++, Java, Haskell, Python

252-3900-00L Big Data for Engineers
This course is not intended for Computer Science and
Data Science MSc students! 

W  6 credits 2V+2U+1A G. Fourny

Abstract This course is part of the series of database lectures offered to all ETH departments, together with Information Systems for Engineers. It
introduces the most recent advances in the database field: how do we scale storage and querying to Petabytes of data, with trillions of
records? How do we deal with heterogeneous data sets? How do we deal with alternate data shapes like trees and graphs?
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Objective This lesson is complementary with Information Systems for Engineers as they cover different time periods of database history and
practices -- you can even take both lectures at the same time.

The key challenge of the information society is to turn data into information, information into knowledge, knowledge into value. This has
become increasingly complex. Data comes in larger volumes, diverse shapes, from different sources. Data is more heterogeneous and less
structured than forty years ago. Nevertheless, it still needs to be processed fast, with support for complex operations.

This combination of requirements, together with  the technologies that have emerged in order to address them, is typically referred to as
"Big Data." This revolution has led to a completely new way to do business, e.g., develop new products and business models, but also to
do science -- which is sometimes referred to as data-driven science or the "fourth paradigm".

Unfortunately, the quantity of data produced and available -- now in the Zettabyte range (that's 21 zeros) per year -- keeps growing faster
than our ability to process it. Hence, new architectures and approaches for processing it were and are still needed. Harnessing them must
involve a deep understanding of data not only in the large, but also in the small.

The field of databases evolves at a fast pace. In order to be prepared, to the extent possible, to the (r)evolutions that will take place in the
next few decades, the emphasis of the lecture will be on the paradigms and core design ideas, while today's technologies will serve as
supporting illustrations thereof.

After visiting this lecture, you should have gained an overview and understanding of the Big Data landscape, which is the basis on which
one can make informed decisions, i.e., pick and orchestrate the relevant technologies together for addressing each business use case
efficiently and consistently.

Content This course gives an overview of database technologies and of the most important database design principles that lay the foundations of
the Big Data universe. 

It targets specifically students with a scientific or Engineering, but not Computer Science, background.

We take the monolithic, one-machine relational stack from the 1970s, smash it down and rebuild it on top of large clusters: starting with
distributed storage, and all the way up to syntax, models, validation, processing, indexing, and querying. A broad range of aspects is
covered with a focus on how they fit all together in the big picture of the Big Data ecosystem.

No data is harmed during this course, however, please be psychologically prepared that our data may not always be in normal form.

- physical storage: distributed file systems (HDFS), object storage(S3), key-value stores

- logical storage: document stores (MongoDB), column stores (HBase)

- data formats and syntaxes (XML, JSON, RDF, CSV, YAML, protocol buffers, Avro)

- data shapes and models (tables, trees)

- type systems and schemas: atomic types, structured types (arrays, maps), set-based type systems (?, *, +)

- an overview of functional, declarative programming languages across data shapes (SQL, JSONiq)

- the most important query paradigms (selection, projection, joining, grouping, ordering, windowing)

- paradigms for parallel processing, two-stage (MapReduce) and DAG-based (Spark)

- resource management (YARN)

- what a data center is made of and why it matters (racks, nodes, ...)

- underlying architectures (internal machinery of HDFS, HBase, Spark)

- optimization techniques (functional and declarative paradigms, query plans, rewrites, indexing)

- applications.

Large scale analytics and machine learning are outside of the scope of this course.

Literature Papers from scientific conferences and journals. References will be given as part of the course material during the semester.
Prerequisites /
notice

This course is not intended for Computer Science and Data Science students. Computer Science and Data Science students interested in
Big Data MUST attend the Master's level Big Data lecture, offered in Fall.

Requirements: programming knowledge (Java, C++, Python, PHP, ...) as well as basic knowledge on databases (SQL). If you have already
built your own website with a backend SQL database, this is perfect.

Attendance is especially recommended to those who attended Information Systems for Engineers last Fall, which introduced the "good old
databases of the 1970s" (SQL, tables and cubes). However, this is not a strict requirement, and it is also possible to take the lectures in
reverse order.

263-3501-00L Future Internet W  6 credits 1V+1U+3A A. Singla
Abstract This course will discuss recent advances in networking, with a focus on the Internet, with topics ranging from the algorithmic design of

applications like video streaming to the likely near-future of satellite-based networking.
Objective The goals of the course are to build on basic undergraduate-level networking, and provide an understanding of the tradeoffs and existing

technology in the design of large, complex networked systems, together with concrete experience of the challenges through a series of lab
exercises.

Content The focus of the course is on principles, architectures, protocols, and applications used in modern networked systems. Example topics
include:

- How video streaming services like Netflix work, and research on improving their performance.
- How Web browsing could be made faster
- How the Internet's protocols are improving
- Exciting developments in satellite-based networking (ala SpaceX)
- The role of data centers in powering Internet services

A series of programming assignments will form a substantial part of the course grade.
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Lecture notes Lecture slides will be made available at the course Web site: https://ndal.ethz.ch/courses/fi.html
Literature No textbook is required, but there will be regularly assigned readings from research literature, liked to the course Web site:

https://ndal.ethz.ch/courses/fi.html.
Prerequisites /
notice

An undergraduate class covering the basics of networking, such as Internet routing and TCP. At ETH, Computer Networks (252-0064-00L)
and Communication Networks (227-0120-00L) suffice. Similar courses from other universities are acceptable too.

DAS in Data Science - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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DAS in Information Technology and Electrical Engineering
 Subjects of Specialization

Subjects are to be chosen from the courses offered in the master degree program in electrical engineering and information technology. The director of
studies decides on exceptions, upon consultation with the tutor.

Course offer from the Master Program in Electrical
Engineering and Information Technology

 Diploma Project
Number Title Type ECTS Hours Lecturers

227-3001-00L Diploma Thesis
Only for DAS in Information Technology and Electrical
Engineering.

Registration for the diploma thesis requires the successfull
completion of 18 credits ECTS from subjects of
specialization.

O  12 credits 36D Professors

Abstract The Diploma of Advanced Studies finishes with a 3-months diploma thesis which is directed by a professor of the department ITET.
Students prove their ability to conduct independent scientific research on a specific research problem, using skills and knowledge acquired
during the program. The thesis includes a written report and an oral presentation.

Objective see above

227-1101-00L How to Write Scientific Texts
Strongly recommended prerequisite for Semester Projects
and Master Theses at D-ITET (MSc BME, MSc EEIT, MSc
EST).

E-  0 credits U. Koch

Abstract The four hour lecture covers the basics of writing and presenting of scientific work. The focus will be on the structure and the main
elements of a scientific text rather than the language. Citation rules, good practice of scientific writing and an overview on software tools will
be part of the training.

Objective Knowledge on structure and content of a scientific text. 
Stimulation of a discussion on how to write a scientific text versus an interesting novel. 
Discussion of the practice of proper citing and critical reflection on recent plagiarism allegations.

Content * Topic 1: Structure of a Scientific Text (title, author list, abstract, state-of-the-art, "in this paper" paragraph, scientific part, summary,
equations, figures)

* Topic 2: Power Point Presentations

* Topic 3: Citation Rules and Citation Software

* Topic 4: Guidelines for Research Integrity

The lecture will be given in two parts on two afternoons. Some exercises will be built into the lecture.

Literature ETH "Citation Etiquette", see www.plagiate.ethz.ch.

ETH Guidlines on "Guidelines for Research Integrity", see https://ethz.ch/content/dam/ethz/special-
interest/itet/department/Studies/ETH_Research_Integrity_2011.pdf

Prerequisites /
notice

Students should already have a Bachelor degree and plan to do either a semester project or a master thesis in the immediate future.

DAS in Information Technology and Electrical Engineering - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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DAS Military Sciences
The DAS in Military Sciences programme is executed every second year,  

Next start: Autumn Semester 2021.

 Courses Offered
Number Title Type ECTS Hours Lecturers

853-0051-01L Military Sociology II (without Exercises) O 3 credits 2V T. Szvircsev Tresch, S. De Rosa,
T. Ferst, O. Schneider

Abstract Overview of classic theories of civil-military relations. Trends in current changes in European military structures (the end of conscription and
of the mass army).

Objective Explain European tendencies regarding recruitment of personnel and indicate the decreasing importance of conscription
Give an overview of the reforms and reorganisations of European armed forces
Explain the specific aspects of the Swiss militia system in the military as well as in the civilian world
Recognize the limits of the Swiss militia capability in the modern society and discuss consequences for the Swiss militia system

853-0080-00L Military History II O 3 credits 2V M. Olsansky
Abstract The lecture elucidates the structural problems and the evolutionary path of the Swiss Army since the adaptation of the Napoleonic warfare

in the year 1804. Emphasis will be put on the general mobilizations and reforms of the Army in the 20th century as well as on the related
inner- and outer-military factional disputes.

Objective - Know and discuss the adaptation of the Swiss Army to the revolutions in military affairs in modern times;
- Grasp the problematic issues regarding the evolution of the Swiss Army;
- Know and be able to discuss the mobilizations of the Swiss Army in the 19th and 20th century.

Content The students should apprehend the evolutions of the Swiss Army in its social, economic, technological and political setting from 1804 to
2004. The development of the Swiss Army is compared with general developments regarding the Military Revolutions I-VI.
A special focus is set on the following topics: 
- Mobilizations and planning of the operational deployment of the Swiss Army in 1847, 1856, 1914-1918, 1939-1945.
- Debates on the general conception and on operational doctrine 1945 - 2004
- The Army reforms 1945-2004

Literature Jaun, Rudolf: Geschichte der Schweizer Armee. Vom 17. Jahrhundert bis in die Gegenwart. Zürich 2019
Prerequisites /
notice

This lecture is based on lecture 853-0063-00L Military History I.

853-0057-02L Strategic Studies II (without Exercises) O 3 credits 2V M. Mantovani, M. Wyss
Abstract The lecture series, spread over two terms, covers strategic thinking and practice in a military context and theories of warfare from the

ancient times to the present.
Objective The participants are cognizant of how the meaning of strategy has changed and they know the main theoretical concepts of strategy and

theories of war. They are - after a study of their application in selected historical and contemporary situations - conscious of the difficulties
of translating strategic concepts into practice.

Content The series covers key concepts of classical theory (e.g. Sun Tzu, Jomini, Clausewitz, Mahan, Liddell Hart etc.), against their historical
background and their influence in history. It also deals with current doctrines especially of the US and their operational implementation, the
strategies and (asymmetric) tactics of non-state actors and their suppression, i.e. irregular warfare.
The theory of warfare is being treated by means of Thucydides, Machiavelli, Clausewitz, Galula up until Münkler.

Lecture notes Slides, source texts and literature are being distributed ahead of the individual session.
Literature see "Skript"
Prerequisites /
notice

Active knowledge of German and English.

The test covers the contents of the lectures and the discussed parts of the textbook. No aids are permitted.

853-0102-00L Defense Economics II O 3 credits 2V M. M. Keupp
Abstract In terms of structure and content, the event follows the lecturer's book "Militärökonomie" (Military Economics), which is available in two

language versions:

- German language: ISBN 978-3-658-06146-3
- French-speaking: ISBN 978-3-658-25287-8

Objective * Understanding the impact of institutional design on the effectiveness and efficiency of military performance
* Analyse possibilities and limits of system reforms

Content The semester program of the course is divided into 14 modules of 90 minutes each, which combine lecture (teaching of analytical
techniques) and exercise (application by means of concrete case studies). 

The contents correspond to sections 3 to 5 of the above book. The following will be discussed:

3.1 The military conflict as an objective selection environment
3.2 Consequences of the planned economy system for military effectiveness

4.1 Possibilities and limits of efficiency improvements
4.2 Consequences of the planned economy system for military efficiency

5. possibilities and limits of system reforms

Lecture notes Lecture slides are given to the participants before the first lecture. In addition, the above mentioned book will be handed over to the
participants. Participants of the lecture who are not professional officer candidates are requested to obtain the book from the library or
bookstore.

Literature Keupp, M. M. 2019 Militärökonomie. Wiesbaden: SpringerGabler.
ISBN 978-3-658-06146-3

Keupp, M. M. 2019 Économie militaire. Wiesbaden: SpringerGabler.
ISBN 978-3-658-25287-8

Prerequisites /
notice

Exam "Military Business Administration I" passed successfully or profound basic knowledge of business administration and economics with
a focus on institutional economics. The course is open to external participants.

853-0040-00L Military Psychology and Pedagogy II O 3 credits 2V H. Annen
Abstract Building on the knowledge of psychological and pedagogical aspects of education acquired during the first semester, heighten the

awareness and perception of education and leadership in military life. Elucidate the dangers of abuse of power and work out consequences
on military life. Examining the phenomenon of stress and its importance to mission accomplishment.
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Objective Knowing the different models of stress and stress management
Specifying symptoms of stress-related disorders and acquiring an overview of the most common prevention methods and treatments of
combat stress reactions (CSR) and posttraumatic stress disorder (PTSD)
Knowing the psychological conditions that lead to abuse of authority and power, and deriving provisions to reduce that risk in military daily
routine.

Content Participants shall be sensitized for psychological and pedagogic aspects of military formation, education and leadership. Specific military
aspects are treated building on the subjects covered in the first semester and against the background of psychological basic research.
Special attention is directed to the phenomenon "stress". The pedagogic perspective is taken into account by inquiring how and with which
instruments the acquired knowledge can be implemented into practice.

Subjects:
- Stress
- Thought- and decision making processes under stress
- Psychological combat reactions and traumatic stress
- Resilience
- Power and authority
- Values - norms - aims
- The military leader as psychologist and pedagogue

Literature - Annen, H., Steiger, R. & Zwygart, U.: Gemeinsam zum Ziel, Huber, Frauenfeld 2004
- Stadelmann, J.: Führung unter Belastung, Huber, Frauenfeld 1998

The lecture is supported by a virtual learning environment containing relevant documents (presentations and texts as well as the above
mentioned books) and information to further literature.

853-0034-00L Leadership II
Only for Public Policy BA and DAS in Military Sciences.

O 4 credits 2V+1U F. Kernic, F. Demont,
M. Holenweger

Abstract In the lecture "Leadership II" we analyze specific leadership processes such as problem solving, planning, organizing, intercultural
management, group-dynamics, crisis leadership and typical characteristics of successful leaders.

Objective The aim of this lecture is to give the students an insight into practical aspects of interactional and organizational leadership, such as
problem solving and decision making, and crisis leadership. In addition, they will understand the importance of intercultural leadership in
modern organizations and can transfer their insights into their future working environment. Finally, typical characteristics of successful
leadership behavior will be presented and discussed.

Content This lecture will be completed by an additional practise hour which is compulsory for members of the armed officers forces.

853-0058-00L Swiss Foreign and Security Politics Since 1945
Only for Public Policy BA and DAS in Military Sciences.

O 4 credits 2V+1U A. Wenger

Abstract This course provides students with an overview of the main features of Swiss foreign and security policy since 1945. The focus is on the
emergence and development of security policy strategies and instruments in a historical context. Using primary and secondary source texts
as a basis, selected topics are analyzed and discussed in tutorials.

Objective The participants have a solid overview of the evolution of Swiss foreign and security policy since 1945.
Content The first part of the lecture clarifies the term "security" and analyzes the change of its meaning in politics and academia over time. The

focus of the second part is on the development of Swiss security policy since 1945. We will look at the different concepts of security policy,
which range from "total defense" to "cooperative security". We then will analyze the gap between planning and execution, focusing on the
two key developments of security policy, that is foreign policy and armed forces. The tutorials help to deepen the understanding of key
aspects of Swiss foreign and security policy-making. We will read and discuss a number of key (primary and secondary) sources.

Literature Mandatory reading: Spillman, Kurt R., Andreas Wenger, Christoph Breitenmoser and Marcel Gerber. Schweizer Sicherheitspolitik seit
1945: Zwischen Autonomie und Kooperation. Zürich: Verlag neue Zürcher Zeitung, 2001.
The book is out of print, students can access the text in the virtual class room (Moodle).

Prerequisites /
notice

The lecture is supported by a virtual class room (Moodle). If you have questions concerning the lecture, please contact Jeremy
Guggenheim, jeremy.guggenheim@sipo.gess.ethz.ch.

DAS Military Sciences - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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DAS in Spatial Planning
 Lectures

Number Title Type ECTS Hours Lecturers

115-0505-00L Lecture Week 05: Traffic Systems
Only for MAS, DAS and CAS in Spatial Planning.

W  2 credits 1G K. W. Axhausen, F. Corman

Abstract Interrelationships between networks, supply, and space; Demand and demand models; Evaluation of changes in infrastructure; traffic
systems: rail infrastructure, passenger transportation; case study.

Objective Understanding of the life cycle costs and effects of infrastructure on spatial development as accessibility producing and /or vital network
industries. Understanding planning processes for network infrastructure operation and production as well as the challenges of network
operation. 

115-0506-00L Lecture Week 06: Communication and Negotiation
Only for MAS, DAS and CAS in Spatial Planning.

W  2 credits 1G M. Ambühl, M. Gutmann

Abstract This module introduces students to the basic theories and competencies of public sector management, with an emphasis on negotiation
and communication, through lectures, case studies and group exercises.

Objective By the end of the module students are able to plan, manage and assess projects and negotiations, and have accurately reflected on their
management and communication strengths and deficits.

115-0507-00L Lecture Week 07: Spatial Economy
Only for MAS, DAS and CAS in Spatial Planning.

W  2 credits 1G J. Aring, M. Gmünder

Abstract Main features of regional and urban economics; Land and landscape economics; Regional structural analysis and benchmarking;
Globalisation; Digital transformation; company and locational competition; Regional economic policy, locational management; Real estate
development; Market based land-use planning instruments; Federalism, financial equalisation, regional planning policy; Swiss regional
policy

Objective Economic background and requirements for spatial planning related to intensifying regional competitiveness in a changing world.
Understanding of spatially relevant economic relationships and driving forces. Assessment of spatial concepts, policies and measures.
Development of new concepts for the spatial development policy at different levels (local, regional, national, international).

115-0508-00L Lecture Week 08: Spatial Sociology
Only for MAS, DAS and CAS in Spatial Planning.

W  2 credits 1G C. Schmid, P. Klaus

Abstract Spatial Planning is strongly linked with social processes. Thus, planning measures have impacts on the people, and changes in society
influence planning processes. Concepts such as urbanisation, gentrification, segregation and density are discussed in the course.
Instruments related to practice such as participation and ethnography are presented.

Objective Aim of the course is to present the most important interrelations between society and spatial planning and spatial development.  The main
focus is on a better understanding of topics, pro-cedures and methods in social sciences. The course presents new approaches to urban
quality, working with statistics and interviews, as well as the ethnographic exploration of neighbor-hoods. Finally, it highlights the variety
and the possibilities of the collaboration with the popu-lation in planning processes - the participation process - and to make it useful for
practice.

115-0509-00L Lecture Week 09: Planning and Politics
Only for MAS, DAS and CAS in Spatial Planning.

W  2 credits 1G D. Kaufmann, W. Schenkel

Abstract Introduction to political science as a discipline; The Swiss political system; Spatial planning in the Swiss political system context; Planning
and governance: steering by the state and new coordination mechanisms, concepts and examples of governance proposals; Trends,
drivers and policies in urban regions.

Objective Approaching, understanding and structured discussion of the political science approach to spatial planning. Apply political science toolbox
in practical processes and projects. Recognize and utilize relevance of political science approach for personal and professional interests or
requirements.

DAS in Spatial Planning - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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DAS in Transport Engineering
Starts every second autumn semester. 

Next start: HS20
Duration: Two years.

 Compulsory Modules
Number Title Type ECTS Hours Lecturers

149-0003-00L Railway Infrastructures
Does not take place this semester.
Only for DAS in Transport Engineering

O  5 credits 1G F. Corman

Objective Teaches the basic principles of public transport network and topology design, geometrical design, dimensioning and construction as well as
the maintenance of rail infrastructures. In detail, fundamentals of railroad technology and interactions between track and vehicles, network
development and infrastructure planning, planning of rail infrastructure, planning and design of railway stations, construction and
dimensioning of tracks, approval and beginning service on complex infrastructure facilities, special issues of maintenance. Teaches
students to recognize the interactions between the infrastructure design and the production processes. 

149-0004-00L Discrete Choice Models
Does not take place this semester.
Only for DAS in Transport Engineering

O  5 credits 1G K. W. Axhausen

Abstract Comprehensive introduction to survey methods for travel behaviour with advanced discrete choice models. Enabling the student to
understand and apply the various measurement approaches and models of modelling travel behaviour. Behavioural model and
measurement; hypothetical markets, discrete choice model, parameter estimation, pattern of travel behaviour, market segments.

 Elective Modules
Elective modules start from autumn semester HS 2021 and spring semester FS 2022 on.

 Diploma Thesis
Start of diplom thesis from Autumn Semester 2021 on.

DAS in Transport Engineering - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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DAS Preparation for the Swiss Federal Examination in Pharmacy
 First Series of Courses (Group A)

Number Title Type ECTS Hours Lecturers

535-0522-00L Pharmacology and Toxicology II O  2 credits 2V U. Quitterer
Abstract The two-semester lecture course will provide a basic understanding of mechanisms of drug action, pharmacological properties and

therapeutic uses of important classes of drugs. The lectures are intended for students of pharmacy and health sciences.
Objective The lectures will provide a comprehensive survey of pharmacology and toxicology. Special emphasis is placed on the interrelationship

between pharmacological, pathophysiological and clinical aspects.
Content Topics include disease-relevant macroscopic, microscopic, pathobiochemical and functional disturbances of specific organs and organ

systems. The lectures integrate disease pathology with mechanisms of drug action, usage, pharmacokinetics, side effects, toxicology,
contraindications and dosage of relevant drug classes. Basic principles of clinical pharmacology and pharmacotherapy will be covered.

Lecture notes A script is provided for each lecture, which contains major contents of the lecture and defines exam-relevant topics. The scripts do not
replace the lectures.

Literature Klaus Aktories, Ulrich Förstermann, Franz Hofmann, Klaus Starke.
Allgemeine und spezielle Pharmakologie und Toxikologie.
12. Auflage, 1146 Seiten
2017
Urban & Fischer Verlag/Elsevier GmbH,
ISBN-10: 3437425250; ISBN-13: 978-3437425257


The classic textbook on pharmacology:
Goodman & Gilman`s The Pharmacological Basis of Therapeutics.
Laurence Brunton, Björn Knollmann, Randa Hilal-Dandan
13th edition, 1440 pages
2017; McGraw - Hill Education 
ISBN-10: 1259584739
ISBN-13: 978-1259584732

Prerequisites /
notice

Abschluss Grundstudium.

Gleichzeitiger oder vorgängiger Besuch des Seminars 535-0523-00 Aktuelle Themen aus Pharmakologie und Toxikologie ist dringend
empfohlen.

535-0523-00L Current topics in Pharmacology and Toxicology O  1 credit 1S U. Quitterer
Abstract The practical course complements the lectures on Pharmacology and Toxicology. The course is held in parallel to the lecture course during

the spring semester.
Objective Gain in-depth knowledge of pharmacology and toxicology, and understand basic principles of pharmacotherapy.
Content The course presents selected topics of pharmacology and toxicology to understand principles of pharmacotherapy of major diseases. In

frame of the course, students perform exercises.
Lecture notes A script is provided for each course. The script defines relevant knowledge for the exam in Pharmacology and Toxicology I/II.
Literature Klaus Aktories, Ulrich Förstermann, Franz Hofmann, Klaus Starke.

Allgemeine und spezielle Pharmakologie und Toxikologie.
12. Auflage, 1146 Seiten
2017
Urban & Fischer Verlag/Elsevier GmbH,
ISBN-10: 3437425250; ISBN-13: 978-3437425257

The classic textbook on pharmacology:
Goodman & Gilman`s The Pharmacological Basis of Therapeutics.
Laurence Brunton, Björn Knollmann, Randa Hilal-Dandan
13th edition, 1440 pages
2017; McGraw - Hill Education 
ISBN-10: 1259584739
ISBN-13: 978-1259584732

Prerequisites /
notice

Voraussetzungen: Abschluss Grundstudium

535-0241-03L Biopharmacy O  3 credits 3V S.-D. Krämer
Abstract Introduction to the Basics in Biopharmacy. Pharmacokinetic processes (absorption, distribution, metabolism and excretion, ADME), which

determine the fate of a drug in the body. Knowledge of the most important pharmacokinetic parameters. Interpretation of concentration-
time-profiles of drugs. Pharmacokinetic profiling of drugs in view of therapy optimization and analysis of interaction potential.

Objective Introduction to the Basics in Biopharmacy. Pharmacokinetic processes (absorption, distribution, metabolism and excretion, ADME), which
determine the fate of a drug in the body. Knowledge of the most important pharmacokinetic parameters. Interpretation of concentration-
time-profiles of drugs. Pharmacokinetic profiling of drugs in view of therapy optimization and analysis of interaction potential.

Content Introduction to pharmacokinetics; definition of the most important pharmacokinetic parameters and their calculation from clinical data
(compartment model, statistical model); kinetics of absorption (absorption profiles); distribution of drugs and role of protein binding; kinetics
of elimination: excretion and biotransformation (physiological model); pharmacokinetic profiling of drugs for therapy optimization and for the
analysis of the interaction potential; dosage regimen design.

Literature P. Langguth, G. Fricker, H. Wunderli-Allenspach "Biopharmazie", Wiley-VCH Verlag, Weinheim, 2004.

535-0422-00L Galenical Pharmacy II O  2 credits 2G J.-C. Leroux, E. Giger
Abstract Continues Galenical Pharmacy I. Powder technology. Tablets and tabletting. Coating technologies. Drug dissolution and release. Hard and

soft gelatin capsules. Suppositories. Introduction to drug delivery and targeting. Drug delivery systems for peroral, transdermal, parenteral
and mucosal administration.

Objective Introduction and overview of important fundamentals, principles and technologies for the development and manufacturing of dosage forms
and drug delivery systems. In continuation of Galenical Pharmacy I. The students dispose of knowledge of properties, function, quality and
application of dosage forms. The following topics will be covered: Powder technology. Tablets and tabletting. Coating technologies. Drug
dissolution and release. Hard and soft gelatin capsules. Suppositories. Introduction to drug delivery and targeting. Drug delivery systems
for peroral, transdermal, parenteral and mucosal administration. Formulation of biotechnology products.

Content Overview of important fundamentals, principles and technologies for the development and manufacturing of solid dosage forms and drug
delivery systems. Powder technology. Tablets and tabletting. Coating technologies. Drug dissolution and release. Hard and soft gelatin
capsules. Introduction to drug delivery and targeting. Drug delivery systems for peroral, transdermal, parenteral and mucosal
administration.
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Lecture notes Scripts, documentations to the lectures and additional supporting materials can be either downloaded via the indicated link to the course ,
or they will be directly provided at each lecture.

Literature A.T. Florence - An introduction to clinical pharmaceutics. Pharmaceutical Press, London 2010.
L.V. Allen, N.G. Popovich, H.C. Ansel, Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems, 10th Ed, Lippincott Williams &
Wilkins, Baltimore 2014.
L. Felton, Remington - Essentials of Pharmaceutics, Pharmaceutical Press, London, 2013.
M.E. Aulton. Pharmaceutics - The design and manufacture of medicines. 5th Ed. Elsevier, Philadelphia, 2017.
Sinko P.J., Martin's Physical Pharmacy and Pharmaceutical Sciences, 7th ed, Wolters Kluwer, Philadelphia, 2017.

Prerequisites /
notice

Prior attendance of Galenical Pharmacy I is recommended.

535-0135-00L Clinical Chemistry I O  1 credit 1V M. Hersberger
Abstract Introduction into the fundamentals of laboratory diagnostics and an overview on the laboratory parameters used in the context of

inflammation, lipid metabolism, myocardial infarction, diabetes, kidney function, urinary analysis, liver function, blood coagulation, blood
counts, therapeutic drug monitoring and drugs of abuse screening.

Objective Overview on the possibilities and limitations in clinical laboratory diagnostics offered in pharmacies. Indications and methods of often used
analyses are known.

Content Introduction into medical laboratory diagnostics: immunochemical methods, diagnostics of inflammation, acute myocardial infarction, lipid
metabolism, diabetes, kidney function and urinary diagnostics, blood coagulation, blood count, therapeutic drug monitoring, drugs of abuse
screening, common diagnostics of liver diseases, point-of-care diagnostics.

Lecture notes Documentation will be available before the lectures electronically.
Literature - Jürgen Hallbach, Klinische Chemie und Hämatologie für den Einstieg, Thieme Verlag

- Harald Renz, Praktische Labordiagnostik, de Gruyter Verlag
- Walter Guder, Das Laborbuch für Klinik und Praxis, Elsevier Verlag

535-0391-00L Pathobiology O  4 credits 3G M. Detmar, V. I. Otto
Abstract Pathobiology describes the mechanisms underlying a disease and its clinical manifestations. An overview over important diseases of

different organ systems and their symptoms will be given. How the discussed diseases can be recognized based on symptoms and
diagnostic tests will be practiced based on case studies.

Objective Understanding of the molecular mechanisms that link the cause of a disease to its clinical manifestation. Knowing the most important
diseases and their symptoms. First abilities to recognize and distinguish between different diseases based on case studies.

Content Lecture Topics:

1. Introduction and General Pathology

2. Diseases of Blood Cells

3. Kidney Diseases

4. Cardiovascular Diseases

5. Lung Diseases

6. Gastrointestinal Diseases

7. Disorders of the Endocrine System

8. Metabolic Disorders

9. Skin Diseases 

10. Diseases of the Reproductive Organs

11. Diseases of the Bones and Joints

12. Disorders of the Central Nervous System

13. Disorders of Sensory Organs 

14. Psychiatric Diseases


Case studies referring to the diseases discussed in the course of the lectures will be solved and the solutions presented by the students.

Lecture notes Will be available at the following website:


myStudies

Literature Kumar Vinay ; Abbas Abul K. ; Fausto Nelson ; Aster Jon C, Robbins and Cotran Pathologic Basis of Disease, 9th ed., Saunders Elsevier,
Philadelphia 2015
Mitchell Richard N. ; Kumar Vinay ; Abbas Abul K. ; Fausto Nelson ; Aster Jon C., Pocket Companion to Robbins and Cotran Pathologic
Basis of Disease, 9th ed., Elsevier Saunders, Philadelphia 2017
Tischendorf Frank W. (Hrsg.), Blickdiagnostik : Compact-Atlas der klinischen Inspektion und Differenzialdiagnostik, 5. Aufl., Schattauer
Verlag, Stuttgart 2017

Prerequisites /
notice

Requirements: Completion of Basic Studies

 Second Series of Courses (Group A)
 Compulsary Courses II

Number Title Type ECTS Hours Lecturers

535-5520-00L Clinical Case Studies
Only for Pharmacy MSc and DAS in Pharmacy.

O  3 credits 3G E. Kut Bacs, S. Erni, P. Obrist

Abstract The course applies the basic clinical-pharmaceutical knowledge in triage, diagnostics and therapy support (TDT) in selected clinical case
studies. In weekly practice hours, frequent clinical casuistry, as it can occur in the professional everyday life in the pharmacy, is worked out,
presented and discussed in groups.
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Objective Students
- are able to analyze simple case studies based on their basic knowledge in therapy, diagnostics and therapy support and present, explain
and discuss them in plenary sessions
- evaluate clinical symptoms and illnesses and perform a differential diagnosis in the specified field
- are able to explain the cause and development of the specified symptoms and recognize the most important risk and warning symptoms
(red flags).
- based on their knowledge of therapeutic substances, therapy guidelines and selected drugs, they are able to suggest therapy options and
recognize when a referral to a medical specialist is indicated

Content In Gruppen werden Cases zu folgenden Fachgebieten erarbeitet und alle zwei Wochen im Plenum präsentiert und besprochen: 

•    Angiologie
•    Dermatologie
•    Diabetologie
•    Gastroenterologie
•    Infektiologie
•    Kardiologie 
•    Neurologie
•    Ophthalmologie
•    Otorhinolaryngologie
•    Pneumologie
•    Rheumatologie

Lecture notes Wird über myStudies veröffentlicht.
Prerequisites /
notice

Die Lehrveranstaltung dient der praktischen Anwendung und Vertiefung des erlernten klinisch-pharmazeutischen Grundwissens der
Veranstaltung "Triage, Diagnostik und Therapiebegleitung" des 1. Semesters Msc. Pharmazie.

Die klinischen Kasuistiken beginnen in der 2. Semesterwoche und werden zweiwöchentlich jeweils montags durchgeführt (24.2., 9.3.,
23.3., 6.4., 27.4., 11.5., 25.5.2020). Die obligatorische Präsenzzeit der Veranstaltung ist der Vormittag von 9.15-12.00h. Der Nachmittag
dient der Erarbeitung der Cases in Gruppen (keine Präsenzpflicht, selbständige Organisation innerhalb der Gruppe). Die erarbeiteten
Cases werden von den Gruppen per Mail abgegeben und von jeweils einer Gruppe im Plenum präsentiert und diskutiert.

 Second Series of Courses (Group B)
Number Title Type ECTS Hours Lecturers

535-5520-00L Clinical Case Studies
Only for Pharmacy MSc and DAS in Pharmacy.

O  3 credits 3G E. Kut Bacs, S. Erni, P. Obrist

Abstract The course applies the basic clinical-pharmaceutical knowledge in triage, diagnostics and therapy support (TDT) in selected clinical case
studies. In weekly practice hours, frequent clinical casuistry, as it can occur in the professional everyday life in the pharmacy, is worked out,
presented and discussed in groups.

Objective Students
- are able to analyze simple case studies based on their basic knowledge in therapy, diagnostics and therapy support and present, explain
and discuss them in plenary sessions
- evaluate clinical symptoms and illnesses and perform a differential diagnosis in the specified field
- are able to explain the cause and development of the specified symptoms and recognize the most important risk and warning symptoms
(red flags).
- based on their knowledge of therapeutic substances, therapy guidelines and selected drugs, they are able to suggest therapy options and
recognize when a referral to a medical specialist is indicated

Content In Gruppen werden Cases zu folgenden Fachgebieten erarbeitet und alle zwei Wochen im Plenum präsentiert und besprochen: 

•    Angiologie
•    Dermatologie
•    Diabetologie
•    Gastroenterologie
•    Infektiologie
•    Kardiologie 
•    Neurologie
•    Ophthalmologie
•    Otorhinolaryngologie
•    Pneumologie
•    Rheumatologie

Lecture notes Wird über myStudies veröffentlicht.
Prerequisites /
notice

Die Lehrveranstaltung dient der praktischen Anwendung und Vertiefung des erlernten klinisch-pharmazeutischen Grundwissens der
Veranstaltung "Triage, Diagnostik und Therapiebegleitung" des 1. Semesters Msc. Pharmazie.

Die klinischen Kasuistiken beginnen in der 2. Semesterwoche und werden zweiwöchentlich jeweils montags durchgeführt (24.2., 9.3.,
23.3., 6.4., 27.4., 11.5., 25.5.2020). Die obligatorische Präsenzzeit der Veranstaltung ist der Vormittag von 9.15-12.00h. Der Nachmittag
dient der Erarbeitung der Cases in Gruppen (keine Präsenzpflicht, selbständige Organisation innerhalb der Gruppe). Die erarbeiteten
Cases werden von den Gruppen per Mail abgegeben und von jeweils einer Gruppe im Plenum präsentiert und diskutiert.

 Third Series of Sourses
 Practical Pharmacy I

Number Title Type ECTS Hours Lecturers

535-5525-00L Law and Pharmacoeconomics O  3 credits 4G D. Hugentobler, K. Tremp
Abstract Praxisnahe Vermittlung der rechtlichen Grundlagen zur Ausübung des Apothekerberufes. Vermittlung der Grundprinzipien der

Pharmaökonomie und der integrierten Versorgung mit deren Auswirkung auf das Gesundheitswesen aus der Rolle der Apothekerin/des
Apothekers.

Objective Die Studierenden wenden die entsprechenden Bundeserlasse zu den Medizinalberufen, zu den Sozialversicherungen, zu den Heilmitteln
und zu weiteren im Apothekerberuf üblichen Waren und Dienstleistungen im Sinne der Patienten an.Sie verstehen die Prinzipien des
Gesundheitsschutzes der einzelnen Erlasse und das Selbstbestimmungsrecht der Patienten. Anhand von praktischen Situationen
erwerben die Studierenden Kenntnisse zur Anwendung und zur Abwägung der einzelnen Erlasse gegeneinander. Die Studierenden
erhalten Einblick in die Struktur und die Aufgaben der einzelnen Teilnehmer im Schweizer Gesundheitswesen, sie erwerben Kenntnisse
über die Rolle des Apothekers in der integrierten Versorgung sowie über die Grundlagen der Gesundheits- und Pharmaökonomie. Sie
verstehen die Möglichkeiten und Grenzen des elektronischen Patientendossiers, von Managed Care und von integrierter Versorgung. 
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Content Einblick in die Rolle des Apothekers im Gesundheitswesen, als Medizinalperson, als Leistungserbringer und in der interdisziplinären
Zusammenarbeit aus bundesrechtlicher Sicht. Kenntnisse der rechtlichen Vorgaben zu verschiedenen Gruppen von Heilmitteln von der
Herstellung, über den Vertrieb, die Abgabe und die Anwendung bis zur Entsorgung.Die Studierenden kennen den Zweck und die
Bedeutung der Schweizerischen eHealth Strategie, des elektronischen Patientendossiers, der Begriffe «Managed Care»  und «integrierte
Versorgung», können diese Begriffe definieren und konkreten Beispielen zuordnen. 

535-5523-00L Therapeutic Skills III Z  0 credits 5S S. Erni, A. Küng Krähenmann,
E. Kut Bacs, D. Petralli-Nietlispach,
K. Prader-Schneiter, P. Wiedemeier

Abstract Diese Lehrveranstaltung vermittelt Inhalte und Vertiefungen, die für die Tätigkeit in der praktischen Pharmazie (Offizin und Spital) von
besonderer Relevanz sind. Im Vordergrund stehen komplexe Medikationsfragestellungen unter Berücksichtigung spezieller
Patientengruppen sowie Kenntnisse über Labordiagnostik und Medical Devices. Ebenfalls thematisiert werden Kommunikation und Ethik.

Objective Die Studierenden
• verstehen Medikationsprobleme in komplexen Konstellationen 
  (Galenik, Biopharmazie, Interaktionen, Komedikation, spezielle 
   Patientengruppen) und sind in der Lage, die entsprechende 
   Pharmakotherapie in der individuellen Patientensituation zu 
   begleiten, bzw. zu optimieren.
• vertiefen und erweitern ihre Medikamentenkenntnisse.
• erlernen die Fähigkeit, dieses Wissen in objektivierter und
   strukturierter Form in der Beratung von PatientInnen umzusetzen.
• erwerben Basis-Kenntnisse über die wichtigsten diagnostischen   
   Parameter, insbesondere die häufigsten Laborwerte und deren 
   grundlegender Interpretation.
•  erhalten eine Einführung über die für Medizinalpersonen typischen  
   und wichtigen Aspekte in den Bereichen Ethik und Kommunikation.

Content - Labordiagnostik
- Medical Devices (Asthma, Diabetes)
- Kompressionsstrümpfe und Milchpumpen
- Komplexe Pharmakotherapie
- Medikation in besonderen Lebenssituationen (Schwangere /   
  Stillende, Kinder, DiabetikerInnen, Aeltere PatientInnen / 
  Niereninsuffiziente, Immunsupprimierte)
- Kommunikation
- Ethik
- Vertiefungstage (diverse medizinische Fachgebiete aus TDT und  
   TS I / II)

Lecture notes Wird über myStudies zur Verfügung gestellt.
Literature Gemäss Angaben in den Skripten.

 Practical Pharmacy II
Number Title Type ECTS Hours Lecturers

535-5526-00L Injection Techniques and Vaccinations O  3 credits 3G I. S. Vogel Kahmann,
C. Halin Winter

Abstract Die Studierenden erlernen die praktische Durchführung von subkutanen (s.c.) und intramuskulären (i.m.) Injektionen. Sie wissen, wie in
Notfallsituationen vorzugehen ist.Die Besonderheiten von häufig eingesetzten parenteral zu verabreichenden Medikamenten, insbesondere
von Impfungen, sind bekannt.

Objective Die Studierenden erwerben das theoretische Wissen und die praktischen Fähigkeiten, welche für die s.c. und i.m. Verabreichung von
Medikamenten erforderlich sind. Sie sind fähig, Risikopatienten zu identifizieren und sind geschult, bei Notfällen (z.B. Anaphylaxie) korrekt
zu handeln.Die Studierenden kennen die in der Schweiz zur Verfügung stehenden Impfungen, den schweizerischen Impfplan und sind
vertraut mit der Anwendung von elektronischen Hilfsmitteln bei Fragestellungen rund um das Impfen.Die Studierenden kennen die
rechtlichen Grundlagen und regulatorischen Aspekte bezüglich Impfen in der Apotheke. Die Studierenden kennen verschiedene
Verbandmaterialen und können diese anwenden, um akute Wunden zu versorgen.

Content Die Lernziele und Inhalte entsprechen dem Fähigkeitsprogramm FPH Impfen und Blutentnahme von PharmaSuisse (ausser venöse
Blutentnahmen)- BLS-AED-SRC Komplettkurs (siehe https://www.slrg.ch)- Vorgehen bei Notfällen (z.B. Herzinfarkt, Schlaganfall,
Anaphylaxie u.a.) in der Apotheke- Vorgehen bei der Versorgung akuter Wunden- Injektionstechniken: Materialkunde, Hygienevorschriften
und Desinfektion, Kommunikation mit Patienten, Vor- und Nachbereitung einer Injektion, praktische Durchführung von subkutanen
Injektionen und intramuskulären Injektionen- Theorie und praktische Aspekte bei der Durchführung von subkutanen Blutentnahmen-
Impfübungen (z.B. Lesen von Impfausweisen, Erstellen eines individuellen Impfschemas, Impfdebatte)

Lecture notes Wird auf mystudies veröffentlicht.
Literature Wird im Skript angegeben.
Prerequisites /
notice

Die Injektionsübungen werden an Mitstudierenden durchgeführt. Deshalb müssen sich alle Studierenden gegen Hepatitis B impfen und
eine Titerbestimmung nach der 3. Impfung durchführen lassen. (Ziel: Titer über 100 UI/l).Der Nachweis über den ausreichenden Titer muss
am ersten Kurstag mitgebracht werden.Die praktischen Uebungen werden in Kleingruppen durchgeführt. Die Zuteilung muss eingehalten
werden. Unterschiedliche Anfangszeiten beachten!Film und Tonaufnahmen während der Lehrveranstaltung sind strikte untersagt.

 Case studies
Number Title Type ECTS Hours Lecturers

535-5530-01L Case Study I O  3 credits 4A P. Obrist, S. Erni, E. Kut Bacs,
D. Petralli-Nietlispach, D. Stämpfli,
P. Wiedemeier

Abstract Writing a case study on a topic relevant to pharmaceutical practice. Using structured documentation, an in-depth examination of a patient
case that was treated during the assistance period (Assistenzzeit) is carried out and critically reflected against the background of the
pharmaceutical knowledge learned to date.

Objective Die Studierenden erarbeiten eine (von zwei) Fallstudien zu einem für die pharmazeutische Praxis relevanten Thema. 

Die Studierenden 
- setzen sich vertieft mit einem selber betreuten Patientenfall der Assistenzzeit auseinander.
- sind in der Lage, die durchgeführte Anamnese, Triage sowie die daraus folgenden therapeutischen Massnahmen und
Therapiebegleitungen klar strukturiert zu dokumentieren und für andere Medizinalpersonen angemessen wiederzugeben.
- stellen basierend auf ihrem pharmazeutischen Grundwissen kritische Reflexionen über die dokumentierte Fallstudie an und diskutieren
diese.

Mit der Fallstudie wird ein konzeptueller Rahmen gesetzt, in dem die praktische Assistenzzeit begleitet und reflektiert wird.
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Content Verschiedene Themen aus Bereichen wie pharmazeutische Beratung und Betreuung, Triage, Rezept- und Therapievalidierung, klinische
Aspekte und interprofessionelle Schnittstellen werden dokumentiert und reflektiert.

Prerequisites /
notice

Eine nicht bestandene Fallstudie kann nicht wiederholt werden. Für den Erwerb der erforderlichen ECTS-KP muss eine weitere Fallstudie
(Case Study IV) verfasst werden, die mit dem Prädikat "erfüllt"/"pass" bewertet wird.

535-5530-02L Case Study II O  3 credits 4A P. Obrist, S. Erni, E. Kut Bacs,
D. Petralli-Nietlispach, D. Stämpfli,
P. Wiedemeier

Abstract Writing a case study on a topic relevant to pharmaceutical practice. Using structured documentation, an in-depth examination of a patient
case that was treated during the assistance period (Assistenzzeit) is carried out and critically reflected against the background of the
pharmaceutical knowledge learned to date.

Objective Die Studierenden erarbeiten eine (von zwei) Fallstudien zu einem für die pharmazeutische Praxis relevanten Thema. 

Die Studierenden 
- setzen sich vertieft mit einem selber betreuten Patientenfall der Assistenzzeit auseinander.
- sind in der Lage, die durchgeführte Anamnese, Triage sowie die daraus folgenden therapeutischen Massnahmen und
Therapiebegleitungen klar strukturiert zu dokumentieren und für andere Medizinalpersonen angemessen wiederzugeben.
- stellen basierend auf ihrem pharmazeutischen Grundwissen kritische Reflexionen über die dokumentierte Fallstudie an und diskutieren
diese.

Mit der Fallstudie wird ein konzeptueller Rahmen gesetzt, in dem die praktische Assistenzzeit begleitet und reflektiert wird.

Content Verschiedene Themen aus Bereichen wie pharmazeutische Beratung und Betreuung, Triage, Rezept- und Therapievalidierung, klinische
Aspekte und interprofessionelle Schnittstellen werden dokumentiert und reflektiert.

Prerequisites /
notice

Eine nicht bestandene Fallstudie kann nicht wiederholt werden. Für den Erwerb der erforderlichen ECTS-KP muss eine weitere Fallstudie
(Case Study IV) verfasst werden, die mit dem Prädikat "erfüllt"/"pass" bewertet wird.

535-5530-03L Case Study III O  3 credits 4A P. Obrist, S. Erni, E. Kut Bacs,
D. Petralli-Nietlispach, D. Stämpfli,
P. Wiedemeier

Abstract Written and oral assessment of a real case study on a topic relevant to pharmaceutical practice. The case study of a patient case treated
during the assistance period is critically reflected against the background of the pharmaceutical knowledge learned to date and set in
relation to current therapy guidelines of everyday pharmacy practice.

Objective Die Studierenden beurteilen und diskutieren reale Fallstudien zu einem in der pharmazeutischen Praxis relevanten Thema.

Die Studierenden
- lernen, einen Medizinalbericht kritisch zu reflektieren und pharmazeutisch korrekt zu beurteilen.
- vertiefen sich mittels eines Perspektivenwechsels, hier als Reviewer, gezielt in ein praxisrelevantes Gebiet.
- führen schriftlich fundierte Vergleiche zwischen einer vorliegenden Fallstudie und gängigen Therapieleitlinien durch und stellen diese in
gegenseitigen Bezug.
- diskutieren in einem Review Meeting den pharmazeutischen Fall und erarbeiten gemeinsam weiterführende Optimierungsvorschläge für
die alltägliche pharmazeutische Praxis.
- setzen im Review Meeting erlernte Kommunikationstechniken um.

Für die Studierenden wird mit der Beurteilung einer Fallstudie ein konzeptueller Rahmen gesetzt, in dem die praktische Assistenzzeit
reflektiert wird.

Content Verschiedene Themen aus Bereichen wie pharmazeutische Beratung und Betreuung, Triage, Rezept- und Therapievalidierung, klinische
Aspekte und interprofessionelle Schnittstellen werden schriftlich und mündlich reflektiert.

Prerequisites /
notice

Eine nicht bestandene fachliche Beurteilung einer Fallstudie (Case Study III) kann nicht wiederholt werden. Für den Erwerb der
erforderlichen ECTS-KP muss eine Fallstudie (Case Study IV) verfasst werden, die mit dem Prädikat "erfüllt"/"pass" bewertet wird.

535-5530-04L Case Study IV W  3 credits 4A P. Obrist, S. Erni, E. Kut Bacs,
D. Petralli-Nietlispach, D. Stämpfli,
P. Wiedemeier

Abstract Writing a case study on a topic relevant to pharmaceutical practice. Using structured documentation, an in-depth examination of a patient
case that was treated during the assistance period (Assistenzzeit) is carried out and critically reflected against the background of the
pharmaceutical knowledge learned to date.

Objective Die Studierenden erarbeiten eine (von zwei) Fallstudien zu einem für die pharmazeutische Praxis relevanten Thema. 

Die Studierenden 
- setzen sich vertieft mit einem selber betreuten Patientenfall der Assistenzzeit auseinander.
- sind in der Lage, die durchgeführte Anamnese, Triage sowie die daraus folgenden therapeutischen Massnahmen und
Therapiebegleitungen klar strukturiert zu dokumentieren und für andere Medizinalpersonen angemessen wiederzugeben.
- stellen basierend auf ihrem pharmazeutischen Grundwissen kritische Reflexionen über die dokumentierte Fallstudie an und diskutieren
diese.

Mit der Fallstudie wird ein konzeptueller Rahmen gesetzt, in dem die praktische Assistenzzeit begleitet und reflektiert wird.

Content Verschiedene Themen aus Bereichen wie pharmazeutische Beratung und Betreuung, Triage, Rezept- und Therapievalidierung, klinische
Aspekte und interprofessionelle Schnittstellen werden dokumentiert und reflektiert.

Prerequisites /
notice

Die Fallstudie Case Study IV gilt als Kompensationseinheit bei einer ungenügenden Leistung ("fail") von Case Study I-III.

DAS Preparation for the Swiss Federal Examination in Pharmacy - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Data Science Master
 Core Courses

 Data Analysis
 Information and Learning

Number Title Type ECTS Hours Lecturers

227-0434-10L Mathematics of Information W 8 credits 3V+2U+2A H. Bölcskei
Abstract The class focuses on mathematical aspects of 


1. Information science: Sampling theorems, frame theory, compressed sensing, sparsity, super-resolution, spectrum-blind sampling,
subspace algorithms, dimensionality reduction

2. Learning theory: Approximation theory, uniform laws of large numbers, Rademacher complexity, Vapnik-Chervonenkis dimension

Objective The aim of the class is to familiarize the students with the most commonly used mathematical theories in data science, high-dimensional
data analysis, and learning theory. The class consists of the lecture, exercise sessions with homework problems, and of a research project,
which can be carried out either individually or in groups. The research project consists of either 1. software development for the solution of
a practical signal processing or machine learning problem or 2. the analysis of a research paper or 3. a theoretical research problem of
suitable complexity. Students are welcome to propose their own project at the beginning of the semester. The outcomes of all projects have
to be presented to the entire class at the end of the semester.

Content Mathematics of Information

1. Signal representations: Frame theory, wavelets, Gabor expansions, sampling theorems, density theorems

2. Sparsity and compressed sensing: Sparse linear models, uncertainty relations in sparse signal recovery, matching pursuits, super-
resolution, spectrum-blind sampling, subspace algorithms (MUSIC, ESPRIT, matrix pencil), estimation in the high-dimensional noisy case,
Lasso

3. Dimensionality reduction: Random projections, the Johnson-Lindenstrauss Lemma

Mathematics of Learning

4. Approximation theory: Nonlinear approximation theory, fundamental limits on compressibility of signal classes, Kolmogorov-Tikhomirov
epsilon-entropy of signal classes, optimal compression of signal classes, recovery from incomplete data, information-based complexity,
curse of dimensionality

5. Uniform laws of large numbers: Rademacher complexity, Vapnik-Chervonenkis dimension, classes with polynomial discrimination,
blessings of dimensionality

Lecture notes Detailed lecture notes will be provided at the beginning of the semester and as we go along.
Prerequisites /
notice

This course is aimed at students with a background in basic linear algebra, analysis, statistics, and probability. 

We encourage students who are interested in mathematical data science to take both this course and "401-4944-20L Mathematics of Data
Science" by Prof. A. Bandeira. The two courses are designed to be complementary.

H. Bölcskei and A. Bandeira

 Statistics
Number Title Type ECTS Hours Lecturers

401-3632-00L Computational Statistics W 8 credits 3V+1U M. H. Maathuis
Abstract We discuss modern statistical methods for data analysis, including methods for data exploration, prediction and inference. We pay attention

to algorithmic aspects, theoretical properties and practical considerations. The class is hands-on and methods are applied using the
statistical programming language R.

Objective The student obtains an overview of modern statistical methods for data analysis, including their algorithmic aspects and theoretical
properties. The methods are applied using the statistical programming language R.

Content See the class website
Prerequisites /
notice

At least one semester of (basic) probability and statistics.

Programming experience is helpful but not required.

 Data Management
Number Title Type ECTS Hours Lecturers

261-5110-00L Optimization for Data Science W 8 credits 3V+2U+2A B. Gärtner, D. Steurer
Abstract This course provides an in-depth theoretical treatment of optimization methods that are particularly relevant in data science.
Objective Understanding the theoretical guarantees (and their limits) of relevant optimization methods used in data science. Learning general

paradigms to deal with optimization problems arising in data science.
Content This course provides an in-depth theoretical treatment of optimization methods that are particularly relevant in machine learning and data

science.

In the first part of the course, we will first give a brief introduction to convex optimization, with some basic motivating examples from
machine learning. Then we will analyse classical and more recent first and second order methods for convex optimization: gradient
descent, projected gradient descent, subgradient descent, stochastic gradient descent, Nesterov's accelerated method, Newton's method,
and Quasi-Newton methods. The emphasis will be on analysis techniques that occur repeatedly in convergence analyses for various
classes of convex functions. We will also discuss some classical and recent theoretical results for nonconvex optimization. 

In the second part, we discuss convex programming relaxations as a powerful and versatile paradigm for designing efficient algorithms to
solve computational problems arising in data science. We will learn about this paradigm and develop a unified perspective on it through the
lens of the sum-of-squares semidefinite programming hierarchy. As applications, we are discussing non-negative matrix factorization,
compressed sensing and sparse linear regression, matrix completion and phase retrieval, as well as robust estimation.

Prerequisites /
notice

As background, we require material taught in the course "252-0209-00L Algorithms, Probability, and Computing". It is not necessary that
participants have actually taken the course, but they should be prepared to catch up if necessary.

 Core Electives
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Number Title Type ECTS Hours Lecturers

151-0566-00L Recursive Estimation W 4 credits 2V+1U R. D'Andrea
Abstract Estimation of the state of a dynamic system based on a model and observations in a computationally efficient way.
Objective Learn the basic recursive estimation methods and their underlying principles.
Content Introduction to state estimation; probability review; Bayes' theorem; Bayesian tracking; extracting estimates from probability distributions;

Kalman filter; extended Kalman filter; particle filter; observer-based control and the separation principle.
Lecture notes Lecture notes available on course website: http://www.idsc.ethz.ch/education/lectures/recursive-estimation.html
Prerequisites /
notice

Requirements: Introductory probability theory and matrix-vector algebra.

227-0150-00L Systems-on-chip for Data Analytics and Machine
Learning
Previously "Energy-Efficient Parallel Computing Systems
for Data Analytics"

W 6 credits 4G L. Benini

Abstract Systems-on-chip architecture and related design issues with a focus on machine learning and data analytics applications. It will cover multi-
cores, many-cores, vector engines, GP-GPUs, application-specific processors and heterogeneous compute accelerators.  Special
emphasis given to energy-efficiency issues and hardware-software techniques for power and energy minimization.

Objective Give in-depth understanding of the links and dependencies between architectures and their energy-efficient implementation and to get a
comprehensive exposure to state-of-the-art systems-on-chip platforms for machine learning and data analytics. Practical experience will
also be gained through practical exercises and mini-projects (hardware and software) assigned on specific topics.

Content The course will cover advanced system-on-chip architectures,  with an in-depth view on design challenges related to advanced silicon
technology and state-of-the-art system integration options (nanometer silicon technology, novel storage devices, three-dimensional
integration, advanced system packaging).   The emphasis will be on programmable parallel architectures with application focus on machine
learning and data analytics.  The main SoC architectural families will be covered: namely, multi and many- cores,  GPUs, vector
accelerators, application-specific processors, heterogeneous platforms.   The course will cover the complex design choices required to
achieve scalability and energy proportionality.   The course will will also delve into system design, touching on hardware-software tradeoffs
and full-system analysis and optimization taking into account non-functional constraints and quality metrics, such as power consumption,
thermal dissipation, reliability and variability. The application focus will be on machine learning both in the cloud and at the edges (near-
sensor analytics).

Lecture notes Slides will be provided to accompany lectures.  Pointers to scientific literature will be given. Exercise scripts and tutorials will be provided.
Literature John L. Hennessy, David A. Patterson, Computer Architecture: A Quantitative Approach (The Morgan Kaufmann Series in Computer

Architecture and Design) 6th Edition, 2017.
Prerequisites /
notice

Knowledge of digital design at the level of "Design of Digital Circuits SS12" is required.

Knowledge of basic VLSI design at the level of  "VLSI I: Architectures of VLSI Circuits" is required

227-0155-00L Machine Learning on Microcontrollers
Registration in this class requires the permission of the
instructors. Class size will be limited to 30. 
Preference is given to students in the MSc EEIT.

W 6 credits 3G+2A M. Magno, L. Benini

Abstract Machine Learning (ML) and artificial intelligence are pervading the digital society. Today, even low power embedded systems are
incorporating ML, becoming increasingly “smart”. This lecture gives an overview of ML methods and algorithms to process and extract
useful near-sensor information in end-nodes of the “internet-of-things”, using low-power microcontrollers/ processors (ARM-Cortex-M;
RISC-V)

Objective Learn how to Process data from sensors and how to extract useful information with low power microprocessors using ML techniques. We
will analyze data coming from real low-power sensors (accelerometers, microphones, ExG bio-signals, cameras…). The main objective is
to study in details how Machine Learning algorithms can be adapted to the performance constraints and limited resources of low-power
microcontrollers.

Content The final goal of the course is a deep understanding of machine learning and its practical implementation on single- and multi-core
microcontrollers, coupled with performance and energy efficiency analysis and optimization. The main topics of the course include:

- Sensors and sensor data acquisition with low power embedded systems

- Machine Learning: Overview of supervised and unsupervised learning and in particular supervised learning (Bayes Decision Theory,
Decision Trees, Random Forests, kNN-Methods, Support Vector Machines, Convolutional Networks and Deep Learning)

- Low-power embedded systems and their architecture. Low Power microcontrollers (ARM-Cortex M) and RISC-V-based Parallel Ultra Low
Power (PULP) systems-on-chip. 

- Low power smart sensor system design: hardware-software tradeoffs, analysis, and optimization. Implementation and performance
evaluation of ML  in battery-operated embedded systems. 

The laboratory exercised will show how to address concrete design problems, like motion, gesture recognition, emotion detection, image
and sound classification, using real sensors data and real MCU boards. 

Presentations from Ph.D. students and the visit to the Digital Circuits and Systems Group will introduce current research topics and
international research projects.

Lecture notes Script and exercise sheets. Books will be suggested during the course.
Prerequisites /
notice

Prerequisites: Good experience in C language programming. Microprocessors and computer architecture. Basics of Digital Signal
Processing. Some exposure to machine learning concepts is also desirable. 

227-0224-00L Stochastic Systems W 4 credits 2V+1U F. Herzog
Abstract Probability. Stochastic processes. Stochastic differential equations. Ito. Kalman filters. St Stochastic optimal control. Applications in

financial engineering.
Objective Stochastic dynamic systems. Optimal control and filtering  of stochastic systems. Examples in technology and finance.
Content - Stochastic processes

- Stochastic calculus (Ito)
- Stochastic differential equations
- Discrete time stochastic difference equations
- Stochastic processes AR, MA, ARMA, ARMAX, GARCH
- Kalman filter
- Stochastic optimal control
- Applications in finance and engineering

Lecture notes H. P. Geering et al., Stochastic Systems, Measurement and Control Laboratory, 2007 and handouts
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227-0420-00L Information Theory II
Does not take place this semester.

W 6 credits 2V+2U A. Lapidoth

Abstract This course builds on Information Theory I. It introduces additional topics in single-user communication, connections between Information
Theory and Statistics, and Network Information Theory.

Objective The course has two objectives: to introduce the students to the key information theoretic results that underlay the design of communication
systems and to equip the students with the tools that are needed to conduct research in Information Theory.

Content Differential entropy, maximum entropy, the Gaussian channel and water filling, the entropy-power inequality, Sanov's Theorem, Fisher
information, the broadcast channel, the multiple-access channel, Slepian-Wolf coding, and the Gelfand-Pinsker problem.

Lecture notes n/a
Literature T.M. Cover and J.A. Thomas, Elements of Information Theory, second edition, Wiley 2006

227-0558-00L Principles of Distributed Computing W 7 credits 2V+2U+2A R. Wattenhofer, M. Ghaffari
Abstract We study the fundamental issues underlying the design of distributed systems: communication, coordination, fault-tolerance, locality,

parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential algorithmic ideas and lower bound
techniques.

Objective Distributed computing is essential in modern computing and communications systems. Examples are on the one hand large-scale networks
such as the Internet, and on the other hand multiprocessors such as your new multi-core laptop. This course introduces the principles of
distributed computing, emphasizing the fundamental issues underlying the design of distributed systems and networks: communication,
coordination, fault-tolerance, locality, parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential
algorithmic ideas and lower bound techniques, basically the "pearls" of distributed computing. We will cover a fresh topic every week.

Content Distributed computing models and paradigms, e.g. message passing, shared memory, synchronous vs. asynchronous systems, time and
message complexity, peer-to-peer systems, small-world networks, social networks, sorting networks, wireless communication, and self-
organizing systems.

Distributed algorithms, e.g. leader election, coloring, covering, packing, decomposition, spanning trees, mutual exclusion, store and collect,
arrow, ivy, synchronizers, diameter, all-pairs-shortest-path, wake-up, and lower bounds

Lecture notes Available. Our course script is used at dozens of other universities around the world.
Literature Lecture Notes By Roger Wattenhofer. These lecture notes are taught at about a dozen different universities through the world.


Distributed Computing: Fundamentals, Simulations and Advanced Topics
Hagit Attiya, Jennifer Welch.
McGraw-Hill Publishing, 1998, ISBN 0-07-709352 6

Introduction to Algorithms
Thomas Cormen, Charles Leiserson, Ronald Rivest.
The MIT Press, 1998, ISBN 0-262-53091-0 oder 0-262-03141-8

Disseminatin of Information in Communication Networks
Juraj Hromkovic, Ralf Klasing, Andrzej Pelc, Peter Ruzicka, Walter Unger.
Springer-Verlag, Berlin Heidelberg, 2005, ISBN 3-540-00846-2

Introduction to Parallel Algorithms and Architectures: Arrays, Trees, Hypercubes
Frank Thomson Leighton.
Morgan Kaufmann Publishers Inc., San Francisco, CA, 1991, ISBN 1-55860-117-1

Distributed Computing: A Locality-Sensitive Approach
David Peleg.
Society for Industrial and Applied Mathematics (SIAM), 2000, ISBN 0-89871-464-8

Prerequisites /
notice

Course pre-requisites: Interest in algorithmic problems. (No particular course needed.)

227-0560-00L Deep Learning for Autonomous Driving
Registration in this class requires the permission of the
instructors. Class size will be limited to 80 students.
Preference is given to EEIT, INF and RSC students.

W 6 credits 3V+2P D. Dai, A. Liniger

Abstract Autonomous driving has moved from the realm of science fiction to a very real possibility during the past twenty years, largely due to rapid
developments of deep learning approaches, automotive sensors, and microprocessor capacity. This course covers the core techniques
required for building a self-driving car, especially the practical use of deep learning through this theme.

Objective Students will learn about the fundamental aspects of a self-driving car. They will also learn to use modern automotive sensors and HD
navigational maps, and to implement, train and debug their own deep neural networks in order to gain a deep understanding of cutting-
edge research in autonomous driving tasks, including perception, localization and control.

After attending this course, students will:
1) understand the core technologies of building a self-driving car;
2) have a good overview over the current state of the art in self-driving cars;
3) be able to critically analyze and evaluate current research in this area;
4) be able to implement basic systems for multiple autonomous driving tasks.
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Content We will focus on teaching the following topics centered on autonomous driving: deep learning, automotive sensors, multimodal driving
datasets, road scene perception, ego-vehicle localization, path planning, and control.

The course covers the following main areas: 

I) Foundation
a) Fundamentals of a self-driving car
b) Fundamentals of deep-learning 


II) Perception
a) Semantic segmentation and lane detection
b) Depth estimation with images and sparse LiDAR data 
c) 3D object detection with images and LiDAR data 
d) Object tracking and motion prediction 

III) Localization 
a) GPS-based and Vision-based Localization
b) Visual Odometry and Lidar Odometry

IV) Path Planning and Control
a) Path planning for autonomous driving
b) Motion planning and vehicle control
c) Imitation learning and reinforcement learning for self driving cars

The exercise projects will involve training complex neural networks and applying them on real-world, multimodal driving datasets. In
particular, students should be able to develop systems that deal with the following problems:
- Sensor calibration and synchronization to obtain multimodal driving data;
- Semantic segmentation and depth estimation with deep neural networks ;
- Learning to drive with images and map data directly (a.k.a. end-to-end driving)

Lecture notes The lecture slides will be provided as a PDF.
Prerequisites /
notice

This is an advanced grad-level course. Students must have taken courses on machine learning and computer vision or have acquired
equivalent knowledge. Students are expected to have a solid mathematical foundation, in particular in linear algebra, multivariate calculus,
and probability. All practical exercises will require basic knowledge of Python and will use libraries such as PyTorch, scikit-learn and scikit-
image.

252-0211-00L Information Security W 8 credits 4V+3U D. Basin, S. Capkun, R. Sasse
Abstract This course provides an introduction to Information Security. The focus

is on fundamental concepts and models, basic cryptography, protocols and system security, and privacy and data protection.  While the
emphasis is on foundations, case studies will be given that examine different realizations of these ideas in practice.

Objective Master fundamental concepts in Information Security and their
application to system building.   (See objectives listed below for more details).

Content 1. Introduction and Motivation (OBJECTIVE: Broad conceptual overview of information security) Motivation: implications of IT on
society/economy, Classical security problems, Approaches to 
defining security and security goals, Abstractions, assumptions, and trust, Risk management and the  human factor, Course verview.
2. Foundations of Cryptography (OBJECTIVE: Understand basic 
cryptographic mechanisms and applications) Introduction, Basic concepts in cryptography: Overview, Types of Security, computational
hardness, Abstraction of channel security properties, Symmetric 
encryption, Hash functions, Message authentication codes, Public-key distribution, Public-key cryptosystems, Digital signatures,
Application case studies, Comparison of encryption at different layers, VPN, SSL, Digital payment systems, blind signatures, e-cash, Time
stamping        3. Key Management and Public-key Infrastructures (OBJECTIVE: Understand the basic mechanisms relevant in an Internet
context) Key management in distributed systems, Exact characterization of requirements, the role of trust, Public-key Certificates, Public-
key Infrastructures, Digital evidence and non-repudiation, Application case studies, Kerberos, X.509, PGP.
4. Security Protocols (OBJECTIVE: Understand network-oriented security, i.e..  how to employ building blocks to secure applications in
(open) networks) Introduction, Requirements/properties, Establishing shared secrets, Principal and message origin authentication,
Environmental assumptions, Dolev-Yao intruder model and 
variants, Illustrative examples, Formal models and reasoning, Trace-based interleaving semantics,  Inductive verification, or model-
checking for falsification, Techniques for protocol design, 
Application case study 1: from Needham-Schroeder Shared-Key to Kerberos, Application case study 2: from DH to IKE.                            5.
Access Control and Security Policies (OBJECTIVES: Study system-oriented security, i.e., policies, models, and  mechanisms) Motivation
(relationship to CIA, relationship to Crypto) and examples Concepts: policies versus models versus mechanisms, DAC and MAC, Modeling
formalism, Access Control Matrix Model, Roll Based Access Control, Bell-LaPadula, Harrison-Ruzzo-Ullmann, Information flow, Chinese
Wall, Biba, Clark-Wilson, System mechanisms: Operating Systems, Hardware Security Features, Reference Monitors, File-system
protection,  Application case studies                                                    6. Anonymity and Privacy (OBJECTIVE: examine protection goals
beyond standard CIA and corresponding mechanisms) Motivation and Definitions, Privacy, policies and policy languages, mechanisms,
problems, Anonymity: simple mechanisms (pseudonyms, proxies), Application case studies:  mix networks and crowds.                           7.
Larger application case study: GSM, mobility

252-0526-00L Statistical Learning Theory W 7 credits 3V+2U+1A J. M. Buhmann, C. Cotrini Jimenez
Abstract The course covers advanced methods of statistical learning: 


- Variational methods and optimization.
- Deterministic annealing. 
- Clustering for diverse types of data.
- Model validation by information theory.

Objective The course surveys recent methods of statistical learning. The fundamentals of machine learning, as presented in the courses "Introduction
to Machine Learning" and "Advanced Machine Learning", are expanded from the perspective of statistical learning.

Content - Variational methods and optimization. We consider optimization approaches for problems where the optimizer is a probability distribution.
We will discuss concepts like maximum entropy, information bottleneck, and deterministic annealing.

- Clustering. This is the problem of sorting data into groups without using training samples. We discuss alternative notions of "similarity"
between data points and adequate optimization procedures.

- Model selection and validation. This refers to the question of how complex the chosen model should be. In particular, we present an
information theoretic approach for model validation.

- Statistical physics models. We discuss approaches for approximately optimizing large systems, which originate in statistical physics (free
energy minimization applied to spin glasses and other models). We also study sampling methods based on these models.
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Lecture notes A draft of a script will be provided. Lecture slides will be made available.
Literature Hastie, Tibshirani, Friedman: The Elements of Statistical Learning, Springer, 2001.


L. Devroye, L. Gyorfi, and G. Lugosi: A probabilistic theory of pattern recognition. Springer, New York, 1996

Prerequisites /
notice

Knowledge of machine learning (introduction to machine learning and/or advanced machine learning)
Basic knowledge of statistics.

252-0538-00L Shape Modeling and Geometry Processing W 6 credits 2V+1U+2A O. Sorkine Hornung
Abstract This course covers the fundamentals and some of the latest developments in geometric modeling and geometry processing. Topics include

surface modeling based on point clouds and polygonal meshes, mesh generation, surface reconstruction, mesh fairing and
parameterization, discrete differential geometry, interactive shape editing, topics in digital shape fabrication.

Objective The students will learn how to design, program and analyze algorithms and systems for interactive 3D shape modeling and geometry
processing.

Content Recent advances in 3D geometry processing have created a plenitude of novel concepts for the mathematical representation and
interactive manipulation of geometric models. This course covers the fundamentals and some of the latest developments in geometric
modeling and geometry processing. Topics include surface modeling based on point clouds and triangle meshes, mesh generation, surface
reconstruction, mesh fairing and parameterization, discrete differential geometry, interactive shape editing and digital shape fabrication.

Lecture notes Slides and course notes
Prerequisites /
notice

Prerequisites:
Visual Computing, Computer Graphics or an equivalent class. Experience with C++ programming. Solid background in linear algebra and
analysis. Some knowledge of differential geometry, computational geometry and numerical methods is helpful but not a strict requirement.

252-0579-00L 3D Vision W 5 credits 3G+1A M. Pollefeys, V. Larsson
Abstract The course covers camera models and calibration, feature tracking and matching, camera motion estimation via simultaneous localization

and mapping (SLAM) and visual odometry (VO), epipolar and mult-view geometry, structure-from-motion, (multi-view) stereo, augmented
reality, and image-based (re-)localization.

Objective After attending this course, students will:
   1. understand the core concepts for recovering 3D shape of objects and scenes from images and video.
   2. be able to implement basic systems for vision-based robotics and simple virtual/augmented reality applications.
   3. have a good overview over the current state-of-the art in 3D vision.
   4. be able to critically analyze and asses current research in this area.

Content The goal of this course is to teach the core techniques required for robotic and augmented reality applications: How to determine the
motion of a camera and how to estimate the absolute position and orientation of a camera in the real world. This course will introduce the
basic concepts of 3D Vision in the form of short lectures, followed by student presentations discussing the current state-of-the-art. The
main focus of this course are student projects on 3D Vision topics, with an emphasis on robotic vision and virtual and augmented reality
applications.

252-3005-00L Natural Language Understanding
Does not take place this semester.
Takes place in HS20.

W 5 credits 2V+1U+1A to be announced

Abstract This course presents topics in natural language processing with an emphasis on modern techniques, primarily focusing on statistical and
deep learning approaches. The course provides an overview of the primary areas of research in language processing as well as a detailed
exploration of the models and techniques used both in research and in commercial natural language systems.

Objective The objective of the course is to learn the basic concepts in the statistical processing of natural languages. The course will be project-
oriented so that the students can also gain hands-on experience with state-of-the-art tools and techniques.

Content This course presents an introduction to general topics and techniques used in natural language processing today, primarily focusing on
statistical approaches. The course provides an overview of the primary areas of research in language processing as well as a detailed
exploration of the models and techniques used both in research and in commercial natural language systems.

Literature Lectures will make use of textbooks such as the one by Jurafsky and Martin where appropriate, but will also make use of original research
and survey papers.

261-5130-00L Research in Data Science
Only for Data Science MSc.

W 6 credits 13A Professors

Abstract Independent work under the supervision of a core or adjunct faculty of data science.  
Objective Independent work under the supervision of a core or adjunct faculty of data science. 

An approval of the director of studies is required for a non DS professor.
Content Project done under supervision of an approved professor.
Prerequisites /
notice

Only students who have passed at least one core course in Data Management and Processing, and one core course in Data Analysis can
start with a research project.
 
A project description must be submitted at the start of the project to the studies administration.

263-0007-00L Advanced Systems Lab
Only for master students, otherwise a special permission
by the study administration of D-INFK is required.

W 8 credits 3V+2U+2A M. Püschel, C. Zhang

Abstract This course introduces the student to the foundations and state-of-the-art techniques in developing high performance software for
mathematical functionality occurring in various fields in computer science. The focus is on optimizing for a single core and includes
optimizing for the memory hierarchy, for special instruction sets, and the possible use of automatic performance tuning.

Objective Software performance (i.e., runtime) arises through the complex interaction of algorithm, its implementation, the compiler used, and the
microarchitecture the program is run on. The first goal of the course is to provide the student with an understanding of this "vertical"
interaction, and hence software performance, for mathematical functionality. The second goal is to teach a systematic strategy how to use
this knowledge to write fast software for numerical problems. This strategy will be trained in several homeworks and a semester-long group
project.
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Content The fast evolution and increasing complexity of computing platforms pose a major challenge for developers of high performance software
for engineering, science, and consumer applications: it becomes increasingly harder to harness the available computing power.
Straightforward implementations may lose as much as one or two orders of magnitude in performance. On the other hand, creating optimal
implementations requires the developer to have an understanding of algorithms, capabilities and limitations of compilers, and the target
platform's architecture and microarchitecture.

This interdisciplinary course introduces the student to the foundations and state-of-the-art techniques in high performance mathematical
software development using important functionality such as matrix operations, transforms, filters, and others as examples. The course will
explain how to optimize for the memory hierarchy, take advantage of special instruction sets, and other details of current processors that
require optimization. The concept of automatic performance tuning is introduced. The focus is on optimization for a single core; thus, the
course complements others on parallel and distributed computing.

Finally a general strategy for performance analysis and optimization is introduced that the students will apply in group projects that
accompany the course.

Prerequisites /
notice

Solid knowledge of the C programming language and matrix algebra.

263-0008-00L Computational Intelligence Lab
Only for master students, otherwise a special permission
by the study administration of D-INFK is required.

W 8 credits 2V+2U+3A T. Hofmann

Abstract This laboratory course teaches fundamental concepts in computational science and machine learning with a special emphasis on matrix
factorization and  representation learning. The class covers techniques like dimension reduction, data clustering, sparse coding, and deep
learning as well as a wide spectrum of related use cases and applications.

Objective Students acquire fundamental theoretical concepts and methodologies from machine learning and how to apply these techniques to build
intelligent systems that solve real-world problems. They learn to successfully develop solutions to application problems by following the key
steps of modeling, algorithm design, implementation and experimental validation. 

This lab course has a strong focus on practical assignments. Students work in groups of three to four people, to develop solutions to three
application problems: 1. Collaborative filtering and recommender systems, 2. Text sentiment classification, and 3. Road segmentation in
aerial imagery. 

For each of these problems, students submit their solutions to an online evaluation and ranking system, and get feedback in terms of
numerical accuracy and computational speed. In the final part of the course, students combine and extend one of their previous promising
solutions, and write up their findings in an extended abstract in the style of a conference paper.

(Disclaimer: The offered projects may be subject to change from year to year.)

Content see course description

263-2925-00L Program Analysis for System Security and Reliability W 6 credits 2V+1U+2A P. Tsankov
Abstract Security issues in modern systems (blockchains, datacenters, AI) result in billions of losses due to hacks. This course introduces the

security issues in modern systems and state-of-the-art automated techniques for building secure and reliable systems. The course has a
practical focus and covers systems built by successful ETH spin-offs.


Objective * Learn about security issues in modern systems -- blockchains, smart contracts, AI-based systems (e.g., autonomous cars), data centers -
- and why they are challenging to address.

* Understand how the latest automated analysis techniques work, both discrete and probabilistic.

* Understand how these techniques combine with machine-learning methods, both supervised and unsupervised.

* Understand how to use these methods to build reliable and secure modern systems.

* Learn about new open problems that if solved can lead to research and commercial impact.

Content Part I: Security of Blockchains

- We will cover existing blockchains (e.g., Ethereum, Bitcoin), how they work, what the core security issues are, and how these have led to
massive financial losses.
- We will show how to extract useful information about smart contracts and transactions using interactive analysis frameworks for querying
blockchains (e.g. Google's Ethereum BigQuery).
- We will discuss the state-of-the-art security tools (e.g., https://securify.ch) for ensuring that smart contracts are free of security
vulnerabilities.
- We will study the latest automated reasoning systems (e.g., https://verx.ch) for checking custom (temporal) properties of smart contracts
and illustrate their operation on real-world use cases.
- We will study the underlying methods for automated reasoning and testing (e.g., abstract interpretation, symbolic execution, fuzzing) are
used to build such tools.


Part II: Security of Datacenters and Networks

- We will show how to ensure that datacenters and ISPs are secured using declarative reasoning methods (e.g., Datalog). We will also see
how to automatically synthesize secure configurations (e.g. using SyNET and NetComplete) which lead to desirable behaviors, thus
automating the job of the network operator and avoiding critical errors.
- We will discuss how to apply modern discrete probabilistic inference (e.g., PSI and Bayonet) so to reason about probabilistic network
properties (e.g., the probability of a packet reaching a destination if links fail).


Part III: Machine Learning for Security

- We will discuss how machine learning models for structured prediction are used to address security tasks, including de-obfuscation of
binaries (Debin: https://debin.ai), Android APKs (DeGuard: http://apk-deguard.com) and JavaScript (JSNice: http://jsnice.org).
- We will study to leverage program abstractions in combination with clustering techniques to learn security rules for cryptography APIs
from large codebases.
- We will study how to automatically learn to identify security vulnerabilities related to the handling of untrusted inputs (cross-Site scripting,
SQL injection, path traversal, remote code execution) from large codebases.


To gain a deeper understanding, the course will involve a hands-on programming project where the methods studied in the class will be
applied.
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263-3710-00L Machine Perception
Number of participants limited to 200.

W 5 credits 2V+1U+1A O. Hilliges

Abstract Recent developments in neural networks (aka “deep learning”) have drastically advanced the performance of machine perception systems
in a variety of areas including computer vision, robotics,  and intelligent UIs. This course is a deep dive into deep learning algorithms and
architectures with applications to a variety of perceptual tasks.

Objective Students will learn about fundamental aspects of modern deep learning approaches for perception. Students will learn to implement, train
and debug their own neural networks and gain a detailed understanding of cutting-edge research in learning-based computer vision,
robotics and HCI. The final project assignment will involve training a complex neural network architecture and applying it on a real-world
dataset of human activity.

The core competency acquired through this course is a solid foundation in deep-learning algorithms to process and interpret human input
into computing systems. In particular, students should be able to develop systems that deal with the problem of recognizing people in
images, detecting and describing body parts, inferring their spatial configuration, performing action/gesture recognition from still images or
image sequences, also considering multi-modal data, among others.

Content We will focus on teaching: how to set up the problem of machine perception, the learning algorithms, network architectures and advanced
deep learning concepts in particular probabilistic deep learning models 

The course covers the following main areas:
    I) Foundations of deep-learning.
    II) Probabilistic deep-learning for generative modelling of data (latent variable models, generative adversarial networks and auto-
regressive models). 
    III) Deep learning in computer vision, human-computer interaction and robotics.   

Specific topics include: 
    I) Deep learning basics:
        a) Neural Networks and training (i.e., backpropagation)
        b) Feedforward Networks
        c) Timeseries modelling (RNN, GRU, LSTM)
        d) Convolutional Neural Networks for classification
    II) Probabilistic Deep Learning:
        a) Latent variable models (VAEs)
        b) Generative adversarial networks (GANs)
        c) Autoregressive models (PixelCNN, PixelRNN, TCNs)
    III) Deep Learning techniques for machine perception:
        a) Fully Convolutional architectures for dense per-pixel tasks (i.e., instance segmentation)
        b) Pose estimation and other tasks involving human activity
                c) Deep reinforcement learning 
    IV) Case studies from research in computer vision, HCI, robotics and signal processing

Literature Deep Learning
Book by Ian Goodfellow and Yoshua Bengio

Prerequisites /
notice

This is an advanced grad-level course that requires a background in machine learning. Students are expected to have a solid mathematical
foundation, in particular in linear algebra, multivariate calculus, and probability. The course will focus on state-of-the-art research in deep-
learning and will not repeat basics of machine learning

Please take note of the following conditions:
    1) The number of participants is limited to 200 students (MSc and PhDs).
    2) Students must have taken the exam in Machine Learning (252-0535-00) or have acquired equivalent knowledge
    3) All practical exercises will require basic knowledge of Python and will use libraries such as TensorFlow, scikit-learn and scikit-image.
We will provide introductions to TensorFlow and other libraries that are needed but will not provide introductions to basic programming or
Python. 

The following courses are strongly recommended as prerequisite:
 * "Visual Computing" or "Computer Vision" 
 
The course will be assessed by a final written examination in English. No course materials or electronic devices can be used during the
examination. Note that the examination will be based on the contents of the lectures, the associated reading materials and the exercises.

263-4400-00L Advanced Graph Algorithms and Optimization
Number of participants limited to 30.

W 5 credits 3G+1A R. Kyng

Abstract This course will cover a number of advanced topics in optimization and graph algorithms.
Objective The course will take students on a deep dive into modern approaches to

 graph algorithms using convex optimization techniques. 

 By studying convex optimization through the lens of graph algorithms,
 students should develop a deeper understanding of fundamental
 phenomena in optimization.

 The course will cover some traditional discrete approaches to various graph
 problems, especially flow problems, and then contrast these approaches
 with modern, asymptotically faster methods based on combining convex
 optimization with spectral and combinatorial graph theory.

Content Students should leave the course understanding key
 concepts in optimization such as first and second-order optimization,
 convex duality, multiplicative weights and dual-based methods,
 acceleration, preconditioning, and non-Euclidean optimization.

 Students will also be familiarized with central techniques in the
 development of graph algorithms in the past 15 years, including graph
 decomposition techniques, sparsification, oblivious routing, and
 spectral and combinatorial preconditioning.
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Prerequisites /
notice

This course is targeted toward masters and doctoral students with an
 interest in theoretical computer science. 

 Students should be comfortable with design and analysis of algorithms, probability, and linear algebra. 

 Having passed the course Algorithms, Probability, and Computing (APC)  is highly recommended, but not formally required. If you are not
 sure whether you're ready for this class or not, please consult the
 instructor.

263-5300-00L Guarantees for Machine Learning W 5 credits 2V+2A F. Yang
Abstract This course teaches classical and recent methods in statistics and optimization commonly used to prove theoretical guarantees for

machine learning algorithms. The knowledge is then applied in project work that focuses on understanding phenomena in modern machine
learning.

Objective This course is aimed at advanced master and doctorate students who want to understand and/or conduct independent research on theory
for modern machine learning. For this purpose, students will learn common mathematical techniques from statistical learning theory. In
independent project work, they then apply their knowledge and go through the process of critically questioning recently published work,
finding relevant research questions and learning how to effectively present research ideas to a professional audience.

Content This course teaches some classical and recent methods in statistical learning theory aimed at proving theoretical guarantees for machine
learning algorithms, including topics in

- concentration bounds, uniform convergence
- high-dimensional statistics (e.g. Lasso)
- prediction error bounds for non-parametric statistics (e.g. in kernel spaces)
- minimax lower bounds
- regularization via optimization

The project work focuses on active theoretical ML research that aims to understand modern phenomena in machine learning, including but
not limited to

- how overparameterization could help generalization ( interpolating models, linearized NN )
- how overparameterization could help optimization ( non-convex optimization, loss landscape )
- complexity measures and approximation theoretic properties of randomly initialized and
trained NN
- generalization of robust learning ( adversarial robustness, standard and robust error tradeoff )
- prediction with calibrated confidence ( conformal prediction, calibration )

Prerequisites /
notice

It’s absolutely necessary for students to have a strong mathematical background (basic real analysis, probability theory, linear algebra) and
good knowledge of core concepts in machine learning taught in courses such as “Introduction to Machine Learning”, “Regression”/
“Statistical Modelling”. It's also helpful to have heard an optimization course or approximation theoretic course. In addition to these
prerequisites, this class requires a certain degree of mathematical maturity—including abstract thinking and the ability to understand and
write proofs.

401-0674-00L Numerical Methods for Partial Differential Equations
Not meant for BSc/MSc students of mathematics.

W 10 credits 2G+2U+2P+4A R. Hiptmair

Abstract Derivation, properties, and implementation of fundamental numerical methods for a few key partial differential equations: convection-
diffusion, heat equation, wave equation, conservation laws. Implementation in C++ based on a finite element library.

Objective Main skills to be acquired in this course:
* Ability to implement fundamental numerical methods for the solution of partial differential equations efficiently.
* Ability to modify and adapt numerical algorithms guided by awareness of their mathematical foundations.
* Ability to select and assess numerical methods in light of the predictions of theory
* Ability to identify features of a PDE (= partial differential equation) based model that are relevant for the selection and performance of a
numerical algorithm.
* Ability to understand research publications on theoretical and practical aspects of numerical methods for partial differential equations.
* Skills in the efficient implementation of finite element methods on unstructured meshes.

This course is neither a course on the mathematical foundations and numerical analysis of methods nor an course that merely teaches
recipes and how to apply software packages.
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Content 1 Second-Order Scalar Elliptic Boundary Value Problems
1.2 Equilibrium Models: Examples 
1.3 Sobolev spaces
1.4 Linear Variational Problems
1.5 Equilibrium Models: Boundary Value Problems
1.6 Diffusion Models (Stationary Heat Conduction)
1.7 Boundary Conditions
1.8 Second-Order Elliptic Variational Problems
1.9 Essential and Natural Boundary Conditions
2 Finite Element Methods (FEM)
2.2 Principles of Galerkin Discretization
2.3 Case Study: Linear FEM for Two-Point Boundary Value Problems
2.4 Case Study: Triangular Linear FEM in Two Dimensions
2.5 Building Blocks of General Finite Element Methods
2.6 Lagrangian Finite Element Methods
2.7 Implementation of Finite Element Methods
2.7.1 Mesh Generation and Mesh File Format
2.7.2 Mesh Information and Mesh Data Structures
2.7.2.1 L EHR FEM++ Mesh: Container Layer
2.7.2.2 L EHR FEM++ Mesh: Topology Layer
2.7.2.3 L EHR FEM++ Mesh: Geometry Layer
2.7.3 Vectors and Matrices
2.7.4 Assembly Algorithms
2.7.4.1 Assembly: Localization
2.7.4.2 Assembly: Index Mappings
2.7.4.3 Distribute Assembly Schemes
2.7.4.4 Assembly: Linear Algebra Perspective
2.7.5 Local Computations
2.7.5.1 Analytic Formulas for Entries of Element Matrices
2.7.5.2 Local Quadrature
2.7.6 Treatment of Essential Boundary Conditions
2.8 Parametric Finite Element Methods
3 FEM: Convergence and Accuracy
3.1 Abstract Galerkin Error Estimates
3.2 Empirical (Asymptotic) Convergence of Lagrangian FEM
3.3 A Priori (Asymptotic) Finite Element Error Estimates
3.4 Elliptic Regularity Theory
3.5 Variational Crimes
3.6 FEM: Duality Techniques for Error Estimation
3.7 Discrete Maximum Principle
3.8 Validation and Debugging of Finite Element Codes
4 Beyond FEM: Alternative Discretizations [dropped]
5 Non-Linear Elliptic Boundary Value Problems [dropped]
6 Second-Order Linear Evolution Problems
6.1 Time-Dependent Boundary Value Problems
6.2 Parabolic Initial-Boundary Value Problems
6.3 Linear Wave Equations
7 Convection-Diffusion Problems [dropped]
8 Numerical Methods for Conservation Laws
8.1 Conservation Laws: Examples
8.2 Scalar Conservation Laws in 1D
8.3 Conservative Finite Volume (FV) Discretization
8.4 Timestepping for Finite-Volume Methods
8.5 Higher-Order Conservative Finite-Volume Schemes

Lecture notes The lecture will be taught in flipped classroom format:
- Video tutorials for all thematic units will be published online.
- Tablet notes accompanying the videos will be made available to the audience as PDF.
- A comprehensive lecture document will cover all aspects of the course.

Literature Chapters of the following books provide supplementary reading
(detailed references in course material):

* D. Braess: Finite Elemente,
Theorie, schnelle Löser und Anwendungen in der Elastizitätstheorie, Springer 2007 (available online).
* S. Brenner and R. Scott. Mathematical theory of finite element methods, Springer 2008 (available online).
* A. Ern and J.-L. Guermond. Theory and Practice of Finite Elements, volume 159 of Applied Mathematical Sciences. Springer, New York,
2004.
* Ch. Großmann and H.-G. Roos: Numerical Treatment of Partial Differential Equations, Springer 2007.
* W. Hackbusch. Elliptic Differential Equations. Theory and Numerical Treatment, volume 18 of Springer Series in Computational
Mathematics. Springer, Berlin, 1992.
* P. Knabner and L. Angermann. Numerical Methods for Elliptic and Parabolic Partial Differential Equations, volume 44 of Texts in Applied
Mathematics. Springer, Heidelberg, 2003.
* S. Larsson and V. Thomée. Partial Differential Equations with Numerical Methods, volume 45 of Texts in Applied Mathematics. Springer,
Heidelberg, 2003.
* R. LeVeque. Finite Volume Methods for Hyperbolic Problems. Cambridge Texts in Applied Mathematics. Cambridge University Press,
Cambridge, UK, 2002.

However, study of supplementary literature is not important for for following the course.

Prerequisites /
notice

Mastery of basic calculus and linear algebra is taken for granted.
Familiarity with fundamental numerical methods (solution methods for linear systems of equations, interpolation, approximation, numerical
quadrature, numerical integration of ODEs) is essential.

Important: Coding skills and experience in C++ are essential.

Homework assignments involve substantial coding, partly based on a C++ finite element library. The written examination will be computer
based and will comprise coding tasks.

401-3052-05L Graph Theory W 5 credits 2V+1U B. Sudakov
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Abstract Basic notions, trees, spanning trees, Caley's formula, vertex and edge connectivity, 2-connectivity, Mader's theorem, Menger's theorem,
Eulerian graphs, Hamilton cycles, Dirac's theorem, matchings, theorems of Hall, König and Tutte, planar graphs, Euler's formula, basic
non-planar graphs, graph colorings, greedy colorings, Brooks' theorem, 5-colorings of planar graphs

Objective The students will get an overview over the most fundamental questions concerning graph theory. We expect them to understand the proof
techniques and to use them autonomously on related problems.

Lecture notes Lecture will be only at the blackboard.
Literature West, D.: "Introduction to Graph Theory"

Diestel, R.: "Graph Theory"

Further literature links will be provided in the lecture.

Prerequisites /
notice

Students are expected to have a mathematical background and should be able to write rigorous proofs.


NOTICE: This course unit was previously offered as 252-1408-00L Graphs and Algorithms.

401-3052-10L Graph Theory W 10 credits 4V+1U B. Sudakov
Abstract Basics, trees, Caley's formula, matrix tree theorem, connectivity, theorems of Mader and Menger, Eulerian graphs, Hamilton cycles,

theorems of Dirac, Ore, Erdös-Chvatal, matchings, theorems of Hall, König, Tutte, planar graphs, Euler's formula,  Kuratowski's theorem,
graph colorings, Brooks' theorem, 5-colorings of planar graphs, list colorings, Vizing's theorem, Ramsey theory, Turán's theorem

Objective The students will get an overview over the most fundamental questions concerning graph theory. We expect them to understand the proof
techniques and to use them autonomously on related problems.

Lecture notes Lecture will be only at the blackboard.
Literature West, D.: "Introduction to Graph Theory"

Diestel, R.: "Graph Theory"

Further literature links will be provided in the lecture.

Prerequisites /
notice

Students are expected to have a mathematical background and should be able to write rigorous proofs.

401-3602-00L Applied Stochastic Processes
Does not take place this semester.

W 8 credits 3V+1U not available

Abstract Poisson processes; renewal processes; Markov chains in discrete and in continuous time; some applications.
Objective Stochastic processes are a way to describe and study the behaviour of systems that evolve in some random way. In this course, the

evolution will be with respect to a scalar parameter interpreted as time, so that we discuss the temporal evolution of the system. We
present several classes of stochastic processes, analyse their properties and behaviour and show by some examples how they can be
used. The main emphasis is on theory; in that sense, "applied" should be understood to mean "applicable".

Literature R. N. Bhattacharya and E. C. Waymire, "Stochastic Processes with Applications", SIAM (2009), available online:
http://epubs.siam.org/doi/book/10.1137/1.9780898718997
R. Durrett, "Essentials of Stochastic Processes", Springer (2012), available online: http://link.springer.com/book/10.1007/978-
1-4614-3615-7/page/1
M. Lefebvre, "Applied Stochastic Processes", Springer (2007), available online: http://link.springer.com/book/10.1007/978-
0-387-48976-6/page/1
S. I. Resnick, "Adventures in Stochastic Processes", Birkhäuser (2005)

Prerequisites /
notice

Prerequisites are familiarity with (measure-theoretic) probability theory as it is treated in the course "Probability Theory" (401-3601-00L).

401-4632-15L Causality W 4 credits 2G C. Heinze-Deml
Abstract In statistics, we are used to search for the best predictors of some random variable. In many situations, however, we are interested in

predicting a system's behavior under manipulations. For such an analysis, we require knowledge about the underlying causal structure of
the system. In this course, we study concepts and theory behind causal inference.

Objective After this course, you should be able to
- understand the language and concepts of causal inference
- know the assumptions under which one can infer causal relations from observational and/or interventional data
- describe and apply different methods for causal structure learning
- given data and a causal structure, derive causal effects and predictions of interventional experiments

Prerequisites /
notice

Prerequisites: basic knowledge of probability theory and regression

401-4944-20L Mathematics of Data Science W 8 credits 4G A. Bandeira
Abstract Mostly self-contained, but fast-paced, introductory masters level course on various theoretical aspects of algorithms that aim to extract

information from data.
Objective Introduction to various mathematical aspects of Data Science.
Content These topics lie in overlaps of (Applied) Mathematics with: Computer Science, Electrical Engineering, Statistics, and/or Operations

Research. Each lecture will feature a couple of Mathematical Open Problem(s) related to Data Science. The main mathematical tools used
will be Probability and Linear Algebra, and a basic familiarity with these subjects is required. There will also be some (although knowledge
of these tools is not assumed) Graph Theory, Representation Theory, Applied Harmonic Analysis, among others. The topics treated will
include Dimension reduction, Manifold learning, Sparse recovery, Random Matrices, Approximation Algorithms, Community detection in
graphs, and several others.

Lecture notes https://people.math.ethz.ch/~abandeira/TenLecturesFortyTwoProblems.pdf
Prerequisites /
notice

The main mathematical tools used will be Probability, Linear Algebra (and real analysis), and a working knowledge of these subjects is
required. In addition
to these prerequisites, this class requires a certain degree of mathematical maturity--including abstract thinking and the ability to
understand and write proofs.

We encourage students who are interested in mathematical data science to take both this course and ``227-0434-10L    Mathematics of
Information'' taught by Prof. H. Bölcskei. The two courses are designed to be 
complementary.
A. Bandeira and H. Bölcskei

401-6102-00L Multivariate Statistics
Does not take place this semester.

W 4 credits 2G not available

Abstract Multivariate Statistics deals with joint distributions of several random variables. This course introduces the basic concepts and provides an
overview over classical and modern methods of multivariate statistics. We will consider the theory behind the methods as well as their
applications.
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Objective After the course, you should be able to:
- describe the various methods and the concepts and theory behind them
- identify adequate methods for a given statistical problem
- use the statistical software "R" to efficiently apply these methods
- interpret the output of these methods

Content Visualization / Principal component analysis / Multidimensional scaling / The multivariate Normal distribution / Factor analysis / Supervised
learning / Cluster analysis

Lecture notes None
Literature The course will be based on class notes and books that are available electronically via the ETH library.
Prerequisites /
notice

Target audience: This course is the more theoretical version of  "Applied Multivariate Statistics" (401-0102-00L) and is targeted at students
with a math background. 

Prerequisite: A basic course in probability and statistics. 

Note: The courses 401-0102-00L and 401-6102-00L are mutually exclusive. You may register for at most one of these two course units.

402-0448-01L Quantum Information Processing I: Concepts
This theory part QIP I together with the experimental part
402-0448-02L QIP II (both offered in the Spring Semester)
combine to the core course in experimental physics
"Quantum Information Processing" (totally 10 ECTS
credits). This applies to the Master's degree programme in
Physics.

W 5 credits 2V+1U P. Kammerlander

Abstract The course will cover the key concepts and ideas of quantum information processing, including descriptions of quantum algorithms which
give the quantum computer the power to compute problems outside the reach of any classical supercomputer. 
Key concepts such as quantum error correction will be described. These ideas provide fundamental insights into the nature of quantum
states and measurement.

Objective We aim to provide an overview of the central concepts in Quantum Information Processing, including insights into the advantages to be
gained from using quantum mechanics and the range of techniques based on quantum error correction which enable the elimination of
noise.

Content The topics covered in the course will include quantum circuits, gate decomposition and universal sets of gates, efficiency of quantum
circuits, quantum algorithms (Shor, Grover, Deutsch-Josza,..), error correction, fault-tolerant design, entanglement, teleportation and dense
conding, teleportation of gates, and cryptography.

Lecture notes More details to follow.
Literature Quantum Computation and Quantum Information

Michael Nielsen and Isaac Chuang
Cambridge University Press

Prerequisites /
notice

Basic knowledge in the formalism of quantum states, unitary evolution and quantum measurement is recommended.

701-0104-00L Statistical Modelling of Spatial Data W 3 credits 2G A. J. Papritz
Abstract In environmental sciences one often deals with spatial data. When analysing such data the focus is either on exploring their structure

(dependence on explanatory variables, autocorrelation) and/or on spatial prediction. The course provides an introduction to geostatistical
methods that are useful for such analyses.

Objective The course will provide an overview of the basic concepts and stochastic models that are used to model spatial data. In addition,
participants will learn a number of geostatistical techniques and acquire familiarity with R software that is useful for analyzing spatial data.

Content After an introductory discussion of the types of problems and the kind of data that arise in environmental research, an introduction into
linear geostatistics (models: stationary and intrinsic random processes, modelling large-scale spatial patterns by linear regression,
modelling autocorrelation by variogram; kriging: mean square prediction of spatial data) will be taught. The lectures will be complemented
by data analyses that the participants have to do themselves.

Lecture notes Slides, descriptions of the problems for the data analyses and solutions to them will be provided.
Literature P.J. Diggle & P.J. Ribeiro Jr. 2007. Model-based Geostatistics. Springer.


Bivand, R. S., Pebesma, E. J. & Gómez-Rubio, V. 2013. Applied Spatial Data Analysis with R. Springer.

Prerequisites /
notice

Familiarity with linear regression analysis (e.g. equivalent to the first part of the course 401-0649-00L Applied Statistical Regression) and
with the software R (e.g. 401-6215-00L Using R for Data Analysis and Graphics (Part I), 401-6217-00L Using R for Data Analysis and
Graphics (Part II)) are required for attending the course.

 Interdisciplinary Electives
Number Title Type ECTS Hours Lecturers

101-0478-00L Measurement and Modelling of Travel Behaviour W 6 credits 4G K. W. Axhausen
Abstract Comprehensive introduction to survey methods in transport planning and modeling of travel behavior, using advanced discrete choice

models.
Objective Enabling the student to understand and apply the various measurement approaches and models of modelling travel behaviour.
Content Behavioral model and measurement; travel diary, design process, hypothetical markets, discrete choice model, parameter estimation,

pattern of travel behaviour, market segments, simulation, advanced discrete choice models
Lecture notes Various papers and notes are distributed during the course.

103-0228-00L Multimedia Cartography
Prerequisite: Successful completion of Cartography III
(103-0227-00L).

W 4 credits 3G H.-R. Bär, R. Sieber

Abstract Focus of this course is on the realization of an atlas project in a small team. During the first part of the course, the necessary
organizational, creative and technological basics will be provided. At the end of the course, the interactive atlas projects will be presented
by the team members.

Objective The goal of this course is to provide the students the theoretical background, knowledge and practical skills necessary to plan, design and
create an interactive Web atlas based on modern Web technologies.
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Content This course will cover the following topics:

- Web map design
- Project management
- Graphical user interfaces in Web atlases
- Interactions in map and atlas applications
- Web standards
- Programming interactive Web applications
- Use of software libraries
- Cartographic Web services
- Code repository
- Copyright and the Internet

Lecture notes Lecture notes and additional material are available on Moodle.
Literature - Cartwright, William; Peterson, Michael P. and Georg Gartner (2007); Multimedia Cartography, Springer, Heidelberg
Prerequisites /
notice

Prerequisites: Successful completion of Cartography III (103-0227-00L).
Previous knowledge in Web programming.

The students are expected to 
- present their work in progress on a regular basis
- present their atlas project at the end of the course
- keep records of all the work done
- document all individual contributions to the project

103-0247-00L Mobile GIS and Location-Based Services W 5 credits 4G P. Kiefer
Abstract The course introduces students to the theoretical and technological background of mobile geographic information systems and location-

based services. In lab sessions students acquire competences in mobile GIS design and implementation.
Objective Students will

- learn about the implications of mobility on GIS
- get a detailed overview on research fields related to mobile GIS
- get an overview on current mobile GIS and LBS technology, and learn how to assess new technologies in this fast-moving field
- achieve an integrated view of Geospatial Web Services and mobile GIS
- acquire competences in mobile GIS design and implementation

Content - LBS and mobile GIS: architectures, market, applications, and application development
- Development for Android
- Introduction to augmented reality development (HoloLens)
- Mobile decision-making, context, personalization, and privacy
- Mobile human computer interaction and user interfaces
- Mobile behavior interpretation

Prerequisites /
notice

Elementary programming skills (Java)

103-0255-01L Geodata Analysis W 2 credits 2G K. Kurzhals
Abstract The course deals with advanced methods in spatial data analysis.
Objective - Understanding the theoretical principles in spatial data analysis.

- Understanding and using methods for spatial data analysis.
- Detecting common sources of errors in spatial data analysis.
- Advanced practical knowledge in using appropriate GIS-tools.

Content The course deals with advanced methods in spatial data analysis in theory as well as in practical exercises.
Lecture notes no script.
Literature A literature list will be provided in the course.
Prerequisites /
notice

Prerequisites: 
Basic knowledge in geo information technologies and the use of geographic information systems according to the courses GIS I and GIS II
in the bachelor curriculum geomatics and planning.

227-0945-10L Cell and Molecular Biology for Engineers II
This course is part II of a two-semester course.
Knowledge of part I is required.

W 3 credits 2G C. Frei

Abstract The course gives an introduction into cellular and molecular biology, specifically for students with a background in engineering. The focus
will be on the basic organization of eukaryotic cells, molecular mechanisms and cellular functions. Textbook knowledge will be combined
with results from recent research and technological innovations in biology.

Objective After completing this course, engineering students will be able to apply their previous training in the quantitative and physical sciences to
modern biology. Students will also learn the principles how biological models are established, and how these models can be tested.

Content Lectures will include the following topics: DNA, chromosomes, RNA, protein, genetics, gene expression, membrane structure and function,
vesicular traffic, cellular communication, energy conversion, cytoskeleton, cell cycle, cellular growth, apoptosis, autophagy, cancer,
development and stem cells.

In addition, 4 journal clubs will be held, where recent publications will be discussed (2 journal clubs in part I and 2 journal clubs in part II).
For each journal club, students (alone or in groups of up to three students) have to write a summary and discussion of the publication.
These written documents will be graded and count as 40% for the final grade.

Lecture notes Scripts of all lectures will be available.
Literature "Molecular Biology of the Cell" (6th edition) by Alberts, Johnson, Lewis, Morgan, Raff, Roberts, and Walter.

227-0391-00L Medical Image Analysis
Basic knowledge of computer vision would be helpful.

W 3 credits 2G E. Konukoglu, M. A. Reyes Aguirre

Abstract It is the objective of this lecture to introduce the basic concepts used 
in Medical Image Analysis. In particular the lecture focuses on shape 
representation schemes, segmentation techniques, machine learning based predictive models and various image registration methods
commonly used in Medical Image Analysis applications.

Objective This lecture aims to give an overview of the basic concepts of Medical Image Analysis and its application areas.
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Prerequisites /
notice

Prerequisites: 
Basic concepts of mathematical analysis and linear algebra.

Preferred:
Basic knowledge of computer vision and machine learning would be helpful.

The course will be held in English.

261-5113-00L Computational Challenges in Medical Genomics
Number of participants limited to 20.

W 2 credits 2S A. Kahles, G. Rätsch

Abstract This seminar discusses recent relevant contributions to the fields of computational genomics, algorithmic bioinformatics, statistical genetics
and related areas. Each participant will hold a presentation and lead the subsequent discussion.

Objective Preparing and holding a scientific presentation in front of peers is a central part of working in the scientific domain. In this seminar, the
participants will learn how to efficiently summarize the relevant parts of a scientific publication, critically reflect its contents, and summarize
it for presentation to an audience. The necessary skills to succesfully present the key points of existing research work are the same as
needed to communicate own research ideas. 
In addition to holding a presentation, each student will both contribute to as well as lead a discussion section on the topics presented in the
class.

Content The topics covered in the seminar are related to recent computational challenges that arise from the fields of genomics and biomedicine,
including but not limited to genomic variant interpretation, genomic sequence analysis, compressive genomics tasks, single-cell
approaches, privacy considerations, statistical frameworks, etc.
Both recently  published works contributing novel ideas to the areas mentioned above as well as seminal contributions from the past are
amongst the list of selected papers.

Prerequisites /
notice

Knowledge of algorithms and data structures and interest in applications in genomics and computational biomedicine.

261-5120-00L Machine Learning for Health Care
Number of participants limited to 150.


W 5 credits 3P+1A G. Rätsch, J. Vogt, V. Boeva

Abstract The course will review the most relevant methods and applications of Machine Learning in Biomedicine, discuss the main challenges they
present and their current technical problems. 

Objective During the last years, we have observed a rapid growth in the field of Machine Learning (ML), mainly due to improvements in ML
algorithms, the increase of data availability and a reduction in computing costs. This growth is having a profound impact in biomedical
applications, where the great variety of tasks and data types enables us to get benefit of ML algorithms in many different ways. In this
course we will review the most relevant methods and applications of ML in biomedicine, discuss the main challenges they present and their
current technical solutions. 

Content The course will consist of four topic clusters that will cover the most relevant applications of ML in Biomedicine: 
1) Structured time series: Temporal time series of structured data often appear in biomedical datasets, presenting challenges as containing
variables with different periodicities, being conditioned by static data, etc.
2) Medical notes: Vast amount of medical observations are stored in the form of free text, we will analyze stategies for extracting
knowledge from them. 
3) Medical images: Images are a fundamental piece of information in many medical disciplines. We will study how to train ML algorithms
with them. 
4) Genomics data: ML in genomics is still an emerging subfield, but given that genomics data are arguably the most extensive and complex
datasets that can be found in biomedicine, it is expected that many relevant ML applications will arise in the near future. We will review and
discuss current applications and challenges.   

Prerequisites /
notice

Data Structures & Algorithms, Introduction to Machine Learning, Statistics/Probability, Programming in Python, Unix Command Line

Relation to Course 261-5100-00 Computational Biomedicine: This course is a continuation of the previous course with new topics related to
medical data and machine learning. The format of Computational Biomedicine II will also be different. It is helpful but not essential to attend
Computational Biomedicine before attending Computational Biomedicine II.

262-0200-00L Bayesian Phylodynamics W 4 credits 2G+2A T. Stadler, T. Vaughan
Abstract How fast was Ebola spreading in West Africa? Where and when did the epidemic outbreak start? How can we construct the phylogenetic

tree of great apes, and did gene flow occur between different apes? At the end of the course, students will have designed, performed,
presented, and discussed their own phylodynamic data analysis to answer such questions.

Objective Attendees will extend their knowledge of Bayesian phylodynamics obtained in the “Computational Biology” class (636-0017-00L) and will
learn how to apply this theory to real world data. The main theoretical concepts introduced are:
* Bayesian statistics
* Phylogenetic and phylodynamic models
* Markov Chain Monte Carlo methods
Attendees will apply these concepts to a number of applications yielding biological insight into:
* Epidemiology
* Pathogen evolution
* Macroevolution of species

Content In the first part of the semester, in each week, we will first present the theoretical concepts of Bayesian phylodynamics. The presentation
will be followed by attendees using the software package BEAST v2 to apply these theoretical concepts to empirical data. We use
previously published datasets on e.g. Ebola, Zika, Yellow Fever, Apes, and Penguins for analysis. Examples of these practical tutorials are
available on https://taming-the-beast.org/. 
In the second part of the semester, the students choose an empirical dataset of genetic sequencing data and possibly some non-genetic
metadata. They then design and conduct a research project in which they perform Bayesian phylogenetic analyses of their dataset. The
weekly class is intended to discuss and monitor progress and to address students’ questions very interactively. At the end of the semester,
the students present their research project in an oral presentation. The content of the presentation, the style of the presentation, and the
performance in answering the questions after the presentation will be marked.

Lecture notes Lecture slides will be available on moodle.
Literature The following books provide excellent background material:

•    Drummond, A. & Bouckaert, R. 2015. Bayesian evolutionary analysis with BEAST.
•    Yang, Z. 2014. Molecular Evolution: A Statistical Approach.
•    Felsenstein, J. 2003. Inferring Phylogenies.
The tutorials in this course are based on our Summer School “Taming the BEAST”: https://taming-the-beast.org/

Prerequisites /
notice

This class builds upon the content which we teach in the Computational Biology class (636-0017-00L). Attendees must have either taken
the Computational Biology class or acquired the content elsewhere.

636-0702-00L Statistical Models in Computational Biology W 6 credits 2V+1U+2A N. Beerenwinkel
Abstract The course offers an introduction to graphical models and their application to complex biological systems. Graphical models combine a

statistical methodology with efficient algorithms for inference in settings of high dimension and uncertainty. The unifying graphical model
framework is developed and used to examine several classical and topical computational biology methods.
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Objective The goal of this course is to establish the common language of graphical models for applications in computational biology and to see this
methodology at work for several real-world data sets.

Content Graphical models are a marriage between probability theory and graph theory. They combine the notion of probabilities with efficient
algorithms for inference among many random variables. Graphical models play an important role in computational biology, because they
explicitly address two features that are inherent to biological systems: complexity and uncertainty. We will develop the basic theory and the
common underlying formalism of graphical models and discuss several computational biology applications. Topics covered include
conditional independence, Bayesian networks, Markov random fields, Gaussian graphical models, EM algorithm, junction tree algorithm,
model selection, Dirichlet process mixture, causality, the pair hidden Markov model for sequence alignment, probabilistic phylogenetic
models, phylo-HMMs, microarray experiments and gene regulatory networks, protein interaction networks, learning from perturbation
experiments, time series data and dynamic Bayesian networks. Some of the biological applications will be explored in small data analysis
problems as part of the exercises.

Lecture notes no
Literature - Airoldi EM (2007) Getting started in probabilistic graphical models. PLoS Comput Biol 3(12): e252. doi:10.1371/journal.pcbi.0030252

- Bishop CM. Pattern Recognition and Machine Learning. Springer, 2007.
- Durbin R, Eddy S, Krogh A, Mitchinson G. Biological Sequence Analysis. Cambridge university Press, 2004

263-3501-00L Future Internet W 6 credits 1V+1U+3A A. Singla
Abstract This course will discuss recent advances in networking, with a focus on the Internet, with topics ranging from the algorithmic design of

applications like video streaming to the likely near-future of satellite-based networking.
Objective The goals of the course are to build on basic undergraduate-level networking, and provide an understanding of the tradeoffs and existing

technology in the design of large, complex networked systems, together with concrete experience of the challenges through a series of lab
exercises.

Content The focus of the course is on principles, architectures, protocols, and applications used in modern networked systems. Example topics
include:

- How video streaming services like Netflix work, and research on improving their performance.
- How Web browsing could be made faster
- How the Internet's protocols are improving
- Exciting developments in satellite-based networking (ala SpaceX)
- The role of data centers in powering Internet services

A series of programming assignments will form a substantial part of the course grade.

Lecture notes Lecture slides will be made available at the course Web site: https://ndal.ethz.ch/courses/fi.html
Literature No textbook is required, but there will be regularly assigned readings from research literature, liked to the course Web site:

https://ndal.ethz.ch/courses/fi.html.
Prerequisites /
notice

An undergraduate class covering the basics of networking, such as Internet routing and TCP. At ETH, Computer Networks (252-0064-00L)
and Communication Networks (227-0120-00L) suffice. Similar courses from other universities are acceptable too.

261-5111-00L Asset Management: Advanced Investments
(University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: MFOEC207

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W 3 credits 2V University lecturers

Abstract Comprehension and application of advanced portfolio theory
Objective Comprehension and application of advanced portfolio theory
Content The theoretical part of the lecture consists of the topics listed below.


- Standard Markowitz Model and Extensions MV Optimization, MV with Liabilities and CAPM.
- The Crux with MV
Resampling, regression, Black-Litterman, Bayesian, shrinkage, constrained and robust optimization.
- Downside and Coherent Risk Measures
Definition of risk measures, MV optimization under VaR and ES constraints.
- Risk Budgeting
Equal risk contribution, most diversified portfolio and other concentration indices
- Regime Switching and Asset Allocation
An introduction to regime switching models and its intuition.
- Strategic Asset Allocation
Introducing a continuous-time framework, solving the HJB equation and the classical Merton problem.

363-1000-00L Financial Economics W 3 credits 2V A. Bommier
Abstract This is a theoretical course on the economics of financial decision making, at the crossroads between Microeconomics and Finance. It

discusses portfolio choice theory, risk sharing, market equilibrium and asset pricing.
Objective The objective is to make students familiar with the economics of financial decision making and develop their intuition regarding the

determination of asset prices, the notions of optimal risk sharing. However this is not a practical formation for traders. Moreover, the lecture
doesn't cover topics such as market irrationality or systemic risk.

After completing this course:
1.    Students will be familiar with the economics of financial decision making and develop their intuition regarding the determination of asset
prices;
2.    Students will understand the intuition of market equilibrium. They will be able to solve the market equilibrium in a simple model and
derive the prices of assets.
3.    Students will be familiar with the representation of attitudes towards risk. They will be able to explain how risk, wealth and agents’
preferences affect the demand for assets.
4.    Students will understand the notion of risk diversification.
5.    Students will understand the notion of optimal risk sharing.
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Content The following topics will be discussed:
1. Introduction to financial assets: The first lecture provides an overview of most common financial assets. We will also discuss the
formation of asset prices and the role of markets in the valuation of these assets.

2. Option valuation: this lecture focuses on options, which are a certain type of financial asset. You will learn about arbitrage, which is a key
notion to understand the valuation of options. This lecture will give you the intuition of the mechanisms underlying the pricing of assets in
more general settings.

3. Introduction to the economic analysis of asset markets: this chapter will familiarize you with the notion of market equilibrium and the role
it plays concerning asset pricing. Relying on economic theory, we will consider the properties of the market equilibrium: In which cases
does the equilibrium exist? Is it optimal? How does it depend on individual’s wealth and preferences? The concepts defined in this chapter
are essential to understand the following parts of the course. 

4. A simplified approach to asset markets: based on the notions introduced in the previous lectures, you will learn about the key concepts
necessary to understand financial markets, such as market completeness and the no-arbitrage theorem.

5. Choice under uncertainty: this class covers fundamental concepts concerning agents’ decisions when facing risk. These models are
crucial to understand how the demand for financial assets originates. 

6. Demand for risk: Building up on the previous chapters, we will study portfolio choice in a simplified setting. We will discuss how asset
demand varies with risk, agent’s preferences and wealth.  

7. Asset prices in a simplified context: We will focus on the portfolio choices of an investor, in a particular setting called mean-variance
analysis. The mean-variance analysis will be a first step to introduce the notion of risk diversification, which is essential in finance. 

8. Risk sharing and insurance: in this lecture, you will understand that risk can be shared among different agents and how, under certain
conditions, this sharing can be optimal. You will learn about the distinction between individual idiosyncratic risk and macroeconomic risk. 

9. Risk sharing and asset prices in a market equilibrium: this course builds up on previous lessons and presents the consumption-based
Capital Asset Pricing Model (CAPM). The focus will be on how consumption, assets and prices are determined in equilibrium.

Literature Main reading material: 

- "Investments", by Z. Bodie, A. Kane and A. Marcus, for the
introductory part of the course (see chapters 20 and 21 in
particular).
- "Finance and the Economics of Uncertainty" by G. Demange and G. Laroque,    Blackwell, 2006.
- "The Economics of Risk and Time", by C. Gollier, MIT Press, 2001.

Other readings:
- "Intermediate Financial Theory" by J.-P. Danthine and J.B. Donaldson.
- Ingersoll, J., E., Theory of Financial Decision Making, Rowman and Littlefield Publishers.
- Leroy S and J. Werner, Principles of Financial Economics, Cambridge University Press,  2001

Prerequisites /
notice

Basic mathematical skills needed (calculus, linear algebra, convex analysis). Students must be able to solve simple optimization problems
(e.g. Lagrangian methods). Some knowledge in microeconomics would help but is not compulsory. The bases will be covered in class.

401-3629-00L Quantitative Risk Management W 4 credits 2V+1U P. Cheridito
Abstract This course introduces methods from probability theory and statistics that can be used to model financial risks. Topics addressed include

loss distributions, risk measures, extreme value theory, multivariate models, copulas, dependence structures and operational risk.
Objective The goal is to learn the most important methods from probability theory and statistics used in financial risk modeling.
Content 1. Introduction 

2. Basic Concepts in Risk Management
3. Empirical Properties of Financial Data
4. Financial Time Series
5. Extreme Value Theory
6. Multivariate Models
7. Copulas and Dependence
8. Operational Risk

Lecture notes Course material is available on https://people.math.ethz.ch/~patrickc/qrm
Literature Quantitative Risk Management: Concepts, Techniques and Tools

AJ McNeil, R Frey and P Embrechts
Princeton University Press, Princeton, 2015 (Revised Edition)
http://press.princeton.edu/titles/10496.html

Prerequisites /
notice

The course corresponds to the Risk Management requirement for the SAA ("Aktuar SAV Ausbildung") as well as for the Master of Science
UZH-ETH in Quantitative Finance.

401-3888-00L Introduction to Mathematical Finance
A related course is 401-3913-01L Mathematical
Foundations for Finance (3V+2U, 4 ECTS credits).
Although both courses can be taken independently of
each other, only one will be recognised for credits in the
Bachelor and Master degree. In other words, it is not
allowed to earn credit points with one for the Bachelor and
with the other for the Master degree.

W 10 credits 4V+1U C. Czichowsky

Abstract This is an introductory course on the mathematics for investment, hedging, portfolio management, asset pricing and financial derivatives in
discrete-time financial markets. We discuss arbitrage, completeness, risk-neutral pricing and utility maximisation. We prove the
fundamental theorem of asset pricing and the hedging duality theorems, and also study convex duality in utility maximization.

Objective This is an introductory course on the mathematics for investment, hedging, portfolio management, asset pricing and financial derivatives in
discrete-time financial markets. We discuss arbitrage, completeness, risk-neutral pricing and utility maximisation, and maybe other topics.
We prove the fundamental theorem of asset pricing and the hedging duality theorems in discrete time, and also study convex duality in
utility maximization.
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Content This course focuses on discrete-time financial markets. It presumes a knowledge of measure-theoretic probability theory (as taught e.g. in
the course "Probability Theory"). The course is offered every year in the Spring semester.

This course is the first of a sequence of two courses on mathematical finance. The second course "Mathematical Finance" (MF II), 401-
4889-00, focuses on continuous-time models. It is advisable that the present course, MF I, is taken prior to MF II.

For an overview of courses offered in the area of mathematical finance, see https://www.math.ethz.ch/imsf/education/education-
in-stochastic-finance/overview-of-courses.html.

Lecture notes The course is based on different parts from different textbooks as well as on original research literature. Lecture notes will not be available.
Literature Literature:


Michael U. Dothan, "Prices in Financial Markets", Oxford University Press

Hans Föllmer and Alexander Schied, "Stochastic Finance: An Introduction in Discrete Time", de Gruyter

Marek Capinski and Ekkehard Kopp, "Discrete Models of Financial Markets", Cambridge University Press

Robert J. Elliott and P. Ekkehard Kopp, "Mathematics of Financial Markets", Springer

Prerequisites /
notice

A related course is "Mathematical Foundations for Finance" (MFF), 401-3913-01. Although both courses can be taken independently of
each other, only one will be given credit points for the Bachelor and the Master degree. In other words, it is also not possible to earn credit
points with one for the Bachelor and with the other for the Master degree.

This course is the first of a sequence of two courses on mathematical finance. The second course "Mathematical Finance" (MF II), 401-
4889-00, focuses on continuous-time models. It is advisable that the present course, MF I, is taken prior to MF II.

For an overview of courses offered in the area of mathematical finance, see https://www.math.ethz.ch/imsf/education/education-
in-stochastic-finance/overview-of-courses.html.

401-3936-00L Data Analytics for Non-Life Insurance Pricing W 4 credits 2V C. M. Buser, M. V. Wüthrich
Abstract We study statistical methods in supervised learning for non-life insurance pricing such as generalized linear models, generalized additive

models, Bayesian models, neural networks, classification and regression trees, random forests and gradient boosting machines.
Objective The student is familiar with classical actuarial pricing methods as well as with modern machine learning methods for insurance pricing and

prediction.
Content We present the following chapters:

- generalized linear models (GLMs)
- generalized additive models (GAMs)
- neural networks
- credibility theory
- classification and regression trees (CARTs)
- bagging, random forests and boosting

Lecture notes The lecture notes are available from:
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2870308

Prerequisites /
notice

This course will be held in English and counts towards the diploma of "Aktuar SAV".
For the latter, see details under www.actuaries.ch

Good knowledge in probability theory, stochastic processes and statistics is assumed.

401-4658-00L Computational Methods for Quantitative Finance: PDE
Methods

W 6 credits 3V+1U C. Schwab

Abstract Introduction to principal methods of option pricing. Emphasis on PDE-based methods. Prerequisite MATLAB programming
and knowledge of numerical mathematics at ETH BSc level.

Objective Introduce the main methods for efficient numerical valuation of derivative contracts in a
Black Scholes as well as in incomplete markets due Levy processes or due to stochastic volatility
models. Develop implementation of pricing methods in MATLAB. 
Finite-Difference/ Finite Element based methods for the solution of the pricing integrodifferential equation.

Content 1. Review of option pricing. Wiener and Levy price process models. Deterministic, local and stochastic
     volatility models.
2. Finite Difference Methods for option pricing. Relation to bi- and multinomial trees.
    European contracts.
3. Finite Difference methods for Asian, American and Barrier type contracts.
4. Finite element methods for European and American style contracts.
5. Pricing under local and stochastic volatility in Black-Scholes Markets.
6. Finite Element Methods for option pricing under Levy processes. Treatment of 
    integrodifferential operators.
7. Stochastic volatility models for Levy processes.
8. Techniques for multidimensional problems. Baskets in a Black-Scholes setting and 
    stochastic volatility models in Black Scholes and Levy markets.
9. Introduction to sparse grid option pricing techniques.

Lecture notes There will be english, typed lecture notes as well as MATLAB software for registered participants in the course.
Literature R. Cont and P. Tankov : Financial Modelling with Jump Processes, Chapman and Hall Publ. 2004.


Y. Achdou and O. Pironneau : Computational Methods for Option Pricing, SIAM Frontiers in Applied Mathematics, SIAM Publishers,
Philadelphia 2005.

D. Lamberton and B. Lapeyre : Introduction to stochastic calculus Applied to Finance (second edition), Chapman & Hall/CRC Financial
Mathematics Series, Taylor & Francis Publ. Boca Raton, London, New York 2008.

J.-P. Fouque, G. Papanicolaou and K.-R. Sircar : Derivatives in financial markets with stochastic volatility, Cambridge Univeristy Press,
Cambridge, 2000.

N. Hilber, O. Reichmann, Ch. Schwab and Ch. Winter: Computational Methods for Quantitative Finance, Springer Finance, Springer, 2013.

401-8915-00L Advanced Financial Economics (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: MFOEC206


W 6 credits 4G University lecturers
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Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

Abstract Portfolio Theory, CAPM, Financial Derivatives, Incomplete Markets, Corporate Finance, Behavioural Finance, Evolutionary Finance
Objective Students should get familiar with the cornerstones of modern financial economics.
Prerequisites /
notice

This course replaces "Advanced Financial Economics" (MFOEC105), which will be discontinued. Students who have taken "Advanced
Financial Economics" (MFOEC105) in the past, are not allowed to book this course "Advanced Financial Economics" (MFOEC206).
There will be a podcast for this lecture.

701-0412-00L Climate Systems W 3 credits 2G S. I. Seneviratne, L. Gudmundsson
Abstract This course introduces the most important physical components of the climate system and their interactions. The mechanisms of

anthropogenic climate change are analysed against the background of climate history and variability. Those completing the course will be
in a position to identify and explain simple problems in the area of climate systems.

Objective Students are able
- to describe the most important physical components of the global climate system and sketch their interactions
- to explain the mechanisms of anthropogenic climate change
- to identify and explain simple problems in the area of climate systems

Lecture notes Copies of the slides are provided in electronic form.
Literature A comprehensive list of references is provided in the class. Two books are

particularly recommended:
- Hartmann, D., 2016: Global Physical Climatology. Academic Press, London, 485 pp.
- Peixoto, J.P. and A.H. Oort, 1992: Physics of Climate. American Institute of Physics, New York, 520 pp.

Prerequisites /
notice

Teaching: Sonia I. Seneviratne & Lukas Gudmundsson, several keynotes to special topics by other professors
Course taught in german/english, slides in english

701-1216-00L Numerical Modelling of Weather and Climate W 4 credits 3G C. Schär, S. Soerland,
J. Vergara Temprado

Abstract The course provides an introduction to weather and climate models. It discusses how these models are built addressing both the dynamical
core and the physical parameterizations, and it provides an overview of how these models are used in numerical weather prediction and
climate research. As a tutorial, students conduct a term project and build a simple atmospheric model using the language PYTHON.

Objective At the end of this course, students understand how weather and climate models are formulated from the governing physical principles, and
how they are used for climate and weather prediction purposes.

Content The course provides an introduction into the following themes: numerical methods (finite differences and spectral methods); adiabatic
formulation of atmospheric models (vertical coordinates, hydrostatic approximation); parameterization of physical processes (e.g. clouds,
convection, boundary layer, radiation); atmospheric data assimilation and weather prediction; predictability (chaos-theory, ensemble
methods); climate models (coupled atmospheric, oceanic and biogeochemical models); climate prediction. Hands-on experience with
simple models will be acquired in the tutorials.

Lecture notes Slides and lecture notes will be made available at
http://www.iac.ethz.ch/edu/courses/master/modules/numerical-modelling-of-weather-and-climate.html

Literature List of literature will be provided.
Prerequisites /
notice

Prerequisites: to follow this course, you need some basic background in atmospheric science, numerical methods (e.g., "Numerische
Methoden in der Umweltphysik", 701-0461-00L) as well as experience in programming. Previous experience with PYTHON is useful but not
required.

701-1226-00L Inter-Annual Phenomena and Their Prediction W 2 credits 2G C. Appenzeller
Abstract This course provides an overview of the current ability to understand and predict intra-seasonal and inter-annual climate variability in the

tropical and extra-tropical region and provides insights on how operational weather and climate services are organized.
Objective Students will acquire an understanding of the key atmosphere and ocean processes involved, will gain experience in analyzing and

predicting sub-seasonal to inter-annual variability and learn how operational weather and climate services are organised and how scientific
developments can improve these services.

Content The course covers the following topics: 

Part 1:
- Introduction, some basic concepts and examples of sub-seasonal and inter-annual variability
- Weather and climate data and the statistical concepts used for analysing inter-annual variability (e.g. correlation analysis, teleconnection
maps, EOF analysis)

Part 2:
- Inter-annual variability in the tropical region (e.g. ENSO, MJO)
- Inter-annual variability in the extra-tropical region (e.g. Blocking, NAO, PNA, regimes)

Part 3:
- Prediction of inter-annual variability (statistical methods, ensemble prediction systems, monthly and seasonal forecasts, seamless
forecasts)
- Verification and interpretation of probabilistic forecast systems
- Climate change and inter-annual variability

Part 4:
- Scientific challenges for operational weather and climate services
- A visit to the forecasting centre of MeteoSwiss

Lecture notes A pdf version of the slides will be available at 
http://www.iac.ethz.ch/edu/courses/master/modules/interannual-phenomena.html

Literature References are given during the lecture.

701-1252-00L Climate Change Uncertainty and Risk: From
Probabilistic Forecasts to Economics of Climate
Adaptation

W 3 credits 2V+1U D. N. Bresch, R. Knutti

Abstract The course introduces the concepts of predictability, probability, uncertainty and probabilistic risk modelling and their application to climate
modeling and the economics of climate adaptation.

Objective Students will acquire knowledge in uncertainty and risk quantification (probabilistic modelling) and an understanding of the economics of
climate adaptation. They will become able to construct their own uncertainty and risk assessment models (in Python), hence basic
understanding of scientific programming forms a prerequisite of the course.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 483 of 1785

Content The first part of the course covers methods to quantify uncertainty in detecting and attributing human influence on climate change and to
generate probabilistic climate change projections on global to regional scales. Model evaluation, calibration and structural error are
discussed. In the second part, quantification of risks associated with local climate impacts and the economics of different baskets of climate
adaptation options are assessed  leading to informed decisions to optimally allocate resources. Such pre-emptive risk management allows
evaluating a mix of prevention, preparation, response, recovery, and (financial) risk transfer actions, resulting in an optimal balance of
public and private contributions to risk management, aiming at a more resilient society.
The course provides an introduction to the following themes:
1) basics of probabilistic modelling and quantification of uncertainty from global climate change to local impacts of extreme events
2) methods to optimize and constrain model parameters using observations
3) risk management from identification (perception) and understanding (assessment, modelling) to actions (prevention, preparation,
response, recovery, risk transfer)
4) basics of economic evaluation, economic decision making in the presence of climate risks and pre-emptive risk management to optimally
allocate resources

Lecture notes Powerpoint slides will be made available.
Literature Many papers for in-depth study will be referred to during the lecture.
Prerequisites /
notice

Hands-on experience with probabilistic climate models and risk models will be acquired in the tutorials; hence good understanding of
scientific programming forms a prerequisite of the course, in Python (teaching language, object oriented) or similar. Basic understanding of
the climate system, e.g. as covered in the course 'Klimasysteme' is required.

Examination: graded tutorials during the semester (benotete Semesterleistung)

701-1270-00L High Performance Computing for Weather and
Climate

W 3 credits 3G O. Fuhrer

Abstract State-of-the-art weather and climate simulations rely on large and complex software running on supercomputers. This course focuses on
programming methods and tools for understanding, developing and optimizing the computational aspects of weather and climate models.
Emphasis will be placed on the foundations of parallel computing, practical exercises and emerging trends such as heterogeneous comput

Objective After attending this course, students will be able to:
- understand a broad variety of high performance computing concepts relevant for weather and climate simulations
- work with weather and climate simulation codes that run on large supercomputers

Content HPC Overview:
- Why does weather and climate require HPC?
- Today's HPC: Beowulf-style clusters, massively parallel architectures, hybrid computing, accelerators
- Scaling / Parallel efficiency
- Algorithmic motifs in weather and climate

Writing HPC code:
- Data locality and single node efficiency
- Shared memory parallelism with OpenMP
- Distributed memory parallelism with MPI
- GPU computing
- High-level programming and domain-specific languages

Literature - Introduction to High Performance Computing for Scientists and Engineers, G. Hager and G. Wellein, CRC Press, 2011
- Computer Organization and Design, D.H. Patterson and J.L. Hennessy
- Parallel Computing, A. Grama, A. Gupta, G. Karypis, V. Kumar (https://www-users.cs.umn.edu/~karypis/parbook/)
- Parallel Programming in MPI and OpenMP, V. Eijkhout (http://pages.tacc.utexas.edu/~eijkhout/pcse/html/index.html)

Prerequisites /
notice

- fundamentals of numerical analysis and atmospheric modeling
- basic experience in a programming language (C/C++, Fortran, Python, …) 
- experience using command line interfaces in *nix environments (e.g., Unix, Linux)

851-0252-06L Introduction to Social Networks: Theory, Methods and
Applications
This course is intended for students interested in data
analysis and with basic knowledge of inferential statistics.

W 3 credits 2G C. Stadtfeld, T. Elmer

Abstract Humans are connected by various social relations. When aggregated, we speak of social networks. This course discusses how social
networks are structured, how they change over time and how they affect the individuals that they connect. It integrates social theory with
practical knowledge of cutting-edge statistical methods and applications from a number of scientific disciplines.

Objective The aim is to enable students to contribute to social networks research and to be discriminating consumers of modern literature on social
networks. Students will acquire a thorough understanding of social networks theory (1), practical skills in cutting-edge statistical methods
(2) and their applications in a number of scientific fields (3). 
In particular, at the end of the course students will
- Know the fundamental theories in social networks research (1)
- Understand core concepts of social networks and their relevance in different contexts (1, 3)
- Be able to describe and visualize networks data in the R environment (2)
- Understand differences regarding analysis and collection of network data and other type of survey data (2)
- Know state-of-the-art inferential statistical methods and how they are used in R (2)
- Be familiar with the core empirical studies in social networks research (2, 3)
- Know how network methods can be employed in a variety of scientific disciplines (3)

363-1091-00L Social Data Science W  3 credits 2G D. Garcia Becerra
Abstract Social Data Science is introduced as a set of techniques to analyze human behavior and social interaction through digital traces.

The course focuses both on the fundamentals and applications of Data Science in the Social Sciences, including technologies for data
retrieval, processing, and analysis with the aim to derive insights that are interpretable from a wider theoretical perspective.

Objective A successful participant of this course will be able to
- understand a wide variety of techniques to retrieve digital trace data from online data sources
- store, process, and summarize online data for quantitative analysis
- perform statistical analyses to test hypotheses, derive insights, and formulate predictions
- implement streamlined software that integrates data retrieval, processing, statistical analysis, and visualization
- interpret the results of data analysis with respect to theoretical and testable principles of human behavior
- understand the limitations of observational data analysis with respect to data volume, statistical power, and external validity
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Content Social Data Science (SDS) provides a broad approach to the quantitative analysis of human behavior through digital trace data.
SDS integrates the implementation of data retrieval and processing, the application of statistical analysis methods, and the interpretation of
results to derive insights of human behavior at high resolutions and large scales.
The motivation of SDS stems from theories in the Social Sciences, which are addressed with respect to societal phenomena and
formulated as principles that can be tested against empirical data.
Data retrieval in SDS is performed in an automated manner, accessing online databases and programming interfaces that capture the
digital traces of human behavior.
Data processing is computerized with calibrated methods that quantify human behavior, for example constructing social networks or
measuring emotional expression.
These quantities are used in statistical analyses to both test hypotheses and explore new aspects on human behavior.

The course starts with an introduction to Social Data Science and the R statistical language, followed by three content blocks: collective
behavior, sentiment analysis, and social network analysis. The course ends with a datathon that sets the starting point of final student
projects.

The course will cover various examples of the application of SDS:
- Search trends to measure information seeking
- Popularity and social impact
- Evaluation of sentiment analysis techniques
- Quantitative analysis of emotions and social media sharing 
- Twitter social network analysis

The lectures include theoretical foundations of the application of digital trace data in the Social Sciences, as well as practical examples of
data retrieval, processing, and analysis cases in the R statistical language from a literate programming perspective. 
The block course contains lectures and exercise sessions during the morning and afternoon of five days.
Exercise classes provide practical skills and discuss the solutions to exercises that build on the concepts and methods presented in the
previous lectures.

Lecture notes The lecture slides will be available on the Moodle platform, for registered students only.
Literature See handouts. Specific literature is provided for download, for registered students only.
Prerequisites /
notice

Participants of the course should have some basic background in statistics and programming, and an interest to learn about human
behavior from a quantitative perspective.

Prior knowledge of advanced R, information retrieval, or information systems is not necessary.

Exercise sessions build on technical and theoretical content explained in the lectures. Students need a working laptop with Internet access
to perform guided exercises.

Course evaluation is based on short quizzes at the end of each day from Monday to Thursday (5% each for a total of 20%), a 45-minute
exam during the last session (30%), and on the grade of a final project report (50%). Final projects can be done individually or in pairs.
Final projects will be composed of a text report (max 6 pages) and the R code to generate the results. The deadline to deliver the final
project will be at the end of the Easter break, approximately 2 months after the course.

The course takes place between Feb 10th and Feb 14th (both inclusive), from 9:15 to 12:00 and from 13:15 to 16:00.

227-0395-00L Neural Systems W 6 credits 2V+1U+1A R. Hahnloser, M. F. Yanik,
B. Grewe

Abstract This course introduces principles of information processing in neural systems. It covers basic neuroscience for engineering students,
experiment techniques used in animal research and methods for inferring neural mechanisms. Students learn about neural information
processing and basic principles of natural intelligence and their impact on artificially intelligent systems.

Objective This course introduces 
- Basic neurophysiology and mathematical descriptions of neurons
- Methods for dissecting animal behavior 
- Neural recordings in intact nervous systems and information decoding principles
- Methods for manipulating the state and activity in selective neuron types  
- Neuromodulatory systems and their computational roles
- Reward circuits and reinforcement learning
- Imaging methods for reconstructing the synaptic networks among neurons  
- Birdsong and language 
- Neurobiological principles for machine learning.

Content From active membranes to propagation of action potentials. From synaptic physiology to synaptic learning rules. From receptive fields to
neural population decoding. From fluorescence imaging to connectomics.  Methods for reading and manipulation neural ensembles. From
classical  conditioning to reinforcement learning. From the visual system to deep convolutional networks. Brain architectures for learning
and memory. From birdsong to computational linguistics.

Prerequisites /
notice

Before taking this course, students are encouraged to complete "Bioelectronics and Biosensors" (227-0393-10L).

As part of the exercises for this class, students are expected to complete a programming or literature review project to be defined at the
beginning of the semester.

227-0973-00L Translational Neuromodeling W 8 credits 3V+2U+1A K. Stephan
Abstract This course provides a systematic introduction to Translational Neuromodeling (the development of mathematical models for diagnostics of

brain diseases) and their application to concrete clinical questions (Computational Psychiatry/Psychosomatics). It focuses on a generative
modeling strategy and teaches (hierarchical) Bayesian models of neuroimaging data and behaviour, incl. exercises.

Objective To obtain an understanding of the goals, concepts and methods of Translational Neuromodeling and Computational
Psychiatry/Psychosomatics, particularly with regard to Bayesian models of neuroimaging (fMRI, EEG) and behavioural data.
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Content This course provides a systematic introduction to Translational Neuromodeling (the development of mathematical models for diagnostics of
brain diseases) and their application to concrete clinical questions (Computational Psychiatry/Psychosomatics). The first part of the course
will introduce disease concepts from psychiatry and psychosomatics, their history, and clinical priority problems. The second part of the
course concerns computational modeling of neuronal and cognitive processes for clinical applications. A particular focus is on Bayesian
methods and generative models, for example, dynamic causal models for inferring neuronal processes from neuroimaging data, and
hierarchical Bayesian models for inference on cognitive processes from behavioural data. The course discusses the mathematical and
statistical principles behind these models, illustrates their application to various psychiatric diseases, and outlines a general research
strategy based on generative models. 

Lecture topics include:
1.    Introduction to Translational Neuromodeling and Computational Psychiatry/Psychosomatics
2.    Psychiatric nosology 
3.    Pathophysiology of psychiatric disease mechanisms
4.    Principles of Bayesian inference and generative modeling
5.    Variational Bayes (VB)
6.    Bayesian model selection
7.    Markov Chain Monte Carlo techniques (MCMC)
8.    Bayesian frameworks for understanding psychiatric and psychosomatic diseases
9.    Generative models of fMRI data
10.    Generative models of electrophysiological data
11.    Generative models of behavioural data
12.    Computational concepts of schizophrenia, depression and autism
13.    Model-based predictions about individual patients

Practical exercises include mathematical derivations and the implementation of specific models and inference methods. In additional
project work, students are required to use one of the examples discussed in the course as a basis for developing their own generative
model and use it for simulations and/or inference in application to a clinical question. Group work (up to 3 students) is permitted.

Literature See TNU website:
https://www.tnu.ethz.ch/en/teaching.html

Prerequisites /
notice

Good knowledge of principles of statistics, good programming skills (MATLAB or Python)

227-1032-00L Neuromorphic Engineering II
Information for UZH students:
Enrolment to this course unit only possible at ETH. No
enrolment to module INI405 at UZH. 

Please mind the ETH enrolment deadlines for UZH
students: https://www.ethz.ch/en/studies/non-
degree-
courses/special-
students/special-students-university-of-zurich.html

W 6 credits 5G S.-C. Liu, T. Delbrück, G. Indiveri

Abstract This course teaches the basics of analog chip design and layout with an emphasis on neuromorphic circuits, which are introduced in the fall
semester course "Neuromorphic Engineering I".

Objective Design of a neuromorphic circuit for implementation with CMOS technology.
Content This course teaches the basics of analog chip design and layout with an emphasis on neuromorphic circuits, which are introduced in the

autumn semester course "Neuromorphic Engineering I".

The principles of CMOS processing technology are presented. Using a set of inexpensive software tools for simulation, layout and
verification, suitable for neuromorphic circuits, participants learn to simulate circuits on the transistor level and to make their layouts on the
mask level. Important issues in the layout of neuromorphic circuits will be explained and illustrated with examples. In the latter part of the
semester students simulate and layout a neuromorphic chip. Schematics of basic building blocks will be provided. The layout will then be
fabricated and will be tested by students during the following fall semester.

Literature S.-C. Liu et al.: Analog VLSI Circuits and Principles; software documentation.
Prerequisites /
notice

Prerequisites: Neuromorphic Engineering I strongly recommended

227-1034-00L Computational Vision (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: INI402

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W 6 credits 2V+1U D. Kiper

Abstract This course focuses on neural computations that underlie visual perception. We study how visual signals are processed in the retina, LGN
and visual cortex. We study the morpholgy and functional architecture of cortical circuits responsible for pattern, motion, color, and three-
dimensional vision.

Objective This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Content This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.
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Literature Books: (recommended references, not required)
1. An Introduction to Natural Computation, D. Ballard (Bradford Books, MIT Press) 1997.
2. The Handbook of Brain Theorie and Neural Networks, M. Arbib (editor), (MIT Press) 1995.

851-0739-01L Sequencing Legal DNA: NLP for Law and Political
Economy
Particularly suitable for students of D-INFK, D-ITET, D-
MTEC

W 3 credits 2V E. Ash

Abstract This course explores the application of natural language processing techniques to texts in law, politics, and the news media. Students will
put these tools to work in a course project.

Objective Law is embedded in language. An essential task for a judge, therefore, is reading legal texts to interpret case facts and apply legal rules.
Can an artificial intelligence learn to do these tasks? The recent and ongoing breakthroughs in natural language processing (NLP) hint at
this possibility. 

Meanwhile, a vast and growing corpus of legal documents are being digitized and put online for use by the public. No single human could
hope to read all of them, yet many of these documents remain untouched by NLP techniques. This course invites students to participate in
these new explorations applying NLP to the law -- that is, sequencing legal DNA.

Content NLP technologies have the potential to assist judges in their decisions by making them more efficient and consistent. On the other hand,
legal language choices -- as in legal choices more generally -- could be biased toward some groups, and automated systems could
entrench those biases. We will explore, critique, and integrate the emerging set of tools for debiasing language models and think carefully
about how notions of fairness should be applied in this domain. 

More generally, we will explore the use of NLP for social science research, not just in the law but also in politics, the economy, and culture.
In a semester paper, students (individually or in groups) will conceive and implement their own research project applying natural language
tools to legal or political texts.

Prerequisites /
notice

Some programming experience in Python is required, and some experience with NLP is highly recommended.

851-0739-02L Sequencing Legal DNA: NLP for Law and Political
Economy (Course Project)
This is the optional course project for "Building a Robot
Judge: Data Science for the Law." 

Please register only if attending the lecture course or with
consent of the instructor.

Some programming experience in Python is required, and
some experience with text mining is highly recommended.

W 2 credits 2V E. Ash

Abstract This is the companion course for extra credit for a more substantial project, for the course "Sequencing Legal DNA: NLP for Law and
Political Economy".

851-0740-00L Big Data, Law, and Policy
Number of participants limited to 35

Students will be informed by 1.3.2020 at the latest.

W 3 credits 2S S. Bechtold

Abstract This course introduces students to societal perspectives on the big data revolution. Discussing important contributions from machine
learning and data science, the course explores their legal, economic, ethical, and political implications in the past, present, and future.

Objective This course is intended both for students of machine learning and data science who want to reflect on the societal implications of their field,
and for students from other disciplines who want to explore the societal impact of data sciences. The course will first discuss some of the
methodological foundations of machine learning, followed by a discussion of research papers and real-world applications where big data
and societal values may clash. Potential topics include the implications of big data for privacy, liability, insurance, health systems, voting,
and democratic institutions, as well as the use of predictive algorithms for price discrimination and the criminal justice system. Guest
speakers, weekly readings and reaction papers ensure a lively debate among participants from various backgrounds.

363-1100-00L Risk Case Study Challenge
Does not take place this semester.

W 3 credits 2S A. Bommier, S. Feuerriegel

Abstract This seminar provides master students at ETH with the challenging opportunity of working on a real risk modelling and risk management
case in close collaboration with a Risk Center Partner Company. For the Spring 2019 Edition the Partner will be Zurich Insurance Group.

Objective Students work on a real risk-related case of a business relevant topic provided by experts from Risk Center partners. While gaining
substantial insights into the risk modeling and management of the industry, students explore the case or problem on their own, working in
teams, and develop possible solutions. The cases allow students to use logical problem solving skills with emphasis on evidence and
application and involve the integration of scientific knowledge. Typically, the risk-related cases can be complex, cover ambiguities, and may
be addressed in more than one way. During the seminar students visit the partners’ headquarters, conduct interviews with members of the
management team as well as internal and external experts, and present their results.

Content Get a basic understanding of 
o    The insurance and reinsurance business 
o    Risk management and risk modelling
o    The role of operational risk management

Get in contact with industry experts and conduct interviews on the topic. 

Conduct a small empirical study and present findings to the company
Prerequisites /
notice

Please apply for this course via the official website (www.riskcenter.ethz.ch/education/lectures/risk-case-study-challenge-.html). Apply no
later than February 15, 2019.
The number of participants is limited to 14.

 Seminar
Number Title Type ECTS Hours Lecturers

261-5113-00L Computational Challenges in Medical Genomics
Number of participants limited to 20.

W 2 credits 2S A. Kahles, G. Rätsch

Abstract This seminar discusses recent relevant contributions to the fields of computational genomics, algorithmic bioinformatics, statistical genetics
and related areas. Each participant will hold a presentation and lead the subsequent discussion.
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Objective Preparing and holding a scientific presentation in front of peers is a central part of working in the scientific domain. In this seminar, the
participants will learn how to efficiently summarize the relevant parts of a scientific publication, critically reflect its contents, and summarize
it for presentation to an audience. The necessary skills to succesfully present the key points of existing research work are the same as
needed to communicate own research ideas. 
In addition to holding a presentation, each student will both contribute to as well as lead a discussion section on the topics presented in the
class.

Content The topics covered in the seminar are related to recent computational challenges that arise from the fields of genomics and biomedicine,
including but not limited to genomic variant interpretation, genomic sequence analysis, compressive genomics tasks, single-cell
approaches, privacy considerations, statistical frameworks, etc.
Both recently  published works contributing novel ideas to the areas mentioned above as well as seminal contributions from the past are
amongst the list of selected papers.

Prerequisites /
notice

Knowledge of algorithms and data structures and interest in applications in genomics and computational biomedicine.

263-3840-00L Hardware Architectures for Machine Learning
The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S G. Alonso, T. Hoefler, C. Zhang

Abstract The seminar covers recent results in the increasingly important field of hardware acceleration for data science and machine learning, both
in dedicated machines or in data centers.

Objective The seminar aims at students interested in the system aspects of machine learning, who are willing to bridge the gap across traditional
disciplines: machine learning, databases, systems, and computer architecture.

Content The seminar is intended to cover recent results in the increasingly important field of hardware acceleration for data science and machine
learning, both in dedicated machines or in data centers. 

Prerequisites /
notice

The seminar should be of special interest to students intending to complete a master's thesis or a doctoral dissertation in related topics.

263-5225-00L Advanced Topics in Machine Learning and Data
Science
Number of participants limited to 20.

The deadline for deregistering expires at the end of the
fourth week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S F. Perez Cruz

Abstract In this seminar, recent papers of the machine learning and data science literature are presented and discussed. Possible topics cover
statistical models, machine learning algorithms and its applications.

Objective The seminar “Advanced Topics in Machine Learning and Data Science” familiarizes students with recent developments in machine learning
and data science. Recently published articles, as well as influential papers, have to be presented and critically reviewed. The students will
learn how to structure a scientific presentation, which covers the motivation, key ideas and main results of a scientific paper. An important
goal of the seminar presentation is to summarize the essential ideas of the paper in sufficient depth for the audience to be able to follow its
main conclusion, especially why the article is (or is not) worth attention. The presentation style will play an important role and should reach
the level of professional scientific presentations.

Content The seminar will cover a number of recent papers which have emerged as important contributions to the machine learning and data
science literatures. The topics will vary from year to year but they are centered on methodological issues in machine learning and its
application, not only to text or images, but other scientific
domains like medicine, climate or physics.

Literature The papers will be presented in the first session of the seminar.

401-3620-20L Student Seminar in Statistics: Inference in Non-
Classical Regression Models
Number of participants limited to 24.
Mainly for students from the Mathematics Bachelor and
Master Programmes who, in addition to the introductory
course unit 401-2604-00L Probability and Statistics, have
heard at least one core or elective course in statistics.
Also offered in the Master Programmes Statistics resp.
Data Science.

W 4 credits 2S F. Balabdaoui

Abstract Review of some non-standard regression models and the statistical properties of estimation methods in such models.
Objective The main goal is the students get to discover some less known regression models which either generalize the well-known linear model  (for

example monotone regression) or violate some of the most fundamental assumptions (as in shuffled or unlinked regression models).
Content Linear regression is one of the most used models for prediction and hence one of the most understood in statistical literature. However,

linearity might too simplistic to capture the actual relationship between some response and given covariates. Also, there are many real data
problems where linearity is plausible but the actual pairing between the observed covariates and responses is completely lost or at partially.
In this seminar, we review some of the non-classical regression models and the statistical properties of the estimation methods considered
by well-known statisticians and machine learners. This will encompass:
1. Monotone regression
2. Single index model
3. Unlinked regression
4. Partially unlinked regression

Lecture notes No script is necessary for this seminar
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Literature In the following is the material that will read and studied by each pair of students  (all the items listed below are available through the ETH
electronic library or arXiv):

1. Chapter 2 from the book "Nonparametric estimation under shape constraints"  by P. Groeneboom and G. Jongbloed, 2014, Cambridge
University Press

2. "Nonparametric shape-restricted regression" by A. Guntuoyina and B. Sen, 2018, Statistical Science, Volume 33, 568-594

3. "Asymptotic distributions for two estimators of the single index model" by Y. Xia, 2006, Econometric Theory, Volume 22, 1112-1137   

4. "Least squares estimation in the monotone single index model" by F. Balabdaoui, C. Durot and H. K. Jankowski, Journal of Bernoulli,
2019, Volume 4B, 3276-3310

5. "Least angle regression"  by B. Efron, T. Hastie, I. Johnstone, and R. Tibshirani, 2004, Annals of Statsitics, Volume  32,  407-499.

6. "Sharp thresholds for high dimensional  and noisy sparsity recovery using l1-constrained quadratic programming (Lasso)" by M.
Wainwright, 2009, IEEE transactions in Information Theory, Volume 55, 1-19

7."Denoising linear models with permuted data" by A. Pananjady, M. Wainwright and T. A. Courtade and , 2017, IEEE International
Symposium on Information Theory, 446-450.

8. "Linear regression with shuffled data: statistical and computation limits of permutation recovery" by  A. Pananjady, M. Wainwright and T.
A. Courtade , 2018, IEEE transactions in Information Theory, Volume 64, 3286-3300

9. "Linear regression without correspondence" by D. Hsu, K. Shi and X. Sun, 2017, NIPS

10. "A pseudo-likelihood approach to linear regression with partially shuffled data" by M. Slawski, G. Diao, E. Ben-David, 2019, arXiv.

11. "Uncoupled isotonic  regression via minimum Wasserstein deconvolution" by P. Rigollet and J. Weed, 2019, Information and Inference,
Volume 00,  1-27

 GESS Science in Perspective
Number Title Type ECTS Hours Lecturers

851-0740-00L Big Data, Law, and Policy
Number of participants limited to 35

Students will be informed by 1.3.2020 at the latest.

W 3 credits 2S S. Bechtold

Abstract This course introduces students to societal perspectives on the big data revolution. Discussing important contributions from machine
learning and data science, the course explores their legal, economic, ethical, and political implications in the past, present, and future.

Objective This course is intended both for students of machine learning and data science who want to reflect on the societal implications of their field,
and for students from other disciplines who want to explore the societal impact of data sciences. The course will first discuss some of the
methodological foundations of machine learning, followed by a discussion of research papers and real-world applications where big data
and societal values may clash. Potential topics include the implications of big data for privacy, liability, insurance, health systems, voting,
and democratic institutions, as well as the use of predictive algorithms for price discrimination and the criminal justice system. Guest
speakers, weekly readings and reaction papers ensure a lively debate among participants from various backgrounds.

see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
INFK

see Science in Perspective: Language Courses ETH/UZH

 Master's Thesis
Number Title Type ECTS Hours Lecturers

261-0800-00L Master's Thesis
The minimal prerequisites for the Master’s thesis
registration are: 
- Completed Bachelor’s program 
- All additional requirements completed (additional
requirements, if any, are listed in the admission decree) 
- Minimum degree requirements fulfilled of the course
categories Data Analysis and Data Management and
overall 50 credits obtained in the course category Core
Courses 
- Data Science Lab (14 credits) completed 

O  30 credits 64D Professors

Abstract The Master's thesis concludes the study program and demonstrates the students' ability to use the knowledge and skills acquired during
Master’s studies to solve a complex data science problem. 

Objective To work independently and to produce a scientifically structured work.

Data Science Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Doctoral Department of Architecture
More Information at: https://www.ethz.ch/en/doctorate.html

 Doctoral and Post-Doctoral Courses
Number Title Type ECTS Hours Lecturers

151-0906-00L Frontiers in Energy Research
This course is only for doctoral students.

W 2 credits 2S C. Schaffner

Abstract Doctoral students at ETH Zurich working in the broad area of energy present their research to their colleagues, their advisors and the
scientific community. Each week a different student gives a 50-60 min presentation of their research (a full introduction, background &
findings) followed by discussion with the audience.

Objective The key objectives of the course are:
 (1) participants will gain knowledge of advanced research in the area of energy;
 (2) participants will actively participate in discussion after each presentation;
 (3) participants gain experience of different presentation styles;
 (4) to create a network amongst the energy research doctoral student community.

Content Doctoral students at ETH Zurich working in the broad area of energy present their research to their colleagues, to their advisors and to the
scientific community. There will be one presentation a week during the semester, each structured as follows: 20 min introduction to the
research topic, 30 min presentation of the results, 30 min discussion with the audience.

Lecture notes Slides will be available on the Energy Science Center pages(www.esc.ethz.ch/events/frontiers-in-energy-research.html).

064-0010-20L Research Colloquium in Architecture and Urbanism
Does not take place this semester.

W Dr 3 credits 1K M. Topalovic, S. Cairns

Abstract This colloquium is open to doctoral candidates in fields related to Architecture and Urbanism. Its focus will be on contemporary topics in
urbanism and will involve two or three one-day sessions over the course of the semester, each of which will be attended by an invited
scholar.

Objective The sessions will involve brief presentations of dissertation work by the participants followed by discussions with the guests.
Content Doctoral seminar on the political economy of urban territory.
Prerequisites /
notice

Space is limited and participation is subject to approval from the organizers.

064-0004-20L Advanced Topics in History and Theory of
Architecture

W Dr 3 credits 2K E. Weizman, T. Avermaete,
M. Delbeke, L. Stalder

Abstract Advanced Research Methods in the History and Theory of Art and Architecture
Objective Acquiring insight in the different possible research methods available to PhD-researchers in the fields of the history and theory of art and

architecture.
Content On the transmission routes of meaning, languages are the most powerful vehicles. Translations are their «gearing mechanism». They

enable the movement of ideas across time and space. Literally meaning «carried over», translation is an integral part of every act of
communication, be it among individuals, among cultures, among humans and nonhumans. The translation from one language into another
involves processes of decoding and re-encoding, during which meaning may be lost, preserved, or newly interpreted. 
The seminar will address different aspects of translation in theory and practice.

Prerequisites /
notice

The seminar addresses the fellows of the Doctoral Program in History and Theory of Architecture. All other doctoral students of the Faculty
of Architecture are welcome.

Feb 27./28. with Alessandro and Sandi 
March 12./13. with Susan Schuppli 
May 7./8. with Charles Heller and Lorenzo Pezzani
May 28-29 final crits/no lecture. 


064-0014-20L Research Methods in the History and Theory of
Architecture

W Dr 2 credits 2S I. Davidovici

Abstract Introduction to methodological approaches in the history and theory of architecture; presentation and discussion of individual doctoral
projects.

Objective The doctoral students analyse critically relevant approaches in the history and theory of architecture. Through group discussions and
individual presentations, they refine the scope, aims and methodologies of their proposals, in preparation for the research plan submission
at the end of first year.

Content The two-semester course in the first year of the doctoral program in the history and theory of architecture has a twofold objective. Firstly,
reading sessions on central approaches in the history and theory of architecture provide a methodological basis for a doctorate at the
Institute gta. Secondly, sessions comprising individual presentations by doctoral students and feedback discussions will assist students in
the preparation of the research plan, which they have to present at the end of first year.

064-0016-20L PhD Colloquium Theory of Information Technology for
Architects

W Dr 2 credits 2K L. Hovestadt

Abstract Information technology plays an increasingly important role in research. To meet this challenging development, it is not only important to
acquire respective skills, but also to consider and understand information technology in what sets it apart from other gestalts of technics
(like mechanics, dynamics, or thermodynamics).

Objective The aim of this colloquium is to counter an observable tendency, that proportional to the degree in which students master practical skills in
computing, they increasingly submit uncritically, in their understanding and framing of problems, to the dictation of schemata and templates
implemented by technical systems.

Content The starting point for this colloquium is to comprehend computing not in terms of skills, but as a literacy which we can experience emerging
today. Like in the case of writing as well, computing cannot exhaustively be reduced to either logics, grammar, arithmetics, or analytics.
Rather, computation, if comprehended as a literacy, relates to any of the established categories of learning and raises questions of an
architectonic kind. This colloquium draws from the principal richness of cultural forms of knowing and learning and thematizes approaches
to formulate a theoretical stance on information technology for architects which is driven by and resting on the actual reality of computability
today. In this, it is complementary to those theory courses on technology offered by the historical disciplines at ETH.

Prerequisites /
notice

To benefit from this course, you should have a practical affinity to technics, as well as an abstract interest in information technology in its
comprehensive cultural context.

064-0018-20L Research Methods in Landscape and Civic Design W Dr 3 credits 2K G. Vogt, C. Girot, H. Klumpner,
F. Persyn, C. Schmid, M. Topalovic

Abstract As part of the ‘Doctoral Program in Landscape and Urban Studies’, the ‘Research Methods in Landscape and Civic Design' seminar offers
PhD students at the D-Arch an application-oriented introduction into the variety of methodologies and tools available to conduct research
on the (built) environment at the urban and territorial scale.
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Objective The seminar's objective is to introduce PhD students to the multitude of research methodologies, tools and techniques within the fields of
urban studies, urban design, territorial planning and landscape architecture. Based on the conveyed knowledge, the seminar ultimately
aims at enabling PhD candidates to critically assess existing methods and tools, and to refine and develop an academically sound research
framework for their own studies.

Content The seminar is organized along three modules that are arranged according to the PhD classes' particular needs:

A: Methodology Module >>> Introduction of a research methodology by an expert / short contributions by PhD students + exercise and
discussion / moderated by doctoral program coordinator (Lecturer/Dozent). This will include quantitative and qualitative methods such as
ethnographic research, case study research, grounded theory, survey design, mapping, methods in statistical and data analysis, etc. (3-4
per semester)

B: Literature Module >>> Reading sessions organized and conducted by doctoral program coordinator (Lecturer/Dozent) / invited experts
from the Department. These sessions will support the methodology modules with theoretical and historical texts with a specifically tailored
reading syllabus. (4-5 per semester).

C: Techniques Module >>> Introduction into research techniques and tools / organized by doctoral program coordinator (Lecturer/Dozent) /
conducted by respective experts. These modules will make students familiar with technical aspects such as academic writing, or the the
use of GIS software, the ETH library or the gta archive, etc.(2-3 per semester)

Prerequisites /
notice

The seminar is jointly organized by the coordinator of the Doctoral Program in Landscape and Urban Studies, and the I-LUS faculty.
Although located at the D-Arch, the seminar is open to all doctoral students at ETH who are involved or interested in research at the urban
and territorial scale.

064-0020-20L Understanding the Future City: Methodologies W Dr 1 credit 2K S. Cairns
Abstract This conference focuses on the research transactions that are important for future cities research. In particular it addresses the

methodologies, approaches, research tools and techniques that support future cities research.
Objective The conference aims to support PhD researchers from diverse disciplinary backgrounds to develop the methodogical aspects of their work.

It allows individual researchers to present the current status of their work, to hear from other researchers in similar or related fields and to
contribute to wider discussions on current and emerging methodologies for research on future cities.

Content This conference is focused on methodologies needed for researching sustainable future cities. It features sessions specifically designed for
PhD researchers from diverse disciplinary backgrounds. Researchers are offered 20 minutes paper slots, followed by discussion.
Researchers based in Singapore and Zurich are paired around common themes. Larger thematic and plenary sessions contribute to
discussions on emerging methodologies, research tools and techniques.

064-0022-20L FCL: Research Skills Workshop Series W Dr 2 credits 2K S. Cairns
Abstract The course offers guidance and training on research skills reqired for writing a PhD thesis in a trans-disciplinary research environment. The

course takes the form of a series of workshops which cover basic research skills, academic writing and publishing.
Objective The course aims to support PhD researchers to develop an understanding of the

- structural aspects of a typical PhD thesis;
-  character of the different parts of the thesis and their inter-relationship;
-  strategies and techniques for writing a PhD thesis.

It does so by contextualing PhD writing within a wider framework of communicating academic ideas, through diverse media and publishing
formats.

Content The topics covered in the workshops series include:
1) The basic structure of a typical PhD thesis
2) Ethics
3) Basic library skills
4) "Research Collection" platform and "Open Access Publishing"
5) Videography
6) Statistics
7) Ethnography
8) Academic writing: "Writing a journal paper", "Writing a conference Paper", Preparing and presenting a poster"
9) "Researcher Biographies" a video series as communication training which will include writing the script for the video as well as
presenting it on camera.

Course Catalogue of ETH Zurich

Doctoral Department of Architecture - Key for Type

E- Recommended, not eligible for credits
O Compulsory
W+ Eligible for credits and recommended

W Eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Doctoral Department of Civil, Environmental and Geomatic Engineering
More Information at: https://www.ethz.ch/en/doctorate.html

 Doctoral and Post-Doctoral Courses
 International Graduate Program "Spatial Development as a Laboratory"

Further  information: www.forschungslabor-raum.info

 Additional Courses
Number Title Type ECTS Hours Lecturers

402-0812-00L Computational Statistical Physics W  8 credits 2V+2U O. Zilberberg
Abstract Computer simulation methods in statistical physics. Classical Monte-Carlo-simulations: finite-size scaling, cluster algorithms, histogram-

methods, renormalization group. Application to Boltzmann machines. Simulation of non-equilibrium systems.

Molecular dynamics simulations: long range interactions, Ewald summation, discrete elements, parallelization.

Objective The lecture will give a deeper insight into computer simulation methods in statistical physics. Thus, it is an ideal continuation of the lecture
"Introduction to Computational Physics" of the autumn semester. In the first part students learn to apply the following methods: Classical
Monte Carlo-simulations, finite-size scaling, cluster algorithms, histogram-methods, renormalization group. Moreover, students learn about
the application of statistical physics methods to Boltzmann machines and how to simulate non-equilibrium systems.

In the second part, students apply molecular dynamics simulation methods. This part includes long range interactions, Ewald summation
and discrete elements.

Content Computer simulation methods in statistical physics. Classical Monte-Carlo-simulations: finite-size scaling, cluster algorithms, histogram-
methods, renormalization group. Application to Boltzmann machines. Simulation of non-equilibrium systems. Molecular dynamics
simulations: long range interactions, Ewald summation, discrete elements, parallelization.

Lecture notes Lecture notes and slides are available online and will be distributed if desired.
Literature Literature recommendations and references are included in the lecture notes.
Prerequisites /
notice

Some basic knowledge about statistical physics, classical mechanics and computational methods is recommended.

151-0906-00L Frontiers in Energy Research
This course is only for doctoral students.

W  2 credits 2S C. Schaffner

Abstract Doctoral students at ETH Zurich working in the broad area of energy present their research to their colleagues, their advisors and the
scientific community. Each week a different student gives a 50-60 min presentation of their research (a full introduction, background &
findings) followed by discussion with the audience.

Objective The key objectives of the course are:
 (1) participants will gain knowledge of advanced research in the area of energy;
 (2) participants will actively participate in discussion after each presentation;
 (3) participants gain experience of different presentation styles;
 (4) to create a network amongst the energy research doctoral student community.

Content Doctoral students at ETH Zurich working in the broad area of energy present their research to their colleagues, to their advisors and to the
scientific community. There will be one presentation a week during the semester, each structured as follows: 20 min introduction to the
research topic, 30 min presentation of the results, 30 min discussion with the audience.

Lecture notes Slides will be available on the Energy Science Center pages(www.esc.ethz.ch/events/frontiers-in-energy-research.html).

101-0178-01L Uncertainty Quantification in Engineering W  3 credits 2G S. Marelli
Abstract Uncertainty quantification aims at studying the impact of aleatory and epistemic uncertainty onto computational models used in science and

engineering. The course introduces the basic concepts of uncertainty quantification: probabilistic modelling of data (copula theory),
uncertainty propagation techniques (Monte Carlo simulation, polynomial chaos expansions), and sensitivity analysis.

Objective After this course students will be able to properly pose an uncertainty quantification problem, select the appropriate computational methods
and interpret the results in meaningful statements for field scientists, engineers and decision makers. The course is suitable for any
master/Ph.D. student in engineering or natural sciences, physics, mathematics, computer science with a basic knowledge in probability
theory.

Content The course introduces uncertainty quantification through a set of practical case studies that come from civil, mechanical, nuclear and
electrical engineering, from which a general framework is introduced. The course in then divided into three blocks: probabilistic modelling
(introduction to copula theory), uncertainty propagation (Monte Carlo simulation and polynomial chaos expansions) and sensitivity analysis
(correlation measures, Sobol' indices). Each block contains lectures and tutorials using Matlab and the in-house software UQLab
(www.uqlab.com).

Lecture notes Detailed slides are provided for each lecture. A printed script gathering all the lecture slides may be bought at the beginning of the
semester.

Prerequisites /
notice

A basic background in probability theory and statistics (bachelor level) is required. A summary of useful notions will be handed out at the
beginning of the course.

A good knowledge of Matlab is required to participate in the tutorials and for the mini-project.

860-0016-00L Supply and Responsible Use of Mineral Resources II
Prerequisite is 860-0015-00 Supply and Responsible Use
of Mineral Resources I. Limited to 12 participants. First
priority will be given to students enrolled in the Master of
Science, Technology, and Policy Program. These
students must confirm their participation by February 7th
by registration through myStudies. Students on the waiting
list will be notified at the start of the semester.

W  3 credits 2U B. Wehrli, F. Brugger, S. Pfister

Abstract Students integrate their knowledge of mineral resources and technical skills to frame and investigate a commodity-specific challenge faced
by countries involved in resource extraction. By own research they evaluate possible policy-relevant solutions, engaging in interdisciplinary
teams coached by tutors and experts from natural social and engineering sciences.

Objective Students will be able to:
- Integrate, and extend by own research, their knowledge of mineral resources from course 860-0015-00, in a solution-oriented team with
mixed expertise
- Apply their problem solving, and analytical skills to critically assess, and define a complex, real-world mineral resource problem, and
propose possible solutions.
- Summarize and synthesize published literature and expert knowledge, evaluate decision-making tools, and policies applied to mineral
resources.
- Document and communicate the findings in concise group presentations and a report.
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Prerequisites /
notice

Prerequisite is 860-0015-00 Supply and Responsible Use of Mineral Resources I. Limited to 12 participants. First priority will be given to
students enrolled in the Master of Science, Technology, and Policy Program. These students must confirm their participation by February
7th by registration through MyStudies. Students on the waiting list will be notified at the start of the semester.

Course Catalogue of ETH Zurich

102-1248-00L Microfluidics for Microbial Ecology
Does not take place this semester.
Number of participants limited to 16.

W  1 credit 2G

Abstract The course teaches the basics of microfluidic technology and sample a range of applications in microbiology and chemistry, all through
hands-on experience and live demos.

Objective Familiarization with the basics of microfluidics and with some applications of this technology in microbiology and chemistry.
Content Physics of fluid transport at small scales, design and fabrication of microfluidic devices, set up of a typical microfluidic experiment, flow

visualization, image acquisition and analysis, examples of microfluidics studies of chemistry, optofluidic, microbial growth, motility,
chemotaxis and  interactions among microbes.

Lecture notes Script and papers of previous problems
Literature Introduction to Microfluidics, Patrick Tabeling, Oxford University Press, 2005

101-0190-08L Uncertainty Quantification and Data Analysis in
Applied Sciences
The course should be open to doctoral students from
within ETH and UZH who work in the field of
Computational Science. External graduate students and
other auditors will be allowed by permission of the
instructors.

W  3 credits 4G E. Chatzi, P. Koumoutsakos,
S. Marelli, V. Ntertimanis,
K. Papadimitriou

Abstract The course presents fundamental concepts and advanced methodologies for handling and interpreting data in relation with models. It
elaborates on methods and tools for identifying, quantifying and propagating uncertainty through models of systems with applications in
various fields of Engineering and Applied science.

Objective The course is offered as part of the Computational Science Zurich (CSZ) (http://www.zhcs.ch/) graduate program, a joint initiative between
ETH Zürich and University of Zürich. This CSZ Block Course aims at providing a graduate level introduction into probabilistic modeling and
identification of engineering systems. 
Along with fundamentals of probabilistic and dynamic system analysis, advanced methods and tools will be introduced for surrogate and
reduced order models, sensitivity and failure analysis, parallel processing, uncertainty quantification and propagation, system identification,
nonlinear and non-stationary system analysis.

Content The topics to be covered are in three broad categories, with a detailed outline available online (see Learning Materials).
Track 1: Uncertainty Quantification and Rare Event Estimation in Engineering, offered by the Chair of Risk, Safety and Uncertainty
Quantification, ETH Zurich (18 hours)
Lecturers: Prof. Dr. Bruno Sudret, Dr. Stefano Marelli
Track 2: Bayesian Inference and Uncertainty Propagation, offered the by the System Dynamics Laboratory, University of Thessaly, and the
Chair of Computational Science, ETH Zurich (18 hours)
Lecturers: Prof. Dr. Costas Papadimitriou, Dr. Georgios Arampatzis, Prof. Dr. Petros Koumoutsakos
Track 3: Data-driven Identification and Simulation of Dynamic Systems, offered the by the Chair of Structural Mechanics, ETH Zurich (18
hours)
Lecturers: Prof. Dr. Eleni Chatzi, Dr. Vasilis Dertimanis 
The lectures will be complemented via a comprehensive series of interactive Tutorials will take place.

Lecture notes The course script is composed by the lecture slides, which will be continuously updated throughout the duration of the course on the CSZ
website.

Literature Suggested Reading:
Track 2 : E.T. Jaynes: Probability Theory: The logic of Science
Track 3: T. Söderström and P. Stoica: System Identification, Prentice Hall International, Link see Learning Materials.
Xiu, D. (2010) Numerical methods for stochastic computations - A spectral method approach, Princeton University press.
Smith, R. (2014) Uncertainty Quantification: Theory, Implementation and Applications SIAM Computational Science and Engineering,
Lemaire, M. (2009) Structural reliability, Wiley.
Saltelli, A., Ratto, M., Andres, T., Campolongo, F., Cariboni, J., Gatelli, D., Saisana, M. & Tarantola, S. (2008) Global Sensitivity Analysis -
The Primer, Wiley.

Prerequisites /
notice

Introductory course on probability theory
Fair command on Matlab

Doctoral Department of Civil, Environmental and Geomatic Engineering - Key for Type

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Doctoral Department Biology
More Information at: https://www.ethz.ch/en/doctorate.html

 Doctoral and Post-Doctoral Courses
Number Title Type ECTS Hours Lecturers

227-1034-00L Computational Vision (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: INI402

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  6 credits 2V+1U D. Kiper

Abstract This course focuses on neural computations that underlie visual perception. We study how visual signals are processed in the retina, LGN
and visual cortex. We study the morpholgy and functional architecture of cortical circuits responsible for pattern, motion, color, and three-
dimensional vision.

Objective This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Content This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Literature Books: (recommended references, not required)
1. An Introduction to Natural Computation, D. Ballard (Bradford Books, MIT Press) 1997.
2. The Handbook of Brain Theorie and Neural Networks, M. Arbib (editor), (MIT Press) 1995.

Course Catalogue of ETH Zurich

376-1614-00L Principles in Tissue Engineering W  3 credits 2V K. Maniura, M. Rottmar, M. Zenobi-
Wong

Abstract Fundamentals in blood coagulation; thrombosis, blood rheology, immune system, inflammation, foreign body reaction on the molecular
level and the entire body are discussed. Applications of biomaterials for tissue engineering in different tissues are introduced.
Fundamentals in medical implantology, in situ drug release, cell transplantation and stem cell biology are discussed.

Objective Understanding of molecular aspects for the application of biodegradable and biocompatible Materials. Fundamentals of tissue reactions
(eg. immune responses) against implants and possible clinical consequences will be discussed.

Content This class continues with applications of biomaterials and devices introduced in Biocompatible Materials I. Fundamentals in blood
coagulation; thrombosis, blood rheology; immune system, inflammation, foreign body reaction on the level of the entire body and on the
molecular level are introduced. Applications of biomaterials for tissue engineering in the vascular system, skeletal muscle, heart muscle,
tendons and ligaments, bone, teeth, nerve and brain, and drug delivery systems are introduced. Fundamentals in medical implantology, in
situ drug release, cell transplantation and stem cell biology are discussed.

Lecture notes Handouts provided during the classes and references therin.
Literature The molecular Biology of the Cell, Alberts et al.,  5th Edition, 2009.

Principles in Tissue Engineering, Langer et al., 2nd Edition, 2002

376-1792-00L Introductory Course in Neuroscience II (University of
Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: SPV0Y020

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  2 credits 2V University lecturers

Abstract This course discusses behavioral aspects in neuroscience. Modern brain imaging methods are described. Clinical issues including
diseases of the nervous system are studied. Sleep research and neuroimmunology are discussed. Finally, the course deals with the basic
concepts in psychiatry.

Prerequisites /
notice

Für Doktorierende des Zentrums für Neurowissenschaften Zürich.

401-0620-00L Statistical Consulting E-  0 credits 0.1K M. Kalisch, L. Meier
Abstract The Statistical Consulting service is open for all members of ETH, including students, and partly also to other persons.
Objective Advice for analyzing data by statistical methods.
Content Students and researchers can get advice for analyzing scientific data, often for a thesis.

We highly recommend to contact the consulting service when planning a project, not only towards the end of analyzing the resulting data!
Prerequisites /
notice

This is not a course, but a consulting service. There are no exams nor credits.

Contact: beratung@stat.math.ethz.ch  Tel. 044 632 2223 or 044 632 34 30

Requirements: Knowledge of the basic concepts of statistics is desirable.

401-5640-00L ZüKoSt: Seminar on Applied Statistics E-  0 credits 1K M. Kalisch, A. Bandeira,
P. L. Bühlmann, R. Furrer, L. Held,
T. Hothorn, M. H. Maathuis,
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M. Mächler, L. Meier,
N. Meinshausen, M. Robinson,
C. Strobl, C. Uhler, S. van de Geer

Abstract 5 to 6 talks on applied statistics.
Objective Kennenlernen von statistischen Methoden in ihrer Anwendung in verschiedenen Gebieten, besonders in Naturwissenschaft, Technik und

Medizin.
Content In 5-6 Einzelvorträgen pro Semester werden Methoden der Statistik einzeln oder überblicksartig vorgestellt, oder es werden Probleme und

Problemtypen aus einzelnen Anwendungsgebieten besprochen.
3 bis 4 der Vorträge stehen in der Regel unter einem Semesterthema.

Lecture notes Bei manchen Vorträgen werden Unterlagen verteilt. 
Eine Zusammenfassung ist kurz vor den Vorträgen im Internet unter http://stat.ethz.ch/talks/zukost  abrufbar. 
Ankündigunen der Vorträge werden auf Wunsch zugesandt.

Prerequisites /
notice

Dies ist keine Vorlesung. Es wird keine Prüfung durchgeführt, und es werden keine Kreditpunkte vergeben.
Nach besonderem Programm. Koordinator M. Kalisch, Tel. 044 632 3435 
Lehrsprache ist Englisch oder Deutsch je nach ReferentIn. 
Course language is English or German and may depend on the speaker.

551-0030-01L Doctoral Thesis E-  0 credits Professors
Abstract Doctoral Thesis

551-0509-00L Current Immunological Research in Zürich E-  0 credits R. Spörri, M. Detmar,
C. Halin Winter, W.-D. Hardt,
M. Kopf, S. R. Leibundgut,
A. Oxenius, University lecturers

Abstract This monthly meeting is a platform for Zurich-based immunology research groups to present and discuss their ongoing research projects.
At each meeting three PhD students or Postdocs from the participating research groups present an ongoing research project in a 30 min
seminar followed by a plenary discussion.

Objective The aim of this monthly meeting is to provide further education for master and doctoral students as well as Postdocs in diverse topics of
immunology and to give an insight in the related research. Furthermore, this platform fosters the establishment of science- and technology-
based interactions between the participating research groups.

Content Presentation and discussion of current research projects carried out by various immunology-oriented research groups in Zurich.
Lecture notes none

551-0512-00L Current Topics in Molecular and Cellular
Neurobiology
Does not take place this semester.
Number of participants limited to 8

W  2 credits 1S U. Suter

Abstract The course is a literature seminar or "journal club". Each Friday a student, or a member of the Suter Lab in the Institute of Molecular Health
Sciences, will present a paper from the recent literature.

Objective The course introduces you to recent developments in the fields of cellular and molecular neurobiology. It also supports you to develop your
skills in critically reading the scientific literature. You should be able to grasp what the authors wanted to learn e.g. their goals, why the
authors chose the experimental approach they used, the strengths and weaknesses of the experiments and the data presented, and how
the work fits into the wider literature in the field. You will present one paper yourself, which provides you with practice in public speaking.

Content You will present one paper yourself. Give an introduction to the field of the paper, then show and comment on the main results (all the
papers we present are available online, so you can show original figures with a beamer). Finish with a summary of the main points and a
discussion of their significance.
You are expected to take part in the discussion and to ask questions. To prepare for this you should read all the papers beforehand (they
will be announced a week in advance of the presentation).

Lecture notes Presentations will be made available after the seminars.
Literature We cover a range of themes related to development and neurobiology. Before starting your preparations, you are required to check with

Laura Montani (laura.montani@biol.ethz.ch), who helps you with finding an appropriate paper.
Prerequisites /
notice

You must attend at least 80% of the journal clubs, and give a presentation of your own. At the end of the semester there will be a 30 minute
oral exam on the material presented during the semester. The grade will be based on the exam (45%), your presentation (45%), and a
contribution based on your active participation in discussion of other presentations (10%).

551-0530-00L Repair, Recombination, Replication E-  0 credits 1K J. Fernandes de Matos
Abstract Several research groups from University, ETH, Basel, Bern and Konstanz meet once per month and present their work related to DNA-

repair, recombination, replication, and cancer.
Objective Discussion of current topics in DNA-repair, recombination, replication, and cancer.
Content Discussion of current topics in DNA-repair, recombination, replication, and cancer.
Lecture notes no script

551-0737-00L Ecology and Evolution: Interaction Seminar W  2 credits 2S S. Bonhoeffer
Abstract Interaction seminar. Student-mediated presentations, guests and discussions on current themes in ecology, evolutionary and population

biology.
Objective Getting familiar with scientific arguments and discussions. Overview of current research topics. Making contacts with fellow students in

other groups.
Content Scientific talks and discussions on changing subjects.
Lecture notes None
Literature None
Prerequisites /
notice

For information and details: http://www.eco.ethz.ch/news/zis 
or contact: Lehre-eve@env.ethz.ch

551-1109-00L Seminars in Microbiology E-  0 credits 2K M. Aebi, W.-D. Hardt, M. Künzler,
J. Piel, S. Sunagawa, J. Vorholt-
Zambelli

Abstract Seminars by invited speakers covering selected microbiology themes.
Objective Discussion of selected microbiology themes presented by invited speakers.

551-1620-00L Molecular Biology, Biophysics W  1 credit 1K R. Glockshuber, F. Allain, N. Ban,
K. Locher, E. Weber-Ban,
K. Wüthrich

Abstract The course consists of a series of research seminars on Structural Biology and Biophysics, given by both scientists of the National Center
of Competence in Research (NCCR) in Structural Biology and external speakers.
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Objective The goal of this course is to provide doctoral and postdoctoral students with a broad overview on the most recent developments in
biochemistry, structural biology and biophysics.

Prerequisites /
notice

Information on the individual seminars is provided on the following websites:
http://www.structuralbiology.unizh.ch/events005.asp
http://www.biol.ethz.ch/dbiol-cal/index

376-1414-01L Current Topics in Brain Research (FS) W 1 credit 1.5K I. Mansuy, F. Helmchen, further
lecturers

Abstract Different national and international scientific guests are invited to present and discuss their most recent scientific results.
Objective The aim is to exchange scientific knowledge and data as well as to promote communication and collaboration among researchers.

Students taking the course participate in all seminars within one semester and write a critical report about one seminar of their choice. Prof.
Isabelle / Dr. Alberto Corcoba will send instructions for this report to students who have registered for the course one week before the start
of the semester.

Content Various scientific guests from the fields of neuroepigenetics, neurochemistry, neuromorphology and neurophysiology will report on their
latest scientific findings.

Lecture notes no handout
Literature no literature

551-1616-00L Methods for Studies of Biological Macromolecules by
NMR

W 1 credit 2S A. D. Gossert

Abstract In this course topics relevant to structure determination of biological macromolecules by solution state NMR spectroscopy are discussed.
The course is tailored to advanced students, mainly PhD students and postdocs in structural biology who have experience with applications
of NMR spectroscopy. The individual participants present various topics in form of a seminar.

Objective The students will actively participate in the course which is held in the form of a seminar. Individual students will prepare particular topics of
the course based on literature references and present the material in form of a seminar to their fellow students. In short, the students learn
to actively participate in discussions and to prepare a presentation of a scientific topic which was mostly unknown to them before.

551-1700-00L Introduction to Flow Cytometry
Number of participants limited to 24.

W  2 credits 1V J. Kisielow, L. Tortola, further
lecturers

Abstract The lecture provides an introduction to flow cytometry. We will cover the technology basics, experimental design, data acquisition and
analysis of flow and mass cytometry. In addition, various research applications will be discussed. The format is a lecture course enriched
by a visit to the ETH Flow Cytometry Core Facility and practical demonstration of the use of analysis and sorting instruments.

Objective The goal of this course is to provide the basic knowledge of flow and mass cytometry required for planning and execution of cytometric
experiments.

Content The lecture course aims at teaching principles of flow cytometry. The emphasis is on theoretical principles (signal detection, fluorochromes,
signal spill-over and compensation) as well as practical aspects of experimental design and performance (sample preparation, controls,
data acquisition and analysis).
List of topics:
- Principles of Flow Cytometry
- Signal processing
- Compensation and Controls
- Data analysis, gating and presentation
- Panel design
- Sorting
- Mass cytometry
- High-dimensional data analysis
- Practical demonstration (hardware and software)
Modern flow cytometric techniques for immunophenotyping, analysis of proliferation, cell cycle, apoptosis and cell signalling will be
introduced.

Lecture notes Updated handouts will be provided during the class.
Literature Current literature references on immunophenotyping, analysis of proliferation, cell cycle, apoptosis and cell signalling will be discussed

during the lectures.

551-1423-00L Current Topics in Metabolism and Disease
Number of participants limited to 8.

W  2 credits 1S M. Stoffel, E. Araldi, I. Guccini

Abstract The course is a literature seminar or "journal club". Each Friday a student, or a member of the Stoffel Lab in the Institute of Molecular
Health Sciences, will present a comprehensive presentation of a recent paper published in a top ranking international peer reviewed journal
that relates to metabolism and disease.

Objective The course introduces the students to recent developments in the fields of metabolism and disease. It also supports the development of
analytical skills, including critical reading of scientific literature, being able to present and critically discuss scientific experiments, point out
technical limitations, and placing recent discoveries in the broader context of biology, physiology and medicine. The student should be able
to grasp what the authors wanted to learn i.e. their hypothesis and their goals, why the authors chose the experimental approach and
methods used, the strengths and weaknesses of the experiments, the quality of the data presented, the conclusions drawn, and how the
work fits into the wider literature in the field. Furthermore, the student should discuss alternative approaches and future experiments. Each
student will present one paper during the course, which provides him/her with practice in public speaking.

Content Each student will present at least once during the semester. The presentation includes an introduction to the field of the paper, a critical
description of the main results, a summary of the main points and a discussion of their significance.
Every participant is expected to take part in the discussion and to ask questions. At each meeting, all students are expected to read and
prepare the paper beforehand. Each paper presented will be announced one week in advance of the presentation.

Lecture notes Presentations will be made available after the seminars.
Literature Students will be guided to choose their papers base on recent literature published less than 1 year prior in a relevant journal. 

Doctoral Department Biology - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Doctoral Department of Biosystems Science and Engineering
More Information at: https://www.ethz.ch/en/doctorate.html

 Doctoral and Post-Doctoral Courses
Number Title Type ECTS Hours Lecturers

636-0301-00L Current Topics in Biosystems Science and
Engineering

W  2 credits 1S R. Platt, N. Beerenwinkel,
Y. Benenson, K. M. Borgwardt,
P. S. Dittrich, M. Fussenegger,
A. Hierlemann, D. Iber,
M. H. Khammash, D. J. Müller,
S. Panke, S. Reddy, T. Schroeder,
T. Stadler, J. Stelling, B. Treutlein,
C. Uhler

Abstract This seminar will feature invited lectures about recent advances and developments in systems biology, including topics from biology,
bioengineering, and computational biology.

Objective To provide an overview of current systems biology research.
Content The final list of topics will be available at http://www.bsse.ethz.ch/education/.

Course Catalogue of ETH Zurich

636-0023-00L Scientific Writing
This course is limited to PhD students only

W  2 credits 2G C. Hamilton

Abstract Scientific Writing Seminar for PhD Students
Objective This course aims to help young scientists become better writers to advance their careers. This course focuses on the genre of the journal

article so students can become proficient writers of scientific articles that journals in their field may publish.
Content Students who take this course will learn how to write an effective journal article for their specific discipline or field. Most journal articles are

based on the IMRAD format: introduction, methods and materials, results, and discussion. Students will learn a great deal about the
rhetorical structure of journal articles in order to be able to write their own articles effectively. The course therefore combines theory with
practice, with readings and discussions supplemented by regular writing tasks and feedback. Students will improve their skills throughout
the semester, and several workshops will be dedicated specifically to style. In the end, students will learn not only what to do to write an
effective journal article, they will also learn how to write one on their own in clear, plain English.

Lecture notes Classes will include short lectures, discussions, exercises, and peer review so that students receive regular feedback on their writing. This
is a hands-on course so students can really make the most of it.

Literature A script with readings and exercises will be provided by the lecturer before the first class. 

Writing Science in Plain English, Anne E. Greene
ISBN: 9780226026374 Published May 2013 

Prerequisites /
notice

Students should have a good level of English (B2 level or above) to succeed in the course. Students should also be ready to write about
their own research, which will require having some results to write about, even if those results are preliminary. 

Students should bring a laptop computer to each class to complete assigned writing activities and to easily enable textual editing and
revision

636-0309-00L Advances in Molecular Biotechnology
Internal Students only

W  2 credits 2S M. Fussenegger

Doctoral Department of Biosystems Science and Engineering - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Doctoral Department of Chemistry and Applied Biosciences
For further information: https://www.ethz.ch/en/doctorate.html

 Doctoral and Post-Doctoral Courses
 Doctoral Studies in Inorganic Chemistry

Number Title Type ECTS Hours Lecturers

529-0169-00L Instrumental Analysis E-  0 credits 2S D. Günther
Abstract Group seminar on elemental analysis and isotope ratio determinations using various plasma sources
Objective Group seminar on elemental analysis and isotope ratio determinations using various plasma sources
Content Developments in plasma mass spectrometry and alternative plasma sources

529-0199-00L Inorganic and Organometallic Chemistry E-  0 credits 2K H. Grützmacher, C. Copéret,
D. Günther, M. Kovalenko,
A. Mezzetti, A. Togni

529-0198-00L Main Group Element and Coordination Chemistry Z  0 credits 2S H. Grützmacher
Abstract Group meeting 
Objective Group meeting

529-0144-01L NMR Spectroscopy in Inorganic Chemistry W  6 credits 3G R. Verel
Abstract Theory and applications of NMR spectroscopy with a focus of its use to problems in Inorganic Chemistry.

The use of the Bloch Equations to describe broadband and selective excitation, measurement techniques and processing strategies of
NMR data, applications of NMR to the study of molecular structure, chemical exchange processes, diffusion spectroscopy, and solid-state
NMR techniques.

Objective In depth understanding of both practical and theoretical aspects of solution and solid-state NMR and its application to problems in Inorganic
Chemistry

Content Selection of the following themes:
1. Bloch Equations and its use to understand broadband and selective pulses.
2. Measurement techniques and processing strategies of NMR data.
3. Applications of NMR to the study of molecular structure: Experiments and strategies to solve problems in Inorganic Chemistry.
4. Application of NMR to the study of chemical exchange processes.
5. Application of NMR to the study of self-diffusion and the determination of diffusion coefficients.
6. Differences and similarities between fundamental interactions in solution and solid-state NMR
7. Experimental techniques in solid-state NMR (Magic Angle Spinning, Cross Polarization, Decoupling and Recoupling Techniques,
MQMAS)
8. The use of Dynamic Nuclear Polarization for the study of surfaces.

Lecture notes A handout is provided during the lectures. It is expected that the students will consult the accompanying literature as specified during the
lecture.

Literature Specified during the lecture
Prerequisites /
notice

529-0432-00    Physikalische Chemie IV: Magnetische Resonanz   
529-0058-00    Analytische Chemie II
(or equivalent)

The individual and in depth (literature) study of a theme related but separate from the themes presented during the lecture requires
different compentences compared to the ones which are tested during the oral exam. Therefore the students must give a presentation
during the semester about a theme based on their study of the literature. A list of possible themes and corresponding literature will be
provided during the lecture.
The student presentation is a mandatory "pass/fail" element of the course and must be passed separately from the oral exam. If the
presentation fails it will not be possible to pass the final exam. A renewed presentation is not required in case the oral exam has to be
repeated.

 Doctoral Studies in Organic Chemistry
Number Title Type ECTS Hours Lecturers

529-0280-00L Analytical Chemistry Seminar E-  0 credits 1K R. Zenobi
Abstract Analytical Chemistry Seminar
Objective Presentation and discussion of current research topics in analytical chemistry
Content Presentation and discussion of current research topics in analytical chemistry

529-0289-00L Spectra Interpretation of Organic Compounds W  2 credits 2G R. Zenobi, M. Badertscher, K. Eyer,
Y. Yamakoshi

Abstract Exercises in interpretation of molecular spectra
Objective Mastering the interpretation of molecular spectra.
Content In the first part of the lecture, the students work in small groups on solving particular problems in structure elucidation, interpreting mass,

1H-NMR, 13C-NMR, IR, and UV/VIS spectra, optionally in discussion with the lecturers. In the second part the problems are solved by a
lecturer.

Lecture notes Spectroscopic problems will be distributed
Literature E. Pretsch, P. Bühlmann, M. Badertscher, Structure Determination of Organic Compounds: Tables of Spectral Data, Springer-Verlag,

Berlin, 2009, 4th revised and enlarged Engl. ed.

E. Pretsch, G. Tóth, M. E. Munk, M. Badertscher, Computer-Aided Structure Elucidation: Spectra Interpretation and Structure Generation,
Wiley-VCH, Weinheim, 2002.

Prerequisites /
notice

The course is based on the lectures Analytical Chemistry I (529-0051-00) and Analytical Chemistry II (529-0058-00).
Solutions to the problems will be posted on the internet.

529-0290-00L Organic Chemistry (Seminar) E-  0 credits 2S J. W. Bode, E. M. Carreira,
D. Hilvert, H. Wennemers, R. Zenobi

Abstract Seminars on Current Topics in Organic Chemistry, Chemical Biology, and Analytical Chemistry.
Objective Awareness of contemporary trends in science.

529-0299-00L Organic Chemistry E-  0 credits 1.5K J. W. Bode, E. M. Carreira, P. Chen,
D. Hilvert, H. Wennemers, R. Zenobi

Abstract Updates on Research and Contemporary Literature in Organic Chemistry and Chemical Biology.
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Objective Problem solving in organic chemistry and chemical biology.

529-0042-00L Structure Elucidation by NMR W  4 credits 2G M.-O. Ebert
Abstract Structure Elucidation of Complex Organic Molecules by NMR
Objective Structure elucidation of complex organic molecules (including peptides, oligosaccharides and oligonucleotides) by advanced 1D and 2D

NMR spectroscopy. The emphasis of the course is on the selection of optimal strategies for the solution of a given problem, spectrum
interpretation and possible artifacts. Solving and discussing practical case studies/problems demonstrating the individual methods and, in
the last third of the course, the combined application of several methods form an important part of the course.

Content Structure determination by multi-pulse and 2D NMR spectroscopy. Homonuclear and heteronuclear shift correlation through scalar
coupling; one and two dimensional methods based on the nuclear Overhauser effect. Choosing the best strategy for a given problem,
interpretation and artefacts.

Lecture notes Scripts (in English) are distributed in the course
Literature T.D.W. Claridge, High Resolution NMR Techniques in Organic Chemistry, Pergamon Press, 1999 (NMR part)


Further reading and citations are listed in the script.


Prerequisites /
notice

The course language is English.
Required level:
Courses in analytical chemistry of the 2nd year or equivalent.

 Doctoral Studies in Physical Chemistry
Number Title Type ECTS Hours Lecturers

402-0551-00L Laser Seminar E-  0 credits 1S T. Esslinger, J. Faist, J. Home,
A. Imamoglu, U. Keller, F. Merkt,
H. J. Wörner

Abstract Research colloquium

529-0427-00L Electron Spectroscopy W  1 credit 2S F. Merkt
Abstract Group seminar on electronic spectroscopy, photoelectron spectroscopy, vacuum ultraviolet spectroscopy.
Objective Group seminar on electronic spectroscopy, photoelectron spectroscopy, vacuum ultraviolet spectroscopy.
Content Group seminar on electronic spectroscopy, photoelectron spectroscopy, vacuum ultraviolet spectroscopy.
Prerequisites /
notice

Participation to this seminar must be discussed with the lecturer.

529-0460-00L Computer Simulation E-  0 credits 1S P. H. Hünenberger, S. Riniker
Abstract Group meeting
Objective Group meeting
Prerequisites /
notice

Group meeting

529-0474-00L Quantum Chemistry W  6 credits 3G S. Knecht, T. Weymuth
Abstract Introduction into the basic concepts of electronic structure theory and into numerical methods of quantum chemistry. Exercise classes are

designed to deepen the theory; practical case studies using quantum chemical software to provide a 'hands-on' expertise in applying these
methods.

Objective Nowadays, chemical research can be carried out in silico, an intellectual achievement for which Pople and Kohn have been awarded the
Nobel prize of the year 1998. This lecture shows how that has been accomplished. It works out the many-particle theory of many-electron
systems (atoms and molecules) and discusses its implementation into computer programs. A complete picture of quantum chemistry shall
be provided that will allow students to carry out such calculations on molecules (for accompanying experimental work in the wet lab or as a
basis for further study of the theory).

Content Basic concepts of many-particle quantum mechanics. Derivation of the many-electron theory for atoms and molecules; starting with the
harmonic approximation for the nuclear problem and with Hartree-Fock theory for the electronic problem to Moeller-Plesset perturbation
theory and configuration interaction and to coupled cluster and multi-configurational approaches. Density functional theory. Case studies
using quantum mechanical software.

Lecture notes Hand outs in German will be provided for each lecture (they are supplemented by (computer) examples that continuously illustrate how the
theory works).

Literature Textbooks on Quantum Chemistry:
F.L. Pilar, Elementary Quantum Chemistry, Dover Publications
I.N. Levine, Quantum Chemistry, Prentice Hall

Hartree-Fock in basis set representation:
A. Szabo and N. Ostlund, Modern Quantum Chemistry: Introduction to Advanced Electronic Structure Theory, McGraw-Hill

Textbooks on Computational Chemistry:
F. Jensen, Introduction to Computational Chemistry, John Wiley & Sons
C.J. Cramer, Essentials of Computational Chemistry, John Wiley & Sons

Prerequisites /
notice

Basic knowledge in quantum mechanics (e.g. through course physical chemistry III - quantum mechanics) required

529-0490-00L Special Topics in Theoretical Chemistry E-  0 credits 1S M. Reiher
Abstract Weekly seminar programme on special topics in theoretical and quantum chemistry. Talks delivered by PhD students and PostDocs as well

as by external speakers.
Objective advanced course for PhD students and other co-workers
Content variiert je nach Forschungslage
Lecture notes none

529-0491-00L Seminar in Computational Chemistry C4 E-  0 credits 2S M. Reiher, P. H. Hünenberger,
S. Riniker

Abstract Research seminar with invited lecturers
Objective Research seminar with invited lecturers

529-0479-00L Theoretical Chemistry, Molecular Spectroscopy and
Dynamics

W  1 credit 2S F. Merkt, M. Reiher, J. Richardson,
R. Signorell, H. J. Wörner

Abstract Seminar on theoretical chemistry, molecular spectroscopy and dynamics (research seminar)
Objective Seminar on theoretical chemistry, molecular spectroscopy and dynamics (research seminar)
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529-0480-00L Nuclear Magnetic Resonance Seminar E-  0 credits 2S B. H. Meier
Abstract Research seminar on current problems in nuclear magnetic resonance spectroscopy
Objective Discussion of relevant new developments in the field of nuclear magnetic resonance
Content Current research problems in solid-state magnetic resonance.

529-0499-00L Physical Chemistry W  1 credit 1K B. H. Meier, A. Barnes, M. Ernst,
P. H. Hünenberger, G. Jeschke,
F. Merkt, M. Reiher, J. Richardson,
R. Riek, S. Riniker, T. Schmidt,
R. Signorell, H. J. Wörner

Abstract Seminar series covering current developments in  Physical Chemistry
Objective Discussing current developments in  Physical Chemistry

529-0462-00L Cold Molecules: Methods and Applications Z  1 credit 1V S. Hogan
Abstract This course will cover the properties and interactions that are of importance in gas-phase molecular samples at temperatures below 1 K,

together with methods for the preparation of these samples. Particular topics treated will include (1) ultracold akali dimers, (2) cold polar
molecules, and molecular radicals, (3) cold Rydberg molecules, and (4) cold molecular ions.

Objective The aim of the course is to provide those attending with a solid understanding of the properties and interactions that are of importance in
gas-phase molecular samples at temperatures below 1 K, and with a knowledge of methods for the preparation of these samples. 

Content Keywords: Cold molecules, photoassociation, magnetoassociation, polar molecules, multistage Stark deceleration, radicals, multistage
Zeeman deceleration, molecules in high Rydberg states, Rydberg-Stark deceleration, cold molecular ions, ion-molecule reactions.

529-0484-00L Instrumentation and Measurement W  2 credits 2P F. Merkt
Abstract Basic concepts of electronic measurement technology, RF- and Microwave technology and digital circuits.
Objective Einführung in die elektronische Messtechnik, die Radiofrequenz- und Mikrowellentechnologie und in die Digitalelektronik.
Lecture notes Unterlagen in der ersten Stunde verteilt.
Prerequisites /
notice

Zugang mit Bewilligung des Dozenten

529-0470-00L Literature Seminar in Theoretical Chemistry Z  0 credits 2S M. Reiher
Abstract In depth study of selected recent papers on theoretical chemistry
Objective Doktorats- und Mitarbeiterschulung
Content Variiert nach aktuellem Stand der Forschung
Literature Will be announced on www.reiher.ethz.ch/courses-and-seminars.html

529-0809-00L Theoretical Chemistry Seminar E- 0 credits 2S M. Reiher, J. Richardson
Abstract Seminar on recent developments in Theoretical Chemistry presented by guest speakers.
Objective Doktorats- und Mitarbeiterschulung
Content Variiert nach aktuellem Stand der Forschung
Literature Will be announced on http://www.reiher.ethz.ch/courses-and-seminars/theoretical-chemistry.html

529-0140-00L Supersonic Expansions: Methods and Applications W  1 credit 1V C. Manca Tanner
Abstract The course teaches methods and applications regarding supersonic expansions. The main concepts will be reviewed. The various types of

supersonic expansions, their advantages and drawbacks will be discussed and illustrated. State of the art setups will be described in detail.
Kinetic aspects within a supersonic expansion as well as simulations will also be discussed and reviewed.

Objective The students will understand how a supersonic expansion can be built. They will learn the various types of supersonic expansions and be
able to analyze and compare the differences between experimental setups and conditions. They will become familiar with kinetic treatment
of a reaction within a supersonic expansion and how to simulate one.

Content The students will learn the mechanism of a supersonic expansion and ist phenomenologic description. The mathematical treatment of
physical properties will be reviewed. Applications of supersonic expansions in the field of physical chemistry will be discussed and
compared. Concepts like cooling process, velocity distribution and cluster formation will be reviewed. The question of simulating a
supersonic expansion will be addressed and the students will learn one approach to simulate their results.

Lecture notes No script available. The students are invited to take notes.
Literature Will be given in the lecture.

 Doctoral Studies in Chemical and Bioengineering
Number Title Type ECTS Hours Lecturers

529-0580-00L Safety, Environmental Aspects and Risk Management W  4 credits 3G S. Kiesewetter, K. Timmel
Abstract Overview of the impact of industrial activities on the environment and human beings; required risk assessments and preventive measures

as well as hints on the of Swiss legislation (environment / occupational safety).
Objective Basic understanding of the impact of industrial activities on human beings and the environment; raise awareness for risks and safety

concerns.
Content Risikoanalysen – wozu braucht es eine Risikoanalyse? Kennenlernen der Hilfsmittel zur Erarbeitung einer Risikoanalyse, Besprechung

konkreter Beispiele; Hinweise zu weiteren Hilfsmitteln; Hinweise gesetzliche Grundlagen , Bereiche Umwelt und Arbeitssicherheit.   Aufbau
einer Sicherheitsorganisation in einem Unternehmen, an einer Hochschule.

Lecture notes Wird bei der ersten Vorlesung zur Verfügung gestellt.
Literature Ergänzungsliteratur wird im Skript angegeben.
Prerequisites /
notice

Im Rahmen der Vorlesung wird eine Gruppenarbeit im Sinne eines Leistungselementes durchgeführt, die benotet wird. Die Schlussnote
setzt sich wie folgt zusammen: Gruppenarbeit (Gewichtung 30%) und schriftlicher Prüfung (70%)

529-0690-00L ICB Seminars on Chemical and Biochemical
Engineering

E-  1 credit P. Arosio

Abstract The ICB seminar series covers the umbrella of diverse research activities encompassed within the institute, including catalysis, functional
materials, polymer engineering, separations, microfluidics, process design, and systems engineering. This series was founded with the aim
of promoting cross-disciplinary scientific discourse and interaction with other distinguished groups working worldwide.

Objective Students are expected to attend all seminars in one academic year, and should register at the beginning of each seminar. Additionally they
must deliver a two page written report at the end of the year describing the topics covered, main conclusions, and interrelationships
between the different themes.
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Content The ICB seminar series covers the umbrella of diverse research activities encompassed within the institute, including catalysis, functional
materials, polymer engineering, separations, microfluidics, process design, and systems engineering. This series was founded with the aim
of promoting cross-disciplinary scientific discourse and interaction with other distinguished groups working worldwide, and is targeted at
individuals who have made outstanding contributions within their fields. Each year, around 7 distinguished scientists and technologists will
be invited to speak on topics of current interest in Chemical and Biochemical Engineering. PhD students are particularly encouraged to
attend in order to broaden their perception and enrich their scientific horizons.

Prerequisites /
notice

PhD students are particularly encouraged to attend in order to broaden their perception and enrich their scientific horizons.

 Doctoral Studies in Polymer Science
Number Title Type ECTS Hours Lecturers

327-0710-00L Polymer Physics E-  0 credits 2S M. Kröger, H. C. Öttinger
Abstract Group seminar in polymer physics
Objective Continued and deeper education in polymer physics, in particular, for Ph.D. students
Content Presentation and discussion of ongoing research projects by members of the polymer physics group and external speakers
Lecture notes No script
Prerequisites /
notice

Irregular series of presentations (see announcements)

 Doctoral Studies in Pharmaceutical Sciences
Number Title Type ECTS Hours Lecturers

535-0900-00L Seminars on Drug Discovery and Development E-  1 credit 1K R. Schibli, K.-H. Altmann,
M. Detmar, C. Halin Winter, J. Hall,
J.-C. Leroux, D. Neri, U. Quitterer,
G. Schneider, H. U. Zeilhofer

Abstract State-of-the-art information on drug discovery and development by experts from academia and industry.
Objective State-of-the-art information on drug discovery and development.
Content Seminar series of the Institute of Pharmaceutical Sciences. Experts from academia and industry report on relevant topics.

535-2000-00L Seminar for Group Members Z  0 credits 2S G. Schneider
Abstract Weekly group seminar, in which members of the research team present and discuss the results of their scientific projects and selected

reports from the current scientific literature.
Objective Participants learn to present scientific studies and discuss own results in greater context.

535-0901-00L From A to Z in Drug Discovery and Development
Does not take place this semester.

Z  2 credits 2S J. Hall, K.-H. Altmann, M. Detmar,
D. Neri, R. Schibli, H. U. Zeilhofer

Abstract The lecture series takes place at the ETH Hönggerberg and covers a variety of major activities involved in drug discovery: selecting drug
targets, technologies used in drug discovery, small, medium and large drugs, objectives of the medicinal chemist, assessing drug safety,
principles of personalized medicine, designing clinical trials, how intellectual property is protected, as well as others.

Objective The objective of the course is to gain a global understanding of most of the important phases in the discovery and development of modern
synthetic and biological drugs, from the first activities to clinical trials. The lecture is intended for students that have an interest in the area
and/or may consider a career working in drug discovery. This lecture course complements knowledge and experience gained in the
research project performed by the PhD student.

Content Fifteen two hour lectures for life-science PhD students, given by experts from the ETH, UZH, USZ and the pharmaceutical industry.
Introduction to the modern drug discovery process - Principles of drug pharmacokinetics and drug metabolism - Computer sciences in drug
discovery - Drug targets - In vitro methods in drug discovery - Natural products in drug discovery - Medicinal chemistry: Chemical lead
selection/optimization - Nucleic acid-based drugs - Antibodies and therapeutic proteins: Targets and drugs - In vivo molecular imaging in
drug discovery - Personalized medicine in drug discovery and development - Drug formulation: Key development consideration, Current
new APIs challenges and FDA rising standards - Preclinical safety, adverse drug events and drug-drug interactions - Clinical development
steps including trial design - Intellectual property in drug discovery and development

Lecture notes Scripts to be uploaded into ILIAS
Literature To be distributed during the lecture
Prerequisites /
notice

Formally none, but a basic understanding in biochemistry, physiology and chemistry is highly desirable as it will certainly help to get the
most from the lectures.

 Additional Courses
Number Title Type ECTS Hours Lecturers

151-0906-00L Frontiers in Energy Research
This course is only for doctoral students.

W 2 credits 2S C. Schaffner

Abstract Doctoral students at ETH Zurich working in the broad area of energy present their research to their colleagues, their advisors and the
scientific community. Each week a different student gives a 50-60 min presentation of their research (a full introduction, background &
findings) followed by discussion with the audience.

Objective The key objectives of the course are:
 (1) participants will gain knowledge of advanced research in the area of energy;
 (2) participants will actively participate in discussion after each presentation;
 (3) participants gain experience of different presentation styles;
 (4) to create a network amongst the energy research doctoral student community.

Content Doctoral students at ETH Zurich working in the broad area of energy present their research to their colleagues, to their advisors and to the
scientific community. There will be one presentation a week during the semester, each structured as follows: 20 min introduction to the
research topic, 30 min presentation of the results, 30 min discussion with the audience.

Lecture notes Slides will be available on the Energy Science Center pages(www.esc.ethz.ch/events/frontiers-in-energy-research.html).

Course Catalogue of ETH Zurich

Doctoral Department of Chemistry and Applied Biosciences - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Doctoral Department of Earth Sciences
More Information at: https://www.ethz.ch/en/doctorate.html

 Doctoral and Post-Doctoral Courses
Number Title Type ECTS Hours Lecturers

651-0254-00L Seminar Geochemistry and Petrology E-  0 credits 2S O. Bachmann, C. Chelle-Michou,
M. W. Schmidt, M. Schönbächler,
D. Vance

Abstract Seminar series with external and occasional internal speakers addressing current research topics. Changing programs announced via D-
ERDW homepage (Veranstaltungskalender)

Objective Presentations on isotope geochemistry, cosmochemistry, fluid processes, economic geology, petrology, mineralogy and experimental
studies. Speakers (mostly from abroad) will provide students, department members and interested guests insight into current research
topics in these fields.

Content Wöchentliches Seminar mit Fachvorträgen eingeladener oder interner Wissenschafter, vornehmlich zu Themen der Geochemie,
Isotogengeologie, Hydrothermalgeochemie, Lagerstättenbildung, Petrologie, Mineralogie und experimentelle Studien.

651-1617-00L Geophysical Fluid Dynamics and Numerical Modelling
Seminar

E-  0 credits 1S P. Tackley, T. Gerya

651-4228-00L Topics in Planetary Sciences W  3 credits 2G H. Busemann, A. Rozel,
M. Schönbächler, P. Tackley

Abstract The course is based on reading and understanding research papers. Topics vary and cover e.g. planetary geophysics, geochemistry and
dynamics including new results from space missions or models of the dynamical evolution of planetary bodies as well as planet and solar
system formation. 
Each selected research paper is presented by a student, who then also leads an open discussion on the topic.

Objective The goal of the course is to discuss topics in planetary sciences in-depth, which were not covered in the general planetary science courses.
The course particularly aims at training the student's ability to critically evaluate research papers, to summarize the findings concisely in an
oral presentation, to discuss the science in a group and give constructive feedback on presentations.
The course should enable the students to better understand the presented research, even if not in their fields of expertise and to convey
scientific results to students with a distinct study direction (geology, geochemistry or geophysics).

Content Topics, relevant papers selected typically from the recent literature by the lecturers, will vary. Suggestions from students are welcome, but
have to be discussed with a lecturer before the topics are listed and distributed. Special introductions are given to discuss good
presentation practise. 

Topics could include, e.g.:
- Formation of the solar system and the terrestrial planets
- Evolution of terrestrial bodies (Mercury, Venus, Moon, Mars, Vesta and the other asteroids)
- Active asteroids/main-belt comets, icy moons (Ganymede, Callisto, Enceladus), comets and the outer solar system
- Geophysical, geomorphologic and geochemical exploration of planetary bodies (e.g., remote sensing, meteorite studies, seismology,
modelling)
- exoplanets and transiting bodies from outside the solar system

Prerequisites /
notice

The students are expected to have passed either course 651-4010-00L Planetary Physics and Chemistry or course 651-4227-00L
Planetary Geochemistry.

860-0015-00L Supply and Responsible Use of Mineral Resources I W  3 credits 2G B. Wehrli, F. Brugger,
K. Dolejs Schlöglova, S. Hellweg,
C. Karydas

Abstract Students critically assess the economic, social, political, and environmental implications of extracting and using energy resources, metals,
and bulk materials along the mineral resource cycle for society. They explore various decision-making tools that support policies and
guidelines pertaining to mineral resources, and gain insight into different perspectives from government, industry, and NGOs.

Objective Students will be able to:
- Explain basic concepts applied in resource economics, economic geology, extraction, processing and recycling technologies,
environmental and health impact assessments, resource governance, and secondary materials.
- Evaluate the policies and guidelines pertaining to mineral resource extraction.
- Examine decision-making tools for mineral resource related projects. 
- Engage constructively with key actors from governmental organizations, mining and trading companies, and NGOs, dealing with issues
along the mineral resource cycle.

Prerequisites /
notice

Bachelor of Science, Architecture or Engineering, and enrolled in a Master's or PhD program at ETH Zurich. Students must be enrolled in
this course in order to participate in the case study module course 860-0016-00 Supply and Responsible Use of Mineral Resources II.

860-0016-00L Supply and Responsible Use of Mineral Resources II
Prerequisite is 860-0015-00 Supply and Responsible Use
of Mineral Resources I. Limited to 12 participants. First
priority will be given to students enrolled in the Master of
Science, Technology, and Policy Program. These
students must confirm their participation by February 7th
by registration through myStudies. Students on the waiting
list will be notified at the start of the semester.

W  3 credits 2U B. Wehrli, F. Brugger, S. Pfister

Abstract Students integrate their knowledge of mineral resources and technical skills to frame and investigate a commodity-specific challenge faced
by countries involved in resource extraction. By own research they evaluate possible policy-relevant solutions, engaging in interdisciplinary
teams coached by tutors and experts from natural social and engineering sciences.

Objective Students will be able to:
- Integrate, and extend by own research, their knowledge of mineral resources from course 860-0015-00, in a solution-oriented team with
mixed expertise
- Apply their problem solving, and analytical skills to critically assess, and define a complex, real-world mineral resource problem, and
propose possible solutions.
- Summarize and synthesize published literature and expert knowledge, evaluate decision-making tools, and policies applied to mineral
resources.
- Document and communicate the findings in concise group presentations and a report.

Prerequisites /
notice

Prerequisite is 860-0015-00 Supply and Responsible Use of Mineral Resources I. Limited to 12 participants. First priority will be given to
students enrolled in the Master of Science, Technology, and Policy Program. These students must confirm their participation by February
7th by registration through MyStudies. Students on the waiting list will be notified at the start of the semester.

651-4280-00L Application of Small Drones for Geological Data
Acquisition
Number of participants limited to 10.

W  1 credit 1G M. Ziegler
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Abstract Remote sensing data from unmanned airborne platforms are increasingly used in industry, public sector, and science. Geological
applications include but are not limited to high-resolution photographic images, photogrammetric 2.5D modelling, spectral imaging, or
laserscanning. The course will teach the necessary skills to plan, setup, and carry out drone flights for photogrammetric data acquisition.

Objective The major goal of this workshop is to teach the student the necessary details to plan and carry out a safe and successful UAV flight in
typcial geological outdoor environments. At the end of the course the student should be familiar with the important aspects of flight planning
and UAV (copter system) operation. Successful course participation, including practical training and a case study report, will allow the
student to use the Earth Science Department's drone system for her or his MSc project.

Content The course contains a theoretical and a practical part.

The theory part includes:
- Regulations on operating Unmanned Aerial Vehicles (UAVs) in Switzerland and abroad
- Drone systems and capabilities
- Introduction in photogrammetric data processing
- UAV flight planning for copter systems
- Procedure to deploy the drone in your project

The practical part includes:
- UAV flight planning (for flights at a test location, for the student's field area / case study)
- Manual and (semi)automated UAV flights

Course Catalogue of ETH Zurich

Doctoral Department of Earth Sciences - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Doctoral Department of Humanities, Social and Political Sciences
More Information at: https://www.ethz.ch/en/doctorate.html

 Doctoral and Post-Doctoral Courses
Number Title Type ECTS Hours Lecturers

Course Catalogue of ETH Zurich

851-0587-00L CIS Colloquium
This seminar is open for staff members based at the
Center for Comparative and International Studies, CIS.

W  2 credits 1K F. Schimmelfennig

Abstract In this seminar staff members of the Center for Comparative and International Studies (CIS) and external guests present and discuss their
research.

Objective In this seminar staff members of the Center for Comparative and International Studies (CIS) and external guests present and discuss their
research.

Content Presentation and discussion of current research.
Lecture notes Distributed electronically.
Literature Distributed electronically.
Prerequisites /
notice

Dates of the Colloquium see:
http://www.cis.ethz.ch/events/colloquium

851-0624-00L ETH4D PhD Seminar: Research for Development
Does not take place this semester.
Number of participants limited to 15.

W  1 credit 1K I. Günther

Abstract Doctoral candidates from all ETH departments, whose research is related to development issues, are invited to give a presentation about
their on-going work and discuss their doctoral project with a diverse group of Researchers.

Objective Doctoral students are able to present their doctoral project to an interdisciplinary audience and to respond to questions within a wider
development context.

Prerequisites /
notice

Block seminar on two days in the spring semester: 30th April and 7th May 2020.

853-0726-00L History II: Global (Anti-Imperialism and
Decolonisation, 1919-1975)

W 3 credits 2V H. Fischer-Tiné

Abstract The lecture will give an insight into the formation of anticolonial nationalist movements  in Asia and Africa from the  beginning of  the 20th
century onwards and discuss the various dimensions of  dismantling of colonial empires.

Objective The lecture will give students an insight into the history of the non-European world, looking specifically into the political, economic, social
and cultural transformation on the backgrounds of colonial penetration strategies and the resistance of anti-colonial movements. The aim is
to show that societies in Asia and  Africa are not just the product of colonial penetration or anti-colonial resistance, but that both aspects
influenced the present political, economic, social and cultural perception of these parts of the world to a considerable extent. A nuanced
knowledge of the long and arduous process of decolonisation is hence important to understand today's geopolitical constellation, still
characterised by the struggle for a just post-imperial world order.

Literature Jansen, J.C. und Osterhammel, J., Dekolonisation: Das Ende der Imperien, München 2013.
Prerequisites /
notice

A detailed syllabus will be available in due course at http://www.gmw.ethz.ch/en/teaching/lehrveranstaltungen.html

851-0732-03L Intellectual Property: An Introduction
Number of participants limited to 180

Particularly suitable for students of D-ARCH, D-BIOL, D-
CHAB, D-INFK, D-ITET, D-MAVT, D- MATL, D-MTEC.

W 2 credits 2V S. Bechtold, M. Schonger

Abstract The course introduces students to the basics of the intellectual property system and of innovation policy. Areas covered include patent,
copyright, trademark, design, know-how protection, open source, and technology transfer. The course looks at Swiss, European, U.S. and
international law and uses examples from a broad range of technologies. Insights can be used in academia, industry or start-ups.

Objective Intellectual property issues become more and more important in our society. In order to prepare students for their future challenges in
research, industry or start-ups, this course introduces them to the foundations of the intellectual property system. The course covers patent,
copyright, trademark, design, know-how protection, open source, and technology transfer law. It explains links to contract, antitrust,
Internet, privacy and communications law where appropriate. While the introduction to these areas of the law is designed at a general level,
examples and case studies come from various jurisdictions, including Switzerland, the European Union, the United States, and
international law.

In addition, the course introduces students to the fundamentals of innovation policy. After exposing students to the economics of intellectual
property protection, the course asks questions such as: Why do states grant property rights in inventions? Has the protection of intellectual
property gone too far? How do advances in biotechnology and the Internet affect the intellectual property system? What is the relationship
between open source, open access and intellectual property? What alternatives to intellectual property protection exist?

Knowing how the intellectual property system works and what kind of protection is available is useful for all students who are interested in
working in academia, industry or in starting their own company. Exposing students to the advantages and disadvantages of the intellectual
property system enables them to participate in the current policy discussions on intellectual property, innovation and technology law. The
course will include practical examples and case studies as well as guest speakers from industry and private practice.

851-0587-01L CIS PhD Colloquium
Only for PhD students of CIS

W 2 credits 1K University lecturers

Abstract In this internal colloquium doctoral students present their work after about 12 months of research.
Objective The aim of this colloquium is that the presenters receive feedback on their research at an important stage (a stage at which significant

changes of direction, methodology, etc, may still be undertaken) in the PhD process.
Content Presentation of doctoral  research.
Lecture notes Distributed electronically.
Literature Distributed electronically.

851-0252-04L Behavioral Studies Colloquium Z  0 credits 2K C. Stadtfeld, U. Brandes, H.-
D. Daniel, T. Elmer, C. Hölscher,
M. Kapur, R. Schubert, E. Stern

Abstract This colloquium offers an opportunity for students to discuss their ongoing research and scientific ideas in the behavioral sciences, both at
the micro- and macro-levels of cognitive, behavioral and social science. It also offers an opportunity for students from other disciplines to
discuss their research ideas in relation to behavioral science. The colloquium also features invited research talks.
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Objective Students know and can apply autonomously up-to-date investigation methods and techniques in the behavioral sciences. They achieve the
ability to develop their own ideas in the field and to communicate their ideas in oral presentations and in written papers. The credits will be
obtained by a written report of approximately 10 pages.

Content This colloquium offers an opportunity for students to discuss their ongoing research and scientific ideas in the behavioral sciences, both at
the micro- and macro-levels of cognitive, behavioral and social science. It also offers an opportunity for students from other disciplines to
discuss their ideas in so far as they have some relation to behavioral science. The possible research areas are wide and may include
theoretical as well as empirical approaches in Social Psychology and Research on Higher Education, Sociology, Modeling and Simulation
in Sociology, Decision Theory and Behavioral Game Theory, Economics, Research on Learning and Instruction, Cognitive Psychology and
Cognitive Science. Ideally the students (from Bachelor, Master, Ph.D. and Post-Doc programs) have started to start work on their thesis or
on any other term paper.
Course credit can be obtained either based on a talk in the colloquium plus a written essay, or by writing an essay about a topic related to
one of the other talks in the course. Students interested in giving a talk should contact the course organizers (Ziegler, Kapur) before the
first session of the semester. Priority will be given to advanced / doctoral students for oral presentations. The course credits will be
obtained by a written report of approximately 10 pages. The colloquium also serves as a venue for invited talks by researchers from other
universities and institutions related to behavioral and social sciences.

851-0252-01L Human-Computer Interaction: Cognition and Usability
Number of participants limited to 30.

Particularly suitable for students of D-ITET

W 3 credits 2S C. Hölscher, I. Barisic, H. Zhao

Abstract This seminar introduces theory and methods in human-computer interaction and usability. Cognitive Science provides a theoretical
framework for designing user interfaces as well as a range of methods for assessing usability (user testing, cognitive walkthrough, GOMS).
The seminar will provide an opportunity to experience some of the methods in applied group projects.

Objective This seminar will introduce key topics, theories and methodology in human-computer interaction (HCI) and usability. Presentations will
cover the basics of human-computer interaction and selected topics like mobile interaction, adaptive systems, human error and attention. A
focus of the seminar will be on getting to know evaluation techniques in HCI. Students will work in groups and will first familiarize
themselves with a select usability evaluation method (e.g. user testing, GOMS, task analysis, heuristic evaluation, questionnaires or
Cognitive Walkthrough). They will then apply the methods to a human-computer interaction setting (e.g. an existing software or hardware
interface) and present the method as well as their procedure and results to the plenary. Active participation is vital for the success of the
seminar, and students are expected to contribute to presentations of foundational themes, methods and results of their chosen group
project. In order to obtain course credit a written essay / report will be required (details to be specified in the introductory session of the
course).

851-0252-05L Research Seminar Cognitive Science
Prerequisite: Participants should be involved in research
in the cognitive science group.

W 2 credits 2S C. Hölscher, S. Andraszewicz

Abstract The colloquium provides a forum for researchers and graduate students in cognitive science to present/discuss their ongoing projects as
well as jointly discuss current publications in cognitive science and related fields. A subset of the sessions will include invited external
visitors presenting their research. Participants of this colloquium are expected to be involved in active research group.

Objective Graduate student train and improve their presentation skills based on their own project ideas, all participants stay informed on current
trends in the field and have the opportunity for networking with invited scholars.

851-0252-06L Introduction to Social Networks: Theory, Methods and
Applications
This course is intended for students interested in data
analysis and with basic knowledge of inferential statistics.

W 3 credits 2G C. Stadtfeld, T. Elmer

Abstract Humans are connected by various social relations. When aggregated, we speak of social networks. This course discusses how social
networks are structured, how they change over time and how they affect the individuals that they connect. It integrates social theory with
practical knowledge of cutting-edge statistical methods and applications from a number of scientific disciplines.

Objective The aim is to enable students to contribute to social networks research and to be discriminating consumers of modern literature on social
networks. Students will acquire a thorough understanding of social networks theory (1), practical skills in cutting-edge statistical methods
(2) and their applications in a number of scientific fields (3). 
In particular, at the end of the course students will
- Know the fundamental theories in social networks research (1)
- Understand core concepts of social networks and their relevance in different contexts (1, 3)
- Be able to describe and visualize networks data in the R environment (2)
- Understand differences regarding analysis and collection of network data and other type of survey data (2)
- Know state-of-the-art inferential statistical methods and how they are used in R (2)
- Be familiar with the core empirical studies in social networks research (2, 3)
- Know how network methods can be employed in a variety of scientific disciplines (3)

860-0017-00L Science Communication
Number of participants limited to 10. 

STP Students have priority.


W 6 credits 3G A. Wenger, M. Dunn Cavelty,
C. Elhardt

Abstract Successful dissemination of scientific results to policy-makers and the wider public is an essential skill at the intersection of science,
technology and policy making. This course looks at the expectations and needs of different target groups and teaches “best practices” for
different modes of communication via a variety of exercises.

Objective The aim of this course is to learn about science communication in theory and learn how to apply this knowledge in practice through
different formats and media, aimed at different audiences.

Content In this course, we will analyze the particular prerequisites for the successful dissemination of scientific results to policy-makers and the
wider public. To get a better understanding of the expectations and needs of different target groups we will look at different formats and will
also invite guest speakers from science communication jobs to share their experiences and discuss common problems. The final part of
this course consists of practical applications and exercises. Proceeding in a 'draft/revise/submit'-manner, students will have to present a
scientific project (possibly linked to a case study) in different formats (e.g. newspaper contribution and policy brief). Faculty will supervise
the writing process and provide reviews and comments on drafts.

Lecture notes Papers are made available for the participants of this course through Moodle. The book used for the 2nd part of the course "Escape from
the Ivory Tower" can be bought from the instructors

Literature Papers are made available for the participants of this course through Moodle. The book used for the 2nd part of the course "Escape from
the Ivory Tower" can be bought from the instructors

Prerequisites /
notice

The total number of students is 10. MSc students, PhD students and postdocs with a science and technology background have priority;
weekly meetings of minimum 2, maximum 3 hours during FS (Spring Semester) 2017, 6 ETCS (approx. 39 contact hours + 141 hours for
preparations and exercises); grading based on the exercises and final products (policy briefs, op eds) on a 1-6 point scale

151-0906-00L Frontiers in Energy Research
This course is only for doctoral students.

W 2 credits 2S C. Schaffner
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Abstract Doctoral students at ETH Zurich working in the broad area of energy present their research to their colleagues, their advisors and the
scientific community. Each week a different student gives a 50-60 min presentation of their research (a full introduction, background &
findings) followed by discussion with the audience.

Objective The key objectives of the course are:
 (1) participants will gain knowledge of advanced research in the area of energy;
 (2) participants will actively participate in discussion after each presentation;
 (3) participants gain experience of different presentation styles;
 (4) to create a network amongst the energy research doctoral student community.

Content Doctoral students at ETH Zurich working in the broad area of energy present their research to their colleagues, to their advisors and to the
scientific community. There will be one presentation a week during the semester, each structured as follows: 20 min introduction to the
research topic, 30 min presentation of the results, 30 min discussion with the audience.

Lecture notes Slides will be available on the Energy Science Center pages(www.esc.ethz.ch/events/frontiers-in-energy-research.html).

851-0735-16L Start Ups and Taxes W 2 credits 2S P. Pamini
Abstract ETH students learn the relevancy of the tax law framework in the context of company start-ups. Based on theory and case studies, the

participants discuss which regulatory options the legislator has, how it can promote innovative start-ups and where the typical pitfalls are.
The consequences of direct and indirect taxes are debated both at the company and the entrepreneur level.

Objective Most of the time, scientific knowledge and the resulting technical innovations spread outside of the academic world over the activities of
business ventures, specifically by developing new products and processes or by improving existing ones. As an ETH graduate who would
like to practically implement her theoretical knowledge, you know the advantages and disadvantages of the manifold legal system set by
the legislator, both from a private and from a tax law perspective.

Start-ups differ substantially from normal kinds of enterprises. For instance, ownership can be concentrated in few hands and change over
time, being opened to venture investors (e.g. in connection with private equity funds). The corporate governance can be particularly
complex (e.g. including dual-class shares or an asymmetry between the degree of financial participation and the share of voting rights).
The industry wherein the start-up is doing business can also be typically very volatile, preventing to find sensible comparables to value the
start-up; reliable business plans are often missing.

On the one hand, in this seminar you learn the regulatory options that are available to the legislator to promote innovative start-ups. In this
context, you are also introduced into financial markets theory, economic policy making, innovation promotion and business strategy. On the
other hand, you learn the technical knowledge in Swiss tax law that you need in case of a possible future business venture. You will be also
stimulated in approaching complex problems outside of your area of specialisation thinking in a connected way. Pre-knowledge in law or in
business administration is useful, but does not represent any necessary condition to participate.

In the first sessions, the lecturer introduces you into the theoretical fundamentals as well as into the Swiss tax system, covering both direct
taxes (such as the individual income and wealth taxes and the corporate income and capital taxes) and indirect taxes (such as VAT - value
added tax, WHT - withholding tax, and stamp duties). Focusing on the field of start-ups, the discussions will deal both with individuals and
corporations. The second part of the seminar will consist of the active discussion, primarily done by the seminar participants themselves, of
some hypothetical business cases where the typical tax issues in connection with start-ups can be analysed more specifically.

851-0252-10L Project in Behavioural Finance
Number of participants limited to 40

Particularly suitable for students of D-MTEC

W 3 credits 2S S. Andraszewicz, C. Hölscher,
D. Kaszás

Abstract This interactive practical course provides and overview of the key topics in behavioral finance. Along studying information about investor's
behavior, decision-making, cognitive, biological and personality markers of risk taking and measuring risk appetite, students train critical
thinking, argumentation and presentation. The learning process is based on interactive discussions and presentations.

Objective This course provides an overview of the key topics in behavioural finance and gives the opportunity for a first hands-on experience in
designing, analysing and presenting a behavioural study. In the first half of the semester, students present papers from different topics
within behavioural finance, including Judgment and Decision Making, psychometrics and individual differences, and risk perception and
eliciting people’s propensity to take risk, biological markers of risk taking and investment behavior and trading games. The paper
presentations are informal, require no power-point presentations and are followed by a discussion with the rest of the students in the class.
The goal of these presentations is three-fold: in an interactive and engaging way, to provide an overview of the topics contained in the area
of behavioural finance, to teach students to extract the most relevant information from scientific papers and be able to communicate them
to their peers and to enhance critical thinking during the discussion.
In the middle of the semester, the students pick a topic in which they want to conduct a small study. Some topics will be offered by the
lecturers, but students are free to choose a topic of their own. 
This is followed by fine-tuning their research questions given found literature, data collection and analysis. At the end of the semester
students receive feedback and advice on the data analysis and present the results in a formal presentation with slides. The final
assignment is a written report from their study. Active participation in the meetings is mandatory to pass the course. This course does not
involve learning by heart.

Key skills after the course completion:
- Overview of topics in behavioural finance
- Communication of research output in an a formal and informal way, in an oral and written form
- Critical thinking
- Argumentation and study design

Content - Giving presentations
- How to quickly "read" a paper
- Judgment and Decision Making, Heuristics and Biases
- Biology on the trading floor
- Psychometrics and individual differences
- Eliciting people's propensity to take risks
- Experimental design in behavioural studies
- Experimental Asset Markets

Lecture notes All learning materials will be available to students over eDoz platform.
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Literature Tversky, A., & Kahneman, D. (1992). Advance in prospect theory: Cumulative representation of uncertainty. Journal of Risk and
Uncertainty, 5(4), 297-323

Rieskamp, J. (2008). The probabilistic nature of preferential choice. Journal of Experimental Psychology: Learning, memory and Cognition,
34(6), 1446-1465

Hertwig, R., & Herzog, S. (2009). Fast and frugal heuristics: Tools of social rationality. Social Cognition, 27(5), 661-698

Coates, J.M., Gurnell, M., & Sarnyai, Z. (2010). From molecule to market: steroid hormones and financial risk taking. Philosophical
Transacations of the Royal Society B, 365, 331-343

Cueva, C., Roberts, R.E., Spencer, T., Rani, N., Tempest, M., Tobler, P.N., Herbert, J., & Rustichini (2015). Cortisol and testosterone
increase financial risk taking and may destabilize markets. Nature, 5(11206), 1-16

Conlin, A., Kyröläinen, P., Kaakinen, M., Järvelin, M-R., Perttunen, J., & Svento, R. (2015). Personality traits and stock market participation.
Journal of Empirical Finance, 33, 34-50

Kosinski, M., Stillwell, D., & Graepel, T. (2013). Private traits and attributes are predictable from digital records of human behavior.
Proceedings in National Academy of Sciences, 110, 5802-5805

Oehler, A., Wedlich, F., Wendt, S., & Horn, M. (July 9, 2016). Available at SSRN: https://ssrn.com/abstract=2807401

Fenton-O'Creevy, M., Nicholson, N., Soane, E., & Willman, P. (2003). Trading on illusions: Unrealistic perceptions of control and trading
performance. Journal of Occupational and Organizational Psychology, 76, 53-68

Frey, R., Pedroni, A., Mata, R., Rieskamp, J., & Hertwig, R. (2017). Risk preference shares the psychometric structure of major
psychological traits. Science Advances, 3, 1-13

Schürmann, O., Andraszewicz, S., & Rieskamp, J. (2017). The importance of losses when eliciting risk preferences. Under review

Andraszewicz, S., Kaszas, D., Zeisberger, S., Murphy, R.O., & Hölscher, C. (2017). Simulating historical market crashes in the laboratory.
Manuscript in preparation.

Allenbach, M., Kaszas, D., Andraszewicz, S., & Hölscher, C. (2017). Skin conductance response as marker or risk undertaken by investors.
Manuscript in preparation.

Simic, M., Kaszas, D., Andraszewicz, S., & Hölscher, C. (2017). Incentive structure compatibility in a principal agent problem. Manuscript in
preparation.

Sornette, D., Andraszewicz, S., Wu, K., Murphy, R.O., Rindlerm P., & Sanadgol, D. (2017). Overpricing persistance in experimental asset
markets with intrinsic uncertainty. Under review.

Andraszewicz, S., Wu, K., & Sornette, D. (2017). Behavioural effects and market dynamics in field and laboratory experimental asset
markets. Under review.

Prerequisites /
notice

Grading is based the active participation in the class and the final project. There is no exam.

851-0588-00L Introduction to Game Theory
Number of participants limited to 480.

Particularly suitable for students of D-INFK, D-MATH

W 3 credits 1V H. Nax, B. Pradelski

Abstract This course introduces the foundations of game theory with a focus on its basic mathematical principles. It treats models of social
interaction, conflict and cooperation, the origin of cooperation, and concepts of strategic decision making behavior. Examples, applications,
theory, and the contrast between theory and empirical results are particularly emphasized.

Objective Learn the fundamentals, models, and logic of thinking about game theory. Learn basic mathematical principles. Apply formal game theory
models to strategic interaction situations and critically assess game theory's capabilities through a wide array of applications and
experimental results.

Content Game theory provides a unified mathematical language to study interactions amongst different types of individuals (e.g. humans, firms,
nations, animals, etc.). It is often used to analyze situations involving conflict and/or cooperation. The course introduces the basic concepts
of both non-cooperative and cooperative game theory (players, strategies, coalitions, rules of games, utilities, etc.) and explains the most
prominent game-theoretic solution concepts (Nash equilibrium, sub-game perfection, Core, Shapley Value, etc.). We will also discuss
standard extensions (repeated games, incomplete information, evolutionary game theory, signal games, etc.). 

In each part of the course, we focus on examples and on selected applications of the theory in different areas. These include analyses of
cooperation, social interaction, of institutions and norms, social dilemmas and reciprocity as well as applications on strategic behavior in
politics and between countries and companies, the impact of reciprocity, in the labor market, and some applications from biology. Game
theory is also applied to control-theoretic problems of transport planning and computer science.

As we present theory and applications, we will also discuss how experimental and other empirical studies have shown that human behavior
in the real world often does not meet the strict requirements of rationality from "standard theory", leading us to models of "behavioural" and
"experimental" game theory.

By the end of the course, students should be able to apply game-theoretic in diverse areas of analysis including > controlling turbines in a
wind park, > nations negotiating international agreements, > firms competing in markets, > humans sharing a common resource, etc.

Lecture notes See literature below. In addition we will provide additional literature readings and publish the lecture slides directly after each lecture.
Literature K Binmore, Fun and games, a text on game theory, 1994, Great Source Education


SR Chakravarty, M Mitra and P Sarkar, A Course on Cooperative Game Theory, 2015, Cambridge University Press

A Diekmann, Spieltheorie: Einführung, Beispiele, Experimente, 2009, Rowolth

MJ Osborne, An Introduction to Game Theory, 2004, Oxford University Press New York

J Nash, Non-Cooperative Games, 1951, Annals of Mathematics

JW Weibull, Evolutionary game theory, 1997, MIT Press

HP Young, Strategic Learning and Its Limits, 2004, Oxford University Press
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851-0105-01L Cross-Cultural Competences Arab World
Does not take place this semester.

W 3 credits 2V

Abstract This lecture will discuss important topics of the Arab culture involving different value systems, world-views, and paradigms pointing to
possible areas of misunderstandings and conflict in an inter-cultural setting as well as approaches to deal with these issues.  

Objective This lectures gives an insight into different areas of the Arab culture such as gender roles, significance of family and marriage, concepts of
honor and hierarchy, the role of religion in everyday life, the concept of the evil eye, being guest or host, obligations in family and society,
and others. The aim is to identify different value systems, world-views and paradigms that may cause problems in an cross-cultural setting
as well as possible approaches to deal with these issues. Even though most of the topics concern the Arab region as whole, the lecture will
focus on the Arab East (not the Maghreb), especially Egypt, Syria and the Gulf countries.

860-0022-00L Complexity and Global Systems Science
Does not take place this semester.
Number of participants limited to 64.

Prerequisites: solid mathematical skills.

Particularly suitable for students of D-ITET, D-MAVT and
ISTP

W 3 credits 2V D. Helbing

Abstract This course discusses complex techno-socio-economic systems, their counter-intuitive behaviors, and how their theoretical understanding
empowers us to solve some long-standing problems that are currently bothering the world.

Objective Participants should learn to get an overview of the state of the art in the field, to present it in a well understandable way to an
interdisciplinary scientific audience, to develop models for open problems, to analyze them, and to defend their results in response to
critical questions. In essence, participants should improve their scientific skills and learn to think scientifically about complex dynamical
systems.

Content This course starts with a discussion of the typical and often counter-intuitive features of complex dynamical systems such as self-
organization, emergence, (sudden) phase transitions at "tipping points", multi-stability, systemic instability, deterministic chaos, and
turbulence. It then discusses phenomena in networked systems such as feedback, side and cascade effects, and the problem of radical
uncertainty. The course progresses by demonstrating the relevance of these properties for understanding societal and, at times, global-
scale problems such as traffic jams, crowd disasters, breakdowns of cooperation, crime, conflict, social unrests, political revolutions,
bubbles and crashes in financial markets, epidemic spreading, and/or "tragedies of the commons" such as environmental exploitation,
overfishing, or climate change. Based on this understanding, the course points to possible ways of mitigating techno-
socio-economic-environmental problems, and what data science may contribute to their solution.

Prerequisites /
notice

Mathematical skills can be helpful

851-0586-03L Applied Network Science: Sports Networks
Number of participant limited to 20

W 3 credits 2S U. Brandes

Abstract We study applications of network science methods, this time in the domain of sports.
Topics are selected for diversity in research questions and techniques
with applications such as passing networks, team rankings, and career trajectories.
Student teams present results from the recent literature, possibly with replication, in a mini-conference shortly before the start of EURO
2020.

Objective Network science as a paradigm is entering domains from engineering to the humantities but application is tricky.
By examples from recent research on sports, sports administration, and the sociology of sports, students learn to appreciate that, and how,
context matters.
They will be able to assess the appropriateness of approaches
for substantive research problems, and especially when and why quantitative approaches are or are not suitable.

Literature Original research articles will be introduced in the first session. General introduction:

Wäsche, Dickson, Woll & Brandes (2017). Social Network Analysis in Sport Research: An Emerging Paradigm. European Journal for Sport
and Society 14(2):138-165. DOI: 10.1080/16138171.2017.1318198

851-0739-01L Sequencing Legal DNA: NLP for Law and Political
Economy
Particularly suitable for students of D-INFK, D-ITET, D-
MTEC

W 3 credits 2V E. Ash

Abstract This course explores the application of natural language processing techniques to texts in law, politics, and the news media. Students will
put these tools to work in a course project.

Objective Law is embedded in language. An essential task for a judge, therefore, is reading legal texts to interpret case facts and apply legal rules.
Can an artificial intelligence learn to do these tasks? The recent and ongoing breakthroughs in natural language processing (NLP) hint at
this possibility. 

Meanwhile, a vast and growing corpus of legal documents are being digitized and put online for use by the public. No single human could
hope to read all of them, yet many of these documents remain untouched by NLP techniques. This course invites students to participate in
these new explorations applying NLP to the law -- that is, sequencing legal DNA.

Content NLP technologies have the potential to assist judges in their decisions by making them more efficient and consistent. On the other hand,
legal language choices -- as in legal choices more generally -- could be biased toward some groups, and automated systems could
entrench those biases. We will explore, critique, and integrate the emerging set of tools for debiasing language models and think carefully
about how notions of fairness should be applied in this domain. 

More generally, we will explore the use of NLP for social science research, not just in the law but also in politics, the economy, and culture.
In a semester paper, students (individually or in groups) will conceive and implement their own research project applying natural language
tools to legal or political texts.

Prerequisites /
notice

Some programming experience in Python is required, and some experience with NLP is highly recommended.

851-0158-13L Ecology and Environmentalism
Number of participants limited to 40

Particularly suitable for students of D-ERDW, D-HEST, D-
USYS, D-BIOL

W 3 credits 2S N. Guettler

Abstract The notion of „ecology“ refers to both, scientific research on environments as well as their protection. But how have academic ecology and
the environmental movements intersected throughout history?
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Objective In the seminar, students will read and discuss key sources as well as secondary literature on the knowledge transfers between scientific
ecology and the environmental movements of the 19th and 20th century. Topics range from 19th-century homeland movement and the rise
of ecological awareness in colonial settings, to the rise of an environmental awareness during the Cold War, with a special focus on „green“
politics in Europe. Apart from scientists and „counter-scientists“ the seminar focuses on concepts and ideas that circulated between
academic ecology and different nature movements. 
The participants learn to engage historically with original texts as well as to handle independently the extensive historical literature on the
history of environmentalism. At the same time, they develop a critical understanding of different political agendas that have shaped
academic and popular ecology until the present day. Students also learn to communicate their findings by writing short (and fictive) blog
posts on different aspects of this history.

851-0148-00L Introduction to Philosophy: Prophets, Judges, Fools,
and Healers
Does not take place this semester.

W 3 credits 2V M. Hampe

Abstract This lecture gives an overview of forms of philosophizing for students of the natural sciences and engineering. It is at the same time an
introduction to philosophy for beginners of this subjects.

Objective Students of the natural sciences and technology will be given an overview of the different forms of philosophizing. Beginners of this subject
will receive a general introduction to philosophy. In order to acquire credit points, a critical summary of one lesson of choice must be
submitted (about 5-7 pages).

Content Philosophy is done in different forms: as a diagnosis of a time, from which one can develop a prognosis, as an evaluation of action and
thinking, and as a commentary of a spectator, who detects contradictions and and tries to give a therapy to human acting and thinking. By
looking at texts from Plato, Kant, Morus, Nietzsche, Carnap, Wittgenstein and others the course will give an introduction into philosophical
thinking in general.

Lecture notes Das Skript der Vorlesung ist unter der folgenden internetadresse zu finden: www.phil.ethz.ch/fileadmin/phil/files/SkriptEinfuehrung.pdf
Literature Michael Hampe, Propheten, Richter, Ärzte, Narren: Eine Typologie von Philosophen und Intellektuellen, in: Martin Carrier und Johannes

Roggenhofer (Hg.) Wandel oder Niedergang? Die Rolle der Intellekturelln in der Wissengesellschaft, Tranbscript Verlag, Münster 2007
Prerequisites /
notice

Credits are given for a critical summary of about six pages of one of the lectures. There will be a titorial to support the writing of this
summary.

851-0739-02L Sequencing Legal DNA: NLP for Law and Political
Economy (Course Project)
This is the optional course project for "Building a Robot
Judge: Data Science for the Law." 

Please register only if attending the lecture course or with
consent of the instructor.

Some programming experience in Python is required, and
some experience with text mining is highly recommended.

W 2 credits 2V E. Ash

Abstract This is the companion course for extra credit for a more substantial project, for the course "Sequencing Legal DNA: NLP for Law and
Political Economy".

851-0000-01L Research Data Management Summer School
Number of participants limited to 40

Only for PhD Students and Postdocs of the ETH Domain

W  2 credits 4S M. M. Ziehmer

Abstract Research Data Management (RDM) is vital for researchers to ensure the proper organisation of research data along the entire life cycle
from creation to preservation including their sharing as Open Data (FAIR Data). This ETH Summer School provides an extensive overview
on RDM, its principles, its practical implications and on useful tools for early career scientists (PhD students and Postdocs).

Objective Students are able to

1. explain in detail the basic concepts and components of research data management along the research data life cycle in a national and
international context. They understand both their responsibility as individual scientists and their potential future role as early career heads
of research groups.

1.1 follow the principles of good scientific practice with respect to data management in general and the content of the ETH Guideline for
Research Integrity and the Compliance Guide, in particular.

1.2 define and apply the FAIR Data Principles.

1.3 critically evaluate and improve their own RDM within their current and in future research projects.

1.4 introduce future students and staff to RDM and motivate them to consider it as an integral part of their research.

2. fulfill current requirements regarding Research Data Management (RDM) and Data Management Plans (DMPs) by research funders (i.e.
Open Research Data Policy by the SNSF, Rules on Open Access to Research Data in Horizon 2020) in their own research.

3. understand the basics of a DMP and are able to write a research-funder compliant DMP.

4. survey the challenges of Active Research Data Management (ARDM) and are able to properly annotate (metadata), store and back-up
research data with appropriate tools for future reuse.

5. critically evaluate and use tools for data sharing and other repositories, including RDM services at ETH Zurich (e.g. ETH Research Data
Hub, ETH Research Collection) and international repositories.

5.1 identify appropriate Creative Commons Licenses for their needs.

5.2 assess challenges and benefits of Open Access to publications and make informed decisions on where to publish.

6. understand the challenges of long-term preservation and are able to prepare data for it.

851-0101-59L Science and Masculinities W  3 credits 2S B. Schär
Abstract Men have always been over-represented in the sciences. Why is this so? This seminar inquires how male supremacy in science evolved

and transformed historically in different places around the world. How was and is science linked to particular images of manliness? How did
and do women and non-conforming men around the world nonetheless succeed in doing science?
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Objective Students will become familiarized with the history of science from the perspective of gender history. Gender Historians understand male
dominance in science not as natural phenomenon, but rather as feature in need of historical inquiry and explanation. 
The aim of this seminar is therefore to examine different ways historians analyse and explain historical and ongoing male
overrepresentation in the sciences. By reading case studies from different parts of the world, students will be able to evaluate firstly how
male overrepresentation was and remains linked to legacies of western and middle-class dominance in science. Secondly, they will also
explore how women and non-conforming men nevertheless succeed(ed) in science at different historical points in time. 
Students will have the opportunity to select a topic from the ETH Zurich's gendered history and write an essay on how masculinity and
gender operate(d)s in our university. 

Content This seminar treats male overrepresentation in the sciences as a phenomenon in need of historical explanation. Reading case studies from
around the world, students will be able to asses how male overrepresentation was and remains linked with legacies of western and middle-
class dominance in the sciences. Student will analyze aspects of this history in the case of ETH Zurich in a term paper.

851-0125-65L A Sampler of Histories and Philosophies of
Mathematics
Particularly suitable for students D-CHAB, D-INFK, D-
ITET,  D-MATH, D-PHYS

W 3 credits 2V R. Wagner

Abstract This course will review several case studies from the ancient, medieval and modern history of mathematics. The case studies will be
analyzed from various philosophical perspectives, while situating them in their historical and cultural contexts.

Objective The course aims are:
1. To introduce students to the historicity of mathematics
2. To make sense of mathematical practices that appear unreasonable from a contemporary point of view
3. To develop critical reflection concerning the nature of mathematical objects
4. To introduce various theoretical approaches to the philosophy and history of mathematics
5. To open the students' horizons to the plurality of mathematical cultures and practices

851-0144-12L Philosophy of Logic
Number of participants limited to 40

W 3 credits 2S G. Sommaruga

Abstract Philosophy of logic is a philosophical reflection on some key concepts and key topics of formal i.e. mathematical logic. On the one hand
this seminar will provide some knowledge of basic technical logical results, on the other hand it will on this basis provide an introduction to
the philosophical discussion of such topics as truth, logical consequence, existence, possible worlds and constructivsm

Objective 1. acquiring some basic knowledge of 1st order logic (up to Gödel completeness, Löwenheim-Skolem and compactness), modal logic and
intuitionistic logic
2. get to know some philosophical questions and problems w.r.t. formal logic (questions etc. which sometimes reach back as far as
antiquity) as well as some attempts to find answers or solutions to these questions and problems resp.

851-0157-84L Health and Disease
Particularly suitable for students of D-BIOL, D-HEST

W 3 credits 2V M. Hagner

Abstract Health and disease belong to the fundamental conditions of human life. Thus, human beings have conceived different ideas and theories
concerning health and disease in history. It is the aim of this lecture series to introduce this historical variety in transcultural perspective
from antiquity to the present.

Objective It is the aim of this lecture series to introduce this historical variety in transcultural perspective from antiquity to the present.

851-0003-00L Science and Food in the Development of the Modern
World (1890s–1970s)

W 2 credits 1S S. G. Sujeet George

Abstract This seminar course aims to offer a historical perspective on the development of modern food systems, agrarian science and global
cultures of taste and eating.

Objective To understand the links between science and modern food cultures; evaluate the global connections in the formation of national cuisines;
analyze how science and the food industry have shaped people’s ideas of taste, nutrition and aesthetics.

Content Looking at specific food and non-food commodities cultivated, developed and consumed across different regions in the world through the
late 19th and 20th centuries, the course shall try to make sense of the aesthetic, economic and scientific assumptions inherent within the
varied food palettes of our modern world. The course shall introduce students to the interlinked and overlapping histories of the
development of modern agricultural science, the political economy of food production, distribution and consumption, and ideas of culinary
aesthetics and national cuisines.

Students shall engage with the histories and debates around agricultural research, ideas of nutrition and hunger, questions of race,
diversity and community belonging, and the troubled narratives of environment and sustainability in industrial agriculture. The course will
utilize a combination of historical pamphlets and advertisements, newspaper accounts, as well as contemporary documentary films to
engage with some of the core questions around the modern history of food cultures and agrarian science.

851-0252-19L Applied Generalized Linear Models W 3 credits 2V V. Amati
Abstract Generalized linear models are a class of models for the analysis of multivariate datasets. This class subsumes linear models for

quantitative response, binomial models for binary response, loglinear models for categorical data, Poisson models for count data. Models
are presented and practiced from a problem oriented perspective using applications from the social, economic and behavioural sciences.

Objective The aim of this course is to acquire knowledge about generalized linear models and a practical understanding of how to apply these
models. Further objectives for the course participants are to be able to choose the most suitable methods to analyse multidimensional
datasets, to perform the analysis using the statistical software R, and to critically assess the results obtained.

Content The following topics will be covered:

* Introduction to generalized linear models 
* The general linear model: ANOVA and ANCOVA
* Models for binary outcomes: logistic regression and probit models
* Models for nominal outcomes: multinomial logistic regression and related models
* Models for ordinal outcomes: ordered logistic regression and probit models
* Models for count outcomes: Poisson and negative binomial models

Lecture notes Lecture notes are distributed via the associated course moodle.
Literature * Long, J. Scott. (1997). Regression models for categorical and limited dependent variables. Thousand Oaks, Calif: Sage Publications.

* Hosmer, David W, Lemeshow, Stanley, & Sturdivant, Rodney X. (2013). Applied logistic regression. Hoboken: Wiley.
* Fox, John. (2016). Applied regression analysis and generalized linear models (Third ed.). Los Angeles: SAGE.
* Fox, John, & Weisberg, Sanford. (2019). An R companion to applied regression (Third ed.). Los Angeles: SAGE.

Prerequisites /
notice

A sound understanding of estimation methods, hypothesis testing and linear regression models (OLS) is required

851-0586-02L The Spectacles of Measurement W 3 credits 2V U. Brandes
Abstract If you can't measure it, you can't manage it. Explorations into mathematical foundations and societal implications of measuring humans,

processes, and things in an increasingly datafied world.
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Objective Students have a basic understanding of what makes a property quantifiable. They know the difference between operational and
representational measurement, and the consequences this has for both, the collection of data and its use in decision making and control.
With a critical attitude toward datafication, contextual differences are appreciated across domains such as science and engineering, health
and sports, or governance and policy making.

Content Measurement Theory
- representations, scales
- meaningfulness
- direct vs. indirect, conjoint measurement

Measurement Practice
- units and standards
- sensors and intruments
- items and questionnaires

Measurement Politics
- administration and control, adaptation
- digitization, e-democracy, privacy

Lecture notes Slides made available in a course moodle.
Prerequisites /
notice

Students pair up in teams to write an essay on a measurement problem they care about (such as one pertinent to their discipline or
research).

851-0252-08L Evidence-Based Design: Methods and Tools For
Evaluating Architectural Design
Number of participants limited to 40

Particularly suitable for students of D-ARCH 

W 3 credits 2S M. Gath Morad, B. Emo Nax,
C. Hölscher

Abstract Students are taught a variety of evaluation methods to assess architectural design from the perspective of potential occupants. Students
are given a theoretical background on evaluation in architecture as well as practical knowledge on evaluation methods such as virtual
reality, agent-based simulations and space syntax analysis. This is a project-oriented course tailored for architecture students.

Objective The course aims to teach students how to evaluate architectural design projects from the perspective of potential occupants. The concept
of evidence-based design is introduced through a design process applied to a specific case study. Students are given a theoretical
background on the notion of evaluation in architecture and spatial cognition as well as practical knowledge on various evaluation methods
such as virtual reality, agent-based simulations and space syntax analysis. The course covers a range of methods including virtual reality
for architectural design and agent-based simulations as well as visibility analysis and network analysis. Students are expected to apply
these methods to a case study of their choice or to example cases provided by the course team. For students taking a B-ARCH or M-
ARCH degree, this can be a completed or ongoing design studio project. The course gives students the chance to implement the methods
iteratively and explore how best to address the needs of the potential occupants during the design process. 

 The course is tailored for students studying for B-ARCH and M-ARCH degrees. As an alternative to obtaining D-GESS credit, architecture
students can obtain course credit in "Vertiefungsfach" or "Wahlfach".

851-0253-07L Consciousness Studies
Number of participants limited to 40.

W 2 credits 2S K. Stocker

Abstract Covers research on levels and states of consciousness. Levels: conscious vs. pre-/sub-/nonconscious. States: ordinary (OSC, waking
consciousness) vs. altered states of consciousness (ASCs, e.g., sleeping/dreaming, hypnosis, meditation, pharmacologically altered state).
Applications in health/clinical psychology, and implications for the scientific mind (insight, flow) are also considered.

Objective To introduce students to the basics of consciousness studies, and to thus help them to gain a deeper understanding of how the mind
works. Includes practical implications for the scientific mind.

Content The study of consciousness involves scholars from diverse fields, such as psychology, neuroscience, cognitive science, philosophy,
linguistics, computer science, medicine, religious studies, anthropology, as well as literature and art studies. In this course, the study of
consciousness is presented from the point of view of psychology. At the same time, the course will additionally also consider
interdisciplinary viewpoints.

Psychological consciousness studies involve research on levels and states of consciousness. Psychologically researched levels of
consciousness are the conscious, preconscious, unconscious/subconscious, and nonconscious levels of mental processing. Psychological
research on states of consciousness takes waking consciousness as the most common state (ordinary state of consciousness, OSC),
using it as a baseline against which altered states of consciousness (ASC) are compared. Some of the most prominently researched ASC
in psychology will be introduced in this course and include sleeping/dreaming, hypnosis, meditation, as well as ASC that are induced
through either sensory deprivation/overload or psychoactive drugs.

In this course, it will also be shown how a growing number of applied consciousness studies investigate the potential of being temporarily in
an ASC for promoting/maintaining health (health psychology) or as part of clinical treatment (clinical psychology and psychiatry). Finally, in
this course, two mental phenomena that are also highly relevant for the scientific mind – insight and flow – are also introduced from a
consciousness-studies perspective.

851-0254-00L Network Science Project
It is advisable to take at least one of 851-0252-06
Introduction to Social Networks, 851-0252-15 Network
Analysis, or 851-0252-13 Network Modeling beforehand.

Proficiency in programming and data analysis are helpful
but can be compensated for by a firm understanding of the
foundations relevant for the particular study.

W 3 credits 2P U. Brandes, C. Stadtfeld

Abstract Study project involving network data in a selected field.
Objective Practical experience with, and a contextual understanding of, the links between a research question, domain-specific theory, and

computational methods in network science.
Content Individually or in small groups, students carry out a project in which an original research question is addressed using network data. While

network approaches are increasingly common in domains from archaeology and digital media to transportation and zoology, applications
are often driven by the availability of (found, observational) data.

Special emphasis is therefore placed on the consideration of domain-specific theory and the possibility to adapt data collection and
mathematical methods accordingly. Studies may vary by domain of interest and the relative importance of theory, data, methods,
implementation issues, and other aspects. In particular, the focus may be on data collection instruments or theory-inspired method
development and implementation.

Prerequisites /
notice

Project topics will be introduced during an initial meeting on Thursday, Feburary 20, 17:15-18:45, in WEP J 11. Subsequent meetings with
the respective project teams will be by appointment.

851-0107-00L Science and the Public: A Problem of Mediation that W 3 credits 2S U. J. Wenzel
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the Media Have to Solve?
Abstract What can, what should, what do "laymen" want to know and understand from scientific findings? How and what is "conveyed" in reporting

on science? Does science journalism have to follow scientific criteria? How do the natural sciences differ from the humanities and social
sciences in terms of "comprehensibility" and public visibility?

Objective Gaining insights into the relationship between the sciences, the public and the media, into their historical development and current
problems - with particular reference to the "Wissenschaftsfeuilleton".

Content The feuilleton of the «Frankfurter Allgemeine Zeitung» of 27 June 2000 has gone down in the annals of recent media history. The last
sequences of the fully mapped human genetic code were printed on six large-format pages: the letters A, G, C and T in various
combinations and sequences - a «readable » but incomprehensible jumble of letters. What at the time was astounding journalistic coup and
met with enthusiasm as well as head shaking can (also) be read as an allegory of the tense relationship between science and the public.
What can, what should, what do «laymen» want to know and understand from scientific findings? What role do the media play, does
science journalism play in this? How and what is «conveyed» in reporting on scientific findings? And does science journalism have to follow
scientific criteria in such reporting? How do the natural sciences, medicine and technology differ from the humanities and social sciences in
terms of «comprehensibility» and public awareness? Are we really dealing with two diverging «science cultures» - and two different ways of
presenting them  in the media?
These questions will be explored on some excursions into recent and also older media, scientific and cultural history.

851-0006-00L Water in the Early Modern Period: A Material and
Environmental History

W 3 credits 2S T. Asmussen

Abstract The seminar deals with questions of how water was perceived, used and appropriated in medieval and early modern societies. We
examine water as a livelihood (drinking water, irrigation resource), energy source, transport medium, infrastructure and threat between
1400 and 1800.

Objective The students acquire historical knowledge of how pre-modern societies appropriated the natural substance water and how they themselves
were formed and changed by the interactions with the liquid element.  Students are expected to read original German, French and English
sources.

Content The seminar examines the history of the substance and uses of water from the late Middle Ages to the 18th century. Using text and image
sources, we will examine the physical, cultural, economic and scientific-technical implications of the relationship between man and water in
plenary sessions and groups.
We deal with (al-)chemical analyses of water in the context of medical treatises and spas, the expansion and challenges of the water
infrastructure ( fountains, sewage canals, irrigation canals, inland waterways), the associated changes of landscapes as well as with water
as a threat (floods). 

851-0170-00L The Birth of Formal Sciences: History and Philosophy
of the Relation Between Logic and Mathematics

W 3 credits 2V J. L. Gastaldi

Abstract Formal knowledge, such as mathematics and logic, has a singular capacity to resist historical critique. But what if formality itself had a
history - a recent birth and a foreseeable decline? In this course, we will explore this hypothesis by critically assessing the novel
relationship between mathematics and logic that emerged in the 19th century, forging our notion of formal.

Objective During the course, students will be able to:
-Acquire a general perspective on the history of formal logic
-Review relevant aspects of the history of modern mathematics
-Obtain philosophical and historical tools for critically assessing the status of formal sciences
-Develop a critical understanding of the notion of formal
-Discuss the methodological capabilities of historical epistemology

Content Knowledge reputed to be formal, such as mathematics and logic, has a singular capacity to resist historical critique. Indeed, from a
traditional perspective, a historical account of a purely formal statement, like a theorem, can hardly do more than show the inevitable path
that led to its evident and thenceforth everlasting truth. But what if formality itself had a history - a relative recent birth and a foreseeable
decline? In this course, we will explore this hypothesis by critically assessing the conditions, impact and limits of the novel relationship
between mathematics and logic that emerged in the 19th century, forging both the modern notion of formal and the subsequent
epistemological status of formal sciences. After discussing the difficulties of a historical (or archaeological, in the sense that M. Foucault
gives to this term) approach to formal knowledge, we will present the principal historical circumstances providing the conditions for an
unprecedented association between logic and mathematics. This will give us the means to undertake the detailed study of that association,
within the context of the most prominent attempts to provide formal deductive languages in the 19th century: those of George Boole and
Gottlob Frege. Finally, we will address the limitations manifested by those projects at the turn of the 20th century, putting them into
perspective to assess the transformation our notion of formal is experiencing as a result of the proliferation of computational practices.

851-0521-00L Computer History. An Introduction W 3 credits 2V D. Gugerli
Abstract The lecture will explore the question of how the world got into the computer. The history of this great move in the second half of the 20th

century is told by focusing on bottlenecks, the overcoming of which has created new difficulties.
Objective The students learn to understand the effects of techno-historical narratives and arguments.
Lecture notes The exact programme will be presented at the beginning of the semester.

851-0522-00L Digital Statehood (1960-2000). Imaginaries,
Experiences, Trading Zones
Does not take place this semester.

W 3 credits 2S

Abstract The seminar addresses the expectations, experiences and negotiations in which digital processes, legal regulations and administrative
routines are to be harmonized in the Swiss Federal Administration (1960-2000).

Objective Students should understand the interactions between technological processes, legal regulations and bureaucratic routines. In addition to
reading research literature and conceptual work, the main focus is on studying relevant sources.

Content Since the late 1950s, public administrations have been using computers to perform their tasks. Focusing on the use of computers in the
Swiss federal administration, the seminar aims to identify how digital processes, legal regulations and administrative routines should be
reconciled in public administrations. On the basis of IT projects of the Swiss Federal Administration, it will be investigated how computers
were made usable and which options for action were opened up to the computer-supported federal state as a result. Last but not least, we
want to ask how a (computer-) history of digital statehood can be written.

851-0110-00L The Frontier in Literature W 3 credits 2V M. Enard
Abstract In this course, I will develop a reflexion around borders, limits, and frontiers in literature.
Objective We will focus on subjects such as bilingualism, multilingualism, and the representation of the

front in the literature of war.
Content In this course, I will develop a reflexion around borders, limits, and frontiers in literature. We will focus on subjects such as bilingualism,

multilingualism, and the representation of the front in the literature of war. The teaching language is French, however, by definition, to be
interested in such subjects, implies also the exploration of texts and/or linguistic domains
outside of 'Francophonie'.

851-0299-00L Literature, Art and Politics in Fin-de-siècle Paris,
Vienna, Prague, and Berlin

W 3 credits 2V S. S. Leuenberger
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Abstract Literature and art in 1900 were characterised by the conflict between the perception of decline and the hope of renewal. Analysis of literary,
philosophical and critical theory texts illustrates that some authors were not merely passive observers of the crisis, they also experienced it
first-hand in their writing. This crisis subsequently became the model for a new form of linguistics.

Objective The lecture is part of the ‘Science in Perspective’ course programme: students will learn about literature, art and philosophy at the turn of
the 20th century with case studies featuring literary, epic, dramatic and discursive texts from around 1900 which are characterized by the
conflict between the perception of decadence, decay and death on the one hand, and hope of rebirth, renewal and rejuvenation on the
other hand. Analysis of these texts illustrates that several authors not only observed the language crisis, the increasing awareness of the
impossibility of representation through language, which was accompanied by a questioning of the self (I), but they also experienced it in
their writing. This crisis subsequently became the model for a new form of linguistics. These literary forays, and indeed other ideological
and political thinking and models of salvation and future at the time, including socialism, anarchy, psychoanalysis and Zionism will also be
addressed in the lecture.

Content The reading list includes literary texts and discursive texts, amongst others, from Stéphane Mallarmé, Stefan George, Hugo von
Hofmannsthal, Arthur Schopenhauer, Friedrich Nietzsche, Lou Andreas-Salomé, Ernst Mach, Hermann Bahr, Richard Dehmel, Christian
Morgenstern, Sigmund Freud, Bertha Pappenheim, Else Lasker-Schüler, Arthur Schnitzler, Theodor Herzl, Robert Walser and Thomas
Mann.

851-0317-00L Universal Knowledge. The Theory of the Encyclopedia
between Literature and Philosophy

W 3 credits 2V A. Kilcher

Abstract The encyclopedic form is essential to the history of knowledge and also constantly changed by it. The traditional claim of an encyclopedia
is to itemize all objects of knowledge, ultimately representing them as a tangible whole. To do so, however, aesthetic and poetic strategies
are employed that effectively produce such totality.

Objective The encyclopedic form is essential to the history of knowledge and also constantly changed by it. The traditional claim of an encyclopedia
is to itemize all objects of knowledge, ultimately representing them as a tangible whole. To do so, however, aesthetic and poetic strategies
are employed that effectively produce such totality. The course will survey the history as well as theory of the encyclopedia, highlighting
above all the aesthetic variety of encyclopedic forms.

Content Die Form der Enzyklopädie ist in der Geschichte des Wissens ebenso prägend wie wandelbar. Sie beruht auf dem Anspruch, sämtliche
Gegenstände des Wissens zu erfassen und diese möglichst übersichtlich als Totalität darzustellen. Dieser Anspruch wird nicht nur medial,
sondern auch ästhetisch und poetologisch umgesetzt. Seit der  Antike und dem Mittelalter konkurrieren unterschiedliche Modelle, erst recht
in der Neuzeit, wo die Vorlesung hauptsächlich ansetzt: topische Ordnungssysteme wurden zunächst durch rationale, dann durch
kontingente Formen der Wissensorganisation abgelöst. So hatte im 18. und 19. Jahrhundert das alphabetische Wörterbuch seine grosse
Karriere. Die letzte grosse, wesentlich medientechnische Transformation der Enzyklopädie erfolgte im digitalen Zeitalter mit dem Internet
und den entsprechenden Enzyklopädien wie der Wikipedia. Der sich dergestalt vielfach wandelnde philosophische Anspruch greift auf eine
Vielzahl von ästhetischen Darstellungsformen zurück, die je die enzyklopädische Totalität erzeugen. Die Vorlesung gibt einen Überblick
über die Geschichte und Theorie der Enzyklopädie und legt dabei ein besonderes Augenmerk auf diese Vielfalt der Formen. Diese werden
nicht zuletzt auch in spezifischen literarischen Gattungen und Texten umgesetzt, insbesondere dem Roman.
 

851-0318-00L Law and Literature W 3 credits 2S A. Kilcher
Abstract Law and literature are in many ways connected. The law employs literary genres and partly embodies its humanistic potential, while

literature addresses the connections between laws, norms and justice on many levels, including their enactment, philosophical justification,
and societal critique. The course will explore this complex connection between law and literature both practically and theoretic

Objective 1) critical reflection on the historical differences in conceptualizing legality and justice in modernity as reflected in literary texts; 2)
theoretical understanding of different models of legality and justice; 3) aesthetic and poetic aspects underpinning the concepts of justice
and legality

Content Literatur und Recht sind auf komplexe Weise aufeinander bezogen und können sich wechselseitig erhellen. Das Recht verwendet
Verfahren der Literatur (etwa ihre rhetorischen, ästhetischen und poetologischen Darstellungs- und Überzeugungsmittel) und verkörpert
Elemente ihres humanen Potenzials. Die Literatur wiederum thematisiert und reflektiert die Zusammenhänge von Recht, Norm und Gesetz
auf unterschiedlichen Ebenen: erstens auf der Ebene praktischer Umsetzung, zweitens auf der Ebene philosophischer Begründung,
drittens auf der Ebene der wissenschaftlichen und technischen Anwendung, viertens  auf der Ebene gesellschaftlicher Kritik und utopischer
Gegenmodelle von Gerechtigkeit, oder aber dystopischer Fälle von Ungerechtigkeit. Das Seminar untersucht diese komplexen
Wechselwirkungen von Literatur und Recht sowohl theoretisch als auch an konkreten Beispielen aus der neueren deutschen und
europäischen Literatur (im Drama wie in Prosa) von Goethe und Kleist bis hin zu Kafka und Dürrenmatt.

851-0280-00L Beginnings W 3 credits 2S C. Jany
Abstract "All beginnings are difficult,” goes the saying, “but without them there wouldn't be endings." However, what makes beginnings so difficult?

What kind of action is that? Which knowledge does it presuppose? And what would a beginning say about the end? We will pursue these
questions by reading sacred, philosophical, literary, and scientific texts that, each in its own way, make a beginning.

Objective - thorough reading and critical analysis of the texts
- reflections on the historical and epistemological function of fictional origins such as cosmological myths, foundationalist philosophy, and
poetic incantations
- rhetorical analysis of foundational acts carried out in thought and writing
- introduction of the problem of justifying knowledge

851-0090-00L The Philosophy of Complex Systems W 3 credits 2S O. Del Fabbro
Abstract Today complexity research has found an enormous expansiveness in heterogenous areas, such as physics, biology, medicine, urban

complexity, environment sustainability, public policy, economics, sociology, education, computer science, robotics, AI, etc. Furthermore, we
will look at historical advancements like cybernetics, and how complexity research influenced philosophical theories.

Objective Students should learn about the different types of argumentative texts and scientific theories. They should learn to understand the
descriptive and critical value of texts that operate at the boarder between philosophy and science.

862-0004-10L Research Colloquium Philosophy for Master Students
and PhD (FS 2020)
For MAGPW and PhD students of D-GESS only. 
Personal registration required to Prof. Wingert.

W 2 credits 1K L. Wingert, M. Hampe, R. Wagner

Abstract Ph.D. students, post docs, members of staff, and senior colleagues from other philosophy departments will report on their work in progress.
Furthermore, promissing new philosophical articles and parts of new philosophical books will be studied.

Objective Ideas and arguments dealing with systematic problems especially in epistemology, ethics, political philosophy, and the philosophy of mind
will be scrutinized and elaborated.

862-0078-09L Research Colloquium. Extra-European History and
Global History (FS 2020)
For PhD students and postdoctoral researchers.
Masterstudents are welcome.

W 2 credits 1K H. Fischer-Tiné, M. Dusinberre

Abstract The fortnightly colloquium provides a forum for PhD students and postdoctoral researchers to present and discuss their current work. Half
of the slots are reserved for presentations by invited external scholars.

Objective PhD students will have an opportunity to improve their presentation skills and obtain an important chance to receive feedback both from
peers and more advanced scholars.
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Prerequisites /
notice

The venue changes each semester alternately between UZH and ETH.


862-0089-06L Advanced Colloquium in Literary Studies (FS 2020)
Colloquium is designed for advanced and graduated
students.

W 2 credits 1K A. Kilcher

Abstract The colloquium addresses advanced and graduate students. First, it offers participants the opportunity to present their own research
projects (work in progress); and, second, it provides a most fruitful space to discuss methodological, theoretical and systematic complex
issues.

Objective The colloquium addresses advanced and graduate students. First, it offers participants the opportunity to present their own research
projects (work in progress); and, second, it provides a most fruitful space to discuss methodological, theoretical and systematic complex
issues.

862-0088-06L Research Colloquium Science Studies (FS 2020)
For master students only with a personal invitation.

W 2 credits 1K M. Hagner

Abstract This colloquium is devoted to the introduction into the theory and practice of scientific work.
Objective This colloquium is devoted to the introduction into the theory and practice of scientific work.
Prerequisites /
notice

Lectures mey be held either in English or German. Students receive 2 credit points for submitting a brief, written commentary on one of the
presented topics (approx. 5 pages).

851-0551-15L Colloquium for Master and Ph.D. Students History of
Technology  (FS 2020)

W+ 2 credits 1K D. Gugerli

Abstract Colloquium for master and doctoral students preparing a thesis in the history of technology.
Objective Goals: to identify, discuss, and resolve methodological problems that emerge while elaborating a master or doctoral thesis.
Prerequisites /
notice

Beginn 2. Semesterwoche, 25.02.2020 (alle 14 Tage). Anmeldung bei Rachele Delucchi (rachele.delucchi@history.gess.ethz.ch). Siehe
fürs Programm auch: www.tg.ethz.ch

851-0745-00L Ethics Workshop: The Impact of Digital Life on
Society
Number of participants limited to 30.

Open to all Master level / PhD students.

W 2 credits 2S E. Vayena, A. Blasimme, C. Brall,
F. Gille, J. Sleigh

Abstract This workshop focuses on understanding and managing the ethical and social issues arising from the integration of new technologies in
various aspects of daily life.

Objective Explain relevant concepts in ethics.
Evaluate the ethical dimensions of new technology uses.
Identify impacted stakeholders and who is ethically responsible.
Engage constructively in the public discourse relating to new technology impacts.
Review tools and resources currently available that facilitate resolutions and ethical practice
Work in a more ethically reflective way

Content The workshop offers students an experience that trains their ability for critical analysis and  develops awareness of responsibilities as a
researcher, consumer and citizen. Learning will occur in the context of three intensive workshop days, which are highly interactive and
focus on the development and application of reasoning skills. 

The workshop will begin with some fundamentals: the nature of ethics, of consent and big data, of AI ethics, public trust and health ethics.
Students will then be introduced to key ethical concepts such as fairness, autonomy, trust, accountability, justice, as well different ways of
reasoning about the ethics of digital technologies. 

A range of practical problems and issues in the domains of education, news media, society, social media, digital health and justice will be
then considered. These six domains are represented respectively by unique and interesting case studies. Each case study has been
selected not only for its timely and engaging nature, but also for its relevance. Through the analysis of these case studies key ethical
questions (such as fairness, accountability, explain-ability, access etc.) will be highlighted and questions of responsibility and tools for
ethical practice will be explored. Throughout, the emphasis will be on learning to make sound arguments about the ethical aspects of
policy, practice and research. 

851-0884-00L Japanese 2 (A1.2)
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W+ 2 credits 2G I. Mosimann-Nakanishi

Abstract You have mastered the basic vocabulary, the sentence structures practiced in Japanese I, as well as the Hiragana and Katakana
syllabaries. The focus is on broadening your functional competence and your repertoire of expressions through oral pair work, essays and
readings. We deal with the following topics: inviting, refusing, arranging to meet someone; leisure; preferences; family; suggestions.

Objective The participants are able to communicate orally in selected situations, to write meaningfully structured texts on topics related to their
everyday lives and to write these up using sino-Japanese mixed script on the computer.

Lecture notes Genki I An Integrated Course in Elementary Japanese, Second Edition;
The Japan Times

860-0033-00L Big Data for Public Policy
Only for MSc STP, MSc CIS, PhD students D-GESS and
D-MTEC.  
STP students have priority.

W+ 3 credits 2G E. Ash, M. Guillot

Abstract This course provides an introduction to big data methods for public policy analysis. Students will put these techniques to work on a course
project using real-world data, to be designed and implemented in consultation with the instructors.
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Content Many policy problems involve prediction. For example, a budget office might want to predict the number of applications for benefits
payments next month, based on labor market conditions this month. This course provides a hands-on introduction to the "big data"
techniques for making such predictions. These techniques include:

-- procuring big datasets, especially through web scraping or API interfaces, including social media data;
-- pre-processing and dimension reduction of massive datasets for tractable computation;
-- machine learning for predicting outcomes, including how to select and tune the model, evaluate model performance using held-out test
data, and report results;
-- interpreting machine learning model predictions to understand what is going on inside the black box;
-- data visualization including interactive web apps.

Students will put these techniques to work on a course project using real-world data, to be designed and implemented in consultation with
the instructors.

Doctoral Department of Humanities, Social and Political Sciences - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Doctoral Department of Health Sciences and Technology
More Information at: https://www.ethz.ch/en/doctorate.html

 Health Sciences and Technology
Number Title Type ECTS Hours Lecturers

Course Catalogue of ETH Zurich

376-1792-00L Introductory Course in Neuroscience II (University of
Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: SPV0Y020

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  2 credits 2V University lecturers

Abstract This course discusses behavioral aspects in neuroscience. Modern brain imaging methods are described. Clinical issues including
diseases of the nervous system are studied. Sleep research and neuroimmunology are discussed. Finally, the course deals with the basic
concepts in psychiatry.

Prerequisites /
notice

Für Doktorierende des Zentrums für Neurowissenschaften Zürich.

376-1986-00L Bayesian Data Analysis on Models of Behavior
(University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: DOEC0829

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  3 credits 2S R. Polania, University lecturers

Abstract Making sense of the data acquired via experiments is fundamental in many fields of sciences. This course is designed for
students/researchers who want to gain practical experience with data analysis based on Bayesian inference. Coursework involves practical
demonstrations and discussion of solutions for data analysis problems. No advanced knowledge of statistics and probability is required.

Objective The overall goal of this course it that the students are able to develop both analytic and problem-solving skills that will serve to draw
reasonable inferences from observations. The first objective is to make the participants familiar with the conceptual framework of Bayesian
data analysis. The second goal is to introduce the ideas of modern Bayesian data analysis, including techniques such as Markov chain
Monte Carlo (MCMC) techniques, alongside the introduction of programming tools that facilitate the creation of any Bayesian inference
model. Throughout the course, this will involve practical demonstrations with example datasets, homework, and discussions that should
convince the participants of this course that it is possible to make inference and understand the data acquired from the experiments that
they usually obtain in their own research (starting from simple linear regressions all the way up to more complex models with hierarchical
structures and dependencies). After working through this course, the participants should be able to build their own inference models in
order to interpret meaningfully their own data.

Prerequisites /
notice

The very basics (or at least intuition) of programming in either Matlab or R

376-0304-00L Colloquium in Translational Science (Spring
Semester)

W  1 credit 1K M. Ristow, C. Ewald, V. Falk,
J. Goldhahn, J. Mitchell, S. Schürle-
Finke, G. Shivashankar, E. Vayena,
V. Vogel, F. von Meyenn

Abstract Current topics in translational medicine presented by speakers from academia and industry.
Objective Getting insight into actual areas and problems of translational medicine.
Content Timely and concise presentations of postgraduate students, post-docs, senior scientists, professors, as well as external guests from both

academics and industry will present topics of their interest related to translational medicine.
Prerequisites /
notice

No compulsory prerequisites, but student should have basic knowledge about biomedical research.

 Food Science
Number Title Type ECTS Hours Lecturers

Course Catalogue of ETH Zurich

752-0006-00L Colloquium in Food and Nutrition Science
Does not take place this semester.

W  1 credit 2K S. J. Sturla

Abstract Participation in weekly seminars on a variety of topics including Food Microbiology, Food Toxicology, Food Biochemistry, Food Processing,
Consumer Behavior, Food Technology, and Food Materials and Technology, and oral presentation of a selected published study in one of
these areas inspired by participation in the seminars.

Objective The objectives are to become familiar with and stimulate interest in leading-edge science related to the research topics of the Institute of
Food, Nutrition and Health.  Participants attend weekly seminars given by external and internal speakers, and are also required to deliver a
presentation on a recent research article inspired by a topic from the semester presentations.

389-5000-00L Computational Fluid Dynamics for Non-Newtonian
Flows
Does not take place this semester.

W  3 credits 2G E. J. Windhab

Abstract Solving inelastic non-Newtonian flow problems using finite volume techniques. Topics include an introduction to fluid dynamics, a
discussion of non-Newtonian viscosity models, and a discussion of numerical issues, such as accuracy, convergence, and stability. Topics
also include two-phase flow problems with moving interfaces, turbulence modeling, and spray modeling.

Objective Introduction to the foundations of Computational Fluid Dynamics (CFD) for non-Newtonian fluid systems. The course provides participants
with theoretical background in CFD methods, discusses applications in various fields, and provides hands-on experience using CFD
software via practical computer exercises.
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Content 1. Tensor review and Fluid dynamics review
2. Rheology and constitutive equations for non-Newtonian systems
3. Boundary conditions including moving boundaries
4. Basic concepts of Finite Volume Method
5. Finite Volume Methods applied to flow problems
6. Introduction to the OpenFOAM CFD software package
7. Numerical issues such as convergence, stability and accuracy
8. Applications, e.g. multi-phase flows, turbulence and sprays

Lecture notes Lecture notes will be distributed electronically
Prerequisites /
notice

The course includes computer exercises using the open source software OpenFOAM. Participants are expected to have sufficient
computer skills and access to a laptop for the in-class computer exercises.

Doctoral Department of Health Sciences and Technology - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Doctoral Department of Computer Science
More Information at: https://www.ethz.ch/en/doctorate.html

 Doctoral and Post-Doctoral Courses
Number Title Type ECTS Hours Lecturers

Course Catalogue of ETH Zurich

252-0926-00L Advanced Seminar on Distributed Systems W  2 credits 2S F. Mattern
Abstract Latest Topics in the area of Distributed Systems will be discussed.
Objective Learn about current topics in the area of Distributed Systems.
Prerequisites /
notice

Seminar for PhD students.

252-4202-00L Seminar in Theoretical Computer Science W  2 credits 2S E. Welzl, B. Gärtner, M. Ghaffari,
M. Hoffmann, J. Lengler, A. Steger,
D. Steurer, B. Sudakov

Abstract Presentation of recent publications in theoretical computer science, including results by diploma, masters and doctoral candidates.
Objective To get an overview of current research in the areas covered by the involved research groups. To present results from the literature.
Prerequisites /
notice

This seminar takes place as part of the joint research seminar of several theory groups. Intended participation is for students with excellent
performance only. Formal restriction is: prior successful participation in a master level seminar in theoretical computer science.

252-0945-10L Doctoral Seminar Machine Learning (FS20)
Only for Computer Science Ph.D. students.

This doctoral seminar is intended for PhD students
affiliated with the Institute for Machine Learning. Other
PhD students who work on machine learning projects or
related topics need approval by at least one of the
organizers to register for the seminar.

W 2 credits 1S J. M. Buhmann, T. Hofmann,
A. Krause, G. Rätsch

Abstract An essential aspect of any research project is dissemination of the findings arising from the study. Here we focus on oral communication,
which includes: appropriate selection of material, preparation of the visual aids (slides and/or posters), and presentation skills.

Objective The seminar participants should learn how to prepare and deliver scientific talks as well as to deal with technical questions. Participants are
also expected to actively contribute to discussions during presentations by others, thus learning and practicing critical thinking skills.

Prerequisites /
notice

This doctoral seminar of the Machine Learning Laboratory of ETH is intended for PhD students who work on a machine learning project,
i.e., for the PhD students of the ML lab.

263-2100-00L Research Topics in Software Engineering
Number of participants limited to 22.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W  2 credits 2S Z. Su, P. He, M. Rigger, T. Su

Abstract This seminar is an opportunity to become familiar with current research in software engineering and more generally with the methods and
challenges of scientific research.

Objective Each student will be asked to study some papers from the recent software engineering literature and review them. This is an exercise in
critical review and analysis. Active participation is required (a presentation of a paper as well as participation in discussions).

Content The aim of this seminar is to introduce students to recent research results in the area of programming languages and software engineering.
To accomplish that, students will study and present research papers in the area as well as participate in paper discussions. The papers will
span topics in both theory and practice, including papers on program verification, program analysis, testing, programming language design,
and development tools.

Literature The publications to be presented will be announced on the seminar home page at least one week before the first session.
Prerequisites /
notice

Papers will be distributed during the first lecture.

263-3840-00L Hardware Architectures for Machine Learning
The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S G. Alonso, T. Hoefler, C. Zhang

Abstract The seminar covers recent results in the increasingly important field of hardware acceleration for data science and machine learning, both
in dedicated machines or in data centers.

Objective The seminar aims at students interested in the system aspects of machine learning, who are willing to bridge the gap across traditional
disciplines: machine learning, databases, systems, and computer architecture.

Content The seminar is intended to cover recent results in the increasingly important field of hardware acceleration for data science and machine
learning, both in dedicated machines or in data centers. 

Prerequisites /
notice

The seminar should be of special interest to students intending to complete a master's thesis or a doctoral dissertation in related topics.

263-4203-00L Geometry: Combinatorics and Algorithms
The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S B. Gärtner, M. Hoffmann, E. Welzl,
M. Wettstein

Abstract This seminar complements the course Geometry: Combinatorics & Algorithms. Students of the seminar will present original research
papers, some classic and some of them very recent. 
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Objective Each student is expected to read, understand, and elaborate on a selected research paper. To this end, (s)he should give a 45-min.
presentation about the paper. The process includes

* getting an overview of the related literature;
* understanding and working out the background/motivation:
why and where are the questions addressed relevant?
* understanding the contents of the paper in all details;
* selecting parts suitable for the presentation;
* presenting the selected parts in such a way that an audience
with some basic background in geometry and graph theory can easily understand and appreciate it.

Content This seminar is held once a year and complements the course Geometry: Combinatorics & Algorithms. Students of the seminar will present
original research papers, some classic and some of them very recent. The seminar is a good preparation for a master, diploma, or
semester thesis in the area.

Prerequisites /
notice

Prerequisite: Successful participation in the course "Geometry: Combinatorics & Algorithms" (takes place every HS) is required.

264-5800-15L Doctoral Seminar in Visual Computing (FS20) W 1 credit 1S M. Pollefeys, O. Sorkine Hornung,
S. Tang

Abstract In this doctoral seminar, current research at the Institute for Visual Computing will be presented and discussed. The goal is to learn about
current research projects at our institute, to strengthen our expertise in the field, to provide a platform where research challenges can be
discussed, and also to practice scientific presentations. 

Objective In this doctoral seminar, current research at the Institute for Visual Computing will be presented and discussed. The goal is to learn about
current research projects at our institute, to strengthen our expertise in the field, to provide a platform where research challenges can be
discussed, and also to practice scientific presentations.

Content Current research at the IVC will be presented and discussed.
Prerequisites /
notice

This course requires solid knowledge in the area of Computer Graphics and Computer Vision as well as state-of-the-art research.

264-5812-00L Writing for Publication in Computer Science (WPCS)
Only for D-INFK doctoral students. 

Number of participants limited to 15.

Z  2 credits 1G S. Milligan

Abstract This short course is designed to help junior researchers in Computer Science develop the skills needed to write their first research articles.
Objective Writing for Publication in Computer Science is a short course (5 x 4-lesson workshops) designed to help doctoral students develop the

skills needed to write their first research articles. The course deals with topics such as:
- understanding the needs of different target readerships,
- managing the writing process efficiently,
- structuring texts effectively,
- producing logical flow in sentences and paragraphs,
- editing texts before submission, and
- revising texts in response to colleagues' feedback and reviewers' comments. 

Content Participants will be expected to produce a number of short texts (e.g., draft of a conference abstract) as homework assignments; they will
receive individual feedback on these texts during the course. Wherever feasible, elements of participants' future conference/journal articles
can be developed as assignments within the course, so it is likely to be particularly useful for those who have i) their data and are about to
begin the writing process, or ii) an MSc thesis they would like to convert for publication.

151-0906-00L Frontiers in Energy Research
This course is only for doctoral students.

W 2 credits 2S C. Schaffner

Abstract Doctoral students at ETH Zurich working in the broad area of energy present their research to their colleagues, their advisors and the
scientific community. Each week a different student gives a 50-60 min presentation of their research (a full introduction, background &
findings) followed by discussion with the audience.

Objective The key objectives of the course are:
 (1) participants will gain knowledge of advanced research in the area of energy;
 (2) participants will actively participate in discussion after each presentation;
 (3) participants gain experience of different presentation styles;
 (4) to create a network amongst the energy research doctoral student community.

Content Doctoral students at ETH Zurich working in the broad area of energy present their research to their colleagues, to their advisors and to the
scientific community. There will be one presentation a week during the semester, each structured as follows: 20 min introduction to the
research topic, 30 min presentation of the results, 30 min discussion with the audience.

Lecture notes Slides will be available on the Energy Science Center pages(www.esc.ethz.ch/events/frontiers-in-energy-research.html).

263-5300-00L Guarantees for Machine Learning W 5 credits 2V+2A F. Yang
Abstract This course teaches classical and recent methods in statistics and optimization commonly used to prove theoretical guarantees for

machine learning algorithms. The knowledge is then applied in project work that focuses on understanding phenomena in modern machine
learning.

Objective This course is aimed at advanced master and doctorate students who want to understand and/or conduct independent research on theory
for modern machine learning. For this purpose, students will learn common mathematical techniques from statistical learning theory. In
independent project work, they then apply their knowledge and go through the process of critically questioning recently published work,
finding relevant research questions and learning how to effectively present research ideas to a professional audience.

Content This course teaches some classical and recent methods in statistical learning theory aimed at proving theoretical guarantees for machine
learning algorithms, including topics in

- concentration bounds, uniform convergence
- high-dimensional statistics (e.g. Lasso)
- prediction error bounds for non-parametric statistics (e.g. in kernel spaces)
- minimax lower bounds
- regularization via optimization

The project work focuses on active theoretical ML research that aims to understand modern phenomena in machine learning, including but
not limited to

- how overparameterization could help generalization ( interpolating models, linearized NN )
- how overparameterization could help optimization ( non-convex optimization, loss landscape )
- complexity measures and approximation theoretic properties of randomly initialized and
trained NN
- generalization of robust learning ( adversarial robustness, standard and robust error tradeoff )
- prediction with calibrated confidence ( conformal prediction, calibration )
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Prerequisites /
notice

It’s absolutely necessary for students to have a strong mathematical background (basic real analysis, probability theory, linear algebra) and
good knowledge of core concepts in machine learning taught in courses such as “Introduction to Machine Learning”, “Regression”/
“Statistical Modelling”. It's also helpful to have heard an optimization course or approximation theoretic course. In addition to these
prerequisites, this class requires a certain degree of mathematical maturity—including abstract thinking and the ability to understand and
write proofs.

263-4507-00L Advances in Distributed Graph Algorithms
Does not take place this semester.

W 6 credits 3V+1U+1A M. Ghaffari

Abstract How can a network of computers solve the graph problems needed for running that network?
Objective This course will familiarize the students with the algorithmic tools and techniques in local distributed graph algorithms, and overview the

recent highlights in the field. This will also prepare the students for independent research at the frontier of this area.

This is a special‐topics course in algorithm design. It should be accessible to any student with sufficient theoretical/algorithmic background.
In particular, it assumes no familiarity with distributed computing. We only expect that the students are comfortable with the basics of
algorithm design and analysis, as well as probability theory. It is possible to take this course simultaneously with the course “Principles of
Distributed Computing”. If you are not sure whether you are ready for this class or not, please consult the instructor.

Content How can a network of computers solve the graph problems needed for running that network?

Answering this and similar questions is the underlying motivation of the area of Distributed Graph Algorithms. The area focuses on the
foundational algorithmic aspects in these questions and provides methods for various distributed systems --- e.g., the Internet, a wireless
network, a multi-processor computer, etc --- to solve computational problems that can be abstracted as graph problems. For instance, think
about shortest path computation in routing, or about coloring and independent set computation in contention resolution.

Over the past decade, we have witnessed a renaissance in the area of Distributed Graph Algorithms, with tremendous progress in many
directions and solutions for a number of decades-old central problems. This course overviews the highlights of these results. The course
will mainly focus on one half of the field, which revolves around locality and local problems. The other half, which relates to the issue of
congestion and dealing with limited bandwidth in global problems, will not be addressed in this offering of the course.

The course will cover a sampling of the recent developments (and open questions) at the frontier of research of distributed graph
algorithms. The material will be based on a compilation of recent papers in this area, which will be provided throughout the semester. The
tentative list of topics includes:
-    The shattering technique for local graph problems and its necessity
-    Lovasz Local Lemma algorithms, their distributed variants, and distributed applications
-               Distributed Derandomization
-    Distributed Lower bounds 
-    Graph Coloring
-    Complexity Hierarchy and Gaps
-    Primal-Dual Techniques

Prerequisites /
notice

The class assumes no knowledge in distributed algorithms/computing. Our only prerequisite is the undergraduate class Algorithms,
Probability, and Computing (APC) or any other course that can be seen as the equivalent. In particular, much of what we will discuss uses
randomized algorithms and therefore, we will assume that the students are familiar with the tools and techniques in randomized algorithms
and analysis (to the extent covered in the APC class).

252-0220-10L Introduction to Machine Learning (only project)
Only for Ph.D. students!

W 2 credits 4A A. Krause

Objective The course will introduce the foundations of learning and making predictions from data. We will study basic concepts such as trading
goodness of fit and model complexitiy. We will discuss important machine learning algorithms used in practice, and provide hands-on
experience in a course project.

Doctoral Department of Computer Science - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Doctoral Dep. of Information Technology and Electrical Engineering
More Information at: https://www.ethz.ch/en/doctorate.html

 Doctoral and Post-Doctoral Courses
A minimum of 12 ECTS credit points must be obtained during doctoral studies.

The courses on offer below are but a small selection out of a much larger available number of courses. Please discuss your course selection with your
PhD supervisor.

Number Title Type ECTS Hours Lecturers

151-0906-00L Frontiers in Energy Research
This course is only for doctoral students.

W  2 credits 2S C. Schaffner

Abstract Doctoral students at ETH Zurich working in the broad area of energy present their research to their colleagues, their advisors and the
scientific community. Each week a different student gives a 50-60 min presentation of their research (a full introduction, background &
findings) followed by discussion with the audience.

Objective The key objectives of the course are:
 (1) participants will gain knowledge of advanced research in the area of energy;
 (2) participants will actively participate in discussion after each presentation;
 (3) participants gain experience of different presentation styles;
 (4) to create a network amongst the energy research doctoral student community.

Content Doctoral students at ETH Zurich working in the broad area of energy present their research to their colleagues, to their advisors and to the
scientific community. There will be one presentation a week during the semester, each structured as follows: 20 min introduction to the
research topic, 30 min presentation of the results, 30 min discussion with the audience.

Lecture notes Slides will be available on the Energy Science Center pages(www.esc.ethz.ch/events/frontiers-in-energy-research.html).

Course Catalogue of ETH Zurich

227-0126-00L Advanced Topics in Networked Embedded Systems W  2 credits 1S L. Thiele, J. Beutel
Abstract The seminar will cover advanced topics in networked embedded systems. A particular focus are cyber-physical systems, internet of things,

and sensor networks in various application domains.
Objective The goal is to get a deeper understanding on leading edge technologies in the discipline, on classes of applications, and on current as well

as future research directions. In addition, participants will improve their presentation, reading and reviewing skills.
Content The seminar enables Master students, PhDs and Postdocs to learn about latest breakthroughs in wireless sensor networks, networked

embedded systems and devices, and energy-harvesting in several application domains, including environmental monitoring, tracking, smart
buildings and control. Participants are requested to actively participate in the organization and preparation of the seminar. In particular, they
review all presented papers using a standard scientific reviewing system, they present one of the papers orally and they lead the
corresponding discussion session.

227-0146-00L Analog-to-Digital Converters
Does not take place this semester.
Course will be moved to the fall semester 2021.

W  6 credits 2V+2U

Abstract This course provides a thorough treatment of integrated data conversion systems from system level specifications and trade-offs, over
architecture choice down to circuit implementation.

Objective Data conversion systems are substantial sub-parts of many electronic systems, e.g. the audio conversion system of a home-cinema
systems or the base-band front-end of a wireless modem. Data conversion systems usually determine the performance of the overall
system in terms of dynamic range and linearity. The student will learn to understand the basic principles behind data conversion and be
introduced to the different methods and circuit architectures to implement such a conversion. The conversion methods such as successive
approximation or algorithmic conversion are explained with their principle of operation accompanied with the appropriate mathematical
calculations, including the effects of non-idealties in some cases. After successful completion of the course the student should understand
the concept of an ideal ADC, know all major converter architectures, their principle of operation and what governs their performance.

Content - Introduction: information representation and communication; abstraction, categorization and symbolic representation; basic conversion
algorithms; data converter application; tradeoffs among key parameters; ADC taxonomy.
- Dual-slope & successive approximation register (SAR) converters: dual slope principle & converter; SAR ADC operating principle; SAR
implementation with a capacitive array; range extension with segmented array.
- Algorithmic & pipelined A/D converters: algorithmic conversion principle; sample & hold stage; pipe-lined converter; multiplying DAC; flash
sub-ADC and n-bit MDAC; redundancy for correction of non-idealties, error correction.
- Performance metrics and non-linearity: ideal ADC; offset, gain error, differential and integral non-linearities; capacitor mismatch; impact of
capacitor mismatch on SAR ADC's performance.
- Flash, folding an interpolating analog-to-digital converters: flash ADC principle, thermometer to binary coding, sparkle correction;
limitations of flash converters; the folding principle, residue extraction; folding amplifiers; cascaded folding; interpolation for folding
converters; cascaded folding and interpolation.
- Noise in analog-to-digital converters: types of noise; noise calculation in electronic circuit, kT/C-noise, sampled noise; noise analysis in
switched-capacitor circuits; aperture time uncertainty and sampling jitter.
- Delta-sigma A/D-converters: linearity and resolution; from delta-modulation to delta-sigma modulation; first-oder delta-sigma modulation,
circuit level implementation; clock-jitter & SNR in delta-sigma modulators; second-order delta-sigma modulation, higher-order modulation,
design procedure for a single-loop modulator.
- Digital-to-analog converters: introduction; current scaling D/A converter, current steering DAC, calibration for improved performance.

Lecture notes Slides are available online under https://iis-students.ee.ethz.ch/lectures/analog-to-digital-converters/
Literature - B. Razavi, Principles of Data Conversion System Design, IEEE Press, 1994

- M. Gustavsson et. al., CMOS Data Converters for Communications, Springer, 2010
- R.J. van de Plassche, CMOS Integrated Analog-to-Digital and Digital-to-Analog Converters, Springer, 2010

Prerequisites /
notice

It is highly recommended to attend the course "Analog Integrated Circuits" of Prof. Huang as a preparation for this course.

227-0159-00L Semiconductor Devices: Quantum Transport at the
Nanoscale

W  6 credits 2V+2U M. Luisier, A. Emboras

Abstract This class offers an introduction into quantum transport theory, a rigorous approach to electron transport at the nanoscale. It covers
different topics such as bandstructure, Wave Function and Non-equilibrium Green's Function formalisms, and electron interactions with
their environment. Matlab exercises accompany the lectures where students learn how to develop their own transport simulator.

Objective The continuous scaling of electronic devices has given rise to structures whose dimensions do not exceed a few atomic layers. At this size,
electrons do not behave as particle any more, but as propagating waves and the classical representation of electron transport as the sum
of drift-diffusion processes fails. The purpose of this class is to explore and understand the displacement of electrons through nanoscale
device structures based on state-of-the-art quantum transport methods and to get familiar with the underlying equations by developing his
own nanoelectronic device simulator.
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Content The following topics will be addressed:
- Introduction to quantum transport modeling
- Bandstructure representation and effective mass approximation
- Open vs closed boundary conditions to the Schrödinger equation
- Comparison of the Wave Function and Non-equilibrium Green's Function formalisms as solution to the Schrödinger equation
- Self-consistent Schödinger-Poisson simulations
- Quantum transport simulations of resonant tunneling diodes and quantum well nano-transistors
- Top-of-the-barrier simulation approach to nano-transistor
- Electron interactions with their environment (phonon, roughness, impurity,...) 
- Multi-band transport models

Lecture notes Lecture slides are distributed every week and can be found at
https://iis-students.ee.ethz.ch/lectures/quantum-transport-in-nanoscale-devices/

Literature Recommended textbook: "Electronic Transport in Mesoscopic Systems", Supriyo Datta, Cambridge Studies in Semiconductor Physics and
Microelectronic Engineering, 1997

Prerequisites /
notice

Basic knowledge of semiconductor device physics and quantum mechanics

227-0207-00L Nonlinear Systems and Control
Prerequisite: Control Systems (227-0103-00L)

W  6 credits 4G E. Gallestey Alvarez,
P. F. Al Hokayem

Abstract Introduction to the area of nonlinear systems and their control. Familiarization with tools for analysis of nonlinear systems. Discussion of the
various nonlinear controller design methods and their applicability to real life problems.

Objective On completion of the course, students understand the difference between linear and nonlinear systems, know the mathematical techniques
for analysing these systems, and have learnt various methods for designing controllers accounting for their characteristics.

Course puts the student in the position to deploy nonlinear control techniques in real applications. Theory and exercises are combined for
better understanding of the virtues and drawbacks present in the different methods.

Content Virtually all practical control problems are of nonlinear nature. In some cases application of linear control methods leads to satisfactory
controller performance. In many other cases however, only application of nonlinear analysis and control synthesis methods will guarantee
achievement of the desired objectives. 

During the past decades mature nonlinear controller design methods have been developed and have proven themselves in applications.
After an introduction of the basic methods for analysing nonlinear systems, these methods will be introduced together with a critical
discussion of their pros and cons. Along the course the students will be familiarized with the basic concepts of nonlinear control theory.

This course is designed as an introduction to the nonlinear control field and thus no prior knowledge of this area is required. The course
builds, however, on a good knowledge of the basic concepts of linear control and mathematical analysis.

Lecture notes An english manuscript will be made available on the course homepage during the course.
Literature H.K. Khalil: Nonlinear Systems, Prentice Hall, 2001.
Prerequisites /
notice

Prerequisites: Linear Control Systems, or equivalent.

151-0660-00L Model Predictive Control W  4 credits 2V+1U M. Zeilinger
Abstract Model predictive control is a flexible paradigm that defines the control law as an optimization problem, enabling the specification of time-

domain objectives, high performance control of complex multivariable systems and the ability to explicitly enforce constraints on system
behavior. This course provides an introduction to the theory and practice of MPC and covers advanced topics.             

Objective Design and implement Model Predictive Controllers (MPC) for various system classes to provide high performance controllers with desired
properties (stability, tracking, robustness,..) for constrained systems.              

Content - Review of required optimal control theory
- Basics on optimization
- Receding-horizon control (MPC) for constrained linear systems
- Theoretical properties of MPC: Constraint satisfaction and stability
- Computation: Explicit and online MPC
- Practical issues: Tracking and offset-free control of constrained systems, soft constraints
- Robust MPC: Robust constraint satisfaction
- Nonlinear MPC: Theory and computation
- Hybrid MPC: Modeling hybrid systems and logic, mixed-integer optimization
- Simulation-based project providing practical experience with MPC             

Lecture notes Script / lecture notes will be provided.
Prerequisites /
notice

One semester course on automatic control, Matlab, linear algebra.
Courses on signals and systems and system modeling are recommended. Important concepts to start the course: State-space modeling,
basic concepts of stability, linear quadratic regulation / unconstrained optimal control. 
Expected student activities: Participation in lectures, exercises and course project; homework (~2hrs/week).          

227-0418-00L Algebra and Error Correcting Codes W  6 credits 4G H.-A. Loeliger
Abstract The course is an introduction to error correcting codes covering both classical algebraic codes and modern iterative decoding. The course

includes a self-contained introduction of the pertinent basics of "abstract" algebra.
Objective The course is an introduction to error correcting codes covering both classical algebraic codes and modern iterative decoding. The course

includes a self-contained introduction of the pertinent basics of "abstract" algebra.
Content Error correcting codes: coding and modulation, linear codes, Hamming space codes, Euclidean space codes, trellises and Viterbi decoding,

convolutional codes, factor graphs and message passing algorithms, low-density parity check codes, turbo codes, polar codes, Reed-
Solomon codes.

Algebra: groups, rings, homomorphisms, quotient groups, ideals, finite fields, vector spaces, polynomials.

Lecture notes Lecture Notes (english)

227-0420-00L Information Theory II
Does not take place this semester.

W  6 credits 2V+2U A. Lapidoth

Abstract This course builds on Information Theory I. It introduces additional topics in single-user communication, connections between Information
Theory and Statistics, and Network Information Theory.

Objective The course has two objectives: to introduce the students to the key information theoretic results that underlay the design of communication
systems and to equip the students with the tools that are needed to conduct research in Information Theory.

Content Differential entropy, maximum entropy, the Gaussian channel and water filling, the entropy-power inequality, Sanov's Theorem, Fisher
information, the broadcast channel, the multiple-access channel, Slepian-Wolf coding, and the Gelfand-Pinsker problem.

Lecture notes n/a
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Literature T.M. Cover and J.A. Thomas, Elements of Information Theory, second edition, Wiley 2006

227-0455-00L Terahertz: Technology and Applications W  5 credits 3G+3A K. Sankaran
Abstract This block course will provide a solid foundation for understanding physical principles of THz applications. We will discuss various building

blocks of THz technology - components dealing with generation, manipulation, and detection of THz electromagnetic radiation. We will
introduce THz applications in the domain of imaging, sensing, communications, non-destructive testing and evaluations.

Objective This is an introductory course on Terahertz (THz) technology and applications. Devices operating in THz frequency range (0.1 to 10 THz)
have been increasingly studied in the recent years. Progress in nonlinear optical materials, ultrafast optical and electronic techniques has
strengthened research in THz application developments. Due to unique interaction of THz waves with materials, applications with new
capabilities can be developed. In theory, they can penetrate somewhat like X-rays, but are not considered harmful radiation, because THz
energy level is low. They should be able to provide resolution as good as or better than magnetic resonance imaging (MRI), possibly with
simpler equipment. Imaging, very-high bandwidth communication, and energy harvesting are the most widely explored THz application
areas. We will study the basics of THz generation, manipulation, and detection. Our emphasis will be on the physical principles and
applications of THz in the domain of imaging, sensing, communications, non-destructive testing and evaluations. 

The second part of the block course will be a short project work related to the topics covered in the lecture. The learnings from the project
work should be presented in the end.

Content PART I:

- INTRODUCTION -
Chapter 1: Introduction to THz Physics
Chapter 2: Components of THz Technology

- THz TECHNOLOGY MODULES -
Chapter 3: THz Generation
Chapter 4: THz Detection
Chapter 5: THz Manipulation

- APPLICATIONS -
Chapter 6: THz Imaging / Sensing / Communication
Chapter 7: THz Non-destructive Testing
Chapter 8: THz Applications in Plastic & Recycling Industries

PART 2:
 
- PROJECT WORK -
Short project work related to the topics covered in the lecture.
Short presentation of the learnings from the project work.
Full guidance and supervision will be given for successful completion of the short project work.

Lecture notes Soft-copy of lectures notes will be provided.
Literature - Yun-Shik Lee, Principles of Terahertz Science and Technology, Springer 2009

- Ali Rostami, Hassan Rasooli, and Hamed Baghban, Terahertz Technology: Fundamentals and Applications, Springer 2010
Prerequisites /
notice

Basic foundation in physics, particularly, electromagnetics is required. 
Students who want to refresh their electromagnetics fundamentals can get additional material required for the course.

402-0448-01L Quantum Information Processing I: Concepts
This theory part QIP I together with the experimental part
402-0448-02L QIP II (both offered in the Spring Semester)
combine to the core course in experimental physics
"Quantum Information Processing" (totally 10 ECTS
credits). This applies to the Master's degree programme in
Physics.

W  5 credits 2V+1U P. Kammerlander

Abstract The course will cover the key concepts and ideas of quantum information processing, including descriptions of quantum algorithms which
give the quantum computer the power to compute problems outside the reach of any classical supercomputer. 
Key concepts such as quantum error correction will be described. These ideas provide fundamental insights into the nature of quantum
states and measurement.

Objective We aim to provide an overview of the central concepts in Quantum Information Processing, including insights into the advantages to be
gained from using quantum mechanics and the range of techniques based on quantum error correction which enable the elimination of
noise.

Content The topics covered in the course will include quantum circuits, gate decomposition and universal sets of gates, efficiency of quantum
circuits, quantum algorithms (Shor, Grover, Deutsch-Josza,..), error correction, fault-tolerant design, entanglement, teleportation and dense
conding, teleportation of gates, and cryptography.

Lecture notes More details to follow.
Literature Quantum Computation and Quantum Information

Michael Nielsen and Isaac Chuang
Cambridge University Press

Prerequisites /
notice

Basic knowledge in the formalism of quantum states, unitary evolution and quantum measurement is recommended.

402-0448-02L Quantum Information Processing II: Implementations
This experimental part QIP II together with the theory part
402-0448-01L QIP I (both offered in the Spring Semester)
combine to the core course in experimental physics
"Quantum Information Processing" (totally 10 ECTS
credits). This applies to the Master's degree programme in
Physics.

W  5 credits 2V+1U J. Home

Abstract Introduction to experimental systems for quantum information processing (QIP). Quantum bits. Coherent Control. Measurement.
Decoherence. Microscopic and macroscopic quantum systems. Nuclear magnetic resonance (NMR). Photons. Ions and neutral atoms in
electromagnetic traps. Charges and spins in quantum dots and NV centers. Charges and flux quanta in superconducting circuits. Novel
hybrid systems.
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Objective Throughout the past 20 years the realm of quantum physics has entered the domain of information technology in more and more prominent
ways. Enormous progress in the physical sciences and in engineering and technology has allowed us to build novel types of information
processors based on the concepts of quantum physics. In these processors information is stored in the quantum state of physical systems
forming quantum bits (qubits). The interaction between qubits is controlled and the resulting states are read out on the level of single
quanta in order to process information. Realizing such challenging tasks is believed to allow constructing an information processor much
more powerful than a classical computer. This task is taken on by academic labs, startups and major industry. The aim of this class is to
give a thorough introduction to physical implementations pursued in current research for realizing quantum information processors. The
field of quantum information science is one of the fastest growing and most active domains of research in modern physics.

Content Introduction to experimental systems for quantum information processing (QIP). 
- Quantum bits
- Coherent Control
- Measurement
- Decoherence
QIP with
- Ions
- Superconducting Circuits
- Photons
- NMR
- Rydberg atoms
- NV-centers
- Quantum dots

Lecture notes Course material be made available at www.qudev.ethz.ch and on the Moodle platform for the course. More details to follow.
Literature Quantum Computation and Quantum Information

Michael Nielsen and Isaac Chuang
Cambridge University Press

Prerequisites /
notice

The class will be taught in English language.

Basic knowledge of concepts of quantum physics and quantum systems, e.g from courses such as Phyiscs III, Quantum Mechanics I and II
or courses on topics such as atomic physics, solid state physics, quantum electronics are considered helpful.

More information on this class can be found on the web site www.qudev.ethz.ch

227-0558-00L Principles of Distributed Computing W  7 credits 2V+2U+2A R. Wattenhofer, M. Ghaffari
Abstract We study the fundamental issues underlying the design of distributed systems: communication, coordination, fault-tolerance, locality,

parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential algorithmic ideas and lower bound
techniques.

Objective Distributed computing is essential in modern computing and communications systems. Examples are on the one hand large-scale networks
such as the Internet, and on the other hand multiprocessors such as your new multi-core laptop. This course introduces the principles of
distributed computing, emphasizing the fundamental issues underlying the design of distributed systems and networks: communication,
coordination, fault-tolerance, locality, parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential
algorithmic ideas and lower bound techniques, basically the "pearls" of distributed computing. We will cover a fresh topic every week.

Content Distributed computing models and paradigms, e.g. message passing, shared memory, synchronous vs. asynchronous systems, time and
message complexity, peer-to-peer systems, small-world networks, social networks, sorting networks, wireless communication, and self-
organizing systems.

Distributed algorithms, e.g. leader election, coloring, covering, packing, decomposition, spanning trees, mutual exclusion, store and collect,
arrow, ivy, synchronizers, diameter, all-pairs-shortest-path, wake-up, and lower bounds

Lecture notes Available. Our course script is used at dozens of other universities around the world.
Literature Lecture Notes By Roger Wattenhofer. These lecture notes are taught at about a dozen different universities through the world.


Distributed Computing: Fundamentals, Simulations and Advanced Topics
Hagit Attiya, Jennifer Welch.
McGraw-Hill Publishing, 1998, ISBN 0-07-709352 6

Introduction to Algorithms
Thomas Cormen, Charles Leiserson, Ronald Rivest.
The MIT Press, 1998, ISBN 0-262-53091-0 oder 0-262-03141-8

Disseminatin of Information in Communication Networks
Juraj Hromkovic, Ralf Klasing, Andrzej Pelc, Peter Ruzicka, Walter Unger.
Springer-Verlag, Berlin Heidelberg, 2005, ISBN 3-540-00846-2

Introduction to Parallel Algorithms and Architectures: Arrays, Trees, Hypercubes
Frank Thomson Leighton.
Morgan Kaufmann Publishers Inc., San Francisco, CA, 1991, ISBN 1-55860-117-1

Distributed Computing: A Locality-Sensitive Approach
David Peleg.
Society for Industrial and Applied Mathematics (SIAM), 2000, ISBN 0-89871-464-8

Prerequisites /
notice

Course pre-requisites: Interest in algorithmic problems. (No particular course needed.)

227-0662-00L Organic and Nanostructured Optics and Electronics
(Course)
Does not take place this semester.

W  3 credits 2G V. Wood

Abstract This course examines the optical and electronic properties of excitonic materials that can be leveraged to create thin-film light emitting
devices and solar cells. Laboratory sessions provide students with experience in synthesis and optical characterization of nanomaterials as
well as fabrication and characterization of thin film devices.

Objective Gain the knowledge and practical experience to begin research with organic or nanostructured materials and understand the key
challenges in this rapidly emerging field.
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Content 0-Dimensional Excitonic Materials (organic molecules and colloidal quantum dots)

Energy Levels and Excited States (singlet and triplet states, optical absorption and luminescence).

Excitonic and Polaronic Processes (charge transport, Dexter and Förster energy transfer, and exciton diffusion).

Devices (photodetectors, solar cells, and light emitting devices).

Literature Lecture notes and reading assignments from current literature to be posted on website.

227-0662-10L Organic and Nanostructured Optics and Electronics
(Project)
Does not take place this semester.

W  3 credits 2A V. Wood

Abstract This course examines the optical and electronic properties of excitonic materials that can be leveraged to create thin-film light emitting
devices and solar cells. Laboratory sessions provide students with experience in synthesis and optical characterization of nanomaterials as
well as fabrication and characterization of thin film devices.

Objective Gain the knowledge and practical experience to begin research with organic or nanostructured materials and understand the key
challenges in this rapidly emerging field.

Content 0-Dimensional Excitonic Materials (organic molecules and colloidal quantum dots)

Energy Levels and Excited States (singlet and triplet states, optical absorption and luminescence).

Excitonic and Polaronic Processes (charge transport, Dexter and Förster energy transfer, and exciton diffusion).

Devices (photodetectors, solar cells, and light emitting devices).

Literature Lecture notes and reading assignments from current literature to be posted on website.
Prerequisites /
notice

Admission is conditional to passing 227-0662-00L  Organic and Nanostructured Optics and Electronics (Course)

227-0946-00L Molecular Imaging - Basic Principles and Biomedical
Applications

W  2 credits 2V M. Rudin

Abstract Concept: What is molecular imaging.
Discussion/comparison of the various imaging modalities used in molecular imaging.
Design of target specific probes: specificity, delivery, amplification strategies.
Biomedical Applications.

Objective Molecular Imaging is a rapidly emerging discipline that translates concepts developed in molecular biology and cellular imaging to in vivo
imaging in animals and ultimatly in humans. Molecular imaging techniques allow the study of molecular events in the full biological context
of an intact organism and will therefore become an indispensable tool for biomedical research.

Content Concept: What is molecular imaging.
Discussion/comparison of the various imaging modalities used in molecular imaging.
Design of target specific probes: specificity, delivery, amplification strategies.
Biomedical Applications.

227-0974-00L TNU Colloquium W  0 credits 2K K. Stephan
Abstract This colloquium discusses research topics in Translational Neuromodeling (the development of mathematical models for diagnostics of

brain diseases) and Computational Psychiatry/Psychosomatics (the application of these models to concrete clinical questions).  The range
of topics is broad, incl. computational techniques, experimental paradigms (fMRI, EEG, behaviour), and clinical questions.

Objective see above

227-0434-10L Mathematics of Information W  8 credits 3V+2U+2A H. Bölcskei
Abstract The class focuses on mathematical aspects of 


1. Information science: Sampling theorems, frame theory, compressed sensing, sparsity, super-resolution, spectrum-blind sampling,
subspace algorithms, dimensionality reduction

2. Learning theory: Approximation theory, uniform laws of large numbers, Rademacher complexity, Vapnik-Chervonenkis dimension

Objective The aim of the class is to familiarize the students with the most commonly used mathematical theories in data science, high-dimensional
data analysis, and learning theory. The class consists of the lecture, exercise sessions with homework problems, and of a research project,
which can be carried out either individually or in groups. The research project consists of either 1. software development for the solution of
a practical signal processing or machine learning problem or 2. the analysis of a research paper or 3. a theoretical research problem of
suitable complexity. Students are welcome to propose their own project at the beginning of the semester. The outcomes of all projects have
to be presented to the entire class at the end of the semester.

Content Mathematics of Information

1. Signal representations: Frame theory, wavelets, Gabor expansions, sampling theorems, density theorems

2. Sparsity and compressed sensing: Sparse linear models, uncertainty relations in sparse signal recovery, matching pursuits, super-
resolution, spectrum-blind sampling, subspace algorithms (MUSIC, ESPRIT, matrix pencil), estimation in the high-dimensional noisy case,
Lasso

3. Dimensionality reduction: Random projections, the Johnson-Lindenstrauss Lemma

Mathematics of Learning

4. Approximation theory: Nonlinear approximation theory, fundamental limits on compressibility of signal classes, Kolmogorov-Tikhomirov
epsilon-entropy of signal classes, optimal compression of signal classes, recovery from incomplete data, information-based complexity,
curse of dimensionality

5. Uniform laws of large numbers: Rademacher complexity, Vapnik-Chervonenkis dimension, classes with polynomial discrimination,
blessings of dimensionality

Lecture notes Detailed lecture notes will be provided at the beginning of the semester and as we go along.
Prerequisites /
notice

This course is aimed at students with a background in basic linear algebra, analysis, statistics, and probability. 

We encourage students who are interested in mathematical data science to take both this course and "401-4944-20L Mathematics of Data
Science" by Prof. A. Bandeira. The two courses are designed to be complementary.

H. Bölcskei and A. Bandeira
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227-0928-00L Distinguished Lecture Series in Control
Does not take place this semester.

W  1 credit 1V F. Dörfler

Abstract This seminar introduces students to advanced scientific methods system theory, automatic control and optimization. The seminar is
primarily delivered by an external distinguished speaker and its contents will be tailored towards doctoral and research-interested students.
The detailed coverage varies every semester.

Objective The intent is to introduce students to advanced scientific methods in the areas of system theory, automatic control, and optimization. The
seminar is jointly by Prof. F. Dörfler, it will be primarily delivered by an external distinguished speaker, and its contents will be tailored
towards doctoral and research-interested students. The detailed coverage varies from semester to semester. During the Spring Semester
2019 the seminar will concentrate on robust and adaptive output regulation of multivariable and hybrid systems, and it will be delivered by
Prof. Alberto Isidori and Prof. Lorenzo Marconi.

Content In spring 2019 the seminar will concentrate on robust and adaptive output regulation of multivariable and hybrid systems.

252-0312-00L Ubiquitous Computing W  4 credits 2V+1A C. Holz, F. Mattern, S. Mayer
Abstract Unlike desktop computing, ubiquitous computing occurs anytime and everywhere, using any device, in any location, and in any format.

Computers exist in different forms, from watches and phones to refrigerators or pairs of glasses. 
Main topics: Smart environments, IoT, mobiles & wearables, context & location, sensing & tracking, computer vision on embedded
systems, health monitoring, fabrication.

Objective Unlike desktop computing, ubiquitous computing occurs anytime and everywhere, using any device, in any location, and in any format.
Computers exist in different forms, from watches and phones to refrigerators or pairs of glasses. 
Main topics: Smart environments, IoT, mobiles & wearables, context & location, sensing & tracking, computer vision on embedded
systems, health monitoring, fabrication.

Lecture notes Copies of slides will be made available
Literature Will be provided in the lecture. To put you in the mood:

Mark Weiser: The Computer for the 21st Century. Scientific American, September 1991, pp. 94-104

227-0559-00L Seminar in Deep Reinforcement Learning
Number of participants limited to 25.

W  2 credits 2S R. Wattenhofer, O. Richter

Abstract In this seminar participating students present and discuss recent research papers in the area of deep reinforcement learning. The seminar
starts with two introductory lessons introducing the basic concepts. Alongside the seminar a programming challenge is posed in which
students can take part to improve their grade.

Objective Since Google Deepmind presented the Deep Q-Network (DQN) algorithm in 2015 that could play Atari-2600 games at a superhuman level,
the field of deep reinforcement learning gained a lot of traction. It sparked media attention with AlphaGo and AlphaZero and is one of the
most prominent research areas. Yet many research papers in the area come from one of two sources: Google Deepmind or OpenAI. In this
seminar we aim at giving the students an in depth view on the current advances in the area by discussing recent papers as well as
discussing current issues and difficulties surrounding deep reinforcement learning.

Content Two introductory courses introducing Q-learning and policy gradient methods. Afterwards participating students present recent papers. For
details see: www.disco.ethz.ch/courses.html

Lecture notes Slides of presentations will be made available.
Literature OpenAI course (https://spinningup.openai.com/en/latest/) plus selected papers.

The paper selection can be found on www.disco.ethz.ch/courses.html.
Prerequisites /
notice

It is expected that student have prior knowledge and interest in machine and deep learning, for instance by having attended appropriate
courses.

227-0690-11L Advanced Topics in Control (Spring 2020)
New topics are introduced every year.

W  4 credits 2V+2U G. Banjac

Abstract Advanced Topics in Control (ATIC) covers advanced research topics in control theory. It is offered each Spring semester with the topic
rotating from year to year. Repetition for credit is possible, with consent of the instructor.

Objective During Spring 2020 the course will cover a range of topics in large-scale convex optimization. The students should be able to apply various
numerical methods to solve large-scale optimization problems arising in control, machine learning, signal processing, and finance.

Content Convex analysis and methods for large-scale optimization. Topics will include: convex sets and functions ; duality theory ; optimality and
infeasibility conditions ; structured optimization problems ; gradient-based methods ; operator splitting methods ; distributed and
decentralized optimization ; applications in various research areas.

Lecture notes Copies of the projection slides will be made available on the course Moodle platform.
Literature The course will be largely based on the Large-Scale Convex Optimization course taught at Lund University: https://archive.control.lth.se/ls-

convex-2015/


Prerequisites /
notice

Sufficient mathematical maturity, in particular in linear algebra and analysis.


227-0559-10L Seminar in Communication Networks: Learning,
Reasoning and Control
Does not take place this semester.
Number of participants limited to 24.

W  2 credits 2S L. Vanbever, A. Singla

Abstract In this seminar participating students review, present, and discuss (mostly recent) research papers in the area of computer networks. This
semester the seminar will focus on topics blending networks with machine learning and control theory.

Objective The two main goals of this seminar are: 1) learning how to read and review scientific papers; and 2) learning how to present and discuss
technical topics with an audience of peers.

Students are required to attend the entire seminar, choose a paper to present from a given list, prepare and give a presentation on that
topic, and lead the follow-up discussion. To ensure the talks' quality, each student will be mentored by a teaching assistant. In addition to
presenting one paper, every student is also required to submit one (short) review for one of the two papers presented every week in-class
(12 reviews in total).

The students will be evaluated based on their submitted reviews, their presentation, their leadership in animating the discussion for their
own paper, and their participation in the discussions of other papers.

Content The seminar will start with two introductory lectures in week 1 and week 2. Starting from week 3, participating students will start reviewing,
presenting, and discussing research papers. Each week will see two presentations, for a total of 24 papers.

The course content will vary from semester to semester. This semester, the seminar will focus on topics blending networks with machine
learning and control theory. For details, please see: https://seminar-net.ethz.ch

Lecture notes The slides of each presentation will be made available on the website.
Literature The paper selection will be made available on the course website: https://seminar-net.ethz.ch
Prerequisites /
notice

Communication Networks (227-0120-00L) or equivalents. It is expected that students have prior knowledge in machine learning and control
theory, for instance by having attended appropriate courses.
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Doctoral Dep. of Information Technology and Electrical Engineering - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Doctoral Department of Management, Technology, and Economics
More Information at: https://www.ethz.ch/en/doctorate.html

 Doctoral Studies in Management
Number Title Type ECTS Hours Lecturers

364-0406-00L Publishing in Management, Technology and
Innovation
Limited number of participants.
Only 8 places are available for doctoral students from ETH
(D-MTEC).

Registration: Students need to register via the email of the
teaching assistant namely: zjonassen@ethz.ch (Zoe
Jonassen). 
The registration will be organized on the first come first
served basis.

W 2 credits 1S G. von Krogh

Abstract The seminar aims to improve the competence of doctoral students and post docs in the area of management, technology and innovation to
publish their work in leading academic journals.

Objective The seminar adresses the following questions:
How to set up research for academic journals?
How to structure an academic paper for publication in selected journals?
How to adress editorial boards?
How to cope with editorial recommendations?
How to set up a publication strategy?
Target journals to be analysed are leading journals in the area of strategy, management, technology and innovation. Besides the journal
analysis we will discuss selected papers in management and innovation research. This seminar will be conducted as a cooperation
between EPFL, ETHZ and University of St. Gallen. Language is English.

Prerequisites /
notice

The course takes place once a year in collaboration with HSG (Prof. Gassmann), EPFL (Prof. Tucci), and ETH (Prof. von Krogh).
This year's course will be held at University of St. Gallen in June 2020.

Only 8 places are available for doctoral students from ETH, which are assigned on a first-come, first-served basis. You need to sign up by
email to the teaching assistant (Zoe Jonassen: zjonassen@ethz.ch) to be registered for the course.

364-1020-01L Methods in Management Research: Methodological Fit
in Management Research
Number of participants limited to 15.

W  1 credit 1S J. Schmutz

Abstract This module covers basic issues of study design, such as definition of concepts/variables, choice of data collection and data analysis
methods, validity and its limitations, and embedding research in existing paradigms/scientific communities.

Objective The module aims to support students in
- understanding the key elements of study design and the choices related to each
- knowing and being able to apply criteria for the validity of empirical research
- discussing methodological issues in relation to their own research

Content Basic approaches to empirical inquiry (deduction, induction, abduction) and their relation to methodological perspectives (qualitative,
quantitative, mixed) are discussed. Different types of validity of empirical research are introduced and applied to different methods for data
collection and analysis. Consideration of levels of analysis and treatment of time are discussed as two additional key requirements in study
design. The concepts introduced in the course are applied to pertinent examples of published research.

Literature Session 1: 

Choices in study design and validity criteria
Scandura, T.A. & Williams, E.A. (2000). Research methodology in management: Current practices, trends, and implications for future
research. Academy of Management Journal, 43, 1248-1264.

Edmondson, A.C. & McManus, S.E. (2007). Methodological fit in management field research. Academy of Management Review, 32, 1155-
1179.

Creswell, J.W. (2009). Research design. Qualitative, quantitative and mixed methods approaches. Chap. 10: Mixed methods procedures.

Locke, K., Golden-Biddle, K. & Feldman, M.S. (2008). Making doubt generative: Rethinking the role of doubt in the research process.
Organization Science, 19, 907-918.

Barley, S.R. (2006). When I write my masterpiece: Thoughts on what makes a paper interesting. Academy of Management Journal, 49, 16-
20.

Brutus, S., Aguinis, H. & Wassmer, U. (2013). Self-Reported Limitations and Future Directions in Scholarly Reports: Analysis and
Recommendations, Journal of Management, 39, 48-75.

Schmutz, J. B., Lei, Z., Eppich, W. J., & Manser, T. (2018). Reflection in the heat of the moment: The role of in‐action team reflexivity in
health care emergency teams. Journal of Organizational Behavior, 39(6), 749–765. (Example of quantitative research)

Bechky, B.A. & Okhyusen, G.A. (2011). Expecting the unexpected? How SWAT officers and film crews handle surprises. Academy of
Management Journal, 54, 239-261. (Example of qualitative research)

Session 2: Considering levels of analysis and time in study design; Discussion of participants' "model papers"

Klein, K.J. & Kozlowski, S.W.J. (2000). Form Micro to Meso: Critical steps in conceptualizing and conducting multilevel research.
Organizational Research Methods, 3, 211-236.

Mitchell, T.R. & James, L.R. (2001). Building better theory: Time and the specification of when things happen. Academy of Management
Review, 26, 530-547.

Prerequisites /
notice

There will be three assignments: (1) Prepare a written short summary and moderate discussion on one paper from course readings (1-2
persons); (2) Prepare short presentation of "model paper" focusing on your methods for your own research for general discussion
(individually); (3) Read all course papers as basis for discussion in class.

364-1020-06L Methods in Management Research: Experimental
Research

W  1 credit 1S P. Schmid
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Abstract This course teaches the basics of experimental research methods. The most important steps in conducting an experiment will be
discussed.
This course will be given online in 2020.

Objective Students will learn how to design their own experiment and will become aware of the most important factors that need to be considered
when planning and executing experimental research. Specifically, it will be discussed how to formulate research questions and hypotheses,
how to operationalize the relevant concepts, how to construe the experimental design, how to control potential confounding variables, how
to determine the sample size, and how to carry out the experiment. As part of the course, students will design their own experiment and
present it in class. Moreover, students will be given a scientific article that includes experimental research and will be asked to discuss the
strong and weak points of the experimental design in class. This exercise will train students' critical thinking about scientific evidence.

This course focuses primarily on laboratory and online research; however many aspects can be applied to field experiments as well.

Literature Suggested method books (good reference books)

Research Methods in Psychology: Investigating human behavior. (2nd edition) P. G. Nestor, & R. K. Schutt (Eds.), SAGE

Research Methods in Psychology (4th edition) G. M. Breakwell, J. A., Smith, & D. B. Wright (Eds.), SAGE

Prerequisites /
notice

Because the COVID-19 situation is developing quickly, this course will be online in 2020.

364-1020-07L Qualitative Methods for Management Studies
Number of participants limited to 15.

W 3 credits 2G S. Brusoni, D. Laureiro Martinez

Abstract This course addresses the main problems related to design, implementation and publication of qualitative research on generalist
management journals.  

Objective At the end of the course students will be able to define what qualitative methods are, compare and differentiate the methods’ relative
advantages, design and implement a data collection process, and analyze qualitative data. 

Content This course addresses the main problems related to designing, doing and publishing qualitative research on generalist management
journals.  
The course is divided into twelve sessions, seven sessions in which all groups work together with the instructors, and five sessions
(marked below with *) in which the groups work on their own on the course assignments. 
The focus of the course can be summarized as:
Sessions 1 to 3: issues related to design decisions 
Session 4*: polishing the interview guide
Session 5*: data collection and transcription (between 6-7 interviews)
Session 6: introduction to coding
Session 7*: development of the coding strategy
Session 8*: implementation of the coding strategy (training of coders and implementation)
Session 9: intercoder reliability analyses presentation and abstraction in groups (no results presented)
Session 10: aggregation and results presentation
Session 11*: individual reflection, writing one page and delivering it
Session 12: closing and discussion on publishing

364-1052-00L PhD Seminar in Quantitative Marketing Research W 3 credits 1S F. von Wangenheim,
R. Algesheimer

Abstract The seminar is open to PhD students in Quantitative Marketing.  Students are invited to present "work in progress". Work to be presented
should be in a state that allows for submission to an international peer-reviewed journal in the not too distant future. This seminar is a
collaboration between ETH and UZH and marketing groups from both sides will participate.

Objective The learning goal of the course is to reflect on and improve participants' research skills through presentation and discussion of research in
progress projects.
To be prepared for the seminar, students need to read up on central topics in the related literature. These references are listed in the
forthcoming syllabus. Students are invited to present "work in progress".

Content The seminar is open to PhD students in Quantitative Marketing. To be prepared for the seminar, students need to read up on central topics
in the related literature. These references are handed out in the beginning of the seminar. Students are invited to present "work in
progress". Work to be presented should be in a state that allows for submission to an international peer-reviewed journal in the not too
distant future. This seminar is a collaboration between ETH and UZH and marketing groups from both sides will participate.
To be prepared for the seminar, students need to read up on central topics in the related literature. These references are listed in the
forthcoming syllabus. Students are invited to present "work in progress".

364-1119-00L Next-Generation Information Systems
Number of participants limited to 10.

W 1 credit 1S S. Feuerriegel, E. Fleisch

Abstract This seminar will explore recent advances in the areas of information systems and business analytics with a particular focus on quantitative
research. An essential aspect of any research project is dissemination of the findings arising from the study. 

Objective The seminar participants should learn how to prepare and deliver scientific talks as well as to deal with technical questions. Participants are
also expected to actively contribute to discussions during presentations by others, thus learning and practicing critical thinking skills.

364-1131-00L Methods in Management Research: Quantitative
Research - Multilevel and Structural Equation
Modelling
If you have already successfully completed "364-1020-04L
Methods in Management Research: Quantitative
Research - Multilevel Analysis" and / or "364-1020-05L
Methods in Management Research: Quantitative
Research - Structural Equation Modelling", then you will
not be permitted to attend this course.

W  2 credits 1S S. Raeder

Abstract Multilevel modelling and structural equation modelling are two regression-based methods of data analysis that are increasingly used in
applied fields of Management and Organizational Behaviour. The course provides basic knowledge about both methods (e.g., design,
analysis, reporting) and explains more advanced models (e.g., moderation, mediation, longitudinal). 

Objective After this course, students will be able to: 
- design a multilevel model and a structural equations model,
- calculate a multilevel model and a structural equations model,
- interpret model results,
- report model results,
- assess models reported in existing research.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 532 of 1785

Content The course provides skills and knowledge for the design and analysis of multilevel models and structural equation models (SEM). Multilevel
analysis is required for data collected in clustered samples for which sampling decisions were taken in several steps (e.g. first choosing
firms, then employees in firms). Structural equation modeling (SEM) is a technique to build models and test causal relationships including
latent variables, several outcome variables and intervening variables.

The course teaches basic skills and advanced models for both methods. This allows students to compare both methods and their use and
to choose the appropriate method for their own research. The basic knowledge in multilevel modelling covers: building the statistical
multilevel model, calculating a multilevel model in SPSS, reporting of results and required sample size. The basic knowledge in SEM
include: model identification and model fit, measurement model and structural model, calculating a SEM in Mplus and reporting of results.

Advanced topics for both methods refer to moderation (i.e., interaction effects), mediation (i.e., intervening variables) and longitudinal
analysis with three or more measurement waves. Comparing options provided by the different methods allows us to understand strengths
and weaknesses of both methods in relation to research goals.

Students work on six assignments during the course. In two assignments, students find sample papers from their field of research applying
each of the methods. Two assignments consist of an analysis with each of the methods. One assignment refers to designing a multilevel
model within a student’s own field of research. The final assignment requires students to report an analysis for presentation in a scientific
paper. Students can use their own data for the assignments requiring data analysis.

Basic knowledge in regression analysis is necessary for following the course. The course uses SPSS for multilevel modelling and Mplus for
SEM.

 Doctoral Studies in Economics
Number Title Type ECTS Hours Lecturers

364-0531-00L CER-ETH Research Seminar Z  0 credits 2S H. Gersbach, A. Bommier,
L. Bretschger

Abstract Research Seminar of Center of Economic Research CER-ETH
Objective Survey of the currently leading research in economics, especially in the CER-ETH research fields.
Content Presentations of current and recent research results in the CER-ETH research fields, usually by international guest speakers.
Prerequisites /
notice

Please note the special announcements.

364-0554-00L Dynamic Panel Data Econometrics
Does not take place this semester.

W  3 credits 1G

Abstract A five half-days applied and theoretical econometrics course, designed to enable students at the PhD-level to conduct empirical research in
the field of microeconomics.

Objective This course focuses on techniques to analyse panel data sets containing only few time-series observations. The methods are illustrated
and applied, both experimentally (in simulations) and empirically, in demonstrations which use the software packages EViews, Matlab and
STATA.

The course emphasizes the interpretation, validation and actual finite sample (in)accuracy of dynamic econometric panel data methods
when applied to contemporary topics in empirical economic research. Participants will be equipped with the econometric tools required to
analyse dynamic relationships on the basis of panel data.

Content The course consists of theory sessions, taught in a standard lecture format, including extensive illustrative computer demonstrations.
Students will be provided with code and data which allows them during the afternoons (or at a later stage) to practice, provided they have
arranged access (via their laptop) to the required software (preferably at least Stata).

1. Unobserved heterogeneity; static panel data models
2. Dynamic panel data models; method of moments estimation
3. Generalized method of moments; Arellano-Bond and Blundell-Bond estimation 
4. Over-identification restrictions, instrument validity, instrument weakness
5. Tests for serial correlation and for the endogeneity/exogeneity status of regressors
6. Applications and practical performance

Lecture notes Lecture notes and code will be made available during the first lecture.
Literature (1) Hsiao, C. Analysis of Panel Data, 2003, Cambridge: Cambridge University Press, 2nd edition.

(2) Baltagi, B. The Econometric Analysis of Panel Data, 2008, New York: John Wiley, 4th edition.
(3) Wooldridge, J.M. Econometric Analysis of Cross Section and Panel Data, 2010, Cambridge: MIT Press. 2nd edition.
(4) Cameron, A.C. und Trivedi, P.K. Microeconometrics: Methods and Applications, 2005, Cambridge University Press, Chapters 21 and
22.
(5) Verbeek, M. A Guide to Modern Econometrics, (2012), Chichester: John Wiley. 4th edition. Chapter 10.
(6) Arellano, M. Panel Data Econometrics, 2003, Oxford: Oxford University Press.
(7) Kiviet, J.F., Pleus, M., Poldermans, R.W. Accuracy and efficiency of various GMM inference techniques in dynamic micro panel data
models, mimeo 2015 (to be distributed at the course).

Prerequisites /
notice

The course is offered by a visiting lecturer.

.

364-0556-00L Doctoral Workshop: Astute Modelling
Prerequisite: Students are expected to attend the course
364-0559-02L "Design of Institutions and Political
Economy", before registering for this workshop.

W  3 credits 1G H. Gersbach

Abstract In this workshop, we present ongoing research at MIP and discuss the criteria and guidelines for smart modelling of social and economic
situations.

Objective We will learn how to present our own research and improve our modelling skills.

364-0559-02L Design of Institutions and Political Economy W 3 credits 2V A. Mamageishvili
Abstract Institutions and in particular political institutions are a central determinant of economic performance. In this course, we learn the

characteristics of collective decision making and political processes as well as the theoretical tools in institutional design. At the end of the
course we will discuss recent research in political economics.Design of Institutions and Policy

Objective In this doctoral course, we learn the theoretical tools and major results in collective decision theory and political economics. We will use this
knowledge to discuss recent research in political economics. The course enables the participants to do their own research in political
economics or apply the frameworks to interesting institutional design problems in their own research area.
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Content Part I: Theoretical Tools and Important Results (lectures)
1. Collective Decision Making and Impossibility Results
2. Voting Models
3. Lobbying 
4. Creating Institutions: A Mechanism Design Perspective
5. Dynamic Political Economy

Part II: Recent Research in Political Economics (presentations)

Prerequisites /
notice

In the first part, the theory is presented in lectures. In the second part, each participant will present a paper of her/his interest from the
syllabus (provided in the first class meeting) and has to write a referee report (of max. 3 pages) on it.

364-0576-00L Advanced Sustainability Economics
PhD course, open for MSc students

W  3 credits 3G L. Bretschger

Abstract The course covers current resource and sustainability economics, including ethical foundations of sustainability, intertemporal optimisation
in capital-resource economies, sustainable use of non-renewable and renewable resources, pollution dynamics, population growth, and
sectoral heterogeneity. A final part is on empirical contributions, e.g. the resource curse, energy prices, and the EKC.

Objective Understanding of the current issues and economic methods in sustainability research; ability to solve typical problems like the calculation of
the growth rate under environmental restriction with the help of appropriate model equations.

364-0581-00L Microeconomics Seminar (ETH/UZH)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: DOEC6089

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

E-  0 credits 2S H. Gersbach

Abstract Research Seminar
research papers  of leading researchers in Microeconomics are presented and discussed

Objective Research Seminar
research papers  of leading researchers in Microeconomics are presented and discussed

Content Invited Speakers present current research in Microeconomics

364-1015-00L KOF-ETH-UZH International Economic Policy Seminar
(University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: DOEC0584

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  2 credits 2S P. Egger, J.-E. Sturm

Abstract In this seminar series, which is held jointly with Prof. Dr. Woitek and Prof. Dr. Hoffman from the University of Zurich, distinguished
international researchers present their current research related to international economic policy. The participating doctoral students are
expected to attend the presentations (bi-weekly). Moreover, a critical review has to be prepared for 1 of the papers presented

Objective On the one hand, participating students are exposed to research at the frontier of international economic policy research. On the other
hand, skills such as critical thinking and preparing reviews are learned.

364-1026-00L Identification and Causal Inference
Does not take place this semester.

W  3 credits 2V

Abstract Most policy relevant research questions in the social sciences face the same challenge: How can we identify a causal impact of one
variable on another when we cannot use a controlled experiment? This course will teach program evaluation methods for causal analysis
based on non-experimental (i.e. observational) data, derive the underlying theory and discuss recent applications.

Objective The main objective of this course is to make PhD students familiar with program evaluation methods such as Difference-
in-Differences/Event Study estimations, Instrumental Variables Estimators, Regression Discontinuity designs and Matching Methods. The
course will cover the underlying theory, illustrate the connection to classical regression analysis, show how these different methods relate
to each other and how they differ in terms of the required identifying assumptions as well as data needs. Recent research papers will be
discussed to illustrate their use. The course has an applied focus. The goal is to place students in the position to have a broad toolkit of
quasi-experimental methods and to apply these methods in their empirical research.

Lecture notes We will provide printed slides at the beginning of each lecture.
Literature Lecture notes will be provided and course will also draw on recent research papers. No specific textbook is required.

364-1045-00L Advances in Public Economics W 3 credits 2S M. Köthenbürger
Abstract In the doctoral course, we will discuss recent advances in public economics. After a review of basic concepts in public economics, we go

through recent papers on taxation, social security and fiscal federalism. Students will be asked to present a paper and to critically comment
on it (as if they would referee the paper). The paper presentation will take place at the end of the semester.

Objective After the course participants will have a solid understanding of the current state of research in the selected fields in public economics and,
starting from there, will be able to develop their own research ideas.

364-1058-00L Risk Center Seminar Series Z  0 credits 2S A. Bommier, D. Basin,
D. N. Bresch, L.-E. Cederman,
P. Cheridito, H. Gersbach,
G. Sansavini, F. Schweitzer,
D. Sornette, B. Stojadinovic,
B. Sudret, U. A. Weidmann,
S. Wiemer, M. Zeilinger,
R. Zenklusen

Abstract This course is a mixture between a seminar primarily for PhD and postdoc students and a colloquium involving invited speakers. It consists
of presentations and subsequent discussions in the area of modeling and governing complex socio-economic systems, and managing risks
and crises. Students and other guests are welcome.

Objective Participants should learn to get an overview of the state of the art in the field, to present it in a well understandable way to an
interdisciplinary scientific audience, to develop novel mathematical models and approaches for open problems, to analyze them with
computers or other means, and to defend their results in response to critical questions. In essence, participants should improve their
scientific skills and learn to work scientifically on an internationally competitive level.

Content This course is a mixture between a seminar primarily for PhD and postdoc students and a colloquium involving invited speakers. It consists
of presentations and subsequent discussions in the area of modeling complex socio-economic systems and crises. For details of the
program see the webpage of the seminar. Students and other guests are welcome.
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Lecture notes There is no script, but the sessions will be recorded and be made available. Transparencies of the presentations may be put on the course
webpage.

Literature Literature will be provided by the speakers in their respective presentations.
Prerequisites /
notice

Participants should have relatively good scientific, in particular mathematical skills and some experience of how scientific work is
performed.

364-1090-00L Research Seminar in Contract Theory, Banking and
Money (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: DOEC0786

Mind the enrolment deadlines at UZH:
http://www.uzh.ch/studies/application/mobilitaet_en.html

W 3 credits 2S H. Gersbach, University lecturers

Abstract Recent developments in the fields of contract theory, finance, banking, money and macroeconomics.
Objective Understanding recent developments in the fields of contract theory, finance, banking and macroeconomics.

364-1121-00L Frontiers in Applied Econometrics: Methods and
Applications in Environmental and Energy Economics
Does not take place this semester.

W 3 credits 3G

Abstract The focus of this course is on applied econometrics. The course will cover methods and applications that are used in recent papers in the
field of energy and environmental economics. The course will focus on state-of-the-art empirical methods and applications that illustrate
how such methods can be successfully applied. 

Objective The course will cover methods that span four broad themes: experimental, quasi-experimental, structural, and machine learning
approaches. 

The goal of the class is to familiarize students with state-of-the-art empirical techniques in the field of of energy and environmental
economics and help them identifying methods that they can apply in their own research.


364-1133-00L Empirical Methods for Macroeconomic Research W 3 credits 1G S. Sarferaz
Abstract The course equips PhD students with the toolkit required for empirical analysis in macroeconomic research and forecasting as conducted

by academic researchers or government agencies.
Objective The first part of the course focuses on Bayesian statistics and multivariate time series analysis, such as Bayesian shrinkage, Markov Chain

Monte Carlo Methods, Structural Vector Autoregressions, Dynamic Factor Models and Time-Varying Parameter models. In the second part,
we apply these methods to specific problems of causal inference and forecasting in macroeconomics. In the computer tutorials, we work on
actual programming exercises, thus developing our own toolkit for many of the techniques using R.

 Additional Courses
Course Catalogue of ETH Zurich

Doctoral Department of Management, Technology, and Economics - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Doctoral Department of Mechanical and Process Engineering
More Information at: https://www.ethz.ch/en/doctorate.html

 Doctoral and Post-Doctoral Courses
Number Title Type ECTS Hours Lecturers

151-0111-00L Research Seminar in Fluid Dynamics
Internal research seminar for graduate students and
scientific staffs of the IFD

Z  0 credits 2S P. Jenny, T. Rösgen

Abstract Current research projects at the Institute of Fluid Dynamics are presented and discussed.
Objective Exchange on current internal research projects. Training of presentation skills.
Content Current research projects in Fluid Dynamics

Course Catalogue of ETH Zurich

151-0906-00L Frontiers in Energy Research
This course is only for doctoral students.

W  2 credits 2S C. Schaffner

Abstract Doctoral students at ETH Zurich working in the broad area of energy present their research to their colleagues, their advisors and the
scientific community. Each week a different student gives a 50-60 min presentation of their research (a full introduction, background &
findings) followed by discussion with the audience.

Objective The key objectives of the course are:
 (1) participants will gain knowledge of advanced research in the area of energy;
 (2) participants will actively participate in discussion after each presentation;
 (3) participants gain experience of different presentation styles;
 (4) to create a network amongst the energy research doctoral student community.

Content Doctoral students at ETH Zurich working in the broad area of energy present their research to their colleagues, to their advisors and to the
scientific community. There will be one presentation a week during the semester, each structured as follows: 20 min introduction to the
research topic, 30 min presentation of the results, 30 min discussion with the audience.

Lecture notes Slides will be available on the Energy Science Center pages(www.esc.ethz.ch/events/frontiers-in-energy-research.html).

151-0528-00L Theory of Phase Transitions W  4 credits 3G L. Guin, D. Kochmann
Abstract Phase transitions are responsible for various intriguing phenomena in physics and especially mechanics such as, e.g., superelasticity and

the shape memory effect in shape memory alloys, polarization reversal in ferroelectrics, or dendritic solidification in crystal growth. This
course surveys different theoretical approaches to phase transistions and introduces related modeling techniques.

Objective Students learn different approaches to describing phase transitions at the continuum scale (including the sharp-interface approach,
regularized and phase-field models) and at the discrete level (e.g., chains of interacting particles). By discussing various physical problems
involving phase transitions, while pointing out their common features and specific properties, students acquire a physical understanding of
those phenomena. In addition, students  learn basic concepts of modeling and numerically simulating problems involving phase transitions.

Content 1. Introduction - review of continuum mechanics and thermodynamics.
2. Stability of equilibria, the Ericksen's bar problem.
3. Equilibrium phase mixtures and quasistatic processes in 1D.
4. Continuum theory of phase boundaries in 3D.
5. Mathematical aspects of phase transitions.
6. A discrete approach with an atomistic basis.
7. Regularized and phase-field models.
8. Polarization switching in ferroelectrics: the Ginzburg-Landau theory.
9. Phase-field modeling of polarization switching.
10. Fourier-based methods for phase-field models.
11. Propagation of solidification fronts: the Stefan problem.
12. Crystal growth on vicinal surfaces.
13. The framework of configurational forces.
14. Phase transitions in metamaterials.

Lecture notes Copies of the lecture notes will be provided for each class, however students are strongly encouraged to take their own notes. 
Literature Evolution of Phase Transitions: A Continuum Theory, R. Abeyaratne & J.K. Knwoles, Cambridge University Press

The Classical Stefan Problem, S.C. Gupta, Elsevier (recommended/not required background literature)
Prerequisites /
notice

Mechanics 1, 2 and 3. Ideally Continuum Mechanics.

151-0540-00L Experimental Mechanics
Does not take place this semester.

W  4 credits 2V+1U J. Dual

Abstract 1. General aspects like transfer functions, vibrations, modal analysis, statistics, digital signal processing, phase locked loop, 2. Optical
methods 3. Piezoelectricity 4. Electromagnetic excitation and detection 5. Capacitive Detection

Objective Understanding, quantitative modelling and practical application of experimental methods for producing and measuring mechanical
quantities (motion, deformation, stresses,..)

Content 1. General Aspects: Measurement chain, transfer functions, vibrations and waves in continuous systems, modal analysis, statistics, digital
signal analysis, phase locked loop. 2. Optical methods ( acousto optic modulation, interferometry, holography, photoelasticity, shadow
optics, Moire methods ) 3. Piezoelectric materials: basic equations, applications, accelerometer ) 4. Electomagnetic excitation and
detection, 5. Capacitive detection
Practical training and homeworks

Lecture notes no
Prerequisites /
notice

Prerequisites: Mechanics I to III, Physics, Elektrotechnik

151-0566-00L Recursive Estimation W  4 credits 2V+1U R. D'Andrea
Abstract Estimation of the state of a dynamic system based on a model and observations in a computationally efficient way.
Objective Learn the basic recursive estimation methods and their underlying principles.
Content Introduction to state estimation; probability review; Bayes' theorem; Bayesian tracking; extracting estimates from probability distributions;

Kalman filter; extended Kalman filter; particle filter; observer-based control and the separation principle.
Lecture notes Lecture notes available on course website: http://www.idsc.ethz.ch/education/lectures/recursive-estimation.html
Prerequisites /
notice

Requirements: Introductory probability theory and matrix-vector algebra.

151-0623-00L ETH Zurich Distinguished Seminar in Robotics,
Systems and Controls
Does not take place this semester.

W  1 credit 1S B. Nelson, M. Chli, R. Gassert,
M. Hutter, W. Karlen, R. Riener,
R. Siegwart
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Abstract This course consists of a series of seven lectures given by researchers who have distinguished themselves in the area of Robotics,
Systems, and Controls.

Objective Obtain an overview of various topics in Robotics, Systems, and Controls from leaders in the field. Please see
http://www.msrl.ethz.ch/education/distinguished-seminar-in-robotics--systems---controls--151-0623-0.html for a list of upcoming lectures.

Content This course consists of a series of seven lectures given by researchers who have distinguished themselves in the area of Robotics,
Systems, and Controls. MSc students in Robotics, Systems, and Controls are required to attend every lecture. Attendance will be
monitored. If for some reason a student cannot attend one of the lectures, the student must select another ETH or University of Zurich
seminar related to the field and submit a one page description of the seminar topic. Please see
http://www.msrl.ethz.ch/education/distinguished-seminar-in-robotics--systems---controls--151-0623-0.html for a suggestion of other
lectures.

Prerequisites /
notice

Students are required to attend all seven lectures to obtain credit. If a student must miss a lecture then attendance at a related special
lecture will be accepted that is reported in a one page summary of the attended lecture. No exceptions to this rule are allowed.

151-0840-00L Principles of FEM-Based Optimization and
Robustness Analysis

W  5 credits 2V+2U B. Berisha, P. Hora, N. Manopulo

Abstract The course provides fundamentals of stochastic simulation and non-linear optimization methods. Methods of non-linear optimizaion for
complex mechanical systems will be introduced und applied on real processes. Typical applications of stochastical methods for the
prediction of process stability and robustness analysis will be discussed.

Objective Real systems are, in general, of non-linear nature. Moreover, they are submitted to process parameter variations. In spite of this, most
research is performed assuming deterministic boundary conditions, in which all parameters are constant. As a consequence, such research
cannot draw conclusions on real system behavior, but only on behavior under singular conditions. Hence, the objective of this course is to
give an insight into stochastic simulations and non-linear optimization methods. 

Students will learn mathematical methods e.g. gradient based and gradient free methods like genetic algorithm, and optimization tools
(Matlab Optimization Toolbox) to solve basic optimization and stochastic problems. 

Furthermore, special attention will be paid to the modeling of engineering problems using a commercial finite element program e.g.
ABAQUS to evaluate the mechanical response of a system, and an optimization tool e.g. LS-Opt for the mathematical optimization and
robustness analysis.

Content Principles of nonlinear optimization

-    Introduction into nonlinear optimization and stochastic process simulation
-    Principles of nonlinear optimization
-    Introduction into the design optimization and probabilistic tool LS-Opt
-    Design of Experiments DoE
-    Introduction into nonlinear finite element methods

Optimization of nonlinear systems

-    Application: Optimization of simple structures using LS-Opt and ABAQUS
-    Optimization based on meta modeling techniques
-    Introduction into structure optimization
-    Introduction into geometry parametrization for shape and topology optimization

Robustness and sensitivity of multiparameter systems

-    Introduction into stochastics and robustness of processes
-    Sensitivity analysis
-    Application examples

Lecture notes yes

151-0944-00L Case Studies on Earth's Natural Resources
Does not take place this semester.

W  3 credits 3S M. Mazzotti

Abstract By working on case studies, built around everyday consumer products, and by applying engineering principles (e.g. material and energy
balances), students will gain insight into natural resources, their usage in today's society, the challenges and the opportunities ensuing from
the need to make their use long-term sustainable.

Objective The students are supposed to gain insight about our natural resources, and how their usage and supply relate to our society and to us as
individuals. The students will analyse how the natural resources form and change, how they are extracted and used, and how we can
utilize them in a sustainable way.

Content The students will analyze processes and products in terms of their use of natural resources. The study will use everyday consumer
products as examples, will use engineering principles together with physics and chemistry fro the analysis,  and will be based on
documentation collected by the students withe the help of lecturer and assistants. Through these examples, the students will be made
familiar with issues about the circular economy and recycling. 

Lecture notes Handouts during the class.
Literature Walther, John V., "Earth's natural resources", (2014)  Jones & Bartlett Learning //  Oberle, B., Bringezu, S., Hatfield-Dodds, S., Hellweg, S.,

Schandl, H., Clement, J., "Global Resources Outlook 2019: Natural resources for the future we want - A Report of the International
Resource Panel", (2019) United Nations Environment Programme.

Prerequisites /
notice

Students must be enrolled in a MSc or doctoral program at ETH Zurich. 

151-1053-00L Thermo- and Fluid Dynamics Z  0 credits 2K P. Jenny, R. S. Abhari,
K. Boulouchos, G. Haller, C. Müller,
N. Noiray, D. Poulikakos, H.-
M. Prasser, T. Rösgen, A. Steinfeld

Abstract Current advanced research activities in the areas of thermo- and fluid dynamics are presented and discussed, mostly by external speakers.

The talks are public and open also for interested students.

Objective Knowledge of advanced research in the areas of thermo- and fluid dynamics
Content Current advanced research activities in the areas of thermo- and fluid dynamics are presented and discussed, mostly by external speakers.

151-9902-00L Workshop on Intellectual Property Rights W  1 credit 1S C. Soltmann
Abstract The 2-day workshop is an introduction to intellectual property rights. It informs participants about the different methods of protecting

technical know-how and puts them in a position to use this knowledge for their own research. The workshop includes exercises and use
cases tailored to mechanical engineers. An outlook on IP strategy for start-ups rounds up the program.
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Objective Knowledge about patents and other intellectual property (IP) rights has become increasingly important for scientists in the field of
mechanical engineering. In fact, many doctoral students disclose their first inventions here at ETH Zurich. The workshop is an excellent
introduction to the fundamental aspects of intellectual property (IP) rights and prepares you well for your first patent application.

Content Presentations and exercises on intellectual property rights (what is new? what is inventive? what is the role of a patent claim?), patent
search, invention disclosures at ETH Zurich, commercialization of an invention by an ETH spin-off.

Lecture notes Presentation slides.
Prerequisites /
notice

The course is limited to 25 participants. In case more students sign up, ETH transfer will make the selection based on pre-defined criteria
(even distribution over the various research groups, 2nd year students first).

101-0178-01L Uncertainty Quantification in Engineering W  3 credits 2G S. Marelli
Abstract Uncertainty quantification aims at studying the impact of aleatory and epistemic uncertainty onto computational models used in science and

engineering. The course introduces the basic concepts of uncertainty quantification: probabilistic modelling of data (copula theory),
uncertainty propagation techniques (Monte Carlo simulation, polynomial chaos expansions), and sensitivity analysis.

Objective After this course students will be able to properly pose an uncertainty quantification problem, select the appropriate computational methods
and interpret the results in meaningful statements for field scientists, engineers and decision makers. The course is suitable for any
master/Ph.D. student in engineering or natural sciences, physics, mathematics, computer science with a basic knowledge in probability
theory.

Content The course introduces uncertainty quantification through a set of practical case studies that come from civil, mechanical, nuclear and
electrical engineering, from which a general framework is introduced. The course in then divided into three blocks: probabilistic modelling
(introduction to copula theory), uncertainty propagation (Monte Carlo simulation and polynomial chaos expansions) and sensitivity analysis
(correlation measures, Sobol' indices). Each block contains lectures and tutorials using Matlab and the in-house software UQLab
(www.uqlab.com).

Lecture notes Detailed slides are provided for each lecture. A printed script gathering all the lecture slides may be bought at the beginning of the
semester.

Prerequisites /
notice

A basic background in probability theory and statistics (bachelor level) is required. A summary of useful notions will be handed out at the
beginning of the course.

A good knowledge of Matlab is required to participate in the tutorials and for the mini-project.

101-0190-08L Uncertainty Quantification and Data Analysis in
Applied Sciences
The course should be open to doctoral students from
within ETH and UZH who work in the field of
Computational Science. External graduate students and
other auditors will be allowed by permission of the
instructors.

W  3 credits 4G E. Chatzi, P. Koumoutsakos,
S. Marelli, V. Ntertimanis,
K. Papadimitriou

Abstract The course presents fundamental concepts and advanced methodologies for handling and interpreting data in relation with models. It
elaborates on methods and tools for identifying, quantifying and propagating uncertainty through models of systems with applications in
various fields of Engineering and Applied science.

Objective The course is offered as part of the Computational Science Zurich (CSZ) (http://www.zhcs.ch/) graduate program, a joint initiative between
ETH Zürich and University of Zürich. This CSZ Block Course aims at providing a graduate level introduction into probabilistic modeling and
identification of engineering systems. 
Along with fundamentals of probabilistic and dynamic system analysis, advanced methods and tools will be introduced for surrogate and
reduced order models, sensitivity and failure analysis, parallel processing, uncertainty quantification and propagation, system identification,
nonlinear and non-stationary system analysis.

Content The topics to be covered are in three broad categories, with a detailed outline available online (see Learning Materials).
Track 1: Uncertainty Quantification and Rare Event Estimation in Engineering, offered by the Chair of Risk, Safety and Uncertainty
Quantification, ETH Zurich (18 hours)
Lecturers: Prof. Dr. Bruno Sudret, Dr. Stefano Marelli
Track 2: Bayesian Inference and Uncertainty Propagation, offered the by the System Dynamics Laboratory, University of Thessaly, and the
Chair of Computational Science, ETH Zurich (18 hours)
Lecturers: Prof. Dr. Costas Papadimitriou, Dr. Georgios Arampatzis, Prof. Dr. Petros Koumoutsakos
Track 3: Data-driven Identification and Simulation of Dynamic Systems, offered the by the Chair of Structural Mechanics, ETH Zurich (18
hours)
Lecturers: Prof. Dr. Eleni Chatzi, Dr. Vasilis Dertimanis 
The lectures will be complemented via a comprehensive series of interactive Tutorials will take place.

Lecture notes The course script is composed by the lecture slides, which will be continuously updated throughout the duration of the course on the CSZ
website.

Literature Suggested Reading:
Track 2 : E.T. Jaynes: Probability Theory: The logic of Science
Track 3: T. Söderström and P. Stoica: System Identification, Prentice Hall International, Link see Learning Materials.
Xiu, D. (2010) Numerical methods for stochastic computations - A spectral method approach, Princeton University press.
Smith, R. (2014) Uncertainty Quantification: Theory, Implementation and Applications SIAM Computational Science and Engineering,
Lemaire, M. (2009) Structural reliability, Wiley.
Saltelli, A., Ratto, M., Andres, T., Campolongo, F., Cariboni, J., Gatelli, D., Saisana, M. & Tarantola, S. (2008) Global Sensitivity Analysis -
The Primer, Wiley.

Prerequisites /
notice

Introductory course on probability theory
Fair command on Matlab

227-0224-00L Stochastic Systems W  4 credits 2V+1U F. Herzog
Abstract Probability. Stochastic processes. Stochastic differential equations. Ito. Kalman filters. St Stochastic optimal control. Applications in

financial engineering.
Objective Stochastic dynamic systems. Optimal control and filtering  of stochastic systems. Examples in technology and finance.
Content - Stochastic processes

- Stochastic calculus (Ito)
- Stochastic differential equations
- Discrete time stochastic difference equations
- Stochastic processes AR, MA, ARMA, ARMAX, GARCH
- Kalman filter
- Stochastic optimal control
- Applications in finance and engineering

Lecture notes H. P. Geering et al., Stochastic Systems, Measurement and Control Laboratory, 2007 and handouts

327-2140-00L Microscopy Training FIB-SEM
Number of participants limited to 6. PhD students will be
asked for a fee.

W  1 credit 2P P. Zeng, A. G. Bittermann, S. Gerstl,
L. Grafulha Morales, K. Kunze,
J. Reuteler
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https://scopem.ethz.ch/education/MTP.html

Registration form:
(https://scopem.ethz.ch/education/MTP/2019-
11-15-scanning-electron-microscopy1.html)

Abstract The introductory course on Focused Ion Beam (FIB) provides theoretical and hands-on learning for new operators, utilizing lectures,
demonstrations and hands-on sessions. 

Objective - Set-up, align and operate a FIB-SEM successfully and safely.
- Accomplish operation tasks and optimize microscope performances. 
- Perform sample preparation (TEM lamella, APT probe…) using FIB-SEM. 
- Perform other FIB techniques, such as characterization 
- At the end of the course, students will know how to set-up FIB-SEM, how to prepare TEM lamella/APT probe and how to utilize FIB
techniques.

Content This course provides FIB techniques to students with previous SEM experience. 
- Overview of FIB theory, instrumentation, operation and applications. 
- Introduction and discussion on FIB and instrumentation. 
- Lectures on FIB theory. 
- Lectures on FIB applications. 
- Practicals on FIB-SEM set-up, cross-beam alignment.
- Practicals on site-specific cross-section and TEM lamellar preparation. 
- Lecture and demonstration on FIB automation. 

Literature - Detailed course manual. 
- Giannuzzi, Stevie: Introduction to focused ion beams instrumentation, theory, techniques, and practice, Springer, 2005.
- Orloff, Utlaut, Swanson: High resolution focused ion beams: FIB and its applications, Kluwer Academic/Plenum Publishers, 2003. 

Prerequisites /
notice

The students should fulfil one or more of these prerequisites:
- Prior attendance to the ScopeM Microscopy Training SEM I: Introduction to SEM (327-2125-00L).
- Prior SEM experience. 

327-2224-00L MaP Distinguished Lecture Series on Additive
Manufacturing
This course is primarily designed for MSc and doctoral
students. Guests are welcome.

W  1 credit 2S L. Schefer, M. Meboldt,
A. R. Studart

Abstract This course is an interdisciplinary colloquium on Additive Manufacturing (AM) involving different internationally renowned speakers from
academia and industry giving lectures about their cutting-edge research, which highlights the state-of-the-art and frontiers in the AM field.

Objective Participants become acquainted with the state-of-the-art and frontiers in Additive Manufacturing, which is a topic of global and future
relevance from the field of materials and process engineering. The self-study of relevant literature and active participation in discussions
following presentations by internationally renowned speaker stimulate critical thinking and allow participants to deliberately discuss
challenges and opportunities with leading academics and industrial experts and to exchange ideas within an interdisciplinary community.

Content This course is a colloquium involving a selected mix of internationally renowned speaker from academia and industry who present their
cutting-edge research in the field of Additive Manufacturing. The self-study of relevant pre-read literature provided in advance to each
lecture serves as a basis for active participation in the critical discussions following each presentation.

Lecture notes Selected scientific pre-read literature (max. three articles per lecture) relevant for and discussed at the end of each individual lecture is
posted in advance on the course web page

Prerequisites /
notice

Participants should have a solid background in materials science and/or engineering.

363-0764-00L Project Management W  2 credits 2V C. G. C. Marxt
Abstract The course gives a detailed introduction into various aspects of classic and agile project management. Established concepts and methods

for initiating, planning and executing  projects are introduced and major challenges discussed. Additionally the course covers different agile
and hybrid project management concepts.

Objective Projects are not only the base of work in modern enterprises but also the primary type of cooperation with customers. Students of ETH will
often work in or manage projects in the course of their career. Good project management knowledge is not only a guarantee for individual
but also for company wide success.

The goal of this course is to give a detailed introduction into project management, more specific participants
- will understand the basics of successful classic and agile project management
- are able to apply the concepts and methods of project management in their day to day work
- are able to identify different project management practices and are able to suggest improvements 
- will contribute to projects in your organization in a positive way 
- will be able to plan and execute projects successfully.

Content The competitiveness of companies is driven by the development of a concise strategy and its successful implementation. Especially
strategy execution poses several challenges to senior management: clear communication of goals, ongoing follow up of activities, a sound
monitoring and control system. All these aspect are covered by successfully implementing and applying program and project management.
As an introductory course we will focus mainly on project management.
In the last decade project management has become an important discipline in management and several internationally recognized project
management methods can be found: PMBOK, IPMA ICB, PRINCE 2, etc. These frameworks have proven to be very useful in day-to-day
work. 
Unfortunately the environment companies are working in has changed parallel to the rise of PM as a discipline. Incremental but even more
important fundamental changes happen more often and much faster than a decade ago. Experience has shown that the classic PM
approaches lack the inherent dynamics to cope with these challenges. So overtime new methods have surfaced, such as SCRUM. These
methods are called Agile Project Management methods and follow a dynamic model of reality, called complex adaptive systems
perspective.
This course will cover both classic and agile project management topics. The first part of the semester will lay the basics by discussing the
classic way of planning, organizing and executing a project based on its life cycle. Topics covered include: drafting project proposals, stake
holder analysis, different aspects of project planning, project organization, project risk management, project execution, project control,
leadership in projects incl. conflict mitigation strategies, termination and documentation. In the second part basic conceptual topics for agile
project management such as the agile manifesto, SCRUM, Lean, Kanban, XP, rapid results are covered. The course tries to tap into pre-
existing knowledge of the participants using a very interactive approach including in-class discussion, short exercises and case studies.

Lecture notes No
The lecture slides and other additional material (papers, book chapters, case studies, etc.) will be available for download from Moodle
before each class.

363-1039-00L Introduction to Negotiation W  3 credits 2G M. Ambühl
Abstract The course combines different lecture formats to provide students with both the theoretical background and the practical appreciation of

negotiation. A core element of the course is an introduction to the concept of negotiation engineering.
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Objective Students learn to understand and to identify different negotiation situations, analyze specific cases, and discuss respective negotiation
approaches based on important negotiation methods (i.a. Game Theory, Harvard Method).

Content The course combines different lecture formats to provide students with both the theoretical background and the practical appreciation of
negotiation. A core element is an introduction to the concept of negotiation engineering. The course covers a brief overview of different
negotiation approaches, different categories of negotiations, selected negotiation models, as well as in-depth discussions of real-world
case studies on international negotiations involving Switzerland. Students learn to deconstruct specific negotiation situations, to
differentiate key aspects and to develop and apply a suitable negotiation approach based on important negotiation methods.

Literature The list of relevant references will be distributed in the beginning of the course.

376-1719-00L Statistics for Experimental Research W  3 credits 2V R.  van de Langenberg
Abstract Students will learn the necessary statistical concepts and skills to independently (1) design experiments (2) analyse experimental data and

(3) report analyses and results in a scientifically appropriate manner.
Objective After successful completion of the course, students should be able to:

1. Determine appropriate experimental designs and choose, justify and perform the appropriate statistical analyses using R.
2. Report analyses and results in a scientifically appropriate manner, as laid out by the Publication Manual of the American Psychological
Association (APA, sixth edition).

Content We will cover basic statistical concepts (e.g., central tendency, variability, data distribution), the t-test (dependent and independent),
ANOVA (univariate, factorial and repeated measures), correlation, multiple regression, nonparametric techniques, validity and reliability
tests, effect size, data transformation, power and sample size estimation.

Lecture notes Lecture notes will be delivered in the form of commented presentations in Microsoft Powerpoint (i.e. pptx) format. R practical session
assignments will be delivered in pdf-format.

Literature Both in the lectures and in the tutorials and practical sessions, we will refer students to the following publication:

 Field A, Miles J, Field Z (2013) Discovering Statistics Using R. Sage Publications Ltd, London, UK

Doctoral Department of Mechanical and Process Engineering - Key for Type

Z Courses outside the curriculum
Dr Suitable for doctorate
O Compulsory

W+ Eligible for credits and recommended
W Eligible for credits
E- Recommended, not eligible for credits

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Doctoral Department of Materials Science
Further information at: https://www.ethz.ch/en/doctorate.html

 Doctoral and Post-Doctoral Courses
Number Title Type ECTS Hours Lecturers

Course Catalogue of ETH Zurich

327-0710-00L Polymer Physics Z  0 credits 2S M. Kröger, H. C. Öttinger
Abstract Group seminar in polymer physics
Objective Continued and deeper education in polymer physics, in particular, for Ph.D. students
Content Presentation and discussion of ongoing research projects by members of the polymer physics group and external speakers
Lecture notes No script
Prerequisites /
notice

Irregular series of presentations (see announcements)

327-0711-00L Metal Physics and Technology Seminar Z  0 credits 2S J. F. Löffler
Abstract Seminar for Ph.D. students and researchers in the area of metal physics and technology.
Objective Detailed education of researchers in the area of metallic materials.
Content Presentation and discussion of latest research results concerning basic principles of metals research and development of new metallic

materials.
Prerequisites /
notice

- Requirements: Involvement in research activities.
- Lectures are generally in English.

327-0712-00L Nanometallurgy Z  0 credits 2S R. Spolenak
Abstract Seminar for Ph.D. students and researchers in the area of nanometallurgy.
Objective Detailed education of researchers in the area of metallic materials in small dimensions as well  as scientific presentation of research

results.
Content Presentation and discussion of latest research results.
Prerequisites /
notice

- Requirements: Involvement in research activities.
- Lectures are generally in English.

327-1300-00L Joint Group Seminar
Only for doctoral students D-MATL

Z  0 credits 1S M. Fiebig, N. Spaldin

Abstract Seminar for doctoral students and researchers in the field of condensed matter physics
Objective Improved integration of the research projects of the participating groups.
Content Presentation and discussion of current research work.
Prerequisites /
notice

Own scientific work.

327-6100-00L Materials Colloquium E-  0 credits M. Willinger, further lecturers
Abstract The Materials Colloquium is a platform for PhD students, postdoctoral researchers, group leaders, senior scientists, and professors to

present their own and their group’s research to their colleagues. The apero following the colloquium has the purpose to stimulate
discussions and to promote networking in a relaxed, more informal environment. The Colloquium is open to all who are interested.

Objective Learn about recent research in the field of materials science.
Content https://sam.ethz.ch/index.php/materials-colloquium-2020/

327-2125-00L Microscopy Training SEM I - Introduction to SEM
Limited number of participants.

Master students will have priority over PhD students. PhD
students may still enroll, but will be asked for a fee.
(http://www.scopem.ethz.ch/education/MTP.html).

Registration form:
(https://docs.google.com/forms/d/1JGcwHxx6pobT7RBRa
KnCEsgzK75O8y-ODQ7euxq5CzQ/edit)

W  2 credits 3P P. Zeng, A. G. Bittermann, S. Gerstl,
L. Grafulha Morales, K. Kunze,
J. Reuteler

Abstract The introductory course on Scanning Electron Microscopy (SEM) emphasizes hands-on learning. Using 2 SEM instruments, students have
the opportunity to study their own samples, or standard test samples, as well as solving exercises provided by ScopeM scientists.

Objective - Set-up, align and operate a SEM successfully and safely.
- Accomplish imaging tasks successfully and optimize microscope performances.
- Master the operation of a low-vacuum and field-emission SEM and EDX instrument.
- Perform sample preparation with corresponding techniques and equipment for imaging and analysis
- Acquire techniques in obtaining secondary electron and backscatter electron micrographs
- Perform EDX qualitative and semi-quantitative analysis

Content During the course, students learn through lectures, demonstrations, and hands-on sessions how to setup and operate SEM instruments,
including low-vacuum and low-voltage applications. 
This course gives basic skills for students new to SEM. At the end of the course, students with no prior experience are able to align a SEM,
to obtain secondary electron (SE) and backscatter electron (BSE) micrographs and to perform energy dispersive X-ray spectroscopy (EDX)
qualitative and semi-quantitative analysis. The procedures to better utilize SEM to solve practical problems and to optimize SEM analysis
for a wide range of materials will be emphasized.

- Discussion of students' sample/interest
- Introduction and discussion on Electron Microscopy and instrumentation
- Lectures on electron sources, electron lenses and probe formation 
- Lectures on beam/specimen interaction, image formation, image contrast and imaging modes.
- Lectures on sample preparation techniques for EM
- Brief description and demonstration of the SEM microscope
- Practice on beam/specimen interaction, image formation, image contrast (and image processing)
- Student participation on sample preparation techniques
- Scanning Electron Microscopy lab exercises: setup and operate the instrument under various imaging modalities
- Lecture and demonstrations on X-ray micro-analysis (theory and detection), qualitative and semi-quantitative EDX and point analysis,
linescans and spectral mapping
- Practice on real-world samples and report results
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Literature - Detailed course manual
- Williams, Carter: Transmission Electron Microscopy, Plenum Press, 1996
- Hawkes, Valdre: Biophysical Electron Microscopy, Academic Press, 1990
- Egerton: Physical Principles of Electron Microscopy: an introduction to TEM, SEM and AEM, Springer Verlag, 2007

Prerequisites /
notice

No mandatory prerequisites. Please consider the prior attendance to EM Basic lectures (551- 1618-00V; 227-0390-00L; 327-0703-00L) as
suggested prerequisite.

327-2126-00L Microscopy Training TEM I - Introduction to TEM
Number of participants limited to 6. 
Master students will have priority over PhD students. PhD
students may still enroll, but will be asked for a fee
(http://www.scopem.ethz.ch/education/MTP.html).

TEM 1 registration form:
(https://scopem.ethz.ch/education/MTP/2019-
10-28-transmission-electron-microscopy-1--tem1-1.html)

W  2 credits 3P P. Zeng, E. J. Barthazy Meier,
A. G. Bittermann, F. Gramm,
A. Sologubenko, M. Willinger

Abstract The introductory course on Transmission Electron Microscopy (TEM) provides theoretical and hands-on learning for new operators, utilizing
lectures, demonstrations, and hands-on sessions.

Objective - Overview of TEM theory, instrumentation, operation and applications.
- Alignment and operation of a TEM, as well as acquisition and interpretation of images, diffraction patterns, accomplishing basic tasks
successfully.
- Knowledge of electron imaging modes (including Scanning Transmission Electron Microscopy), magnification calibration, and image
acquisition using CCD cameras.
- To set up the TEM to acquire diffraction patterns, perform camera length calibration, as well as measure and interpret diffraction patterns.
- Overview of techniques for specimen preparation.

Content Using two Transmission Electron Microscopes the students learn how to align a TEM, select parameters for acquisition of images in bright
field (BF) and dark field (DF), perform scanning transmission electron microscopy (STEM) imaging, phase contrast imaging, and acquire
electron diffraction patterns. The participants will also learn basic and advanced use of digital cameras and digital imaging methods.

- Introduction and discussion on Electron Microscopy and instrumentation.
- Lectures on electron sources, electron lenses and probe formation.
- Lectures on beam/specimen interaction, image formation, image contrast and imaging modes.
- Lectures on sample preparation techniques for EM.
- Brief description and demonstration of the TEM microscope.
- Practice on beam/specimen interaction, image formation, Image contrast (and image processing).
- Demonstration of Transmission Electron Microscopes and imaging modes (Phase contrast, BF, DF, STEM).
- Student participation on sample preparation techniques.
- Transmission Electron Microscopy lab exercises: setup and operate the instrument under various imaging modalities.
- TEM alignment, calibration, correction to improve image contrast and quality.
- Electron diffraction.
- Practice on real-world samples and report results.

Literature - Detailed course manual
- Williams, Carter: Transmission Electron Microscopy, Plenum Press, 1996
- Hawkes, Valdre: Biophysical Electron Microscopy, Academic Press, 1990
- Egerton: Physical Principles of Electron Microscopy: an introduction to TEM, SEM and AEM, Springer Verlag, 2007

Prerequisites /
notice

No mandatory prerequisites. Please consider the prior attendance to EM Basic lectures (551- 1618-00V; 227-0390-00L; 327-0703-00L) as
suggested prerequisite.

327-2128-00L High Resolution Transmission Electron Microscopy
Does not take place this semester.
Limited number of participants.
More information here:
https://scopem.ethz.ch/education/MTP.html

W 2 credits 3G

Abstract This advanced course on High Resolution Transmission Electron Microscopy (HRTEM) provides lectures focused on HRTEM and
HRSTEM imaging principles, related data analysis and simulation and phase restoration methods.

Objective - Learning how HRTEM and HRSTEM images are obtained.
- Learning about the aberrations affecting the resolution in TEM and STEM and the different methods to correct them.
- Learning about TEM and STEM images simulation software. 
- Performing TEM and STEM image analysis (processing of TEM images and phase restoration after focal series acquisitions).

Content This course provides new skills to students with previous TEM experience. At the end of the course, students will know how to obtain
HR(S)TEM images, how to analyse, process and simulate them. 

Topics:
1. Introduction to HRTEM and HRSTEM
2. Considerations on (S)TEM instrumentation for high resolution imaging
3. Lectures on aberrations, aberration correction and aberration corrected images
4. HRTEM and HRSTEM simulation
5. Data analysis, phase restoration and lattice-strain analysis

Literature - Detailed course manual
- Williams, Carter: Transmission Electron Microscopy, 2nd ed., Springer, 2009 
- Williams, Carter (eds.), Transmission Electron Microscopy - Diffraction, Imaging, and Spectrometry, Springer 2016
- Erni, Aberration-corrected imaging in transmission electron microscopy, 2nd ed., Imperial College Press, 2015.
- Egerton: Physical Principles of Electron Microscopy: an introduction to TEM, SEM and AEM, Springer Verlag, 2007

Prerequisites /
notice

The students should fulfil one or more of these prerequisites:
- Prior attendance to the ScopeM TEM basic course
- Prior attendance to ETH EM lectures (327-0703-00L Electron Microscopy in Material Science)
- Prior TEM experience

327-2140-00L Microscopy Training FIB-SEM
Number of participants limited to 6. PhD students will be
asked for a fee.
https://scopem.ethz.ch/education/MTP.html

Registration form:
(https://scopem.ethz.ch/education/MTP/2019-
11-15-scanning-electron-microscopy1.html)

W  1 credit 2P P. Zeng, A. G. Bittermann, S. Gerstl,
L. Grafulha Morales, K. Kunze,
J. Reuteler
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Abstract The introductory course on Focused Ion Beam (FIB) provides theoretical and hands-on learning for new operators, utilizing lectures,
demonstrations and hands-on sessions. 

Objective - Set-up, align and operate a FIB-SEM successfully and safely.
- Accomplish operation tasks and optimize microscope performances. 
- Perform sample preparation (TEM lamella, APT probe…) using FIB-SEM. 
- Perform other FIB techniques, such as characterization 
- At the end of the course, students will know how to set-up FIB-SEM, how to prepare TEM lamella/APT probe and how to utilize FIB
techniques.

Content This course provides FIB techniques to students with previous SEM experience. 
- Overview of FIB theory, instrumentation, operation and applications. 
- Introduction and discussion on FIB and instrumentation. 
- Lectures on FIB theory. 
- Lectures on FIB applications. 
- Practicals on FIB-SEM set-up, cross-beam alignment.
- Practicals on site-specific cross-section and TEM lamellar preparation. 
- Lecture and demonstration on FIB automation. 

Literature - Detailed course manual. 
- Giannuzzi, Stevie: Introduction to focused ion beams instrumentation, theory, techniques, and practice, Springer, 2005.
- Orloff, Utlaut, Swanson: High resolution focused ion beams: FIB and its applications, Kluwer Academic/Plenum Publishers, 2003. 

Prerequisites /
notice

The students should fulfil one or more of these prerequisites:
- Prior attendance to the ScopeM Microscopy Training SEM I: Introduction to SEM (327-2125-00L).
- Prior SEM experience. 

327-2223-00L Atomic Force Microscopy in Materials Science
Does not take place this semester.
Number of participants limited to 18.

W  4 credits 6G N. Spencer

Abstract This course is a hands-on introduction to atomic force microscopy (AFM). It consists of lectures and practical exercises involving actual
AFM use, macroscopic mechanical models of AFM, and computer simulations.  Most lab work and the capstone research project will be
done in teams of two or three students.

Objective The objectives of the course are for students to become familiar with the concepts of and equipment for AFM, to understand their results,
and to competently use an AFM for a short research project.

Lecture notes YouTube.com/AtomicForceMicro, NaioAFM Tutorials 1-8, AFM Lessons 1-30

327-2224-00L MaP Distinguished Lecture Series on Additive
Manufacturing
This course is primarily designed for MSc and doctoral
students. Guests are welcome.

W  1 credit 2S L. Schefer, M. Meboldt,
A. R. Studart

Abstract This course is an interdisciplinary colloquium on Additive Manufacturing (AM) involving different internationally renowned speakers from
academia and industry giving lectures about their cutting-edge research, which highlights the state-of-the-art and frontiers in the AM field.

Objective Participants become acquainted with the state-of-the-art and frontiers in Additive Manufacturing, which is a topic of global and future
relevance from the field of materials and process engineering. The self-study of relevant literature and active participation in discussions
following presentations by internationally renowned speaker stimulate critical thinking and allow participants to deliberately discuss
challenges and opportunities with leading academics and industrial experts and to exchange ideas within an interdisciplinary community.

Content This course is a colloquium involving a selected mix of internationally renowned speaker from academia and industry who present their
cutting-edge research in the field of Additive Manufacturing. The self-study of relevant pre-read literature provided in advance to each
lecture serves as a basis for active participation in the critical discussions following each presentation.

Lecture notes Selected scientific pre-read literature (max. three articles per lecture) relevant for and discussed at the end of each individual lecture is
posted in advance on the course web page

Prerequisites /
notice

Participants should have a solid background in materials science and/or engineering.

151-0906-00L Frontiers in Energy Research
This course is only for doctoral students.

W  2 credits 2S C. Schaffner

Abstract Doctoral students at ETH Zurich working in the broad area of energy present their research to their colleagues, their advisors and the
scientific community. Each week a different student gives a 50-60 min presentation of their research (a full introduction, background &
findings) followed by discussion with the audience.

Objective The key objectives of the course are:
 (1) participants will gain knowledge of advanced research in the area of energy;
 (2) participants will actively participate in discussion after each presentation;
 (3) participants gain experience of different presentation styles;
 (4) to create a network amongst the energy research doctoral student community.

Content Doctoral students at ETH Zurich working in the broad area of energy present their research to their colleagues, to their advisors and to the
scientific community. There will be one presentation a week during the semester, each structured as follows: 20 min introduction to the
research topic, 30 min presentation of the results, 30 min discussion with the audience.

Lecture notes Slides will be available on the Energy Science Center pages(www.esc.ethz.ch/events/frontiers-in-energy-research.html).

Doctoral Department of Materials Science - Key for Type

Z Courses outside the curriculum
Dr Suitable for doctorate
O Compulsory

W+ Eligible for credits and recommended
W Eligible for credits
E- Recommended, not eligible for credits

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Doctoral Department of Mathematics
More Information at: https://www.ethz.ch/en/doctorate.html

The list of courses (together with the allocated credit points) eligible for doctoral students is published each semester in the newsletter of the ZGSM.
www.zgsm.ch/index.php?id=260&type=2
WARNING: Do not mistake ECTS credits for credit points for doctoral studies!

 Graduate School
Official website of the Zurich Graduate School in Mathematics:
www.zurich-graduate-school-math.ch

Number Title Type ECTS Hours Lecturers

401-5004-20L Limit Shape Phenomenon in Integrable Models in
Statistical Mechanics

W 0 credits 2V N. Reshetikhin

Abstract Nachdiplom lecture
Content The limit shape phenomenon for large lattice domains is the formation of the

most probable state, such that all states that macroscopically differ from it are
exponentially improbable. This is a rather general phenomenon of similar nature
to the central limit theorems and to the large deviation principle in probability
theory.
Integrable models in statistical mechanics in many cases admit rather explicit
solutions. This not a definition of integrability, but one of the important conse-
quences. This allows us to describe many features of the limit shape phenome-
non quite explicitly and to prove some important facts about them.
The course will consist roughly of three parts: one is on limit shapes, the other is
on integrability and the third one is about limit shapes in integrable models. The
course is aimed at both mathematics and physics students.

401-5006-20L Rough Analysis and Applications W 0 credits 2V P. Friz
Abstract Nachdiplom lecture
Content We plan to discuss: the algebra of iterated integrals, signatures and expec-

ted signatures, rough paths and models; Kolmogorov type criteria; Schau-
der estimates; p-variation, abstract Riemann-Stieltjes integration (Sewing);
rough integration and reconstruction; a paracontrolled view; rough differenti-
al equations and flows; rough transport equations; second order rough partial
differential equations; rough volatility; a regularity structure view; large devi-
ations and precise asymptotics for rough volatility.
A good part of the lecture will follow F-Hairer (2014,2020).

401-5002-20L The Value Distribution of L-Functions and
Multiplicative Number Theory (CANCELLED)

W 0 credits K. Soundararajan

Abstract Nachdiplom lecture
Content The broad theme for the lecture series is the value distribution of zeta and L-func-

tions. This is related to several important questions concerning (i) the maximal
size of L-functions, (ii) asymptotics for moments of L-values, (iii) the distributi-
on of zeros, and non-vanishing of L-functions at special points. Further, some
of the techniques used in the study of moments have close counterparts in the
understanding of other problems in multiplicative number theory --- for instance,
the recent results of Harper on random multiplicative functions, and the break-
throughs of Matomäki and Radziwiłł on multiplicative functions in short intervals.
Much of this work has a strong probabilistic flavor, and in particular we shall dis-
cuss connections with random matrix theory, branching Brownian motion, etc.

401-3109-65L Probabilistic Number Theory
Does not take place this semester.

W 8 credits 4G E. Kowalski

Abstract The course presents some results of probabilistic number theory in a unified manner, including distribution properties of the number of
prime divisors of integers, probabilistic properties of the zeta function and statistical distribution of exponential sums.

Objective The goal of the course is to present some results of probabilistic number theory in a unified manner.
Content The main concepts will be presented in parallel with the proof of a few main theorems:

(1) the Erdős-Wintner and Erdős-Kac theorems concerning the distribution of values of arithmetic functions;
(2) the distribution of values of the Riemann zeta function, including Selberg's central limit theorem for the Riemann zeta function on the
critical line;
(3) the Chebychev bias for primes in arithmetic progressions;
(4) functional limit theorems for the paths of partial sums of families of exponential sums.

Lecture notes The lecture notes for the class are available at

https://www.math.ethz.ch/~kowalski/probabilistic-number-theory.pdf

Prerequisites /
notice

Prerequisites: Complex analysis, measure and integral; some probability theory is useful but the main concepts needed will be recalled.
Some knowledge of number theory is useful but the main results will be summarized.

401-3002-12L Algebraic Topology II W 8 credits 4G A. Sisto
Abstract This is a continuation course to Algebraic Topology I. The course will cover more advanced topics in algebraic topology including:

cohomology of spaces, operations in homology and cohomology, duality.
Literature 1) A. Hatcher, "Algebraic topology",

Cambridge University Press, Cambridge, 2002.

The book can be downloaded for free at:
http://www.math.cornell.edu/~hatcher/AT/ATpage.html

2) G. Bredon, "Topology and geometry",
Graduate Texts in Mathematics, 139. Springer-Verlag, 1997.

3) E. Spanier, "Algebraic topology", Springer-Verlag
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Prerequisites /
notice

General topology, linear algebra, singular homology of topological spaces (e.g. as taught in "Algebraic topology I").

Some knowledge of differential geometry and differential topology
is useful but not absolutely necessary.

401-3226-00L Symmetric Spaces W 8 credits 4G M. Burger
Abstract * Generalities on symmetric spaces: locally and globally symmetric spaces, groups of isometries, examples

* Symmetric spaces of non-compact type: flats and rank, roots and root spaces
* Iwasawa decomposition, Weyl group, Cartan decomposition
* Hints of the geometry at infinity of SL(n,R)/SO(n).

Objective Learn the basics of symmetric spaces

401-3532-08L Differential Geometry II W 10 credits 4V+1U U. Lang
Abstract Introduction to Riemannian geometry in combination with some elements of modern metric geometry. Contents: Riemannian manifolds,

Levi-Civita connection, geodesics, Hopf-Rinow Theorem, curvature, second fundamental form, Riemannian submersions and coverings,
Hadamard-Cartan Theorem, triangle and volume comparison, relations between curvature and topology, spaces of Riemannian manifolds.

Objective Learn the basics of Riemannian geometry and some elements of modern metric geometry.
Literature - M. P. do Carmo, Riemannian Geometry, Birkhäuser 1992

- S. Gallot, D. Hulin, J. Lafontaine, Riemannian Geometry, Springer 2004
- B. O'Neill, Semi-Riemannian Geometry, With Applications to Relativity, Academic Press 1983

Prerequisites /
notice

Prerequisite is a working knowledge of elementary differential geometry (curves and surfaces in Euclidean space), differentiable manifolds,
and differential forms.

401-3462-00L Functional Analysis II W 10 credits 4V+1U M. Struwe
Abstract Sobolev spaces, weak solutions of elliptic boundary value problems, elliptic regularity
Objective Acquiring the methods for solving elliptic boundary value problems, Sobolev spaces, Schauder estimates
Lecture notes Funktionalanalysis II, Michael Struwe
Literature Funktionalanalysis II, Michael Struwe 


Functional Analysis, Spectral Theory and Applications.
Manfred Einsiedler and Thomas Ward, GTM Springer 2017

Prerequisites /
notice

Functional Analysis I and a solid background in measure theory, Lebesgue integration and L^p spaces.

401-4788-16L Mathematics of (Super-Resolution) Biomedical
Imaging
NOTICE: The exercise class scheduled for 5 March has
been cancelled

W 8 credits 4G H. Ammari

Abstract The aim of this course is to review different methods used to address challenging problems in biomedical imaging. The emphasis will be on
scale separation techniques, hybrid imaging, spectroscopic techniques, and nanoparticle imaging.  These approaches allow one to
overcome the ill-posedness character of imaging reconstruction in biomedical applications and to achieve super-resolution imaging.

Objective Super-resolution imaging is a collective name for a number of emerging techniques that achieve resolution below the conventional
resolution limit, defined as the minimum distance that two point-source objects have to be in order to distinguish the two sources from each
other. 

In this course we describe recent advances in scale separation techniques, spectroscopic approaches, multi-wave imaging, and
nanoparticle imaging. The objective is fivefold: 
(i) To provide asymptotic expansions for both internal and boundary perturbations that are due to the presence 
of small anomalies; 
(ii) To apply those asymptotic formulas for the purpose of identifying the material parameters and certain geometric features of the
anomalies; 
(iii) To design efficient inversion algorithms in multi-wave modalities; 
(iv) to develop inversion techniques using multi-frequency measurements; 
(v) to develop a mathematical and numerical framework for nanoparticle imaging.

In this course we shall consider both analytical and computational 
matters in biomedical imaging. The issues we consider lead to the investigation of fundamental problems in various branches of
mathematics. These include asymptotic analysis,  inverse problems, mathematical imaging, optimal control, stochastic modelling, and
analysis of physical phenomena. On the other hand, deriving mathematical foundations, and new and efficient computational frameworks
and tools in biomedical imaging, requires a deep understanding of the different scales in the physical models, an accurate mathematical
modelling of the imaging techniques, and fine analysis of complex physical phenomena. 

An emphasis is put on mathematically analyzing acoustic-electric imaging, thermo-elastic imaging, Lorentz force based imaging,
elastography, multifrequency electrical impedance tomography, and plasmonic resonant nanoparticles.

401-4605-20L Selected Topics in Probability W 4 credits 2V A.-S. Sznitman
Abstract This course will discuss some questions of current interest in probability theory. Among examples of possible subjects are for instance

topics in random media, large deviations, random walks on graphs, branching random walks, random trees, percolation, concentration of
measures, large random matrices, stochastic calculus, stochastic partial differential equations.

Objective This course will discuss some questions of current interest in probability theory. Among examples of possible subjects are for instance
topics in random media, large deviations, random walks on graphs, branching random walks, random trees, percolation, concentration of
measures, large random matrices, stochastic calculus, stochastic partial differential equations.

Prerequisites /
notice

Lecture Probability Theory.

401-4632-15L Causality W 4 credits 2G C. Heinze-Deml
Abstract In statistics, we are used to search for the best predictors of some random variable. In many situations, however, we are interested in

predicting a system's behavior under manipulations. For such an analysis, we require knowledge about the underlying causal structure of
the system. In this course, we study concepts and theory behind causal inference.

Objective After this course, you should be able to
- understand the language and concepts of causal inference
- know the assumptions under which one can infer causal relations from observational and/or interventional data
- describe and apply different methods for causal structure learning
- given data and a causal structure, derive causal effects and predictions of interventional experiments

Prerequisites /
notice

Prerequisites: basic knowledge of probability theory and regression
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401-4658-00L Computational Methods for Quantitative Finance: PDE
Methods

W 6 credits 3V+1U C. Schwab

Abstract Introduction to principal methods of option pricing. Emphasis on PDE-based methods. Prerequisite MATLAB programming
and knowledge of numerical mathematics at ETH BSc level.

Objective Introduce the main methods for efficient numerical valuation of derivative contracts in a
Black Scholes as well as in incomplete markets due Levy processes or due to stochastic volatility
models. Develop implementation of pricing methods in MATLAB. 
Finite-Difference/ Finite Element based methods for the solution of the pricing integrodifferential equation.

Content 1. Review of option pricing. Wiener and Levy price process models. Deterministic, local and stochastic
     volatility models.
2. Finite Difference Methods for option pricing. Relation to bi- and multinomial trees.
    European contracts.
3. Finite Difference methods for Asian, American and Barrier type contracts.
4. Finite element methods for European and American style contracts.
5. Pricing under local and stochastic volatility in Black-Scholes Markets.
6. Finite Element Methods for option pricing under Levy processes. Treatment of 
    integrodifferential operators.
7. Stochastic volatility models for Levy processes.
8. Techniques for multidimensional problems. Baskets in a Black-Scholes setting and 
    stochastic volatility models in Black Scholes and Levy markets.
9. Introduction to sparse grid option pricing techniques.

Lecture notes There will be english, typed lecture notes as well as MATLAB software for registered participants in the course.
Literature R. Cont and P. Tankov : Financial Modelling with Jump Processes, Chapman and Hall Publ. 2004.


Y. Achdou and O. Pironneau : Computational Methods for Option Pricing, SIAM Frontiers in Applied Mathematics, SIAM Publishers,
Philadelphia 2005.

D. Lamberton and B. Lapeyre : Introduction to stochastic calculus Applied to Finance (second edition), Chapman & Hall/CRC Financial
Mathematics Series, Taylor & Francis Publ. Boca Raton, London, New York 2008.

J.-P. Fouque, G. Papanicolaou and K.-R. Sircar : Derivatives in financial markets with stochastic volatility, Cambridge Univeristy Press,
Cambridge, 2000.

N. Hilber, O. Reichmann, Ch. Schwab and Ch. Winter: Computational Methods for Quantitative Finance, Springer Finance, Springer, 2013.

401-3629-00L Quantitative Risk Management W 4 credits 2V+1U P. Cheridito
Abstract This course introduces methods from probability theory and statistics that can be used to model financial risks. Topics addressed include

loss distributions, risk measures, extreme value theory, multivariate models, copulas, dependence structures and operational risk.
Objective The goal is to learn the most important methods from probability theory and statistics used in financial risk modeling.
Content 1. Introduction 

2. Basic Concepts in Risk Management
3. Empirical Properties of Financial Data
4. Financial Time Series
5. Extreme Value Theory
6. Multivariate Models
7. Copulas and Dependence
8. Operational Risk

Lecture notes Course material is available on https://people.math.ethz.ch/~patrickc/qrm
Literature Quantitative Risk Management: Concepts, Techniques and Tools

AJ McNeil, R Frey and P Embrechts
Princeton University Press, Princeton, 2015 (Revised Edition)
http://press.princeton.edu/titles/10496.html

Prerequisites /
notice

The course corresponds to the Risk Management requirement for the SAA ("Aktuar SAV Ausbildung") as well as for the Master of Science
UZH-ETH in Quantitative Finance.

401-3917-00L Stochastic Loss Reserving Methods W 4 credits 2V R. Dahms
Abstract Loss Reserving is one of the central topics in non-life insurance. Mathematicians and actuaries need to estimate adequate reserves for

liabilities caused by claims. These claims reserves have influence all financial statements, future premiums and solvency margins. We
present the stochastics behind various methods that are used in practice to calculate those loss reserves.

Objective Our goal is to present the stochastics behind various methods that are used in prctice to estimate claim reserves. These methods enable
us to set adequate reserves for liabilities caused by claims and to determine prediction errors of these predictions.

Content We will present the following stochastic claims reserving methods/models:
- Stochastic Chain-Ladder Method
- Bayesian Methods, Bornhuetter-Ferguson Method, Credibility Methods
- Distributional Models
- Linear Stochastic Reserving Models, with and without inflation
- Bootstrap Methods
- Claims Development Result (solvency view)
- Coupling of portfolios

Literature M. V. Wüthrich, M. Merz, Stochastic Claims Reserving Methods in Insurance, Wiley 2008.
Prerequisites /
notice

The exams ONLY take place during the official ETH examination periods.

This course will be held in English and counts towards the diploma "Aktuar SAV".
For the latter, see details under www.actuaries.ch.

Basic knowledge in probability theory is assumed, in particular conditional expectations.

401-3936-00L Data Analytics for Non-Life Insurance Pricing W 4 credits 2V C. M. Buser, M. V. Wüthrich
Abstract We study statistical methods in supervised learning for non-life insurance pricing such as generalized linear models, generalized additive

models, Bayesian models, neural networks, classification and regression trees, random forests and gradient boosting machines.
Objective The student is familiar with classical actuarial pricing methods as well as with modern machine learning methods for insurance pricing and

prediction.
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Content We present the following chapters:
- generalized linear models (GLMs)
- generalized additive models (GAMs)
- neural networks
- credibility theory
- classification and regression trees (CARTs)
- bagging, random forests and boosting

Lecture notes The lecture notes are available from:
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2870308

Prerequisites /
notice

This course will be held in English and counts towards the diploma of "Aktuar SAV".
For the latter, see details under www.actuaries.ch

Good knowledge in probability theory, stochastic processes and statistics is assumed.

401-4920-00L Market-Consistent Actuarial Valuation W 4 credits 2V M. V. Wüthrich, H. Furrer
Abstract Introduction to market-consistent actuarial valuation. 

Topics: Stochastic discounting, full balance sheet approach, valuation portfolio in life and non-life insurance, technical and financial risks,
risk management for insurance companies.

Objective Goal is to give the basic mathematical tools for describing insurance products within a financial market and economic environment and
provide the basics of solvency considerations.

Content In this lecture we give a full balance sheet approach to the task of actuarial valuation of an insurance company. Therefore we introduce a
multidimensional valuation portfolio (VaPo) on the liability side of the balance sheet. The basis of this multidimensional VaPo is a set of
financial instruments. This approach makes the liability side of the balance sheet directly comparable to its asset side.

The lecture is based on four sections:
1) Stochastic discounting
2) Construction of a multidimensional Valuation Portfolio for life insurance products (with guarantees)
3) Construction of a multidimensional Valuation Portfolio for a run-off portfolio of a non-life insurance company
4) Measuring financial risks in a full balance sheet approach (ALM risks)

Literature Market-Consistent Actuarial Valuation, 3rd edition.
Wüthrich, M.V.
EAA Series, Springer 2016.
ISBN: 978-3-319-46635-4

Wüthrich, M.V., Merz, M. 
Claims run-off uncertainty: the full picture.
SSRN Manuscript ID 2524352 (2015).

England, P.D, Verrall, R.J., Wüthrich, M.V. 
On the lifetime and one-year views of reserve risk, with application to IFRS 17 and Solvency II risk margins.
Insurance: Mathematics and Economics 85 (2019), 74-88. 

Wüthrich, M.V., Embrechts, P., Tsanakas, A.
Risk margin for a non-life insurance run-off.
Statistics & Risk Modeling 28 (2011), no. 4, 299--317.

Financial Modeling, Actuarial Valuation and Solvency in Insurance.
Wüthrich, M.V., Merz, M.
Springer Finance 2013.
ISBN: 978-3-642-31391-2

Cheridito, P., Ery, J., Wüthrich, M.V.
Assessing asset-liability risk with neural networks. 
Risks 8/1 (2020), article 16.

Prerequisites /
notice

The exams ONLY take place during the official ETH examination period.

This course will be held in English and counts towards the diploma of "Aktuar SAV". 
For the latter, see details under www.actuaries.ch. 
 
Knowledge in probability theory, stochastic processes and statistics is assumed.

401-3956-00L Economic Theory of Financial Markets
Does not take place this semester.

W 4 credits 2V M. V. Wüthrich

Abstract This lecture provides an introduction to the economic theory of financial markets. It presents the basic financial and economic concepts to
insurance mathematicians and actuaries.

Objective This lecture aims at providing the fundamental financial and economic concepts to insurance mathematicians and actuaries. It focuses on
portfolio theory, cash flow valuation and deflator techniques.

Content We treat the following topics:
- Fundamental concepts in economics
- Portfolio theory
- Mean variance analysis, capital asset pricing model
- Arbitrage pricing theory
- Cash flow theory
- Valuation principles
- Stochastic discounting, deflator techniques
- Interest rate modeling
- Utility theory

Prerequisites /
notice

The exams ONLY take place during the official ETH examination period.

This course will be held in English and counts towards the diploma of "Aktuar SAV". For the latter, see details under www.actuaries.ch. 
 
Knowledge in probability theory, stochastic processes and statistics is assumed.

151-0530-00L Nonlinear Dynamics and Chaos II W 4 credits 4G G. Haller
Abstract The internal structure of chaos; Hamiltonian dynamical systems; Normally hyperbolic invariant manifolds; Geometric singular perturbation

theory; Finite-time dynamical systems
Objective The course introduces the student to advanced, comtemporary concepts of nonlinear dynamical systems analysis.
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Content I. The internal structure of chaos: symbolic dynamics, Bernoulli shift map,  sub-shifts of finite type; chaos is numerical iterations.

II.Hamiltonian dynamical systems: conservation and recurrence, stability of fixed points, integrable systems,  invariant tori, Liouville-
Arnold-Jost Theorem, KAM theory.

III. Normally hyperbolic invariant manifolds: Crash course on differentiable manifolds,  existence, persistence, and smoothness,
applications.
IV. Geometric singular perturbation theory:  slow manifolds  and their stability, physical examples. V. Finite-time dynamical system;
detecting  Invariant manifolds and coherent structures  in finite-time flows

Lecture notes Students have to prepare their own lecture notes
Literature Books will be recommended in class
Prerequisites /
notice

Nonlinear Dynamics I (151-0532-00) or equivalent

401-3652-00L Numerical Methods for Hyperbolic Partial Differential
Equations (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: MAT827

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W 10 credits 4V+2U University lecturers

Abstract This course treats numerical methods for hyperbolic initial-boundary value problems, ranging from wave equations to the equations of gas
dynamics. The principal methods discussed in the course are finite volume methods, including TVD, ENO and WENO schemes. Exercises
involve implementation of numerical methods in MATLAB.

Objective The goal of this course is familiarity with the fundamental ideas and mathematical 
consideration underlying modern numerical methods for conservation laws and wave equations.

Content * Introduction to hyperbolic problems: Conservation, flux modeling, examples and significance in physics and engineering.
 
* Linear Advection equations in one dimension: Characteristics, energy estimates, upwind schemes.
 
* Scalar conservation laws: shocks, rarefactions, solutions of the Riemann problem, weak and entropy solutions, some existence and
uniqueness results, finite volume schemes of the Godunov, Engquist-Osher and Lax-Friedrichs type. Convergence for monotone methods
and E-schemes.

* Second-order schemes: Lax-Wendroff, TVD schemes, limiters, strong stability preserving Runge-Kutta methods.

* Linear systems: explicit solutions, energy estimates, first- and high-order finite volume schemes.

* Non-linear Systems: Hugoniot Locus and integral curves, explicit Riemann solutions of shallow-water and Euler equations. Review of
available theory.

Lecture notes Lecture slides will be made available to participants. However, additional material might be covered in the course.
Literature H. Holden and N. H. Risebro, Front Tracking for Hyperbolic Conservation Laws, Springer 2011. Available online.


R. J. LeVeque, Finite Volume methods for hyperbolic problems, Cambridge university Press, 2002. Available online.

E. Godlewski and P. A. Raviart, Hyperbolic systems of conservation laws, Ellipses, Paris, 1991.

Prerequisites /
notice

Having attended the course on the numerical treatment of elliptic and parabolic problems is no prerequisite. 

Programming exercises in MATLAB

Former course title: "Numerical Solution of Hyperbolic Partial Differential Equations"

401-3903-11L Geometric Integer Programming W 6 credits 2V+1U J. Paat
Abstract Integer programming is the task of minimizing a linear function over all the integer points in a polyhedron. This lecture introduces the key

concepts of an algorithmic theory for solving such problems.
Objective The purpose of the lecture is to provide a geometric treatment of the theory of integer optimization.
Content Key topics are:


- Lattice theory and the polynomial time solvability of integer optimization problems in fixed dimension.

- Structural properties of integer sets that reveal other parameters affecting the complexity of integer problems

- Duality theory for integer optimization problems from the vantage point of lattice free sets.

Lecture notes not available, blackboard presentation
Literature Lecture notes will be provided. 


Other helpful materials include 

Bertsimas, Weismantel: Optimization over Integers, 2005

and

Schrijver: Theory of linear and integer programming, 1986.

Prerequisites /
notice

"Mathematical Optimization" (401-3901-00L)

263-4400-00L Advanced Graph Algorithms and Optimization
Number of participants limited to 30.

W 5 credits 3G+1A R. Kyng

Abstract This course will cover a number of advanced topics in optimization and graph algorithms.
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Objective The course will take students on a deep dive into modern approaches to
 graph algorithms using convex optimization techniques. 

 By studying convex optimization through the lens of graph algorithms,
 students should develop a deeper understanding of fundamental
 phenomena in optimization.

 The course will cover some traditional discrete approaches to various graph
 problems, especially flow problems, and then contrast these approaches
 with modern, asymptotically faster methods based on combining convex
 optimization with spectral and combinatorial graph theory.

Content Students should leave the course understanding key
 concepts in optimization such as first and second-order optimization,
 convex duality, multiplicative weights and dual-based methods,
 acceleration, preconditioning, and non-Euclidean optimization.

 Students will also be familiarized with central techniques in the
 development of graph algorithms in the past 15 years, including graph
 decomposition techniques, sparsification, oblivious routing, and
 spectral and combinatorial preconditioning.

Prerequisites /
notice

This course is targeted toward masters and doctoral students with an
 interest in theoretical computer science. 

 Students should be comfortable with design and analysis of algorithms, probability, and linear algebra. 

 Having passed the course Algorithms, Probability, and Computing (APC)  is highly recommended, but not formally required. If you are not
 sure whether you're ready for this class or not, please consult the
 instructor.

 Seminars
Number Title Type ECTS Hours Lecturers

401-4910-20L Seminar on Mean-Field Games
Limited number of participants.
Registration to the seminar will only be effective once
confirmed by email from the organiser.

W 4 credits 2S C. Czichowsky

Abstract Mean-field games provide a tractable model of large population strategic games. Introduced in the seminal works of Lasry and Lions, and
Huang, Malhame and Caines, mean-field games enjoy growing interest by researchers and a wide variety of applications.
In this seminar we want to acquaint ourselves with the basic problem formulation and some approaches to study such games.

Objective Student should be at a sufficiently advanced level to present selected topics from research papers and books. The seminar will take an
intermediate form, somewhere between a student seminar and a graduate reading course. As such, participants should be motivated to
prepare a presentation based on research articles, but also willing to consult more senior participants for feedback and help if needed.
Roughly the first half of the planned talks is suitable for masters students with a firm understanding of the probabilistic and analytic
techniques, the remaining talks will be given by more advanced participants.

Content The seminar will begin by recalling classical control theory, known results from stochastic differential games and then quickly progress to
research-level topics on mean-field games. Over the course of the seminar we aim to gain a solid overview of current research on this
topic. The typical participant will be an advanced graduate student, doctoral student or a postdoc, not necessarily an expert on the topic but
interested in jointly learning the subject.
The mean-field games literature employs an interesting mix of techniques form PDEs, stochastic analysis and optimal transport theory. The
seminar provides a good staring point for students to write a M.Sc. thesis in this or related areas.

Literature The seminar outline and references are available on the course website:
https://metaphor.ethz.ch/x/2020/fs/401-4910-20L/

Prerequisites /
notice

Please contact Robert (rc@math.ethz.ch) upon registering for the Seminar.

Requirements:
Students are required to meet with an assistant for the seminar twice before their talk. The first meeting is intended to discuss the basic
outline and topics covered, the a second meeting to clarify questions and make sure the talk is coherently planed in order to lay the
foundations for the following talks. 

Prerequisites: 
Please consult the seminar website and outline for details.

 Colloquia
Number Title Type ECTS Hours Lecturers

401-5000-00L Zurich Colloquium in Mathematics E- 0 credits R. Abgrall, P. L. Bühlmann,
M. Iacobelli, A. Iozzi, S. Mishra,
R. Pandharipande, further lecturers

Abstract The lectures try to give an overview of "what is going on" in important areas of contemporary mathematics, to a wider non-specialised
audience of mathematicians.

401-5990-00L Zurich Graduate Colloquium E- 0 credits A. Iozzi, University lecturers
Abstract The Graduate Colloquium is an informal seminar aimed at graduate students and postdocs whose purpose is to provide a forum for

communicating one's interests and thoughts in mathematics.

401-4530-00L Geometry Graduate Colloquium E- 0 credits 1K Speakers

401-5110-00L Number Theory Seminar E- 0 credits 1K Ö. Imamoglu, P. S. Jossen,
E. Kowalski, P. D. Nelson, R. Pink,
G. Wüstholz

Abstract Research colloquium
Objective Talks on various topics of current research.
Content Research seminar in algebra, number theory and geometry. This seminar is aimed in particular to members of the research groups in these

areas and their graduate students.

401-5140-11L Algebraic Geometry and Moduli Seminar E- 0 credits 2K R. Pandharipande
Abstract Research colloquium
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401-5350-00L Analysis Seminar E- 0 credits 1K M. Struwe, A. Carlotto, F. Da Lio,
A. Figalli, N. Hungerbühler,
M. Iacobelli, L. Kobel-Keller,
T. Rivière, University lecturers

Abstract Research colloquium
Content Research seminar in Analysis

401-5370-00L Ergodic Theory and Dynamical Systems E- 0 credits 1K M. Einsiedler, University lecturers
Abstract Research colloquium

401-5530-00L Geometry Seminar E- 0 credits 1K M. Burger, M. Einsiedler, P. Feller,
A. Iozzi, U. Lang, A. Sisto, University
lecturers

Abstract Research colloquium

401-5580-00L Symplectic Geometry Seminar E- 0 credits 2K P. Biran, A. Cannas da Silva
Abstract Research colloquium

401-5330-00L Talks in Mathematical Physics E- 0 credits 1K A. Cattaneo, G. Felder,
M. Gaberdiel, G. M. Graf,
T. H. Willwacher, University
lecturers

Abstract Research colloquium
Content Forschungsseminar mit wechselnden Themen aus dem Gebiet der mathematischen Physik.

401-5650-00L Zurich Colloquium in Applied and Computational
Mathematics

E- 0 credits 1K R. Abgrall, R. Alaifari, H. Ammari,
R. Hiptmair, S. Mishra, S. Sauter,
C. Schwab

Abstract Research colloquium

401-5600-00L Seminar on Stochastic Processes E- 0 credits 1K J. Bertoin, A. Nikeghbali,
B. D. Schlein, A.-S. Sznitman,
V. Tassion, W. Werner

Abstract Research colloquium

401-5620-00L Research Seminar on Statistics E- 0 credits 1K P. L. Bühlmann, M. H. Maathuis,
N. Meinshausen, S. van de Geer,
A. Bandeira, R. Furrer, L. Held,
T. Hothorn, D. Kozbur, C. Uhler,
M. Wolf

Abstract Research colloquium

401-5680-00L Foundations of Data Science Seminar E- 0 credits P. L. Bühlmann, A. Bandeira,
H. Bölcskei, J. M. Buhmann,
T. Hofmann, A. Krause, A. Lapidoth,
H.-A. Loeliger, M. H. Maathuis,
N. Meinshausen, G. Rätsch,
C. Uhler, S. van de Geer, F. Yang

Abstract Research colloquium

401-5910-00L Talks in Financial and Insurance Mathematics E- 0 credits 1K P. Cheridito, M. Schweizer,
J. Teichmann, M. V. Wüthrich

Abstract Research colloquium
Objective Introduction to current research topics in "Insurance Mathematics and Stochastic Finance".
Content https://www.math.ethz.ch/imsf/courses/talks-in-imsf.html

401-5900-00L Optimization Seminar E- 0 credits 1K A. Bandeira, R. Weismantel,
R. Zenklusen

Abstract Lectures on current topics in optimization.
Objective This lecture series introduces graduate students to ongoing research activities (including applications) in the domain of optimization.
Content This seminar is a forum for researchers interested in optimization theory and its applications. Speakers, invited from both academic and

non-academic institutions, are expected to stimulate discussions on theoretical and applied aspects of optimization and related subjects.
The focus is on efficient (or practical) algorithms for continuous and discrete optimization problems, complexity analysis of algorithms and
associated decision problems, approximation algorithms, mathematical modeling and solution procedures for real-world optimization
problems in science, engineering, industries, public sectors etc.

252-4202-00L Seminar in Theoretical Computer Science E- 2 credits 2S E. Welzl, B. Gärtner, M. Ghaffari,
M. Hoffmann, J. Lengler, A. Steger,
D. Steurer, B. Sudakov

Abstract Presentation of recent publications in theoretical computer science, including results by diploma, masters and doctoral candidates.
Objective To get an overview of current research in the areas covered by the involved research groups. To present results from the literature.
Prerequisites /
notice

This seminar takes place as part of the joint research seminar of several theory groups. Intended participation is for students with excellent
performance only. Formal restriction is: prior successful participation in a master level seminar in theoretical computer science.

Doctoral Department of Mathematics - Key for Type

Z Courses outside the curriculum
Dr Suitable for doctorate
O Compulsory

W+ Eligible for credits and recommended
W Eligible for credits
E- Recommended, not eligible for credits
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Doctoral Department of Physics
More Information at: https://www.ethz.ch/en/doctorate.html

 Doctoral and Post-Doctoral Courses
Please note that this is an INCOMPLETE list of courses.

Number Title Type ECTS Hours Lecturers

402-0318-00L Semiconductor Materials: Characterization,
Processing and Devices

W 6 credits 2V+1U S. Schön, W. Wegscheider

Abstract This course gives an introduction into the fundamentals of semiconductor materials. The main focus in this semester is on state-of-the-art
characterization, semiconductor processing and devices.

Objective Basic knowledge of semiconductor physics and technology. Application of this knowledge for state-of-the-art semiconductor device
processing

Content 1. Material characterization: structural and chemical methods
1.1 X-ray diffraction methods (Powder diffraction, HRXRD, XRR, RSM)
1.2 Electron microscopy Methods (SEM, EDX, TEM, STEM, EELS)
1.3 SIMS, RBS
2. Material characterization: electronic methods
2.1 van der Pauw techniquel2.2 Floating zone method
2.2 Hall effect
2.3 Cyclotron resonance spectroscopy
2.4. Quantum Hall effect
3. Material characterization: Optical methods
3.1 Absorption methods
3.2 Photoluminescence methods
3.3 FTIR, Raman spectroscopy
4. Semiconductor processing: lithography
4.1 Optical lithography methods
4.2 Electron beam lithography
4.3 FIB lithography
4.4 Scanning probe lithography
4.5 Direct growth methods (CEO, Nanowires)
5. Semiconductor processing: structuring of layers and devices
5.1 Wet etching methods
5.2 Dry etching methods (RIE, ICP, ion milling)
5.3 Physical vapor depositon methods (thermal, e-beam, sputtering)
5.4 Chemical vapor Deposition methods (PECVD, LPCVD, ALD)
5.5 Cleanroom basics & tour
6. Semiconductor devices
6.1 Semiconductor lasers
6.2 LED & detectors
6.3 Solar cells
6.4 Transistors (FET, HBT, HEMT)

Lecture notes https://moodle-app2.let.ethz.ch/course/view.php?id=12230
Prerequisites /
notice

The "compulsory performance element" of this lecture is a short presentation of a research paper complementing the lecture topics.
Several topics and corresponding papers will be offered on the moodle page of this lecture.

402-0484-00L Experimental and Theoretical Aspects of Quantum
Gases

W 6 credits 2V+1U T. U. Donner, T. Esslinger

Abstract Quantum Gases are the most precisely controlled many-body systems in physics. This provides a unique interface between theory and
experiment, which allows addressing fundamental concepts and long-standing questions. This course lays the foundation for the
understanding of current research in this vibrant field.

Objective The lecture conveys a basic understanding for the current research on quantum gases. Emphasis will be put on the connection between
theory and experimental observation. It will enable students to read and understand publications in this field.

Content Cooling and trapping of neutral atoms

Bose and Fermi gases

Ultracold collisions

The Bose-condensed state

Elementary excitations

Vortices

Superfluidity

Interference and Correlations

Optical lattices

Lecture notes notes and material accompanying the lecture will be provided
Literature C. J. Pethick and H. Smith, Bose-Einstein condensation in dilute Gases,

   Cambridge.
   Proceedings of the Enrico Fermi International School of Physics, Vol. CXL,
   ed. M. Inguscio, S. Stringari, and C.E. Wieman (IOS Press, Amsterdam,
   1999).

402-0486-00L Frontiers of Quantum Gas Research: Few- and Many-
Body Physics
Does not take place this semester.

W 6 credits 2V+1U

Abstract The lecture will discuss the most relevant recent research in the field of quantum gases. Bosonic and fermionic quantum gases with
emphasis on strong interactions will be studied. The topics include low dimensional systems, optical lattices and quantum simulation, the
BEC-BCS crossover and the unitary Fermi gas, transport phenomena, and quantum gases in optical cavities.

Objective The lecture is intended to convey an advanced understanding for the current research on quantum gases. Emphasis will be put on the
connection between theory and experimental observation. It will enable students to follow current publications in this field.
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Content Quantum gases in one and two dimensions
Optical lattices, Hubbard physics and quantum simulation
Strongly interacting Fermions: the BEC-BCS crossover and the unitary Fermi gas
Transport phenomena in ultracold gases
Quantum gases in optical cavities

Lecture notes no script
Literature C. J. Pethick and H. Smith, Bose-Einstein condensation in dilute Gases, Cambridge.

T. Giamarchi, Quantum Physics in one dimension
I. Bloch, J.  Dalibard, W. Zwerger, Many-body physics with ultracold gases, Rev. Mod. Phys. 80, 885 (2008)
Proceedings of the Enrico Fermi International School of Physics, Vol. CLXIV, ed. M. Inguscio, W. Ketterle, and C. Salomon (IOS Press,
Amsterdam, 2007). 
Additional literature will be distributed during the lecture

Prerequisites /
notice

Presumably, Prof. Päivi Törmä from Aalto university in Finland will give part of the course. The exercise classes will be partly in the form of
a Journal Club, in which a student presents the achievements of a recent important research paper. More information available on
http://www.quantumoptics.ethz.ch/

402-0470-17L Optical Frequency Combs: Physics and Applications
Does not take place this semester.

W 6 credits 2V+1U J. Faist

Abstract In this lecture, the goal is to review the physics behind mode-locking in these various devices, as well as discuss the most important
novelties and applications of the newly developed sources.

Objective In this lecture, the goal is to review the physics behind mode-locking in these various devices, as well as discuss the most important
novelties and applications of the newly developed sources.

Content Since their invention, the optical frequency combs have shown to be a key technological tool with applications in a variety of fields ranging
from astronomy, metrology, spectroscopy and telecommunications. Concomitant with this expansion of the application domains, the range
of technologies that have been used to generate optical frequency combs has recently widened to include, beyond the solid-state and fiber
mode-locked lasers, optical parametric oscillators, microresonators and quantum cascade lasers. 
In this lecture, the goal is to review the physics behind mode-locking in these various devices, as well as discuss the most important
novelties and applications of the newly developed sources.
Chapt 1: Fundamentals of optical frequency comb generation
- Physics of mode-locking:  time domain picture
    Propagation and stability of a pulse, soliton formation
- Dispersion compensation
    Solid-state and fiber mode-locked laser    
Chapt 2: Direct generation 
    Microresonator combs:  Lugiato-Lefever equation, solitons
    Quantum cascade laser: Frequency domain picture of the mode-locking
    Mid-infrared and terahertz QCL combs
Chapt 3: Non-linear optics
        DFG, OPOs
Chapt 4: Comb diagnostics and noise
    Jitter, linewidth
Chapt 5: Self-referenced combs and their applications
Chapt 6: Dual combs and their applications to spectroscopy

402-0498-00L Cavity QED and Ion Trap Physics W 6 credits 2V+1U D. Kienzler, M. Grau
Abstract This course covers the physics of systems where harmonic oscillators are coupled to spin systems, for which the 2012 Nobel prize was

awarded. Experimental realizations include photons trapped in high-finesse cavities and ions trapped by electro-magnetic fields. These
approaches have achieved an extraordinary level of control and provide leading technologies for quantum information processing.

Objective The objective is to provide a basis for understanding the wide range of research currently being performed on fundamental quantum
mechanics with spin-spring systems, including cavity-QED and ion traps. During the course students would expect to gain an
understanding of the current frontier of research in these areas, and the challenges which must be overcome to make further advances.
This should provide a solid background for tackling recently published research in these fields, including experimental realisations of
quantum information processing.

Content This course will cover cavity-QED and ion trap physics, providing links and differences between the two. It aims to cover both theoretical
and experimental aspects. In all experimental settings the role of decoherence and the quantum-classical transition is of great importance,
and this will therefore form one of the key components of the course. The topics of the course were cited in the Nobel prize which was
awarded to Serge Haroche and David Wineland in 2012.

Topics which will be covered include:

Cavity QED
(atoms/spins coupled to a quantized field mode)
Ion trap
(charged atoms coupled to a quantized motional mode)

Quantum state engineering:
Coherent and squeezed states
Entangled states
Schrodinger's cat states

Decoherence:
The quantum optical master equation
Monte-Carlo wavefunction
Quantum measurements
Entanglement and decoherence

Applications:
Quantum information processing
Quantum sensing

Literature S. Haroche and J-M. Raimond "Exploring the Quantum" (required)
M. Scully and M.S. Zubairy, Quantum Optics (recommended)

Prerequisites /
notice

This course requires a good working knowledge in non-relativistic quantum mechanics. Prior knowledge of quantum optics is
recommended but not required.

402-0466-15L Quantum Optics with Photonic Crystals, Plasmonics
and Metamaterials

W 6 credits 2V+1U G. Scalari
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Abstract In this lecture, we would like to review new developments in the emerging topic of quantum optics in very strongly confined structures, with
an emphasis on sources and photon statistics as well as the coupling between optical and mechanical degrees of freedom.

Content 1. Light confinement
1.1. Photonic crystals
1.1.1. Band structure
1.1.2. Slow light and cavities
1.2. Plasmonics
1.2.1. Light confinement in metallic structures
1.2.2. Metal optics and waveguides
1.2.3. Graphene plasmonics
1.3. Metamaterials
1.3.1. Electric and magnetic response at optical frequencies
1.3.2. Negative index, cloacking, left-handness

2. Light coupling in cavities
2.1. Strong coupling
2.1.1. Polariton formation
2.1.2. Strong and ultra-strong coupling
2.2. Strong coupling in microcavities
2.2.1. Planar cavities, polariton condensation
2.3. Polariton dots
2.3.1. Microcavities
2.3.2. Photonic crystals
2.3.3. Metamaterial-based

3. Photon generation and statistics
3.1. Purcell emitters
3.1.1. Single photon sources
3.1.2. THz emitters
3.2. Microlasers
3.2.1. Plasmonic lasers: where is the limit?
3.2.2. g(1) and g(2) of microlasers
3.3. Optomecanics
3.3.1. Micro ring cavities
3.3.2. Photonic crystals
3.3.3. Superconducting resonators

402-0516-10L Group Theory and its Applications W 12 credits 3V+3U D. Pescia
Abstract This lecture introduces the fundamental concepts of group theory and its applications to general quantum mechanical and solid state

physics problems.  Symmetry is at the roots of quantum mechanics: this lecture is also a tutorial for students that would like to understand
the practical side of the (often difficult) mathematical exposition of regular courses on quantum mechanics.

Objective The aim of this lecture is to give a fundamental knowledge on the application of symmetry in atoms, molecules and  solids. The lecture is
intended for students at the master and Phd. level in Physics that would like to have a practical and comprehensive view of the role of
symmetry in physics. Students in their third year of Bachelor will be perfectly able to follow the lecture and can use it for their future master
curriculuum.  Students from other Departement are welcome, as the lecture is designed to be (almost) self-contained. As symmetry is
omnipresent in science and in particular quantum mechanics, this lecture is also a tutorial on quantum mechanics for students that would
like to understand what is behind the often difficult mathematical exposition of regular courses on quantum mechanics.

Content 1. Abstract Group Theory and representation theory of groups 
(Fundamentals of groups, Groups and geometry, Point and space groups, Representation theory of groups (H. Weyl, 1885-1955),
Reducible and irreducible representations , Properties of irreducible representations, Characters of a representation and theorems
involving them, Symmetry adapted vectors)

2.  Group theory and eigenvalue problems (General introduction and practical examples)  

3. Representations of continuous groups (the circle group, The full rotation group, atomic physics, the translation group and the
Schrödinger representation of quantum mechanics, Cristal field splitting, The Peter-Weyl theorem, The Stone-von Neumann theorem, The
Harisch-Chandra character)

4. Space groups and their representations (Elements of crystallography, irreducible representations of the space groups, Non-symmorphic
space groups)

5. Kronecker (tensor) products (of vectors, of matrices, of groups, of representations) 

6.  Applications of tensor products (An introduction to the universal covering group, The universal covering group of SO3,  SU(2), how to
deal with the  spin of the electron, Clebsch-Gordan coefficients, Double point groups, The Clebsch-Gordan coefficients for point groups,
The Wigner-Eckart-Koster theorem and its applications)

7. (tentative)  The application of symmetry to phase transitions (Landau).

Lecture notes A manuscript is made available.
Literature -B.L. van der Waerden, Group Theory and Quantum Mechanics, Springer Verlag. ("Old" but still modern).

- L.D. Landau, E.M. Lifshitz, Lehrbuch der Theor. Pyhsik, Band III, "Quantenmechanik", Akademie-Verlag Berlin, 1979, Kap. XII and  
Ibidem, Band V, "Statistische Physik", Teil 1, Akademie-Verlag 1987, Kap. XIII and XIV. (Very concise and practical)
-A. Fässler, E. Stiefel, Group Theoretical Methods and Their applications, Birkhäuser. (A classical book on practical group theory, from a
strong ETHZ school).
- C. Isham, Lectures on group and vector spaces for physicists, World Scientific. (More mathematical but very didactical)

402-0536-00L Ferromagnetism: From Thin Films to Spintronics W 6 credits 3G R. Allenspach
Abstract This course extends the introductory course "Introduction to Magnetism" to the latest, modern topics in research in magnetism and

spintronics. 
After a short revisit of the basic magnetism concepts, emphasis is put on novel phenomena in (ultra)thin films and small magnetic
structures, displaying effects not encountered in bulk magnetism.

Objective Knowing the most important concepts and applications of ferromagnetism, in particular on the nanoscale (thin films, small structures).
Being able to read and understand scientific articles at the front of research in this area. Learn to know how and why magnetic storage,
sensors, memories and logic concepts function. Learn to condense and present the results of a research articles so that colleagues
understand.
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Content Magnetization curves, magnetic domains, magnetic anisotropy; novel effects in ultrathin magnetic films and multilayers: interlayer
exchange, spin transport; magnetization dynamics, spin precession. 
Applications: Magnetic data storage, magnetic memories, spin-based electronics, also called spintronics.

Lecture notes Lecture notes will be handed out (in English).
Prerequisites /
notice

This course can be easily followed with having attended the  "Introduction to Magnetism" course before, but also without.
Language: English.

402-0532-00L Quantum Solid State Magnetism W 6 credits 2V+1U K. Povarov
Abstract This course is based on  the principal modern tools used to study collective magnetic phenomena in the Solid State, namely correlation and

response functions. It is quite quantitative, but doesn't contain any "fancy" mathematics. Instead, the theoretical aspects are balanced by
numerous experimental examples and case studies. It is aimed at theorists and experimentalists alike.

Objective Learn the modern theoretical foundations and "language", as well as principles and capabilities of the latest experimental techniques, used
to describe and study collective magnetic phenomena in the Solid State.

Content - Magnetic response and correlation functions. Analytic properties. Fluctuation-dissipation theorem. Experimental methods to measure
static and dynamic correlations.

- Magnetic response and correlations in metals. Diamagnetism and paramagnetism. Magnetic ground states: ferromagnetism, spin density
waves. Excitations in metals, spin waves. Experimental examples.

- Magnetic response and correlations of magnetic ions in crystals: quantum numbers and effective Hamiltonians. Application of group
theory to classifying ionic states. Experimental case studies.

-  Magnetic response and correlations in magnetic insulators. Effective Hamiltonians. Magnetic order and propagation vector formalism.
The use of group theory to classify magnetic structures.  Determination of magnetic structures from diffraction data. Excitations: spin wave
theory and beyond. "Triplons". Measuring spin wave spectra.

Lecture notes A comprehensive textbook-like script is provided.
Literature In principle, the script is suffient as study material. Additional reading:


-"Magnetism in Condensed Matter" by S. Blundell
-"Quantum Theory of Magnetism: Magnetic properties of Materials" by R. M. White 
-"Lecture notes on Electron Correlations and Magnetism" by P. Fazekas

Prerequisites /
notice

Prerequisite:
402-0861-00L    Statistical Physics
402-0501-00L    Solid State Physics

Not prerequisite, but a good companion course:
402-0871-00L    Solid State Theory
402-0257-00L    Advanced Solid State Physics
402-0535-00L    Introduction to Magnetism

402-0538-16L Introduction to Magnetic Resonance for Physicists
Does not take place this semester.

W 6 credits 2V+1U C. Degen

Abstract This course provides the fundamental principles of magnetic resonance and discusses its applications in physics and other disciplines.
Objective Magnetic resonance is a textbook example of quantum mechanics that has made its way into numerous applications. It describes the

response of nuclear and electronic spins to radio-frequency magnetic fields. The aim of this course is to provide the basic concepts of
magnetic resonance while making connections of relevancy to other areas of science.
After completing this course, students will understand the basic interactions of spins and how they are manipulated and detected. They will
be able to calculate and simulate the quantum dynamics of spin systems. Examples of current-day applications in solid state physics,
quantum information, magnetic resonance tomography, and biomolecular structure determination will also be integrated.

Content Fundamentals and Applications of Magnetic Resonance
- Historical Perspective
- Bloch Equations
- Quantum Picture of Magnetic Resonance
- Spin Hamiltonian
- Pulsed Magnetic Resonance
- Spin Relaxation
- Electron Paramagnetic Resonance and Ferromagnetic Resonance
- Signal Detection
- Modern Topics and Applications of Magnetic Resonance

Lecture notes Class Notes and Handouts
Literature 1) Charles Slichter, "Principles of Magnetic Resonance"

2) Anatole Abragam, "The Principles of Nuclear Magnetism"
Prerequisites /
notice

Basic knowledge of quantum mechanics is not formally required but highly advantageous.

402-0528-12L Ultrafast Methods in Solid State Physics W 6 credits 2V+1U S. Johnson, M. Savoini
Abstract This course provides an overview of experimental methods and techniques used to study dynamical processes in solids. Many processes

in solids happen on a picosecond to femtosecond time scale. In this course we discuss different methods to generate femtosecond photon
pulses and measurement techniques adapted to time resolved experiments.

Objective The goal of the course is to enable students to identify and evaluate experimental methods to manipulate and measure the electronic,
magnetic and structural properties of solids on the fastest possible time scales.  These "ultrafast methods" potentially lead both to an
improved understanding of fundamental interactions in condensed matter and to applications in data storage, materials processing and
computing.
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Content The topical course outline is as follows:

0. Introduction
Time scales in solids and technology
Time vs. frequency domain experiments
Pump-Probe technique

1. Ultrafast processes in solids, an overview
Electron gas
Lattice
Spin system

2. Ultrafast optical-frequency methods
Ultrafast laser sources
Broadband techniques
Harmonic generation, optical parametric amplification
Fluorescence
Advanced pump-probe techniques

3. THz-frequency methods
Mid-IR and THz interactions with solids
Difference frequency mixing
Optical rectification 

4. Ultrafast VUV and x-ray frequency methods
Synchrotron based sources
Free electron lasers
Higher harmonic generation based sources
X-ray diffraction
Time resolved X-ray microscopy
Coherent imaging

5. Electron spectroscopy in the time domain

Lecture notes Will be distributed.
Literature Will be distributed.
Prerequisites /
notice

Although the course "Ultrafast Processes in Solids" (402-0526-00L) is useful as a companion to this course, it is not a prerequisite.

402-0558-00L Crystal Optics in Intense Light Fields W 6 credits 2V+1U M. Fiebig
Abstract Because of their aesthetic nature crystals are termed "flowers of mineral kingdom". The aesthetic aspect is closely related to the symmetry

of the crystals which in turn determines their optical properties. It is the purpose of this course to stimulate the understanding of these
relations with a particular focus on those phenomena occurring in intense light fields as they are provided by lasers.

Objective In this course students will at first acquire a systematic knowledge of classical crystal-optical phenomena and the experimental and
theoretical tools to describe them. This will be the basis for the core part of the lecture in which they will learn how to characterize
ferroelectric, (anti)ferromagnetic and other forms of ferroic order and their interaction by nonlinear optical techniques. See also
http://www.ferroic.mat.ethz.ch/research/index.

Content Crystal classes and their symmetry; basic group theory; optical properties in the absence and presence of external forces; focus on
magnetooptical phenomena; density-matrix formalism of light-matter interaction; microscopy of linear and nonlinear optical susceptibilities;
second harmonic generation (SHG); characterization of ferroic order by SHG; outlook towards other nonlinear optical effects: devices,
ultrafast processes, etc.

Lecture notes Extensive material will be provided throughout the lecture.
Literature (1) R. R. Birss, Symmetry and Magnetism, North-Holland (1966)

(2) R. E. Newnham: Properties of Materials: Anisotropy, Symmetry, Structure, Oxford University (2005)
(3) A. K. Zvezdin, V. A. Kotov: Modern Magnetooptics & Magnetooptical Materials, Taylor/Francis (1997)
(4) Y. R. Shen: The Principles of Nonlinear Optics, Wiley (2002) 
(5) K. H. Bennemann: Nonlinear Optics in Metals, Oxford University (1999)

Prerequisites /
notice

Basic knowledge in solid state physics and quantum (perturbation) theory will be very useful. The lecture is addressed to students in
physics and students in materials science with an affinity to physics.

402-0726-12L Physics of Exotic Atoms W 6 credits 2V+1U P. Crivelli, A. Soter
Abstract In this course, we will review the status of physics with exotic atoms including the new exciting advances such as anti-hydrogen 1S-2S

spectroscopy and measurements of the hyperfine splitting and the puzzling results of the muonic-hydrogen experiment for the
determination of the proton charge radius.

Objective The course will give an introduction on the physics of exotic atoms covering both theoretical and experimental aspects. The focus will be
set on the systems which are currently a subject of research in Switzerland: positronium at ETHZ, anti-hydrogen at CERN and muonium,
muonic-H and muonic-He at PSI. The course will enable the students to follow recent publications in this field.

Content Review of the theory of hydrogen and hydrogen-like atoms
Interaction of atoms with radiation
Hyperfine splitting theory and experiments: Positronium (Ps),
Muonium (Mu) and anti-hydrogen (Hbar)
High precision spectroscopy: Ps, Mu and Hbar
Lamb shift in muonic-H and muonic-He- the proton radius puzzle
Weak and strong interaction tests with exotic atoms
Anti-matter and gravitation
Applications of antimatter

Lecture notes script
Literature Precision physics of simple atoms and molecules, Savely G. Karshenboim, Springer 2008


Proceedings of the International Conference on Exotic Atoms (EXA 2008) and the 9th International Conference on Low Energy Antiproton
Physics (LEAP 2008) held in Vienna, Austria, 15-19 September 2008 (PART I/II), Hyperfine Interactions, Volume 193, Numbers 1-3 /
September 2009  

Laser Spectroscopy: Vol. 1 Basic Principles Vol. 2 Experimental Techniques von Wolfgang Demtröder von Springer Berlin Heidelberg 2008

402-0883-63L Symmetries in Physics W 6 credits 2V+1U N. Beisert
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Abstract The course gives an introduction to symmetry groups in physics. It explains the relevant mathematical background (finite groups, Lie
groups and algebras as well as their representations), and illustrates their important role in modern physics.

Objective The aim of the course is to give a self-contained introduction into finite group theory as well as Lie theory from a physicists point of view.
Abstract mathematical constructions will be illustrated with examples from physics.

Content symmetries in two and three dimensions, groups and representations, finite group theory, point and space groups, structure of simple Lie
algebras, finite-dimensional representations; advanced topics such as: representations of SU(N), classification of simple Lie algebras,
conformal symmetry

402-0888-00L Field Theory in Condensed Matter Physics
Does not take place this semester.

W 6 credits 2V+1U

Abstract This class is dedicated to non-perturbative many-body effects in condensed matter physics.
Objective To learn modern concepts in many-body condensed matter physics.
Content In this class I will show, by examples, how field theory can describe some important non-perturbative phenomena in condensed matter

physics.
Lecture notes A pdf script in English will be distributed by email to those attending the class.
Literature Lecture Notes on Field Theory in Condensed Matter Physics,

Christopher Mudry,
World Scientific Publishing Company, 
ISBN 978-981-4449-09-0 (Hardcover), 
978-981-4449-10-6 (paperback)]

402-0604-00L Materials Analysis by Nuclear Techniques W 6 credits 2V+1U M. Doebeli
Abstract Materials analysis by MeV ion beams. Nuclear techniques are presented which allow to quantitatively investigate the composition, structure

and trace element content of solids.
Objective Students learn the basic concepts of ion beam analysis and its different analytical techniques. They understand how experimental data is

taken and interpreted. They are able to chose the appropriate method of analysis to solve a given problem.
Content The course treats applications of nuclear methods in other fields of research. Materials analysis by ion beam analysis is emphasized.

Techniques are presented which allow the quantitative investigation of composition, structure, and trace element content of solids:
- elasic nuclear scattering (Rutherfor Backscattering, Recoil detection)
- nuclear (resonant) reaction analysis
- activation analysis
- ion beam channeling (investigation of crystal defects)
- neutron sources
- MeV ion microprobes, imaging surface analysis

The course is also suited for graduate students.

Lecture notes Lecture notes will be distributed in pdf.
Literature 'Ion Beam Analysis: Fundamentals and Applications', M. Nastasi, J.W. Mayer, Y. Wang, CRC Press 2014, ISBN 9781439846384
Prerequisites /
notice

A practical lab demonstration is organized as part of lectures and exercises. 

The course is also well suited for graduate students.
It can be held in German or English, depending on participants.

402-0710-00L Doctoral Student Seminar in Nuclear and Particle
Physics

W 1 credit 2S A. Rubbia, G. Dissertori, M. Dittmar,
C. Grab, K. S. Kirch, R. Wallny,
University lecturers

Abstract Seminar for PhD students
Lecture notes Seminar for PhD students

402-0376-16L Advanced Statistical Methods in Cosmology and
Astrophysics
Does not take place this semester.

W 6 credits 2V+1U to be announced

Abstract Statistical methods are increasingly important in modern science. In this course we will build an understanding of statistical methods
beyond Bayesian inference. These include information content of experiments through relative entropy and ABC methods for difficult
problem when the likelihood cannot be calculated. We will also cover topics which are now commonly used in cosmology.

Content In this course we will build an understanding of statistical methods beyond Bayesian inference. These include information content of
experiments through relative entropy and ABC methods for difficult problem when the likelihood cannot be calculated. We will also cover
topics, such as power spectrum estimation, which are now commonly used in cosmology.

Prerequisites /
notice

In this course we will assume good knowledge of statistical inference, so it is recommended that students have taken 'Statistical Methods in
Cosmology and Astrophysics' or equivalent.

151-0530-00L Nonlinear Dynamics and Chaos II W 4 credits 4G G. Haller
Abstract The internal structure of chaos; Hamiltonian dynamical systems; Normally hyperbolic invariant manifolds; Geometric singular perturbation

theory; Finite-time dynamical systems
Objective The course introduces the student to advanced, comtemporary concepts of nonlinear dynamical systems analysis.
Content I. The internal structure of chaos: symbolic dynamics, Bernoulli shift map,  sub-shifts of finite type; chaos is numerical iterations.


II.Hamiltonian dynamical systems: conservation and recurrence, stability of fixed points, integrable systems,  invariant tori, Liouville-
Arnold-Jost Theorem, KAM theory.

III. Normally hyperbolic invariant manifolds: Crash course on differentiable manifolds,  existence, persistence, and smoothness,
applications.
IV. Geometric singular perturbation theory:  slow manifolds  and their stability, physical examples. V. Finite-time dynamical system;
detecting  Invariant manifolds and coherent structures  in finite-time flows

Lecture notes Students have to prepare their own lecture notes
Literature Books will be recommended in class
Prerequisites /
notice

Nonlinear Dynamics I (151-0532-00) or equivalent

151-0906-00L Frontiers in Energy Research
This course is only for doctoral students.

W 2 credits 2S C. Schaffner

Abstract Doctoral students at ETH Zurich working in the broad area of energy present their research to their colleagues, their advisors and the
scientific community. Each week a different student gives a 50-60 min presentation of their research (a full introduction, background &
findings) followed by discussion with the audience.
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Objective The key objectives of the course are:
 (1) participants will gain knowledge of advanced research in the area of energy;
 (2) participants will actively participate in discussion after each presentation;
 (3) participants gain experience of different presentation styles;
 (4) to create a network amongst the energy research doctoral student community.

Content Doctoral students at ETH Zurich working in the broad area of energy present their research to their colleagues, to their advisors and to the
scientific community. There will be one presentation a week during the semester, each structured as follows: 20 min introduction to the
research topic, 30 min presentation of the results, 30 min discussion with the audience.

Lecture notes Slides will be available on the Energy Science Center pages(www.esc.ethz.ch/events/frontiers-in-energy-research.html).

376-1792-00L Introductory Course in Neuroscience II (University of
Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: SPV0Y020

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W 2 credits 2V University lecturers

Abstract This course discusses behavioral aspects in neuroscience. Modern brain imaging methods are described. Clinical issues including
diseases of the nervous system are studied. Sleep research and neuroimmunology are discussed. Finally, the course deals with the basic
concepts in psychiatry.

Prerequisites /
notice

Für Doktorierende des Zentrums für Neurowissenschaften Zürich.

101-0178-01L Uncertainty Quantification in Engineering W 3 credits 2G S. Marelli
Abstract Uncertainty quantification aims at studying the impact of aleatory and epistemic uncertainty onto computational models used in science and

engineering. The course introduces the basic concepts of uncertainty quantification: probabilistic modelling of data (copula theory),
uncertainty propagation techniques (Monte Carlo simulation, polynomial chaos expansions), and sensitivity analysis.

Objective After this course students will be able to properly pose an uncertainty quantification problem, select the appropriate computational methods
and interpret the results in meaningful statements for field scientists, engineers and decision makers. The course is suitable for any
master/Ph.D. student in engineering or natural sciences, physics, mathematics, computer science with a basic knowledge in probability
theory.

Content The course introduces uncertainty quantification through a set of practical case studies that come from civil, mechanical, nuclear and
electrical engineering, from which a general framework is introduced. The course in then divided into three blocks: probabilistic modelling
(introduction to copula theory), uncertainty propagation (Monte Carlo simulation and polynomial chaos expansions) and sensitivity analysis
(correlation measures, Sobol' indices). Each block contains lectures and tutorials using Matlab and the in-house software UQLab
(www.uqlab.com).

Lecture notes Detailed slides are provided for each lecture. A printed script gathering all the lecture slides may be bought at the beginning of the
semester.

Prerequisites /
notice

A basic background in probability theory and statistics (bachelor level) is required. A summary of useful notions will be handed out at the
beginning of the course.

A good knowledge of Matlab is required to participate in the tutorials and for the mini-project.

402-0620-00L Current Topics in Accelerator Mass Spectrometry and
Its Applicatons

E- 0 credits 1S M. Christl, S. Willett

Abstract The seminar is aimed at all students who, during their studies, are confronted with age determination methods based on long-living
radionuclides found in nature. Basic methodology, the latest developments, and special examples from a wide range of applications will be
discussed.

Objective The seminar provides the participants an overview about newest trends and developments of accelerator mass spectrometry (AMS) and
related applications. In their talks and subsequent discussions the participants learn intensively about the newest trends in the field of AMS
thus attaining a broad knowledge on both, the physical principles and the applications of AMS, which goes far beyond the horizon of their
own studies.

402-0364-17L Cosmic Structure Formation and Radiation Processes
Does not take place this semester.

W 6 credits 2V+1U S. Cantalupo

Abstract In this course, the students will investigate the properties and origin of the largest baryonic structures in the universe through the study of
their radiation. We will span a large range in the universe’s history and radiation spectrum: from X-ray emitting ICM to Cosmic Web UV
emission and absorption, to HI radio emission during Reionization. A strong focus will be also put on research practice.

Objective Content goals/objectives include:

- The students will learn how to investigate and characterise the physical properties of the largest baryonic structures in the universe by
studying in detail the mechanisms that produce and modify the electromagnetic radiation detectable with astronomical observing facilities. 

- The students will learn that radiation processes are an active agent in shaping the formation and evolution of cosmic structures in the
universe from the largest scales associated with intergalactic gas to galaxies. 

Practice goals/objectives include:

- Through this course, the students will learn/consolidate the fundamental skills in scientific research practice including: i) asking and
refining scientific questions, ii) making testable predictions, iii) reducing complex problems in smaller units, iv) finding relevant variables in
physical problems, v) effectively sharing and communicating the results.

In order to achieve these goal, the course is designed through inquiry-based activities that will cover the following topics:

- Inferring the physical properties of the Intra Cluster Medium in Galaxy Clusters (X-ray, high-energy radiation processes)
- Detecting and studying Intergalactic gas in the Cosmic Web in absorption and emission (UV/optical absorption and emission of Hydrogen
Ly-alpha radiation, Radiative Transfer)
- The physics of Radiative Cooling and how radiation processes shape cosmic structure formation.
- Cosmic Reionization and radio emission from neutral hydrogen in the early universe.

Lecture notes Class material will include: i) power point and black-board presentations, ii) material developed in the class during the activities by the
students, iii) research papers and reviews, iv) extracts from books. 

Some of the material will be available online but it is expected that a large fraction of the material/notes will be produced during the
classroom activities. Class attendance and active participation are fundamental factors for both learning and assessment during this course
and for the exam.
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Prerequisites /
notice

The course is geared towards students at any level (Bachelor, Master and Ph.D students) in the physical sciences with no particular
prerequisites on previous classes or study background. The only prerequisites necessary for this class are: i) motivation, ii) curiosity, iii)
willingness to actively participate.

402-0248-00L Electronics for Physicists II (Digital)
Number of participants limited to 30.

W 4 credits 4G Y. M. Acremann

Abstract The course will start with logic and finite state machines. These concepts will be applied in practical exercises using FPGAs. Based on this
knowledge we will cover the working  principles of microprocessors. We will cover combined systems where a micro processor is used for
the complex parts and specialized logic on the FPGA is in charge of processing time-critical signals.

Objective The goal of this lecture is to give an overview over digital electronic design needed for timing and data acquisition systems used in physics.
After this lecture you will have the knowledge to design digital systems based on FPGAs and microcontrollers.

Content The goal of this lecture is to give an overview over digital electronic design needed for timing and data acquisition systems used in physics.
After this lecture you will have the knowledge to design  digital systems based on FPGAs and micro controllers.

Contents:
Combinational logic
Flip-Flops
Binary representations of numbers, binary arithmetic
Counters, shift registers

Hardware description languages (mostly VHDL)
Field programmable gate arrays (FPGAs)
From algorithm to architecture
Finite state machines

Buses (parallel, serial)
The SPI bus

Digital signal processing
The sampling theorem
Z-transform,
Digital filters
Frequency conversion

The microprocessor (illustrated on an open-source implementation of the RISC-V microprocessor)
SPI bus with a micro controller
Combined systems: FPGA for the time critical part, processor for the user interface
System-on-chip (FPGA based)

Prerequisites /
notice

We recommend the students to have taken Analog Electronics for Physicists or to have  knowledge of basic analog electronics.

Students (or at least each group of 2 / 3 students) need a laptop computer, preferably running Linux or Windows. For other operating
systems we recommend running Linux or Windows on a virtual machine.

402-0364-61L Galaxy Formation
Does not take place this semester.

W 6 credits 3G S. Cantalupo

Abstract In this course, the students will discover how galaxies formed and developed in the context of the large scale structure of the
universe. Following actual research practices, they will use galaxy observations in order to understand the physical properties of galactic
constituents and they will combine their results with cosmological models to address unsolved questions in galaxy formation.

Objective Content goals/objectives include:

- The students will learn how to use astronomical observations at different wavelengths to infer physical properties (mass, angular
momentum, composition) of galaxies and their constituents (stars, interstellar medium, dark matter).

- The students will learn about the diversity of galaxies in the universe, in terms of, e.g., morphology, kinematics, stellar populations,
properties of the interstellar medium. In this context, the students will learn how to identify possible trends and regularities, which may be
then used as possible clues to their physical origin.

- The students will consolidate their knowledge and understanding of the most important astrophysical processes (cosmological expansion,
gravity, radiative processes, stellar evolution) and learn how to apply them to the complex astrophysical problem of galaxy formation.

Practice goals/objectives include:

- The students will learn how to combine the observational data and theoretical models to formulate meaningful questions and hypotheses
on possible galaxy formation paths, as well as strategies to test them.
- Through this course, the students will learn/consolidate the fundamental skills in scientific research practice including: i) asking and
refining scientific questions, ii) reducing complex problems in smaller units, iii) finding relevant variables in physical problems, iv) making
relevant assumptions v) formulate testable hypotheses  vi) express physical ideas in a mathematical language and vii) effectively sharing
and communicating the results.

 In order to achieve these goals, the course is designed through inquiry-based activities, lead by the students themselves and facilitated by
the instructors, in which the students will be able to choose their own investigation path, develop their own material and, finally, share their
findings with their peers.

Lecture notes Class material will include: i) power point and black-board presentations, ii) material developed in the class during the activities by the
students, iii) research papers and reviews, iv) extracts from books. 

Some of the material will be available online but it is expected that a large fraction of the material/notes will be produced during the
classroom activities. Class attendance and active participation are fundamental factors for both learning and assessment during this course
and for the assessment.

Prerequisites /
notice

The course is geared towards students at any level (Bachelor, Master and Ph.D students) in the physical sciences with no particular
prerequisites on previous classes or study background. Previous attendance of the course “Cosmic Structure Formation and Radiation
Processes” could be beneficial in terms of the acquisition of relevant practice skills and some content information for this course but it is not
a prerequisite. The only prerequisites necessary for this class are: i) motivation, ii) curiosity, iii) willingness to actively participate.

402-0395-00L Multimessenger Constraints of Generalizations of
Gravity

W 8 credits 3G L. Heisenberg

Abstract The LIGO detections of Gravitational Waves have started the field of Gravitational Wave astronomy. This opens an exiting opportunity to
test gravity theories in regimes where it has not been tested yet. Together with standard cosmological observations, one can put tight
multimessenger constraints on different cosmological models.
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Objective These lecture series will be dedicated to combining theory with cosmological observations. First of all, I will discuss the consistent
construction of prominent gravity theories, both from a geometrical as well as field theory perspectives. I will introduce more general space-
time geometries as well as the building blocks of field theories based on additional degrees of freedom in the gravity sector. Coming from
the theory side, I will explain the theoretical constraints and consistency checks that can be applied to fundamental gravity theories. In the
observational side, the confrontation of gravity theories with cosmological observations is a crucial ingredient in testing these theories. A
natural starting point will be the study of the background evolution. Theory parameters can then be constrained using the distance redshift
relation from Supernovae, the distance priors method from CMB and BAO measurements. Given the recent developments in gravitational
wave physics, I will discuss the implications of alternative gravity theories in the regime of strong gravity. 

Literature Useful reading materials: cosmology book by Matthias Bartelmann, gravitational waves book by Michele Maggiore and the articles
arXiv:1807.01725, arXiv:1806.05195

227-0390-00L Elements of Microscopy W 4 credits 3G M. Stampanoni, G. Csúcs,
A. Sologubenko

Abstract The lecture reviews the basics of microscopy by discussing wave propagation, diffraction phenomena and aberrations. It gives the basics
of light microscopy, introducing fluorescence, wide-field, confocal and multiphoton imaging. It further covers 3D electron microscopy and
3D X-ray tomographic micro and nanoimaging.

Objective Solid introduction to the basics of microscopy, either with visible light, electrons or X-rays.
Content It would be impossible to imagine any scientific activities without the help of microscopy.  Nowadays, scientists can count on very powerful

instruments that allow investigating sample down to the atomic level.
The lecture includes a general introduction to the principles of microscopy, from wave physics to image formation. It provides the physical
and engineering basics to understand visible light, electron and X-ray microscopy. 
During selected exercises in the lab, several sophisticated instrument will be explained and their capabilities demonstrated.

Literature Available Online.

Doctoral Department of Physics - Key for Type

Z Courses outside the curriculum
Dr Suitable for doctorate
O Compulsory

W+ Eligible for credits and recommended
W Eligible for credits
E- Recommended, not eligible for credits

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Doctoral Department of Environmental Sciences
More Information at: https://www.ethz.ch/en/doctorate.html

 Agricultural Science
 Courses

Number Title Type ECTS Hours Lecturers

751-1040-00L Responsible Conduct in Research
Please register at: 
https://www.ethz.ch/services/en/service/courses-
continuing-education.html
Choose  Plant Sciences

W  1 credit 1U M. Paschke, N. Buchmann

Abstract When studying at a University, but especially when carrying out a Master's or doctoral thesis, students are joining the scientific community
and, therefore, have to learn about the codes of professional and responsible conduct in research.

Objective (1) Students know the questions, conflicts and ethically ambiguous situations that may arise in research.
(2) Students can apply codes of responsible conduct in research, i.e., they understand and can apply the professional values and ethical
norms of their profession.
(3) Students know how to deal with and communicate in ambiguous situations.
(4) Students will develop a professional attitude towards responsible conduct in research.

Content When studying at a University, but especially when carrying out a Master's or a doctoral thesis, students are joining the scientific
community and, therefore, have to learn about the codes of professional and responsible conduct in research. In this course, we want to
increase the knowledge of our Master's and doctoral students about the specific rules, regulations and guidelines of responsible conduct in
their research fields but also rise awareness for potential conflicts of interest and give practical suggestions on how to react in cases of
uncertainty on e.g. questions of authorship and giving credits, data treatment and interpretation, communication and responsibility in the
public or on the role of graduate students in the research community. Students will discuss case studies with a conflict potential or a
dilemma. They will work together in teams, discuss the codes of conduct and values established in the scientists community, and apply
them to the case studies. The teams have to agree on actions to be taken for each case.

Students will deal with case studies on the following topics:

(1) Scientific Integrity, Error and Negligence in Science
(2) Conflicts in Authorship Practices
(3) Questions of Data Treatment
(4) Influence of Values on Data Interpretation
(5) Social Responsibility of Scientists (e.g. Communication with the public)

Student teams will discuss the case studies in role-play scenarios and present their consensus of responsible conduct in research.

Prerequisites /
notice

'Responsible Conduct in Research for Plant Scientists' is part of the Master's Courses and Master's Studies in Plant Sciences and of the
PSC Ph.D. Program in Plant Sciences. It is organized by the Zurich-Basel Plant Science Center. Please find details on the course at: 
http://www.plantsciences.uzh.ch/teaching/masters/responsibleconduct.html

701-1704-01L Health Impact Assessment: Concepts and Case
Studies

W  3 credits 2V M. Winkler, C. Guéladio, M. Röösli,
J. M. Utzinger

Abstract This course introduces the concept of health impact assessment (HIA) and discusses a suite of case studies in industrialised and
developing countries. HIA pursues an inter- and multidisciplinary approach, employs qualitative and quantitative methods with the
overarching goal to influence decision-making.

Objective After successful completion of the course, students should be able to:
o critically reflect on the concept of HIA and the different steps from screening to implementation and monitoring; and
o apply specific tools and methodologies for HIA of policies, programmes and projects in different social, ecological and epidemiological
settings.

Content The course will present a broad set of tools and methods for the systematic and evidence-based judgment of potential health effects
related to policies, programmes and projects. Methodological features will be introduced and applied to a variety of case studies in the
public sector (e.g. traffic-related air pollution, passive smoking and waste water management) and private sector (e.g. water resource
developments and extractive industries) all over the world.

Lecture notes Handouts will be distributed.
Literature Whenever possible, at least one peer-reviewed paper will be made available for each session.

 Graduate Programme in Plant Sciences
Number Title Type ECTS Hours Lecturers

751-4003-02L Current Topics in Grassland Sciences (FS) W  2 credits 2S N. Buchmann
Abstract Research results from published or on-going studies in grassland as well as forest sciences will be presented and discussed by

experienced researchers as well as Ph.D. students and graduate students. Topics will range from plant ecophysiology, biodiversity and
biogeochemical cycling to management aspects in agro- and forest ecosystems.

Objective Students will be able to understand and evaluate experimental design and data interpretation of experimental studies, be able to critically
analyze published research results, practice to present and discuss results in the public, and gain a broad knowledge of recent research
and current topics in agro- and forest ecosystem sciences.

Content Citation classics as well as most recent research results from published or on-going studies will be presented and discussed. Topics will
range from plant ecophysiology, biodiversity and biogeochemical cycling to management aspects in agro- and forest ecosystems.

Lecture notes none
Prerequisites /
notice

Useful: Attendance of the courses "Öko- und Ertragsphysiologie", "Crop Science, Part Futterbau", "Graslandsysteme" in the Bachelor or
similar courses. Language will be English.

751-5127-01L The Microbiome of the Plant-Soil System: Part II
The course 751-5127-00 The Microbiome of the Plant-Soil
System: Part I is a prerequisit of this course (for MSc
students).

PhD-students from the Plant Science Centre or from the
Life Science Zurich Graduate School should register via
the https://ethz.ch/services/en/service/courses-
continuing-education.html (> Select Plant Sciences)

W  1 credit 2P M. Hartmann
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Abstract This computer block course provides a thorough introduction to the application of next-generation sequencing techniques for analyzing
diversity of microbial communities. Using a combination of theoretical lectures and hands-on computer exercises, the participants learn the
computational steps from bioinformatic processing of sequencing reads down to the final statistical evaluations.

Objective After the course, the participants will be able to
1) understand the concept, potential and limitation of microbial NGS applications
2) know how to process raw metabarcoding data to obtain meaningful information
3) use multivariate statistical methods evaluate and visualize microbial community data 
4) make informed decisions on best practices for their own data

Prerequisites /
notice

The participants should have some background in microbial ecology and understand the basics of next-generation sequencing techniques
as a tool to study microbes in the environment. Participants that are not familiar with these topics are encouraged to take the course unit
«The Microbiome of the Plant-Soil System: Part I» as preparatory class (mandatory for master students). No programming or scripting
expertise is required, but some basic experience with using command line applications is of advantage since not all the basics can be
thoroughly covered in that short amount of time. However, some basic introduction to UNIX-based command line applications will be
provided on the first day. All hands-on exercises will be run on UNIX-environments (Linux, Mac) and participants are expected to bring their
own UNIX-based laptop (please consult your IT representative if necessary). All statistical analyses will be run in R using RStudio (any
operating system). Participants should have installed the following software packages on their computers: Miniconda, R and RStudio, all
other software tools will be installed on site using the Miniconda package manager.

 Environmental Sciences
 Atmosphere and Climate

Number Title Type ECTS Hours Lecturers

701-1244-00L Aerosols II: Applications in Environment and
Technology

W  4 credits 2V+1U M. Gysel Beer, U. Baltensperger,
D. Bell

Abstract The life-cycle of atmospheric aerosols, the evolution of their physical and chemical properties, and their impacts on climate, atmospheric
chemistry and health are studied in detail using examples from current research.

Objective The students achieve a profound knowledge of atmospheric aerosols and their climate and health impacts including the underlying physical
and chemical processes. The students know and understand advanced experimental methods and are able to design experiments to study
aforementioned impacts and processes.

Content Atmospheric aerosols:
important sources and sinks, wet and dry deposition, chemical composition and transformation processes, importance for men and
environment, interaction with the gas phase, influence on health and climate.

Lecture notes Information is distributed during the lectures
Literature Seinfeld, J.H. and Pandis, S.N., Atmospheric Chemistry and Physics: From Air Pollution to Climate Change. 3rd ed., John Wiley & Sons,

Hoboken, 2016.
Prerequisites /
notice

This course build up on the lecture "Aerosols I: Physical and Chemical Principles"

701-1228-00L Cloud Dynamics: Hurricanes W  4 credits 3G U. Lohmann
Abstract Hurricanes are among the most destructive elements in the atmosphere. This lecture will discuss the physical requirements for their

formation, life cycle, damage potential and their relationship to global warming. It also distinguishes hurricanes from thunderstorms and
tornadoes.

Objective At the end of this course students will be able to distinguish the formation and life cycle mechanisms of tropical cyclones from those of
extratropical thunderstorms/cyclones, project how tropical cyclones change in a warmer climate based on their physics and evaluate
different tropical cyclone modification ideas.

Content see course outline at: https://iac.ethz.ch/edu/courses/master/modules/cloud-dynamics
Lecture notes Slides will be made available
Literature A literature list can be found here: https://www.iac.ethz.ch/edu/courses/master/modules/cloud_dynamics
Prerequisites /
notice

At least one introductory lecture in Atmospheric Science or Instructor's consent. This lecture will build on some concepts of atmospheric
dynamics and their governing equations. Thus, mathematical knowledge will be needed to use the equations to understand the material of
the course.

701-1226-00L Inter-Annual Phenomena and Their Prediction W  2 credits 2G C. Appenzeller
Abstract This course provides an overview of the current ability to understand and predict intra-seasonal and inter-annual climate variability in the

tropical and extra-tropical region and provides insights on how operational weather and climate services are organized.
Objective Students will acquire an understanding of the key atmosphere and ocean processes involved, will gain experience in analyzing and

predicting sub-seasonal to inter-annual variability and learn how operational weather and climate services are organised and how scientific
developments can improve these services.

Content The course covers the following topics: 

Part 1:
- Introduction, some basic concepts and examples of sub-seasonal and inter-annual variability
- Weather and climate data and the statistical concepts used for analysing inter-annual variability (e.g. correlation analysis, teleconnection
maps, EOF analysis)

Part 2:
- Inter-annual variability in the tropical region (e.g. ENSO, MJO)
- Inter-annual variability in the extra-tropical region (e.g. Blocking, NAO, PNA, regimes)

Part 3:
- Prediction of inter-annual variability (statistical methods, ensemble prediction systems, monthly and seasonal forecasts, seamless
forecasts)
- Verification and interpretation of probabilistic forecast systems
- Climate change and inter-annual variability

Part 4:
- Scientific challenges for operational weather and climate services
- A visit to the forecasting centre of MeteoSwiss

Lecture notes A pdf version of the slides will be available at 
http://www.iac.ethz.ch/edu/courses/master/modules/interannual-phenomena.html

Literature References are given during the lecture.

701-1224-00L Mesoscale Atmospheric Systems - Observation and
Modelling
Does not take place this semester.

W  2 credits 2V H. Wernli, U. Germann
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Abstract Mesoscale meteorology focusing on processes relevant for the evolution of precipitation systems. Discussion of empirical and
mathematical-physical models for, e.g., fronts and convective storms. Consideration of oceanic evaporation, transport and the associated
physics of stable water isotopes. Introduction to weather radar being the widespread instrument for observing mesoscale precipitation.

Objective Basic concepts of observational and theoretical mesoscale meteorology, including precipitation measurements and radar. Knowledge
about the interpretation of radar images. Understanding of processes leading to the formation of fronts and convective storms, and basic
knowledge on ocean evaporation and the physics of stable water isotopes.

701-1216-00L Numerical Modelling of Weather and Climate W  4 credits 3G C. Schär, S. Soerland,
J. Vergara Temprado

Abstract The course provides an introduction to weather and climate models. It discusses how these models are built addressing both the dynamical
core and the physical parameterizations, and it provides an overview of how these models are used in numerical weather prediction and
climate research. As a tutorial, students conduct a term project and build a simple atmospheric model using the language PYTHON.

Objective At the end of this course, students understand how weather and climate models are formulated from the governing physical principles, and
how they are used for climate and weather prediction purposes.

Content The course provides an introduction into the following themes: numerical methods (finite differences and spectral methods); adiabatic
formulation of atmospheric models (vertical coordinates, hydrostatic approximation); parameterization of physical processes (e.g. clouds,
convection, boundary layer, radiation); atmospheric data assimilation and weather prediction; predictability (chaos-theory, ensemble
methods); climate models (coupled atmospheric, oceanic and biogeochemical models); climate prediction. Hands-on experience with
simple models will be acquired in the tutorials.

Lecture notes Slides and lecture notes will be made available at
http://www.iac.ethz.ch/edu/courses/master/modules/numerical-modelling-of-weather-and-climate.html

Literature List of literature will be provided.
Prerequisites /
notice

Prerequisites: to follow this course, you need some basic background in atmospheric science, numerical methods (e.g., "Numerische
Methoden in der Umweltphysik", 701-0461-00L) as well as experience in programming. Previous experience with PYTHON is useful but not
required.

701-1232-00L Radiation and Climate Change W  3 credits 2G M. Wild
Abstract This lecture focuses on the prominent role of radiation in the energy balance of the Earth and in the context of past and future climate

change.
Objective The aim of this course is to develop a thorough understanding of the fundamental role of radiation in the context of Earth's energy balance

and climate change.
Content The course will cover the following topics:

Basic radiation laws; sun-earth relations; the sun as driver of climate change (faint sun paradox, Milankovic ice age theory, solar cycles);
radiative forcings in the atmosphere: aerosol, water vapour, clouds; radiation balance of the Earth (satellite and surface observations,
modeling approaches);  anthropogenic perturbation of the Earth radiation balance: greenhouse gases and enhanced greenhouse effect, air
pollution and global dimming; radiation-induced feedbacks in the climate system (water vapour feedback, snow albedo feedback);  climate
model scenarios under various radiative forcings.

Lecture notes Slides will be made available, lecture notes for part of the course
Literature As announced in the course

701-1234-00L Tropospheric Chemistry W  3 credits 2G D. W. Brunner, I. El Haddad
Abstract The course gives an overview tropospheric chemistry, which is based on laboratory studies, measurements and numerical modelling. The

topics include aerosol, photochemistry, emissions and depositions. The lecture covers urban-regional-to-global scale issues, as well as
fundamentals of the atmospheric nitrogen, sulfur and methane cycles and their contributions to aerosol and oxidant formation.

Objective Based on the presented material the students are expected to understand the most relevant processes responsible for the anthropogenic
disturbances of tropospheric chemical composition. The competence of synthesis of knowledge will be improved by paper reading and
student's presentations. 
These presentations relate to a particular actual problem selected by the candidates.

Content Starting from the knowledge acquired in lecture 701-0471, the course provides a more profound view on the the chemical and dynamical
process governing the composition and impacts of air pollutants like aerosol and ozone, at the Earth's surface and the free troposphere. 
  Specific topics covered by the lecture are: laboratory and ambient measurements in polluted and pristine regions, the determination of
emissions of a variety of components, numerical modelling across scales, regional air pollution - aerosol, and photooxidant in relation to
precursor emissions, 
  impacts (health, vegetation, climate), the global cycles of tropospheric ozone, CH4, sulfur and nitrogen components.

Lecture notes Lecture presentations are available for download.
Literature D. Jacob, Introduction to Atmospheric Chemistry http://acmg.seas.harvard.edu/publications/jacobbook 


Mark Z. Jacobson: Fundamentals of Atmospheric Modelling, Cambridge University Press 

John Seinfeld and Spyros Pandis, Atmosperic Chemistry and Physics, from air pollution to Climate Change, Wiley, 2006.

Prerequisites /
notice

The basics in physical chemsitry are required and an overview equivalent to the bachelor course in atmospheric chemsitry (lecture 701-
0471-01) is expected.

701-1266-00L Weather Discussion
Limited number of participants. 
Preference will be given to students on the masters level
in Atmospheric and Climate Science and Environmental
Sciences and doctoral students in Environmental
Sciences.

Prerequisites: Basic knowledge in meteorology is required
for this class, students are advised to take courses 702-
0473-00L and/or 701-1221-00L before attending this
course.

W  2.5 credits 2P H. Wernli

Abstract This three-parts course includes: (i) concise units to update the students knowledge about key aspects of mid-latitude weather systems and
numerical weather prediction, (ii) a concrete application of this knowledge to predict and discuss the "weather of the week", and (iii) an in-
depth case study analysis, performed in small groups, of a remarkable past weather event.

Objective Students will learn how to elaborate a weather prediction and to cope with uncertainties of weather (probabilistic) prediction models. They
will also learn how to apply theoretical concepts from other lecture courses on atmospheric dynamics to perform a detailed case study of a
specific weather event, using state-of-the-art observational and model-derived products and datasets.

701-1211-01L Master's Seminar: Atmosphere and Climate 1 W  3 credits 2S H. Joos, R. Knutti, I. Medhaug,
M. A. Wüest
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Abstract In this seminar, the process of writing a scientific proposal will be
introduced. The essential elements of a proposal, including the peer
review process, will be outlined and class exercises will train
scientific writing skills. Knowledge exchange between class
participants is promoted through the preparation of a master thesis
proposal and evaluation of each other's work.

Objective Scientific writing skills
How to effectively write a scientific proposal.

Content In this seminar, the process of writing a scientific proposal will be
introduced. The essential elements of a proposal, including the peer
review process, will be outlined and class exercises will train
scientific writing skills. Knowledge exchange between class
participants is promoted through the preparation of a master thesis
proposal and evaluation of each other's work.

Prerequisites /
notice

Please register for the seminar 1 in the semester BEFORE writing your MSc thesis.
Attendance is mandatory.

651-4095-01L Colloquium Atmosphere and Climate 1 W  1 credit 1K C. Schär, H. Wernli, D. N. Bresch,
D. Domeisen, N. Gruber, H. Joos,
R. Knutti, U. Lohmann, T. Peter,
S. I. Seneviratne, K. Steffen, M. Wild

Abstract The colloquium is a series of scientific talks by prominent invited speakers assembling interested students and researchers from around
Zürich. Students take part of the scientific discussions.

Objective -get insight into ongoing research in different fields related to atmospheric and climate science
Content The colloquium is a series of scientific talks by prominent invited speakers assembling interested students and researchers from around

Zürich. Students take part of the scientific discussions.
Prerequisites /
notice

To acquire credit points for this colloquium, please confirm your attendance of 8 colloquia per semester by using the form which is provided
at the course webpage.

 Biogoechemistry and Pollutant Dynamics
Number Title Type ECTS Hours Lecturers

701-1336-00L Cook and Look: Synchroton Techniques W  3 credits 6P M. Nachtegaal, C. Borca,
M. Janousch

Abstract Atomic-scale structure elucidation of trace metal complexes by synchrotron-based X-ray diffraction, X-ray absorption spectroscopy and X-
ray fluorescence. Basics of spectroscopy and diffraction.

Objective To get a thorough understanding of available state-of-the-art synchrotron-based techniques for the analysis of biogeochemical samples. 
To learn the basics of spectroscopic data analysis.
Problem solving strategies and reporting in a scientific format.

Content This course will introduce state-of-the art synchrotron (at the Swiss Light Source) based techniques (X-ray diffraction, X-ray absorption
spectroscopy and X-ray tomography) for the analysis of trace elements in biogeochemical systems. On the cook day, each synchrotron
technique will be introduced by a lecture, after which samples will be cooked (prepared and mounted in the experimental station). This will
be followed by the look day where the collected data will be analyzed.

Lecture notes Cook and Look course manual will be distributed before the course.
Prerequisites /
notice

The course language is english. The course will take place at the Swiss Light Source, located at the Paul Scherrer Institut. Students will be
housed for several nights in the guest house.
You are required to contact the organizers upon registration, since beamtime and housing has to be reserved well in advance.

701-1342-00L Agriculture and Water Quality
Does not take place this semester.

W  3 credits 3G C. H. Stamm, E. Frossard,
W. Richner, H. Singer

Abstract Linking scientific basics of different disciplines (agronomy, soil science, aquatic chemistry) with practical questions in the context of real-
world problems of diffuse pollution due to agricultural production.

Objective This course discusses the application of scientific understanding in the context of real-world situations of diffuse pollution caused by
agricultural production. It aims at understanding the relevant processes, analysing diffuse pollution and developing mitigation strategies
starting from legal requirements regarding water quality.

Content - Diversity of diffuse agrochemical pollution
- Agronomic background on the use of agrochemicals
- Transport of agrochemicals from soils to water bodies
- Development of legal requirements for water quality
- Monitoring strategies in water bodies
- Mitigation strategies

- Exercises including all major topics
- 1 field excursion

Lecture notes Handouts will be provided including reference list for each topic.
Prerequisites /
notice

Some exercises require R  (http://www.r-project.org/) and a laptop during the class.

860-0012-00L Cooperation and Conflict Over International Water
Resources
Number of participants limited to 40. 
STP students have priority.

This is a research seminar at the Master level. PhD
students are also welcome.

W  3 credits 2S B. Wehrli, T. Bernauer,
T. U. Siegfried

Abstract This seminar focuses on the technical, economic, and political challenges of dealing with water allocation and pollution problems in large
international river systems. It examines ways and means through which such challenges are addressed, and when and why international
efforts in this respect succeed or fail.

Objective Ability to (1) understand the causes and consequences of water scarcity and water pollution problems in large international river systems;
(2) understand ways and means of addressing such water challenges; and (3) analyse when and why international efforts in this respect
succeed or fail.
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Content Based on lectures and discussion of scientific papers and reports, students acquire basic knowledge on contentious issues in managing
international water resources, on the determinants of cooperation and conflict over international water issues, and on ways and means of
mitigating conflict and promoting cooperation. Students will then, in small teams coached by the instructors, carry out research on a case of
their choice (i.e. an international river basin where riparian countries are trying to find solutions to water allocation and/or water quality
problems associated with a large dam project). They will write a brief paper and present their findings towards the end of the semester.

Lecture notes Slides and reading materials will be distributed electronically.
Literature The UN World Water Development Reports provide a broad overview of the topic: http://www.unesco.org/new/en/natural-

sciences/environment/water/wwap/
Prerequisites /
notice

The course is open to Master and PhD students from any area of ETH.

ISTP students who take this course should also register for the  course 860-0012-01L - Cooperation and conflict over international water
resources;  In-depth case study.

701-1310-00L Environmental Microbiology W  3 credits 2V M. H. Schroth, M. Lever
Abstract Microorganisms catalyze a large number of reactions that are of great importance to terrestrial and aquatic environments. To improve our

understanding of the dynamics of a specific environment, it is important to gain a better understanding of microbial structures and their
functions under varying environmental conditions.

Objective Students will learn basic concepts in microbial ecology. Qualitative and quantitative concepts will be presented to assess microbial
communities and associated processes in terrestrial and aquatic environments. Microbial diversity in such ecosystems will be illustrated in
discussions of selected habitats.

Content Lectures will cover general concepts of environmental microbiology including (i) quantification of microbial processes, (ii) energy fluxes in
microbial ecosystems, (iii) application of state-of-the-art microbiological and molecular tools, and (iv) use of isotope methods for
identification of microbial structures and functions. 
Topics to illustrate the microbial diversity of terrestrial and aquatic ecosystems will include (i) interactions between microbes and
mineral/metallic solid phases, (ii) microbial carbon and nutrient cycling, (iii) microbial processes involved in the turnover of greenhouse
gases, (iv) biofilms and microbial mats, (v) bioremediation, (vi) microorganisms in extreme habitats, and (vii) microbial evolution and
astrobiology.

Lecture notes available at time of lecture - will be distributed electronically as pdf's
Literature Brock Biology of Microorganisms, Madigan M. et al., Pearson, 14th ed., 2015

701-1312-00L Advanced Ecotoxicology W  3 credits 2V R. Eggen, E. Janssen, K. Schirmer,
M. Suter

Abstract This course will take up the principles of environmental chemistry and ecotoxicology from the bachelor courses and deepen the
understanding on selected topics. Linkages will be made between i) bioavailability and effects, ii) structures of compounds and modes of
toxic action, iii) effects over various biological levels, moderated by environmental factors, iv) chemical and biological assessments

Objective - Understanding the key processes involved in fate, behavior and the bioaccumulation of (mainly) organic contaminants 
- Overview on and understanding of mechanisms of toxicity
- linking structures and characteristics of compounds with effects
- processes in hazard assessment and risk assessment
- get insight in integrative approaches in ecotoxicology

Content Units 1-3: Fate of contaminants, dynamic interactions with  the (a)biotic environment, toxikokinetics
-    physico-chemical properties
-    partitioning processes in environmental compartments
-    partitioning to biota
-    bioavailability and bioaccumulation concepts
-       partitioning in biota

Units 4-6: Toxicodynamics (effect of contaminants on biota)
-    internal concentrations; dose-response concept
-    molecular mechanisms of toxic actions - classification
-    Exercise: databases and estimation of toxicity

Unit 7-10: Toxic effects: from molecular to ecosystems
-    complex mechanisms and feedback loops
-       mixtures and multiple stressors
-    stress- and adaptive responses
-       dynamic exposures
-       confounding factors, food web interactions
-    Exercise: linking compounds with modes of toxic action

Unit 11: metal ecotoxicology

Unit 12-14: integrative approaches and case studies
-    bioassays, -omics, systems ecotoxicology, phenotypic anchoring
-    in vivo versus in vitro biotesting
-    linking chemical with biological analytics
-    bioassay-directed fractionation and identification
-       (inter) national case studies and linkage of learned with approaches in practice

Lecture notes Material will be in the form of copies of overheads, selected publications and exercise material.
Literature R.P. Schwarzenbach, P.M. Gschwend, D.M. Imboden, Environmental Organic Chemistry, third edition, Wiley, 2005


C.J. van Leeuwen, J.L.M. Hermens (Editoren), Risk Assessment of Chemicals: An Introduction, Kluwer, 1995

Principles of ecotoxicology, CH Walker, RM Sibly, SP Hopkin, DB Peakall, fourth edition, CRC Press, 2012

Prerequisites /
notice

Required:

1. Basics in environmental chemistry

2. Basics in environmental toxicology

701-1317-00L Global Biogeochemical Cycles and Climate W  3 credits 3G N. Gruber, M. Vogt
Abstract The human-induced emissions of carbon dioxide has led to atmospheric CO2 concentrations that Earth likely has not seen for the last 30

million years. This course aims to investigate and understand the impact of humans on Earth's biogeochemical cycles with a focus on the
carbon cycle and its interaction with the physical climate system for the past, the present, and the future.
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Objective This course aims to investigate the nature of the interaction between the carbon cycles on land and in the ocean with climate and how this
interaction has evolved over time and will change in the future. Students are expected to participate actively in the course, which includes
the critical reading of the pertinent literature.

Content Topics discussed include: The anthropogenic perturbation of the global carbon cycle and climate. Response of land and oceanic
ecosystems to past and future global changes; Interactions between biogeochemical cycles on land and in the ocean; Biogeochemical
processes controlling carbon dioxide and oxygen in the ocean and atmosphere on time-scales from a few  years to a few hundred
thousand years.

Lecture notes Sarmiento & Gruber (2006), Ocean Biogeochemical Dynamics, Princeton University Press. 
Additional handouts will be provided as needed. see website: http://www.up.ethz.ch/education/biogeochem_cycles

Literature Sarmiento & Gruber (2006), Ocean Biogeochemical Dynamics, Princeton University Press, 526pp.

Original literature.

701-0998-00L Environmental and Human Health Risk Assessment of
Chemicals

W  3 credits 2G M. Scheringer, B. Escher

Abstract Application of methods for chemical risk assessment for human health and the environmental according to European and Swiss regulation;
hazard and risk; exposure and effect analysis for different types of chemicals. Estimation of missing chemical properties (QSAR methods);
critical evaluation of risk assessment methods, presentation of alternative assessment methods.

Objective The students are familiar with regulatory approaches to human and environmental risk assessment of chemicals and can perform the main
steps of a regulatory risk assessment for an industrial chemical. They are aware of pitfalls and challenges and know about new approaches
to risk assessment.

Content Regulatory methods for environmental risk assessment of chemicals (industrial chemicals, pesticides, pharmaceuticals), European
regulation REACH, Swiss regulations, international approaches
-    Human vs. environmental risk assessment 
-    Classification and labelling of chemicals
-    PBT assessment (persistence, bioaccumulation, toxicity)
-    Exposure analysis: emission patterns, multimedia fate and transport models for quantifying environmental exposure, Long range
transport and persistence, predicted and measured exposure concentration for the environment and humans
-    Effect analysis: estimation of hazard potential for ecotoxicity and human health, extrapolation methods, classification of chemicals
according to modes of toxic action, predictive models (QSAR)
-    Risk assessment methods (deterministic vs. probabilistic), risk assessment vs. hazard assessment, risk management
-    uncertainty and sensitivity analyses, precautionary principle
-    Environmental Quality Assessment (water, sediment, biota), Water Framework Directive)
-    New methods in environmental risk assessment: mixtures, temporally and spatially explicit risk assessment

Lecture notes Slides of lectures, lecture notes for selected chapters and additional reading material will be made available via ILIAS. Also templates for
the exercises and the report will be made available via ILIAS.

Literature - Van Leeuwen, C.J., Vermeire, T. (Eds.) Risk Assessment of Chemicals: An Introduction. Springer, 2007 (als e-book in der ETH-Bibliothek
verfügbar).  
- Scheringer, M., Persistence and Spatial Range of Environmental Chemicals. Wiley-VCH, Weinheim, 2002.

Prerequisites /
notice

Block course: Lecture and accompanying exercise where students conduct a comprehensive risk assessment for one selected chemical
each according to the European regulation for industrial chemicals. The risk assessment will be presented in class and has to be compiled
in a written technical report (Chemical dossier) that will be graded.

The overall work load is 90 hours with 30 hours contact time (block course) and 60 hours self-study.

 Human-Environment Systems
Number Title Type ECTS Hours Lecturers

701-1522-00L Multi-Criteria Decision Analysis
Number of participants limited to 25.

W  3 credits 2G J. Lienert

Abstract This introduction to "Multi-Criteria Decision Analysis" (MCDA) combines prescriptive Decision Theory (MAVT, MAUT) with practical
application and computer-based decision support systems. Aspects of descriptive Decision Theory (psychology) are introduced.
Participants apply the theory to an environmental decision problem (group work).

Objective The main objective is to learn the theory of "Multi-Attribute Value Theory" (MAVT) and "Multi-Attribute Utility Theory" (MAUT) and apply it
step-by-step using an environmental decision problem. The participants learn how to structure complex decision problems and break them
down into manageable parts. An important aim is to integrate the goals and preferences of different decision makers. The participants will
practice how to elicit subjective (personal) preferences from decision makers with structured interviews. They should have an
understanding of people's limitations to decision-making, based on insights from descriptive Decision Theory. They will use formal
computer-based tools to integrate "objective / scientific" data with "subjective / personal" preferences to find consensus solutions that are
acceptable to different decision makers.

Content GENERAL DESCRIPTION
Multi-Criteria Decision Analysis is an umbrella term for a set of methods to structure, formalize, and analyze complex decision problems
involving multiple objectives (aims, criteria), many different alternatives (options, choices), and different actors which may have conflicting
preferences. Uncertainty (e.g., of the future or of environmental data) adds to the complexity of environmental decisions. MCDA helps to
make decision problems more transparent and guides decision makers into making rational choices. Today, MCDA-methods are being
applied in many complex decision situations. This class is designed for participants interested in transdisciplinary approaches that help to
better understand real-world decision problems and that contribute to finding sustainable solutions. The course focuses on "Multi-Attribute
Value Theory" (MAVT) and "Multi-Attribute Utility Theory" (MAUT). It also gives a short introduction to behavioral Decision Theory, the
psychological field of decision-making.

STRUCTURE
The course consists of a combination of lectures, exercises in the class, exercises in small groups, reading, and one mandatory exam.
Some exercises are computer assisted, applying MCDA software. The participants will choose an environmental case study to work on in
small groups throughout the semester. Additional reading from the textbook Eisenführ et al. (2010) is required.

GRADING
There will be one written examination at the end of the course that covers the important theory (50 % of final grade). The group work
consists of two written reports (50 %).

Lecture notes No script (see below)
Literature The course is based on: Eisenführ, Franz; Weber, Martin; and Langer, Thomas (2010) Rational Decision Making. 1st edition, 447 p.,

Springer Verlag, ISBN 978-3-642-02850-2.

Additional reading material will be recommended during the course. Lecture slides will be made available for download.
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Prerequisites /
notice

The course requires some understanding of (basic) mathematics. The "formal" parts are not too complicated and we will guide students
through the mathematical applications and use of software.

The course is limited to 25 participants (first come, first served).

102-0348-00L Prospective Environmental Assessments
Prerequisite for this lecture is basic knowledge of
environmental assessment tools, such as material flow
analysis, risk assessment and life cycle assessment. 
Students without previous knowledge in these areas need
to read according textbooks prior to or at the beginning of
the lecture.

W  3 credits 2G S. Hellweg, N. Heeren, A. Spörri

Abstract This lecture deals with prospective assessments of emerging technologies as well as with the assessment of long-term environmental
impact caused by today's activities.

Objective - Understanding prospective environmental assessments, including scenario analysis techniques, prospective emission models, dynamic
MFA and LCA.
- Ability to properly plan and conduct prospective environmental assessment studies, for example on emerging technologies or on technical
processes that cause long-term environmental impacts. 
- Being aware of the uncertainties involved in prospective studies.
- Getting to know measures to prevent long-term emissions or impact in case studies
- Knowing the arguments in favor and against a temporally differentiated weighting of environmental impacts (discounting)

Content - Scenario analysis 
- Dynamic material flow analysis
- Temporal differentiation in LCA
- Systems dynamics tools
- Assessment of future and present environmental impact
- Case studies

Lecture notes Lecture slides and further documents will be made available on Moodle.

752-2123-00L Risk Awareness, Risk Acceptance and Trust W  3 credits 2V M. Siegrist
Abstract The course provides an overview about risk perception and acceptance of new technologies. In addition, the most important findings of the

research related to decisions under uncertainty are presented.
Objective Students know the most important theoretical approaches in the domains of risk perception and acceptance of new technologies.

Furthermore, students understand the paradigms and the research results in the domain of decision making under uncertainty.

701-1653-00L Policy and Economics of Ecosystem Services W  3 credits 2G R. Garrett, A. Müller
Abstract The course addresses ecosystem services, their value for society, the causes of their degradation, the stakeholders involved in their

provision and use, and policies to reduce their degradation. One focus is on environmental economics approaches, highlighting their
potential and limitations. During the spring of 2020 this course will focus on these issues through the case of the Brazilian Amazon.

Objective Students can describe, analyse and explain 
•    the basic concepts used to describe ecosystem services provision and management;
•    the basic social and natural science theory underlying ecosystem service degradation,
•    the role and characteristics of different key stakeholders involved in ecosystem services management, including their different value
systems;
•    the different types of policy instruments and institutional arrangements that can be used for improved ecosystem services management
and provision; and
•    empirical tools to assess the performance of various policy instruments and management systems for ecosystem services provision,
and to investigate the factors of success or failure of different policy instruments

Content Many of the world's ecosystem services are being degraded or used unsustainably, which has considerable impacts on human well-being.
Various aspects need to be taken into account to change this development, to work towards improved ecosystem services management
and to design appropriate policy instruments and institutional contexts. First, the societal value of different ecosystem services and the
trade-offs between them needs to be assessed. Second, an assessment of the causes of excessive ecosystem services degradation is
needed. Potential causes include the presence of externalities and public goods, improperly designed property rights systems, divergence
of private and social discount rates, and lack of information and knowledge. Third, we need to understand the drivers of human decision-
making in relation to ecosystem services use. Fourth, choosing an appropriate policy instrument (or a combination thereof) requires an
understanding of the relative strengths and weaknesses of different instruments, their preconditions for success and the political economy
of their implementation.
Finally, it is important to assess the actual impacts of different policy and management options. This requires a careful assessment of
appropriate baselines, of the situation after a policy or management change, and of the various stakeholder groups involved, etc. To
address all these issues, we will first work with some broad conceptual issues and theories relevant to this field and then deepen our
understanding through reading, presentations, and assignments focused on the case of the Brazilian Amazon.

Lecture notes Lecture notes, homework exercises and readings will be made available on Moodle.
Literature There is no single textbook for this class. Instead, a number of texts will be distributed and used during the lecture, and some texts for

further reading will be indicated.
Prerequisites /
notice

The course consists of a combination of lectures, homework assignments and discussions in small groups. The final grade will be based on
the homework assignments, class participation, and a group project.
A prerequisite for this course is a bachelor-level course in Environmental Economics (e.g. 363-0537-00L Resource and Environmental
Economics) or Quantitative Policy Analysis and Management. In particular, students are expected to be familiar with basic environmental
economics' concepts such as externality, public good, market failure, opportunity cost, social optimum and market equilibrium, the basic
types of policy instruments, and methods of policy analysis. Students with no background in environmental economics or policy analysis
will be expected to come up to the required standards on their own, prior to starting the class.

 Ecology an Evolution
Number Title Type ECTS Hours Lecturers

701-1418-00L Modelling Course in Population and Evolutionary
Biology
Number of participants limited to 20. 

Priority is given to MSc Biology and Environmental
Sciences students.

W  4 credits 6P S. Bonhoeffer, V. Müller

Abstract This course provides a "hands-on" introduction into mathematical/computational modelling of biological processes with particular emphasis
on evolutionary and population-biological questions. The models are developed using the Open Source software R.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 567 of 1785

Objective The aim of this course is to provide a practical introduction into the modelling of fundamental biological questions. The participants will
receive guidance to develop mathematical/computational models in small teams. The participants chose two modules with different levels
of difficulty from a list of projects.

The participant shall get a sense of the utility of modelling as a tool to investigate biological problems. The simpler modules are based
mostly on examples from the earlier lecture "Ecology and evolution: populations" (script accessible at the course webpage). The advanced
modules address topical research questions. Although being based on evolutionary and population biological methods and concepts, these
modules also address topics from other areas of biology.

Content see www.tb.ethz.ch/education/learningmaterials/modelingcourse.html
Lecture notes Detailed handouts describing both the modelling and the biological background are available to each module at the course website. In

addition, the script of the earlier lecture "Ecology and evolution: populations" can also be downloaded, and contains further backround
information.

Prerequisites /
notice

The course is based on the open source software R. Experience with R is useful but not required for the course. Similarly, the course 701-
1708-00L Infectious Disease Dynamics is useful but not required.

701-1424-00L Guarda-Workshop in Evolutionary Biology
Does not take place this semester.
This course has limited spaces. To register for this course
you have to sign in via mystudies and via the website of
the University of Basel
http://evolution.unibas.ch/teaching/guarda/index.htm. 

W  3 credits 4P S. Bonhoeffer

Abstract This one week course is intended for students with a keen interest in evolutionary biology. The aim of the course is to develop a research
project in small teams of 4-5 students. The students receive guidance by the "faculty" consisting of Prof. D. Ebert (U Basel) and Prof. S
Bonhoeffer (ETHZ). Additionally two internationally reknown experts are invited every year.

Objective see link http://evolution.unibas.ch/teaching/guarda/index.htm
Content see link http://evolution.unibas.ch/teaching/guarda/index.htm
Lecture notes none
Literature none
Prerequisites /
notice

As the number of participants is limited, application for the course is necessary. Please apply for the course using the course website (see
link http://evolution.unibas.ch/teaching/guarda/index.htm).
.

701-1425-00L Genetic Diversity: Analysis
Number of participants limited to 12.

Selection of the students: order of registration.

W  2 credits 2G J.-C. Walser, N. Zemp

Abstract This course provides training in genomic data analysis for more advanced students (master, doctoral or post-doctoral level). The format is a
one week block-course. It will cover different aspects of genomic data analysis with the focus on next (and third) generation sequencing.

Objective The learning target is to teach students the most important skill set to analyse high throughput molecular sequence data.
Content For more information about the format please visit the course website at https://www.gdc-

docs.ethz.ch/GeneticDiversityAnalysis/GDA20/site/
Lecture notes Lecture notes and exercise will be made available during the course.
Prerequisites /
notice

Course Website: https://www.gdc-docs.ethz.ch/GeneticDiversityAnalysis/GDA20/site/

701-1426-00L Advanced Evolutionary Genetics
Does not take place this semester.

W  3 credits 4G T. Städler

Abstract The field of evolutionary genetics rests on genetic and evolutionary principles, (often) mathematical models, and molecular data. The
explosion in the availability of genome-wide data makes competencies in "making sense" of such data more and more relevant. This
course will cover selected topics that are both fundamental and/or currently very active research fields.

Objective This course deals with (some of) the conceptual foundations of evolutionary genetics in the age of genomics, going well beyond the
introductory material that is part of the BSc curriculum. The principal aim is for students to gain a thorough appreciation for the underlying
ideas and models of key evolutionary processes, and to witness how these are being tested and refined vis-à-vis the recent deluge of
genome-wide sequence data. The course focuses on theoretical concepts and ways to infer the action of evolutionary processes from
molecular data; as such it is also designed to facilitate understanding of the burgeoning scientific literature in molecular ecology and
evolution. These aims require students to be actively engaged in reading original papers, discussing ideas and data among themselves,
and presenting their interpretations in group talks.

Content There are 4 hours of lectures, student presentations, and/or group work per week. Students are expected to spend 4 additional hours per
week on preparatory study for the following week. Every week, one subject will be presented and overseen by one of the two lecturers. 

Each weekly topic will be introduced by a lecture (max. 2 x 45 minutes), highlighting key concepts and historically important papers. The
(slight) majority of the time will be spent with group presentations based on recent important papers, and discussions of the relevant
concepts. 

Specific proposed topics (subject to change):
(1) The coalescent in structured populations (e.g. spatial sampling and its genealogical consequences, demographic inference from
sequence data, spurious bottlenecks). 
(2) Population subdivision: evolutionary processes and measures (e.g. spatial models, absolute and relative measures of divergence, Jost's
(2008) fundamental insights and their reception). 
(3) Speciation genetics and modes of species divergence (e.g. intrinsic postzygotic barriers, Dobzhansky-Muller incompatibilities, snowball
effect, genomic islands of divergence).
(4) The interplay of linkage, recombination, and selection (e.g. selective sweeps, background selection, Hill-Robertson interference,
adaptation). 
(5) Evolutionary consequences of mating systems (e.g. clonal vs. sexual reproduction, bottlenecks, colonizing potential, efficacy of natural
selection). 
(6) Genomics of virulence evolution (e.g. pathogenicity islands, mobile genetic elements, chromosomal rearrangements).

Lecture notes No script; handouts and material for downloading will be provided.
Literature There is no textbook for this course. Relevant literature will be provided for each weekly session, selected mostly from the primary research

literature.
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Prerequisites /
notice

Requirements:
Students must have a good background in genetics, basic population genetics, as well as evolutionary biology.  At a minimum, either the
course "Population and Quantitative Genetics" or the course "Ecological Genetics" should have been attended, and ideally, both of these
("Evolutionary Genetics" in the D-BIOL curriculum).

Teaching Forms:
The course consists of lectures, readings, group work, student presentations, and discussions. Active participation and preparation of
students is critical for a successful learning experience and outcome.

701-1432-00L Vegetation Ecology Lab
Does not take place this semester.

W  2 credits 3G A. C. Risch

Abstract Course during five consecutive days in the Engiadina valley, Switzerland: Introduction to the ecology of the Swiss National Park.
Discussion of current field studies in the Park and the surroundings. 2.5 days for field assessments and measurements in groups, analyses
and presentation of results.

Objective Get to know basics in experimental and sampling design in respect to the assessment of population and vegetation data. In the workshop,
students learn about the data assessment, the adequate data processing and analysis, as well as about the scientific reporting.

Prerequisites /
notice

The course fee of approximately CHF 150 has to be paid by the participants. The fee has to be transferred by April 10, 2020 - information
about the account will be sent to the persons registered after the registration period is over. The number of participants is limited to a
maximum of 14.

Accomodation: Hotel Bär & Post, Zernez.

701-1450-00L Conservation Genetics W  3 credits 4G R. Holderegger, M. Fischer,
F. Gugerli

Abstract The course deals with conservation genetics and its practical applications. It introduces the genetic theories of conservation genetics, such
as inbreeding depression in small populations or fragmentation. The course also shows how genetic methods such as eDNA and
metabarcoding are used in conservation management, and it critically discusses the benefits and limits of conservation genetics.

Objective Genetic and evolutionary argumentation is an important feature of conservation biology. The course equips students with knowledge on
conservation genetics and its applications in conservation management. The course introduces the main theories of conservation genetics
and shows how genetic methods are used in conservation management, and it critically discusses the benefits and limits of conservation
genetics. Practical examples dealing with animals and plants are presented.

Content There are 4 hours of lectures, presentations and group work per week. Students also have to spend about 3 hours per week on preparatory
work for the following week. Every week, one subject will be presented by one of three lecturers.

Overview of themes:
Barcoding, eDNA metabarcoding and genetic monitoring; effects of small population size, genetic drift and inbreeding; neutral and adaptive
genetic diversity; hybridization; gene flow, fragmentation and connectivity.

Specific topics:
(1) Species and individual identification: barcoding; metabarcoding; eDNA; estimation of census population size; habitat use and genetic
monitoring.
(2) Small population size; bottlenecks; genetic drift; inbreeding and inbreeding depression; effective population size.
(3) Adaptive genetic diversity; neutral and adaptive genetic variation; importance of adaptive genetic diversity; methods to measure
adaptive genetic variation.
(4) Hybridization; gene introgression; gene flow across species boundaries.
(5) Half day excursion: practical example of conservation genetics on fragmentation.
(6) Discussion and evaluation of excursion; historical and contemporary gene flow and dispersal; fragmentation and connectivity.
(7) Written examination.

Lecture notes No script; handouts and material for downloading will be provided.
Literature There is no textbook for this course, but the following books are recommended:

Allendorf F.W., Luikart G.; Aitken S.N. 2013. Conservation and the Genetics of Populations, 2nd edition. Wiley, Oxford.
Frankham R., Ballou J.D., Briscoe D.A. 2010. Introduction to Conservation Genetics, 2nd edition. Cambridge University Press, Cambridge.

The following book and booklets in German are targeted to conservation professionals:
Holderegger R., Segelbacher G. (eds.). 2016. Naturschutzgenetik. Ein Handbuch für die Praxis. Haupt, Bern.
Csencsics D., Gugerli F. 2017. Naturschutzgenetik. WSl Berichte 60: 1-82 (free download: https://www.wsl.ch/de/publikationensuchen/wsl-
berichte.html)

Prerequisites /
notice

Requirements:
Students must have a good background in genetics as well as  in ecology and evolution. The courses "Population and Quantitative
Genetics" or "Evolutionary Genetics" should have been attended. 

Examination:
A final written examination on the content of the course and the excursion are integral parts of the course.

Teaching forms:
The course needs the active participation of students. It consists of lectures, group work, presentations, discussions, reading and a half-day
excursion.

701-1708-00L Infectious Disease Dynamics W  4 credits 2V S. Bonhoeffer, R. D. Kouyos,
R. R. Regös, T. Stadler

Abstract This course introduces into current research on the population biology of infectious diseases. The course discusses the most important
mathematical tools and their application to relevant diseases of human, natural or managed populations.

Objective Attendees will learn about:
* the impact of important infectious pathogens and their evolution on human, natural and managed populations
* the population biological impact of interventions such as treatment or vaccination
* the impact of population structure on disease transmission

Attendees will learn how:
* the emergence spread of infectious diseases is described mathematically
* the impact of interventions can be predicted and optimized with mathematical models
* population biological models are parameterized from empirical data
* genetic information can be used to infer the population biology of the infectious disease

The course will focus on how the formal methods ("how") can be used to derive biological insights about the host-pathogen system
("about").
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Content After an introduction into the history of infectious diseases and epidemiology the course will discuss basic epidemiological models and the
mathematical methods of their analysis. We will then discuss the population dynamical effects of intervention strategies such as vaccination
and treatment. In the second part of the course we will introduce into more advanced topics such as the effect of spatial population
structure, explicit contact structure, host heterogeneity, and stochasticity. In the final part of the course we will introduce basic concepts of
phylogenetic analysis in the context of infectious diseases.

Lecture notes Slides and script of the lecture will be available online.
Literature The course is not based on any of the textbooks below, but they are excellent choices as accompanying material:

* Keeling & Rohani, Modeling Infectious Diseases in Humans and Animals, Princeton Univ Press 2008
* Anderson & May, Infectious Diseases in Humans, Oxford Univ Press 1990
* Murray, Mathematical Biology, Springer 2002/3
* Nowak & May, Virus Dynamics, Oxford Univ Press 2000
* Holmes, The Evolution and Emergence of RNA Viruses, Oxford Univ Press 2009

Prerequisites /
notice

Basic knowledge of population dynamics and population genetics as well as linear algebra and analysis will be an advantage.

551-0737-00L Ecology and Evolution: Interaction Seminar W  2 credits 2S S. Bonhoeffer
Abstract Interaction seminar. Student-mediated presentations, guests and discussions on current themes in ecology, evolutionary and population

biology.
Objective Getting familiar with scientific arguments and discussions. Overview of current research topics. Making contacts with fellow students in

other groups.
Content Scientific talks and discussions on changing subjects.
Lecture notes None
Literature None
Prerequisites /
notice

For information and details: http://www.eco.ethz.ch/news/zis 
or contact: Lehre-eve@env.ethz.ch

 Forest and Landscape Management
Number Title Type ECTS Hours Lecturers

701-1652-00L Environmental Behaviour and Collective Decision
Making

W  3 credits 2G R. Hansmann

Abstract Environmental Behavior and Decision-making is considered from different perspectives (psychological approaches, evolutionary biology,
game theory, and political sciences). The course is focusing ascending levels of human regulatory systems (individuals, groups,
organizations) in contexts of forest & landscape management and other environmentally relevant areas.

Objective Environmental decision-making can be analyzed from different disciplinary perspectives, and the level at which scientists analyze decision-
making depends on the context and research goals. In the course, students get acquainted with theoretical approaches from psychology
and political sciences. Theories are explained through examples of their application in different contexts of environmental behaviour,
management and planning. 

The course focuses environmental behaviour and decision-making on ascending levels of human regulatory systems: 
1)    Individual behaviour and decision-making
2)    Decision-making in small groups 
3)    Decision-making in Institutions, and organizations 
Psychological theories are frequently applied to individual behaviour and decision making and various social psychological theories focus
on small group decision making. The course shall provide a framework for the students, which enables them to identify and apply theories
that are helpful for answering certain research questions. Exercises and examples of application shall enable the students to get in depth
knowledge of certain theories, which shall enable them to apply the models and theories themselves in own research activities.

Content Decision-making is considered from different disciplinary perspectives (psychology, game theory, political sciences) and in different
contexts. The course is structured by focusing decision making on ascending levels of human regulatory systems in contexts of focusing
forest & landscape management and other environmentally relevant areas: 
1.    Individual-level models (psychological theories and modeling, communication and public campaigns, leisure activities, green spaces
and health and well-being, waste disposal and recycling behavior) 
2.    Group level models (psychological theories and modeling, group think phenomena, group techniques, decision process analyses) 
3.    Organization-level models (institutions, political science, green space and urban planning) 
 
- Psychological theory shall be taught in connection with economic/political approaches and with an orientation towards modeling of
individual behavior and group decision-making. (Approaches covered include e.g. Theory of planned behavior, Norm activation Theory,
Neutralization Theory, Rational Choice and Expected Utility models, Social Decision Schemes, DISCUSS model, Probabilistic model of
Opinion Change including Distance).
- Solution oriented approaches towards influencing environmental behavior (environmental education, communication, campaigns) and
improving group processes (Groupthink phenomena, Group Techniques) shall be covered by the course.
- Political and economic approaches on individuals, organizations and Management of Human-Environment Systems complement the
psychological view (e.g. Collective Action Theory by E. Ostrom).

Lecture notes Will be provided in the lecture.
Literature Will be provided/announced during the lecture.

701-1674-00L Geospatial Data Management and Analysis
Number of participants limited to 25.

Prerequisites: 701-0951-00L "GIS - Introduction into
Geoinformation Science" in autum semester or
comparable preparatory training.

W  5 credits 4G M. A. M. Niederhuber, T. Crowther

Abstract Problems encountered in forest and landscape management often have a spatial dimension. Methods of geoinformation sciences provide
support in identifying creative solutions. Students will learn to a) understand, search for, and manage different forms of geospatial data; b)
conceptualize, implement, and combine spatial analysis methods; and c) interpret the results.

Objective Understand, search for, and manage various types of geospatial data; Carry out conceptual data modelling for a spatial problem and
translate it into a tangible form within a GIS software; Conceptualize spatial problems and design a workflow that transitions from "data
processing" through "advanced spatial analysis" to "presentation of results"; Implement such a workflow in standard GIS software, verify
and validate the procedures, then present the final results.

Prerequisites /
notice

Knowledge and skills equal those of the course "GIST - Einführung in die räumliche Informationswissenschaften und Technologien"

 Inter- and Transdisciplinary Courses
Number Title Type ECTS Hours Lecturers
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701-1704-01L Health Impact Assessment: Concepts and Case
Studies

W  3 credits 2V M. Winkler, C. Guéladio, M. Röösli,
J. M. Utzinger

Abstract This course introduces the concept of health impact assessment (HIA) and discusses a suite of case studies in industrialised and
developing countries. HIA pursues an inter- and multidisciplinary approach, employs qualitative and quantitative methods with the
overarching goal to influence decision-making.

Objective After successful completion of the course, students should be able to:
o critically reflect on the concept of HIA and the different steps from screening to implementation and monitoring; and
o apply specific tools and methodologies for HIA of policies, programmes and projects in different social, ecological and epidemiological
settings.

Content The course will present a broad set of tools and methods for the systematic and evidence-based judgment of potential health effects
related to policies, programmes and projects. Methodological features will be introduced and applied to a variety of case studies in the
public sector (e.g. traffic-related air pollution, passive smoking and waste water management) and private sector (e.g. water resource
developments and extractive industries) all over the world.

Lecture notes Handouts will be distributed.
Literature Whenever possible, at least one peer-reviewed paper will be made available for each session.

151-0906-00L Frontiers in Energy Research
This course is only for doctoral students.

W  2 credits 2S C. Schaffner

Abstract Doctoral students at ETH Zurich working in the broad area of energy present their research to their colleagues, their advisors and the
scientific community. Each week a different student gives a 50-60 min presentation of their research (a full introduction, background &
findings) followed by discussion with the audience.

Objective The key objectives of the course are:
 (1) participants will gain knowledge of advanced research in the area of energy;
 (2) participants will actively participate in discussion after each presentation;
 (3) participants gain experience of different presentation styles;
 (4) to create a network amongst the energy research doctoral student community.

Content Doctoral students at ETH Zurich working in the broad area of energy present their research to their colleagues, to their advisors and to the
scientific community. There will be one presentation a week during the semester, each structured as follows: 20 min introduction to the
research topic, 30 min presentation of the results, 30 min discussion with the audience.

Lecture notes Slides will be available on the Energy Science Center pages(www.esc.ethz.ch/events/frontiers-in-energy-research.html).

 Additional Courses
Course Catalogue of ETH Zurich

Doctoral Department of Environmental Sciences - Key for Type

Z Courses outside the curriculum
Dr Suitable for doctorate
O Compulsory

W+ Eligible for credits and recommended
W Eligible for credits
E- Recommended, not eligible for credits

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Electrical Engineering and Information Technology Bachelor
 Bachelor Studies (Programme Regulations 2018)

 2. Semester
 First Year Examinations

 First Year Examination Block A
Offered in the autumn semester.

 First Year Examination Block B
Number Title Type ECTS Hours Lecturers

401-0232-10L Analysis 2
Students in BSc EEIT who registered for the course unit
401-1261-07L Analysis I in the Autumn Semester may
instead register for 401-1262-07L Analysis II (for BSc
Mathematics, BSc Physics and BSc Interdisciplinary
Science (Phys Chem)) and take the performance
assessment of the corresponding two-semester course.

O  8 credits 4V+2U P. Feller

Abstract Introduction to differential calculus and integration in several variables.
Objective Einführung in die Grundlagen der Analysis
Content Differentiation in several variables, maxima and minima, 

the implicit function theorem, integration in several variables, 
integration over submanifolds, the theorems of Gauss and Stokes.

Lecture notes Christian Blatter: Ingenieur-Analysis (Kapitel 4-6).
Konrad Koenigsberger, Analysis II.

252-0848-00L Computer Science I O  4 credits 2V+2U M. Schwerhoff, H. Lehner
Abstract The course covers the fundamental concepts of computer programming with a focus on systematic algorithmic problem solving. Taught

language is C++. No programming experience is required.
Objective Primary educational objective is to learn programming with C++. When successfully attended the course, students have a good command

of the mechanisms to construct a program. They know the fundamental control and data structures and understand how an algorithmic
problem is mapped to a computer program. They have an idea of what happens "behind the scenes" when a program is translated and
executed.
Secondary goals are an algorithmic computational thinking, understanding the possibilities and limits of programming and to impart the way
of thinking of a computer scientist.

Content The course covers fundamental data types, expressions and statements, (Limits of) computer arithmetic, control statements, functions,
arrays, structural types and pointers. The part on object orientation deals with classes, inheritance and polymorphy, simple dynamic data
types are introduced as examples.
In general, the concepts provided in the course are motivated and illustrated with algorithms and applications.

Lecture notes A script written in English will be provided during the semester. The script and slides will be made available for download on the course
web page.

Literature Bjarne Stroustrup: Einführung in die Programmierung mit C++, Pearson Studium, 2010
Stephen Prata, C++ Primer Plus, Sixth Edition, Addison Wesley, 2012
Andrew Koenig and Barbara E. Moo: Accelerated C++, Addison-Wesley, 2000.

401-0302-10L Complex Analysis
as of 4 March 2020: The lecturer and many students are
in the lecture hall, but some students are absent. The
lecture is recorded.

O  4 credits 3V+1U A. Iozzi

Abstract Basics of complex analysis in theory and applications, in particular the global properties of analytic functions. Introduction to the integral
transforms and description of some applications

Objective Erwerb von einigen grundlegenden Werkzeuge der komplexen Analysis.
Content Examples of analytic functions,   Cauchys theorem, Taylor and Laurent series, singularities of analytic functions, residues. Fourier series

and Fourier integral, Laplace transform.
Literature J. Brown, R. Churchill:  "Complex Analysis and Applications", McGraw-Hill 1995


T. Needham. Visual complex analysis. Clarendon Press, Oxford. 2004.

M. Ablowitz, A. Fokas: "Complex variables: introduction and applications", Cambridge Text in Applied Mathematics, Cambridge University
Press 1997

E. Kreyszig: "Advanced Engineering Analysis", Wiley 1999

J. Marsden, M. Hoffman: "Basic complex analysis", W. H. Freeman 1999

P. P. G. Dyke: "An Introduction to Laplace Transforms and Fourier Series", Springer 2004

A. Oppenheim, A. Willsky: "Signals & Systems", Prentice Hall 1997

M. Spiegel: "Laplace Transforms", Schaum's Outlines,  Mc Graw Hill

Prerequisites /
notice

Prerequisites: Analysis I and II

227-0002-00L Networks and Circuits II O  8 credits 4V+2U J. Biela
Abstract Introduction to AC circuits analysis, Fourier analysis, frequency and time domain, step response of electric circuits, Fourier and Laplace

transform, frequency response of electric networks, two-port systems, differential amplifier, operational amplifier, basic and advanced
operational amplifier circuits

Objective The lecture is aiming to make students familiar with basis methods of AC circuits analysis, the Fourier analysis of non-sinusoidal periodic
signals, i.e. the relations of frequency and time domain, the calculation of the step response and transfer function of  linear networks using
Fourier- and Laplace transform and the analysis and design operational amplifier circuits.

Content Introduction to AC circuits analysis,  Fourier analysis, frequency and time domain, step response of electric circuits, Fourier and Laplace
transform, frequency response of  electric networks, two-port systems,  differential amplifier, operational amplifier, basic and advanced
operational amplifier circuits
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Lecture notes Lecture notes are available in Moodle. In addition, the listed literature could be used.
Literature Elektrotechnik; Manfred Albach; 1. Auflage; 629 Seiten; Pearson Studium 2011; ISBN: 9783868940817

  
Grundlagen der Elektrotechnik – Netzwerke; 2. Auflage; 372 Sei- ten; Schmidt / Schaller / Martius; Pearson Studium 2014; ISBN:
9783868942392

Microelectronic Circuits; 7. Auflage; 1472 Seiten; Sedra / Smith; Oxford University Press 2015; ISBN: 9780199339143

402-0052-00L Physics I: Waves and Thermodynamics O  4 credits 2V+2U A. Wallraff
Abstract Physics I is an introduction to continuum mechanics, wave phenomena, and fundamental concepts of thermodynamics.
Objective After completing this course, students should be able to construct and apply simple models of dynamics in non-rigid materials.  Students

should also be able to identify and relate basic thermodynamic quantities in equilibrium systems given realistic constraints.
Content The lecture will discuss the following concepts:

Waves
-    One dimensional wave equation
-    Plane waves, spherical waves in 2 and 3 dimensions
-    Elastic waves, sound velocity
-    Stationary waves, resonances
-    Propagation: interference and diffraction
-    Doppler effect

Thermodynamics
-    Kinetic theory of gases, perfect gases
-    Conservation of energy, first principle
-    Second principle, thermal cycles
-    Entropy, thermodynamical and statistical interpretation
-    Thermal radiation and heat transfer.

Lecture notes The lecture notes will be distributed via the Moodle platform.
Literature P. A. Tipler and G. Mosca, "Physics for Scientists and Engineers" (6th edition) Chapters 14-20.
Prerequisites /
notice

Technical Mechanics, Analysis

 First Year Compulsory Laboratory Courses
Number Title Type ECTS Hours Lecturers

227-0004-10L Networks and Circuits Laboratory
Only for Electrical Engineering and Information
Technology BSc.

O  1 credit 1P J. W. Kolar

Abstract Concepts from the lectures "Networks and Circuits I and II" explored through experiments, with inductive energy transmission systems
(equivalent circuit parameters, transmission characteristics, resonance compensation, high-voltage generation) and photovoltaics (solar
module characteristics, power flow adjustment with DC-DC converters, electro-mechanical energy conversion) used as examples.

Objective The core topics of the course "Networks and Circuits I and II" are reviewed in practice, through experiments, in a modern laboratory
environment. Furthermore, through the illustrative experiments in the fields of inductive power transfer and photovoltaics, a methodical
experimental approach, the use of modern measurement equipment, and proper documentation skills are all learned.

Content The "Networks and Circuits Laboratory" covers core topics presented in the lectures and exercises of the courses "Networks and Circuits I
and II" through experiments. These topics are demonstrated in practice within the context of selected real-world industrial applications:

- Inductive power transfer (topics: parameters of equivalent circuits, transmission characteristics, resonance compensation, and high-
voltage generation); and
- Photovoltaics (topics: characteristics and power performance of a solar module, power flow and/or operating point adjustment with power
electronic converters, electro-mechanical energy conversion).

In each experiment, after measuring and observing components and subsystems of the above, the structuring and overall function of the
system is discussed, in order to promote higher-level abstract reasoning and synthesis skills in addition to analysis skills. Further important
goals of this Laboratory Course are familiarisation with modern measuring equipment, and highlighting the importance of planning,
executing, and documenting experiments and measurements in a thorough and methodical  fashion.

Lecture notes Instruction manual
Literature Lecture documents Networks and Circuits I and II

 Examination Blocks
 Examination Block 2

Number Title Type ECTS Hours Lecturers

227-0013-00L Computer Engineering O  4 credits 2V+1U+1P L. Thiele
Abstract The course provides knowledge about structures and models of digital systems, assembler and compiler, control path and data path,

pipelining, speculation techniques, superscalar computer architectures, memory hierarchy and virtual memory, operating system,
processes and threads.

Objective Logical and physical structure of computer systems. Introduction to principles in hardware design, datapath and control path, assembler
programming, modern architectures (pipelining, speculation techniques, superscalar architectures, multithreading), memory hierarchy and
virtual memory, software concepts.

Content Structures and models of digital systems, abstraction and hierarchy in computer systems, assembler and compiler, control path and data
path, pipelining, speculation techniques, superscalar computer architectures, memory hierarchy and virtual memory, operating system,
processes and threads.

Theoretical and practical exercises using a simulation-based infrastructure.

Lecture notes Material for practical training, copies of transparencies.
Literature D.A. Patterson, J.L. Hennessy: Computer Organization and Design: The Hardware/ Software Interface. Morgan Kaufmann Publishers, Inc.,

San Francisco, ISBN-13: 978-0124077263, 2014.
Prerequisites /
notice

Prerequisites: Programming skills in high level language, knowledge of digital design.

227-0046-10L Signals and Systems II O  4 credits 2V+2U J. Lygeros
Abstract Continuous and discrete time linear system theory, state space methods, frequency domain methods, controllability, observability, stability.
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Objective Introduction to basic concepts of system theory.
Content Modeling and classification of dynamical systems.


Modeling of linear, time invariant systems by state equations. Solution of state equations by time domain and Laplace methods. Stability,
controllability and observability analysis. Frequency domain description, Bode and Nyquist plots. Sampled data and discrete time systems.

Advanced topics: Nonlinear systems, chaos, discrete event systems, hybrid systems.

Lecture notes Copy of transparencies
Literature Recommended:

K.J. Astrom and R. Murray, "Feedback Systems: An Introduction for Scientists and Engineers", Princeton University Press 2009

http://www.cds.caltech.edu/~murray/amwiki/

 Examination Block 3
Number Title Type ECTS Hours Lecturers

401-0654-00L Numerical Methods O  4 credits 2V+1U R. Käppeli
Abstract The course introduces numerical methods according to the type of problem they tackle. The tutorials will include both theoretical exercises

and practical tasks.
Objective This course intends to introduce students to fundamental numerical methods that form the foundation of numerical simulation in

engineering.  Students are to understand the principles of numerical methods, and will be taught how to assess, implement, and apply
them. The focus of this class is on the numerical solution of ordinary differential equations. During the course they will become familiar with
basic techniques and concepts of numerical analysis. They should be enabled to select and adapt suitable numerical methods for a
particular problem.

Content Quadrature, Newton method, initial value problems for ordinary differential equations: explicit one step methods, step length control,
stability analysis and implicit methods, structure preserving methods

Literature M. Hanke Bourgeois: Grundlagen der Numerischen Mathematik und des  Wissenschaftlichen Rechnens, BG Teubner, Stuttgart, 2002.

W. Dahmen, A. Reusken: Numerik für Ingenieure und Naturwissenschaftler, Springer, 2008.

Extensive study of the literature is not necessary for the understanding of the lectures.

Prerequisites /
notice

Prerequisite is familiarity with basic calculus and linear algebra.

227-0052-10L Electromagnetic Fields and Waves O  4 credits 2V+2U L. Novotny
Abstract This course is focused on the generation and propagation of electromagnetic fields. Based on Maxwell's equations we will derive the wave

equation and its solutions. Specifically, we will discuss fields and waves in free space, refraction and reflection at plane interfaces, dipole
radiation and Green functions, vector and scalar potentials, as well as gauge transformations.

Objective Understanding of electromagnetic fields

227-0056-00L Semiconductor Devices O  4 credits 2V+2U C. Bolognesi
Abstract The course covers the basic principles of semiconductor devices in micro-, opto-, and power electronics. It imparts knowledge both of the

basic physics and on the operation principles of pn-junctions, diodes, contacts, bipolar transistors, MOS devices, solar cells,
photodetectors, LEDs and laser diodes.

Objective Understanding of the basic principles of semiconductor devices in micro-, opto-, and power electronics.
Content Brief survey of the history of microelectronics. Basic physics: Crystal structure of solids, properties of silicon and other semiconductors,

principles of quantum mechanics, band model, conductivity, dispersion relation, equilibrium statistics, transport equations, generation-
recombination (G-R), Quasi-Fermi levels. Physical and electrical properties of the pn-junction. pn-diode: Characteristics, small-signal
behaviour, G-R currents, ideality factor, junction breakdown. Contacts: Schottky contact, rectifying barrier, Ohmic contact, Heterojunctions.
Bipolar transistor: Operation principles, modes of operation, characteristics, models, simulation. MOS devices: Band diagram, MOSFET
operation, CV- and IV characteristics, frequency limitations and non-ideal behaviour. Optoelectronic devices: Optical absorption, solar cells,
photodetector, LED, laser diode.

Lecture notes Lecture slides.
Literature The lecture course follows the book Neamen, Semiconductor Physics and Devices, ISBN 978-007-108902-9, Fr. 89.00
Prerequisites /
notice

Qualifications: Physics I+II

401-0604-00L Probability Theory and Statistics O  4 credits 2V+1U V. Tassion
Abstract Probability models and applications, introduction to statistical estimation and statistical tests.
Objective Ability to understand the covered methods and models from probability theory and to apply them in other contexts. Ability to perform basic

statistical tests and to interpret the results.
Content The concept of probability space and some classical models: the axioms of Kolmogorov, easy consequences, discrete models, densities,

product spaces, relations between various models, distribution functions, transformations of probability distributions. Conditional
probabilities, definition and examples, calculation of absolute probabilities from conditional probabilities, Bayes' formula, conditional
distribution. Expectation of a random variable,application to coding, variance, covariance and correlation, linear estimator, law of large
numbers, central limit theorem. Introduction to statistics: estimation of parameters and tests

Lecture notes yes
Literature Textbuch: P. Brémaud: 'An Introduction to Probabilistic Modeling', Springer, 1988.

 Bachelor Studies (Programme Regulations 2016)
 4. Semester

 Examination Blocks
 Examination Block 2

Number Title Type ECTS Hours Lecturers

227-0046-10L Signals and Systems II O  4 credits 2V+2U J. Lygeros
Abstract Continuous and discrete time linear system theory, state space methods, frequency domain methods, controllability, observability, stability.
Objective Introduction to basic concepts of system theory.
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Content Modeling and classification of dynamical systems.

Modeling of linear, time invariant systems by state equations. Solution of state equations by time domain and Laplace methods. Stability,
controllability and observability analysis. Frequency domain description, Bode and Nyquist plots. Sampled data and discrete time systems.

Advanced topics: Nonlinear systems, chaos, discrete event systems, hybrid systems.

Lecture notes Copy of transparencies
Literature Recommended:

K.J. Astrom and R. Murray, "Feedback Systems: An Introduction for Scientists and Engineers", Princeton University Press 2009

http://www.cds.caltech.edu/~murray/amwiki/

 Examination Block 3
Number Title Type ECTS Hours Lecturers

401-0654-00L Numerical Methods O  4 credits 2V+1U R. Käppeli
Abstract The course introduces numerical methods according to the type of problem they tackle. The tutorials will include both theoretical exercises

and practical tasks.
Objective This course intends to introduce students to fundamental numerical methods that form the foundation of numerical simulation in

engineering.  Students are to understand the principles of numerical methods, and will be taught how to assess, implement, and apply
them. The focus of this class is on the numerical solution of ordinary differential equations. During the course they will become familiar with
basic techniques and concepts of numerical analysis. They should be enabled to select and adapt suitable numerical methods for a
particular problem.

Content Quadrature, Newton method, initial value problems for ordinary differential equations: explicit one step methods, step length control,
stability analysis and implicit methods, structure preserving methods

Literature M. Hanke Bourgeois: Grundlagen der Numerischen Mathematik und des  Wissenschaftlichen Rechnens, BG Teubner, Stuttgart, 2002.

W. Dahmen, A. Reusken: Numerik für Ingenieure und Naturwissenschaftler, Springer, 2008.

Extensive study of the literature is not necessary for the understanding of the lectures.

Prerequisites /
notice

Prerequisite is familiarity with basic calculus and linear algebra.

227-0052-20L Electromagnetic Fields and Waves
Only for Programme Regulations 2016.

W  6 credits 2V+2U L. Novotny

Abstract This course is focused on the generation and propagation of electromagnetic fields. Based on Maxwell's equations we will derive the wave
equation and its solutions. Specifically, we will discuss fields and waves in free space, refraction and reflection at plane interfaces, dipole
radiation and Green functions, vector and scalar potentials, as well as gauge transformations.

Objective Understanding of electromagnetic fields

227-0056-00L Semiconductor Devices O  4 credits 2V+2U C. Bolognesi
Abstract The course covers the basic principles of semiconductor devices in micro-, opto-, and power electronics. It imparts knowledge both of the

basic physics and on the operation principles of pn-junctions, diodes, contacts, bipolar transistors, MOS devices, solar cells,
photodetectors, LEDs and laser diodes.

Objective Understanding of the basic principles of semiconductor devices in micro-, opto-, and power electronics.
Content Brief survey of the history of microelectronics. Basic physics: Crystal structure of solids, properties of silicon and other semiconductors,

principles of quantum mechanics, band model, conductivity, dispersion relation, equilibrium statistics, transport equations, generation-
recombination (G-R), Quasi-Fermi levels. Physical and electrical properties of the pn-junction. pn-diode: Characteristics, small-signal
behaviour, G-R currents, ideality factor, junction breakdown. Contacts: Schottky contact, rectifying barrier, Ohmic contact, Heterojunctions.
Bipolar transistor: Operation principles, modes of operation, characteristics, models, simulation. MOS devices: Band diagram, MOSFET
operation, CV- and IV characteristics, frequency limitations and non-ideal behaviour. Optoelectronic devices: Optical absorption, solar cells,
photodetector, LED, laser diode.

Lecture notes Lecture slides.
Literature The lecture course follows the book Neamen, Semiconductor Physics and Devices, ISBN 978-007-108902-9, Fr. 89.00
Prerequisites /
notice

Qualifications: Physics I+II

401-0604-00L Probability Theory and Statistics O  4 credits 2V+1U V. Tassion
Abstract Probability models and applications, introduction to statistical estimation and statistical tests.
Objective Ability to understand the covered methods and models from probability theory and to apply them in other contexts. Ability to perform basic

statistical tests and to interpret the results.
Content The concept of probability space and some classical models: the axioms of Kolmogorov, easy consequences, discrete models, densities,

product spaces, relations between various models, distribution functions, transformations of probability distributions. Conditional
probabilities, definition and examples, calculation of absolute probabilities from conditional probabilities, Bayes' formula, conditional
distribution. Expectation of a random variable,application to coding, variance, covariance and correlation, linear estimator, law of large
numbers, central limit theorem. Introduction to statistics: estimation of parameters and tests

Lecture notes yes
Literature Textbuch: P. Brémaud: 'An Introduction to Probabilistic Modeling', Springer, 1988.

 Laboratory Courses, Projects, Seminars
A minimum of 18 cp must be obtained from the category "Laboratory Courses, Projects, Seminars".

 General Laboratory
Number Title Type ECTS Hours Lecturers

227-0095-10L General Laboratory I
Only for Electrical Engineering and Information
Technology BSc.

Enrolment via Online-Tool (EE-Website: Studies >
Bachelor > Third Year > Laboratory Courses).

W  2 credits 2P Professors

Abstract The Laboratory courses in the 5th and 6th semesters enable the students to put the the contents of the courses from the four first
semesters to the test and to consolidate the aquired knowledge. Furthermore students have the possibilty to gain specific knowledge in
certain software packages as MATLAB.

Objective Implementing the knowledge acquired during the basic studies.
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Prerequisites /
notice

Enrollment through the Online-Tool, https://fpapp.ee.ethz.ch/en/no_cache/primary-navi-row-3/laboratory-courses/registration.html

227-0096-10L General Laboratory II
Only for Electrical Engineering and Information
Technology BSc.

Enrolment via Online-Tool (EE-Website: Studies >
Bachelor > Third Year > Laboratory Courses).

W  4 credits 4P Professors

Abstract The Laboratory courses in the 5th and 6th semesters enable the students to put the the contents of the courses from the four first
semesters to the test and to consolidate the aquired knowledge. Furthermore students have the possibilty to gain specific knowledge in
certain software packages as MATLAB.

Objective Implementing the knowledge acquired during the basic studies.
Prerequisites /
notice

Enrollment through the Online-Tool, https://fpapp.ee.ethz.ch/en/no_cache/primary-navi-row-3/laboratory-courses/registration.html

 Projects & Seminars
A maximum of 13 cp can be obtained from Projects & Seminars. Each course can be registered for only once.

Number Title Type ECTS Hours Lecturers

227-0085-10L Projects & Seminars for 1 CP (1)
Only for Electrical Engineering and Information
Technology BSc.

Course can only be registered for once. A repeatedly
registration in a later semester is not chargeable.

W  1 credit 1P Professors

Abstract To enhance skills in practical work, team work, preparation and presentation of ones work; acquiring of knowledge in learning and project
methodologies as well as to enhance motivation to look into the basics and applications. Procurement of skills in the area of Electrical
Engineering and Information Technology that are useful for the remaining terms as well during ones work life.

Objective see above
Prerequisites /
notice

Enrollment through the Online-Tool, https://isgapps.ee.ethz.ch/ppsapp/

227-0085-20L Projects & Seminars for 1 CP (2)
Only for Electrical Engineering and Information
Technology BSc.

Course can only be registered for once. A repeatedly
registration in a later semester is not chargeable.

W  1 credit 1P Professors

Abstract To enhance skills in practical work, team work, preparation and presentation of ones work; acquiring of knowledge in learning and project
methodologies as well as to enhance motivation to look into the basics and applications. Procurement of skills in the area of Electrical
Engineering and Information Technology that are useful for the remaining terms as well during ones work life.

Objective see above
Prerequisites /
notice

Enrollment through the Online-Tool, https://isgapps.ee.ethz.ch/ppsapp/

227-0085-30L Projects & Seminars for 2 CP (1)
Only for Electrical Engineering and Information
Technology BSc.

Course can only be registered for once. A repeatedly
registration in a later semester is not chargeable.

W  2 credits 2P Professors

Abstract To enhance skills in practical work, team work, preparation and presentation of ones work; acquiring of knowledge in learning and project
methodologies as well as to enhance motivation to look into the basics and applications. Procurement of skills in the area of Electrical
Engineering and Information Technology that are useful for the remaining terms as well during ones work life.

Objective see above
Prerequisites /
notice

Enrollment through the Online-Tool, https://isgapps.ee.ethz.ch/ppsapp/

227-0085-40L Projects & Seminars for 2 CP (2)
Only for Electrical Engineering and Information
Technology BSc.

Course can only be registered for once. A repeatedly
registration in a later semester is not chargeable.

W  2 credits 2P Professors

Abstract To enhance skills in practical work, team work, preparation and presentation of ones work; acquiring of knowledge in learning and project
methodologies as well as to enhance motivation to look into the basics and applications. Procurement of skills in the area of Electrical
Engineering and Information Technology that are useful for the remaining terms as well during ones work life.

Objective see above
Prerequisites /
notice

Enrollment through the Online-Tool, https://isgapps.ee.ethz.ch/ppsapp/

227-0085-50L Projects & Seminars for 3 CP
Only for Electrical Engineering and Information
Technology BSc.

Course can only be registered for once. A repeatedly
registration in a later semester is not chargeable.

W  3 credits 3P Professors

Abstract To enhance skills in practical work, team work, preparation and presentation of ones work; acquiring of knowledge in learning and project
methodologies as well as to enhance motivation to look into the basics and applications. Procurement of skills in the area of Electrical
Engineering and Information Technology that are useful for the remaining terms as well during ones work life.

Objective see above
Prerequisites /
notice

Enrollment through the Online-Tool, https://isgapps.ee.ethz.ch/ppsapp/

227-0085-60L Projects & Seminars for 4 CP W  4 credits 4P Professors
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Only for Electrical Engineering and Information
Technology BSc.

Course can only be registered for once. A repeatedly
registration in a later semester is not chargeable.

Abstract To enhance skills in practical work, team work, preparation and presentation of ones work; acquiring of knowledge in learning and project
methodologies as well as to enhance motivation to look into the basics and applications. Procurement of skills in the area of Electrical
Engineering and Information Technology that are useful for the remaining terms as well during ones work life.

Objective see above
Prerequisites /
notice

Enrollment through the Online-Tool, https://isgapps.ee.ethz.ch/ppsapp/

 Group Projects
Number Title Type ECTS Hours Lecturers

227-0091-10L Group Project I W  6 credits 5A Lecturers
Abstract Students must work in groups in supervised projects for 150 to 180 hours minimum. The topics of the group work are open and can be

technical of specific nature or more general in the context of engineering.
Objective see above

227-0092-10L Group Project II W  6 credits 5A Lecturers
Abstract Students must work in groups in supervised projects for 150 to 180 hours minimum. The topics of the group work are open and can be

technical of specific nature or more general in the context of engineering.
Objective see above

 Internship in industry
Please note the conditions for Internships in industry as set forward by the "Guidelines for the "Laboratory Courses - Projects - Seminars ", see
https://www.ee.ethz.ch/content/dam/ethz/special-
interest/itet/department/Studies/Bachelor/Regulations/Richtlinien_Praktika-Projekte-Seminare_v5_final.pdf (German only).

Number Title Type ECTS Hours Lecturers

227-0093-10L Internship in Industry
Only for students in the Bachelor's Programme Electrical
Engineering and Information Technology, Regulations
2012/2016.
For students enrolled in the 2018 Programme
Regulations, see "227-1550-10L Internship in Industry" at
Master's level.

W  6 credits external organisers

Abstract The main objective of the 12-week internship is to expose bachelor's students to the industrial work environment. During this period,
students have the opportunity to be involved in on-going projects at the host institution.

Objective see above
Prerequisites /
notice

Please note the conditions for Internships in industry as set forward by the "Guidelines for the "Laboratory Courses - Projects - Seminars ",
see https://ethz.ch/content/dam/ethz/special-
interest/itet/department/Studies/Bachelor/Regulations/Richtlinien_Praktika-Projekte-Seminare_v5_final.pdf (German only).

 Additional Subjects
Number Title Type ECTS Hours Lecturers

227-0651-00L Applied Circuit and PCB-Design
Number of participants limited to 24.

W  2 credits 4G A. Blanco Fontao

Abstract Participants learn how to design a predefined electronic circuit and how to lay out the pertaining circuit board. CAE and CAD activities for
design and simulation is carried out with the aid of Altium Designer.

Objective The goal is to become acquainted with all those practical aspects of electronic circuit and PCB design by working through a modest but
complete application example. This involves analysis of specifications, the evaluation of electronic parts, efficient testing and failure search,
electromagnetic compatibility (EMC), the usage of industrial CAE/CAD tools for circuit simulation and PCB layout, generating production
data for the board manufacturer, board mounting, testing and start up.
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Content Content:
- Development - from the idea to the final product
- Analysis of given circuit specifications

- Searching the Internet for electronics parts
- Choosing electronic parts: avoiding mistakes

- Setting up the Altium Designer environment

- Structure of component libraries
- Preparing schematic symbols for CAE
- Preparing footprints for CAD
- Linking component libraries and databases

- Introduction to Altium Vault and Supply Chain Management

- Structure of schematic diagrams and circuits
- Assigning schematic functions to physical parts
- Capturing a predefined circuit
- Hints for improved testing and failure analysis

- Checking schematic data
- Simulation of mixed-signal circuits using Spice

- Introduction to PCB manufacturing
- Turning circuit schematics into a workable layout using Altium Designer

- Component placement on the PCB
- Manual and automatic interconnect routing
- Design for EMC and High-Speed

- Preparation of production data for the board manufacturer
- Documentation for manufacturing and assembly
- PCB assembly (component mounting and soldering)
- Final circuit testing and start-up.

Literature All necessary documents will be available as electronic documents (PDF)
Prerequisites /
notice

- The course is recommended to all students who plan to design an electronic circuit or a PCB in an upcoming term project or as part of
their master thesis. Attending this course during the term before will ensure they are optimally prepared and will allow them to fully focus on
their project.

- The number of participants is limited.

- For their own students and staff, the Department of Information Technology and Electrical Engineering provides electronic components
and consumables free of charge. All other participants have to bear a 200 CHF fee for those items.

 Third Year Core Courses
Can be freely combined, a list of recommendations is available under www.ee.ethz.ch/bachelor-kernfaecher

Number Title Type ECTS Hours Lecturers

227-0104-00L Communication and Detection Theory W  6 credits 4G A. Lapidoth
Abstract This course teaches the foundations of modern digital communications and detection theory. Topics include the geometry of the space of

energy-limited signals; the baseband representation of passband signals, spectral efficiency and the Nyquist Criterion; the power and
power spectral density of PAM and QAM; hypothesis testing; Gaussian stochastic processes; and detection in white Gaussian noise.

Objective This is an introductory class to the field of wired and wireless communication. It offers a glimpse at classical analog modulation (AM, FM),
but mainly focuses on aspects of modern digital communication, including modulation schemes, spectral efficiency, power budget analysis,
block and convolu- tional codes, receiver design, and multi- accessing schemes such as TDMA, FDMA and Spread Spectrum.

Content - Baseband representation of passband signals.
- Bandwidth and inner products in baseband and passband.
- The geometry of the space of energy-limited signals.
- The Sampling Theorem as an orthonormal expansion.
- Sampling passband signals.
- Pulse Amplitude Modulation (PAM): energy, power, and power spectral density.
- Nyquist Pulses.
- Quadrature Amplitude Modulation (QAM).
- Hypothesis testing.
- The Bhattacharyya Bound.
- The multivariate Gaussian distribution
- Gaussian stochastic processes.
- Detection in white Gaussian noise.

Lecture notes n/a
Literature A. Lapidoth, A Foundation in Digital Communication, Cambridge University Press, 2nd edition (2017)

227-0111-00L Communication Electronics W  6 credits 2V+2U Q. Huang
Abstract Electronics for communications systems, with emphasis on realization.  Low noise amplifiers, modulators and demodulators, transmit

amplifiers and oscillators are discussed in the context of wireless communications. Wireless receiver, transmitter and frequency synthesizer
will be described. Importance of and trade offs among sensitivity, linearity and selectivity are discussed extensively.

Objective Foundation course for understanding modern electronic circuits for communication applications. We learn how theoretical communications
principles are reduced to practice using transistors, switches, inductors, capacitors and resistors. The harsh environment such
communication electronics will be exposed to and the resulting requirements on the sensitivity, linearity and selectivity help explain the
design trade offs encountered in every circuit block found in a modern transceiver.
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Content Accounting for more than two trillion dollars per year, communications is one of the most important drivers for advanced economies of our
time. Wired networks have been a key enabler to the internet age and the proliferation of search engines, social networks and electronic
commerce, whereas wireless communications, cellular networks in particular, have liberated people and increased productivity in
developed and developing nations alike. Integrated circuits that make such communications devices light weight and affordable have
played a key role in the proliferation of communications. 
 This course introduces our students to the key components that realize the tangible products in electronic form. We begin with an
introduction to wireless communications, and describe the harsh environment in which a transceiver has to work reliably. In this context we
highlight the importance of sensitivity or low noise, linearity, selectivity, power consumption and cost, that are all vital to a competitive
device in such applications. 
 We shall review bipolar and MOS devices from a designer's prospectives, before discussing basic amplifier structures - common
emitter/source, common base/gate configurations, their noise performance and linearity, impedance matching, and many other things one
needs to know about a low noise amplifier.
 We will discuss modulation, and the mixer that enables its implementation. Noise and linearity form an inseparable part of the discussion
of its design, but we also introduce the concept of quadrature demodulator, image rejection, and the effects of mismatch on performance.
 When mixers are used as a modulator the signals they receive are usually large and the natural linearity of transistors becomes
insufficient. The concept of feedback will be introduced and its function as an improver of linearity studied in detail. 
 Amplifiers in the transmit path are necessary to boost the power level before the signal leaves an integrated circuit to drive an even more
powerful amplifier (PA) off chip. Linearized pre-amplifiers will be studied as part of the transmitter.
 A crucial part of a mobile transceiver terminal is the generation of local oscillator signals at the desired frequencies that are required for
modulation and demodulation. Oscillators will be studied, starting from stability criteria of an electronic system, then leading to criteria for
controlled instability or oscillation. Oscillator design will be discussed in detail, including that of crystal controlled oscillators which provide
accurate time base.
 An introduction to phase-locked loops will be made, illustrating how it links a variable frequency oscillator to a very stable fixed frequency
crystal oscillator, and how phase detector, charge pump and programmable dividers all serve to realize an agile frequency synthesizer that
is very stable in each frequency synthesized.

Lecture notes Script is available online under https://iis-students.ee.ethz.ch/lectures/communication-electronics/
Prerequisites /
notice

The course Analog Integrated Circuits is recommended as preparation for this course.

227-0117-10L Experimental Techniques W  6 credits 4G C. Franck, H.-J. Weber
Abstract This lecture is an introduction to experimental and measurement techniques. The course is designed with practical relevance in mind and

comprises several laboratory modules where the students perform, evaluate and document experiments. The taught topics are of
relevance for all electrical engineering disciplines, in this course they are taught with examples of high-voltage engineering.

Objective At the end of this lecture, the students will be able to:
-    perform basic practical laboratory experiments and record data, in particular with an oscilloscope.
-    take a meaningful Lab Notebook, write a clear measurement evaluation protocol, and can estimate the accuracy and precision of the
evaluated data.
-    can explain the main reasons for electromagnetic interference and propose measures to avoid or reduce these interferences.
-    Explain and use different methods to generate and measure high voltages and calculate basic relevant relations.

Content - Messtechnik, Messunsicherheit, Messprotokolle
- Erzeugung und Messung hoher Spannungen
- Elektromagnetische Verträglichkeit
- Laborpraktika

Lecture notes Vorlesungsunterlagen
Literature J. Hoffmann, Taschenbuch der Messtechnik, Carl Hanser Verlag, 7. Auflage, 2015 (ISBN: 978-3446442719)

A. Küchler, Hochspannungstechnik, Springer Berlin, 4. Auflage, 2017 (ISBN: 978-3662546994)
A. Schwab, Elektromagnetische Verträglichkeit, Springer Verlag, 6. Auflage, 2010 (ISBN: 978-3642166099)

227-0120-00L Communication Networks W  6 credits 4G L. Vanbever
Abstract At the end of this course, you will understand the fundamental concepts behind communication networks and the Internet. Specifically, you

will be able to:

- understand how the Internet works;
- build and operate Internet-like infrastructures;
- identify the right set of metrics to evaluate the performance of a network and propose ways to improve it.

Objective At the end of the course, the students will understand the fundamental concepts of communication networks and Internet-based
communications. Specifically, students will be able to:

- understand how the Internet works;
- build and operate Internet-like network infrastructures;
- identify the right set of metrics to evaluate the performance or the adequacy of a network and propose ways to improve it (if any).

The course will introduce the relevant mechanisms used in today's networks both from an abstract perspective but also from a practical one
by presenting many real-world examples and through multiple hands-on projects.

For more information about the lecture, please visit: https://comm-net.ethz.ch

Lecture notes Lecture notes and material for the course will be available before each course on: https://comm-net.ethz.ch
Literature Most of course follows the textbook "Computer Networking: A Top-Down Approach (6th Edition)" by Kurose and Ross.
Prerequisites /
notice

No prior networking background is needed. The course will include some programming assignments (in Python) for which the material
covered in Technische Informatik 1 (227-0013-00L) and Technische Informatik 2 (227-0014-00L) will be useful.

227-0125-00L Optics and Photonics W  6 credits 2V+2U J. Leuthold
Abstract This lecture covers both - the fundamentals of "Optics" such as e.g. "ray optics", "coherence", the "Planck law" or the "Einstein relations"

but also the fundamentals of "Photonics" on the generation, processing, transmission and detection of photons.
Objective A sound base for work in the field of optics and photonics will be given.
Content Chapter 1: Ray Optics

Chapter 2: Electromagnetic Optics
Chapter 3: Polarization
Chapter 4: Coherence and Interference
Chapter 5: Fourier Optics and Diffraction
Chapter 6: Guided Wave Optics
Chapter 7: Optical Fibers
Chapter 8: The Laser

Lecture notes Lecture notes will be handed out.
Prerequisites /
notice

Fundamentals of Electromagnetic Fields (Maxwell Equations) & Bachelor Lectures on Physics.
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227-0156-00L Power Semiconductors W  6 credits 4G U. Grossner
Abstract Power semiconductor devices are the core of today's energy efficient electronics. In this course, based on semiconductor physics, an

understanding of the functionality of modern power devices is developed. Elements of power rectifiers and switches are introduced; device
concepts for PiN diodes, IGBTs, and power MOSFETs, are discussed. Apart from silicon, wide bandgap semiconductors are considered.

Objective The goal of this course is developing an understanding of modern power device concepts. After following the course, the student will be
able to choose a power device for an application, know the basic functionality, and is able to describe the performance and reliability
related building blocks of the device design. Furthermore, the student will have an understanding of current and future developments in
power devices.

Content Basic semiconductor device physics is revisited. After defining requirements from typical applications, the key building blocks - especially
active area and termination - of power devices are introduced. Based on these building blocks, device concepts are derived. Introducing
unipolar as well as bipolar conduction is increasing the application space for power devices. Rectifiers, such as Schottky barrier and PiN
diodes, and switches, such as IGBTs and power MOSFETs are discussed in detail. For each device concept, a tradeoff analysis for
performance and reliability based on the layout of the building blocks is discussed.
Apart from silicon, wide bandgap semiconductors play an increasing role for highly efficient power electronic devices. This development is
taken into account by discussing the specific advantages and challenges in current wide bandgap based devices.

Lecture notes Will be distributed at lectures.
Literature The course follows a collection of different books; more details are being listed in the script.
Prerequisites /
notice

Vorlesungen Halbleiterbauelemente, Leistungselektronik

227-0395-00L Neural Systems W  6 credits 2V+1U+1A R. Hahnloser, M. F. Yanik,
B. Grewe

Abstract This course introduces principles of information processing in neural systems. It covers basic neuroscience for engineering students,
experiment techniques used in animal research and methods for inferring neural mechanisms. Students learn about neural information
processing and basic principles of natural intelligence and their impact on artificially intelligent systems.

Objective This course introduces 
- Basic neurophysiology and mathematical descriptions of neurons
- Methods for dissecting animal behavior 
- Neural recordings in intact nervous systems and information decoding principles
- Methods for manipulating the state and activity in selective neuron types  
- Neuromodulatory systems and their computational roles
- Reward circuits and reinforcement learning
- Imaging methods for reconstructing the synaptic networks among neurons  
- Birdsong and language 
- Neurobiological principles for machine learning.

Content From active membranes to propagation of action potentials. From synaptic physiology to synaptic learning rules. From receptive fields to
neural population decoding. From fluorescence imaging to connectomics.  Methods for reading and manipulation neural ensembles. From
classical  conditioning to reinforcement learning. From the visual system to deep convolutional networks. Brain architectures for learning
and memory. From birdsong to computational linguistics.

Prerequisites /
notice

Before taking this course, students are encouraged to complete "Bioelectronics and Biosensors" (227-0393-10L).

As part of the exercises for this class, students are expected to complete a programming or literature review project to be defined at the
beginning of the semester.

 Electives
This is only a short selection. Other courses from the ETH course catalogue may be chosen. Please consult the "Richtlinien zu Projekten, Praktika,
Seminare" (German only), published on our website (http://www.ee.ethz.ch/pps-richtlinien).

 Economics, Law and Management Electives
These subjects are particularly suitable for students planning to apply to the Master's Degree Program in Energy Science and Technology (MSc EST) or
Management, Technology and Economics (MSc MTEC).

Number Title Type ECTS Hours Lecturers

351-0778-00L Discovering Management
Entry level course in management for BSc, MSc and PHD
students at all levels not belonging to D-MTEC. 
This course can be complemented with Discovering
Management (Excercises) 351-0778-01L.

W  3 credits 3G L. De Cuyper, S. Brusoni,
B. Clarysse, S. Feuerriegel,
V. Hoffmann, T. Netland,
G. von Krogh

Abstract Discovering Management offers an introduction to the field of business management and entrepreneurship for engineers and natural
scientists. The module provides an overview of the principles of management, teaches knowledge about management that is highly
complementary to the students' technical knowledge, and provides a basis for advancing the knowledge of the various subjects offered at
D-MTEC.

Objective The objective of this course is to introduce the students to the relevant topics of the management literature and give them a good
introduction in entrepreneurship topics too. The course is a series of lectures on the topics of strategy, innovation, marketing, corporate
social responsibility, and productions and operations management. These different lectures provide the theoretical and conceptual
foundations of management. In addition, students are required to work in teams on a project. The purpose of this project is to analyse the
innovative needs of a large multinational company and develop a business case for the company to grow.

Content Discovering Management aims to broaden the students' understanding of the principles of business management, emphasizing the
interdependence of various topics in the development and management of a firm. The lectures introduce students not only to topics
relevant for managing large corporations, but also touch upon the different aspects of starting up your own venture. The lectures will be
presented by the respective area specialists at D-MTEC.
The course broadens the view and understanding of technology by linking it with its commercial applications and with society. The lectures
are designed to introduce students to topics related to strategy, corporate innovation,  corporate social responsibility, and business model
innovation. Practical examples from industry will stimulate the students to critically assess these issues.

Prerequisites /
notice

Discovering Management is designed to suit the needs and expectations of Bachelor students at all levels as well as Master and PhD
students not belonging to D-MTEC. By providing an overview of Business Management, this course is an ideal enrichment of the standard
curriculum at ETH Zurich.
No prior knowledge of business or economics is required to successfully complete this course.

351-0778-01L Discovering Management (Exercises)
Complementary exercises for the module Discovering
Managment.

Prerequisite: Participation and successful completion of
the module Discovering Management (351-0778-00L) is
mandatory.

W  1 credit 1U B. Clarysse
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Abstract This course is offered complementary to the basis course 351-0778-00L, "Discovering Management". The course offers an additional
exercise in the form of a project conducted in team.

Objective This course is offered to complement the course 351-0778-00L. The course offers an additional exercise to the more theoretical and
conceptual content of Discovering Management. 

While Discovering Management offers an introduction to various management topics, in this course, creative skills will be trained by the
business game exercise. It is a participant-centered, team-based learning activity, which provides students with the opportunity to place
themselves in the role of Chief Innovation Officer of a large multinational company.

Content As the students learn more about the specific case and identify the challenge they are faced with, they will have to develop an innovative
business case for this multinational corporation. Doing so, this exercise will provide an insight into the context of managerial problem-
solving and corporate innovation, and enhance the students' appreciation for the complex tasks companies and managers deal with. The
exercise presents a realistic model of a company and provides a valuable learning platform to integrate the increasingly important
development of the skills and competences required to identify entrepreneurial opportunities, analyse the future business environment and
successfully respond to it by taking systematic decisions, e.g. critical assessment of technological possibilities.

 Engineering Electives
Number Title Type ECTS Hours Lecturers

Additional third year core courses may be credited as
electives.

227-0123-00L Mechatronics W  6 credits 4G T. M. Gempp
Abstract Introduction into mechatronics.  Sensors and actors. Electronic and hydraulic power amplifiers. Data processing and basics of real-time

programming, multitasking, and multiprocessing. Modeling of mechatronical systems. Geometric, kinematical, and dynamic elements.
Fundamentals of the systems theory. Examples from industrial applications.

Objective Introduction into the basics and technology of mechatronical devices. Theoretical and practical know-how of the basic elements of a
mechatronical system.

Content Introduction into mechatronics.  Sensors and actors. Electronic and hydraulic power amplifiers. Data processing and basics of real-time
programming, multitasking, and multiprocessing. Modeling of mechatronical systems. Geometric, kinematical, and dynamic elements.
Fundamentals of the systems theory. Examples from industrial applications.

Lecture notes Recommendation of  textbook. Additional documentation to the individual topics. Documentation from industrial companies.

227-0216-00L Control Systems II W  6 credits 4G R. Smith
Abstract Introduction to basic and advanced concepts of modern feedback control.
Objective Introduction to basic and advanced concepts of modern feedback control.
Content This course is designed as a direct continuation of the course "Regelsysteme" (Control Systems). The primary goal is to further familiarize

students with various dynamic phenomena and their implications for the analysis and design of feedback controllers. Simplifying
assumptions on the underlying plant that were made in the course "Regelsysteme" are relaxed, and advanced concepts and techniques
that allow the treatment of typical industrial control problems are presented. Topics include control of systems with multiple inputs and
outputs, control of uncertain systems (robustness issues), limits of achievable performance, and controller implementation issues.

Lecture notes The slides of the lecture are available to download.
Literature Skogestad, Postlethwaite: Multivariable Feedback Control - Analysis and Design. Second Edition. John Wiley, 2005.
Prerequisites /
notice

Prerequisites:
Control Systems or equivalent

376-0022-00L Imaging and Computing in Medicine W  4 credits 3G R. Müller, P. Christen, C. J. Collins
Abstract Imaging and computing methods are key to advances and innovation in medicine. This course introduces established fundamental as well

as modern techniques and methods of imaging and computing in medicine.
Objective 1.    Understanding and practical implementation of biosignal processes methods for imaging 

2.    Understanding of imaging techniques including radiation imaging, radiographic imaging systems, computed tomography imaging,
diagnostic ultrasound imaging, and magnetic resonance imaging
3.    Knowledge of computing, programming, modelling and simulation fundamentals
4.    Computational and systems thinking as well as scripting and programming skills
5.    Understanding and practical implementation of emerging computational methods and their application in medicine including artificial
intelligence, deep learning, big data, and complexity
6.    Understanding of the emerging concept of personalised and in silico medicine
7.    Encouragement of critical thinking and creating an environment for independent and self-directed studying

Content Imaging and computing methods are key to advances and innovation in medicine. This course introduces established fundamental as well
as modern techniques and methods of imaging and computing in medicine. For the imaging portion of the course, biosignal processing,
radiation imaging, radiographic imaging systems, computed tomography imaging, diagnostic ultrasound imaging, and magnetic resonance
imaging are covered. For the computing portion of the course, computing, programming, and modelling and simulation fundamentals are
covered as well as their application in artificial intelligence and deep learning; complexity and systems medicine; big data and personalised
medicine; and computational physiology and in silico medicine.
The course is structured as a seminar in three parts of 45 minutes with video lectures and a flipped classroom setup: in the first part
(TORQUEs: Tiny, Open-with-Restrictions courses focused on QUality and Effectiveness), students study the basic concepts in short video
lectures on the online learning platform Moodle. At the end of this first part, students must post a number of questions in the Moodle forum
that will be addressed in the second part of the lectures using a flipped classroom concept. First, the lecturers may prepare additional
teaching material to answer the posted questions and potentially discuss further questions (Q&A). Second, the students will form small
groups to acquire additional knowledge online or from additionally distributed material and to present their findings to the rest of the class.

Lecture notes Stored on Moodle.
Prerequisites /
notice

Lectures will be given in English.

252-0834-00L Information Systems for Engineers
Wird ab HS20 nur in Herbstsemester angeboten.

W  4 credits 2V+1U G. Fourny

Abstract This course provides the basics of relational databases from the perspective of the user.

We will discover why tables are so incredibly powerful to express relations, learn the SQL query language, and how to make the most of it.
The course also covers support for data cubes (analytics).
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Objective This lesson is complementary with Big Data for Engineers as they cover different time periods of database history and practices -- you can
even take both lectures at the same time.

After visiting this course, you will be capable to:

1. Explain, in the big picture, how a relational database works and what it can do in your own words.

2. Explain the relational data model (tables, rows, attributes, primary keys, foreign keys), formally and informally, including the relational
algebra operators (select, project, rename, all kinds of joins, division, cartesian product, union, intersection, etc).

3. Perform non-trivial reading SQL queries on existing relational databases, as well as insert new data, update and delete existing data.

4. Design new schemas to store data in accordance to the real world's constraints, such as relationship cardinality

5. Explain what bad design is and why it matters.

6. Adapt and improve an existing schema to make it more robust against anomalies, thanks to a very good theoretical knowledge of what is
called "normal forms".

7. Understand how indices work (hash indices, B-trees), how they are implemented, and how to use them to make queries faster.

8. Access an existing relational database from a host language such as Java, using bridges such as JDBC.

9. Explain what data independence is all about and didn't age a bit since the 1970s.

10. Explain, in the big picture, how a relational database is physically implemented.

11. Know and deal with the natural syntax for relational data, CSV.

12. Explain the data cube model including slicing and dicing.

13. Store data cubes in a relational database.

14. Map cube queries to SQL.

15. Slice and dice cubes in a UI.

And of course, you will think that tables are the most wonderful object in the world.

Content Using a relational database
=================
1. Introduction
2. The relational model
3. Data definition with SQL
4. The relational algebra
5. Queries with SQL

Taking a relational database to the next level
=================
6. Database design theory
7. Databases and host languages
8. Databases and host languages
9. Indices and optimization
10. Database architecture and storage

Analytics on top of a relational database
=================
12. Data cubes

Outlook
=================
13. Outlook

Literature - Lecture material (slides).

- Book: "Database Systems: The Complete Book", H. Garcia-Molina, J.D. Ullman, J. Widom
(It is not required to buy the book, as the library has it)

Prerequisites /
notice

For non-CS/DS students only, BSc and MSc
Elementary knowledge of set theory and logics
Knowledge as well as basic experience with a programming language such as Pascal, C, C++, Java, Haskell, Python

252-0220-00L Introduction to Machine Learning
Limited number of participants. Preference is given to
students in programmes in which the course is being
offered. All other students will be waitlisted. Please do not
contact Prof. Krause for any questions in this regard. If
necessary, please contact studiensekretariat@inf.ethz.ch 

W  8 credits 4V+2U+1A A. Krause

Abstract The course introduces the foundations of learning and making predictions based on data.
Objective The course will introduce the foundations of learning and making predictions from data. We will study basic concepts such as trading

goodness of fit and model complexitiy. We will discuss important machine learning algorithms used in practice, and provide hands-on
experience in a course project.
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Content - Linear regression (overfitting, cross-validation/bootstrap, model selection, regularization, [stochastic] gradient descent)
- Linear classification: Logistic regression (feature selection, sparsity, multi-class)
- Kernels and the kernel trick (Properties of kernels; applications to linear and logistic regression); k-nearest neighbor
- Neural networks (backpropagation, regularization, convolutional neural networks)
- Unsupervised learning (k-means, PCA, neural network autoencoders)
- The statistical perspective (regularization as prior; loss as likelihood; learning as MAP inference)
- Statistical decision theory (decision making based on statistical models and utility functions)
- Discriminative vs. generative modeling (benefits and challenges in modeling joint vy. conditional distributions)
- Bayes' classifiers (Naive Bayes, Gaussian Bayes; MLE)
- Bayesian approaches to unsupervised learning (Gaussian mixtures, EM)

Literature Textbook: Kevin Murphy, Machine Learning: A Probabilistic Perspective, MIT Press
Prerequisites /
notice

Designed to provide a basis for following courses:
- Advanced Machine Learning
- Deep Learning
- Probabilistic Artificial Intelligence 
- Seminar "Advanced Topics in Machine Learning"

252-3800-00L Advanced Topics in Technical Human-Computer
Interaction
Number of participants limited to 24.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W  2 credits 2S C. Holz

Abstract We will discuss the latest topics in HCI and related communities: interactive devices, wearable and mobile sensing, applied computer vision
for gesture, hand, and body pose input, machine learning-based processing. assistive and accessible technologies, biometrics &
authentication, fabrication, haptic feedback, Augmented Reality, Virtual Reality, projection-based systems, affective computing.

Objective The objective of the seminar is for participants to collectively learn about the state-of-the-art research in Human-Computer Interaction and
closely related areas. Another objective is to collectively discuss open issues in the field, necessary follow-up work for the latest presented
results in the field, and developing a feeling for what constitutes research questions and outcomes in the field of technical Human-
Computer Interaction.

Content The seminar format is as follows: attendees individually read one recent full-paper publication, working through its content in detail and
possibly covering some of the background if necessary, and present the approach, methodology, research question and implementation as
well as the evaluation and discussion in a 20–25 min talk in front of the others. Each presenter will then lead a short discussion about the
paper, which is guided by questions posed to the audience in advance.

Literature 24 papers will be provided by the lecturer and distributed in the first seminar on a first-come, first-served basis according to participants'
preferences. The lecturer will also give a brief run-down across all 24 papers in a fast-forward style, covering each paper in a single-minute
presentation, and outline the difficulties of each project. The schedule is fixed throughout the term with easier papers being presented
earlier and more comprehensive papers presented later in the term.

Prerequisites /
notice

All students are welcome in the first seminar to see the overview over the papers we will discuss. After assigning papers, the seminar will
be limited to 24 attendees, i.e., those students that sign up for papers first.

227-0669-00L Chemistry of Devices and Technologies
Limited to 30 participants.

W  4 credits 1V+2U M. Yarema

Abstract The course covers basics of chemistry and material science, relevant for modern devices and technologies. The course consists from
lecture, laboratory, and individual components. Students accomplish individual projects, in which they study and evaluate a chosen
technology from chemistry and materials viewpoints.

Objective The course brings relevant chemistry knowledge, tailored to the needs of electrical engineering students. Students will gain understanding
of the basic concepts of chemistry and a chemist's intuition through hands-on workshops that combine tutorials and laboratory sessions as
well as guidance through individual projects that require interdisciplinary and critical thinking.
Students will learn which materials, reactions, and device fabrication processes are important for nowadays technologies and products.
They will gain important knowledge of state-of-the-art technologies from materials and fabrication viewpoints.

Content Students will spend 3h per week in the tutorials and practical sessions and additional 4-6h per week working on individual projects.
The goal of the individual student's project is to understand the chemistry related to the manufacture and operation of a specific device or
technology (to be chosen from the list of projects). To ensure continued learning throughout the semester, individual projects are evaluated
by three interim project reports and by 10 min final presentation.

Literature Lecture notes will be made available on the website.

 Man-Technology-Environment Electives ("MTU")
Number Title Type ECTS Hours Lecturers

227-0803-00L Energy, Resources, Environment: Risks and
Prospects

W  6 credits 4G O. Zenklusen, T. Flüeler

Abstract Multidisciplinary, interactive course focussing on current debates around environmental and energy issues. Topics include: energy
transition, nuclear energy and climate change, 2000-Watt-Society. Concepts such as risk, sustainable development and eco-efficiency are
applied to case studies. The course is designed for a pluridisciplinary audience and provides a training ground for critical thinking.

Objective Develop capacities for explicating environmental problems, for scrutinising proposed solutions and for contributing to debates. Analyse
complex issues from different perspectives and using a variety of analytical concepts. Understand interactions between the environment,
science and technology, society and the economy. Develop skills in critical thinking, scientific writing and presenting.

Content Following a multidisciplinary outline of current issues in environmental and energy policy, the course introduces theoretical and analytical
approaches including "risk", "sustainability", "resource management", "messy problems" as well as concepts from institutional design and
environmental economics. Large parts of the course are dedicated to case studies and contributions from participants. These serve for
applying concepts to concrete challenges and debates. Topics may include: energy transition, innovation, carbon markets, the future of
nuclear energy, climate change and development policy, dealing with disaster risk, the use of non-renewable resources, as well as visions
such as 2000-watt society.

Lecture notes Presentations and reader provided in electronic formats.
Literature Reader provided in electronic formats.
Prerequisites /
notice

-

151-0228-00L Management of Air Transport (Aviation II) W  4 credits 3G P. Wild
Abstract Providing an overview in management, planning, processes and operations in air transport, the lecture shall enable students to operate and

lead a unit within that industry. In addition, the modules provide a good understanding for other transport modes and are a sort of "Mini
MBA" (topics see below). Ideally, students complete first "Basics in Air Transport" yet there is no requirement for it.
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Objective After completion of the course, they shall be familiar with tasks, processes and interactions and have the ability to understand implications
of developments in the airlines industry and its environment. This shall enable them to work within the air transport industry.

Content Weekly: 1h independent preparation; 2h lectures and 1 h training with an expert in the respective field
Overall concept: This lecture build on the content of the lecture "Basics in Air Transport" (101-0499-00L) and provides deeper insights into
the airline industry.
Content: Strategy, Alliances & Joint Ventures, Negotiations with Stakeholder, Environmental Protection, Safety & Risk Management, Airline
Economics, Network Management, Revenue Management & Pricing, Sales & Distribution, Airline Marketing, Scheduling & Slot
Management, Fleet Management & Leasing, Continuing Airworthiness Management, Supply Chain Management, Operational Steering

Lecture notes No offical lecture notes. Lecturers' slides will be made available
Literature Literature will be provided by the lecturers respective there will be additional Information upon registration

 GESS Science in Perspective
 Science in Perspective

see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
ITET

 Language Courses
see Science in Perspective: Language Courses ETH/UZH

Electrical Engineering and Information Technology Bachelor - Key for Type

O Compulsory
Z Courses outside the curriculum
W+ Eligible for credits and recommended

W Eligible for credits
E- Recommended, not eligible for credits
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Electrical Engineering and Information Technology TC
More informations at: https://www.ethz.ch/de/studium/didaktische-ausbildung/studienangebot-zulassung/didaktik-zertifikat.html

 Educational Science
General course offerings in the category Educational Science are listed under "Programme: Educational Science for Teaching Diploma and TC".

Number Title Type ECTS Hours Lecturers

851-0240-03L Introduction to Test Theory and Test Construction in
Educational Contexts (University of Zürich)
Does not take place this semester.
Enrolment only possible with Teaching Diploma or DC
matriculation.

No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: 200b800f

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  4 credits 2S University lecturers

Abstract The seminar will provide theoretical and applied knowledge in the construction of psychological questionnaires. The students will construct,
translate, and adapt instruments from different areas. Afterwards, data on these instruments will be gathered in an online survey. The
survey will be analyzed (under the guidance of the seminar leaders) and presented in a scientific report. 

Objective The learning outcomes are:
- Acquiring theoretical and applied knowledge in the construction, translation, and adaption of psychological instruments
- Conducting online surveys and statistical analyses
- Becoming more familiar with relevant statistical procedures (e.g., factor analysis, reliability, correlation, and regression analyses)
- Estimating and evaluating the psychometric properties of instruments
- Scientific description and communication of the results (using APA-style)

Content Die Lehrveranstaltung soll Studierenden theoretische und praktische Kenntnisse in der Konstruktion von Fragebogen vermitteln. Es werden
Instrumente aus verschiedenen Bereichen durch die Studierenden konstruiert, übersetzt und adaptiert. Danach erfolgt eine Online-
Erhebung dieser Instrumente, die anschliessend unter Anleitung ausgewertet und in einem wissenschaftlichen Bericht präsentiert wird.

Lecture notes Alle Unterlagen werden im OLAT-Kurs zur Verfügung gestellt
Voraussetzung für die Teilnahme ist ein eigener Laptop mit einem Statistikprogramm (z.B. SPSS) und einem Office-Paket.

Literature Alle Unterlagen werden zur Verfügung gestellt.
Prerequisites /
notice

Der Leistungsnachweis besteht aus einem schriftlichen Leistungsnachweis, der benotet wird, ausserdem werden die unten genannten
Aspekte von aktiver Teilnahme für das Bestehen des Moduls vorausgesetzt. Der schriftliche Leistungsnachweis besteht aus einem
wissenschaftlichen Bericht zur psychometrischen Prüfung einer im Rahmen des Seminars selbst adaptierten, konstruierten oder
übersetzten Skala. Die aktive Teilnahme besteht aus Vorbereitung auf die Sitzungen, Rekrutierung von Teilnehmenden für die
gemeinsame Datenerhebung, zwei kurzen Präsentationen zur praktischen Aufgabe sowie aktiver Teilnahme am Seminar.

Voraussetzung für die Teilnahme ist ein eigener Laptop mit einem Statistikprogramm (z.B. SPSS) und einem Office-Paket.

851-0240-17L Designing Learning Environments for School:
Educational Foundations (EW2 TC)
- Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".
- Addresses to students enrolled in "Teaching Certificate
in a non-college Discipline (TC)". 
- The simultaneous enrolment in course 851-0240-25
Designing Learning Environments for School: Vocational
Education  (EW2 TC)" is recommended, but not a
mandatory prerequisite.

O  2 credits 1V S. Peteranderl, P. Edelsbrunner,
U. Markwalder

Abstract Teaching is also a craft. In this lecture, students get to know and, wherever possible, also practice practical aspects of the teaching
profession within the framework of relevant theories rom the Learning Sciences. 

Objective Students acquire basic knowledge and skills needed for planning, preparing, and implementing effective instruction. They can reflect and
adapt these skills based on knowledge about findings from research in the learning sciences.  

Content We discuss characteristics of successful lessons and how to design such lessons by using curricula and lesson plans, teaching goals,
classroom management, and a variety of teaching methods.

Lecture notes The lecture comprises interactive parts where the participants  elaborate and extend their knowledge and skills. Thus, there is no
comprehensive written documentation of the lecture. The participants can download presentation slides, learning materials, and templates
from "Moodle".

Literature The necessary literature can be downloaded from "Moodle".
Prerequisites /
notice

The lecture EW2 can only be attended by students who already successfully completed the lecture Human Learning (EW1).
There will be two independent lectures for different groups of students. You will get further information in an email at the beginning of the
semester.

851-0240-25L Designing Learning Environments for School:
Vocational Education  (EW2 TC)
- Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".
- Addresses to students enrolled in "Teaching Certificate
in a non-college Discipline (TC)". 
- The simultaneous enrolment in course 851-0240-17L
Designing Learning Environments for School: Educational
Foundations (EW2 DZ)" is recommended, but not a
mandatory prerequisite.

O  2 credits 1V G. Kaufmann

Abstract Participants acquire knowledge in vocational training system and in theory and practice of vocational education. They get to know
characteristics of functions, tasks and roles in the professional world. They deduce consequences for the planning and execution of
learner-tailored and effective learning in vocational education taking into account the theory and practice of vocational education.

Objective Participants would be able to structure and execute learner-tailored and effective learning in vocational education taking into account the
theory and practice of vocational education.

851-0242-03L Introduction to General Pedagogy
Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate.

W  2 credits 2G L. Haag
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Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".

Abstract The basics of educational science and the field of activity of the school are conveyed in as much as they are of relevance to the field of
activity of the teachers. Basic knowledge is taught methodically by the lecturers which is further deepened by the reading of selected texts
and corresponding work assignments in individual and small groups.

Objective 1. Basics of educational science
1.1 Historical survey of education and school
1.2 Fundamental educational terms
- Education as field of activity of the school
- Education at school
- Socialization
2. Field of activity of the school
2.1 Theory of school
- Theory of school
- Curriculum theory
- School development
2.2 Theory of instruction
- Didactic analysis
- Principles of learning
- Handling of heterogeneity

851-0242-06L Cognitively Activating Instructions in MINT Subjects
Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

This course unit can only be enroled after successful
participation in, or during enrolment in the course 851-
0240-00L "Human Learning (EW 1)".

W  2 credits 2S R. Schumacher

Abstract This seminar focuses on teaching units in chemistry, physics and mathematics that have been developed at the MINT Learning Center of
the ETH Zurich. In the first meeting, the mission of the MINT Learning Center will be communicated. Furthermore, in groups of two, the
students will intensively work on, refine and optimize a teaching unit following a goal set in advance.

Objective - Get to know cognitively activating instructions in MINT subjects
- Get information about recent literature on learning and instruction

Prerequisites /
notice

Für eine reibungslose Semesterplanung wird um frühe Anmeldung und persönliches Erscheinen zum ersten Lehrveranstaltungstermin
ersucht.

851-0242-07L Human Intelligence
Number of participants limited to 30.

Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

This course unit can only be enroled after successful
participation in, or imultaneous enrolment in the course
851-0240-00L "Human Learning (EW 1)" .

W  1 credit 1S E. Stern

Abstract The focus will be on the book "Intelligenz: Grosse Unterschiede und ihre Folgen" by Stern and Neubauer. Participation at the first meeting
is obligatory. It is required that all participants read the complete book. Furthermore, in two meetings of 90 minutes, concept papers
developed in small groups (5 - 10 students) will be discussed.

Objective - Understanding of research methods used in the empirical human sciences
- Getting to know intelligence tests
- Understanding  findings relevant for education

851-0242-08L Research Methods in Educational Science
Number of participants limited to 30.

This course unit can only be enroled after successful
participation in, or imultaneous enrolment in the course
851-0240-00L "Human Learning (EW 1)" .

W  1 credit 1S P. Edelsbrunner, T. Braas,
C. M. Thurn

Abstract Literature from learning sciences will be read and discussed. Research methods will be in focus.
At the first meeting all participants will be allocated to working groups and two further meetings will be set up with the groups.
In the small groups students will write critical short essays about the read literature. The essays will be presented and discussed in the
plenum at the third meeting.

Objective - Understand research methods used in the empirical educational sciences
- Understand and critically examine information from scientific journals and media
- Understand pedagogically relevant findings from the empirical educational sciences

851-0242-11L Gender Issues In Education and STEM
Number of participants limited to 20.

Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

Prerequisite: students should be taking the course 851-
0240-00L Human Learning (EW1) in parallel, or to have
successfully completed it.

W  2 credits 2S M. Berkowitz Biran, T. Braas,
C. M. Thurn

Abstract In this seminar, we introduce some of the major gender-related  issues in the context of education and science learning, such as the under-
representation of girls and women in science, technology, engineering and mathematics (STEM). Different perspectives, controversies and
empirical evidence will be discussed.

Objective - To familiarize students with gender issues in the educational and STEM contexts and with controversies regarding these issues.
- To develop a critical view on existing perspectives. 
- To integrate this knowledge with teacher's work.
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Content Why do fewer women than men specialize in STEM (science, technology, engineering and mathematics)? Are girls better in language and
boys better in math? These and other questions about gender differences relevant to education and STEM learning have been occupying
researchers for decades. In this seminar, students will learn about major gender issues in the educational context and the different
perspectives for understanding them. 

Students will read and critically discuss selected publications on these topics and their implications for the classroom context. There will be
weekly (or bi-weekly) assignments as well as a final project in which students will integrate and elaborate on the topics learned in the
seminar.

Prerequisites /
notice

Recommended: Completion of the course 851-0240-00L Human Learning (EW1).

Active participation in the seminar.

 Subject Didactics and Professional Training
Important: You can only enrole in the courses of this category if you have not more than 12 CP left for possible additional requirements.

Number Title Type ECTS Hours Lecturers

227-0859-10L Teaching Internship Including Examination Lessons
Electrical Engineering and Information Technology
The teaching internship can just be visited if all other
courses of TC are completed.
Repetition of the teaching internship is excluded even if
the examination lessons are to be repeated.

W  6 credits 13P A. Colotti

Abstract Students apply the insights, abilities and skills they have acquired within the context of an educational institution. They observe 10 lessons
and teach 20 lessons independently. Two of them are as assessed as Examination Lessons.

Objective - Students use their specialist-subject, educational-science and subject-didactics training to draw up concepts for teaching.
- They are able to assess the significance of tuition topics for their subject from different angles (including interdisciplinary angles) and
impart these to their pupils. 
- They learn the skills of the teaching trade. 
- They practise finding the balance between instruction and openness so that pupils can and, indeed, must make their own cognitive
contribution.
- They learn to assess pupils' work.
- Together with the teacher in charge of their teacher training, the students constantly evaluate their own performance.

Content Die Studierenden sammeln Erfahrungen in der Unterrichtsführung, der Auseinandersetzung mit Lernenden, der Klassenbetreuung und der
Leistungsbeurteilung. Zu Beginn des Praktikums plant die Praktikumslehrperson gemeinsam mit dem/der Studierenden das Praktikum und
die Arbeitsaufträge. Die schriftlich dokumentierten Ergebnisse der Arbeitsaufträge sind Bestandteil des Portfolios der Studierenden.
Anlässlich der Hospitationen erläutert die Praktikumslehrperson ihre fachlichen, fachdidaktischen und pädagogischen Überlegungen, auf
deren Basis sie den Unterricht geplant hat und tauscht sich mit dem/der Studierenden aus. Die von dem/der Studierenden gehaltenen
Lektionen werden vor- und nachbesprochen. 
Die Themen für die beiden Prüfungslektionen am Schluss des Praktikums erfahren die Studierenden in der Regel eine Woche vor dem
Prüfungstermin. Sie erstellen eine Vorbereitung gemäss Anleitung und reichen sie bis am Vortrag um 12 Uhr den beiden Prüfungsexperten
(Fachdidaktiker/-in, Departementsvertreter/-in) ein. Die gehaltenen Lektionen werden kriteriumsbasiert beurteilt. Die Beurteilung umfasst
auch die schriftliche Vorbereitung und eine mündliche Reflexion des Kandidaten/der Kandidatin über die gehaltenen Lektionen im Rahmen
eines kurzen Kolloquiums.

Lecture notes Dokument: schriftliche Vorbereitung für Prüfungslektionen.
Literature Wird von der Praktikumslehrperson bestimmt.

 Further Subject Didactics
For students enrolled from HS 2019: The courses offered here are credited under the category «Subject Didactics and Professional Training».

Number Title Type ECTS Hours Lecturers

227-0854-00L Mentored Work in Didactics of Electrical Engineering
and Information Technology
Prerequisites: successful completion of FD I and FD II

O  2 credits 4A A. Colotti

Abstract By means of a suitable task, theoretical topics from the didactic training are linked with practice-relevant aspects in the mentored work and
the results are presented in written form. Experienced teachers supervise the students in their tasks.

Objective The students are able to:
- plan a teaching sequence based on module descriptions or thematic specifications;
- present content, focus and methods as well as performance assessments based on aspects of didactic analysis and competence-oriented
formulation of learning objectives in a scientific report;
- develop effective teaching in compliance with the specific requirements.

Content The choice of the topic and the determination of the contents takes place in consultation between the students and the mentor.
Possible topics are for example (not exhaustive list):
- Development of a semester plan for a new teaching module at a university of applied science ("Fachhochschule");
- Revision of existing content, taking into account technological or methodological developments;
- Designing eLearning elements for existing teaching;
- Development of a teaching unit with special learning methods (e.g. project-oriented, explorative, puzzle, ...).

Lecture notes The mentored work is based on the previous courses and learning materials of the didactic training.
Literature Literature is topic-specific. Students usually procure it by themselves (see learning objectives). In special cases it is provided by the

supervisor.
Prerequisites /
notice

The mentored work should be completed before the beginning of the teaching internship.

227-0858-00L Subject Didactics II for D-MAVT and D-ITET O  4 credits 3G Q. Lohmeyer, A. Colotti
Abstract Subject Didactics II addresses the opportunities provided by activating teaching elements and discusses the didactically meaningful use of

new digital technologies. Both main topics are deepened in application examples and teaching exercises.
Objective Students are familiar with various ways of activating learners in class. They can ask questions in a way that encourages learners to think

and participate. Students also understand how to use animation and simulation to help build conceptual understanding.
Content - Didactics and digitalisation

- Animation and simulation
- Think-Pair-Share
- Jigsaw method
- Questioning technique
- Practical training

Lecture notes The lecture slides are provided via Moodle.
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Prerequisites /
notice

Prerequisite is the successful completion of Subject Didactics I.

Electrical Engineering and Information Technology TC - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Electrical Engineering and Information Technology Master
 Master Studies (Programme Regulations 2018)

 Communication
The core courses and specialization courses below are a selection for students who wish to specialize in the area of "Communication", see
https://www.ee.ethz.ch/studies/main-master/areas-of-specialisation.html.

The individual study plan is subject to the tutor's approval.

 Core Courses
These core courses are particularly recommended for the field of "Communication".
You may choose core courses form other fields in agreement with your tutor.

A minimum of 24 credits must be obtained from core courses during the MSc EEIT.

 Foundation Core Courses
Number Title Type ECTS Hours Lecturers

227-0104-00L Communication and Detection Theory W  6 credits 4G A. Lapidoth
Abstract This course teaches the foundations of modern digital communications and detection theory. Topics include the geometry of the space of

energy-limited signals; the baseband representation of passband signals, spectral efficiency and the Nyquist Criterion; the power and
power spectral density of PAM and QAM; hypothesis testing; Gaussian stochastic processes; and detection in white Gaussian noise.

Objective This is an introductory class to the field of wired and wireless communication. It offers a glimpse at classical analog modulation (AM, FM),
but mainly focuses on aspects of modern digital communication, including modulation schemes, spectral efficiency, power budget analysis,
block and convolu- tional codes, receiver design, and multi- accessing schemes such as TDMA, FDMA and Spread Spectrum.

Content - Baseband representation of passband signals.
- Bandwidth and inner products in baseband and passband.
- The geometry of the space of energy-limited signals.
- The Sampling Theorem as an orthonormal expansion.
- Sampling passband signals.
- Pulse Amplitude Modulation (PAM): energy, power, and power spectral density.
- Nyquist Pulses.
- Quadrature Amplitude Modulation (QAM).
- Hypothesis testing.
- The Bhattacharyya Bound.
- The multivariate Gaussian distribution
- Gaussian stochastic processes.
- Detection in white Gaussian noise.

Lecture notes n/a
Literature A. Lapidoth, A Foundation in Digital Communication, Cambridge University Press, 2nd edition (2017)

227-0120-00L Communication Networks W  6 credits 4G L. Vanbever
Abstract At the end of this course, you will understand the fundamental concepts behind communication networks and the Internet. Specifically, you

will be able to:

- understand how the Internet works;
- build and operate Internet-like infrastructures;
- identify the right set of metrics to evaluate the performance of a network and propose ways to improve it.

Objective At the end of the course, the students will understand the fundamental concepts of communication networks and Internet-based
communications. Specifically, students will be able to:

- understand how the Internet works;
- build and operate Internet-like network infrastructures;
- identify the right set of metrics to evaluate the performance or the adequacy of a network and propose ways to improve it (if any).

The course will introduce the relevant mechanisms used in today's networks both from an abstract perspective but also from a practical one
by presenting many real-world examples and through multiple hands-on projects.

For more information about the lecture, please visit: https://comm-net.ethz.ch

Lecture notes Lecture notes and material for the course will be available before each course on: https://comm-net.ethz.ch
Literature Most of course follows the textbook "Computer Networking: A Top-Down Approach (6th Edition)" by Kurose and Ross.
Prerequisites /
notice

No prior networking background is needed. The course will include some programming assignments (in Python) for which the material
covered in Technische Informatik 1 (227-0013-00L) and Technische Informatik 2 (227-0014-00L) will be useful.

227-0125-00L Optics and Photonics W  6 credits 2V+2U J. Leuthold
Abstract This lecture covers both - the fundamentals of "Optics" such as e.g. "ray optics", "coherence", the "Planck law" or the "Einstein relations"

but also the fundamentals of "Photonics" on the generation, processing, transmission and detection of photons.
Objective A sound base for work in the field of optics and photonics will be given.
Content Chapter 1: Ray Optics

Chapter 2: Electromagnetic Optics
Chapter 3: Polarization
Chapter 4: Coherence and Interference
Chapter 5: Fourier Optics and Diffraction
Chapter 6: Guided Wave Optics
Chapter 7: Optical Fibers
Chapter 8: The Laser

Lecture notes Lecture notes will be handed out.
Prerequisites /
notice

Fundamentals of Electromagnetic Fields (Maxwell Equations) & Bachelor Lectures on Physics.

 Advanced Core Courses
Number Title Type ECTS Hours Lecturers

227-0147-00L VLSI II: Design of Very Large Scale Integration
Circuits

W  6 credits 5G F. K. Gürkaynak, L. Benini
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Abstract This second course in our VLSI series is concerned with how to turn digital circuit netlists into safe, testable and manufacturable mask
layout, taking into account various parasitic effects. Low-power circuit design is another important topic. Economic aspects and
management issues of VLSI projects round off the course.

Objective Know how to design digital VLSI circuits that are safe, testable, durable, and make economic sense.
Content The second course begins with a thorough discussion of various technical aspects at the circuit and layout level before moving on to

economic issues of VLSI. Topics include: 
- The difficulties of finding fabrication defects in large VLSI chips. 
- How to make integrated circuit testable (design for test). 
- Synchronous clocking disciplines compared, clock skew, clock distribution, input/output timing. 
- Synchronization and metastability. 
- CMOS transistor-level circuits of gates, flip-flops and random access memories. 
- Sinks of energy in CMOS circuits. 
- Power estimation and low-power design. 
- Current research in low-energy computing. 
- Layout parasitics, interconnect delay, static timing analysis. 
- Switching currents, ground bounce, IR-drop, power distribution. 
- Floorplanning, chip assembly, packaging. 
- Layout design at the mask level, physical design verification. 
- Electromigration, electrostatic discharge, and latch-up. 
- Models of industrial cooperation in microelectronics. 
- The caveats of virtual components. 
- The cost structures of ASIC development and manufacturing.
- Market requirements, decision criteria, and case studies.
- Yield models.
- Avenues to low-volume fabrication. 
- Marketing considerations and case studies. 
- Management of VLSI projects.

Exercises are concerned with back-end design (floorplanning, placement, routing, clock and power distribution, layout verification).
Industrial CAD tools are being used.

Lecture notes H. Kaeslin: "Top-Down Digital VLSI Design, from Gate-Level Circuits to CMOS Fabrication", Lecture Notes Vol.2 , 2015.

All written documents in English.

Literature H. Kaeslin: "Top-Down Digital VLSI Design, from Architectures to Gate-Level Circuits and FPGAs", Elsevier, 2014, ISBN 9780128007303.
Prerequisites /
notice

Highlight:
Students are offered the opportunity to design a circuit of their own which then gets actually fabricated as a microchip! Students who elect
to participate in this program register for a term project at the Integrated Systems Laboratory in parallel to attending the VLSI II course.

Prerequisites: 
"VLSI I: from Architectures to Very Large Scale Integration Circuits and FPGAs" or equivalent knowledge.

Further details:
https://vlsi2.ethz.ch

227-0418-00L Algebra and Error Correcting Codes W  6 credits 4G H.-A. Loeliger
Abstract The course is an introduction to error correcting codes covering both classical algebraic codes and modern iterative decoding. The course

includes a self-contained introduction of the pertinent basics of "abstract" algebra.
Objective The course is an introduction to error correcting codes covering both classical algebraic codes and modern iterative decoding. The course

includes a self-contained introduction of the pertinent basics of "abstract" algebra.
Content Error correcting codes: coding and modulation, linear codes, Hamming space codes, Euclidean space codes, trellises and Viterbi decoding,

convolutional codes, factor graphs and message passing algorithms, low-density parity check codes, turbo codes, polar codes, Reed-
Solomon codes.

Algebra: groups, rings, homomorphisms, quotient groups, ideals, finite fields, vector spaces, polynomials.

Lecture notes Lecture Notes (english)

227-0420-00L Information Theory II
Does not take place this semester.

W  6 credits 2V+2U A. Lapidoth

Abstract This course builds on Information Theory I. It introduces additional topics in single-user communication, connections between Information
Theory and Statistics, and Network Information Theory.

Objective The course has two objectives: to introduce the students to the key information theoretic results that underlay the design of communication
systems and to equip the students with the tools that are needed to conduct research in Information Theory.

Content Differential entropy, maximum entropy, the Gaussian channel and water filling, the entropy-power inequality, Sanov's Theorem, Fisher
information, the broadcast channel, the multiple-access channel, Slepian-Wolf coding, and the Gelfand-Pinsker problem.

Lecture notes n/a
Literature T.M. Cover and J.A. Thomas, Elements of Information Theory, second edition, Wiley 2006

227-0436-00L Digital Communication and Signal Processing W  6 credits 2V+2U A. Wittneben
Abstract A comprehensive presentation of modern digital modulation, detection and synchronization schemes and relevant aspects of signal

processing enables the student to analyze, simulate, implement and research the physical layer of advanced digital communication
schemes. The course both covers the underlying theory and provides problem solving and hands-on experience.

Objective Digital communication systems are characterized by ever increasing requirements on data rate, spectral efficiency and reliability. Due to
the huge advances in very large scale integration (VLSI) we are now able to implement extremely complex digital signal processing
algorithms to meet these challenges. As a result the physical layer (PHY) of digital communication systems has become the dominant
function in most state-of-the-art system designs. In this course we discuss the major elements of PHY implementations in a rigorous
theoretical fashion and present important practical examples to illustrate the application of the theory. In Part I we treat discrete time linear
adaptive filters, which are a core component to handle multiuser and intersymbol interference in time-variant channels. Part II is a seminar
block, in which the students develop their analytical and experimental (simulation) problem solving skills. After a review of  major aspects of
wireless communication we discuss, simulate and present the performance of novel cooperative and adaptive multiuser wireless
communication systems. As part of this seminar each students has to give a 15 minute presentation and actively attends the presentations
of the classmates.  In Part III we cover parameter estimation and synchronization. Based on the classical discrete detection and estimation
theory we develop maximum likelihood inspired digital algorithms for symbol timing and frequency synchronization.
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Content Part I: Linear adaptive filters for digital communication
    Finite impulse response (FIR) filter for temporal and spectral shaping 
    Wiener filters
    Method of steepest descent
    Least mean square adaptive filters

Part II: Seminar block on cooperative wireless communication
    review of the basic concepts of wireless communication
    multiuser amplify&forward relaying
    performance evaluation of adaptive A&F relaying schemes and student presentations

Part III: Parameter estimation and synchronization
    Discrete detection theory 
    Discrete estimation theory  
    Synthesis of synchronization algorithms 
    Frequency estimation 
    Timing adjustment by interpolation

Lecture notes Lecture notes.
Literature [1]    Oppenheim, A. V., Schafer, R. W., "Discrete-time signal processing", Prentice-Hall, ISBN 0-13-754920-2.

[2]    Haykin, S., "Adaptive filter theory", Prentice-Hall, ISBN 0-13-090126-1.
[3]    Van Trees, H. L., "Detection , estimation and modulation theory", John     Wiley&Sons, ISBN 0-471-09517-6.
[4]    Meyr, H., Moeneclaey, M., Fechtel, S. A., "Digital communication receivers:     synchronization, channel estimation and signal
processing", John  Wiley&Sons, ISBN 0-471-50275-8.

Prerequisites /
notice

Formal prerequisites: none
Recommended: Communication Systems or equivalent

227-0558-00L Principles of Distributed Computing W  7 credits 2V+2U+2A R. Wattenhofer, M. Ghaffari
Abstract We study the fundamental issues underlying the design of distributed systems: communication, coordination, fault-tolerance, locality,

parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential algorithmic ideas and lower bound
techniques.

Objective Distributed computing is essential in modern computing and communications systems. Examples are on the one hand large-scale networks
such as the Internet, and on the other hand multiprocessors such as your new multi-core laptop. This course introduces the principles of
distributed computing, emphasizing the fundamental issues underlying the design of distributed systems and networks: communication,
coordination, fault-tolerance, locality, parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential
algorithmic ideas and lower bound techniques, basically the "pearls" of distributed computing. We will cover a fresh topic every week.

Content Distributed computing models and paradigms, e.g. message passing, shared memory, synchronous vs. asynchronous systems, time and
message complexity, peer-to-peer systems, small-world networks, social networks, sorting networks, wireless communication, and self-
organizing systems.

Distributed algorithms, e.g. leader election, coloring, covering, packing, decomposition, spanning trees, mutual exclusion, store and collect,
arrow, ivy, synchronizers, diameter, all-pairs-shortest-path, wake-up, and lower bounds

Lecture notes Available. Our course script is used at dozens of other universities around the world.
Literature Lecture Notes By Roger Wattenhofer. These lecture notes are taught at about a dozen different universities through the world.


Distributed Computing: Fundamentals, Simulations and Advanced Topics
Hagit Attiya, Jennifer Welch.
McGraw-Hill Publishing, 1998, ISBN 0-07-709352 6

Introduction to Algorithms
Thomas Cormen, Charles Leiserson, Ronald Rivest.
The MIT Press, 1998, ISBN 0-262-53091-0 oder 0-262-03141-8

Disseminatin of Information in Communication Networks
Juraj Hromkovic, Ralf Klasing, Andrzej Pelc, Peter Ruzicka, Walter Unger.
Springer-Verlag, Berlin Heidelberg, 2005, ISBN 3-540-00846-2

Introduction to Parallel Algorithms and Architectures: Arrays, Trees, Hypercubes
Frank Thomson Leighton.
Morgan Kaufmann Publishers Inc., San Francisco, CA, 1991, ISBN 1-55860-117-1

Distributed Computing: A Locality-Sensitive Approach
David Peleg.
Society for Industrial and Applied Mathematics (SIAM), 2000, ISBN 0-89871-464-8

Prerequisites /
notice

Course pre-requisites: Interest in algorithmic problems. (No particular course needed.)

 Specialization Courses
These specialization courses are particularly recommended for the area of "Communication", but you are free to choose courses from any other field in
agreement with your tutor.

A minimum of 40 credits must be obtained from specialization courses during the Master's Programme.

Number Title Type ECTS Hours Lecturers

227-0216-00L Control Systems II W  6 credits 4G R. Smith
Abstract Introduction to basic and advanced concepts of modern feedback control.
Objective Introduction to basic and advanced concepts of modern feedback control.
Content This course is designed as a direct continuation of the course "Regelsysteme" (Control Systems). The primary goal is to further familiarize

students with various dynamic phenomena and their implications for the analysis and design of feedback controllers. Simplifying
assumptions on the underlying plant that were made in the course "Regelsysteme" are relaxed, and advanced concepts and techniques
that allow the treatment of typical industrial control problems are presented. Topics include control of systems with multiple inputs and
outputs, control of uncertain systems (robustness issues), limits of achievable performance, and controller implementation issues.

Lecture notes The slides of the lecture are available to download.
Literature Skogestad, Postlethwaite: Multivariable Feedback Control - Analysis and Design. Second Edition. John Wiley, 2005.
Prerequisites /
notice

Prerequisites:
Control Systems or equivalent
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227-0384-00L Ultrasound Fundamentals, Imaging, and Medical
Applications
Course is offered for the last time in Spring Semester
2020.

W  4 credits 3G O. Göksel

Abstract Ultrasound is the only imaging modality that is nonionizing (safe), real-time, cost-effective, and portable, with many medical uses in
diagnosis, intervention guidance, surgical navigation, and as a therapeutic option. In this course, we introduce conventional and
prospective applications of ultrasound, starting with the fundamentals of ultrasound physics and imaging.

Objective Students can use the fundamentals of ultrasound, to analyze and evaluate ultrasound imaging techniques and applications, in particular in
the field of medicine, as well as to design and implement basic applications.

Content Ultrasound is used in wide range of products, from car parking sensors, to assessing fault lines in tram wheels. Medical imaging is the eye
of the doctor into body; and ultrasound is the only imaging modality that is nonionizing (safe), real-time, cheap, and portable. Some of its
medical uses include diagnosing breast and prostate cancer, guiding needle insertions/biopsies, screening for fetal anomalies, and
monitoring cardiac arrhythmias. Ultrasound physically interacts with the tissue, and thus can also be used therapeutically, e.g., to deliver
heat to treat tumors, break kidney stones, and targeted drug delivery. Recent years have seen several novel ultrasound techniques and
applications – with many more waiting in the horizon to be discovered.

This course covers ultrasonic equipment, physics of wave propagation, numerical methods for its simulation, image generation,
beamforming (basic delay-and-sum and advanced methods), transducers (phased-, linear-, convex-arrays), near- and far-field effect,
imaging modes (e.g., A-, M-, B-mode), Doppler and harmonic imaging, ultrasound signal processing techniques (e.g., filtering, time-
gain-compensation, displacement tracking), image analysis techniques (deconvolution, real-time processing, tracking, segmentation,
computer-assisted interventions), acoustic-radiation force, plane-wave imaging, contrast agents, micro-bubbles, elastography,
biomechanical characterization, high-intensity focused ultrasound and therapy, lithotripsy, histotripsy, photo-acoustics phenomenon and
opto-acoustic imaging, as well as sample non-medical applications such as the basics of non-destructive testing (NDT).

Hands-on exercises: These will help to apply the concepts learned in the course, using simulation environments (such as Matlab k-Wave
and FieldII toolboxes).  The exercises will involve a mix of design, implementation, and evaluation examples commonly encountered in
practical applications.

Project: Current and relevant applications in the field of ultrasound are offered as project topics. Projects will be carried out throughout the
course, where the project reporting and presentations will be due towards the end of the semester. These will be part of the assessment in
grading.

Prerequisites /
notice

Prerequisites: Familiarity with basic numerical methods.
Basic programming skills in Matlab.

227-0434-10L Mathematics of Information W  8 credits 3V+2U+2A H. Bölcskei
Abstract The class focuses on mathematical aspects of 


1. Information science: Sampling theorems, frame theory, compressed sensing, sparsity, super-resolution, spectrum-blind sampling,
subspace algorithms, dimensionality reduction

2. Learning theory: Approximation theory, uniform laws of large numbers, Rademacher complexity, Vapnik-Chervonenkis dimension

Objective The aim of the class is to familiarize the students with the most commonly used mathematical theories in data science, high-dimensional
data analysis, and learning theory. The class consists of the lecture, exercise sessions with homework problems, and of a research project,
which can be carried out either individually or in groups. The research project consists of either 1. software development for the solution of
a practical signal processing or machine learning problem or 2. the analysis of a research paper or 3. a theoretical research problem of
suitable complexity. Students are welcome to propose their own project at the beginning of the semester. The outcomes of all projects have
to be presented to the entire class at the end of the semester.

Content Mathematics of Information

1. Signal representations: Frame theory, wavelets, Gabor expansions, sampling theorems, density theorems

2. Sparsity and compressed sensing: Sparse linear models, uncertainty relations in sparse signal recovery, matching pursuits, super-
resolution, spectrum-blind sampling, subspace algorithms (MUSIC, ESPRIT, matrix pencil), estimation in the high-dimensional noisy case,
Lasso

3. Dimensionality reduction: Random projections, the Johnson-Lindenstrauss Lemma

Mathematics of Learning

4. Approximation theory: Nonlinear approximation theory, fundamental limits on compressibility of signal classes, Kolmogorov-Tikhomirov
epsilon-entropy of signal classes, optimal compression of signal classes, recovery from incomplete data, information-based complexity,
curse of dimensionality

5. Uniform laws of large numbers: Rademacher complexity, Vapnik-Chervonenkis dimension, classes with polynomial discrimination,
blessings of dimensionality

Lecture notes Detailed lecture notes will be provided at the beginning of the semester and as we go along.
Prerequisites /
notice

This course is aimed at students with a background in basic linear algebra, analysis, statistics, and probability. 

We encourage students who are interested in mathematical data science to take both this course and "401-4944-20L Mathematics of Data
Science" by Prof. A. Bandeira. The two courses are designed to be complementary.

H. Bölcskei and A. Bandeira

227-0441-00L Mobile Communications: 5G and Internet of Things
Offered for the last time in spring 2020.

W  6 credits 4G M. Kuhn

Abstract Present and future (5G and cellular IoT) of mobile communication systems. The lecture course covers design, analysis and applications of
current and upcoming mobile communication systems. Important topics include: mobile wireless channels, PHY technologies, cellular
networks, Internet-of-Things, autonomous driving, QoS measurements and evaluation, benchmarking.

Objective By the end of this course, students will be able to
- understand and explain the characteristics of mobile wireless channels 
- illustrate physical layer limits and challenges of mobile communication systems 
- model and simulate PHY technologies of WiFi 6 (802.11ax) and 3G, 4G, and 5G mobile communications standards 
- explain the use of wireless technologies in the context of IoT and autonomous driving 
- understand and illustrate the use of QoS measurements in mobile networks for benchmarking
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Content The 4G and 5G mobile communication networks are key enablers for digitalization in general and, particularly, for applications in the areas
of IoT and autonomous systems (e.g. autonomous driving). We start with an analysis of the physical (PHY) layer of current and future
wireless communication systems, and compare different PHY implementations in 4G, 5G and WiFi 6. Based on these considerations we
study applications of wireless technologies in the area of the Internet of Things (IoT) and autonomous systems and identify the potential as
well as the challenges. 

- Introduction 
- The mobile wireless channel, propagation of electromagnetic waves 
- Mobile communication, modulation techniques, OFDM, MIMO
- Wireless networks and wireless standards (WiFi 6 and 3G, 4G, 5G) 
- Applications: IoT, autonomous driving etc. 
- Quality of service (QoS) in wireless networks (definitions, Key Performance Indicators) 
- QoS measurements (e.g. network coverage, delay, throughput) and their statistical evaluation  
- Benchmarking (methodology, statistical methods and models)

Weekly exercises are included in the lecture.

Lecture notes Lecture slides are available.
Literature Will be announced in the lecture.
Prerequisites /
notice

English

227-0455-00L Terahertz: Technology and Applications W  5 credits 3G+3A K. Sankaran
Abstract This block course will provide a solid foundation for understanding physical principles of THz applications. We will discuss various building

blocks of THz technology - components dealing with generation, manipulation, and detection of THz electromagnetic radiation. We will
introduce THz applications in the domain of imaging, sensing, communications, non-destructive testing and evaluations.

Objective This is an introductory course on Terahertz (THz) technology and applications. Devices operating in THz frequency range (0.1 to 10 THz)
have been increasingly studied in the recent years. Progress in nonlinear optical materials, ultrafast optical and electronic techniques has
strengthened research in THz application developments. Due to unique interaction of THz waves with materials, applications with new
capabilities can be developed. In theory, they can penetrate somewhat like X-rays, but are not considered harmful radiation, because THz
energy level is low. They should be able to provide resolution as good as or better than magnetic resonance imaging (MRI), possibly with
simpler equipment. Imaging, very-high bandwidth communication, and energy harvesting are the most widely explored THz application
areas. We will study the basics of THz generation, manipulation, and detection. Our emphasis will be on the physical principles and
applications of THz in the domain of imaging, sensing, communications, non-destructive testing and evaluations. 

The second part of the block course will be a short project work related to the topics covered in the lecture. The learnings from the project
work should be presented in the end.

Content PART I:

- INTRODUCTION -
Chapter 1: Introduction to THz Physics
Chapter 2: Components of THz Technology

- THz TECHNOLOGY MODULES -
Chapter 3: THz Generation
Chapter 4: THz Detection
Chapter 5: THz Manipulation

- APPLICATIONS -
Chapter 6: THz Imaging / Sensing / Communication
Chapter 7: THz Non-destructive Testing
Chapter 8: THz Applications in Plastic & Recycling Industries

PART 2:
 
- PROJECT WORK -
Short project work related to the topics covered in the lecture.
Short presentation of the learnings from the project work.
Full guidance and supervision will be given for successful completion of the short project work.

Lecture notes Soft-copy of lectures notes will be provided.
Literature - Yun-Shik Lee, Principles of Terahertz Science and Technology, Springer 2009

- Ali Rostami, Hassan Rasooli, and Hamed Baghban, Terahertz Technology: Fundamentals and Applications, Springer 2010
Prerequisites /
notice

Basic foundation in physics, particularly, electromagnetics is required. 
Students who want to refresh their electromagnetics fundamentals can get additional material required for the course.

227-0478-00L Acoustics II W  6 credits 4G K. Heutschi
Abstract Advanced knowledge of the functioning and application of electro-acoustic transducers.
Objective Advanced knowledge of the functioning and application of electro-acoustic transducers.
Content Electrical, mechanical and acoustical analogies. Transducers, microphones and loudspeakers, acoustics of musical instruments, sound

recording, sound reproduction, digital audio.
Lecture notes available

252-0526-00L Statistical Learning Theory W  7 credits 3V+2U+1A J. M. Buhmann, C. Cotrini Jimenez
Abstract The course covers advanced methods of statistical learning: 


- Variational methods and optimization.
- Deterministic annealing. 
- Clustering for diverse types of data.
- Model validation by information theory.

Objective The course surveys recent methods of statistical learning. The fundamentals of machine learning, as presented in the courses "Introduction
to Machine Learning" and "Advanced Machine Learning", are expanded from the perspective of statistical learning.
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Content - Variational methods and optimization. We consider optimization approaches for problems where the optimizer is a probability distribution.
We will discuss concepts like maximum entropy, information bottleneck, and deterministic annealing.

- Clustering. This is the problem of sorting data into groups without using training samples. We discuss alternative notions of "similarity"
between data points and adequate optimization procedures.

- Model selection and validation. This refers to the question of how complex the chosen model should be. In particular, we present an
information theoretic approach for model validation.

- Statistical physics models. We discuss approaches for approximately optimizing large systems, which originate in statistical physics (free
energy minimization applied to spin glasses and other models). We also study sampling methods based on these models.

Lecture notes A draft of a script will be provided. Lecture slides will be made available.
Literature Hastie, Tibshirani, Friedman: The Elements of Statistical Learning, Springer, 2001.


L. Devroye, L. Gyorfi, and G. Lugosi: A probabilistic theory of pattern recognition. Springer, New York, 1996

Prerequisites /
notice

Knowledge of machine learning (introduction to machine learning and/or advanced machine learning)
Basic knowledge of statistics.

227-0111-00L Communication Electronics W  6 credits 2V+2U Q. Huang
Abstract Electronics for communications systems, with emphasis on realization.  Low noise amplifiers, modulators and demodulators, transmit

amplifiers and oscillators are discussed in the context of wireless communications. Wireless receiver, transmitter and frequency synthesizer
will be described. Importance of and trade offs among sensitivity, linearity and selectivity are discussed extensively.

Objective Foundation course for understanding modern electronic circuits for communication applications. We learn how theoretical communications
principles are reduced to practice using transistors, switches, inductors, capacitors and resistors. The harsh environment such
communication electronics will be exposed to and the resulting requirements on the sensitivity, linearity and selectivity help explain the
design trade offs encountered in every circuit block found in a modern transceiver.

Content Accounting for more than two trillion dollars per year, communications is one of the most important drivers for advanced economies of our
time. Wired networks have been a key enabler to the internet age and the proliferation of search engines, social networks and electronic
commerce, whereas wireless communications, cellular networks in particular, have liberated people and increased productivity in
developed and developing nations alike. Integrated circuits that make such communications devices light weight and affordable have
played a key role in the proliferation of communications. 
 This course introduces our students to the key components that realize the tangible products in electronic form. We begin with an
introduction to wireless communications, and describe the harsh environment in which a transceiver has to work reliably. In this context we
highlight the importance of sensitivity or low noise, linearity, selectivity, power consumption and cost, that are all vital to a competitive
device in such applications. 
 We shall review bipolar and MOS devices from a designer's prospectives, before discussing basic amplifier structures - common
emitter/source, common base/gate configurations, their noise performance and linearity, impedance matching, and many other things one
needs to know about a low noise amplifier.
 We will discuss modulation, and the mixer that enables its implementation. Noise and linearity form an inseparable part of the discussion
of its design, but we also introduce the concept of quadrature demodulator, image rejection, and the effects of mismatch on performance.
 When mixers are used as a modulator the signals they receive are usually large and the natural linearity of transistors becomes
insufficient. The concept of feedback will be introduced and its function as an improver of linearity studied in detail. 
 Amplifiers in the transmit path are necessary to boost the power level before the signal leaves an integrated circuit to drive an even more
powerful amplifier (PA) off chip. Linearized pre-amplifiers will be studied as part of the transmitter.
 A crucial part of a mobile transceiver terminal is the generation of local oscillator signals at the desired frequencies that are required for
modulation and demodulation. Oscillators will be studied, starting from stability criteria of an electronic system, then leading to criteria for
controlled instability or oscillation. Oscillator design will be discussed in detail, including that of crystal controlled oscillators which provide
accurate time base.
 An introduction to phase-locked loops will be made, illustrating how it links a variable frequency oscillator to a very stable fixed frequency
crystal oscillator, and how phase detector, charge pump and programmable dividers all serve to realize an agile frequency synthesizer that
is very stable in each frequency synthesized.

Lecture notes Script is available online under https://iis-students.ee.ethz.ch/lectures/communication-electronics/
Prerequisites /
notice

The course Analog Integrated Circuits is recommended as preparation for this course.

 Computers and Networks
The core courses and specialization courses below are a selection for students who wish to specialize in the area of "Computers and Networks", see
https://www.ee.ethz.ch/studies/main-master/areas-of-specialisation.html.

The individual study plan is subject to the tutor's approval.

 Core Courses
These core courses are particularly recommended for the field of "Computers and Networks".
You may choose core courses form other fields in agreement with your tutor.

A minimum of 24 credits must be obtained from core courses during the MSc EEIT.

 Foundation Core Courses
Number Title Type ECTS Hours Lecturers

227-0104-00L Communication and Detection Theory W  6 credits 4G A. Lapidoth
Abstract This course teaches the foundations of modern digital communications and detection theory. Topics include the geometry of the space of

energy-limited signals; the baseband representation of passband signals, spectral efficiency and the Nyquist Criterion; the power and
power spectral density of PAM and QAM; hypothesis testing; Gaussian stochastic processes; and detection in white Gaussian noise.

Objective This is an introductory class to the field of wired and wireless communication. It offers a glimpse at classical analog modulation (AM, FM),
but mainly focuses on aspects of modern digital communication, including modulation schemes, spectral efficiency, power budget analysis,
block and convolu- tional codes, receiver design, and multi- accessing schemes such as TDMA, FDMA and Spread Spectrum.
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Content - Baseband representation of passband signals.
- Bandwidth and inner products in baseband and passband.
- The geometry of the space of energy-limited signals.
- The Sampling Theorem as an orthonormal expansion.
- Sampling passband signals.
- Pulse Amplitude Modulation (PAM): energy, power, and power spectral density.
- Nyquist Pulses.
- Quadrature Amplitude Modulation (QAM).
- Hypothesis testing.
- The Bhattacharyya Bound.
- The multivariate Gaussian distribution
- Gaussian stochastic processes.
- Detection in white Gaussian noise.

Lecture notes n/a
Literature A. Lapidoth, A Foundation in Digital Communication, Cambridge University Press, 2nd edition (2017)

227-0120-00L Communication Networks W  6 credits 4G L. Vanbever
Abstract At the end of this course, you will understand the fundamental concepts behind communication networks and the Internet. Specifically, you

will be able to:

- understand how the Internet works;
- build and operate Internet-like infrastructures;
- identify the right set of metrics to evaluate the performance of a network and propose ways to improve it.

Objective At the end of the course, the students will understand the fundamental concepts of communication networks and Internet-based
communications. Specifically, students will be able to:

- understand how the Internet works;
- build and operate Internet-like network infrastructures;
- identify the right set of metrics to evaluate the performance or the adequacy of a network and propose ways to improve it (if any).

The course will introduce the relevant mechanisms used in today's networks both from an abstract perspective but also from a practical one
by presenting many real-world examples and through multiple hands-on projects.

For more information about the lecture, please visit: https://comm-net.ethz.ch

Lecture notes Lecture notes and material for the course will be available before each course on: https://comm-net.ethz.ch
Literature Most of course follows the textbook "Computer Networking: A Top-Down Approach (6th Edition)" by Kurose and Ross.
Prerequisites /
notice

No prior networking background is needed. The course will include some programming assignments (in Python) for which the material
covered in Technische Informatik 1 (227-0013-00L) and Technische Informatik 2 (227-0014-00L) will be useful.

 Advanced Core Courses
Number Title Type ECTS Hours Lecturers

227-0558-00L Principles of Distributed Computing W  7 credits 2V+2U+2A R. Wattenhofer, M. Ghaffari
Abstract We study the fundamental issues underlying the design of distributed systems: communication, coordination, fault-tolerance, locality,

parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential algorithmic ideas and lower bound
techniques.

Objective Distributed computing is essential in modern computing and communications systems. Examples are on the one hand large-scale networks
such as the Internet, and on the other hand multiprocessors such as your new multi-core laptop. This course introduces the principles of
distributed computing, emphasizing the fundamental issues underlying the design of distributed systems and networks: communication,
coordination, fault-tolerance, locality, parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential
algorithmic ideas and lower bound techniques, basically the "pearls" of distributed computing. We will cover a fresh topic every week.

Content Distributed computing models and paradigms, e.g. message passing, shared memory, synchronous vs. asynchronous systems, time and
message complexity, peer-to-peer systems, small-world networks, social networks, sorting networks, wireless communication, and self-
organizing systems.

Distributed algorithms, e.g. leader election, coloring, covering, packing, decomposition, spanning trees, mutual exclusion, store and collect,
arrow, ivy, synchronizers, diameter, all-pairs-shortest-path, wake-up, and lower bounds

Lecture notes Available. Our course script is used at dozens of other universities around the world.
Literature Lecture Notes By Roger Wattenhofer. These lecture notes are taught at about a dozen different universities through the world.


Distributed Computing: Fundamentals, Simulations and Advanced Topics
Hagit Attiya, Jennifer Welch.
McGraw-Hill Publishing, 1998, ISBN 0-07-709352 6

Introduction to Algorithms
Thomas Cormen, Charles Leiserson, Ronald Rivest.
The MIT Press, 1998, ISBN 0-262-53091-0 oder 0-262-03141-8

Disseminatin of Information in Communication Networks
Juraj Hromkovic, Ralf Klasing, Andrzej Pelc, Peter Ruzicka, Walter Unger.
Springer-Verlag, Berlin Heidelberg, 2005, ISBN 3-540-00846-2

Introduction to Parallel Algorithms and Architectures: Arrays, Trees, Hypercubes
Frank Thomson Leighton.
Morgan Kaufmann Publishers Inc., San Francisco, CA, 1991, ISBN 1-55860-117-1

Distributed Computing: A Locality-Sensitive Approach
David Peleg.
Society for Industrial and Applied Mathematics (SIAM), 2000, ISBN 0-89871-464-8

Prerequisites /
notice

Course pre-requisites: Interest in algorithmic problems. (No particular course needed.)

 Specialization Courses
These specialization courses are particularly recommended for the area of "Computers and Networks", but you are free to choose courses from any
other field in agreement with your tutor.
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A minimum of 40 credits must be obtained from specialization courses during the Master's Programme.

Number Title Type ECTS Hours Lecturers

101-0178-01L Uncertainty Quantification in Engineering W  3 credits 2G S. Marelli
Abstract Uncertainty quantification aims at studying the impact of aleatory and epistemic uncertainty onto computational models used in science and

engineering. The course introduces the basic concepts of uncertainty quantification: probabilistic modelling of data (copula theory),
uncertainty propagation techniques (Monte Carlo simulation, polynomial chaos expansions), and sensitivity analysis.

Objective After this course students will be able to properly pose an uncertainty quantification problem, select the appropriate computational methods
and interpret the results in meaningful statements for field scientists, engineers and decision makers. The course is suitable for any
master/Ph.D. student in engineering or natural sciences, physics, mathematics, computer science with a basic knowledge in probability
theory.

Content The course introduces uncertainty quantification through a set of practical case studies that come from civil, mechanical, nuclear and
electrical engineering, from which a general framework is introduced. The course in then divided into three blocks: probabilistic modelling
(introduction to copula theory), uncertainty propagation (Monte Carlo simulation and polynomial chaos expansions) and sensitivity analysis
(correlation measures, Sobol' indices). Each block contains lectures and tutorials using Matlab and the in-house software UQLab
(www.uqlab.com).

Lecture notes Detailed slides are provided for each lecture. A printed script gathering all the lecture slides may be bought at the beginning of the
semester.

Prerequisites /
notice

A basic background in probability theory and statistics (bachelor level) is required. A summary of useful notions will be handed out at the
beginning of the course.

A good knowledge of Matlab is required to participate in the tutorials and for the mini-project.

227-0126-00L Advanced Topics in Networked Embedded Systems W  2 credits 1S L. Thiele, J. Beutel
Abstract The seminar will cover advanced topics in networked embedded systems. A particular focus are cyber-physical systems, internet of things,

and sensor networks in various application domains.
Objective The goal is to get a deeper understanding on leading edge technologies in the discipline, on classes of applications, and on current as well

as future research directions. In addition, participants will improve their presentation, reading and reviewing skills.
Content The seminar enables Master students, PhDs and Postdocs to learn about latest breakthroughs in wireless sensor networks, networked

embedded systems and devices, and energy-harvesting in several application domains, including environmental monitoring, tracking, smart
buildings and control. Participants are requested to actively participate in the organization and preparation of the seminar. In particular, they
review all presented papers using a standard scientific reviewing system, they present one of the papers orally and they lead the
corresponding discussion session.

227-0420-00L Information Theory II
Does not take place this semester.

W  6 credits 2V+2U A. Lapidoth

Abstract This course builds on Information Theory I. It introduces additional topics in single-user communication, connections between Information
Theory and Statistics, and Network Information Theory.

Objective The course has two objectives: to introduce the students to the key information theoretic results that underlay the design of communication
systems and to equip the students with the tools that are needed to conduct research in Information Theory.

Content Differential entropy, maximum entropy, the Gaussian channel and water filling, the entropy-power inequality, Sanov's Theorem, Fisher
information, the broadcast channel, the multiple-access channel, Slepian-Wolf coding, and the Gelfand-Pinsker problem.

Lecture notes n/a
Literature T.M. Cover and J.A. Thomas, Elements of Information Theory, second edition, Wiley 2006

227-0436-00L Digital Communication and Signal Processing W  6 credits 2V+2U A. Wittneben
Abstract A comprehensive presentation of modern digital modulation, detection and synchronization schemes and relevant aspects of signal

processing enables the student to analyze, simulate, implement and research the physical layer of advanced digital communication
schemes. The course both covers the underlying theory and provides problem solving and hands-on experience.

Objective Digital communication systems are characterized by ever increasing requirements on data rate, spectral efficiency and reliability. Due to
the huge advances in very large scale integration (VLSI) we are now able to implement extremely complex digital signal processing
algorithms to meet these challenges. As a result the physical layer (PHY) of digital communication systems has become the dominant
function in most state-of-the-art system designs. In this course we discuss the major elements of PHY implementations in a rigorous
theoretical fashion and present important practical examples to illustrate the application of the theory. In Part I we treat discrete time linear
adaptive filters, which are a core component to handle multiuser and intersymbol interference in time-variant channels. Part II is a seminar
block, in which the students develop their analytical and experimental (simulation) problem solving skills. After a review of  major aspects of
wireless communication we discuss, simulate and present the performance of novel cooperative and adaptive multiuser wireless
communication systems. As part of this seminar each students has to give a 15 minute presentation and actively attends the presentations
of the classmates.  In Part III we cover parameter estimation and synchronization. Based on the classical discrete detection and estimation
theory we develop maximum likelihood inspired digital algorithms for symbol timing and frequency synchronization.

Content Part I: Linear adaptive filters for digital communication
    Finite impulse response (FIR) filter for temporal and spectral shaping 
    Wiener filters
    Method of steepest descent
    Least mean square adaptive filters

Part II: Seminar block on cooperative wireless communication
    review of the basic concepts of wireless communication
    multiuser amplify&forward relaying
    performance evaluation of adaptive A&F relaying schemes and student presentations

Part III: Parameter estimation and synchronization
    Discrete detection theory 
    Discrete estimation theory  
    Synthesis of synchronization algorithms 
    Frequency estimation 
    Timing adjustment by interpolation

Lecture notes Lecture notes.
Literature [1]    Oppenheim, A. V., Schafer, R. W., "Discrete-time signal processing", Prentice-Hall, ISBN 0-13-754920-2.

[2]    Haykin, S., "Adaptive filter theory", Prentice-Hall, ISBN 0-13-090126-1.
[3]    Van Trees, H. L., "Detection , estimation and modulation theory", John     Wiley&Sons, ISBN 0-471-09517-6.
[4]    Meyr, H., Moeneclaey, M., Fechtel, S. A., "Digital communication receivers:     synchronization, channel estimation and signal
processing", John  Wiley&Sons, ISBN 0-471-50275-8.

Prerequisites /
notice

Formal prerequisites: none
Recommended: Communication Systems or equivalent
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227-0559-00L Seminar in Deep Reinforcement Learning
Number of participants limited to 25.

W  2 credits 2S R. Wattenhofer, O. Richter

Abstract In this seminar participating students present and discuss recent research papers in the area of deep reinforcement learning. The seminar
starts with two introductory lessons introducing the basic concepts. Alongside the seminar a programming challenge is posed in which
students can take part to improve their grade.

Objective Since Google Deepmind presented the Deep Q-Network (DQN) algorithm in 2015 that could play Atari-2600 games at a superhuman level,
the field of deep reinforcement learning gained a lot of traction. It sparked media attention with AlphaGo and AlphaZero and is one of the
most prominent research areas. Yet many research papers in the area come from one of two sources: Google Deepmind or OpenAI. In this
seminar we aim at giving the students an in depth view on the current advances in the area by discussing recent papers as well as
discussing current issues and difficulties surrounding deep reinforcement learning.

Content Two introductory courses introducing Q-learning and policy gradient methods. Afterwards participating students present recent papers. For
details see: www.disco.ethz.ch/courses.html

Lecture notes Slides of presentations will be made available.
Literature OpenAI course (https://spinningup.openai.com/en/latest/) plus selected papers.

The paper selection can be found on www.disco.ethz.ch/courses.html.
Prerequisites /
notice

It is expected that student have prior knowledge and interest in machine and deep learning, for instance by having attended appropriate
courses.

252-0408-00L Cryptographic Protocols W  6 credits 2V+2U+1A M. Hirt, U. Maurer
Abstract The course presents a selection of hot research topics in cryptography. The choice of topics varies and may include provable security,

interactive proofs, zero-knowledge protocols, secret sharing, secure multi-party computation, e-voting, etc.
Objective Indroduction to a very active research area with many gems and paradoxical

results. Spark interest in fundamental problems.
Content The course presents a selection of hot research topics in cryptography. The choice of topics varies and may include provable security,

interactive proofs, zero-knowledge protocols, secret sharing, secure multi-party computation, e-voting, etc.
Lecture notes the lecture notes are in German, but they are not required as the entire

course material is documented also in other course material (in english).
Prerequisites /
notice

A basic understanding of fundamental cryptographic concepts 
(as taught for example in the course Information Security or
in the course Cryptography Foundations) is useful, but not required.

851-0734-00L Information Security Law
Does not take place this semester.
Particularly suitable for students of D-INFK, D-ITET

W  2 credits 2V

Abstract Introduction to Information Security Law for non-legal students respectively prospective decision-makers in companies and public
authorities who will have to deal with information security issues (CIOs, COOs, CEOs). The lectures will focus on the legal aspects of the
security of ICT infrastructures, including networks (Internet), and of the transported and processed information.

Objective The objective is to understand the meaning and aims of information security and the legal framework, to become acquainted with legal
instruments available to provide effective protection for infrastructures and sensitive legal assets and to present an analysis of possible
legal loopholes and potential measures. No prior legal knowledge is required for those wishing to attend these lectures.

Content The lectures will deal with industry-specific as well as cross-sector specific themes involving both technology and law from the areas of
data protection law, computer crimes, statutory duties of confidentiality, telecommunication surveillance (Internet), electronic signatures,
liability etc.

Lecture notes The lectures will be accompanied by powerpoint slide presentations, downloadable before the lectures begin, or available as hard copy at
the lectures themselves.

Literature References to further literature sources will be given in the lectures.

252-0437-00L Distributed Algorithms W  5 credits 3V+1A F. Mattern
Abstract Models of distributed computations, time space diagrams, virtual time, logical clocks and causality, wave algorithms, parallel and distributed

graph traversal, consistent snapshots, mutual exclusion, election and symmetry breaking, distributed termination detection, garbage
collection in distributed systems, monitoring distributed systems, global predicates.

Objective Become acquainted with models and algorithms for distributed systems.
Content Verteilte Algorithmen sind Verfahren, die dadurch charakterisiert sind, dass mehrere autonome Prozesse gleichzeitig Teile eines

gemeinsamen Problems in kooperativer Weise bearbeiten und der dabei erforderliche Informationsaustausch ausschliesslich über
Nachrichten erfolgt. Derartige Algorithmen kommen im Rahmen verteilter Systeme zum Einsatz, bei denen kein gemeinsamer Speicher
existiert und die Übertragungszeit von Nachrichten i.a. nicht vernachlässigt werden kann. Da dabei kein Prozess eine aktuelle konsistente
Sicht des globalen Zustands besitzt, führt dies zu interessanten Problemen.
Im einzelnen werden u.a. folgende Themen behandelt: 
Modelle verteilter Berechnungen; Raum-Zeit Diagramme; Virtuelle Zeit; Logische Uhren und Kausalität; Wellenalgorithmen; Verteilte und
parallele Graphtraversierung; Berechnung konsistenter Schnappschüsse; Wechselseitiger Ausschluss; Election und Symmetriebrechung;
Verteilte Terminierung; Garbage-Collection in verteilten Systemen; Beobachten verteilter Systeme; Berechnung globaler Prädikate.

Literature - F. Mattern: Verteilte Basisalgorithmen, Springer-Verlag
- G. Tel: Topics in Distributed Algorithms, Cambridge University Press
- G. Tel: Introduction to Distributed Algorithms, Cambridge University Press, 2nd edition
- A.D. Kshemkalyani, M. Singhal: Distributed Computing, Cambridge University Press
- N. Lynch: Distributed Algorithms, Morgan Kaufmann Publ

227-0559-10L Seminar in Communication Networks: Learning,
Reasoning and Control
Does not take place this semester.
Number of participants limited to 24.

W  2 credits 2S L. Vanbever, A. Singla

Abstract In this seminar participating students review, present, and discuss (mostly recent) research papers in the area of computer networks. This
semester the seminar will focus on topics blending networks with machine learning and control theory.

Objective The two main goals of this seminar are: 1) learning how to read and review scientific papers; and 2) learning how to present and discuss
technical topics with an audience of peers.

Students are required to attend the entire seminar, choose a paper to present from a given list, prepare and give a presentation on that
topic, and lead the follow-up discussion. To ensure the talks' quality, each student will be mentored by a teaching assistant. In addition to
presenting one paper, every student is also required to submit one (short) review for one of the two papers presented every week in-class
(12 reviews in total).

The students will be evaluated based on their submitted reviews, their presentation, their leadership in animating the discussion for their
own paper, and their participation in the discussions of other papers.
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Content The seminar will start with two introductory lectures in week 1 and week 2. Starting from week 3, participating students will start reviewing,
presenting, and discussing research papers. Each week will see two presentations, for a total of 24 papers.

The course content will vary from semester to semester. This semester, the seminar will focus on topics blending networks with machine
learning and control theory. For details, please see: https://seminar-net.ethz.ch

Lecture notes The slides of each presentation will be made available on the website.
Literature The paper selection will be made available on the course website: https://seminar-net.ethz.ch
Prerequisites /
notice

Communication Networks (227-0120-00L) or equivalents. It is expected that students have prior knowledge in machine learning and control
theory, for instance by having attended appropriate courses.

252-0312-00L Ubiquitous Computing W  4 credits 2V+1A C. Holz, F. Mattern, S. Mayer
Abstract Unlike desktop computing, ubiquitous computing occurs anytime and everywhere, using any device, in any location, and in any format.

Computers exist in different forms, from watches and phones to refrigerators or pairs of glasses. 
Main topics: Smart environments, IoT, mobiles & wearables, context & location, sensing & tracking, computer vision on embedded
systems, health monitoring, fabrication.

Objective Unlike desktop computing, ubiquitous computing occurs anytime and everywhere, using any device, in any location, and in any format.
Computers exist in different forms, from watches and phones to refrigerators or pairs of glasses. 
Main topics: Smart environments, IoT, mobiles & wearables, context & location, sensing & tracking, computer vision on embedded
systems, health monitoring, fabrication.

Lecture notes Copies of slides will be made available
Literature Will be provided in the lecture. To put you in the mood:

Mark Weiser: The Computer for the 21st Century. Scientific American, September 1991, pp. 94-104

 Electronics and Photonics
The core courses and specialization courses below are a selection for students who wish to specialize in the area of "Electronics and Photonics", see
https://www.ee.ethz.ch/studies/main-master/areas-of-specialisation.html.

The individual study plan is subject to the tutor's approval.

 Core Courses
These core courses are particularly recommended for the field of "Electronics and Photonics".
You may choose core courses form other fields in agreement with your tutor.

A minimum of 24 credits must be obtained from core courses during the MSc EEIT.

 Foundation Core Courses
Number Title Type ECTS Hours Lecturers

227-0111-00L Communication Electronics W  6 credits 2V+2U Q. Huang
Abstract Electronics for communications systems, with emphasis on realization.  Low noise amplifiers, modulators and demodulators, transmit

amplifiers and oscillators are discussed in the context of wireless communications. Wireless receiver, transmitter and frequency synthesizer
will be described. Importance of and trade offs among sensitivity, linearity and selectivity are discussed extensively.

Objective Foundation course for understanding modern electronic circuits for communication applications. We learn how theoretical communications
principles are reduced to practice using transistors, switches, inductors, capacitors and resistors. The harsh environment such
communication electronics will be exposed to and the resulting requirements on the sensitivity, linearity and selectivity help explain the
design trade offs encountered in every circuit block found in a modern transceiver.

Content Accounting for more than two trillion dollars per year, communications is one of the most important drivers for advanced economies of our
time. Wired networks have been a key enabler to the internet age and the proliferation of search engines, social networks and electronic
commerce, whereas wireless communications, cellular networks in particular, have liberated people and increased productivity in
developed and developing nations alike. Integrated circuits that make such communications devices light weight and affordable have
played a key role in the proliferation of communications. 
 This course introduces our students to the key components that realize the tangible products in electronic form. We begin with an
introduction to wireless communications, and describe the harsh environment in which a transceiver has to work reliably. In this context we
highlight the importance of sensitivity or low noise, linearity, selectivity, power consumption and cost, that are all vital to a competitive
device in such applications. 
 We shall review bipolar and MOS devices from a designer's prospectives, before discussing basic amplifier structures - common
emitter/source, common base/gate configurations, their noise performance and linearity, impedance matching, and many other things one
needs to know about a low noise amplifier.
 We will discuss modulation, and the mixer that enables its implementation. Noise and linearity form an inseparable part of the discussion
of its design, but we also introduce the concept of quadrature demodulator, image rejection, and the effects of mismatch on performance.
 When mixers are used as a modulator the signals they receive are usually large and the natural linearity of transistors becomes
insufficient. The concept of feedback will be introduced and its function as an improver of linearity studied in detail. 
 Amplifiers in the transmit path are necessary to boost the power level before the signal leaves an integrated circuit to drive an even more
powerful amplifier (PA) off chip. Linearized pre-amplifiers will be studied as part of the transmitter.
 A crucial part of a mobile transceiver terminal is the generation of local oscillator signals at the desired frequencies that are required for
modulation and demodulation. Oscillators will be studied, starting from stability criteria of an electronic system, then leading to criteria for
controlled instability or oscillation. Oscillator design will be discussed in detail, including that of crystal controlled oscillators which provide
accurate time base.
 An introduction to phase-locked loops will be made, illustrating how it links a variable frequency oscillator to a very stable fixed frequency
crystal oscillator, and how phase detector, charge pump and programmable dividers all serve to realize an agile frequency synthesizer that
is very stable in each frequency synthesized.

Lecture notes Script is available online under https://iis-students.ee.ethz.ch/lectures/communication-electronics/
Prerequisites /
notice

The course Analog Integrated Circuits is recommended as preparation for this course.

227-0147-00L VLSI II: Design of Very Large Scale Integration
Circuits

W  6 credits 5G F. K. Gürkaynak, L. Benini

Abstract This second course in our VLSI series is concerned with how to turn digital circuit netlists into safe, testable and manufacturable mask
layout, taking into account various parasitic effects. Low-power circuit design is another important topic. Economic aspects and
management issues of VLSI projects round off the course.

Objective Know how to design digital VLSI circuits that are safe, testable, durable, and make economic sense.
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Content The second course begins with a thorough discussion of various technical aspects at the circuit and layout level before moving on to
economic issues of VLSI. Topics include: 
- The difficulties of finding fabrication defects in large VLSI chips. 
- How to make integrated circuit testable (design for test). 
- Synchronous clocking disciplines compared, clock skew, clock distribution, input/output timing. 
- Synchronization and metastability. 
- CMOS transistor-level circuits of gates, flip-flops and random access memories. 
- Sinks of energy in CMOS circuits. 
- Power estimation and low-power design. 
- Current research in low-energy computing. 
- Layout parasitics, interconnect delay, static timing analysis. 
- Switching currents, ground bounce, IR-drop, power distribution. 
- Floorplanning, chip assembly, packaging. 
- Layout design at the mask level, physical design verification. 
- Electromigration, electrostatic discharge, and latch-up. 
- Models of industrial cooperation in microelectronics. 
- The caveats of virtual components. 
- The cost structures of ASIC development and manufacturing.
- Market requirements, decision criteria, and case studies.
- Yield models.
- Avenues to low-volume fabrication. 
- Marketing considerations and case studies. 
- Management of VLSI projects.

Exercises are concerned with back-end design (floorplanning, placement, routing, clock and power distribution, layout verification).
Industrial CAD tools are being used.

Lecture notes H. Kaeslin: "Top-Down Digital VLSI Design, from Gate-Level Circuits to CMOS Fabrication", Lecture Notes Vol.2 , 2015.

All written documents in English.

Literature H. Kaeslin: "Top-Down Digital VLSI Design, from Architectures to Gate-Level Circuits and FPGAs", Elsevier, 2014, ISBN 9780128007303.
Prerequisites /
notice

Highlight:
Students are offered the opportunity to design a circuit of their own which then gets actually fabricated as a microchip! Students who elect
to participate in this program register for a term project at the Integrated Systems Laboratory in parallel to attending the VLSI II course.

Prerequisites: 
"VLSI I: from Architectures to Very Large Scale Integration Circuits and FPGAs" or equivalent knowledge.

Further details:
https://vlsi2.ethz.ch

227-0125-00L Optics and Photonics W  6 credits 2V+2U J. Leuthold
Abstract This lecture covers both - the fundamentals of "Optics" such as e.g. "ray optics", "coherence", the "Planck law" or the "Einstein relations"

but also the fundamentals of "Photonics" on the generation, processing, transmission and detection of photons.
Objective A sound base for work in the field of optics and photonics will be given.
Content Chapter 1: Ray Optics

Chapter 2: Electromagnetic Optics
Chapter 3: Polarization
Chapter 4: Coherence and Interference
Chapter 5: Fourier Optics and Diffraction
Chapter 6: Guided Wave Optics
Chapter 7: Optical Fibers
Chapter 8: The Laser

Lecture notes Lecture notes will be handed out.
Prerequisites /
notice

Fundamentals of Electromagnetic Fields (Maxwell Equations) & Bachelor Lectures on Physics.

 Advanced Core Courses
Number Title Type ECTS Hours Lecturers

227-0146-00L Analog-to-Digital Converters
Does not take place this semester.
Course will be moved to the fall semester 2021.

W  6 credits 2V+2U

Abstract This course provides a thorough treatment of integrated data conversion systems from system level specifications and trade-offs, over
architecture choice down to circuit implementation.

Objective Data conversion systems are substantial sub-parts of many electronic systems, e.g. the audio conversion system of a home-cinema
systems or the base-band front-end of a wireless modem. Data conversion systems usually determine the performance of the overall
system in terms of dynamic range and linearity. The student will learn to understand the basic principles behind data conversion and be
introduced to the different methods and circuit architectures to implement such a conversion. The conversion methods such as successive
approximation or algorithmic conversion are explained with their principle of operation accompanied with the appropriate mathematical
calculations, including the effects of non-idealties in some cases. After successful completion of the course the student should understand
the concept of an ideal ADC, know all major converter architectures, their principle of operation and what governs their performance.
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Content - Introduction: information representation and communication; abstraction, categorization and symbolic representation; basic conversion
algorithms; data converter application; tradeoffs among key parameters; ADC taxonomy.
- Dual-slope & successive approximation register (SAR) converters: dual slope principle & converter; SAR ADC operating principle; SAR
implementation with a capacitive array; range extension with segmented array.
- Algorithmic & pipelined A/D converters: algorithmic conversion principle; sample & hold stage; pipe-lined converter; multiplying DAC; flash
sub-ADC and n-bit MDAC; redundancy for correction of non-idealties, error correction.
- Performance metrics and non-linearity: ideal ADC; offset, gain error, differential and integral non-linearities; capacitor mismatch; impact of
capacitor mismatch on SAR ADC's performance.
- Flash, folding an interpolating analog-to-digital converters: flash ADC principle, thermometer to binary coding, sparkle correction;
limitations of flash converters; the folding principle, residue extraction; folding amplifiers; cascaded folding; interpolation for folding
converters; cascaded folding and interpolation.
- Noise in analog-to-digital converters: types of noise; noise calculation in electronic circuit, kT/C-noise, sampled noise; noise analysis in
switched-capacitor circuits; aperture time uncertainty and sampling jitter.
- Delta-sigma A/D-converters: linearity and resolution; from delta-modulation to delta-sigma modulation; first-oder delta-sigma modulation,
circuit level implementation; clock-jitter & SNR in delta-sigma modulators; second-order delta-sigma modulation, higher-order modulation,
design procedure for a single-loop modulator.
- Digital-to-analog converters: introduction; current scaling D/A converter, current steering DAC, calibration for improved performance.

Lecture notes Slides are available online under https://iis-students.ee.ethz.ch/lectures/analog-to-digital-converters/
Literature - B. Razavi, Principles of Data Conversion System Design, IEEE Press, 1994

- M. Gustavsson et. al., CMOS Data Converters for Communications, Springer, 2010
- R.J. van de Plassche, CMOS Integrated Analog-to-Digital and Digital-to-Analog Converters, Springer, 2010

Prerequisites /
notice

It is highly recommended to attend the course "Analog Integrated Circuits" of Prof. Huang as a preparation for this course.

227-0150-00L Systems-on-chip for Data Analytics and Machine
Learning
Previously "Energy-Efficient Parallel Computing Systems
for Data Analytics"

W  6 credits 4G L. Benini

Abstract Systems-on-chip architecture and related design issues with a focus on machine learning and data analytics applications. It will cover multi-
cores, many-cores, vector engines, GP-GPUs, application-specific processors and heterogeneous compute accelerators.  Special
emphasis given to energy-efficiency issues and hardware-software techniques for power and energy minimization.

Objective Give in-depth understanding of the links and dependencies between architectures and their energy-efficient implementation and to get a
comprehensive exposure to state-of-the-art systems-on-chip platforms for machine learning and data analytics. Practical experience will
also be gained through practical exercises and mini-projects (hardware and software) assigned on specific topics.

Content The course will cover advanced system-on-chip architectures,  with an in-depth view on design challenges related to advanced silicon
technology and state-of-the-art system integration options (nanometer silicon technology, novel storage devices, three-dimensional
integration, advanced system packaging).   The emphasis will be on programmable parallel architectures with application focus on machine
learning and data analytics.  The main SoC architectural families will be covered: namely, multi and many- cores,  GPUs, vector
accelerators, application-specific processors, heterogeneous platforms.   The course will cover the complex design choices required to
achieve scalability and energy proportionality.   The course will will also delve into system design, touching on hardware-software tradeoffs
and full-system analysis and optimization taking into account non-functional constraints and quality metrics, such as power consumption,
thermal dissipation, reliability and variability. The application focus will be on machine learning both in the cloud and at the edges (near-
sensor analytics).

Lecture notes Slides will be provided to accompany lectures.  Pointers to scientific literature will be given. Exercise scripts and tutorials will be provided.
Literature John L. Hennessy, David A. Patterson, Computer Architecture: A Quantitative Approach (The Morgan Kaufmann Series in Computer

Architecture and Design) 6th Edition, 2017.
Prerequisites /
notice

Knowledge of digital design at the level of "Design of Digital Circuits SS12" is required.

Knowledge of basic VLSI design at the level of  "VLSI I: Architectures of VLSI Circuits" is required

227-0159-00L Semiconductor Devices: Quantum Transport at the
Nanoscale

W  6 credits 2V+2U M. Luisier, A. Emboras

Abstract This class offers an introduction into quantum transport theory, a rigorous approach to electron transport at the nanoscale. It covers
different topics such as bandstructure, Wave Function and Non-equilibrium Green's Function formalisms, and electron interactions with
their environment. Matlab exercises accompany the lectures where students learn how to develop their own transport simulator.

Objective The continuous scaling of electronic devices has given rise to structures whose dimensions do not exceed a few atomic layers. At this size,
electrons do not behave as particle any more, but as propagating waves and the classical representation of electron transport as the sum
of drift-diffusion processes fails. The purpose of this class is to explore and understand the displacement of electrons through nanoscale
device structures based on state-of-the-art quantum transport methods and to get familiar with the underlying equations by developing his
own nanoelectronic device simulator.

Content The following topics will be addressed:
- Introduction to quantum transport modeling
- Bandstructure representation and effective mass approximation
- Open vs closed boundary conditions to the Schrödinger equation
- Comparison of the Wave Function and Non-equilibrium Green's Function formalisms as solution to the Schrödinger equation
- Self-consistent Schödinger-Poisson simulations
- Quantum transport simulations of resonant tunneling diodes and quantum well nano-transistors
- Top-of-the-barrier simulation approach to nano-transistor
- Electron interactions with their environment (phonon, roughness, impurity,...) 
- Multi-band transport models

Lecture notes Lecture slides are distributed every week and can be found at
https://iis-students.ee.ethz.ch/lectures/quantum-transport-in-nanoscale-devices/

Literature Recommended textbook: "Electronic Transport in Mesoscopic Systems", Supriyo Datta, Cambridge Studies in Semiconductor Physics and
Microelectronic Engineering, 1997

Prerequisites /
notice

Basic knowledge of semiconductor device physics and quantum mechanics

 Specialization Courses
These specialization courses are particularly recommended for the area of "Electronics and Photonics", but you are free to choose courses from any
other field in agreement with your tutor.

A minimum of 40 credits must be obtained from specialization courses during the Master's Programme.

Number Title Type ECTS Hours Lecturers

227-0117-10L Experimental Techniques W  6 credits 4G C. Franck, H.-J. Weber
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Abstract This lecture is an introduction to experimental and measurement techniques. The course is designed with practical relevance in mind and
comprises several laboratory modules where the students perform, evaluate and document experiments. The taught topics are of
relevance for all electrical engineering disciplines, in this course they are taught with examples of high-voltage engineering.

Objective At the end of this lecture, the students will be able to:
-    perform basic practical laboratory experiments and record data, in particular with an oscilloscope.
-    take a meaningful Lab Notebook, write a clear measurement evaluation protocol, and can estimate the accuracy and precision of the
evaluated data.
-    can explain the main reasons for electromagnetic interference and propose measures to avoid or reduce these interferences.
-    Explain and use different methods to generate and measure high voltages and calculate basic relevant relations.

Content - Messtechnik, Messunsicherheit, Messprotokolle
- Erzeugung und Messung hoher Spannungen
- Elektromagnetische Verträglichkeit
- Laborpraktika

Lecture notes Vorlesungsunterlagen
Literature J. Hoffmann, Taschenbuch der Messtechnik, Carl Hanser Verlag, 7. Auflage, 2015 (ISBN: 978-3446442719)

A. Küchler, Hochspannungstechnik, Springer Berlin, 4. Auflage, 2017 (ISBN: 978-3662546994)
A. Schwab, Elektromagnetische Verträglichkeit, Springer Verlag, 6. Auflage, 2010 (ISBN: 978-3642166099)

227-0155-00L Machine Learning on Microcontrollers
Registration in this class requires the permission of the
instructors. Class size will be limited to 30. 
Preference is given to students in the MSc EEIT.

W  6 credits 3G+2A M. Magno, L. Benini

Abstract Machine Learning (ML) and artificial intelligence are pervading the digital society. Today, even low power embedded systems are
incorporating ML, becoming increasingly “smart”. This lecture gives an overview of ML methods and algorithms to process and extract
useful near-sensor information in end-nodes of the “internet-of-things”, using low-power microcontrollers/ processors (ARM-Cortex-M;
RISC-V)

Objective Learn how to Process data from sensors and how to extract useful information with low power microprocessors using ML techniques. We
will analyze data coming from real low-power sensors (accelerometers, microphones, ExG bio-signals, cameras…). The main objective is
to study in details how Machine Learning algorithms can be adapted to the performance constraints and limited resources of low-power
microcontrollers.

Content The final goal of the course is a deep understanding of machine learning and its practical implementation on single- and multi-core
microcontrollers, coupled with performance and energy efficiency analysis and optimization. The main topics of the course include:

- Sensors and sensor data acquisition with low power embedded systems

- Machine Learning: Overview of supervised and unsupervised learning and in particular supervised learning (Bayes Decision Theory,
Decision Trees, Random Forests, kNN-Methods, Support Vector Machines, Convolutional Networks and Deep Learning)

- Low-power embedded systems and their architecture. Low Power microcontrollers (ARM-Cortex M) and RISC-V-based Parallel Ultra Low
Power (PULP) systems-on-chip. 

- Low power smart sensor system design: hardware-software tradeoffs, analysis, and optimization. Implementation and performance
evaluation of ML  in battery-operated embedded systems. 

The laboratory exercised will show how to address concrete design problems, like motion, gesture recognition, emotion detection, image
and sound classification, using real sensors data and real MCU boards. 

Presentations from Ph.D. students and the visit to the Digital Circuits and Systems Group will introduce current research topics and
international research projects.

Lecture notes Script and exercise sheets. Books will be suggested during the course.
Prerequisites /
notice

Prerequisites: Good experience in C language programming. Microprocessors and computer architecture. Basics of Digital Signal
Processing. Some exposure to machine learning concepts is also desirable. 

227-0162-00L Integrated Quantum, Statistical, and Information
Mechanics for Information Processing
Does not take place this semester.

W  4 credits 2V+2U S. Tiwari

Abstract Computing with devices as physical objects composed of atoms, electrons and photons is an architected assembly where information is
grounded in and transformed in quantum, statistical and information mechanics. This course is an integrated introduction to quantum,
statistical, and information mechanics bringing out the common principles of these subjects with an engineering emphasis.

Objective This course is an integrated introduction to information-centered foundational ideas to build an understanding of quantum, statistical and
information mechanics as applied generally in engineering and specifically in computing. Computing employs hardware and objective
manipulation of signals turned into data to access desired information. A logical state of a computer must be represented as a physical
state in the hardware. Devices as physical objects have the information grounded in quantum, statistical, and information mechanics.
These three science and engineering specialties are our theories for describing and predicting the abstracted behavior. The power
dissipation in signal and data manipulation, the speed with which changes happen, the various architectures through which one may affect
the change, the error rates, etc. are all grounded in the information that underscores what we practice in quantum mechanics, statistics,
solid-state, electronics and information theory. In the quantum approach, information gained arises in the observation. In the statistical
approach, it is through the probabilistic extractions. Preservation of information content in the presence of noise and fluctuations leads to
dissipation. Inferencing and computation requires information compression through the objective symbolic manipulation and efficient
coding. Entanglement and entropy are intrinsic in this probabilistic edifice where the inferences are drawn. Deterministic computing, as in
the traditional approach, and non-deterministic computing such as the modern machines learning using neural networks, depend on how
the information is manipulated in the midst of this entropy and entanglement. In addition to the introductory integrative understanding of
quantum, statistical, and information mechanics, this course helps an understanding of the character of information processing through the
traditional computing, quantum computing and neural network techniques.

Content An introduction to the basic tenets of quantum mechanics (axioms, operators, observation, perturbation, evolution, mixed states), statistical
mechanics (basics of thermodynamics, principles of statistical mechanics, particle statistics, entropy, classical-to-quantum), information
mechanics (various entropies, mutual information, data and channels, Bayesian approach, Fisher information, maximum entropy) and their
use in exploration of computing via different architectures of computation (BLAS, von Neumann and neural) together with an introductory
understanding of quantum computation. This integrated understanding emphasizes physical insights together with a mathematical
development.

Lecture notes Lecture material and scripts
Prerequisites /
notice

The course is an introduction to quantum, statistical and information theories for those who have not been exposed to these subjects, but
are interested in gaining a useful understanding of them as well as their implications for computing techniques in general.

227-0303-00L Advanced Photonics W  6 credits 2V+2U+1A A. Emboras, M. Burla, A. Dorodnyy
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Abstract The lecture gives a comprehensive insight into various types of nano-scale photonic devices, physical fundamentals of their operation, and
an overview of the micro/nano-fabrication technologies. Following applications of nano-scale photonic structures are discussed in details:
detectors, photovoltaic cells, atomic/ionic opto-electronic devices and integrated microwave photonics.

Objective General training in advanced photonic devices with an in-depth understanding of the fundamentals of theory, fabrication, and
characterization. Hands-on experience with photonic and optoelectronic device technologies and theory. The students will learn about the
importance of advanced photonic devices in energy, communications, digital and neuromorphic computing applications.

Content The following topics will be addressed:
•    Photovoltaics: basic thermodynamic principles and fundamental efficiency limitations, physics of semiconductor solar cell, overview of
existing solar cell concepts and underlying physical phenomena. 
•    Micro/nano-fabrication technologies for advanced optoelectronic devices: introduction and device examples.
•    Comprehensive insight into the physical mechanisms that govern ionic-atomic devices, present the techniques required to fabricate
ultra-scaled nanostructures and show some applications in digital and neuromorphic computing. 
•    Introduction to microwave photonics (MWP), microwave photonic links, photonic techniques for microwave signal generation and
processing.

Lecture notes The presentation and the lecture notes will be provided every week.
Literature “Atomic/Ionic Devices”:

•    Resistive Switching: From Fundamentals of Nanoionic Redox Processes to Memristive Device Applications, Daniele Ielmini and Rainer
Waser, Wiley-VCH 
•    Electrochemical Methods: Fundamentals and Applications, A. Bard and L. Faulkner, John Willey & Sons, Inc.

“Photovoltaics”:
•    Prof. Peter Wurfel: Physics of Solar Cells, Wiley 

“Micro and nano Fabrication”:
•    Prof. H. Gatzen, Prof. Volker Saile, Prof. Juerg Leuthold: Micro and Nano Fabrication, Springer

 “Microwave Photonics”:
•    D. M. Pozar, Microwave Engineering. J. Wiley & Sons, New York, 2005.
•    M. Burla, Advanced integrated optical beam forming networks for broadband phased array antenna systems. Enschede, The
Netherlands, 2013. DOI: 10.3990/1.9789036507295
•    C.H. Cox, Analog optical links: theory and practice. Cambridge University Press, 2006.

Prerequisites /
notice

Basic knowledge of semiconductor physics, physics of the electromagnetic filed and thermodynamics.

227-0330-00L Energy-Efficient Analog Circuits for IoT Systems W  6 credits 2V+2U T. Jang
Abstract We are facing a new era of the Internet of things, similarly indicated as Industry 4.0, TSensors, Ubiquitous or The Fog. A miniaturized

computer is the key to this innovation that senses, collects and processes information from objects. In this class, based on the recent
publications, energy efficient analog IC techniques will be introduced which is the main challenge to reduce the battery size.

Objective This class introduces key analog building blocks such as energy harvester, frequency generator, data converter, sensor interface, power
converter based on the recent publications for IoT systems including wearable electronics, bio-implantable devices, and environmental
sensors.

Content Ultra-low power circuit design methodology and transistor characteristics; Circuit-level design techniques for amplifier, comparator, voltage
reference, on-chip oscillator, switched capacitor; IP-level design techniques for energy harvester, data converter, energy harvester and
power converters.

Prerequisites /
notice

Analog Integrated Circuits

227-0376-00L Reliability of Electronic Equipment and Systems
The course will be offered for the last time in the Spring
Semester 2020 and is merged with  227-0377-10L
Physics of Failure and Reliability of Electronic Devices
and Systems, a yearly recurring course in the autumn
semester.

W  4 credits 2V+1U U. Sennhauser, M. Held

Abstract Reliability and availability are basic properties for safe and sustainable products in communications, energy and medical technology, air
and space applications, and electronics. They are described as stochastic and physical processes and have to be optimized with
functionality, environmental impact and life cycle costs in development phase already. The required basics will be taught.

Objective Introduction to the concepts and methods of systems engineering for the design and production of reliable devices, equipment, and
systems.

Content Quality assurance of technical systems (introduction); introduction to stochastic processes; reliability analysis; design and investigation of
fault-tolerant structures; component selection and qualification; maintainability analysis (introduction); software quality; design rules for
reliability, maintainability, and software quality; availability analysis (introduction); reliability tests (introduction).

Lecture notes Copies of relevant transparencies and additional tables
Literature Reliability Engineering, Springer 2004, ISBN 3-540-40287-X

227-0455-00L Terahertz: Technology and Applications W  5 credits 3G+3A K. Sankaran
Abstract This block course will provide a solid foundation for understanding physical principles of THz applications. We will discuss various building

blocks of THz technology - components dealing with generation, manipulation, and detection of THz electromagnetic radiation. We will
introduce THz applications in the domain of imaging, sensing, communications, non-destructive testing and evaluations.

Objective This is an introductory course on Terahertz (THz) technology and applications. Devices operating in THz frequency range (0.1 to 10 THz)
have been increasingly studied in the recent years. Progress in nonlinear optical materials, ultrafast optical and electronic techniques has
strengthened research in THz application developments. Due to unique interaction of THz waves with materials, applications with new
capabilities can be developed. In theory, they can penetrate somewhat like X-rays, but are not considered harmful radiation, because THz
energy level is low. They should be able to provide resolution as good as or better than magnetic resonance imaging (MRI), possibly with
simpler equipment. Imaging, very-high bandwidth communication, and energy harvesting are the most widely explored THz application
areas. We will study the basics of THz generation, manipulation, and detection. Our emphasis will be on the physical principles and
applications of THz in the domain of imaging, sensing, communications, non-destructive testing and evaluations. 

The second part of the block course will be a short project work related to the topics covered in the lecture. The learnings from the project
work should be presented in the end.
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Content PART I:

- INTRODUCTION -
Chapter 1: Introduction to THz Physics
Chapter 2: Components of THz Technology

- THz TECHNOLOGY MODULES -
Chapter 3: THz Generation
Chapter 4: THz Detection
Chapter 5: THz Manipulation

- APPLICATIONS -
Chapter 6: THz Imaging / Sensing / Communication
Chapter 7: THz Non-destructive Testing
Chapter 8: THz Applications in Plastic & Recycling Industries

PART 2:
 
- PROJECT WORK -
Short project work related to the topics covered in the lecture.
Short presentation of the learnings from the project work.
Full guidance and supervision will be given for successful completion of the short project work.

Lecture notes Soft-copy of lectures notes will be provided.
Literature - Yun-Shik Lee, Principles of Terahertz Science and Technology, Springer 2009

- Ali Rostami, Hassan Rasooli, and Hamed Baghban, Terahertz Technology: Fundamentals and Applications, Springer 2010
Prerequisites /
notice

Basic foundation in physics, particularly, electromagnetics is required. 
Students who want to refresh their electromagnetics fundamentals can get additional material required for the course.

227-0659-00L Integrated Systems Seminar W  1 credit 1S F. K. Gürkaynak
Abstract In the "Fachseminar IIS" the students learn to communicate topics, ideas or problems of scientific research by listening to more

experienced authors and by presenting scientific work in a conference-like situation for a specific audience.
Objective The seminar aims at instructing graduate and PhD students in the basics of presentation techniques, i.e. "how to give a professional talk".

Attendees have the possibility to become acquainted with a current topic by a literature study, and to present the results thereof in a 20
minutes talk in English. The participation at the seminar gives also an overview on current problems in modern nanoelectronics and bio-
electromagnetics.

Content The seminar topics' are design of digital integrated circuits, physical characterization in nanoelectronics and bio-electromagnetics
Simulation.

The studens learn how to find the right literature for a certain topic quickly, as well as how to prepare a talk for a scientific conference, i.e.
presentation techniques.

Lecture notes Presentation material
Literature to be discussed with the advisor

227-0622-00L Thermal Modeling: From Semiconductor to Medical
Devices and Personalized Therapy Planning

W  4 credits 2V+1U E. Neufeld, M. Luisier

Abstract The course introduces computational techniques to model electromagnetic heating across many orders of magnitudes, from the atomic to
the macroscopic scale. Both desired and undesired thermal effects will be covered, e.g. thermal cancer therapies based on tissue heating
or Joule heating in semiconductor devices. A wide range of simulation approaches and numerical methods will be introduced.

Objective During this course the students will:

- learn the physics governing and computational models describing electromagnetic-induced heating;

- get familiar with computational simulation techniques across a wide range of spatial scales, incl. methods to simulate in vivo heating,
considering thermoregulation and perfusion, or quantum mechanical approaches considering heat at the level of atomic vibrations;

- implement and apply simulation techniques within a state-of-the-art open-source simulation platform for computational life sciences, as
well as a framework for computer-aided design of semiconductor devices;

- learn about remaining challenges in this field

Content The following topics will be discussed during the semester:

- Introduction about electromagnetic heating (from its historical perspective to its application in biology);

- Microscopic/Macroscopic thermal transport (governing equations, numerical methods, examples);

- Numerical algorithms and their implementation in python and/or C++, parallelisation approaches, and high performance computing
solutions;

- Practical examples: thermal therapy planning with Sim4Life and technology computer aided design with OMEN;

- Model verification and validation.

Lecture notes Lecture slides are distributed every week and can be found at
https://iis-students.ee.ethz.ch/lectures/thermal-modeling/

Prerequisites /
notice

The course requires an open attitude towards interdisciplinarity, basic python scripting and C++ coding skills, undergraduate entry-level
familiarity with electric & magnetic fields/forces, differential equations, calculus, and basic knowledge of biology and quantum mechanics.

227-0662-00L Organic and Nanostructured Optics and Electronics
(Course)
Does not take place this semester.

W  3 credits 2G V. Wood

Abstract This course examines the optical and electronic properties of excitonic materials that can be leveraged to create thin-film light emitting
devices and solar cells. Laboratory sessions provide students with experience in synthesis and optical characterization of nanomaterials as
well as fabrication and characterization of thin film devices.

Objective Gain the knowledge and practical experience to begin research with organic or nanostructured materials and understand the key
challenges in this rapidly emerging field.
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Content 0-Dimensional Excitonic Materials (organic molecules and colloidal quantum dots)

Energy Levels and Excited States (singlet and triplet states, optical absorption and luminescence).

Excitonic and Polaronic Processes (charge transport, Dexter and Förster energy transfer, and exciton diffusion).

Devices (photodetectors, solar cells, and light emitting devices).

Literature Lecture notes and reading assignments from current literature to be posted on website.

227-0662-10L Organic and Nanostructured Optics and Electronics
(Project)
Does not take place this semester.

W  3 credits 2A V. Wood

Abstract This course examines the optical and electronic properties of excitonic materials that can be leveraged to create thin-film light emitting
devices and solar cells. Laboratory sessions provide students with experience in synthesis and optical characterization of nanomaterials as
well as fabrication and characterization of thin film devices.

Objective Gain the knowledge and practical experience to begin research with organic or nanostructured materials and understand the key
challenges in this rapidly emerging field.

Content 0-Dimensional Excitonic Materials (organic molecules and colloidal quantum dots)

Energy Levels and Excited States (singlet and triplet states, optical absorption and luminescence).

Excitonic and Polaronic Processes (charge transport, Dexter and Förster energy transfer, and exciton diffusion).

Devices (photodetectors, solar cells, and light emitting devices).

Literature Lecture notes and reading assignments from current literature to be posted on website.
Prerequisites /
notice

Admission is conditional to passing 227-0662-00L  Organic and Nanostructured Optics and Electronics (Course)

227-0664-00L Technology and Policy of Electrical Energy Storage W  3 credits 2G V. Wood, T. Schmidt
Abstract With the global emphasis on decreasing CO2 emissions, achieving fossil fuel independence and growing the use of renewables,

developing & implementing energy storage solutions for electric mobility & grid stabilization represent a key technology & policy challenge.
This course uses lithium ion batteries as a case study to understand the interplay between technology, economics, and policy.

Objective The students will learn of the complexity involved in battery research, design, production, as well as in investment, economics and policy
making around batteries. Students from technical disciplines will gain insights into policy, while students from social science backgrounds
will gain insights into technology.

Content With the global emphasis on decreasing CO2 emissions, achieving fossil fuel independence, and integrating renewables on the electric
grid, developing and implementing energy storage solutions for electric mobility and grid stabilization represent a key technology and policy
challenge. The class will focus on lithium ion batteries since they are poised to enter a variety of markets where policy decisions will affect
their production, adoption, and usage scenarios. The course considers the interplay between technology, economics, and policy.

* intro to energy storage for electric mobility and grid-stabilization
* basics of battery operation, manufacturing, and integration
* intro to the role of policy for energy storage innovation & diffusion
* discussion of complexities involved in policy and politics of energy storage

Lecture notes Materials will be made available on the website.
Literature Materials will be made available on the website.
Prerequisites /
notice

Strong interest in energy and technology policy.

227-0669-00L Chemistry of Devices and Technologies
Limited to 30 participants.

W  4 credits 1V+2U M. Yarema

Abstract The course covers basics of chemistry and material science, relevant for modern devices and technologies. The course consists from
lecture, laboratory, and individual components. Students accomplish individual projects, in which they study and evaluate a chosen
technology from chemistry and materials viewpoints.

Objective The course brings relevant chemistry knowledge, tailored to the needs of electrical engineering students. Students will gain understanding
of the basic concepts of chemistry and a chemist's intuition through hands-on workshops that combine tutorials and laboratory sessions as
well as guidance through individual projects that require interdisciplinary and critical thinking.
Students will learn which materials, reactions, and device fabrication processes are important for nowadays technologies and products.
They will gain important knowledge of state-of-the-art technologies from materials and fabrication viewpoints.

Content Students will spend 3h per week in the tutorials and practical sessions and additional 4-6h per week working on individual projects.
The goal of the individual student's project is to understand the chemistry related to the manufacture and operation of a specific device or
technology (to be chosen from the list of projects). To ensure continued learning throughout the semester, individual projects are evaluated
by three interim project reports and by 10 min final presentation.

Literature Lecture notes will be made available on the website.

227-0707-00L Optimization Methods for Engineers W  3 credits 2G P. Leuchtmann
Abstract First half of the semester: Introduction to the main methods of numerical optimization with focus on stochastic methods such as genetic

algorithms, evolutionary strategies, etc.
Second half of the semester: Each participant implements a selected optimizer and applies it on a problem of practical interest.

Objective Numerical optimization is of increasing importance for the development of devices and for the design of numerical methods. The students
shall learn to select, improve, and combine appropriate procedures for efficiently solving practical problems.

Content Typical optimization problems and their difficulties are outlined. Well-known deterministic search strategies, combinatorial minimization, and
evolutionary algorithms are presented and compared. In engineering, optimization problems are often very complex. Therefore, new
techniques based on the generalization and combination of known methods are discussed. To illustrate the procedure, various problems of
practical interest are presented and solved with different optimization codes.

Lecture notes PDF of a short skript (39 pages) plus the view graphs are provided
Prerequisites /
notice

Lecture only in the first half of the semester, exercises in form of small projects in the second half, presentation of the results in the last
week of the semester.

151-0172-00L Microsystems II: Devices and Applications W  6 credits 3V+3U C. Hierold, C. I. Roman
Abstract The students are introduced to the fundamentals and physics of microelectronic devices as well as to microsystems in general (MEMS).

They will be able to apply this knowledge for system research and development and to assess and apply principles, concepts and methods
from a broad range of technical and scientific disciplines for innovative products.
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Objective The students are introduced to the fundamentals and physics of microelectronic devices as well as to microsystems in general (MEMS),
basic electronic circuits for sensors, RF-MEMS, chemical microsystems, BioMEMS and microfluidics, magnetic sensors and optical
devices, and in particular to the concepts of Nanosystems (focus on carbon nanotubes), based on the respective state-of-research in the
field. They will be able to apply this knowledge for system research and development and to assess and apply principles, concepts and
methods from a broad range of technical and scientific disciplines for innovative products. 

During the weekly 3 hour module on Mondays dedicated to Übungen the students will learn the basics of Comsol Multiphysics and utilize
this software to simulate MEMS devices to understand their operation more deeply and optimize their designs.

Content Transducer fundamentals and test structures
Pressure sensors and accelerometers
Resonators and gyroscopes
RF MEMS
Acoustic transducers and energy harvesters
Thermal transducers and energy harvesters
Optical and magnetic transducers
Chemical sensors and biosensors, microfluidics and bioMEMS
Nanosystem concepts
Basic electronic circuits for sensors and microsystems

Lecture notes Handouts (on-line)

151-0237-00L Advanced Optical Methods in Nanotechnology W  4 credits 2V+1U H. Eghlidi
Abstract The course covers both fundamental optical concepts for understanding micro/nano-optical studies as well as the principles and design

rules of the most common and emerging optical techniques and systems. This course benefits students who want to pursue
micro/nanoscopic non-invasive characterizations in various fields e.g. material sciences, mechanical engineering, biology, micro- and
nanofluidics.

Objective In the first part, students will learn about the necessary topics in optics, basic optical components and their important properties.  In the
second part, different optical characterization techniques, including optical imaging, spectroscopy and time-correlation measurements, and
their applications in nanoscale systems will be studied. Upon completion of the course, students will be able to understand, modify and
design optical systems for various micro/nanoscopic characterizations and studies.

Content Principles of optics (ray optics, beam optics, Fourier optics); Optical devices and components (light sources, fiber, lens, mirror, objective,
grating, beam splitter, filter, etc.); Characterization techniques and systems: microscopy (confocal, dark-field, fluorescence, interferrometric
scattering, super-resolution, etc.), spectroscopy, time-correlation measurements.

Literature Different book chapters and articles which will be announced/provided during the course.

151-0620-00L Embedded MEMS Lab
Number of participants limited to 20.

W  5 credits 3P C. Hierold, S. Blunier, M. Haluska

Abstract Practical course: Students are introduced to the process steps required for the fabrication of MEMS (Micro Electro Mechanical System) and
carry out the fabrication and testing steps in the clean rooms themselves. Additionally, they learn the requirements for working in clean
rooms. Processing and characterization will be documented and analyzed in a final report.

Objective Students learn the individual process steps that are required to make a MEMS (Micro Electro Mechanical System). Students carry out the
process steps themselves in laboratories and clean rooms. Furthermore, participants become familiar with the special requirements
(cleanliness, safety, operation of equipment and handling hazardous chemicals) of working in the clean rooms and laboratories. The entire
production, processing, and characterization of the MEMS is documented and evaluated in a final report.

Content With guidance from a tutor, the individual silicon microsystem process steps that are required for the fabrication of an accelerometer are
carried out:
- Photolithography, dry etching, wet etching, sacrificial layer etching,  various cleaning procedures
- Packaging and electrical connection of a MEMS device
- Testing and characterization of the MEMS device
- Written documentation and evaluation of the entire production, processing and characterization

Lecture notes A document containing theory, background and practical course content is distributed in the informational meeting.
Literature The document provides sufficient information for the participants to successfully participate in the course.
Prerequisites /
notice

Participating students are required to attend all scheduled lectures and meetings of the course. 

Participating students are required to provide proof that they have personal accident insurance prior to the start of the laboratory portion of
the course. 

This master's level course is limited to 20 students per semester for safety and efficiency reasons.
If there are more than 20 students registered, we regret to restrict access to this course by the following rules:

Priority 1: master students of the master's program in "Micro and Nanosystems"

Priority 2: master students of the master's program in "Mechanical Engineering" with a specialization in Microsystems and Nanoscale
Engineering (MAVT-tutors Profs Dual, Hierold, Koumoutsakos, Nelson, Norris, Poulikakos, Pratsinis, Stemmer), who attended the bachelor
course "151-0621-00L Microsystems Technology" successfully.

Priority 3: master students, who attended the bachelor course "151-0621-00L Microsystems Technology" successfully.

Priority 4: all other students (PhD, bachelor, master) with a background in silicon or microsystems process technology.

If there are more students in one of these priority groups than places available, we will decide with respect to (in following order) best
achieved grade from 151-0621-00L Microsystems Technology, registration to this practicum at previous semester, and by drawing lots.
Students will be notified at the first lecture of the course (introductory lecture) as to whether they are able to participate.

The course is offered in autumn and spring semester.

 Energy and Power Electronics
The core courses and specialization courses below are a selection for students who wish to specialize in the area of "Energy and Power Electronics",
see https://www.ee.ethz.ch/studies/main-master/areas-of-specialisation.html.

The individual study plan is subject to the tutor's approval.

 Core Courses
These core courses are particularly recommended for the field of "Energy and Power Electronics".
You may choose core courses form other fields in agreement with your tutor.

A minimum of 24 credits must be obtained from core courses during the MSc EEIT.
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 Foundation Core Courses
Number Title Type ECTS Hours Lecturers

227-0117-10L Experimental Techniques W  6 credits 4G C. Franck, H.-J. Weber
Abstract This lecture is an introduction to experimental and measurement techniques. The course is designed with practical relevance in mind and

comprises several laboratory modules where the students perform, evaluate and document experiments. The taught topics are of
relevance for all electrical engineering disciplines, in this course they are taught with examples of high-voltage engineering.

Objective At the end of this lecture, the students will be able to:
-    perform basic practical laboratory experiments and record data, in particular with an oscilloscope.
-    take a meaningful Lab Notebook, write a clear measurement evaluation protocol, and can estimate the accuracy and precision of the
evaluated data.
-    can explain the main reasons for electromagnetic interference and propose measures to avoid or reduce these interferences.
-    Explain and use different methods to generate and measure high voltages and calculate basic relevant relations.

Content - Messtechnik, Messunsicherheit, Messprotokolle
- Erzeugung und Messung hoher Spannungen
- Elektromagnetische Verträglichkeit
- Laborpraktika

Lecture notes Vorlesungsunterlagen
Literature J. Hoffmann, Taschenbuch der Messtechnik, Carl Hanser Verlag, 7. Auflage, 2015 (ISBN: 978-3446442719)

A. Küchler, Hochspannungstechnik, Springer Berlin, 4. Auflage, 2017 (ISBN: 978-3662546994)
A. Schwab, Elektromagnetische Verträglichkeit, Springer Verlag, 6. Auflage, 2010 (ISBN: 978-3642166099)

227-0156-00L Power Semiconductors W  6 credits 4G U. Grossner
Abstract Power semiconductor devices are the core of today's energy efficient electronics. In this course, based on semiconductor physics, an

understanding of the functionality of modern power devices is developed. Elements of power rectifiers and switches are introduced; device
concepts for PiN diodes, IGBTs, and power MOSFETs, are discussed. Apart from silicon, wide bandgap semiconductors are considered.

Objective The goal of this course is developing an understanding of modern power device concepts. After following the course, the student will be
able to choose a power device for an application, know the basic functionality, and is able to describe the performance and reliability
related building blocks of the device design. Furthermore, the student will have an understanding of current and future developments in
power devices.

Content Basic semiconductor device physics is revisited. After defining requirements from typical applications, the key building blocks - especially
active area and termination - of power devices are introduced. Based on these building blocks, device concepts are derived. Introducing
unipolar as well as bipolar conduction is increasing the application space for power devices. Rectifiers, such as Schottky barrier and PiN
diodes, and switches, such as IGBTs and power MOSFETs are discussed in detail. For each device concept, a tradeoff analysis for
performance and reliability based on the layout of the building blocks is discussed.
Apart from silicon, wide bandgap semiconductors play an increasing role for highly efficient power electronic devices. This development is
taken into account by discussing the specific advantages and challenges in current wide bandgap based devices.

Lecture notes Will be distributed at lectures.
Literature The course follows a collection of different books; more details are being listed in the script.
Prerequisites /
notice

Vorlesungen Halbleiterbauelemente, Leistungselektronik

 Advanced Core Courses
Number Title Type ECTS Hours Lecturers

227-0248-00L Power Electronic Systems II W  6 credits 4G J. W. Kolar
Abstract This course details structures, operating ranges, and control concepts of modern power electronic systems to provide a deeper

understanding of power electronic circuits and power components. Most recent concepts of high switching frequency AC/DC converters
and AC/AC matrix inverters are presented. Simulation exercises, implemented in GeckoCIRCUITS, are used to consolidate the concepts
discussed.

Objective The objective of this course is to convey knowledge of structures, operating ranges, and control concepts of modern power electronic
systems. Further objectives are: to know most recent concepts and operation modes of high switching frequency AC/DC converters and
AC/AC matrix inverters; to develop a deeper understanding of multi-pulse power converter circuits, transformers, and electromechanical
energy converters; and to understand in-depth details of power electronic systems. Simulation exercises, implemented in the electric circuit
simulator GeckoCIRCUITS, are used to consolidate the presented theoretical concepts.

Content Converter dynamics and control: State Space Averaging, transfer functions, controller design, impact of the input filter on the converter
transfer functions. 
Performance data of single-phase and three-phase systems: effect of different loss components on the efficiency characteristics, linear and
non-linear single phase loads, power flow of general three-phase systems, space vector calculus. 
Modeling and control of three-phase PWM rectifiers: system characterization using rotating coordinates, control structure, transfer
functions, operation with symmetrical and unsymmetrical mains voltages.
Scaling laws of transformers and electromechanical actuators. 
Drives with permanent magnet synchronous machines: basic function, modeling, field-oriented control.
Unidirectional AC/DC converters and AC/AC converters: voltage and current DC link converters, indirect and direct matrix converters.

Lecture notes Lecture notes and associated exercises including correct answers, simulation program for interactive self-learning including
visualization/animation features.

Prerequisites /
notice

Prerequisites: Introductory course on power electronics.

227-0250-00L Power Semiconductor Packaging W  6 credits 2V+2U U. Grossner, I. Kovacevic
Abstract Power semiconductor devices are the core of today's energy efficient electronics. However, without adequate integration into power

electronic systems, they remain useless. This is achieved by providing application-tailored modules.  The development of power modules is
reviewed from basic design and material considerations, with special emphasis on simulation and characterization techniques.

Objective The goal of this course is developing an understanding of modern power module concepts, from materials to design and simulation. After
following the course, the student will know the basic functionality of a power module, and is able to describe the performance and reliability
related building blocks of the module design. Furthermore, the student will have an understanding of current and future developments in
power packaging.

Lecture notes Will be distributed at lectures and be made available at ILIAS.
Literature The course follows a collection of different books; more details are being listed in the script.
Prerequisites /
notice

Ideally, students have successfully attended "Power Semiconductor" (227-0156-00).

227-0528-00L Power System Dynamics, Control and Operation W  6 credits 4G G. Hug
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Abstract The electric power system is a system that is never in steady state due to constant changes in load and generation inputs. This course is
dedicated to the dynamical properties of the electric power grid including how the system state is estimated, generation/load balance is
ensured by frequency control and how the system reacts in case of faults in the system. The course includes two excursions.

Objective The learning objectives of the course are to understand and be able to apply the dynamic modeling of power systems, to compute and
discuss the actions of generators based on frequency control, to describe the workings of a synchronous machine and the implications on
the grid, to describe and apply state estimation procedures, to discuss the IT infrastructure and protection algorithms in power systems.

Content The electric power system is a system that is never in steady state due to constant changes in load and generation inputs. Consequently,
the monitoring and operation of the electric power grid is a challenging task. The course starts with the introduction of general operational
procedures and the discussion of state estimation which is an important tool to observe the state of the grid. The course is then dedicated
to the modeling and studying of the dynamical properties of the electric power grid. Frequency control which ensures the generation/load
balance in real time is the basis for real-time control and is presented in depth. For the analysis of how the system detects and reacts
dynamically in fault situations, protection and dynamic models for synchronous machines are introduced.

Lecture notes Lecture notes. WWW pages.

227-0530-00L Optimization in Energy Systems W  6 credits 4G G. Hug
Abstract The course covers various aspects of optimization with a focus on applications to energy networks and scheduling of hydro power.

Throughout the course, concepts from optimization theory are introduced followed by practical applications of the discussed approaches.
Objective After this class, the students should have a good handle on how to approach a research question which involves optimization and

implement and solve the resulting optimization problem by choosing appropriate tools.
Content In our everyday’s life, we always try to take the decision which results in the best outcome. But how do we know what the best outcome will

be? What are the actions leading to this optimal outcome? What are the constraints? These questions also have to be answered when
controlling a system such as energy systems. Optimization theory provides the opportunity to find the answers by using mathematical
formulation and solution of an optimization problem. 
The course covers various aspects of optimization with a focus on applications to energy networks. Throughout the course, concepts from
optimization theory are introduced followed by practical applications of the discussed approaches. The applications are focused on 1) the
Optimal Power Flow problem which is formulated and solved to find optimal device settings in the electric power grid and 2) the scheduling
problem of hydro power plants which in many countries, including Switzerland, dominate the electric power generation. On the theoretical
side, the formulation and solving of unconstrained and constrained optimization problems, multi-time step optimization, stochastic
optimization including probabilistic constraints and decomposed optimization (Lagrangian and Benders decomposition) are discussed.

227-0537-00L Technology of Electric Power System Components W  6 credits 4G C. Franck
Abstract Basics of the technology of important components in electric power transmission and distribution systems (primary technology).
Objective At the end of this course, the students can name the primary components of electric power systems and explain where and why they are

used. For the most important components, the students can explain the working principle in detail and calculate and derive key parameters.
Content Basic physical and engineering aspects for transmission and distribution of electric power. Limiting boundary conditions are not only

electrical parameters, but also mechanical, thermal, chemical, environmental and economical aspects. 
The lecture covers the most important traditional components, but also new trends and the dimensioning of components.
Parts of the lecture will be held by external experts in the field and there will be excursions to industrial companies.

The course "Multiphysics Simulations for Power Systems 227-0536-00L" is aligned with the present course and considered
complementary.

Lecture notes yes
Literature additional literature will be available online via the teaching document repository.
Prerequisites /
notice

The lecture "Electric Power Transmission: System & Technology" is a prerequisite.

 Specialization Courses
These specialization courses are particularly recommended for the area of "Energy and Power Electronics", but you are free to choose courses from
any other field in agreement with your tutor.

A minimum of 40 credits must be obtained from specialization courses during the Master's Programme.

Number Title Type ECTS Hours Lecturers

227-0207-00L Nonlinear Systems and Control
Prerequisite: Control Systems (227-0103-00L)

W  6 credits 4G E. Gallestey Alvarez,
P. F. Al Hokayem

Abstract Introduction to the area of nonlinear systems and their control. Familiarization with tools for analysis of nonlinear systems. Discussion of the
various nonlinear controller design methods and their applicability to real life problems.

Objective On completion of the course, students understand the difference between linear and nonlinear systems, know the mathematical techniques
for analysing these systems, and have learnt various methods for designing controllers accounting for their characteristics.

Course puts the student in the position to deploy nonlinear control techniques in real applications. Theory and exercises are combined for
better understanding of the virtues and drawbacks present in the different methods.

Content Virtually all practical control problems are of nonlinear nature. In some cases application of linear control methods leads to satisfactory
controller performance. In many other cases however, only application of nonlinear analysis and control synthesis methods will guarantee
achievement of the desired objectives. 

During the past decades mature nonlinear controller design methods have been developed and have proven themselves in applications.
After an introduction of the basic methods for analysing nonlinear systems, these methods will be introduced together with a critical
discussion of their pros and cons. Along the course the students will be familiarized with the basic concepts of nonlinear control theory.

This course is designed as an introduction to the nonlinear control field and thus no prior knowledge of this area is required. The course
builds, however, on a good knowledge of the basic concepts of linear control and mathematical analysis.

Lecture notes An english manuscript will be made available on the course homepage during the course.
Literature H.K. Khalil: Nonlinear Systems, Prentice Hall, 2001.
Prerequisites /
notice

Prerequisites: Linear Control Systems, or equivalent.

227-0376-00L Reliability of Electronic Equipment and Systems
The course will be offered for the last time in the Spring
Semester 2020 and is merged with  227-0377-10L
Physics of Failure and Reliability of Electronic Devices
and Systems, a yearly recurring course in the autumn
semester.

W  4 credits 2V+1U U. Sennhauser, M. Held
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Abstract Reliability and availability are basic properties for safe and sustainable products in communications, energy and medical technology, air
and space applications, and electronics. They are described as stochastic and physical processes and have to be optimized with
functionality, environmental impact and life cycle costs in development phase already. The required basics will be taught.

Objective Introduction to the concepts and methods of systems engineering for the design and production of reliable devices, equipment, and
systems.

Content Quality assurance of technical systems (introduction); introduction to stochastic processes; reliability analysis; design and investigation of
fault-tolerant structures; component selection and qualification; maintainability analysis (introduction); software quality; design rules for
reliability, maintainability, and software quality; availability analysis (introduction); reliability tests (introduction).

Lecture notes Copies of relevant transparencies and additional tables
Literature Reliability Engineering, Springer 2004, ISBN 3-540-40287-X

227-0524-00L Railway Systems II W  6 credits 4G M. Meyer
Abstract Characteristics of traction drive systems:

- electrical systems and their components
- thermal propulsion systems
- vehicles with battery storage systems
System integration:
- train control
- energy consumption
- electrical system compatibility

Objective - Know-how about the design and construction principles of rail traction systems
- Overview of overall-system tasks (electrical system integration, train control, energy consumption)
- Insight into the activities of the railway vehicle industry and railway operators in Switzerland
- Motivation of young engineers to start a career in the railway vehicle manufacturers, railway infrastructure and operating companies

Content EST II (Frühjahrsemester) - Vertiefung Antriebssysteme, Systemfragen

1 Traktionsausrüstung:
1.1 Systemkonzepte für Traktionsantriebe
1.2 Haupttransformator
1.3 Fahrmotoren
1.4 Stromrichter
1.5 Hochspannungskreise und Erdung
1.6 Thermische Auslegung
1.7 Diesel-Antriebssysteme
1.8 Batteriespeicher

2 Systemintegration
2.1 Zugbeeinflussung
2.2 Energieverbrauch
2.3 Aufbau der Bahnstromversorgung
2.4 Elektrische Systemkompatibilität

Geplante Exkursionen:
- Engineering und Leistungslabor, ABB Turgi
- evtl. Sicherungsanlagen, Siemens Wallisellen
- 2-tägige Schlussexkursion (Besichtigungen und Führerstandsfahrten, ausschliesslich für regelmässige Vorlesungsteilnehmer)

Lecture notes Abgabe der Unterlagen (gegen eine Schutzgebühr) zu Beginn des Semesters. Rechtzeitig eingeschriebene Teilnehmer (bis 8 Tage vor
Vorlesungsbeginn) können die Unterlagen auf Wunsch und gegen eine Zusatzgebühr auch in Farbe beziehen.

Prerequisites /
notice

Dozent:
Dr. Markus Meyer, Emkamatik GmbH

Voraussichtlich Gastvortrag über ETCS von einem SBB-Referenten.

EST I (Herbstsemester) ist als Voraussetzung empfohlen, aber nicht notwendig. EST II (Frühjahrssemester) kann bei Interesse an
Antriebssystemen auch als separate Vorlesung besucht werden.

227-0536-00L Multiphysics Simulations for Power Systems
This course is defined so and planned to be an addition to
the module "227-0537-00L Technology of Electric Power
System Components".
However, the students who are familiar with the
fundamentals of electromagnetic fields could attend only
this course without its 227-0537-00-complement.

W  4 credits 2V+2U J. Smajic

Abstract The goals of this course are a) understanding the fundamentals of the electromagnetic, thermal, mechanical, and coupled field simulations
and b) performing effective simulations of primary equipment  of electric power systems. The course is understood complementary to 227-
0537-00L  "Technology of Electric Power System Components", but can also be taken separately.

Objective The student should learn the fundamentals of the electromagnetic, thermal, mechanical, and coupled fields simulations necessary for
modern product development and research based on virtual prototyping. She / he should also learn the theoretical background of the finite
element method (FEM) and its application to low- and high-frequency electromagnetic field simulation problems. The practical exercises of
the course should be done by using one of the commercially available field simulation software (Infolytica, ANSYS, and / or COMSOL).
After completing the course the student should be able to properly and efficiently use the software to simulate practical design problems
and to understand and interpret the obtained results.
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Content 1.    Elektromagnetic Fields and Waves: Simulation Aspects (1 lecture, 2 hours)
a.    Short review of the governing equations
b.    Boundary conditions
c.    Initial conditions
d.    Linear and nonlinear material properties
e.    Coupled fields (electro-mechanical and electro-thermal coupling)

2.    Finite Element Method for elektromagnetic simulations (5 lectures and 3 exercises, 16 hours)
a.    Scalar-FEM in 2-D (electrostatic, magnetostatic, eddy-currents, etc.) 
b.    Vector-FEM in 3-D (3-D eddy-currents, wave propagation, etc.)
c.    Numerical aspects of the analysis (convergence, linear solvers, preconditioning, mesh quality, etc.)
d.    Matlab code for 2-D FEM for learning and experimenting

3.    Practical applications (5 lectures and 5 exercises, 20 hours)
a.    Dielectric analysis of high-voltage equipment
b.    Nonlinear quasi-electrostatic analysis of surge arresters
c.    Eddy-currents analysis of power transformers
d.    Electromagnetic analysis of electric machines
e.    Very fast transients in gas insulated switchgears (GIS)
f.    Electromagnetic compatibility (EMC)

227-0696-00L Predictive Control of Power Electronics Systems W  6 credits 2V+2U T. Geyer
Abstract Bridging the gap between modern control methods and power electronics, this course focuses on predictive control methods applied to

power electronics systems. This includes emerging model predictive control methods (with and without a modulator), as well as classic
predictive methods, such as deadbeat control. This course targets power electronics and control students.

Objective - Knowledge of modern time-domain control methods applied to dc-dc and dc-ac converters and their corresponding loads. These control
methods include model predictive control (MPC) and deadbeat control. 
- Understanding of optimized pulse patterns and techniques to achieve fast closed-loop control. 
- Ability to derive suitable mathematical models. 
- Knowledge of and experience in optimization techniques to solve the underlying mixed-integer and quadratic programs. 
- Appreciation of the advantages and disadvantages of the different control methods.

Content - Review of mathematical modelling and time-domain control methods (particularly MPC and deadbeat control).
- Direct MPC with reference tracking (finite control set MPC). Derivation of mathematical models of three-phase power electronics systems,
formulation of the control problem, techniques to solve the one-step and the multi-step horizon problems using branch and bound
techniques. 
- MPC with optimized pulse patterns (OPPs). Computation of OPPs, formulation of fast closed-loop controllers and methods to solve the
underlying quadratic programming problem.
- Indirect MPC with pulse width modulation (PWM). Formulation of the MPC problem, imposition of hard and soft constraints, techniques to
solve the quadratic program in real time and application to modular multilevel converters. 
- Summary of recent research results and activities.
- Matlab / Simulink exercises to enhance the understanding of the control concepts.

Lecture notes The lecture is based on the recent book "Model Predictive Control of High Power Converters and Industrial Drives" by T. Geyer. Additional
notes and related literature will be distributed in the class.

Prerequisites /
notice

- Power Electronic Systems I
- Control Systems I (Regelsysteme I)
- Signal and System Theory II

227-0730-00L Power Market II - Modeling and Strategic Positioning W  6 credits 4G D. Reichelt, G. A. Koeppel
Abstract Options in the electricity business

Portfolio and risk management: valuation of hedging strategies, risk assessment
Hydropower optimization and hedging
Valuation of power plants with real options
Capacity markets and quota Systems 
Complex energy contracts with embedded options
Strategy and positioning for utilities

Objective The students know the main derivatives applied in the electricity business. They are able to est up hedging strategies and can evaluate
them. They habe a basic understanding of the optimization of large, complex hydro power plants, of capacity markets and of quota
systems. They know the discounted cash-flow method and real options to assess the value of power plants. The students are able to
identify the components of complex energy supply contracts and to assess the risk.

Content Options in the electricity business: option valuation with binominal trees, Black-Scholes formula, sensitivities (Greeks), implied volatility
Portfolio and risk management: delta- and gamma-neutral hedging, valuation of hedging strategies, risk assessment (case study)
Hydropower optimization and hedging
Valuation of assets (power plants, grids), DCF method, real options
Strategy and Positioning: Mini cases (group work)
Capacity markets and Quota Systems 
Application of derivatives: complex energy contracts with embedded options, development of sales-oriented products
Credit Risk Management
Electricity marketing

Lecture notes Handouts - all material in English
Prerequisites /
notice

2 day excursion, presentations of invited speakers from the industry

Moodle: https://moodle-app2.let.ethz.ch/enrol/index.php?id=12225

 Systems and Control
The core courses and specialization courses below are a selection for students who wish to specialize in the area of "Systems and Control", see
https://www.ee.ethz.ch/studies/main-master/areas-of-specialisation.html.

The individual study plan is subject to the tutor's approval.

 Core Courses
These core courses are particularly recommended for the field of "Systems and Control".
You may choose core courses form other fields in agreement with your tutor.

A minimum of 24 credits must be obtained from core courses during the MSc EEIT.

 Advanced Core Courses
Number Title Type ECTS Hours Lecturers
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151-0566-00L Recursive Estimation W  4 credits 2V+1U R. D'Andrea
Abstract Estimation of the state of a dynamic system based on a model and observations in a computationally efficient way.
Objective Learn the basic recursive estimation methods and their underlying principles.
Content Introduction to state estimation; probability review; Bayes' theorem; Bayesian tracking; extracting estimates from probability distributions;

Kalman filter; extended Kalman filter; particle filter; observer-based control and the separation principle.
Lecture notes Lecture notes available on course website: http://www.idsc.ethz.ch/education/lectures/recursive-estimation.html
Prerequisites /
notice

Requirements: Introductory probability theory and matrix-vector algebra.

151-0660-00L Model Predictive Control W  4 credits 2V+1U M. Zeilinger
Abstract Model predictive control is a flexible paradigm that defines the control law as an optimization problem, enabling the specification of time-

domain objectives, high performance control of complex multivariable systems and the ability to explicitly enforce constraints on system
behavior. This course provides an introduction to the theory and practice of MPC and covers advanced topics.             

Objective Design and implement Model Predictive Controllers (MPC) for various system classes to provide high performance controllers with desired
properties (stability, tracking, robustness,..) for constrained systems.              

Content - Review of required optimal control theory
- Basics on optimization
- Receding-horizon control (MPC) for constrained linear systems
- Theoretical properties of MPC: Constraint satisfaction and stability
- Computation: Explicit and online MPC
- Practical issues: Tracking and offset-free control of constrained systems, soft constraints
- Robust MPC: Robust constraint satisfaction
- Nonlinear MPC: Theory and computation
- Hybrid MPC: Modeling hybrid systems and logic, mixed-integer optimization
- Simulation-based project providing practical experience with MPC             

Lecture notes Script / lecture notes will be provided.
Prerequisites /
notice

One semester course on automatic control, Matlab, linear algebra.
Courses on signals and systems and system modeling are recommended. Important concepts to start the course: State-space modeling,
basic concepts of stability, linear quadratic regulation / unconstrained optimal control. 
Expected student activities: Participation in lectures, exercises and course project; homework (~2hrs/week).          

227-0207-00L Nonlinear Systems and Control
Prerequisite: Control Systems (227-0103-00L)

W  6 credits 4G E. Gallestey Alvarez,
P. F. Al Hokayem

Abstract Introduction to the area of nonlinear systems and their control. Familiarization with tools for analysis of nonlinear systems. Discussion of the
various nonlinear controller design methods and their applicability to real life problems.

Objective On completion of the course, students understand the difference between linear and nonlinear systems, know the mathematical techniques
for analysing these systems, and have learnt various methods for designing controllers accounting for their characteristics.

Course puts the student in the position to deploy nonlinear control techniques in real applications. Theory and exercises are combined for
better understanding of the virtues and drawbacks present in the different methods.

Content Virtually all practical control problems are of nonlinear nature. In some cases application of linear control methods leads to satisfactory
controller performance. In many other cases however, only application of nonlinear analysis and control synthesis methods will guarantee
achievement of the desired objectives. 

During the past decades mature nonlinear controller design methods have been developed and have proven themselves in applications.
After an introduction of the basic methods for analysing nonlinear systems, these methods will be introduced together with a critical
discussion of their pros and cons. Along the course the students will be familiarized with the basic concepts of nonlinear control theory.

This course is designed as an introduction to the nonlinear control field and thus no prior knowledge of this area is required. The course
builds, however, on a good knowledge of the basic concepts of linear control and mathematical analysis.

Lecture notes An english manuscript will be made available on the course homepage during the course.
Literature H.K. Khalil: Nonlinear Systems, Prentice Hall, 2001.
Prerequisites /
notice

Prerequisites: Linear Control Systems, or equivalent.

227-0216-00L Control Systems II W  6 credits 4G R. Smith
Abstract Introduction to basic and advanced concepts of modern feedback control.
Objective Introduction to basic and advanced concepts of modern feedback control.
Content This course is designed as a direct continuation of the course "Regelsysteme" (Control Systems). The primary goal is to further familiarize

students with various dynamic phenomena and their implications for the analysis and design of feedback controllers. Simplifying
assumptions on the underlying plant that were made in the course "Regelsysteme" are relaxed, and advanced concepts and techniques
that allow the treatment of typical industrial control problems are presented. Topics include control of systems with multiple inputs and
outputs, control of uncertain systems (robustness issues), limits of achievable performance, and controller implementation issues.

Lecture notes The slides of the lecture are available to download.
Literature Skogestad, Postlethwaite: Multivariable Feedback Control - Analysis and Design. Second Edition. John Wiley, 2005.
Prerequisites /
notice

Prerequisites:
Control Systems or equivalent

227-0224-00L Stochastic Systems W  4 credits 2V+1U F. Herzog
Abstract Probability. Stochastic processes. Stochastic differential equations. Ito. Kalman filters. St Stochastic optimal control. Applications in

financial engineering.
Objective Stochastic dynamic systems. Optimal control and filtering  of stochastic systems. Examples in technology and finance.
Content - Stochastic processes

- Stochastic calculus (Ito)
- Stochastic differential equations
- Discrete time stochastic difference equations
- Stochastic processes AR, MA, ARMA, ARMAX, GARCH
- Kalman filter
- Stochastic optimal control
- Applications in finance and engineering

Lecture notes H. P. Geering et al., Stochastic Systems, Measurement and Control Laboratory, 2007 and handouts

227-0690-11L Advanced Topics in Control (Spring 2020)
New topics are introduced every year.

W  4 credits 2V+2U G. Banjac
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Abstract Advanced Topics in Control (ATIC) covers advanced research topics in control theory. It is offered each Spring semester with the topic
rotating from year to year. Repetition for credit is possible, with consent of the instructor.

Objective During Spring 2020 the course will cover a range of topics in large-scale convex optimization. The students should be able to apply various
numerical methods to solve large-scale optimization problems arising in control, machine learning, signal processing, and finance.

Content Convex analysis and methods for large-scale optimization. Topics will include: convex sets and functions ; duality theory ; optimality and
infeasibility conditions ; structured optimization problems ; gradient-based methods ; operator splitting methods ; distributed and
decentralized optimization ; applications in various research areas.

Lecture notes Copies of the projection slides will be made available on the course Moodle platform.
Literature The course will be largely based on the Large-Scale Convex Optimization course taught at Lund University: https://archive.control.lth.se/ls-

convex-2015/


Prerequisites /
notice

Sufficient mathematical maturity, in particular in linear algebra and analysis.


 Specialization Courses
These specialization courses are particularly recommended for the area of "Systems and Control", but you are free to choose courses from any other
field in agreement with your tutor.

A minimum of 40 credits must be obtained from specialization courses during the Master's Programme.

Number Title Type ECTS Hours Lecturers

151-0641-00L Introduction to Robotics and Mechatronics
Number of participants limited to 60.

Enrollment is only valid through registration on the MSRL
website (www.msrl.ethz.ch). Registrations per e-mail is no
longer accepted!

W  4 credits 2V+2U B. Nelson, N. Shamsudhin

Abstract The aim of this lecture is to expose students to the fundamentals of mechatronic and robotic systems. Over the course of these lectures,
topics will include how to interface a computer with the real world, different types of sensors and their use, different types of actuators and
their use.

Objective An ever-increasing number of mechatronic systems are finding their way into our daily lives. Mechatronic systems synergistically combine
computer science, electrical engineering, and mechanical engineering. Robotics systems can be viewed as a subset of mechatronics that
focuses on sophisticated control of moving devices. 

The aim of this course is to practically and theoretically expose students to the fundamentals of mechatronic and robotic systems. Over the
course of the semester, the lecture topics will include an overview of robotics, an introduction to different types of sensors and their use, the
programming of microcontrollers and interfacing these embedded computers with the real world, signal filtering and processing, an
introduction to different types of actuators and their use, an overview of computer vision, and forward and inverse kinematics. Throughout
the course, students will periodically attend laboratory sessions and implement lessons learned during lectures on real mechatronic
systems. By the end of the course, you will be able to independently choose, design and integrate these different building blocks into a
working mechatronic system.

Content The course consists of weekly lectures and lab sessions. The weekly topics are the following:
0. Course Introduction
1. C Programming
2. Sensors
3. Data Acquisition
4. Signal Processing
5. Digital Filtering
6. Actuators
7. Computer Vision and Kinematics
8. Modeling and Control
9. Review and Outlook

The lecture schedule can be found on our course page on the MSRL website (www.msrl.ethz.ch)

Prerequisites /
notice

The students are expected to be familiar with C programming.

151-0854-00L Autonomous Mobile Robots W  5 credits 4G R. Siegwart, M. Chli, N. Lawrance
Abstract The objective of this course is to provide the basics required to develop autonomous mobile robots and systems. Main emphasis is put on

mobile robot locomotion and kinematics, environment perception, and probabilistic environment modeling, localizatoin, mapping and
navigation. Theory will be deepened by exercises with small mobile robots and discussed accross application examples.

Objective The objective of this course is to provide the basics required to develop autonomous mobile robots and systems. Main emphasis is put on
mobile robot locomotion and kinematics, environment perception, and probabilistic environment modeling, localizatoin, mapping and
navigation.

Lecture notes This lecture is enhanced by around 30 small videos introducing the core topics, and multiple-choice questions for continuous self-
evaluation.   It is developed along the TORQUE (Tiny, Open-with-Restrictions courses focused on QUality and Effectiveness) concept,
which is ETH's response to the popular MOOC (Massive Open Online Course) concept.

Literature This lecture is based on the Textbook: 
Introduction to Autonomous Mobile Robots
Roland Siegwart, Illah Nourbakhsh, Davide Scaramuzza, The MIT Press, Second Edition 2011, ISBN: 978-0262015356

227-0530-00L Optimization in Energy Systems W  6 credits 4G G. Hug
Abstract The course covers various aspects of optimization with a focus on applications to energy networks and scheduling of hydro power.

Throughout the course, concepts from optimization theory are introduced followed by practical applications of the discussed approaches.
Objective After this class, the students should have a good handle on how to approach a research question which involves optimization and

implement and solve the resulting optimization problem by choosing appropriate tools.
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Content In our everyday’s life, we always try to take the decision which results in the best outcome. But how do we know what the best outcome will
be? What are the actions leading to this optimal outcome? What are the constraints? These questions also have to be answered when
controlling a system such as energy systems. Optimization theory provides the opportunity to find the answers by using mathematical
formulation and solution of an optimization problem. 
The course covers various aspects of optimization with a focus on applications to energy networks. Throughout the course, concepts from
optimization theory are introduced followed by practical applications of the discussed approaches. The applications are focused on 1) the
Optimal Power Flow problem which is formulated and solved to find optimal device settings in the electric power grid and 2) the scheduling
problem of hydro power plants which in many countries, including Switzerland, dominate the electric power generation. On the theoretical
side, the formulation and solving of unconstrained and constrained optimization problems, multi-time step optimization, stochastic
optimization including probabilistic constraints and decomposed optimization (Lagrangian and Benders decomposition) are discussed.

227-0694-00L Game Theory and Control W  4 credits 2V+2U S. Bolognani
Abstract Game Theory is the study of strategic decision making, and was used to solve problems in economics by John Nash (A Beautiful Mind) and

others. We study concepts and methods in Game Theory, and show how these can be used to solve control design problems. The course
covers non-cooperative dynamic games and Nash equilibria, and emphasizes their use in control applications.

Objective Formulate an optimal control problem as a noncooperative dynamic game, compute mixed and behavioural strategies for different
equilibria.

Content Introduction to game theory, mathematical tools including convex optimisation and dynamic programming, zero sum games in matrix and
extensive form, pure and mixed strategies, minimax theorem, nonzero sum games in normal and extensive form, numerical computation of
mixed equilibrium strategies, Nash and Stackelberg equilibria, potential games, infinite dynamic games, differential games, behavioral
strategies and informational properties for dynamic games, aggregative games, VCG mechanism.

Lecture notes Will be made available from SPOD or course webpage.
Literature Basar, T. and Olsder, G. Dynamic Noncooperative Game Theory, 2nd

Edition, Society for Industrial and Applied Mathematics, 1998. Available through ETH Bibliothek directly at
http://epubs.siam.org/doi/abs/10.1137/1.9781611971132.

Prerequisites /
notice

Control Systems I (or equivalent). Necessary methods and concepts from optimization will be covered in the course.

227-0696-00L Predictive Control of Power Electronics Systems W  6 credits 2V+2U T. Geyer
Abstract Bridging the gap between modern control methods and power electronics, this course focuses on predictive control methods applied to

power electronics systems. This includes emerging model predictive control methods (with and without a modulator), as well as classic
predictive methods, such as deadbeat control. This course targets power electronics and control students.

Objective - Knowledge of modern time-domain control methods applied to dc-dc and dc-ac converters and their corresponding loads. These control
methods include model predictive control (MPC) and deadbeat control. 
- Understanding of optimized pulse patterns and techniques to achieve fast closed-loop control. 
- Ability to derive suitable mathematical models. 
- Knowledge of and experience in optimization techniques to solve the underlying mixed-integer and quadratic programs. 
- Appreciation of the advantages and disadvantages of the different control methods.

Content - Review of mathematical modelling and time-domain control methods (particularly MPC and deadbeat control).
- Direct MPC with reference tracking (finite control set MPC). Derivation of mathematical models of three-phase power electronics systems,
formulation of the control problem, techniques to solve the one-step and the multi-step horizon problems using branch and bound
techniques. 
- MPC with optimized pulse patterns (OPPs). Computation of OPPs, formulation of fast closed-loop controllers and methods to solve the
underlying quadratic programming problem.
- Indirect MPC with pulse width modulation (PWM). Formulation of the MPC problem, imposition of hard and soft constraints, techniques to
solve the quadratic program in real time and application to modular multilevel converters. 
- Summary of recent research results and activities.
- Matlab / Simulink exercises to enhance the understanding of the control concepts.

Lecture notes The lecture is based on the recent book "Model Predictive Control of High Power Converters and Industrial Drives" by T. Geyer. Additional
notes and related literature will be distributed in the class.

Prerequisites /
notice

- Power Electronic Systems I
- Control Systems I (Regelsysteme I)
- Signal and System Theory II

227-0945-10L Cell and Molecular Biology for Engineers II
This course is part II of a two-semester course.
Knowledge of part I is required.

W  3 credits 2G C. Frei

Abstract The course gives an introduction into cellular and molecular biology, specifically for students with a background in engineering. The focus
will be on the basic organization of eukaryotic cells, molecular mechanisms and cellular functions. Textbook knowledge will be combined
with results from recent research and technological innovations in biology.

Objective After completing this course, engineering students will be able to apply their previous training in the quantitative and physical sciences to
modern biology. Students will also learn the principles how biological models are established, and how these models can be tested.

Content Lectures will include the following topics: DNA, chromosomes, RNA, protein, genetics, gene expression, membrane structure and function,
vesicular traffic, cellular communication, energy conversion, cytoskeleton, cell cycle, cellular growth, apoptosis, autophagy, cancer,
development and stem cells.

In addition, 4 journal clubs will be held, where recent publications will be discussed (2 journal clubs in part I and 2 journal clubs in part II).
For each journal club, students (alone or in groups of up to three students) have to write a summary and discussion of the publication.
These written documents will be graded and count as 40% for the final grade.

Lecture notes Scripts of all lectures will be available.
Literature "Molecular Biology of the Cell" (6th edition) by Alberts, Johnson, Lewis, Morgan, Raff, Roberts, and Walter.

252-0526-00L Statistical Learning Theory W  7 credits 3V+2U+1A J. M. Buhmann, C. Cotrini Jimenez
Abstract The course covers advanced methods of statistical learning: 


- Variational methods and optimization.
- Deterministic annealing. 
- Clustering for diverse types of data.
- Model validation by information theory.

Objective The course surveys recent methods of statistical learning. The fundamentals of machine learning, as presented in the courses "Introduction
to Machine Learning" and "Advanced Machine Learning", are expanded from the perspective of statistical learning.
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Content - Variational methods and optimization. We consider optimization approaches for problems where the optimizer is a probability distribution.
We will discuss concepts like maximum entropy, information bottleneck, and deterministic annealing.

- Clustering. This is the problem of sorting data into groups without using training samples. We discuss alternative notions of "similarity"
between data points and adequate optimization procedures.

- Model selection and validation. This refers to the question of how complex the chosen model should be. In particular, we present an
information theoretic approach for model validation.

- Statistical physics models. We discuss approaches for approximately optimizing large systems, which originate in statistical physics (free
energy minimization applied to spin glasses and other models). We also study sampling methods based on these models.

Lecture notes A draft of a script will be provided. Lecture slides will be made available.
Literature Hastie, Tibshirani, Friedman: The Elements of Statistical Learning, Springer, 2001.


L. Devroye, L. Gyorfi, and G. Lugosi: A probabilistic theory of pattern recognition. Springer, New York, 1996

Prerequisites /
notice

Knowledge of machine learning (introduction to machine learning and/or advanced machine learning)
Basic knowledge of statistics.

376-1217-00L Rehabilitation Engineering I: Motor Functions W  4 credits 2V+1U R. Riener, E. Wilhelm
Abstract Rehabilitation engineering is the application of science and technology to ameliorate the handicaps of individuals with disabilities in order to

reintegrate them into society. The goal of this lecture is to present classical and new rehabilitation engineering principles and examples
applied to compensate or enhance especially motor deficits.

Objective Provide theoretical and practical knowledge of principles and applications used to rehabilitate individuals with motor disabilities.
Content Rehabilitation is the (re)integration of an individual with a disability into society. Rehabilitation engineering is the application of science and

technology to ameliorate the handicaps of individuals with disability. Such handicaps can be classified into motor, sensor, and cognitive
(also communicational) disabilities. In general, one can distinguish orthotic and prosthetic methods to overcome these disabilities. Orthoses
support existing but affected body functions (e.g., glasses, crutches), while prostheses compensate for lost body functions (e.g., cochlea
implant, artificial limbs). In case of sensory disorders, the lost function can also be substituted by other modalities (e.g. tactile Braille display
for vision impaired persons). 

The goal of this lecture is to present classical and new technical principles as well as specific examples applied to compensate or enhance
mainly motor deficits. Modern methods rely more and more on the application of multi-modal and interactive techniques. Multi-modal
means that visual, acoustical, tactile, and kinaesthetic sensor channels are exploited by displaying the patient with a maximum amount of
information in order to compensate his/her impairment. Interaction means that the exchange of information and energy occurs bi-
directionally between the rehabilitation device and the human being. Thus, the device cooperates with the patient rather than imposing an
inflexible strategy (e.g., movement) upon the patient. Multi-modality and interactivity have the potential to increase the therapeutical
outcome compared to classical rehabilitation strategies.
In the 1 h exercise the students will learn how to solve representative problems with computational methods applied to exoprosthetics,
wheelchair dynamics, rehabilitation robotics and neuroprosthetics.
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Literature Introductory Books

Neural prostheses - replacing motor function after desease or disability. Eds.: R. Stein, H. Peckham, D. Popovic. New York and Oxford:
Oxford University Press.

Advances in Rehabilitation Robotics  Human-Friendly Technologies on Movement Assistance and Restoration for People with Disabilities.
Eds: Z.Z. Bien, D. Stefanov (Lecture Notes in Control and Information Science, No. 306). Springer Verlag Berlin 2004.

Intelligent Systems and Technologies in Rehabilitation Engineering. Eds: H.N.L. Teodorescu, L.C. Jain (International Series on
Computational Intelligence). CRC Press Boca Raton, 2001.

Control of Movement for the Physically Disabled. Eds.: D. Popovic, T. Sinkjaer. Springer Verlag London, 2000.

Interaktive und autonome Systeme der Medizintechnik - Funktionswiederherstellung und Organersatz. Herausgeber: J. Werner,
Oldenbourg Wissenschaftsverlag 2005. 

Biomechanics and Neural Control of Posture and Movement. Eds.: J.M. Winters, P.E. Crago. Springer New York, 2000.

Selected Journal Articles

Abbas, J., Riener, R. (2001) Using mathematical models and advanced control systems techniques to enhance neuroprosthesis function.
Neuromodulation 4, pp. 187-195. 

Burdea, G., Popescu, V., Hentz, V., and Colbert, K. (2000): Virtual reality-based orthopedic telerehabilitation, IEEE Trans. Rehab. Eng., 8,
pp. 430-432

Colombo, G., Jörg, M., Schreier, R., Dietz, V. (2000) Treadmill training of paraplegic patients using a robotic orthosis. Journal of
Rehabilitation Research and Development, vol. 37, pp. 693-700.

Colombo, G., Jörg, M., Jezernik, S. (2002) Automatisiertes Lokomotionstraining auf dem Laufband. Automatisierungstechnik at, vol. 50, pp.
287-295.

Cooper, R. (1993) Stability of a wheelchair controlled by a human. IEEE Transactions on Rehabilitation Engineering 1, pp. 193-206. 

Krebs, H.I., Hogan, N., Aisen, M.L., Volpe, B.T. (1998): Robot-aided neurorehabilitation, IEEE Trans. Rehab. Eng., 6, pp. 75-87

Leifer, L. (1981): Rehabilitive robotics, Robot Age, pp. 4-11

Platz, T. (2003): Evidenzbasierte Armrehabilitation: Eine systematische Literaturübersicht, Nervenarzt, 74, pp. 841-849

Quintern, J. (1998) Application of functional electrical stimulation in paraplegic patients. NeuroRehabilitation 10, pp. 205-250.

Riener, R., Nef, T., Colombo, G. (2005) Robot-aided neurorehabilitation for the upper extremities. Medical & Biological Engineering &
Computing 43(1), pp. 2-10.

Riener, R., Fuhr, T., Schneider, J. (2002) On the complexity of biomechanical models used for neuroprosthesis development. International
Journal of Mechanics in Medicine and Biology 2, pp. 389-404.

Riener, R. (1999) Model-based development of neuroprostheses for paraplegic patients. Royal Philosophical Transactions: Biological
Sciences 354, pp. 877-894.

Prerequisites /
notice

Target Group: 
Students of higher semesters and PhD students of 
- D-MAVT, D-ITET, D-INFK
- Biomedical Engineering 
- Medical Faculty, University of Zurich 
Students of other departments, faculties, courses are also welcome

 Signal Processing and Machine Learning
The core courses and specialization courses below are a selection for students who wish to specialize in the area of "Signal Processing and Machine
Learning ", see https://www.ee.ethz.ch/studies/main-master/areas-of-specialisation.html.

The individual study plan is subject to the tutor's approval.

 Core Courses
These core courses are particularly recommended for the field of "Signal Processing and Machine Learning".
You may choose core courses form other fields in agreement with your tutor.

A minimum of 24 credits must be obtained from core courses during the MSc EEIT.

 Foundation Core Courses
Number Title Type ECTS Hours Lecturers

252-0220-00L Introduction to Machine Learning
Limited number of participants. Preference is given to
students in programmes in which the course is being
offered. All other students will be waitlisted. Please do not
contact Prof. Krause for any questions in this regard. If
necessary, please contact studiensekretariat@inf.ethz.ch 

W  8 credits 4V+2U+1A A. Krause

Abstract The course introduces the foundations of learning and making predictions based on data.
Objective The course will introduce the foundations of learning and making predictions from data. We will study basic concepts such as trading

goodness of fit and model complexitiy. We will discuss important machine learning algorithms used in practice, and provide hands-on
experience in a course project.
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Content - Linear regression (overfitting, cross-validation/bootstrap, model selection, regularization, [stochastic] gradient descent)
- Linear classification: Logistic regression (feature selection, sparsity, multi-class)
- Kernels and the kernel trick (Properties of kernels; applications to linear and logistic regression); k-nearest neighbor
- Neural networks (backpropagation, regularization, convolutional neural networks)
- Unsupervised learning (k-means, PCA, neural network autoencoders)
- The statistical perspective (regularization as prior; loss as likelihood; learning as MAP inference)
- Statistical decision theory (decision making based on statistical models and utility functions)
- Discriminative vs. generative modeling (benefits and challenges in modeling joint vy. conditional distributions)
- Bayes' classifiers (Naive Bayes, Gaussian Bayes; MLE)
- Bayesian approaches to unsupervised learning (Gaussian mixtures, EM)

Literature Textbook: Kevin Murphy, Machine Learning: A Probabilistic Perspective, MIT Press
Prerequisites /
notice

Designed to provide a basis for following courses:
- Advanced Machine Learning
- Deep Learning
- Probabilistic Artificial Intelligence 
- Seminar "Advanced Topics in Machine Learning"

 Advanced Core Courses
Number Title Type ECTS Hours Lecturers

227-0434-10L Mathematics of Information W  8 credits 3V+2U+2A H. Bölcskei
Abstract The class focuses on mathematical aspects of 


1. Information science: Sampling theorems, frame theory, compressed sensing, sparsity, super-resolution, spectrum-blind sampling,
subspace algorithms, dimensionality reduction

2. Learning theory: Approximation theory, uniform laws of large numbers, Rademacher complexity, Vapnik-Chervonenkis dimension

Objective The aim of the class is to familiarize the students with the most commonly used mathematical theories in data science, high-dimensional
data analysis, and learning theory. The class consists of the lecture, exercise sessions with homework problems, and of a research project,
which can be carried out either individually or in groups. The research project consists of either 1. software development for the solution of
a practical signal processing or machine learning problem or 2. the analysis of a research paper or 3. a theoretical research problem of
suitable complexity. Students are welcome to propose their own project at the beginning of the semester. The outcomes of all projects have
to be presented to the entire class at the end of the semester.

Content Mathematics of Information

1. Signal representations: Frame theory, wavelets, Gabor expansions, sampling theorems, density theorems

2. Sparsity and compressed sensing: Sparse linear models, uncertainty relations in sparse signal recovery, matching pursuits, super-
resolution, spectrum-blind sampling, subspace algorithms (MUSIC, ESPRIT, matrix pencil), estimation in the high-dimensional noisy case,
Lasso

3. Dimensionality reduction: Random projections, the Johnson-Lindenstrauss Lemma

Mathematics of Learning

4. Approximation theory: Nonlinear approximation theory, fundamental limits on compressibility of signal classes, Kolmogorov-Tikhomirov
epsilon-entropy of signal classes, optimal compression of signal classes, recovery from incomplete data, information-based complexity,
curse of dimensionality

5. Uniform laws of large numbers: Rademacher complexity, Vapnik-Chervonenkis dimension, classes with polynomial discrimination,
blessings of dimensionality

Lecture notes Detailed lecture notes will be provided at the beginning of the semester and as we go along.
Prerequisites /
notice

This course is aimed at students with a background in basic linear algebra, analysis, statistics, and probability. 

We encourage students who are interested in mathematical data science to take both this course and "401-4944-20L Mathematics of Data
Science" by Prof. A. Bandeira. The two courses are designed to be complementary.

H. Bölcskei and A. Bandeira

227-0391-00L Medical Image Analysis
Basic knowledge of computer vision would be helpful.

W  3 credits 2G E. Konukoglu, M. A. Reyes Aguirre

Abstract It is the objective of this lecture to introduce the basic concepts used 
in Medical Image Analysis. In particular the lecture focuses on shape 
representation schemes, segmentation techniques, machine learning based predictive models and various image registration methods
commonly used in Medical Image Analysis applications.

Objective This lecture aims to give an overview of the basic concepts of Medical Image Analysis and its application areas.
Prerequisites /
notice

Prerequisites: 
Basic concepts of mathematical analysis and linear algebra.

Preferred:
Basic knowledge of computer vision and machine learning would be helpful.

The course will be held in English.

401-4944-20L Mathematics of Data Science W  8 credits 4G A. Bandeira
Abstract Mostly self-contained, but fast-paced, introductory masters level course on various theoretical aspects of algorithms that aim to extract

information from data.
Objective Introduction to various mathematical aspects of Data Science.
Content These topics lie in overlaps of (Applied) Mathematics with: Computer Science, Electrical Engineering, Statistics, and/or Operations

Research. Each lecture will feature a couple of Mathematical Open Problem(s) related to Data Science. The main mathematical tools used
will be Probability and Linear Algebra, and a basic familiarity with these subjects is required. There will also be some (although knowledge
of these tools is not assumed) Graph Theory, Representation Theory, Applied Harmonic Analysis, among others. The topics treated will
include Dimension reduction, Manifold learning, Sparse recovery, Random Matrices, Approximation Algorithms, Community detection in
graphs, and several others.

Lecture notes https://people.math.ethz.ch/~abandeira/TenLecturesFortyTwoProblems.pdf
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Prerequisites /
notice

The main mathematical tools used will be Probability, Linear Algebra (and real analysis), and a working knowledge of these subjects is
required. In addition
to these prerequisites, this class requires a certain degree of mathematical maturity--including abstract thinking and the ability to
understand and write proofs.

We encourage students who are interested in mathematical data science to take both this course and ``227-0434-10L    Mathematics of
Information'' taught by Prof. H. Bölcskei. The two courses are designed to be 
complementary.
A. Bandeira and H. Bölcskei

 Specialization Courses
These specialization courses are particularly recommended for the area of "Signal Processing and Machine Learning", but you are free to choose
courses from any other field in agreement with your tutor.

A minimum of 40 credits must be obtained from specialization courses during the MSc EEIT.

Number Title Type ECTS Hours Lecturers

227-0120-00L Communication Networks W  6 credits 4G L. Vanbever
Abstract At the end of this course, you will understand the fundamental concepts behind communication networks and the Internet. Specifically, you

will be able to:

- understand how the Internet works;
- build and operate Internet-like infrastructures;
- identify the right set of metrics to evaluate the performance of a network and propose ways to improve it.

Objective At the end of the course, the students will understand the fundamental concepts of communication networks and Internet-based
communications. Specifically, students will be able to:

- understand how the Internet works;
- build and operate Internet-like network infrastructures;
- identify the right set of metrics to evaluate the performance or the adequacy of a network and propose ways to improve it (if any).

The course will introduce the relevant mechanisms used in today's networks both from an abstract perspective but also from a practical one
by presenting many real-world examples and through multiple hands-on projects.

For more information about the lecture, please visit: https://comm-net.ethz.ch

Lecture notes Lecture notes and material for the course will be available before each course on: https://comm-net.ethz.ch
Literature Most of course follows the textbook "Computer Networking: A Top-Down Approach (6th Edition)" by Kurose and Ross.
Prerequisites /
notice

No prior networking background is needed. The course will include some programming assignments (in Python) for which the material
covered in Technische Informatik 1 (227-0013-00L) and Technische Informatik 2 (227-0014-00L) will be useful.

227-0147-00L VLSI II: Design of Very Large Scale Integration
Circuits

W  6 credits 5G F. K. Gürkaynak, L. Benini

Abstract This second course in our VLSI series is concerned with how to turn digital circuit netlists into safe, testable and manufacturable mask
layout, taking into account various parasitic effects. Low-power circuit design is another important topic. Economic aspects and
management issues of VLSI projects round off the course.

Objective Know how to design digital VLSI circuits that are safe, testable, durable, and make economic sense.
Content The second course begins with a thorough discussion of various technical aspects at the circuit and layout level before moving on to

economic issues of VLSI. Topics include: 
- The difficulties of finding fabrication defects in large VLSI chips. 
- How to make integrated circuit testable (design for test). 
- Synchronous clocking disciplines compared, clock skew, clock distribution, input/output timing. 
- Synchronization and metastability. 
- CMOS transistor-level circuits of gates, flip-flops and random access memories. 
- Sinks of energy in CMOS circuits. 
- Power estimation and low-power design. 
- Current research in low-energy computing. 
- Layout parasitics, interconnect delay, static timing analysis. 
- Switching currents, ground bounce, IR-drop, power distribution. 
- Floorplanning, chip assembly, packaging. 
- Layout design at the mask level, physical design verification. 
- Electromigration, electrostatic discharge, and latch-up. 
- Models of industrial cooperation in microelectronics. 
- The caveats of virtual components. 
- The cost structures of ASIC development and manufacturing.
- Market requirements, decision criteria, and case studies.
- Yield models.
- Avenues to low-volume fabrication. 
- Marketing considerations and case studies. 
- Management of VLSI projects.

Exercises are concerned with back-end design (floorplanning, placement, routing, clock and power distribution, layout verification).
Industrial CAD tools are being used.

Lecture notes H. Kaeslin: "Top-Down Digital VLSI Design, from Gate-Level Circuits to CMOS Fabrication", Lecture Notes Vol.2 , 2015.

All written documents in English.

Literature H. Kaeslin: "Top-Down Digital VLSI Design, from Architectures to Gate-Level Circuits and FPGAs", Elsevier, 2014, ISBN 9780128007303.
Prerequisites /
notice

Highlight:
Students are offered the opportunity to design a circuit of their own which then gets actually fabricated as a microchip! Students who elect
to participate in this program register for a term project at the Integrated Systems Laboratory in parallel to attending the VLSI II course.

Prerequisites: 
"VLSI I: from Architectures to Very Large Scale Integration Circuits and FPGAs" or equivalent knowledge.

Further details:
https://vlsi2.ethz.ch
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227-0418-00L Algebra and Error Correcting Codes W  6 credits 4G H.-A. Loeliger
Abstract The course is an introduction to error correcting codes covering both classical algebraic codes and modern iterative decoding. The course

includes a self-contained introduction of the pertinent basics of "abstract" algebra.
Objective The course is an introduction to error correcting codes covering both classical algebraic codes and modern iterative decoding. The course

includes a self-contained introduction of the pertinent basics of "abstract" algebra.
Content Error correcting codes: coding and modulation, linear codes, Hamming space codes, Euclidean space codes, trellises and Viterbi decoding,

convolutional codes, factor graphs and message passing algorithms, low-density parity check codes, turbo codes, polar codes, Reed-
Solomon codes.

Algebra: groups, rings, homomorphisms, quotient groups, ideals, finite fields, vector spaces, polynomials.

Lecture notes Lecture Notes (english)

227-0150-00L Systems-on-chip for Data Analytics and Machine
Learning
Previously "Energy-Efficient Parallel Computing Systems
for Data Analytics"

W  6 credits 4G L. Benini

Abstract Systems-on-chip architecture and related design issues with a focus on machine learning and data analytics applications. It will cover multi-
cores, many-cores, vector engines, GP-GPUs, application-specific processors and heterogeneous compute accelerators.  Special
emphasis given to energy-efficiency issues and hardware-software techniques for power and energy minimization.

Objective Give in-depth understanding of the links and dependencies between architectures and their energy-efficient implementation and to get a
comprehensive exposure to state-of-the-art systems-on-chip platforms for machine learning and data analytics. Practical experience will
also be gained through practical exercises and mini-projects (hardware and software) assigned on specific topics.

Content The course will cover advanced system-on-chip architectures,  with an in-depth view on design challenges related to advanced silicon
technology and state-of-the-art system integration options (nanometer silicon technology, novel storage devices, three-dimensional
integration, advanced system packaging).   The emphasis will be on programmable parallel architectures with application focus on machine
learning and data analytics.  The main SoC architectural families will be covered: namely, multi and many- cores,  GPUs, vector
accelerators, application-specific processors, heterogeneous platforms.   The course will cover the complex design choices required to
achieve scalability and energy proportionality.   The course will will also delve into system design, touching on hardware-software tradeoffs
and full-system analysis and optimization taking into account non-functional constraints and quality metrics, such as power consumption,
thermal dissipation, reliability and variability. The application focus will be on machine learning both in the cloud and at the edges (near-
sensor analytics).

Lecture notes Slides will be provided to accompany lectures.  Pointers to scientific literature will be given. Exercise scripts and tutorials will be provided.
Literature John L. Hennessy, David A. Patterson, Computer Architecture: A Quantitative Approach (The Morgan Kaufmann Series in Computer

Architecture and Design) 6th Edition, 2017.
Prerequisites /
notice

Knowledge of digital design at the level of "Design of Digital Circuits SS12" is required.

Knowledge of basic VLSI design at the level of  "VLSI I: Architectures of VLSI Circuits" is required

227-0155-00L Machine Learning on Microcontrollers
Registration in this class requires the permission of the
instructors. Class size will be limited to 30. 
Preference is given to students in the MSc EEIT.

W  6 credits 3G+2A M. Magno, L. Benini

Abstract Machine Learning (ML) and artificial intelligence are pervading the digital society. Today, even low power embedded systems are
incorporating ML, becoming increasingly “smart”. This lecture gives an overview of ML methods and algorithms to process and extract
useful near-sensor information in end-nodes of the “internet-of-things”, using low-power microcontrollers/ processors (ARM-Cortex-M;
RISC-V)

Objective Learn how to Process data from sensors and how to extract useful information with low power microprocessors using ML techniques. We
will analyze data coming from real low-power sensors (accelerometers, microphones, ExG bio-signals, cameras…). The main objective is
to study in details how Machine Learning algorithms can be adapted to the performance constraints and limited resources of low-power
microcontrollers.

Content The final goal of the course is a deep understanding of machine learning and its practical implementation on single- and multi-core
microcontrollers, coupled with performance and energy efficiency analysis and optimization. The main topics of the course include:

- Sensors and sensor data acquisition with low power embedded systems

- Machine Learning: Overview of supervised and unsupervised learning and in particular supervised learning (Bayes Decision Theory,
Decision Trees, Random Forests, kNN-Methods, Support Vector Machines, Convolutional Networks and Deep Learning)

- Low-power embedded systems and their architecture. Low Power microcontrollers (ARM-Cortex M) and RISC-V-based Parallel Ultra Low
Power (PULP) systems-on-chip. 

- Low power smart sensor system design: hardware-software tradeoffs, analysis, and optimization. Implementation and performance
evaluation of ML  in battery-operated embedded systems. 

The laboratory exercised will show how to address concrete design problems, like motion, gesture recognition, emotion detection, image
and sound classification, using real sensors data and real MCU boards. 

Presentations from Ph.D. students and the visit to the Digital Circuits and Systems Group will introduce current research topics and
international research projects.

Lecture notes Script and exercise sheets. Books will be suggested during the course.
Prerequisites /
notice

Prerequisites: Good experience in C language programming. Microprocessors and computer architecture. Basics of Digital Signal
Processing. Some exposure to machine learning concepts is also desirable. 

227-0384-00L Ultrasound Fundamentals, Imaging, and Medical
Applications
Course is offered for the last time in Spring Semester
2020.

W  4 credits 3G O. Göksel

Abstract Ultrasound is the only imaging modality that is nonionizing (safe), real-time, cost-effective, and portable, with many medical uses in
diagnosis, intervention guidance, surgical navigation, and as a therapeutic option. In this course, we introduce conventional and
prospective applications of ultrasound, starting with the fundamentals of ultrasound physics and imaging.

Objective Students can use the fundamentals of ultrasound, to analyze and evaluate ultrasound imaging techniques and applications, in particular in
the field of medicine, as well as to design and implement basic applications.
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Content Ultrasound is used in wide range of products, from car parking sensors, to assessing fault lines in tram wheels. Medical imaging is the eye
of the doctor into body; and ultrasound is the only imaging modality that is nonionizing (safe), real-time, cheap, and portable. Some of its
medical uses include diagnosing breast and prostate cancer, guiding needle insertions/biopsies, screening for fetal anomalies, and
monitoring cardiac arrhythmias. Ultrasound physically interacts with the tissue, and thus can also be used therapeutically, e.g., to deliver
heat to treat tumors, break kidney stones, and targeted drug delivery. Recent years have seen several novel ultrasound techniques and
applications – with many more waiting in the horizon to be discovered.

This course covers ultrasonic equipment, physics of wave propagation, numerical methods for its simulation, image generation,
beamforming (basic delay-and-sum and advanced methods), transducers (phased-, linear-, convex-arrays), near- and far-field effect,
imaging modes (e.g., A-, M-, B-mode), Doppler and harmonic imaging, ultrasound signal processing techniques (e.g., filtering, time-
gain-compensation, displacement tracking), image analysis techniques (deconvolution, real-time processing, tracking, segmentation,
computer-assisted interventions), acoustic-radiation force, plane-wave imaging, contrast agents, micro-bubbles, elastography,
biomechanical characterization, high-intensity focused ultrasound and therapy, lithotripsy, histotripsy, photo-acoustics phenomenon and
opto-acoustic imaging, as well as sample non-medical applications such as the basics of non-destructive testing (NDT).

Hands-on exercises: These will help to apply the concepts learned in the course, using simulation environments (such as Matlab k-Wave
and FieldII toolboxes).  The exercises will involve a mix of design, implementation, and evaluation examples commonly encountered in
practical applications.

Project: Current and relevant applications in the field of ultrasound are offered as project topics. Projects will be carried out throughout the
course, where the project reporting and presentations will be due towards the end of the semester. These will be part of the assessment in
grading.

Prerequisites /
notice

Prerequisites: Familiarity with basic numerical methods.
Basic programming skills in Matlab.

227-0436-00L Digital Communication and Signal Processing W  6 credits 2V+2U A. Wittneben
Abstract A comprehensive presentation of modern digital modulation, detection and synchronization schemes and relevant aspects of signal

processing enables the student to analyze, simulate, implement and research the physical layer of advanced digital communication
schemes. The course both covers the underlying theory and provides problem solving and hands-on experience.

Objective Digital communication systems are characterized by ever increasing requirements on data rate, spectral efficiency and reliability. Due to
the huge advances in very large scale integration (VLSI) we are now able to implement extremely complex digital signal processing
algorithms to meet these challenges. As a result the physical layer (PHY) of digital communication systems has become the dominant
function in most state-of-the-art system designs. In this course we discuss the major elements of PHY implementations in a rigorous
theoretical fashion and present important practical examples to illustrate the application of the theory. In Part I we treat discrete time linear
adaptive filters, which are a core component to handle multiuser and intersymbol interference in time-variant channels. Part II is a seminar
block, in which the students develop their analytical and experimental (simulation) problem solving skills. After a review of  major aspects of
wireless communication we discuss, simulate and present the performance of novel cooperative and adaptive multiuser wireless
communication systems. As part of this seminar each students has to give a 15 minute presentation and actively attends the presentations
of the classmates.  In Part III we cover parameter estimation and synchronization. Based on the classical discrete detection and estimation
theory we develop maximum likelihood inspired digital algorithms for symbol timing and frequency synchronization.

Content Part I: Linear adaptive filters for digital communication
    Finite impulse response (FIR) filter for temporal and spectral shaping 
    Wiener filters
    Method of steepest descent
    Least mean square adaptive filters

Part II: Seminar block on cooperative wireless communication
    review of the basic concepts of wireless communication
    multiuser amplify&forward relaying
    performance evaluation of adaptive A&F relaying schemes and student presentations

Part III: Parameter estimation and synchronization
    Discrete detection theory 
    Discrete estimation theory  
    Synthesis of synchronization algorithms 
    Frequency estimation 
    Timing adjustment by interpolation

Lecture notes Lecture notes.
Literature [1]    Oppenheim, A. V., Schafer, R. W., "Discrete-time signal processing", Prentice-Hall, ISBN 0-13-754920-2.

[2]    Haykin, S., "Adaptive filter theory", Prentice-Hall, ISBN 0-13-090126-1.
[3]    Van Trees, H. L., "Detection , estimation and modulation theory", John     Wiley&Sons, ISBN 0-471-09517-6.
[4]    Meyr, H., Moeneclaey, M., Fechtel, S. A., "Digital communication receivers:     synchronization, channel estimation and signal
processing", John  Wiley&Sons, ISBN 0-471-50275-8.

Prerequisites /
notice

Formal prerequisites: none
Recommended: Communication Systems or equivalent

227-0478-00L Acoustics II W  6 credits 4G K. Heutschi
Abstract Advanced knowledge of the functioning and application of electro-acoustic transducers.
Objective Advanced knowledge of the functioning and application of electro-acoustic transducers.
Content Electrical, mechanical and acoustical analogies. Transducers, microphones and loudspeakers, acoustics of musical instruments, sound

recording, sound reproduction, digital audio.
Lecture notes available

227-0558-00L Principles of Distributed Computing W  7 credits 2V+2U+2A R. Wattenhofer, M. Ghaffari
Abstract We study the fundamental issues underlying the design of distributed systems: communication, coordination, fault-tolerance, locality,

parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential algorithmic ideas and lower bound
techniques.

Objective Distributed computing is essential in modern computing and communications systems. Examples are on the one hand large-scale networks
such as the Internet, and on the other hand multiprocessors such as your new multi-core laptop. This course introduces the principles of
distributed computing, emphasizing the fundamental issues underlying the design of distributed systems and networks: communication,
coordination, fault-tolerance, locality, parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential
algorithmic ideas and lower bound techniques, basically the "pearls" of distributed computing. We will cover a fresh topic every week.
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Content Distributed computing models and paradigms, e.g. message passing, shared memory, synchronous vs. asynchronous systems, time and
message complexity, peer-to-peer systems, small-world networks, social networks, sorting networks, wireless communication, and self-
organizing systems.

Distributed algorithms, e.g. leader election, coloring, covering, packing, decomposition, spanning trees, mutual exclusion, store and collect,
arrow, ivy, synchronizers, diameter, all-pairs-shortest-path, wake-up, and lower bounds

Lecture notes Available. Our course script is used at dozens of other universities around the world.
Literature Lecture Notes By Roger Wattenhofer. These lecture notes are taught at about a dozen different universities through the world.


Distributed Computing: Fundamentals, Simulations and Advanced Topics
Hagit Attiya, Jennifer Welch.
McGraw-Hill Publishing, 1998, ISBN 0-07-709352 6

Introduction to Algorithms
Thomas Cormen, Charles Leiserson, Ronald Rivest.
The MIT Press, 1998, ISBN 0-262-53091-0 oder 0-262-03141-8

Disseminatin of Information in Communication Networks
Juraj Hromkovic, Ralf Klasing, Andrzej Pelc, Peter Ruzicka, Walter Unger.
Springer-Verlag, Berlin Heidelberg, 2005, ISBN 3-540-00846-2

Introduction to Parallel Algorithms and Architectures: Arrays, Trees, Hypercubes
Frank Thomson Leighton.
Morgan Kaufmann Publishers Inc., San Francisco, CA, 1991, ISBN 1-55860-117-1

Distributed Computing: A Locality-Sensitive Approach
David Peleg.
Society for Industrial and Applied Mathematics (SIAM), 2000, ISBN 0-89871-464-8

Prerequisites /
notice

Course pre-requisites: Interest in algorithmic problems. (No particular course needed.)

227-0560-00L Deep Learning for Autonomous Driving
Registration in this class requires the permission of the
instructors. Class size will be limited to 80 students.
Preference is given to EEIT, INF and RSC students.

W  6 credits 3V+2P D. Dai, A. Liniger

Abstract Autonomous driving has moved from the realm of science fiction to a very real possibility during the past twenty years, largely due to rapid
developments of deep learning approaches, automotive sensors, and microprocessor capacity. This course covers the core techniques
required for building a self-driving car, especially the practical use of deep learning through this theme.

Objective Students will learn about the fundamental aspects of a self-driving car. They will also learn to use modern automotive sensors and HD
navigational maps, and to implement, train and debug their own deep neural networks in order to gain a deep understanding of cutting-
edge research in autonomous driving tasks, including perception, localization and control.

After attending this course, students will:
1) understand the core technologies of building a self-driving car;
2) have a good overview over the current state of the art in self-driving cars;
3) be able to critically analyze and evaluate current research in this area;
4) be able to implement basic systems for multiple autonomous driving tasks.

Content We will focus on teaching the following topics centered on autonomous driving: deep learning, automotive sensors, multimodal driving
datasets, road scene perception, ego-vehicle localization, path planning, and control.

The course covers the following main areas: 

I) Foundation
a) Fundamentals of a self-driving car
b) Fundamentals of deep-learning 


II) Perception
a) Semantic segmentation and lane detection
b) Depth estimation with images and sparse LiDAR data 
c) 3D object detection with images and LiDAR data 
d) Object tracking and motion prediction 

III) Localization 
a) GPS-based and Vision-based Localization
b) Visual Odometry and Lidar Odometry

IV) Path Planning and Control
a) Path planning for autonomous driving
b) Motion planning and vehicle control
c) Imitation learning and reinforcement learning for self driving cars

The exercise projects will involve training complex neural networks and applying them on real-world, multimodal driving datasets. In
particular, students should be able to develop systems that deal with the following problems:
- Sensor calibration and synchronization to obtain multimodal driving data;
- Semantic segmentation and depth estimation with deep neural networks ;
- Learning to drive with images and map data directly (a.k.a. end-to-end driving)

Lecture notes The lecture slides will be provided as a PDF.
Prerequisites /
notice

This is an advanced grad-level course. Students must have taken courses on machine learning and computer vision or have acquired
equivalent knowledge. Students are expected to have a solid mathematical foundation, in particular in linear algebra, multivariate calculus,
and probability. All practical exercises will require basic knowledge of Python and will use libraries such as PyTorch, scikit-learn and scikit-
image.

227-0707-00L Optimization Methods for Engineers W  3 credits 2G P. Leuchtmann
Abstract First half of the semester: Introduction to the main methods of numerical optimization with focus on stochastic methods such as genetic

algorithms, evolutionary strategies, etc.
Second half of the semester: Each participant implements a selected optimizer and applies it on a problem of practical interest.
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Objective Numerical optimization is of increasing importance for the development of devices and for the design of numerical methods. The students
shall learn to select, improve, and combine appropriate procedures for efficiently solving practical problems.

Content Typical optimization problems and their difficulties are outlined. Well-known deterministic search strategies, combinatorial minimization, and
evolutionary algorithms are presented and compared. In engineering, optimization problems are often very complex. Therefore, new
techniques based on the generalization and combination of known methods are discussed. To illustrate the procedure, various problems of
practical interest are presented and solved with different optimization codes.

Lecture notes PDF of a short skript (39 pages) plus the view graphs are provided
Prerequisites /
notice

Lecture only in the first half of the semester, exercises in form of small projects in the second half, presentation of the results in the last
week of the semester.

227-0948-00L Magnetic Resonance Imaging in Medicine W  4 credits 3G S. Kozerke, M. Weiger Senften
Abstract Introduction to magnetic resonance imaging and spectroscopy, encoding and contrast mechanisms and their application in medicine.
Objective Understand the basic principles of signal generation, image encoding and decoding, contrast manipulation and the application thereof to

assess anatomical and functional information in-vivo.
Content Introduction to magnetic resonance imaging including basic phenomena of nuclear magnetic resonance; 2- and 3-dimensional imaging

procedures; fast and parallel imaging techniques; image reconstruction; pulse sequences and image contrast manipulation; equipment;
advanced techniques for identifying activated brain areas; perfusion and flow; diffusion tensor imaging and fiber tracking; contrast agents;
localized magnetic resonance spectroscopy and spectroscopic imaging; diagnostic applications and applications in research.

Lecture notes D. Meier, P. Boesiger, S. Kozerke
Magnetic Resonance Imaging and Spectroscopy

227-1032-00L Neuromorphic Engineering II
Information for UZH students:
Enrolment to this course unit only possible at ETH. No
enrolment to module INI405 at UZH. 

Please mind the ETH enrolment deadlines for UZH
students: https://www.ethz.ch/en/studies/non-
degree-
courses/special-
students/special-students-university-of-zurich.html

W  6 credits 5G S.-C. Liu, T. Delbrück, G. Indiveri

Abstract This course teaches the basics of analog chip design and layout with an emphasis on neuromorphic circuits, which are introduced in the fall
semester course "Neuromorphic Engineering I".

Objective Design of a neuromorphic circuit for implementation with CMOS technology.
Content This course teaches the basics of analog chip design and layout with an emphasis on neuromorphic circuits, which are introduced in the

autumn semester course "Neuromorphic Engineering I".

The principles of CMOS processing technology are presented. Using a set of inexpensive software tools for simulation, layout and
verification, suitable for neuromorphic circuits, participants learn to simulate circuits on the transistor level and to make their layouts on the
mask level. Important issues in the layout of neuromorphic circuits will be explained and illustrated with examples. In the latter part of the
semester students simulate and layout a neuromorphic chip. Schematics of basic building blocks will be provided. The layout will then be
fabricated and will be tested by students during the following fall semester.

Literature S.-C. Liu et al.: Analog VLSI Circuits and Principles; software documentation.
Prerequisites /
notice

Prerequisites: Neuromorphic Engineering I strongly recommended

151-0566-00L Recursive Estimation W  4 credits 2V+1U R. D'Andrea
Abstract Estimation of the state of a dynamic system based on a model and observations in a computationally efficient way.
Objective Learn the basic recursive estimation methods and their underlying principles.
Content Introduction to state estimation; probability review; Bayes' theorem; Bayesian tracking; extracting estimates from probability distributions;

Kalman filter; extended Kalman filter; particle filter; observer-based control and the separation principle.
Lecture notes Lecture notes available on course website: http://www.idsc.ethz.ch/education/lectures/recursive-estimation.html
Prerequisites /
notice

Requirements: Introductory probability theory and matrix-vector algebra.

252-0526-00L Statistical Learning Theory W  7 credits 3V+2U+1A J. M. Buhmann, C. Cotrini Jimenez
Abstract The course covers advanced methods of statistical learning: 


- Variational methods and optimization.
- Deterministic annealing. 
- Clustering for diverse types of data.
- Model validation by information theory.

Objective The course surveys recent methods of statistical learning. The fundamentals of machine learning, as presented in the courses "Introduction
to Machine Learning" and "Advanced Machine Learning", are expanded from the perspective of statistical learning.

Content - Variational methods and optimization. We consider optimization approaches for problems where the optimizer is a probability distribution.
We will discuss concepts like maximum entropy, information bottleneck, and deterministic annealing.

- Clustering. This is the problem of sorting data into groups without using training samples. We discuss alternative notions of "similarity"
between data points and adequate optimization procedures.

- Model selection and validation. This refers to the question of how complex the chosen model should be. In particular, we present an
information theoretic approach for model validation.

- Statistical physics models. We discuss approaches for approximately optimizing large systems, which originate in statistical physics (free
energy minimization applied to spin glasses and other models). We also study sampling methods based on these models.

Lecture notes A draft of a script will be provided. Lecture slides will be made available.
Literature Hastie, Tibshirani, Friedman: The Elements of Statistical Learning, Springer, 2001.


L. Devroye, L. Gyorfi, and G. Lugosi: A probabilistic theory of pattern recognition. Springer, New York, 1996

Prerequisites /
notice

Knowledge of machine learning (introduction to machine learning and/or advanced machine learning)
Basic knowledge of statistics.

252-0579-00L 3D Vision W  5 credits 3G+1A M. Pollefeys, V. Larsson
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Abstract The course covers camera models and calibration, feature tracking and matching, camera motion estimation via simultaneous localization
and mapping (SLAM) and visual odometry (VO), epipolar and mult-view geometry, structure-from-motion, (multi-view) stereo, augmented
reality, and image-based (re-)localization.

Objective After attending this course, students will:
   1. understand the core concepts for recovering 3D shape of objects and scenes from images and video.
   2. be able to implement basic systems for vision-based robotics and simple virtual/augmented reality applications.
   3. have a good overview over the current state-of-the art in 3D vision.
   4. be able to critically analyze and asses current research in this area.

Content The goal of this course is to teach the core techniques required for robotic and augmented reality applications: How to determine the
motion of a camera and how to estimate the absolute position and orientation of a camera in the real world. This course will introduce the
basic concepts of 3D Vision in the form of short lectures, followed by student presentations discussing the current state-of-the-art. The
main focus of this course are student projects on 3D Vision topics, with an emphasis on robotic vision and virtual and augmented reality
applications.

227-0973-00L Translational Neuromodeling W  8 credits 3V+2U+1A K. Stephan
Abstract This course provides a systematic introduction to Translational Neuromodeling (the development of mathematical models for diagnostics of

brain diseases) and their application to concrete clinical questions (Computational Psychiatry/Psychosomatics). It focuses on a generative
modeling strategy and teaches (hierarchical) Bayesian models of neuroimaging data and behaviour, incl. exercises.

Objective To obtain an understanding of the goals, concepts and methods of Translational Neuromodeling and Computational
Psychiatry/Psychosomatics, particularly with regard to Bayesian models of neuroimaging (fMRI, EEG) and behavioural data.

Content This course provides a systematic introduction to Translational Neuromodeling (the development of mathematical models for diagnostics of
brain diseases) and their application to concrete clinical questions (Computational Psychiatry/Psychosomatics). The first part of the course
will introduce disease concepts from psychiatry and psychosomatics, their history, and clinical priority problems. The second part of the
course concerns computational modeling of neuronal and cognitive processes for clinical applications. A particular focus is on Bayesian
methods and generative models, for example, dynamic causal models for inferring neuronal processes from neuroimaging data, and
hierarchical Bayesian models for inference on cognitive processes from behavioural data. The course discusses the mathematical and
statistical principles behind these models, illustrates their application to various psychiatric diseases, and outlines a general research
strategy based on generative models. 

Lecture topics include:
1.    Introduction to Translational Neuromodeling and Computational Psychiatry/Psychosomatics
2.    Psychiatric nosology 
3.    Pathophysiology of psychiatric disease mechanisms
4.    Principles of Bayesian inference and generative modeling
5.    Variational Bayes (VB)
6.    Bayesian model selection
7.    Markov Chain Monte Carlo techniques (MCMC)
8.    Bayesian frameworks for understanding psychiatric and psychosomatic diseases
9.    Generative models of fMRI data
10.    Generative models of electrophysiological data
11.    Generative models of behavioural data
12.    Computational concepts of schizophrenia, depression and autism
13.    Model-based predictions about individual patients

Practical exercises include mathematical derivations and the implementation of specific models and inference methods. In additional
project work, students are required to use one of the examples discussed in the course as a basis for developing their own generative
model and use it for simulations and/or inference in application to a clinical question. Group work (up to 3 students) is permitted.

Literature See TNU website:
https://www.tnu.ethz.ch/en/teaching.html

Prerequisites /
notice

Good knowledge of principles of statistics, good programming skills (MATLAB or Python)

263-5904-00L Deep Learning for Computer Vision: Seminal Work
Number of participants limited to 24.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W  2 credits 2S M. R. Oswald, Z. Cui

Abstract This seminar covers seminal papers on the topic of deep learning for computer vision. The students will present and discuss the papers
and gain an understanding of the most influential research in this area - both past and present.

Objective The objectives of this seminar are two-fold. Firstly, the aim is to provide a solid understanding of key contributions to the field of deep
learning for vision (including a historical perspective as well as recent work). Secondly, the students will learn to critically read and analyse
original research papers and judge their impact, as well as how to give a scientific presentation and lead a discussion on their topic.  

Content The seminar will start with introductory lectures to provide (1) a compact overview of challenges and relevant machine learning and deep
learning research, and (2) a tutorial on critical analysis and presentation of research papers. Each student then chooses one paper from
the provided collection to present during the remainder of the seminar. The students will be supported in the preparation of their
presentation by the seminar assistants.

Lecture notes The selection of research papers will be presented at the beginning of the semester. 
Literature The course "Machine Learning" is recommended. 

252-3900-00L Big Data for Engineers
This course is not intended for Computer Science and
Data Science MSc students! 

W  6 credits 2V+2U+1A G. Fourny

Abstract This course is part of the series of database lectures offered to all ETH departments, together with Information Systems for Engineers. It
introduces the most recent advances in the database field: how do we scale storage and querying to Petabytes of data, with trillions of
records? How do we deal with heterogeneous data sets? How do we deal with alternate data shapes like trees and graphs?
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Objective This lesson is complementary with Information Systems for Engineers as they cover different time periods of database history and
practices -- you can even take both lectures at the same time.

The key challenge of the information society is to turn data into information, information into knowledge, knowledge into value. This has
become increasingly complex. Data comes in larger volumes, diverse shapes, from different sources. Data is more heterogeneous and less
structured than forty years ago. Nevertheless, it still needs to be processed fast, with support for complex operations.

This combination of requirements, together with  the technologies that have emerged in order to address them, is typically referred to as
"Big Data." This revolution has led to a completely new way to do business, e.g., develop new products and business models, but also to
do science -- which is sometimes referred to as data-driven science or the "fourth paradigm".

Unfortunately, the quantity of data produced and available -- now in the Zettabyte range (that's 21 zeros) per year -- keeps growing faster
than our ability to process it. Hence, new architectures and approaches for processing it were and are still needed. Harnessing them must
involve a deep understanding of data not only in the large, but also in the small.

The field of databases evolves at a fast pace. In order to be prepared, to the extent possible, to the (r)evolutions that will take place in the
next few decades, the emphasis of the lecture will be on the paradigms and core design ideas, while today's technologies will serve as
supporting illustrations thereof.

After visiting this lecture, you should have gained an overview and understanding of the Big Data landscape, which is the basis on which
one can make informed decisions, i.e., pick and orchestrate the relevant technologies together for addressing each business use case
efficiently and consistently.

Content This course gives an overview of database technologies and of the most important database design principles that lay the foundations of
the Big Data universe. 

It targets specifically students with a scientific or Engineering, but not Computer Science, background.

We take the monolithic, one-machine relational stack from the 1970s, smash it down and rebuild it on top of large clusters: starting with
distributed storage, and all the way up to syntax, models, validation, processing, indexing, and querying. A broad range of aspects is
covered with a focus on how they fit all together in the big picture of the Big Data ecosystem.

No data is harmed during this course, however, please be psychologically prepared that our data may not always be in normal form.

- physical storage: distributed file systems (HDFS), object storage(S3), key-value stores

- logical storage: document stores (MongoDB), column stores (HBase)

- data formats and syntaxes (XML, JSON, RDF, CSV, YAML, protocol buffers, Avro)

- data shapes and models (tables, trees)

- type systems and schemas: atomic types, structured types (arrays, maps), set-based type systems (?, *, +)

- an overview of functional, declarative programming languages across data shapes (SQL, JSONiq)

- the most important query paradigms (selection, projection, joining, grouping, ordering, windowing)

- paradigms for parallel processing, two-stage (MapReduce) and DAG-based (Spark)

- resource management (YARN)

- what a data center is made of and why it matters (racks, nodes, ...)

- underlying architectures (internal machinery of HDFS, HBase, Spark)

- optimization techniques (functional and declarative paradigms, query plans, rewrites, indexing)

- applications.

Large scale analytics and machine learning are outside of the scope of this course.

Literature Papers from scientific conferences and journals. References will be given as part of the course material during the semester.
Prerequisites /
notice

This course is not intended for Computer Science and Data Science students. Computer Science and Data Science students interested in
Big Data MUST attend the Master's level Big Data lecture, offered in Fall.

Requirements: programming knowledge (Java, C++, Python, PHP, ...) as well as basic knowledge on databases (SQL). If you have already
built your own website with a backend SQL database, this is perfect.

Attendance is especially recommended to those who attended Information Systems for Engineers last Fall, which introduced the "good old
databases of the 1970s" (SQL, tables and cubes). However, this is not a strict requirement, and it is also possible to take the lectures in
reverse order.

263-5300-00L Guarantees for Machine Learning W  5 credits 2V+2A F. Yang
Abstract This course teaches classical and recent methods in statistics and optimization commonly used to prove theoretical guarantees for

machine learning algorithms. The knowledge is then applied in project work that focuses on understanding phenomena in modern machine
learning.

Objective This course is aimed at advanced master and doctorate students who want to understand and/or conduct independent research on theory
for modern machine learning. For this purpose, students will learn common mathematical techniques from statistical learning theory. In
independent project work, they then apply their knowledge and go through the process of critically questioning recently published work,
finding relevant research questions and learning how to effectively present research ideas to a professional audience.
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Content This course teaches some classical and recent methods in statistical learning theory aimed at proving theoretical guarantees for machine
learning algorithms, including topics in

- concentration bounds, uniform convergence
- high-dimensional statistics (e.g. Lasso)
- prediction error bounds for non-parametric statistics (e.g. in kernel spaces)
- minimax lower bounds
- regularization via optimization

The project work focuses on active theoretical ML research that aims to understand modern phenomena in machine learning, including but
not limited to

- how overparameterization could help generalization ( interpolating models, linearized NN )
- how overparameterization could help optimization ( non-convex optimization, loss landscape )
- complexity measures and approximation theoretic properties of randomly initialized and
trained NN
- generalization of robust learning ( adversarial robustness, standard and robust error tradeoff )
- prediction with calibrated confidence ( conformal prediction, calibration )

Prerequisites /
notice

It’s absolutely necessary for students to have a strong mathematical background (basic real analysis, probability theory, linear algebra) and
good knowledge of core concepts in machine learning taught in courses such as “Introduction to Machine Learning”, “Regression”/
“Statistical Modelling”. It's also helpful to have heard an optimization course or approximation theoretic course. In addition to these
prerequisites, this class requires a certain degree of mathematical maturity—including abstract thinking and the ability to understand and
write proofs.

 Electives
Courses from the ETH course catalogue may be chosen in agreement with your tutor.

As an alternative to the elective courses, students may do a second semester project or an internship in industry. Please consult your tutor.

 Industrial Internship
Number Title Type ECTS Hours Lecturers

227-1550-10L Internship in Industry
Only for Electrical Engineering and Information
Technology MSc (Programme Regulations 2018).

W  12 credits external organisers

Abstract The main objective of the 12-week internship is to expose master's students to the industrial work environment. During this period, students
have the opportunity to be involved in on-going projects at the host institution.

Objective see above

 Master Studies (Programme Regulations 2008)
 Major Courses

A total of 42 CP must be achieved form courses during the Master Program. The individual study plan is subject to the tutor's approval.

 Communication
 Core Subjects
These core subjects are particularly recommended for the field of "Communication".

Number Title Type ECTS Hours Lecturers

227-0418-00L Algebra and Error Correcting Codes W  6 credits 4G H.-A. Loeliger
Abstract The course is an introduction to error correcting codes covering both classical algebraic codes and modern iterative decoding. The course

includes a self-contained introduction of the pertinent basics of "abstract" algebra.
Objective The course is an introduction to error correcting codes covering both classical algebraic codes and modern iterative decoding. The course

includes a self-contained introduction of the pertinent basics of "abstract" algebra.
Content Error correcting codes: coding and modulation, linear codes, Hamming space codes, Euclidean space codes, trellises and Viterbi decoding,

convolutional codes, factor graphs and message passing algorithms, low-density parity check codes, turbo codes, polar codes, Reed-
Solomon codes.

Algebra: groups, rings, homomorphisms, quotient groups, ideals, finite fields, vector spaces, polynomials.

Lecture notes Lecture Notes (english)

227-0420-00L Information Theory II
Does not take place this semester.

W  6 credits 2V+2U A. Lapidoth

Abstract This course builds on Information Theory I. It introduces additional topics in single-user communication, connections between Information
Theory and Statistics, and Network Information Theory.

Objective The course has two objectives: to introduce the students to the key information theoretic results that underlay the design of communication
systems and to equip the students with the tools that are needed to conduct research in Information Theory.

Content Differential entropy, maximum entropy, the Gaussian channel and water filling, the entropy-power inequality, Sanov's Theorem, Fisher
information, the broadcast channel, the multiple-access channel, Slepian-Wolf coding, and the Gelfand-Pinsker problem.

Lecture notes n/a
Literature T.M. Cover and J.A. Thomas, Elements of Information Theory, second edition, Wiley 2006

227-0436-00L Digital Communication and Signal Processing W  6 credits 2V+2U A. Wittneben
Abstract A comprehensive presentation of modern digital modulation, detection and synchronization schemes and relevant aspects of signal

processing enables the student to analyze, simulate, implement and research the physical layer of advanced digital communication
schemes. The course both covers the underlying theory and provides problem solving and hands-on experience.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 623 of 1785

Objective Digital communication systems are characterized by ever increasing requirements on data rate, spectral efficiency and reliability. Due to
the huge advances in very large scale integration (VLSI) we are now able to implement extremely complex digital signal processing
algorithms to meet these challenges. As a result the physical layer (PHY) of digital communication systems has become the dominant
function in most state-of-the-art system designs. In this course we discuss the major elements of PHY implementations in a rigorous
theoretical fashion and present important practical examples to illustrate the application of the theory. In Part I we treat discrete time linear
adaptive filters, which are a core component to handle multiuser and intersymbol interference in time-variant channels. Part II is a seminar
block, in which the students develop their analytical and experimental (simulation) problem solving skills. After a review of  major aspects of
wireless communication we discuss, simulate and present the performance of novel cooperative and adaptive multiuser wireless
communication systems. As part of this seminar each students has to give a 15 minute presentation and actively attends the presentations
of the classmates.  In Part III we cover parameter estimation and synchronization. Based on the classical discrete detection and estimation
theory we develop maximum likelihood inspired digital algorithms for symbol timing and frequency synchronization.

Content Part I: Linear adaptive filters for digital communication
    Finite impulse response (FIR) filter for temporal and spectral shaping 
    Wiener filters
    Method of steepest descent
    Least mean square adaptive filters

Part II: Seminar block on cooperative wireless communication
    review of the basic concepts of wireless communication
    multiuser amplify&forward relaying
    performance evaluation of adaptive A&F relaying schemes and student presentations

Part III: Parameter estimation and synchronization
    Discrete detection theory 
    Discrete estimation theory  
    Synthesis of synchronization algorithms 
    Frequency estimation 
    Timing adjustment by interpolation

Lecture notes Lecture notes.
Literature [1]    Oppenheim, A. V., Schafer, R. W., "Discrete-time signal processing", Prentice-Hall, ISBN 0-13-754920-2.

[2]    Haykin, S., "Adaptive filter theory", Prentice-Hall, ISBN 0-13-090126-1.
[3]    Van Trees, H. L., "Detection , estimation and modulation theory", John     Wiley&Sons, ISBN 0-471-09517-6.
[4]    Meyr, H., Moeneclaey, M., Fechtel, S. A., "Digital communication receivers:     synchronization, channel estimation and signal
processing", John  Wiley&Sons, ISBN 0-471-50275-8.

Prerequisites /
notice

Formal prerequisites: none
Recommended: Communication Systems or equivalent

227-0558-00L Principles of Distributed Computing W  7 credits 2V+2U+2A R. Wattenhofer, M. Ghaffari
Abstract We study the fundamental issues underlying the design of distributed systems: communication, coordination, fault-tolerance, locality,

parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential algorithmic ideas and lower bound
techniques.

Objective Distributed computing is essential in modern computing and communications systems. Examples are on the one hand large-scale networks
such as the Internet, and on the other hand multiprocessors such as your new multi-core laptop. This course introduces the principles of
distributed computing, emphasizing the fundamental issues underlying the design of distributed systems and networks: communication,
coordination, fault-tolerance, locality, parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential
algorithmic ideas and lower bound techniques, basically the "pearls" of distributed computing. We will cover a fresh topic every week.

Content Distributed computing models and paradigms, e.g. message passing, shared memory, synchronous vs. asynchronous systems, time and
message complexity, peer-to-peer systems, small-world networks, social networks, sorting networks, wireless communication, and self-
organizing systems.

Distributed algorithms, e.g. leader election, coloring, covering, packing, decomposition, spanning trees, mutual exclusion, store and collect,
arrow, ivy, synchronizers, diameter, all-pairs-shortest-path, wake-up, and lower bounds

Lecture notes Available. Our course script is used at dozens of other universities around the world.
Literature Lecture Notes By Roger Wattenhofer. These lecture notes are taught at about a dozen different universities through the world.


Distributed Computing: Fundamentals, Simulations and Advanced Topics
Hagit Attiya, Jennifer Welch.
McGraw-Hill Publishing, 1998, ISBN 0-07-709352 6

Introduction to Algorithms
Thomas Cormen, Charles Leiserson, Ronald Rivest.
The MIT Press, 1998, ISBN 0-262-53091-0 oder 0-262-03141-8

Disseminatin of Information in Communication Networks
Juraj Hromkovic, Ralf Klasing, Andrzej Pelc, Peter Ruzicka, Walter Unger.
Springer-Verlag, Berlin Heidelberg, 2005, ISBN 3-540-00846-2

Introduction to Parallel Algorithms and Architectures: Arrays, Trees, Hypercubes
Frank Thomson Leighton.
Morgan Kaufmann Publishers Inc., San Francisco, CA, 1991, ISBN 1-55860-117-1

Distributed Computing: A Locality-Sensitive Approach
David Peleg.
Society for Industrial and Applied Mathematics (SIAM), 2000, ISBN 0-89871-464-8

Prerequisites /
notice

Course pre-requisites: Interest in algorithmic problems. (No particular course needed.)

227-0147-00L VLSI II: Design of Very Large Scale Integration
Circuits

W  6 credits 5G F. K. Gürkaynak, L. Benini

Abstract This second course in our VLSI series is concerned with how to turn digital circuit netlists into safe, testable and manufacturable mask
layout, taking into account various parasitic effects. Low-power circuit design is another important topic. Economic aspects and
management issues of VLSI projects round off the course.

Objective Know how to design digital VLSI circuits that are safe, testable, durable, and make economic sense.
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Content The second course begins with a thorough discussion of various technical aspects at the circuit and layout level before moving on to
economic issues of VLSI. Topics include: 
- The difficulties of finding fabrication defects in large VLSI chips. 
- How to make integrated circuit testable (design for test). 
- Synchronous clocking disciplines compared, clock skew, clock distribution, input/output timing. 
- Synchronization and metastability. 
- CMOS transistor-level circuits of gates, flip-flops and random access memories. 
- Sinks of energy in CMOS circuits. 
- Power estimation and low-power design. 
- Current research in low-energy computing. 
- Layout parasitics, interconnect delay, static timing analysis. 
- Switching currents, ground bounce, IR-drop, power distribution. 
- Floorplanning, chip assembly, packaging. 
- Layout design at the mask level, physical design verification. 
- Electromigration, electrostatic discharge, and latch-up. 
- Models of industrial cooperation in microelectronics. 
- The caveats of virtual components. 
- The cost structures of ASIC development and manufacturing.
- Market requirements, decision criteria, and case studies.
- Yield models.
- Avenues to low-volume fabrication. 
- Marketing considerations and case studies. 
- Management of VLSI projects.

Exercises are concerned with back-end design (floorplanning, placement, routing, clock and power distribution, layout verification).
Industrial CAD tools are being used.

Lecture notes H. Kaeslin: "Top-Down Digital VLSI Design, from Gate-Level Circuits to CMOS Fabrication", Lecture Notes Vol.2 , 2015.

All written documents in English.

Literature H. Kaeslin: "Top-Down Digital VLSI Design, from Architectures to Gate-Level Circuits and FPGAs", Elsevier, 2014, ISBN 9780128007303.
Prerequisites /
notice

Highlight:
Students are offered the opportunity to design a circuit of their own which then gets actually fabricated as a microchip! Students who elect
to participate in this program register for a term project at the Integrated Systems Laboratory in parallel to attending the VLSI II course.

Prerequisites: 
"VLSI I: from Architectures to Very Large Scale Integration Circuits and FPGAs" or equivalent knowledge.

Further details:
https://vlsi2.ethz.ch

 Recommended Subjects
These courses are recommended, but you are free to choose courses from any other special field. Please consult your tutor.

Number Title Type ECTS Hours Lecturers

227-0111-00L Communication Electronics W  6 credits 2V+2U Q. Huang
Abstract Electronics for communications systems, with emphasis on realization.  Low noise amplifiers, modulators and demodulators, transmit

amplifiers and oscillators are discussed in the context of wireless communications. Wireless receiver, transmitter and frequency synthesizer
will be described. Importance of and trade offs among sensitivity, linearity and selectivity are discussed extensively.

Objective Foundation course for understanding modern electronic circuits for communication applications. We learn how theoretical communications
principles are reduced to practice using transistors, switches, inductors, capacitors and resistors. The harsh environment such
communication electronics will be exposed to and the resulting requirements on the sensitivity, linearity and selectivity help explain the
design trade offs encountered in every circuit block found in a modern transceiver.

Content Accounting for more than two trillion dollars per year, communications is one of the most important drivers for advanced economies of our
time. Wired networks have been a key enabler to the internet age and the proliferation of search engines, social networks and electronic
commerce, whereas wireless communications, cellular networks in particular, have liberated people and increased productivity in
developed and developing nations alike. Integrated circuits that make such communications devices light weight and affordable have
played a key role in the proliferation of communications. 
 This course introduces our students to the key components that realize the tangible products in electronic form. We begin with an
introduction to wireless communications, and describe the harsh environment in which a transceiver has to work reliably. In this context we
highlight the importance of sensitivity or low noise, linearity, selectivity, power consumption and cost, that are all vital to a competitive
device in such applications. 
 We shall review bipolar and MOS devices from a designer's prospectives, before discussing basic amplifier structures - common
emitter/source, common base/gate configurations, their noise performance and linearity, impedance matching, and many other things one
needs to know about a low noise amplifier.
 We will discuss modulation, and the mixer that enables its implementation. Noise and linearity form an inseparable part of the discussion
of its design, but we also introduce the concept of quadrature demodulator, image rejection, and the effects of mismatch on performance.
 When mixers are used as a modulator the signals they receive are usually large and the natural linearity of transistors becomes
insufficient. The concept of feedback will be introduced and its function as an improver of linearity studied in detail. 
 Amplifiers in the transmit path are necessary to boost the power level before the signal leaves an integrated circuit to drive an even more
powerful amplifier (PA) off chip. Linearized pre-amplifiers will be studied as part of the transmitter.
 A crucial part of a mobile transceiver terminal is the generation of local oscillator signals at the desired frequencies that are required for
modulation and demodulation. Oscillators will be studied, starting from stability criteria of an electronic system, then leading to criteria for
controlled instability or oscillation. Oscillator design will be discussed in detail, including that of crystal controlled oscillators which provide
accurate time base.
 An introduction to phase-locked loops will be made, illustrating how it links a variable frequency oscillator to a very stable fixed frequency
crystal oscillator, and how phase detector, charge pump and programmable dividers all serve to realize an agile frequency synthesizer that
is very stable in each frequency synthesized.

Lecture notes Script is available online under https://iis-students.ee.ethz.ch/lectures/communication-electronics/
Prerequisites /
notice

The course Analog Integrated Circuits is recommended as preparation for this course.

227-0120-00L Communication Networks W  6 credits 4G L. Vanbever
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Abstract At the end of this course, you will understand the fundamental concepts behind communication networks and the Internet. Specifically, you
will be able to:

- understand how the Internet works;
- build and operate Internet-like infrastructures;
- identify the right set of metrics to evaluate the performance of a network and propose ways to improve it.

Objective At the end of the course, the students will understand the fundamental concepts of communication networks and Internet-based
communications. Specifically, students will be able to:

- understand how the Internet works;
- build and operate Internet-like network infrastructures;
- identify the right set of metrics to evaluate the performance or the adequacy of a network and propose ways to improve it (if any).

The course will introduce the relevant mechanisms used in today's networks both from an abstract perspective but also from a practical one
by presenting many real-world examples and through multiple hands-on projects.

For more information about the lecture, please visit: https://comm-net.ethz.ch

Lecture notes Lecture notes and material for the course will be available before each course on: https://comm-net.ethz.ch
Literature Most of course follows the textbook "Computer Networking: A Top-Down Approach (6th Edition)" by Kurose and Ross.
Prerequisites /
notice

No prior networking background is needed. The course will include some programming assignments (in Python) for which the material
covered in Technische Informatik 1 (227-0013-00L) and Technische Informatik 2 (227-0014-00L) will be useful.

227-0216-00L Control Systems II W  6 credits 4G R. Smith
Abstract Introduction to basic and advanced concepts of modern feedback control.
Objective Introduction to basic and advanced concepts of modern feedback control.
Content This course is designed as a direct continuation of the course "Regelsysteme" (Control Systems). The primary goal is to further familiarize

students with various dynamic phenomena and their implications for the analysis and design of feedback controllers. Simplifying
assumptions on the underlying plant that were made in the course "Regelsysteme" are relaxed, and advanced concepts and techniques
that allow the treatment of typical industrial control problems are presented. Topics include control of systems with multiple inputs and
outputs, control of uncertain systems (robustness issues), limits of achievable performance, and controller implementation issues.

Lecture notes The slides of the lecture are available to download.
Literature Skogestad, Postlethwaite: Multivariable Feedback Control - Analysis and Design. Second Edition. John Wiley, 2005.
Prerequisites /
notice

Prerequisites:
Control Systems or equivalent

227-0384-00L Ultrasound Fundamentals, Imaging, and Medical
Applications
Course is offered for the last time in Spring Semester
2020.

W  4 credits 3G O. Göksel

Abstract Ultrasound is the only imaging modality that is nonionizing (safe), real-time, cost-effective, and portable, with many medical uses in
diagnosis, intervention guidance, surgical navigation, and as a therapeutic option. In this course, we introduce conventional and
prospective applications of ultrasound, starting with the fundamentals of ultrasound physics and imaging.

Objective Students can use the fundamentals of ultrasound, to analyze and evaluate ultrasound imaging techniques and applications, in particular in
the field of medicine, as well as to design and implement basic applications.

Content Ultrasound is used in wide range of products, from car parking sensors, to assessing fault lines in tram wheels. Medical imaging is the eye
of the doctor into body; and ultrasound is the only imaging modality that is nonionizing (safe), real-time, cheap, and portable. Some of its
medical uses include diagnosing breast and prostate cancer, guiding needle insertions/biopsies, screening for fetal anomalies, and
monitoring cardiac arrhythmias. Ultrasound physically interacts with the tissue, and thus can also be used therapeutically, e.g., to deliver
heat to treat tumors, break kidney stones, and targeted drug delivery. Recent years have seen several novel ultrasound techniques and
applications – with many more waiting in the horizon to be discovered.

This course covers ultrasonic equipment, physics of wave propagation, numerical methods for its simulation, image generation,
beamforming (basic delay-and-sum and advanced methods), transducers (phased-, linear-, convex-arrays), near- and far-field effect,
imaging modes (e.g., A-, M-, B-mode), Doppler and harmonic imaging, ultrasound signal processing techniques (e.g., filtering, time-
gain-compensation, displacement tracking), image analysis techniques (deconvolution, real-time processing, tracking, segmentation,
computer-assisted interventions), acoustic-radiation force, plane-wave imaging, contrast agents, micro-bubbles, elastography,
biomechanical characterization, high-intensity focused ultrasound and therapy, lithotripsy, histotripsy, photo-acoustics phenomenon and
opto-acoustic imaging, as well as sample non-medical applications such as the basics of non-destructive testing (NDT).

Hands-on exercises: These will help to apply the concepts learned in the course, using simulation environments (such as Matlab k-Wave
and FieldII toolboxes).  The exercises will involve a mix of design, implementation, and evaluation examples commonly encountered in
practical applications.

Project: Current and relevant applications in the field of ultrasound are offered as project topics. Projects will be carried out throughout the
course, where the project reporting and presentations will be due towards the end of the semester. These will be part of the assessment in
grading.

Prerequisites /
notice

Prerequisites: Familiarity with basic numerical methods.
Basic programming skills in Matlab.

227-0434-10L Mathematics of Information W  8 credits 3V+2U+2A H. Bölcskei
Abstract The class focuses on mathematical aspects of 


1. Information science: Sampling theorems, frame theory, compressed sensing, sparsity, super-resolution, spectrum-blind sampling,
subspace algorithms, dimensionality reduction

2. Learning theory: Approximation theory, uniform laws of large numbers, Rademacher complexity, Vapnik-Chervonenkis dimension

Objective The aim of the class is to familiarize the students with the most commonly used mathematical theories in data science, high-dimensional
data analysis, and learning theory. The class consists of the lecture, exercise sessions with homework problems, and of a research project,
which can be carried out either individually or in groups. The research project consists of either 1. software development for the solution of
a practical signal processing or machine learning problem or 2. the analysis of a research paper or 3. a theoretical research problem of
suitable complexity. Students are welcome to propose their own project at the beginning of the semester. The outcomes of all projects have
to be presented to the entire class at the end of the semester.
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Content Mathematics of Information

1. Signal representations: Frame theory, wavelets, Gabor expansions, sampling theorems, density theorems

2. Sparsity and compressed sensing: Sparse linear models, uncertainty relations in sparse signal recovery, matching pursuits, super-
resolution, spectrum-blind sampling, subspace algorithms (MUSIC, ESPRIT, matrix pencil), estimation in the high-dimensional noisy case,
Lasso

3. Dimensionality reduction: Random projections, the Johnson-Lindenstrauss Lemma

Mathematics of Learning

4. Approximation theory: Nonlinear approximation theory, fundamental limits on compressibility of signal classes, Kolmogorov-Tikhomirov
epsilon-entropy of signal classes, optimal compression of signal classes, recovery from incomplete data, information-based complexity,
curse of dimensionality

5. Uniform laws of large numbers: Rademacher complexity, Vapnik-Chervonenkis dimension, classes with polynomial discrimination,
blessings of dimensionality

Lecture notes Detailed lecture notes will be provided at the beginning of the semester and as we go along.
Prerequisites /
notice

This course is aimed at students with a background in basic linear algebra, analysis, statistics, and probability. 

We encourage students who are interested in mathematical data science to take both this course and "401-4944-20L Mathematics of Data
Science" by Prof. A. Bandeira. The two courses are designed to be complementary.

H. Bölcskei and A. Bandeira

227-0441-00L Mobile Communications: 5G and Internet of Things
Offered for the last time in spring 2020.

W  6 credits 4G M. Kuhn

Abstract Present and future (5G and cellular IoT) of mobile communication systems. The lecture course covers design, analysis and applications of
current and upcoming mobile communication systems. Important topics include: mobile wireless channels, PHY technologies, cellular
networks, Internet-of-Things, autonomous driving, QoS measurements and evaluation, benchmarking.

Objective By the end of this course, students will be able to
- understand and explain the characteristics of mobile wireless channels 
- illustrate physical layer limits and challenges of mobile communication systems 
- model and simulate PHY technologies of WiFi 6 (802.11ax) and 3G, 4G, and 5G mobile communications standards 
- explain the use of wireless technologies in the context of IoT and autonomous driving 
- understand and illustrate the use of QoS measurements in mobile networks for benchmarking

Content The 4G and 5G mobile communication networks are key enablers for digitalization in general and, particularly, for applications in the areas
of IoT and autonomous systems (e.g. autonomous driving). We start with an analysis of the physical (PHY) layer of current and future
wireless communication systems, and compare different PHY implementations in 4G, 5G and WiFi 6. Based on these considerations we
study applications of wireless technologies in the area of the Internet of Things (IoT) and autonomous systems and identify the potential as
well as the challenges. 

- Introduction 
- The mobile wireless channel, propagation of electromagnetic waves 
- Mobile communication, modulation techniques, OFDM, MIMO
- Wireless networks and wireless standards (WiFi 6 and 3G, 4G, 5G) 
- Applications: IoT, autonomous driving etc. 
- Quality of service (QoS) in wireless networks (definitions, Key Performance Indicators) 
- QoS measurements (e.g. network coverage, delay, throughput) and their statistical evaluation  
- Benchmarking (methodology, statistical methods and models)

Weekly exercises are included in the lecture.

Lecture notes Lecture slides are available.
Literature Will be announced in the lecture.
Prerequisites /
notice

English

227-0455-00L Terahertz: Technology and Applications W  5 credits 3G+3A K. Sankaran
Abstract This block course will provide a solid foundation for understanding physical principles of THz applications. We will discuss various building

blocks of THz technology - components dealing with generation, manipulation, and detection of THz electromagnetic radiation. We will
introduce THz applications in the domain of imaging, sensing, communications, non-destructive testing and evaluations.

Objective This is an introductory course on Terahertz (THz) technology and applications. Devices operating in THz frequency range (0.1 to 10 THz)
have been increasingly studied in the recent years. Progress in nonlinear optical materials, ultrafast optical and electronic techniques has
strengthened research in THz application developments. Due to unique interaction of THz waves with materials, applications with new
capabilities can be developed. In theory, they can penetrate somewhat like X-rays, but are not considered harmful radiation, because THz
energy level is low. They should be able to provide resolution as good as or better than magnetic resonance imaging (MRI), possibly with
simpler equipment. Imaging, very-high bandwidth communication, and energy harvesting are the most widely explored THz application
areas. We will study the basics of THz generation, manipulation, and detection. Our emphasis will be on the physical principles and
applications of THz in the domain of imaging, sensing, communications, non-destructive testing and evaluations. 

The second part of the block course will be a short project work related to the topics covered in the lecture. The learnings from the project
work should be presented in the end.
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Content PART I:

- INTRODUCTION -
Chapter 1: Introduction to THz Physics
Chapter 2: Components of THz Technology

- THz TECHNOLOGY MODULES -
Chapter 3: THz Generation
Chapter 4: THz Detection
Chapter 5: THz Manipulation

- APPLICATIONS -
Chapter 6: THz Imaging / Sensing / Communication
Chapter 7: THz Non-destructive Testing
Chapter 8: THz Applications in Plastic & Recycling Industries

PART 2:
 
- PROJECT WORK -
Short project work related to the topics covered in the lecture.
Short presentation of the learnings from the project work.
Full guidance and supervision will be given for successful completion of the short project work.

Lecture notes Soft-copy of lectures notes will be provided.
Literature - Yun-Shik Lee, Principles of Terahertz Science and Technology, Springer 2009

- Ali Rostami, Hassan Rasooli, and Hamed Baghban, Terahertz Technology: Fundamentals and Applications, Springer 2010
Prerequisites /
notice

Basic foundation in physics, particularly, electromagnetics is required. 
Students who want to refresh their electromagnetics fundamentals can get additional material required for the course.

227-0478-00L Acoustics II W  6 credits 4G K. Heutschi
Abstract Advanced knowledge of the functioning and application of electro-acoustic transducers.
Objective Advanced knowledge of the functioning and application of electro-acoustic transducers.
Content Electrical, mechanical and acoustical analogies. Transducers, microphones and loudspeakers, acoustics of musical instruments, sound

recording, sound reproduction, digital audio.
Lecture notes available

252-0526-00L Statistical Learning Theory W  7 credits 3V+2U+1A J. M. Buhmann, C. Cotrini Jimenez
Abstract The course covers advanced methods of statistical learning: 


- Variational methods and optimization.
- Deterministic annealing. 
- Clustering for diverse types of data.
- Model validation by information theory.

Objective The course surveys recent methods of statistical learning. The fundamentals of machine learning, as presented in the courses "Introduction
to Machine Learning" and "Advanced Machine Learning", are expanded from the perspective of statistical learning.

Content - Variational methods and optimization. We consider optimization approaches for problems where the optimizer is a probability distribution.
We will discuss concepts like maximum entropy, information bottleneck, and deterministic annealing.

- Clustering. This is the problem of sorting data into groups without using training samples. We discuss alternative notions of "similarity"
between data points and adequate optimization procedures.

- Model selection and validation. This refers to the question of how complex the chosen model should be. In particular, we present an
information theoretic approach for model validation.

- Statistical physics models. We discuss approaches for approximately optimizing large systems, which originate in statistical physics (free
energy minimization applied to spin glasses and other models). We also study sampling methods based on these models.

Lecture notes A draft of a script will be provided. Lecture slides will be made available.
Literature Hastie, Tibshirani, Friedman: The Elements of Statistical Learning, Springer, 2001.


L. Devroye, L. Gyorfi, and G. Lugosi: A probabilistic theory of pattern recognition. Springer, New York, 1996

Prerequisites /
notice

Knowledge of machine learning (introduction to machine learning and/or advanced machine learning)
Basic knowledge of statistics.

 Computers and Networks
 Core Subjects
These core subjects are particularly recommended for the field of "Computers and Networks".

Number Title Type ECTS Hours Lecturers

227-0558-00L Principles of Distributed Computing W  7 credits 2V+2U+2A R. Wattenhofer, M. Ghaffari
Abstract We study the fundamental issues underlying the design of distributed systems: communication, coordination, fault-tolerance, locality,

parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential algorithmic ideas and lower bound
techniques.

Objective Distributed computing is essential in modern computing and communications systems. Examples are on the one hand large-scale networks
such as the Internet, and on the other hand multiprocessors such as your new multi-core laptop. This course introduces the principles of
distributed computing, emphasizing the fundamental issues underlying the design of distributed systems and networks: communication,
coordination, fault-tolerance, locality, parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential
algorithmic ideas and lower bound techniques, basically the "pearls" of distributed computing. We will cover a fresh topic every week.

Content Distributed computing models and paradigms, e.g. message passing, shared memory, synchronous vs. asynchronous systems, time and
message complexity, peer-to-peer systems, small-world networks, social networks, sorting networks, wireless communication, and self-
organizing systems.

Distributed algorithms, e.g. leader election, coloring, covering, packing, decomposition, spanning trees, mutual exclusion, store and collect,
arrow, ivy, synchronizers, diameter, all-pairs-shortest-path, wake-up, and lower bounds

Lecture notes Available. Our course script is used at dozens of other universities around the world.
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Literature Lecture Notes By Roger Wattenhofer. These lecture notes are taught at about a dozen different universities through the world.

Distributed Computing: Fundamentals, Simulations and Advanced Topics
Hagit Attiya, Jennifer Welch.
McGraw-Hill Publishing, 1998, ISBN 0-07-709352 6

Introduction to Algorithms
Thomas Cormen, Charles Leiserson, Ronald Rivest.
The MIT Press, 1998, ISBN 0-262-53091-0 oder 0-262-03141-8

Disseminatin of Information in Communication Networks
Juraj Hromkovic, Ralf Klasing, Andrzej Pelc, Peter Ruzicka, Walter Unger.
Springer-Verlag, Berlin Heidelberg, 2005, ISBN 3-540-00846-2

Introduction to Parallel Algorithms and Architectures: Arrays, Trees, Hypercubes
Frank Thomson Leighton.
Morgan Kaufmann Publishers Inc., San Francisco, CA, 1991, ISBN 1-55860-117-1

Distributed Computing: A Locality-Sensitive Approach
David Peleg.
Society for Industrial and Applied Mathematics (SIAM), 2000, ISBN 0-89871-464-8

Prerequisites /
notice

Course pre-requisites: Interest in algorithmic problems. (No particular course needed.)

 Recommended Subjects
These courses are recommended, but you are free to choose courses from any other special field. Please consult your tutor.

Number Title Type ECTS Hours Lecturers

101-0178-01L Uncertainty Quantification in Engineering W  3 credits 2G S. Marelli
Abstract Uncertainty quantification aims at studying the impact of aleatory and epistemic uncertainty onto computational models used in science and

engineering. The course introduces the basic concepts of uncertainty quantification: probabilistic modelling of data (copula theory),
uncertainty propagation techniques (Monte Carlo simulation, polynomial chaos expansions), and sensitivity analysis.

Objective After this course students will be able to properly pose an uncertainty quantification problem, select the appropriate computational methods
and interpret the results in meaningful statements for field scientists, engineers and decision makers. The course is suitable for any
master/Ph.D. student in engineering or natural sciences, physics, mathematics, computer science with a basic knowledge in probability
theory.

Content The course introduces uncertainty quantification through a set of practical case studies that come from civil, mechanical, nuclear and
electrical engineering, from which a general framework is introduced. The course in then divided into three blocks: probabilistic modelling
(introduction to copula theory), uncertainty propagation (Monte Carlo simulation and polynomial chaos expansions) and sensitivity analysis
(correlation measures, Sobol' indices). Each block contains lectures and tutorials using Matlab and the in-house software UQLab
(www.uqlab.com).

Lecture notes Detailed slides are provided for each lecture. A printed script gathering all the lecture slides may be bought at the beginning of the
semester.

Prerequisites /
notice

A basic background in probability theory and statistics (bachelor level) is required. A summary of useful notions will be handed out at the
beginning of the course.

A good knowledge of Matlab is required to participate in the tutorials and for the mini-project.

227-0126-00L Advanced Topics in Networked Embedded Systems W  2 credits 1S L. Thiele, J. Beutel
Abstract The seminar will cover advanced topics in networked embedded systems. A particular focus are cyber-physical systems, internet of things,

and sensor networks in various application domains.
Objective The goal is to get a deeper understanding on leading edge technologies in the discipline, on classes of applications, and on current as well

as future research directions. In addition, participants will improve their presentation, reading and reviewing skills.
Content The seminar enables Master students, PhDs and Postdocs to learn about latest breakthroughs in wireless sensor networks, networked

embedded systems and devices, and energy-harvesting in several application domains, including environmental monitoring, tracking, smart
buildings and control. Participants are requested to actively participate in the organization and preparation of the seminar. In particular, they
review all presented papers using a standard scientific reviewing system, they present one of the papers orally and they lead the
corresponding discussion session.

227-0420-00L Information Theory II
Does not take place this semester.

W  6 credits 2V+2U A. Lapidoth

Abstract This course builds on Information Theory I. It introduces additional topics in single-user communication, connections between Information
Theory and Statistics, and Network Information Theory.

Objective The course has two objectives: to introduce the students to the key information theoretic results that underlay the design of communication
systems and to equip the students with the tools that are needed to conduct research in Information Theory.

Content Differential entropy, maximum entropy, the Gaussian channel and water filling, the entropy-power inequality, Sanov's Theorem, Fisher
information, the broadcast channel, the multiple-access channel, Slepian-Wolf coding, and the Gelfand-Pinsker problem.

Lecture notes n/a
Literature T.M. Cover and J.A. Thomas, Elements of Information Theory, second edition, Wiley 2006

227-0436-00L Digital Communication and Signal Processing W  6 credits 2V+2U A. Wittneben
Abstract A comprehensive presentation of modern digital modulation, detection and synchronization schemes and relevant aspects of signal

processing enables the student to analyze, simulate, implement and research the physical layer of advanced digital communication
schemes. The course both covers the underlying theory and provides problem solving and hands-on experience.

Objective Digital communication systems are characterized by ever increasing requirements on data rate, spectral efficiency and reliability. Due to
the huge advances in very large scale integration (VLSI) we are now able to implement extremely complex digital signal processing
algorithms to meet these challenges. As a result the physical layer (PHY) of digital communication systems has become the dominant
function in most state-of-the-art system designs. In this course we discuss the major elements of PHY implementations in a rigorous
theoretical fashion and present important practical examples to illustrate the application of the theory. In Part I we treat discrete time linear
adaptive filters, which are a core component to handle multiuser and intersymbol interference in time-variant channels. Part II is a seminar
block, in which the students develop their analytical and experimental (simulation) problem solving skills. After a review of  major aspects of
wireless communication we discuss, simulate and present the performance of novel cooperative and adaptive multiuser wireless
communication systems. As part of this seminar each students has to give a 15 minute presentation and actively attends the presentations
of the classmates.  In Part III we cover parameter estimation and synchronization. Based on the classical discrete detection and estimation
theory we develop maximum likelihood inspired digital algorithms for symbol timing and frequency synchronization.
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Content Part I: Linear adaptive filters for digital communication
    Finite impulse response (FIR) filter for temporal and spectral shaping 
    Wiener filters
    Method of steepest descent
    Least mean square adaptive filters

Part II: Seminar block on cooperative wireless communication
    review of the basic concepts of wireless communication
    multiuser amplify&forward relaying
    performance evaluation of adaptive A&F relaying schemes and student presentations

Part III: Parameter estimation and synchronization
    Discrete detection theory 
    Discrete estimation theory  
    Synthesis of synchronization algorithms 
    Frequency estimation 
    Timing adjustment by interpolation

Lecture notes Lecture notes.
Literature [1]    Oppenheim, A. V., Schafer, R. W., "Discrete-time signal processing", Prentice-Hall, ISBN 0-13-754920-2.

[2]    Haykin, S., "Adaptive filter theory", Prentice-Hall, ISBN 0-13-090126-1.
[3]    Van Trees, H. L., "Detection , estimation and modulation theory", John     Wiley&Sons, ISBN 0-471-09517-6.
[4]    Meyr, H., Moeneclaey, M., Fechtel, S. A., "Digital communication receivers:     synchronization, channel estimation and signal
processing", John  Wiley&Sons, ISBN 0-471-50275-8.

Prerequisites /
notice

Formal prerequisites: none
Recommended: Communication Systems or equivalent

227-0559-00L Seminar in Deep Reinforcement Learning
Number of participants limited to 25.

W  2 credits 2S R. Wattenhofer, O. Richter

Abstract In this seminar participating students present and discuss recent research papers in the area of deep reinforcement learning. The seminar
starts with two introductory lessons introducing the basic concepts. Alongside the seminar a programming challenge is posed in which
students can take part to improve their grade.

Objective Since Google Deepmind presented the Deep Q-Network (DQN) algorithm in 2015 that could play Atari-2600 games at a superhuman level,
the field of deep reinforcement learning gained a lot of traction. It sparked media attention with AlphaGo and AlphaZero and is one of the
most prominent research areas. Yet many research papers in the area come from one of two sources: Google Deepmind or OpenAI. In this
seminar we aim at giving the students an in depth view on the current advances in the area by discussing recent papers as well as
discussing current issues and difficulties surrounding deep reinforcement learning.

Content Two introductory courses introducing Q-learning and policy gradient methods. Afterwards participating students present recent papers. For
details see: www.disco.ethz.ch/courses.html

Lecture notes Slides of presentations will be made available.
Literature OpenAI course (https://spinningup.openai.com/en/latest/) plus selected papers.

The paper selection can be found on www.disco.ethz.ch/courses.html.
Prerequisites /
notice

It is expected that student have prior knowledge and interest in machine and deep learning, for instance by having attended appropriate
courses.

252-0408-00L Cryptographic Protocols W  6 credits 2V+2U+1A M. Hirt, U. Maurer
Abstract The course presents a selection of hot research topics in cryptography. The choice of topics varies and may include provable security,

interactive proofs, zero-knowledge protocols, secret sharing, secure multi-party computation, e-voting, etc.
Objective Indroduction to a very active research area with many gems and paradoxical

results. Spark interest in fundamental problems.
Content The course presents a selection of hot research topics in cryptography. The choice of topics varies and may include provable security,

interactive proofs, zero-knowledge protocols, secret sharing, secure multi-party computation, e-voting, etc.
Lecture notes the lecture notes are in German, but they are not required as the entire

course material is documented also in other course material (in english).
Prerequisites /
notice

A basic understanding of fundamental cryptographic concepts 
(as taught for example in the course Information Security or
in the course Cryptography Foundations) is useful, but not required.

851-0734-00L Information Security Law
Does not take place this semester.
Particularly suitable for students of D-INFK, D-ITET

W  2 credits 2V

Abstract Introduction to Information Security Law for non-legal students respectively prospective decision-makers in companies and public
authorities who will have to deal with information security issues (CIOs, COOs, CEOs). The lectures will focus on the legal aspects of the
security of ICT infrastructures, including networks (Internet), and of the transported and processed information.

Objective The objective is to understand the meaning and aims of information security and the legal framework, to become acquainted with legal
instruments available to provide effective protection for infrastructures and sensitive legal assets and to present an analysis of possible
legal loopholes and potential measures. No prior legal knowledge is required for those wishing to attend these lectures.

Content The lectures will deal with industry-specific as well as cross-sector specific themes involving both technology and law from the areas of
data protection law, computer crimes, statutory duties of confidentiality, telecommunication surveillance (Internet), electronic signatures,
liability etc.

Lecture notes The lectures will be accompanied by powerpoint slide presentations, downloadable before the lectures begin, or available as hard copy at
the lectures themselves.

Literature References to further literature sources will be given in the lectures.

227-0559-10L Seminar in Communication Networks: Learning,
Reasoning and Control
Does not take place this semester.
Number of participants limited to 24.

W  2 credits 2S L. Vanbever, A. Singla

Abstract In this seminar participating students review, present, and discuss (mostly recent) research papers in the area of computer networks. This
semester the seminar will focus on topics blending networks with machine learning and control theory.
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Objective The two main goals of this seminar are: 1) learning how to read and review scientific papers; and 2) learning how to present and discuss
technical topics with an audience of peers.

Students are required to attend the entire seminar, choose a paper to present from a given list, prepare and give a presentation on that
topic, and lead the follow-up discussion. To ensure the talks' quality, each student will be mentored by a teaching assistant. In addition to
presenting one paper, every student is also required to submit one (short) review for one of the two papers presented every week in-class
(12 reviews in total).

The students will be evaluated based on their submitted reviews, their presentation, their leadership in animating the discussion for their
own paper, and their participation in the discussions of other papers.

Content The seminar will start with two introductory lectures in week 1 and week 2. Starting from week 3, participating students will start reviewing,
presenting, and discussing research papers. Each week will see two presentations, for a total of 24 papers.

The course content will vary from semester to semester. This semester, the seminar will focus on topics blending networks with machine
learning and control theory. For details, please see: https://seminar-net.ethz.ch

Lecture notes The slides of each presentation will be made available on the website.
Literature The paper selection will be made available on the course website: https://seminar-net.ethz.ch
Prerequisites /
notice

Communication Networks (227-0120-00L) or equivalents. It is expected that students have prior knowledge in machine learning and control
theory, for instance by having attended appropriate courses.

252-0312-00L Ubiquitous Computing W  4 credits 2V+1A C. Holz, F. Mattern, S. Mayer
Abstract Unlike desktop computing, ubiquitous computing occurs anytime and everywhere, using any device, in any location, and in any format.

Computers exist in different forms, from watches and phones to refrigerators or pairs of glasses. 
Main topics: Smart environments, IoT, mobiles & wearables, context & location, sensing & tracking, computer vision on embedded
systems, health monitoring, fabrication.

Objective Unlike desktop computing, ubiquitous computing occurs anytime and everywhere, using any device, in any location, and in any format.
Computers exist in different forms, from watches and phones to refrigerators or pairs of glasses. 
Main topics: Smart environments, IoT, mobiles & wearables, context & location, sensing & tracking, computer vision on embedded
systems, health monitoring, fabrication.

Lecture notes Copies of slides will be made available
Literature Will be provided in the lecture. To put you in the mood:

Mark Weiser: The Computer for the 21st Century. Scientific American, September 1991, pp. 94-104

 Electronics and Photonics
 Core Subjects
These core subjects are particularly recommended for the field of "Electronics and Photonics".

Number Title Type ECTS Hours Lecturers

227-0111-00L Communication Electronics W  6 credits 2V+2U Q. Huang
Abstract Electronics for communications systems, with emphasis on realization.  Low noise amplifiers, modulators and demodulators, transmit

amplifiers and oscillators are discussed in the context of wireless communications. Wireless receiver, transmitter and frequency synthesizer
will be described. Importance of and trade offs among sensitivity, linearity and selectivity are discussed extensively.

Objective Foundation course for understanding modern electronic circuits for communication applications. We learn how theoretical communications
principles are reduced to practice using transistors, switches, inductors, capacitors and resistors. The harsh environment such
communication electronics will be exposed to and the resulting requirements on the sensitivity, linearity and selectivity help explain the
design trade offs encountered in every circuit block found in a modern transceiver.

Content Accounting for more than two trillion dollars per year, communications is one of the most important drivers for advanced economies of our
time. Wired networks have been a key enabler to the internet age and the proliferation of search engines, social networks and electronic
commerce, whereas wireless communications, cellular networks in particular, have liberated people and increased productivity in
developed and developing nations alike. Integrated circuits that make such communications devices light weight and affordable have
played a key role in the proliferation of communications. 
 This course introduces our students to the key components that realize the tangible products in electronic form. We begin with an
introduction to wireless communications, and describe the harsh environment in which a transceiver has to work reliably. In this context we
highlight the importance of sensitivity or low noise, linearity, selectivity, power consumption and cost, that are all vital to a competitive
device in such applications. 
 We shall review bipolar and MOS devices from a designer's prospectives, before discussing basic amplifier structures - common
emitter/source, common base/gate configurations, their noise performance and linearity, impedance matching, and many other things one
needs to know about a low noise amplifier.
 We will discuss modulation, and the mixer that enables its implementation. Noise and linearity form an inseparable part of the discussion
of its design, but we also introduce the concept of quadrature demodulator, image rejection, and the effects of mismatch on performance.
 When mixers are used as a modulator the signals they receive are usually large and the natural linearity of transistors becomes
insufficient. The concept of feedback will be introduced and its function as an improver of linearity studied in detail. 
 Amplifiers in the transmit path are necessary to boost the power level before the signal leaves an integrated circuit to drive an even more
powerful amplifier (PA) off chip. Linearized pre-amplifiers will be studied as part of the transmitter.
 A crucial part of a mobile transceiver terminal is the generation of local oscillator signals at the desired frequencies that are required for
modulation and demodulation. Oscillators will be studied, starting from stability criteria of an electronic system, then leading to criteria for
controlled instability or oscillation. Oscillator design will be discussed in detail, including that of crystal controlled oscillators which provide
accurate time base.
 An introduction to phase-locked loops will be made, illustrating how it links a variable frequency oscillator to a very stable fixed frequency
crystal oscillator, and how phase detector, charge pump and programmable dividers all serve to realize an agile frequency synthesizer that
is very stable in each frequency synthesized.

Lecture notes Script is available online under https://iis-students.ee.ethz.ch/lectures/communication-electronics/
Prerequisites /
notice

The course Analog Integrated Circuits is recommended as preparation for this course.

227-0146-00L Analog-to-Digital Converters
Does not take place this semester.
Course will be moved to the fall semester 2021.

W  6 credits 2V+2U

Abstract This course provides a thorough treatment of integrated data conversion systems from system level specifications and trade-offs, over
architecture choice down to circuit implementation.
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Objective Data conversion systems are substantial sub-parts of many electronic systems, e.g. the audio conversion system of a home-cinema
systems or the base-band front-end of a wireless modem. Data conversion systems usually determine the performance of the overall
system in terms of dynamic range and linearity. The student will learn to understand the basic principles behind data conversion and be
introduced to the different methods and circuit architectures to implement such a conversion. The conversion methods such as successive
approximation or algorithmic conversion are explained with their principle of operation accompanied with the appropriate mathematical
calculations, including the effects of non-idealties in some cases. After successful completion of the course the student should understand
the concept of an ideal ADC, know all major converter architectures, their principle of operation and what governs their performance.

Content - Introduction: information representation and communication; abstraction, categorization and symbolic representation; basic conversion
algorithms; data converter application; tradeoffs among key parameters; ADC taxonomy.
- Dual-slope & successive approximation register (SAR) converters: dual slope principle & converter; SAR ADC operating principle; SAR
implementation with a capacitive array; range extension with segmented array.
- Algorithmic & pipelined A/D converters: algorithmic conversion principle; sample & hold stage; pipe-lined converter; multiplying DAC; flash
sub-ADC and n-bit MDAC; redundancy for correction of non-idealties, error correction.
- Performance metrics and non-linearity: ideal ADC; offset, gain error, differential and integral non-linearities; capacitor mismatch; impact of
capacitor mismatch on SAR ADC's performance.
- Flash, folding an interpolating analog-to-digital converters: flash ADC principle, thermometer to binary coding, sparkle correction;
limitations of flash converters; the folding principle, residue extraction; folding amplifiers; cascaded folding; interpolation for folding
converters; cascaded folding and interpolation.
- Noise in analog-to-digital converters: types of noise; noise calculation in electronic circuit, kT/C-noise, sampled noise; noise analysis in
switched-capacitor circuits; aperture time uncertainty and sampling jitter.
- Delta-sigma A/D-converters: linearity and resolution; from delta-modulation to delta-sigma modulation; first-oder delta-sigma modulation,
circuit level implementation; clock-jitter & SNR in delta-sigma modulators; second-order delta-sigma modulation, higher-order modulation,
design procedure for a single-loop modulator.
- Digital-to-analog converters: introduction; current scaling D/A converter, current steering DAC, calibration for improved performance.

Lecture notes Slides are available online under https://iis-students.ee.ethz.ch/lectures/analog-to-digital-converters/
Literature - B. Razavi, Principles of Data Conversion System Design, IEEE Press, 1994

- M. Gustavsson et. al., CMOS Data Converters for Communications, Springer, 2010
- R.J. van de Plassche, CMOS Integrated Analog-to-Digital and Digital-to-Analog Converters, Springer, 2010

Prerequisites /
notice

It is highly recommended to attend the course "Analog Integrated Circuits" of Prof. Huang as a preparation for this course.

227-0147-00L VLSI II: Design of Very Large Scale Integration
Circuits

W  6 credits 5G F. K. Gürkaynak, L. Benini

Abstract This second course in our VLSI series is concerned with how to turn digital circuit netlists into safe, testable and manufacturable mask
layout, taking into account various parasitic effects. Low-power circuit design is another important topic. Economic aspects and
management issues of VLSI projects round off the course.

Objective Know how to design digital VLSI circuits that are safe, testable, durable, and make economic sense.
Content The second course begins with a thorough discussion of various technical aspects at the circuit and layout level before moving on to

economic issues of VLSI. Topics include: 
- The difficulties of finding fabrication defects in large VLSI chips. 
- How to make integrated circuit testable (design for test). 
- Synchronous clocking disciplines compared, clock skew, clock distribution, input/output timing. 
- Synchronization and metastability. 
- CMOS transistor-level circuits of gates, flip-flops and random access memories. 
- Sinks of energy in CMOS circuits. 
- Power estimation and low-power design. 
- Current research in low-energy computing. 
- Layout parasitics, interconnect delay, static timing analysis. 
- Switching currents, ground bounce, IR-drop, power distribution. 
- Floorplanning, chip assembly, packaging. 
- Layout design at the mask level, physical design verification. 
- Electromigration, electrostatic discharge, and latch-up. 
- Models of industrial cooperation in microelectronics. 
- The caveats of virtual components. 
- The cost structures of ASIC development and manufacturing.
- Market requirements, decision criteria, and case studies.
- Yield models.
- Avenues to low-volume fabrication. 
- Marketing considerations and case studies. 
- Management of VLSI projects.

Exercises are concerned with back-end design (floorplanning, placement, routing, clock and power distribution, layout verification).
Industrial CAD tools are being used.

Lecture notes H. Kaeslin: "Top-Down Digital VLSI Design, from Gate-Level Circuits to CMOS Fabrication", Lecture Notes Vol.2 , 2015.

All written documents in English.

Literature H. Kaeslin: "Top-Down Digital VLSI Design, from Architectures to Gate-Level Circuits and FPGAs", Elsevier, 2014, ISBN 9780128007303.
Prerequisites /
notice

Highlight:
Students are offered the opportunity to design a circuit of their own which then gets actually fabricated as a microchip! Students who elect
to participate in this program register for a term project at the Integrated Systems Laboratory in parallel to attending the VLSI II course.

Prerequisites: 
"VLSI I: from Architectures to Very Large Scale Integration Circuits and FPGAs" or equivalent knowledge.

Further details:
https://vlsi2.ethz.ch

227-0150-00L Systems-on-chip for Data Analytics and Machine
Learning
Previously "Energy-Efficient Parallel Computing Systems
for Data Analytics"

W  6 credits 4G L. Benini

Abstract Systems-on-chip architecture and related design issues with a focus on machine learning and data analytics applications. It will cover multi-
cores, many-cores, vector engines, GP-GPUs, application-specific processors and heterogeneous compute accelerators.  Special
emphasis given to energy-efficiency issues and hardware-software techniques for power and energy minimization.

Objective Give in-depth understanding of the links and dependencies between architectures and their energy-efficient implementation and to get a
comprehensive exposure to state-of-the-art systems-on-chip platforms for machine learning and data analytics. Practical experience will
also be gained through practical exercises and mini-projects (hardware and software) assigned on specific topics.
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Content The course will cover advanced system-on-chip architectures,  with an in-depth view on design challenges related to advanced silicon
technology and state-of-the-art system integration options (nanometer silicon technology, novel storage devices, three-dimensional
integration, advanced system packaging).   The emphasis will be on programmable parallel architectures with application focus on machine
learning and data analytics.  The main SoC architectural families will be covered: namely, multi and many- cores,  GPUs, vector
accelerators, application-specific processors, heterogeneous platforms.   The course will cover the complex design choices required to
achieve scalability and energy proportionality.   The course will will also delve into system design, touching on hardware-software tradeoffs
and full-system analysis and optimization taking into account non-functional constraints and quality metrics, such as power consumption,
thermal dissipation, reliability and variability. The application focus will be on machine learning both in the cloud and at the edges (near-
sensor analytics).

Lecture notes Slides will be provided to accompany lectures.  Pointers to scientific literature will be given. Exercise scripts and tutorials will be provided.
Literature John L. Hennessy, David A. Patterson, Computer Architecture: A Quantitative Approach (The Morgan Kaufmann Series in Computer

Architecture and Design) 6th Edition, 2017.
Prerequisites /
notice

Knowledge of digital design at the level of "Design of Digital Circuits SS12" is required.

Knowledge of basic VLSI design at the level of  "VLSI I: Architectures of VLSI Circuits" is required

227-0159-00L Semiconductor Devices: Quantum Transport at the
Nanoscale

W  6 credits 2V+2U M. Luisier, A. Emboras

Abstract This class offers an introduction into quantum transport theory, a rigorous approach to electron transport at the nanoscale. It covers
different topics such as bandstructure, Wave Function and Non-equilibrium Green's Function formalisms, and electron interactions with
their environment. Matlab exercises accompany the lectures where students learn how to develop their own transport simulator.

Objective The continuous scaling of electronic devices has given rise to structures whose dimensions do not exceed a few atomic layers. At this size,
electrons do not behave as particle any more, but as propagating waves and the classical representation of electron transport as the sum
of drift-diffusion processes fails. The purpose of this class is to explore and understand the displacement of electrons through nanoscale
device structures based on state-of-the-art quantum transport methods and to get familiar with the underlying equations by developing his
own nanoelectronic device simulator.

Content The following topics will be addressed:
- Introduction to quantum transport modeling
- Bandstructure representation and effective mass approximation
- Open vs closed boundary conditions to the Schrödinger equation
- Comparison of the Wave Function and Non-equilibrium Green's Function formalisms as solution to the Schrödinger equation
- Self-consistent Schödinger-Poisson simulations
- Quantum transport simulations of resonant tunneling diodes and quantum well nano-transistors
- Top-of-the-barrier simulation approach to nano-transistor
- Electron interactions with their environment (phonon, roughness, impurity,...) 
- Multi-band transport models

Lecture notes Lecture slides are distributed every week and can be found at
https://iis-students.ee.ethz.ch/lectures/quantum-transport-in-nanoscale-devices/

Literature Recommended textbook: "Electronic Transport in Mesoscopic Systems", Supriyo Datta, Cambridge Studies in Semiconductor Physics and
Microelectronic Engineering, 1997

Prerequisites /
notice

Basic knowledge of semiconductor device physics and quantum mechanics

 Recommended Subjects
These courses are recommended, but you are free to choose courses from any other special field. Please consult your tutor.

Number Title Type ECTS Hours Lecturers

227-0117-10L Experimental Techniques W  6 credits 4G C. Franck, H.-J. Weber
Abstract This lecture is an introduction to experimental and measurement techniques. The course is designed with practical relevance in mind and

comprises several laboratory modules where the students perform, evaluate and document experiments. The taught topics are of
relevance for all electrical engineering disciplines, in this course they are taught with examples of high-voltage engineering.

Objective At the end of this lecture, the students will be able to:
-    perform basic practical laboratory experiments and record data, in particular with an oscilloscope.
-    take a meaningful Lab Notebook, write a clear measurement evaluation protocol, and can estimate the accuracy and precision of the
evaluated data.
-    can explain the main reasons for electromagnetic interference and propose measures to avoid or reduce these interferences.
-    Explain and use different methods to generate and measure high voltages and calculate basic relevant relations.

Content - Messtechnik, Messunsicherheit, Messprotokolle
- Erzeugung und Messung hoher Spannungen
- Elektromagnetische Verträglichkeit
- Laborpraktika

Lecture notes Vorlesungsunterlagen
Literature J. Hoffmann, Taschenbuch der Messtechnik, Carl Hanser Verlag, 7. Auflage, 2015 (ISBN: 978-3446442719)

A. Küchler, Hochspannungstechnik, Springer Berlin, 4. Auflage, 2017 (ISBN: 978-3662546994)
A. Schwab, Elektromagnetische Verträglichkeit, Springer Verlag, 6. Auflage, 2010 (ISBN: 978-3642166099)

227-0125-00L Optics and Photonics W  6 credits 2V+2U J. Leuthold
Abstract This lecture covers both - the fundamentals of "Optics" such as e.g. "ray optics", "coherence", the "Planck law" or the "Einstein relations"

but also the fundamentals of "Photonics" on the generation, processing, transmission and detection of photons.
Objective A sound base for work in the field of optics and photonics will be given.
Content Chapter 1: Ray Optics

Chapter 2: Electromagnetic Optics
Chapter 3: Polarization
Chapter 4: Coherence and Interference
Chapter 5: Fourier Optics and Diffraction
Chapter 6: Guided Wave Optics
Chapter 7: Optical Fibers
Chapter 8: The Laser

Lecture notes Lecture notes will be handed out.
Prerequisites /
notice

Fundamentals of Electromagnetic Fields (Maxwell Equations) & Bachelor Lectures on Physics.

227-0155-00L Machine Learning on Microcontrollers
Registration in this class requires the permission of the
instructors. Class size will be limited to 30. 

W  6 credits 3G+2A M. Magno, L. Benini
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Preference is given to students in the MSc EEIT.
Abstract Machine Learning (ML) and artificial intelligence are pervading the digital society. Today, even low power embedded systems are

incorporating ML, becoming increasingly “smart”. This lecture gives an overview of ML methods and algorithms to process and extract
useful near-sensor information in end-nodes of the “internet-of-things”, using low-power microcontrollers/ processors (ARM-Cortex-M;
RISC-V)

Objective Learn how to Process data from sensors and how to extract useful information with low power microprocessors using ML techniques. We
will analyze data coming from real low-power sensors (accelerometers, microphones, ExG bio-signals, cameras…). The main objective is
to study in details how Machine Learning algorithms can be adapted to the performance constraints and limited resources of low-power
microcontrollers.

Content The final goal of the course is a deep understanding of machine learning and its practical implementation on single- and multi-core
microcontrollers, coupled with performance and energy efficiency analysis and optimization. The main topics of the course include:

- Sensors and sensor data acquisition with low power embedded systems

- Machine Learning: Overview of supervised and unsupervised learning and in particular supervised learning (Bayes Decision Theory,
Decision Trees, Random Forests, kNN-Methods, Support Vector Machines, Convolutional Networks and Deep Learning)

- Low-power embedded systems and their architecture. Low Power microcontrollers (ARM-Cortex M) and RISC-V-based Parallel Ultra Low
Power (PULP) systems-on-chip. 

- Low power smart sensor system design: hardware-software tradeoffs, analysis, and optimization. Implementation and performance
evaluation of ML  in battery-operated embedded systems. 

The laboratory exercised will show how to address concrete design problems, like motion, gesture recognition, emotion detection, image
and sound classification, using real sensors data and real MCU boards. 

Presentations from Ph.D. students and the visit to the Digital Circuits and Systems Group will introduce current research topics and
international research projects.

Lecture notes Script and exercise sheets. Books will be suggested during the course.
Prerequisites /
notice

Prerequisites: Good experience in C language programming. Microprocessors and computer architecture. Basics of Digital Signal
Processing. Some exposure to machine learning concepts is also desirable. 

227-0161-00L Molecular and Materials Modelling W  4 credits 2V+2U D. Passerone, C. Pignedoli
Abstract The course introduces the basic techniques to interpret experiments with contemporary atomistic simulation, including force fields or ab

initio based molecular dynamics and Monte Carlo. Structural and electronic properties will be simulated hands-on for realistic systems.
The modern methods of "big data" analysis applied to the screening of chemical structures will be introduced with examples.

Objective The ability to select a suitable atomistic approach to model a nanoscale system, and to employ a simulation package to compute quantities
providing a theoretically sound explanation of a given experiment.  This includes knowledge of empirical force fields and insight in
electronic structure theory, in particular density functional theory (DFT). Understanding the advantages of Monte Carlo and molecular
dynamics (MD), and how these simulation methods can be used to compute various static and dynamic material properties. Basic
understanding on how to simulate different spectroscopies (IR, X-ray, UV/VIS). Performing a basic computational experiment: interpreting
the experimental input, choosing theory level and model approximations, performing the calculations, collecting and representing the
results, discussing the comparison to the experiment.

Content -Classical force fields in molecular and condensed phase systems
-Methods for finding stationary states in a potential energy surface
-Monte Carlo techniques applied to nanoscience
-Classical molecular dynamics: extracting quantities and relating to experimentally accessible properties
-From molecular orbital theory to quantum chemistry: chemical reactions
-Condensed phase systems: from periodicity to band structure
-Larger scale systems and their electronic properties: density functional theory and its approximations
-Advanced molecular dynamics: Correlation functions and extracting free energies
-The use of Smooth Overlap of Atomic Positions (SOAP) descriptors in the evaluation of the (dis)similarity of crystalline, disordered and
molecular compounds

Lecture notes A script will be made available and complemented by literature references.
Literature D. Frenkel and B. Smit, Understanding Molecular Simulations, Academic Press, 2002.


M. P. Allen and D.J. Tildesley, Computer Simulations of Liquids, Oxford University   Press 1990.

C. J. Cramer, Essentials of Computational Chemistry. Theories and Models, Wiley 2004

G. L. Miessler, P. J. Fischer, and Donald A. Tarr, Inorganic Chemistry, Pearson 2014.

K. Huang, Statistical Mechanics, Wiley, 1987.

N. W. Ashcroft, N. D. Mermin, Solid State Physics, Saunders College 1976.

E. Kaxiras, Atomic and Electronic Structure of Solids, Cambridge University Press 2010.

227-0162-00L Integrated Quantum, Statistical, and Information
Mechanics for Information Processing
Does not take place this semester.

W  4 credits 2V+2U S. Tiwari

Abstract Computing with devices as physical objects composed of atoms, electrons and photons is an architected assembly where information is
grounded in and transformed in quantum, statistical and information mechanics. This course is an integrated introduction to quantum,
statistical, and information mechanics bringing out the common principles of these subjects with an engineering emphasis.
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Objective This course is an integrated introduction to information-centered foundational ideas to build an understanding of quantum, statistical and
information mechanics as applied generally in engineering and specifically in computing. Computing employs hardware and objective
manipulation of signals turned into data to access desired information. A logical state of a computer must be represented as a physical
state in the hardware. Devices as physical objects have the information grounded in quantum, statistical, and information mechanics.
These three science and engineering specialties are our theories for describing and predicting the abstracted behavior. The power
dissipation in signal and data manipulation, the speed with which changes happen, the various architectures through which one may affect
the change, the error rates, etc. are all grounded in the information that underscores what we practice in quantum mechanics, statistics,
solid-state, electronics and information theory. In the quantum approach, information gained arises in the observation. In the statistical
approach, it is through the probabilistic extractions. Preservation of information content in the presence of noise and fluctuations leads to
dissipation. Inferencing and computation requires information compression through the objective symbolic manipulation and efficient
coding. Entanglement and entropy are intrinsic in this probabilistic edifice where the inferences are drawn. Deterministic computing, as in
the traditional approach, and non-deterministic computing such as the modern machines learning using neural networks, depend on how
the information is manipulated in the midst of this entropy and entanglement. In addition to the introductory integrative understanding of
quantum, statistical, and information mechanics, this course helps an understanding of the character of information processing through the
traditional computing, quantum computing and neural network techniques.

Content An introduction to the basic tenets of quantum mechanics (axioms, operators, observation, perturbation, evolution, mixed states), statistical
mechanics (basics of thermodynamics, principles of statistical mechanics, particle statistics, entropy, classical-to-quantum), information
mechanics (various entropies, mutual information, data and channels, Bayesian approach, Fisher information, maximum entropy) and their
use in exploration of computing via different architectures of computation (BLAS, von Neumann and neural) together with an introductory
understanding of quantum computation. This integrated understanding emphasizes physical insights together with a mathematical
development.

Lecture notes Lecture material and scripts
Prerequisites /
notice

The course is an introduction to quantum, statistical and information theories for those who have not been exposed to these subjects, but
are interested in gaining a useful understanding of them as well as their implications for computing techniques in general.

227-0303-00L Advanced Photonics W  6 credits 2V+2U+1A A. Emboras, M. Burla, A. Dorodnyy
Abstract The lecture gives a comprehensive insight into various types of nano-scale photonic devices, physical fundamentals of their operation, and

an overview of the micro/nano-fabrication technologies. Following applications of nano-scale photonic structures are discussed in details:
detectors, photovoltaic cells, atomic/ionic opto-electronic devices and integrated microwave photonics.

Objective General training in advanced photonic devices with an in-depth understanding of the fundamentals of theory, fabrication, and
characterization. Hands-on experience with photonic and optoelectronic device technologies and theory. The students will learn about the
importance of advanced photonic devices in energy, communications, digital and neuromorphic computing applications.

Content The following topics will be addressed:
•    Photovoltaics: basic thermodynamic principles and fundamental efficiency limitations, physics of semiconductor solar cell, overview of
existing solar cell concepts and underlying physical phenomena. 
•    Micro/nano-fabrication technologies for advanced optoelectronic devices: introduction and device examples.
•    Comprehensive insight into the physical mechanisms that govern ionic-atomic devices, present the techniques required to fabricate
ultra-scaled nanostructures and show some applications in digital and neuromorphic computing. 
•    Introduction to microwave photonics (MWP), microwave photonic links, photonic techniques for microwave signal generation and
processing.

Lecture notes The presentation and the lecture notes will be provided every week.
Literature “Atomic/Ionic Devices”:

•    Resistive Switching: From Fundamentals of Nanoionic Redox Processes to Memristive Device Applications, Daniele Ielmini and Rainer
Waser, Wiley-VCH 
•    Electrochemical Methods: Fundamentals and Applications, A. Bard and L. Faulkner, John Willey & Sons, Inc.

“Photovoltaics”:
•    Prof. Peter Wurfel: Physics of Solar Cells, Wiley 

“Micro and nano Fabrication”:
•    Prof. H. Gatzen, Prof. Volker Saile, Prof. Juerg Leuthold: Micro and Nano Fabrication, Springer

 “Microwave Photonics”:
•    D. M. Pozar, Microwave Engineering. J. Wiley & Sons, New York, 2005.
•    M. Burla, Advanced integrated optical beam forming networks for broadband phased array antenna systems. Enschede, The
Netherlands, 2013. DOI: 10.3990/1.9789036507295
•    C.H. Cox, Analog optical links: theory and practice. Cambridge University Press, 2006.

Prerequisites /
notice

Basic knowledge of semiconductor physics, physics of the electromagnetic filed and thermodynamics.

227-0330-00L Energy-Efficient Analog Circuits for IoT Systems W  6 credits 2V+2U T. Jang
Abstract We are facing a new era of the Internet of things, similarly indicated as Industry 4.0, TSensors, Ubiquitous or The Fog. A miniaturized

computer is the key to this innovation that senses, collects and processes information from objects. In this class, based on the recent
publications, energy efficient analog IC techniques will be introduced which is the main challenge to reduce the battery size.

Objective This class introduces key analog building blocks such as energy harvester, frequency generator, data converter, sensor interface, power
converter based on the recent publications for IoT systems including wearable electronics, bio-implantable devices, and environmental
sensors.

Content Ultra-low power circuit design methodology and transistor characteristics; Circuit-level design techniques for amplifier, comparator, voltage
reference, on-chip oscillator, switched capacitor; IP-level design techniques for energy harvester, data converter, energy harvester and
power converters.

Prerequisites /
notice

Analog Integrated Circuits

227-0376-00L Reliability of Electronic Equipment and Systems
The course will be offered for the last time in the Spring
Semester 2020 and is merged with  227-0377-10L
Physics of Failure and Reliability of Electronic Devices
and Systems, a yearly recurring course in the autumn
semester.

W  4 credits 2V+1U U. Sennhauser, M. Held

Abstract Reliability and availability are basic properties for safe and sustainable products in communications, energy and medical technology, air
and space applications, and electronics. They are described as stochastic and physical processes and have to be optimized with
functionality, environmental impact and life cycle costs in development phase already. The required basics will be taught.

Objective Introduction to the concepts and methods of systems engineering for the design and production of reliable devices, equipment, and
systems.
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Content Quality assurance of technical systems (introduction); introduction to stochastic processes; reliability analysis; design and investigation of
fault-tolerant structures; component selection and qualification; maintainability analysis (introduction); software quality; design rules for
reliability, maintainability, and software quality; availability analysis (introduction); reliability tests (introduction).

Lecture notes Copies of relevant transparencies and additional tables
Literature Reliability Engineering, Springer 2004, ISBN 3-540-40287-X

227-0455-00L Terahertz: Technology and Applications W  5 credits 3G+3A K. Sankaran
Abstract This block course will provide a solid foundation for understanding physical principles of THz applications. We will discuss various building

blocks of THz technology - components dealing with generation, manipulation, and detection of THz electromagnetic radiation. We will
introduce THz applications in the domain of imaging, sensing, communications, non-destructive testing and evaluations.

Objective This is an introductory course on Terahertz (THz) technology and applications. Devices operating in THz frequency range (0.1 to 10 THz)
have been increasingly studied in the recent years. Progress in nonlinear optical materials, ultrafast optical and electronic techniques has
strengthened research in THz application developments. Due to unique interaction of THz waves with materials, applications with new
capabilities can be developed. In theory, they can penetrate somewhat like X-rays, but are not considered harmful radiation, because THz
energy level is low. They should be able to provide resolution as good as or better than magnetic resonance imaging (MRI), possibly with
simpler equipment. Imaging, very-high bandwidth communication, and energy harvesting are the most widely explored THz application
areas. We will study the basics of THz generation, manipulation, and detection. Our emphasis will be on the physical principles and
applications of THz in the domain of imaging, sensing, communications, non-destructive testing and evaluations. 

The second part of the block course will be a short project work related to the topics covered in the lecture. The learnings from the project
work should be presented in the end.

Content PART I:

- INTRODUCTION -
Chapter 1: Introduction to THz Physics
Chapter 2: Components of THz Technology

- THz TECHNOLOGY MODULES -
Chapter 3: THz Generation
Chapter 4: THz Detection
Chapter 5: THz Manipulation

- APPLICATIONS -
Chapter 6: THz Imaging / Sensing / Communication
Chapter 7: THz Non-destructive Testing
Chapter 8: THz Applications in Plastic & Recycling Industries

PART 2:
 
- PROJECT WORK -
Short project work related to the topics covered in the lecture.
Short presentation of the learnings from the project work.
Full guidance and supervision will be given for successful completion of the short project work.

Lecture notes Soft-copy of lectures notes will be provided.
Literature - Yun-Shik Lee, Principles of Terahertz Science and Technology, Springer 2009

- Ali Rostami, Hassan Rasooli, and Hamed Baghban, Terahertz Technology: Fundamentals and Applications, Springer 2010
Prerequisites /
notice

Basic foundation in physics, particularly, electromagnetics is required. 
Students who want to refresh their electromagnetics fundamentals can get additional material required for the course.

227-0659-00L Integrated Systems Seminar W  1 credit 1S F. K. Gürkaynak
Abstract In the "Fachseminar IIS" the students learn to communicate topics, ideas or problems of scientific research by listening to more

experienced authors and by presenting scientific work in a conference-like situation for a specific audience.
Objective The seminar aims at instructing graduate and PhD students in the basics of presentation techniques, i.e. "how to give a professional talk".

Attendees have the possibility to become acquainted with a current topic by a literature study, and to present the results thereof in a 20
minutes talk in English. The participation at the seminar gives also an overview on current problems in modern nanoelectronics and bio-
electromagnetics.

Content The seminar topics' are design of digital integrated circuits, physical characterization in nanoelectronics and bio-electromagnetics
Simulation.

The studens learn how to find the right literature for a certain topic quickly, as well as how to prepare a talk for a scientific conference, i.e.
presentation techniques.

Lecture notes Presentation material
Literature to be discussed with the advisor

227-0622-00L Thermal Modeling: From Semiconductor to Medical
Devices and Personalized Therapy Planning

W  4 credits 2V+1U E. Neufeld, M. Luisier

Abstract The course introduces computational techniques to model electromagnetic heating across many orders of magnitudes, from the atomic to
the macroscopic scale. Both desired and undesired thermal effects will be covered, e.g. thermal cancer therapies based on tissue heating
or Joule heating in semiconductor devices. A wide range of simulation approaches and numerical methods will be introduced.

Objective During this course the students will:

- learn the physics governing and computational models describing electromagnetic-induced heating;

- get familiar with computational simulation techniques across a wide range of spatial scales, incl. methods to simulate in vivo heating,
considering thermoregulation and perfusion, or quantum mechanical approaches considering heat at the level of atomic vibrations;

- implement and apply simulation techniques within a state-of-the-art open-source simulation platform for computational life sciences, as
well as a framework for computer-aided design of semiconductor devices;

- learn about remaining challenges in this field
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Content The following topics will be discussed during the semester:

- Introduction about electromagnetic heating (from its historical perspective to its application in biology);

- Microscopic/Macroscopic thermal transport (governing equations, numerical methods, examples);

- Numerical algorithms and their implementation in python and/or C++, parallelisation approaches, and high performance computing
solutions;

- Practical examples: thermal therapy planning with Sim4Life and technology computer aided design with OMEN;

- Model verification and validation.

Lecture notes Lecture slides are distributed every week and can be found at
https://iis-students.ee.ethz.ch/lectures/thermal-modeling/

Prerequisites /
notice

The course requires an open attitude towards interdisciplinarity, basic python scripting and C++ coding skills, undergraduate entry-level
familiarity with electric & magnetic fields/forces, differential equations, calculus, and basic knowledge of biology and quantum mechanics.

227-0662-00L Organic and Nanostructured Optics and Electronics
(Course)
Does not take place this semester.

W  3 credits 2G V. Wood

Abstract This course examines the optical and electronic properties of excitonic materials that can be leveraged to create thin-film light emitting
devices and solar cells. Laboratory sessions provide students with experience in synthesis and optical characterization of nanomaterials as
well as fabrication and characterization of thin film devices.

Objective Gain the knowledge and practical experience to begin research with organic or nanostructured materials and understand the key
challenges in this rapidly emerging field.

Content 0-Dimensional Excitonic Materials (organic molecules and colloidal quantum dots)

Energy Levels and Excited States (singlet and triplet states, optical absorption and luminescence).

Excitonic and Polaronic Processes (charge transport, Dexter and Förster energy transfer, and exciton diffusion).

Devices (photodetectors, solar cells, and light emitting devices).

Literature Lecture notes and reading assignments from current literature to be posted on website.

227-0662-10L Organic and Nanostructured Optics and Electronics
(Project)
Does not take place this semester.

W  3 credits 2A V. Wood

Abstract This course examines the optical and electronic properties of excitonic materials that can be leveraged to create thin-film light emitting
devices and solar cells. Laboratory sessions provide students with experience in synthesis and optical characterization of nanomaterials as
well as fabrication and characterization of thin film devices.

Objective Gain the knowledge and practical experience to begin research with organic or nanostructured materials and understand the key
challenges in this rapidly emerging field.

Content 0-Dimensional Excitonic Materials (organic molecules and colloidal quantum dots)

Energy Levels and Excited States (singlet and triplet states, optical absorption and luminescence).

Excitonic and Polaronic Processes (charge transport, Dexter and Förster energy transfer, and exciton diffusion).

Devices (photodetectors, solar cells, and light emitting devices).

Literature Lecture notes and reading assignments from current literature to be posted on website.
Prerequisites /
notice

Admission is conditional to passing 227-0662-00L  Organic and Nanostructured Optics and Electronics (Course)

227-0664-00L Technology and Policy of Electrical Energy Storage W  3 credits 2G V. Wood, T. Schmidt
Abstract With the global emphasis on decreasing CO2 emissions, achieving fossil fuel independence and growing the use of renewables,

developing & implementing energy storage solutions for electric mobility & grid stabilization represent a key technology & policy challenge.
This course uses lithium ion batteries as a case study to understand the interplay between technology, economics, and policy.

Objective The students will learn of the complexity involved in battery research, design, production, as well as in investment, economics and policy
making around batteries. Students from technical disciplines will gain insights into policy, while students from social science backgrounds
will gain insights into technology.

Content With the global emphasis on decreasing CO2 emissions, achieving fossil fuel independence, and integrating renewables on the electric
grid, developing and implementing energy storage solutions for electric mobility and grid stabilization represent a key technology and policy
challenge. The class will focus on lithium ion batteries since they are poised to enter a variety of markets where policy decisions will affect
their production, adoption, and usage scenarios. The course considers the interplay between technology, economics, and policy.

* intro to energy storage for electric mobility and grid-stabilization
* basics of battery operation, manufacturing, and integration
* intro to the role of policy for energy storage innovation & diffusion
* discussion of complexities involved in policy and politics of energy storage

Lecture notes Materials will be made available on the website.
Literature Materials will be made available on the website.
Prerequisites /
notice

Strong interest in energy and technology policy.

227-0669-00L Chemistry of Devices and Technologies
Limited to 30 participants.

W  4 credits 1V+2U M. Yarema

Abstract The course covers basics of chemistry and material science, relevant for modern devices and technologies. The course consists from
lecture, laboratory, and individual components. Students accomplish individual projects, in which they study and evaluate a chosen
technology from chemistry and materials viewpoints.

Objective The course brings relevant chemistry knowledge, tailored to the needs of electrical engineering students. Students will gain understanding
of the basic concepts of chemistry and a chemist's intuition through hands-on workshops that combine tutorials and laboratory sessions as
well as guidance through individual projects that require interdisciplinary and critical thinking.
Students will learn which materials, reactions, and device fabrication processes are important for nowadays technologies and products.
They will gain important knowledge of state-of-the-art technologies from materials and fabrication viewpoints.
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Content Students will spend 3h per week in the tutorials and practical sessions and additional 4-6h per week working on individual projects.
The goal of the individual student's project is to understand the chemistry related to the manufacture and operation of a specific device or
technology (to be chosen from the list of projects). To ensure continued learning throughout the semester, individual projects are evaluated
by three interim project reports and by 10 min final presentation.

Literature Lecture notes will be made available on the website.

227-0707-00L Optimization Methods for Engineers W  3 credits 2G P. Leuchtmann
Abstract First half of the semester: Introduction to the main methods of numerical optimization with focus on stochastic methods such as genetic

algorithms, evolutionary strategies, etc.
Second half of the semester: Each participant implements a selected optimizer and applies it on a problem of practical interest.

Objective Numerical optimization is of increasing importance for the development of devices and for the design of numerical methods. The students
shall learn to select, improve, and combine appropriate procedures for efficiently solving practical problems.

Content Typical optimization problems and their difficulties are outlined. Well-known deterministic search strategies, combinatorial minimization, and
evolutionary algorithms are presented and compared. In engineering, optimization problems are often very complex. Therefore, new
techniques based on the generalization and combination of known methods are discussed. To illustrate the procedure, various problems of
practical interest are presented and solved with different optimization codes.

Lecture notes PDF of a short skript (39 pages) plus the view graphs are provided
Prerequisites /
notice

Lecture only in the first half of the semester, exercises in form of small projects in the second half, presentation of the results in the last
week of the semester.

151-0172-00L Microsystems II: Devices and Applications W  6 credits 3V+3U C. Hierold, C. I. Roman
Abstract The students are introduced to the fundamentals and physics of microelectronic devices as well as to microsystems in general (MEMS).

They will be able to apply this knowledge for system research and development and to assess and apply principles, concepts and methods
from a broad range of technical and scientific disciplines for innovative products.

Objective The students are introduced to the fundamentals and physics of microelectronic devices as well as to microsystems in general (MEMS),
basic electronic circuits for sensors, RF-MEMS, chemical microsystems, BioMEMS and microfluidics, magnetic sensors and optical
devices, and in particular to the concepts of Nanosystems (focus on carbon nanotubes), based on the respective state-of-research in the
field. They will be able to apply this knowledge for system research and development and to assess and apply principles, concepts and
methods from a broad range of technical and scientific disciplines for innovative products. 

During the weekly 3 hour module on Mondays dedicated to Übungen the students will learn the basics of Comsol Multiphysics and utilize
this software to simulate MEMS devices to understand their operation more deeply and optimize their designs.

Content Transducer fundamentals and test structures
Pressure sensors and accelerometers
Resonators and gyroscopes
RF MEMS
Acoustic transducers and energy harvesters
Thermal transducers and energy harvesters
Optical and magnetic transducers
Chemical sensors and biosensors, microfluidics and bioMEMS
Nanosystem concepts
Basic electronic circuits for sensors and microsystems

Lecture notes Handouts (on-line)

151-0237-00L Advanced Optical Methods in Nanotechnology W  4 credits 2V+1U H. Eghlidi
Abstract The course covers both fundamental optical concepts for understanding micro/nano-optical studies as well as the principles and design

rules of the most common and emerging optical techniques and systems. This course benefits students who want to pursue
micro/nanoscopic non-invasive characterizations in various fields e.g. material sciences, mechanical engineering, biology, micro- and
nanofluidics.

Objective In the first part, students will learn about the necessary topics in optics, basic optical components and their important properties.  In the
second part, different optical characterization techniques, including optical imaging, spectroscopy and time-correlation measurements, and
their applications in nanoscale systems will be studied. Upon completion of the course, students will be able to understand, modify and
design optical systems for various micro/nanoscopic characterizations and studies.

Content Principles of optics (ray optics, beam optics, Fourier optics); Optical devices and components (light sources, fiber, lens, mirror, objective,
grating, beam splitter, filter, etc.); Characterization techniques and systems: microscopy (confocal, dark-field, fluorescence, interferrometric
scattering, super-resolution, etc.), spectroscopy, time-correlation measurements.

Literature Different book chapters and articles which will be announced/provided during the course.

151-0620-00L Embedded MEMS Lab
Number of participants limited to 20.

W  5 credits 3P C. Hierold, S. Blunier, M. Haluska

Abstract Practical course: Students are introduced to the process steps required for the fabrication of MEMS (Micro Electro Mechanical System) and
carry out the fabrication and testing steps in the clean rooms themselves. Additionally, they learn the requirements for working in clean
rooms. Processing and characterization will be documented and analyzed in a final report.

Objective Students learn the individual process steps that are required to make a MEMS (Micro Electro Mechanical System). Students carry out the
process steps themselves in laboratories and clean rooms. Furthermore, participants become familiar with the special requirements
(cleanliness, safety, operation of equipment and handling hazardous chemicals) of working in the clean rooms and laboratories. The entire
production, processing, and characterization of the MEMS is documented and evaluated in a final report.

Content With guidance from a tutor, the individual silicon microsystem process steps that are required for the fabrication of an accelerometer are
carried out:
- Photolithography, dry etching, wet etching, sacrificial layer etching,  various cleaning procedures
- Packaging and electrical connection of a MEMS device
- Testing and characterization of the MEMS device
- Written documentation and evaluation of the entire production, processing and characterization

Lecture notes A document containing theory, background and practical course content is distributed in the informational meeting.
Literature The document provides sufficient information for the participants to successfully participate in the course.
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Prerequisites /
notice

Participating students are required to attend all scheduled lectures and meetings of the course. 

Participating students are required to provide proof that they have personal accident insurance prior to the start of the laboratory portion of
the course. 

This master's level course is limited to 20 students per semester for safety and efficiency reasons.
If there are more than 20 students registered, we regret to restrict access to this course by the following rules:

Priority 1: master students of the master's program in "Micro and Nanosystems"

Priority 2: master students of the master's program in "Mechanical Engineering" with a specialization in Microsystems and Nanoscale
Engineering (MAVT-tutors Profs Dual, Hierold, Koumoutsakos, Nelson, Norris, Poulikakos, Pratsinis, Stemmer), who attended the bachelor
course "151-0621-00L Microsystems Technology" successfully.

Priority 3: master students, who attended the bachelor course "151-0621-00L Microsystems Technology" successfully.

Priority 4: all other students (PhD, bachelor, master) with a background in silicon or microsystems process technology.

If there are more students in one of these priority groups than places available, we will decide with respect to (in following order) best
achieved grade from 151-0621-00L Microsystems Technology, registration to this practicum at previous semester, and by drawing lots.
Students will be notified at the first lecture of the course (introductory lecture) as to whether they are able to participate.

The course is offered in autumn and spring semester.

 Energy and Power Electronics
 Core Subjects
These core subjects are particularly recommended for the field of "Energy and Power Electronics".

Number Title Type ECTS Hours Lecturers

227-0248-00L Power Electronic Systems II W  6 credits 4G J. W. Kolar
Abstract This course details structures, operating ranges, and control concepts of modern power electronic systems to provide a deeper

understanding of power electronic circuits and power components. Most recent concepts of high switching frequency AC/DC converters
and AC/AC matrix inverters are presented. Simulation exercises, implemented in GeckoCIRCUITS, are used to consolidate the concepts
discussed.

Objective The objective of this course is to convey knowledge of structures, operating ranges, and control concepts of modern power electronic
systems. Further objectives are: to know most recent concepts and operation modes of high switching frequency AC/DC converters and
AC/AC matrix inverters; to develop a deeper understanding of multi-pulse power converter circuits, transformers, and electromechanical
energy converters; and to understand in-depth details of power electronic systems. Simulation exercises, implemented in the electric circuit
simulator GeckoCIRCUITS, are used to consolidate the presented theoretical concepts.

Content Converter dynamics and control: State Space Averaging, transfer functions, controller design, impact of the input filter on the converter
transfer functions. 
Performance data of single-phase and three-phase systems: effect of different loss components on the efficiency characteristics, linear and
non-linear single phase loads, power flow of general three-phase systems, space vector calculus. 
Modeling and control of three-phase PWM rectifiers: system characterization using rotating coordinates, control structure, transfer
functions, operation with symmetrical and unsymmetrical mains voltages.
Scaling laws of transformers and electromechanical actuators. 
Drives with permanent magnet synchronous machines: basic function, modeling, field-oriented control.
Unidirectional AC/DC converters and AC/AC converters: voltage and current DC link converters, indirect and direct matrix converters.

Lecture notes Lecture notes and associated exercises including correct answers, simulation program for interactive self-learning including
visualization/animation features.

Prerequisites /
notice

Prerequisites: Introductory course on power electronics.

227-0250-00L Power Semiconductor Packaging W  6 credits 2V+2U U. Grossner, I. Kovacevic
Abstract Power semiconductor devices are the core of today's energy efficient electronics. However, without adequate integration into power

electronic systems, they remain useless. This is achieved by providing application-tailored modules.  The development of power modules is
reviewed from basic design and material considerations, with special emphasis on simulation and characterization techniques.

Objective The goal of this course is developing an understanding of modern power module concepts, from materials to design and simulation. After
following the course, the student will know the basic functionality of a power module, and is able to describe the performance and reliability
related building blocks of the module design. Furthermore, the student will have an understanding of current and future developments in
power packaging.

Lecture notes Will be distributed at lectures and be made available at ILIAS.
Literature The course follows a collection of different books; more details are being listed in the script.
Prerequisites /
notice

Ideally, students have successfully attended "Power Semiconductor" (227-0156-00).

227-0528-00L Power System Dynamics, Control and Operation W  6 credits 4G G. Hug
Abstract The electric power system is a system that is never in steady state due to constant changes in load and generation inputs. This course is

dedicated to the dynamical properties of the electric power grid including how the system state is estimated, generation/load balance is
ensured by frequency control and how the system reacts in case of faults in the system. The course includes two excursions.

Objective The learning objectives of the course are to understand and be able to apply the dynamic modeling of power systems, to compute and
discuss the actions of generators based on frequency control, to describe the workings of a synchronous machine and the implications on
the grid, to describe and apply state estimation procedures, to discuss the IT infrastructure and protection algorithms in power systems.

Content The electric power system is a system that is never in steady state due to constant changes in load and generation inputs. Consequently,
the monitoring and operation of the electric power grid is a challenging task. The course starts with the introduction of general operational
procedures and the discussion of state estimation which is an important tool to observe the state of the grid. The course is then dedicated
to the modeling and studying of the dynamical properties of the electric power grid. Frequency control which ensures the generation/load
balance in real time is the basis for real-time control and is presented in depth. For the analysis of how the system detects and reacts
dynamically in fault situations, protection and dynamic models for synchronous machines are introduced.

Lecture notes Lecture notes. WWW pages.

227-0530-00L Optimization in Energy Systems W  6 credits 4G G. Hug
Abstract The course covers various aspects of optimization with a focus on applications to energy networks and scheduling of hydro power.

Throughout the course, concepts from optimization theory are introduced followed by practical applications of the discussed approaches.
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Objective After this class, the students should have a good handle on how to approach a research question which involves optimization and
implement and solve the resulting optimization problem by choosing appropriate tools.

Content In our everyday’s life, we always try to take the decision which results in the best outcome. But how do we know what the best outcome will
be? What are the actions leading to this optimal outcome? What are the constraints? These questions also have to be answered when
controlling a system such as energy systems. Optimization theory provides the opportunity to find the answers by using mathematical
formulation and solution of an optimization problem. 
The course covers various aspects of optimization with a focus on applications to energy networks. Throughout the course, concepts from
optimization theory are introduced followed by practical applications of the discussed approaches. The applications are focused on 1) the
Optimal Power Flow problem which is formulated and solved to find optimal device settings in the electric power grid and 2) the scheduling
problem of hydro power plants which in many countries, including Switzerland, dominate the electric power generation. On the theoretical
side, the formulation and solving of unconstrained and constrained optimization problems, multi-time step optimization, stochastic
optimization including probabilistic constraints and decomposed optimization (Lagrangian and Benders decomposition) are discussed.

227-0537-00L Technology of Electric Power System Components W  6 credits 4G C. Franck
Abstract Basics of the technology of important components in electric power transmission and distribution systems (primary technology).
Objective At the end of this course, the students can name the primary components of electric power systems and explain where and why they are

used. For the most important components, the students can explain the working principle in detail and calculate and derive key parameters.
Content Basic physical and engineering aspects for transmission and distribution of electric power. Limiting boundary conditions are not only

electrical parameters, but also mechanical, thermal, chemical, environmental and economical aspects. 
The lecture covers the most important traditional components, but also new trends and the dimensioning of components.
Parts of the lecture will be held by external experts in the field and there will be excursions to industrial companies.

The course "Multiphysics Simulations for Power Systems 227-0536-00L" is aligned with the present course and considered
complementary.

Lecture notes yes
Literature additional literature will be available online via the teaching document repository.
Prerequisites /
notice

The lecture "Electric Power Transmission: System & Technology" is a prerequisite.

 Recommended Subjects
These courses are recommended, but you are free to choose courses from any other special field. Please consult your tutor.

Number Title Type ECTS Hours Lecturers

227-0117-10L Experimental Techniques W  6 credits 4G C. Franck, H.-J. Weber
Abstract This lecture is an introduction to experimental and measurement techniques. The course is designed with practical relevance in mind and

comprises several laboratory modules where the students perform, evaluate and document experiments. The taught topics are of
relevance for all electrical engineering disciplines, in this course they are taught with examples of high-voltage engineering.

Objective At the end of this lecture, the students will be able to:
-    perform basic practical laboratory experiments and record data, in particular with an oscilloscope.
-    take a meaningful Lab Notebook, write a clear measurement evaluation protocol, and can estimate the accuracy and precision of the
evaluated data.
-    can explain the main reasons for electromagnetic interference and propose measures to avoid or reduce these interferences.
-    Explain and use different methods to generate and measure high voltages and calculate basic relevant relations.

Content - Messtechnik, Messunsicherheit, Messprotokolle
- Erzeugung und Messung hoher Spannungen
- Elektromagnetische Verträglichkeit
- Laborpraktika

Lecture notes Vorlesungsunterlagen
Literature J. Hoffmann, Taschenbuch der Messtechnik, Carl Hanser Verlag, 7. Auflage, 2015 (ISBN: 978-3446442719)

A. Küchler, Hochspannungstechnik, Springer Berlin, 4. Auflage, 2017 (ISBN: 978-3662546994)
A. Schwab, Elektromagnetische Verträglichkeit, Springer Verlag, 6. Auflage, 2010 (ISBN: 978-3642166099)

227-0156-00L Power Semiconductors W  6 credits 4G U. Grossner
Abstract Power semiconductor devices are the core of today's energy efficient electronics. In this course, based on semiconductor physics, an

understanding of the functionality of modern power devices is developed. Elements of power rectifiers and switches are introduced; device
concepts for PiN diodes, IGBTs, and power MOSFETs, are discussed. Apart from silicon, wide bandgap semiconductors are considered.

Objective The goal of this course is developing an understanding of modern power device concepts. After following the course, the student will be
able to choose a power device for an application, know the basic functionality, and is able to describe the performance and reliability
related building blocks of the device design. Furthermore, the student will have an understanding of current and future developments in
power devices.

Content Basic semiconductor device physics is revisited. After defining requirements from typical applications, the key building blocks - especially
active area and termination - of power devices are introduced. Based on these building blocks, device concepts are derived. Introducing
unipolar as well as bipolar conduction is increasing the application space for power devices. Rectifiers, such as Schottky barrier and PiN
diodes, and switches, such as IGBTs and power MOSFETs are discussed in detail. For each device concept, a tradeoff analysis for
performance and reliability based on the layout of the building blocks is discussed.
Apart from silicon, wide bandgap semiconductors play an increasing role for highly efficient power electronic devices. This development is
taken into account by discussing the specific advantages and challenges in current wide bandgap based devices.

Lecture notes Will be distributed at lectures.
Literature The course follows a collection of different books; more details are being listed in the script.
Prerequisites /
notice

Vorlesungen Halbleiterbauelemente, Leistungselektronik

227-0207-00L Nonlinear Systems and Control
Prerequisite: Control Systems (227-0103-00L)

W  6 credits 4G E. Gallestey Alvarez,
P. F. Al Hokayem

Abstract Introduction to the area of nonlinear systems and their control. Familiarization with tools for analysis of nonlinear systems. Discussion of the
various nonlinear controller design methods and their applicability to real life problems.

Objective On completion of the course, students understand the difference between linear and nonlinear systems, know the mathematical techniques
for analysing these systems, and have learnt various methods for designing controllers accounting for their characteristics.

Course puts the student in the position to deploy nonlinear control techniques in real applications. Theory and exercises are combined for
better understanding of the virtues and drawbacks present in the different methods.
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Content Virtually all practical control problems are of nonlinear nature. In some cases application of linear control methods leads to satisfactory
controller performance. In many other cases however, only application of nonlinear analysis and control synthesis methods will guarantee
achievement of the desired objectives. 

During the past decades mature nonlinear controller design methods have been developed and have proven themselves in applications.
After an introduction of the basic methods for analysing nonlinear systems, these methods will be introduced together with a critical
discussion of their pros and cons. Along the course the students will be familiarized with the basic concepts of nonlinear control theory.

This course is designed as an introduction to the nonlinear control field and thus no prior knowledge of this area is required. The course
builds, however, on a good knowledge of the basic concepts of linear control and mathematical analysis.

Lecture notes An english manuscript will be made available on the course homepage during the course.
Literature H.K. Khalil: Nonlinear Systems, Prentice Hall, 2001.
Prerequisites /
notice

Prerequisites: Linear Control Systems, or equivalent.

227-0376-00L Reliability of Electronic Equipment and Systems
The course will be offered for the last time in the Spring
Semester 2020 and is merged with  227-0377-10L
Physics of Failure and Reliability of Electronic Devices
and Systems, a yearly recurring course in the autumn
semester.

W  4 credits 2V+1U U. Sennhauser, M. Held

Abstract Reliability and availability are basic properties for safe and sustainable products in communications, energy and medical technology, air
and space applications, and electronics. They are described as stochastic and physical processes and have to be optimized with
functionality, environmental impact and life cycle costs in development phase already. The required basics will be taught.

Objective Introduction to the concepts and methods of systems engineering for the design and production of reliable devices, equipment, and
systems.

Content Quality assurance of technical systems (introduction); introduction to stochastic processes; reliability analysis; design and investigation of
fault-tolerant structures; component selection and qualification; maintainability analysis (introduction); software quality; design rules for
reliability, maintainability, and software quality; availability analysis (introduction); reliability tests (introduction).

Lecture notes Copies of relevant transparencies and additional tables
Literature Reliability Engineering, Springer 2004, ISBN 3-540-40287-X

227-0524-00L Railway Systems II W 6 credits 4G M. Meyer
Abstract Characteristics of traction drive systems:

- electrical systems and their components
- thermal propulsion systems
- vehicles with battery storage systems
System integration:
- train control
- energy consumption
- electrical system compatibility

Objective - Know-how about the design and construction principles of rail traction systems
- Overview of overall-system tasks (electrical system integration, train control, energy consumption)
- Insight into the activities of the railway vehicle industry and railway operators in Switzerland
- Motivation of young engineers to start a career in the railway vehicle manufacturers, railway infrastructure and operating companies

Content EST II (Frühjahrsemester) - Vertiefung Antriebssysteme, Systemfragen

1 Traktionsausrüstung:
1.1 Systemkonzepte für Traktionsantriebe
1.2 Haupttransformator
1.3 Fahrmotoren
1.4 Stromrichter
1.5 Hochspannungskreise und Erdung
1.6 Thermische Auslegung
1.7 Diesel-Antriebssysteme
1.8 Batteriespeicher

2 Systemintegration
2.1 Zugbeeinflussung
2.2 Energieverbrauch
2.3 Aufbau der Bahnstromversorgung
2.4 Elektrische Systemkompatibilität

Geplante Exkursionen:
- Engineering und Leistungslabor, ABB Turgi
- evtl. Sicherungsanlagen, Siemens Wallisellen
- 2-tägige Schlussexkursion (Besichtigungen und Führerstandsfahrten, ausschliesslich für regelmässige Vorlesungsteilnehmer)

Lecture notes Abgabe der Unterlagen (gegen eine Schutzgebühr) zu Beginn des Semesters. Rechtzeitig eingeschriebene Teilnehmer (bis 8 Tage vor
Vorlesungsbeginn) können die Unterlagen auf Wunsch und gegen eine Zusatzgebühr auch in Farbe beziehen.

Prerequisites /
notice

Dozent:
Dr. Markus Meyer, Emkamatik GmbH

Voraussichtlich Gastvortrag über ETCS von einem SBB-Referenten.

EST I (Herbstsemester) ist als Voraussetzung empfohlen, aber nicht notwendig. EST II (Frühjahrssemester) kann bei Interesse an
Antriebssystemen auch als separate Vorlesung besucht werden.

227-0530-00L Optimization in Energy Systems W  6 credits 4G G. Hug
Abstract The course covers various aspects of optimization with a focus on applications to energy networks and scheduling of hydro power.

Throughout the course, concepts from optimization theory are introduced followed by practical applications of the discussed approaches.
Objective After this class, the students should have a good handle on how to approach a research question which involves optimization and

implement and solve the resulting optimization problem by choosing appropriate tools.
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Content In our everyday’s life, we always try to take the decision which results in the best outcome. But how do we know what the best outcome will
be? What are the actions leading to this optimal outcome? What are the constraints? These questions also have to be answered when
controlling a system such as energy systems. Optimization theory provides the opportunity to find the answers by using mathematical
formulation and solution of an optimization problem. 
The course covers various aspects of optimization with a focus on applications to energy networks. Throughout the course, concepts from
optimization theory are introduced followed by practical applications of the discussed approaches. The applications are focused on 1) the
Optimal Power Flow problem which is formulated and solved to find optimal device settings in the electric power grid and 2) the scheduling
problem of hydro power plants which in many countries, including Switzerland, dominate the electric power generation. On the theoretical
side, the formulation and solving of unconstrained and constrained optimization problems, multi-time step optimization, stochastic
optimization including probabilistic constraints and decomposed optimization (Lagrangian and Benders decomposition) are discussed.

227-0536-00L Multiphysics Simulations for Power Systems
This course is defined so and planned to be an addition to
the module "227-0537-00L Technology of Electric Power
System Components".
However, the students who are familiar with the
fundamentals of electromagnetic fields could attend only
this course without its 227-0537-00-complement.

W  4 credits 2V+2U J. Smajic

Abstract The goals of this course are a) understanding the fundamentals of the electromagnetic, thermal, mechanical, and coupled field simulations
and b) performing effective simulations of primary equipment  of electric power systems. The course is understood complementary to 227-
0537-00L  "Technology of Electric Power System Components", but can also be taken separately.

Objective The student should learn the fundamentals of the electromagnetic, thermal, mechanical, and coupled fields simulations necessary for
modern product development and research based on virtual prototyping. She / he should also learn the theoretical background of the finite
element method (FEM) and its application to low- and high-frequency electromagnetic field simulation problems. The practical exercises of
the course should be done by using one of the commercially available field simulation software (Infolytica, ANSYS, and / or COMSOL).
After completing the course the student should be able to properly and efficiently use the software to simulate practical design problems
and to understand and interpret the obtained results.

Content 1.    Elektromagnetic Fields and Waves: Simulation Aspects (1 lecture, 2 hours)
a.    Short review of the governing equations
b.    Boundary conditions
c.    Initial conditions
d.    Linear and nonlinear material properties
e.    Coupled fields (electro-mechanical and electro-thermal coupling)

2.    Finite Element Method for elektromagnetic simulations (5 lectures and 3 exercises, 16 hours)
a.    Scalar-FEM in 2-D (electrostatic, magnetostatic, eddy-currents, etc.) 
b.    Vector-FEM in 3-D (3-D eddy-currents, wave propagation, etc.)
c.    Numerical aspects of the analysis (convergence, linear solvers, preconditioning, mesh quality, etc.)
d.    Matlab code for 2-D FEM for learning and experimenting

3.    Practical applications (5 lectures and 5 exercises, 20 hours)
a.    Dielectric analysis of high-voltage equipment
b.    Nonlinear quasi-electrostatic analysis of surge arresters
c.    Eddy-currents analysis of power transformers
d.    Electromagnetic analysis of electric machines
e.    Very fast transients in gas insulated switchgears (GIS)
f.    Electromagnetic compatibility (EMC)

227-0696-00L Predictive Control of Power Electronics Systems W  6 credits 2V+2U T. Geyer
Abstract Bridging the gap between modern control methods and power electronics, this course focuses on predictive control methods applied to

power electronics systems. This includes emerging model predictive control methods (with and without a modulator), as well as classic
predictive methods, such as deadbeat control. This course targets power electronics and control students.

Objective - Knowledge of modern time-domain control methods applied to dc-dc and dc-ac converters and their corresponding loads. These control
methods include model predictive control (MPC) and deadbeat control. 
- Understanding of optimized pulse patterns and techniques to achieve fast closed-loop control. 
- Ability to derive suitable mathematical models. 
- Knowledge of and experience in optimization techniques to solve the underlying mixed-integer and quadratic programs. 
- Appreciation of the advantages and disadvantages of the different control methods.

Content - Review of mathematical modelling and time-domain control methods (particularly MPC and deadbeat control).
- Direct MPC with reference tracking (finite control set MPC). Derivation of mathematical models of three-phase power electronics systems,
formulation of the control problem, techniques to solve the one-step and the multi-step horizon problems using branch and bound
techniques. 
- MPC with optimized pulse patterns (OPPs). Computation of OPPs, formulation of fast closed-loop controllers and methods to solve the
underlying quadratic programming problem.
- Indirect MPC with pulse width modulation (PWM). Formulation of the MPC problem, imposition of hard and soft constraints, techniques to
solve the quadratic program in real time and application to modular multilevel converters. 
- Summary of recent research results and activities.
- Matlab / Simulink exercises to enhance the understanding of the control concepts.

Lecture notes The lecture is based on the recent book "Model Predictive Control of High Power Converters and Industrial Drives" by T. Geyer. Additional
notes and related literature will be distributed in the class.

Prerequisites /
notice

- Power Electronic Systems I
- Control Systems I (Regelsysteme I)
- Signal and System Theory II

227-0730-00L Power Market II - Modeling and Strategic Positioning W  6 credits 4G D. Reichelt, G. A. Koeppel
Abstract Options in the electricity business

Portfolio and risk management: valuation of hedging strategies, risk assessment
Hydropower optimization and hedging
Valuation of power plants with real options
Capacity markets and quota Systems 
Complex energy contracts with embedded options
Strategy and positioning for utilities

Objective The students know the main derivatives applied in the electricity business. They are able to est up hedging strategies and can evaluate
them. They habe a basic understanding of the optimization of large, complex hydro power plants, of capacity markets and of quota
systems. They know the discounted cash-flow method and real options to assess the value of power plants. The students are able to
identify the components of complex energy supply contracts and to assess the risk.
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Content Options in the electricity business: option valuation with binominal trees, Black-Scholes formula, sensitivities (Greeks), implied volatility
Portfolio and risk management: delta- and gamma-neutral hedging, valuation of hedging strategies, risk assessment (case study)
Hydropower optimization and hedging
Valuation of assets (power plants, grids), DCF method, real options
Strategy and Positioning: Mini cases (group work)
Capacity markets and Quota Systems 
Application of derivatives: complex energy contracts with embedded options, development of sales-oriented products
Credit Risk Management
Electricity marketing

Lecture notes Handouts - all material in English
Prerequisites /
notice

2 day excursion, presentations of invited speakers from the industry

Moodle: https://moodle-app2.let.ethz.ch/enrol/index.php?id=12225

151-0660-00L Model Predictive Control W  4 credits 2V+1U M. Zeilinger
Abstract Model predictive control is a flexible paradigm that defines the control law as an optimization problem, enabling the specification of time-

domain objectives, high performance control of complex multivariable systems and the ability to explicitly enforce constraints on system
behavior. This course provides an introduction to the theory and practice of MPC and covers advanced topics.             

Objective Design and implement Model Predictive Controllers (MPC) for various system classes to provide high performance controllers with desired
properties (stability, tracking, robustness,..) for constrained systems.              

Content - Review of required optimal control theory
- Basics on optimization
- Receding-horizon control (MPC) for constrained linear systems
- Theoretical properties of MPC: Constraint satisfaction and stability
- Computation: Explicit and online MPC
- Practical issues: Tracking and offset-free control of constrained systems, soft constraints
- Robust MPC: Robust constraint satisfaction
- Nonlinear MPC: Theory and computation
- Hybrid MPC: Modeling hybrid systems and logic, mixed-integer optimization
- Simulation-based project providing practical experience with MPC             

Lecture notes Script / lecture notes will be provided.
Prerequisites /
notice

One semester course on automatic control, Matlab, linear algebra.
Courses on signals and systems and system modeling are recommended. Important concepts to start the course: State-space modeling,
basic concepts of stability, linear quadratic regulation / unconstrained optimal control. 
Expected student activities: Participation in lectures, exercises and course project; homework (~2hrs/week).          

 Systems and Control
 Core Subjects
These core subjects are particularly recommended for the field of "Systems and Control".

Number Title Type ECTS Hours Lecturers

151-0566-00L Recursive Estimation W  4 credits 2V+1U R. D'Andrea
Abstract Estimation of the state of a dynamic system based on a model and observations in a computationally efficient way.
Objective Learn the basic recursive estimation methods and their underlying principles.
Content Introduction to state estimation; probability review; Bayes' theorem; Bayesian tracking; extracting estimates from probability distributions;

Kalman filter; extended Kalman filter; particle filter; observer-based control and the separation principle.
Lecture notes Lecture notes available on course website: http://www.idsc.ethz.ch/education/lectures/recursive-estimation.html
Prerequisites /
notice

Requirements: Introductory probability theory and matrix-vector algebra.

151-0660-00L Model Predictive Control W  4 credits 2V+1U M. Zeilinger
Abstract Model predictive control is a flexible paradigm that defines the control law as an optimization problem, enabling the specification of time-

domain objectives, high performance control of complex multivariable systems and the ability to explicitly enforce constraints on system
behavior. This course provides an introduction to the theory and practice of MPC and covers advanced topics.             

Objective Design and implement Model Predictive Controllers (MPC) for various system classes to provide high performance controllers with desired
properties (stability, tracking, robustness,..) for constrained systems.              

Content - Review of required optimal control theory
- Basics on optimization
- Receding-horizon control (MPC) for constrained linear systems
- Theoretical properties of MPC: Constraint satisfaction and stability
- Computation: Explicit and online MPC
- Practical issues: Tracking and offset-free control of constrained systems, soft constraints
- Robust MPC: Robust constraint satisfaction
- Nonlinear MPC: Theory and computation
- Hybrid MPC: Modeling hybrid systems and logic, mixed-integer optimization
- Simulation-based project providing practical experience with MPC             

Lecture notes Script / lecture notes will be provided.
Prerequisites /
notice

One semester course on automatic control, Matlab, linear algebra.
Courses on signals and systems and system modeling are recommended. Important concepts to start the course: State-space modeling,
basic concepts of stability, linear quadratic regulation / unconstrained optimal control. 
Expected student activities: Participation in lectures, exercises and course project; homework (~2hrs/week).          

227-0207-00L Nonlinear Systems and Control
Prerequisite: Control Systems (227-0103-00L)

W  6 credits 4G E. Gallestey Alvarez,
P. F. Al Hokayem

Abstract Introduction to the area of nonlinear systems and their control. Familiarization with tools for analysis of nonlinear systems. Discussion of the
various nonlinear controller design methods and their applicability to real life problems.

Objective On completion of the course, students understand the difference between linear and nonlinear systems, know the mathematical techniques
for analysing these systems, and have learnt various methods for designing controllers accounting for their characteristics.

Course puts the student in the position to deploy nonlinear control techniques in real applications. Theory and exercises are combined for
better understanding of the virtues and drawbacks present in the different methods.
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Content Virtually all practical control problems are of nonlinear nature. In some cases application of linear control methods leads to satisfactory
controller performance. In many other cases however, only application of nonlinear analysis and control synthesis methods will guarantee
achievement of the desired objectives. 

During the past decades mature nonlinear controller design methods have been developed and have proven themselves in applications.
After an introduction of the basic methods for analysing nonlinear systems, these methods will be introduced together with a critical
discussion of their pros and cons. Along the course the students will be familiarized with the basic concepts of nonlinear control theory.

This course is designed as an introduction to the nonlinear control field and thus no prior knowledge of this area is required. The course
builds, however, on a good knowledge of the basic concepts of linear control and mathematical analysis.

Lecture notes An english manuscript will be made available on the course homepage during the course.
Literature H.K. Khalil: Nonlinear Systems, Prentice Hall, 2001.
Prerequisites /
notice

Prerequisites: Linear Control Systems, or equivalent.

227-0216-00L Control Systems II W  6 credits 4G R. Smith
Abstract Introduction to basic and advanced concepts of modern feedback control.
Objective Introduction to basic and advanced concepts of modern feedback control.
Content This course is designed as a direct continuation of the course "Regelsysteme" (Control Systems). The primary goal is to further familiarize

students with various dynamic phenomena and their implications for the analysis and design of feedback controllers. Simplifying
assumptions on the underlying plant that were made in the course "Regelsysteme" are relaxed, and advanced concepts and techniques
that allow the treatment of typical industrial control problems are presented. Topics include control of systems with multiple inputs and
outputs, control of uncertain systems (robustness issues), limits of achievable performance, and controller implementation issues.

Lecture notes The slides of the lecture are available to download.
Literature Skogestad, Postlethwaite: Multivariable Feedback Control - Analysis and Design. Second Edition. John Wiley, 2005.
Prerequisites /
notice

Prerequisites:
Control Systems or equivalent

227-0224-00L Stochastic Systems W  4 credits 2V+1U F. Herzog
Abstract Probability. Stochastic processes. Stochastic differential equations. Ito. Kalman filters. St Stochastic optimal control. Applications in

financial engineering.
Objective Stochastic dynamic systems. Optimal control and filtering  of stochastic systems. Examples in technology and finance.
Content - Stochastic processes

- Stochastic calculus (Ito)
- Stochastic differential equations
- Discrete time stochastic difference equations
- Stochastic processes AR, MA, ARMA, ARMAX, GARCH
- Kalman filter
- Stochastic optimal control
- Applications in finance and engineering

Lecture notes H. P. Geering et al., Stochastic Systems, Measurement and Control Laboratory, 2007 and handouts

227-0690-11L Advanced Topics in Control (Spring 2020)
New topics are introduced every year.

W  4 credits 2V+2U G. Banjac

Abstract Advanced Topics in Control (ATIC) covers advanced research topics in control theory. It is offered each Spring semester with the topic
rotating from year to year. Repetition for credit is possible, with consent of the instructor.

Objective During Spring 2020 the course will cover a range of topics in large-scale convex optimization. The students should be able to apply various
numerical methods to solve large-scale optimization problems arising in control, machine learning, signal processing, and finance.

Content Convex analysis and methods for large-scale optimization. Topics will include: convex sets and functions ; duality theory ; optimality and
infeasibility conditions ; structured optimization problems ; gradient-based methods ; operator splitting methods ; distributed and
decentralized optimization ; applications in various research areas.

Lecture notes Copies of the projection slides will be made available on the course Moodle platform.
Literature The course will be largely based on the Large-Scale Convex Optimization course taught at Lund University: https://archive.control.lth.se/ls-

convex-2015/


Prerequisites /
notice

Sufficient mathematical maturity, in particular in linear algebra and analysis.


 Recommended Subjects
These courses are recommended, but you are free to choose courses from any other special field. Please consult your tutor.

Number Title Type ECTS Hours Lecturers

227-0530-00L Optimization in Energy Systems W  6 credits 4G G. Hug
Abstract The course covers various aspects of optimization with a focus on applications to energy networks and scheduling of hydro power.

Throughout the course, concepts from optimization theory are introduced followed by practical applications of the discussed approaches.
Objective After this class, the students should have a good handle on how to approach a research question which involves optimization and

implement and solve the resulting optimization problem by choosing appropriate tools.
Content In our everyday’s life, we always try to take the decision which results in the best outcome. But how do we know what the best outcome will

be? What are the actions leading to this optimal outcome? What are the constraints? These questions also have to be answered when
controlling a system such as energy systems. Optimization theory provides the opportunity to find the answers by using mathematical
formulation and solution of an optimization problem. 
The course covers various aspects of optimization with a focus on applications to energy networks. Throughout the course, concepts from
optimization theory are introduced followed by practical applications of the discussed approaches. The applications are focused on 1) the
Optimal Power Flow problem which is formulated and solved to find optimal device settings in the electric power grid and 2) the scheduling
problem of hydro power plants which in many countries, including Switzerland, dominate the electric power generation. On the theoretical
side, the formulation and solving of unconstrained and constrained optimization problems, multi-time step optimization, stochastic
optimization including probabilistic constraints and decomposed optimization (Lagrangian and Benders decomposition) are discussed.

227-0694-00L Game Theory and Control W  4 credits 2V+2U S. Bolognani
Abstract Game Theory is the study of strategic decision making, and was used to solve problems in economics by John Nash (A Beautiful Mind) and

others. We study concepts and methods in Game Theory, and show how these can be used to solve control design problems. The course
covers non-cooperative dynamic games and Nash equilibria, and emphasizes their use in control applications.

Objective Formulate an optimal control problem as a noncooperative dynamic game, compute mixed and behavioural strategies for different
equilibria.
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Content Introduction to game theory, mathematical tools including convex optimisation and dynamic programming, zero sum games in matrix and
extensive form, pure and mixed strategies, minimax theorem, nonzero sum games in normal and extensive form, numerical computation of
mixed equilibrium strategies, Nash and Stackelberg equilibria, potential games, infinite dynamic games, differential games, behavioral
strategies and informational properties for dynamic games, aggregative games, VCG mechanism.

Lecture notes Will be made available from SPOD or course webpage.
Literature Basar, T. and Olsder, G. Dynamic Noncooperative Game Theory, 2nd

Edition, Society for Industrial and Applied Mathematics, 1998. Available through ETH Bibliothek directly at
http://epubs.siam.org/doi/abs/10.1137/1.9781611971132.

Prerequisites /
notice

Control Systems I (or equivalent). Necessary methods and concepts from optimization will be covered in the course.

227-0696-00L Predictive Control of Power Electronics Systems W  6 credits 2V+2U T. Geyer
Abstract Bridging the gap between modern control methods and power electronics, this course focuses on predictive control methods applied to

power electronics systems. This includes emerging model predictive control methods (with and without a modulator), as well as classic
predictive methods, such as deadbeat control. This course targets power electronics and control students.

Objective - Knowledge of modern time-domain control methods applied to dc-dc and dc-ac converters and their corresponding loads. These control
methods include model predictive control (MPC) and deadbeat control. 
- Understanding of optimized pulse patterns and techniques to achieve fast closed-loop control. 
- Ability to derive suitable mathematical models. 
- Knowledge of and experience in optimization techniques to solve the underlying mixed-integer and quadratic programs. 
- Appreciation of the advantages and disadvantages of the different control methods.

Content - Review of mathematical modelling and time-domain control methods (particularly MPC and deadbeat control).
- Direct MPC with reference tracking (finite control set MPC). Derivation of mathematical models of three-phase power electronics systems,
formulation of the control problem, techniques to solve the one-step and the multi-step horizon problems using branch and bound
techniques. 
- MPC with optimized pulse patterns (OPPs). Computation of OPPs, formulation of fast closed-loop controllers and methods to solve the
underlying quadratic programming problem.
- Indirect MPC with pulse width modulation (PWM). Formulation of the MPC problem, imposition of hard and soft constraints, techniques to
solve the quadratic program in real time and application to modular multilevel converters. 
- Summary of recent research results and activities.
- Matlab / Simulink exercises to enhance the understanding of the control concepts.

Lecture notes The lecture is based on the recent book "Model Predictive Control of High Power Converters and Industrial Drives" by T. Geyer. Additional
notes and related literature will be distributed in the class.

Prerequisites /
notice

- Power Electronic Systems I
- Control Systems I (Regelsysteme I)
- Signal and System Theory II

227-0945-10L Cell and Molecular Biology for Engineers II
This course is part II of a two-semester course.
Knowledge of part I is required.

W  3 credits 2G C. Frei

Abstract The course gives an introduction into cellular and molecular biology, specifically for students with a background in engineering. The focus
will be on the basic organization of eukaryotic cells, molecular mechanisms and cellular functions. Textbook knowledge will be combined
with results from recent research and technological innovations in biology.

Objective After completing this course, engineering students will be able to apply their previous training in the quantitative and physical sciences to
modern biology. Students will also learn the principles how biological models are established, and how these models can be tested.

Content Lectures will include the following topics: DNA, chromosomes, RNA, protein, genetics, gene expression, membrane structure and function,
vesicular traffic, cellular communication, energy conversion, cytoskeleton, cell cycle, cellular growth, apoptosis, autophagy, cancer,
development and stem cells.

In addition, 4 journal clubs will be held, where recent publications will be discussed (2 journal clubs in part I and 2 journal clubs in part II).
For each journal club, students (alone or in groups of up to three students) have to write a summary and discussion of the publication.
These written documents will be graded and count as 40% for the final grade.

Lecture notes Scripts of all lectures will be available.
Literature "Molecular Biology of the Cell" (6th edition) by Alberts, Johnson, Lewis, Morgan, Raff, Roberts, and Walter.

151-0641-00L Introduction to Robotics and Mechatronics
Number of participants limited to 60.

Enrollment is only valid through registration on the MSRL
website (www.msrl.ethz.ch). Registrations per e-mail is no
longer accepted!

W  4 credits 2V+2U B. Nelson, N. Shamsudhin

Abstract The aim of this lecture is to expose students to the fundamentals of mechatronic and robotic systems. Over the course of these lectures,
topics will include how to interface a computer with the real world, different types of sensors and their use, different types of actuators and
their use.

Objective An ever-increasing number of mechatronic systems are finding their way into our daily lives. Mechatronic systems synergistically combine
computer science, electrical engineering, and mechanical engineering. Robotics systems can be viewed as a subset of mechatronics that
focuses on sophisticated control of moving devices. 

The aim of this course is to practically and theoretically expose students to the fundamentals of mechatronic and robotic systems. Over the
course of the semester, the lecture topics will include an overview of robotics, an introduction to different types of sensors and their use, the
programming of microcontrollers and interfacing these embedded computers with the real world, signal filtering and processing, an
introduction to different types of actuators and their use, an overview of computer vision, and forward and inverse kinematics. Throughout
the course, students will periodically attend laboratory sessions and implement lessons learned during lectures on real mechatronic
systems. By the end of the course, you will be able to independently choose, design and integrate these different building blocks into a
working mechatronic system.
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Content The course consists of weekly lectures and lab sessions. The weekly topics are the following:
0. Course Introduction
1. C Programming
2. Sensors
3. Data Acquisition
4. Signal Processing
5. Digital Filtering
6. Actuators
7. Computer Vision and Kinematics
8. Modeling and Control
9. Review and Outlook

The lecture schedule can be found on our course page on the MSRL website (www.msrl.ethz.ch)

Prerequisites /
notice

The students are expected to be familiar with C programming.

151-0854-00L Autonomous Mobile Robots W  5 credits 4G R. Siegwart, M. Chli, N. Lawrance
Abstract The objective of this course is to provide the basics required to develop autonomous mobile robots and systems. Main emphasis is put on

mobile robot locomotion and kinematics, environment perception, and probabilistic environment modeling, localizatoin, mapping and
navigation. Theory will be deepened by exercises with small mobile robots and discussed accross application examples.

Objective The objective of this course is to provide the basics required to develop autonomous mobile robots and systems. Main emphasis is put on
mobile robot locomotion and kinematics, environment perception, and probabilistic environment modeling, localizatoin, mapping and
navigation.

Lecture notes This lecture is enhanced by around 30 small videos introducing the core topics, and multiple-choice questions for continuous self-
evaluation.   It is developed along the TORQUE (Tiny, Open-with-Restrictions courses focused on QUality and Effectiveness) concept,
which is ETH's response to the popular MOOC (Massive Open Online Course) concept.

Literature This lecture is based on the Textbook: 
Introduction to Autonomous Mobile Robots
Roland Siegwart, Illah Nourbakhsh, Davide Scaramuzza, The MIT Press, Second Edition 2011, ISBN: 978-0262015356

252-0526-00L Statistical Learning Theory W  7 credits 3V+2U+1A J. M. Buhmann, C. Cotrini Jimenez
Abstract The course covers advanced methods of statistical learning: 


- Variational methods and optimization.
- Deterministic annealing. 
- Clustering for diverse types of data.
- Model validation by information theory.

Objective The course surveys recent methods of statistical learning. The fundamentals of machine learning, as presented in the courses "Introduction
to Machine Learning" and "Advanced Machine Learning", are expanded from the perspective of statistical learning.

Content - Variational methods and optimization. We consider optimization approaches for problems where the optimizer is a probability distribution.
We will discuss concepts like maximum entropy, information bottleneck, and deterministic annealing.

- Clustering. This is the problem of sorting data into groups without using training samples. We discuss alternative notions of "similarity"
between data points and adequate optimization procedures.

- Model selection and validation. This refers to the question of how complex the chosen model should be. In particular, we present an
information theoretic approach for model validation.

- Statistical physics models. We discuss approaches for approximately optimizing large systems, which originate in statistical physics (free
energy minimization applied to spin glasses and other models). We also study sampling methods based on these models.

Lecture notes A draft of a script will be provided. Lecture slides will be made available.
Literature Hastie, Tibshirani, Friedman: The Elements of Statistical Learning, Springer, 2001.


L. Devroye, L. Gyorfi, and G. Lugosi: A probabilistic theory of pattern recognition. Springer, New York, 1996

Prerequisites /
notice

Knowledge of machine learning (introduction to machine learning and/or advanced machine learning)
Basic knowledge of statistics.

376-1217-00L Rehabilitation Engineering I: Motor Functions W  4 credits 2V+1U R. Riener, E. Wilhelm
Abstract Rehabilitation engineering is the application of science and technology to ameliorate the handicaps of individuals with disabilities in order to

reintegrate them into society. The goal of this lecture is to present classical and new rehabilitation engineering principles and examples
applied to compensate or enhance especially motor deficits.

Objective Provide theoretical and practical knowledge of principles and applications used to rehabilitate individuals with motor disabilities.
Content Rehabilitation is the (re)integration of an individual with a disability into society. Rehabilitation engineering is the application of science and

technology to ameliorate the handicaps of individuals with disability. Such handicaps can be classified into motor, sensor, and cognitive
(also communicational) disabilities. In general, one can distinguish orthotic and prosthetic methods to overcome these disabilities. Orthoses
support existing but affected body functions (e.g., glasses, crutches), while prostheses compensate for lost body functions (e.g., cochlea
implant, artificial limbs). In case of sensory disorders, the lost function can also be substituted by other modalities (e.g. tactile Braille display
for vision impaired persons). 

The goal of this lecture is to present classical and new technical principles as well as specific examples applied to compensate or enhance
mainly motor deficits. Modern methods rely more and more on the application of multi-modal and interactive techniques. Multi-modal
means that visual, acoustical, tactile, and kinaesthetic sensor channels are exploited by displaying the patient with a maximum amount of
information in order to compensate his/her impairment. Interaction means that the exchange of information and energy occurs bi-
directionally between the rehabilitation device and the human being. Thus, the device cooperates with the patient rather than imposing an
inflexible strategy (e.g., movement) upon the patient. Multi-modality and interactivity have the potential to increase the therapeutical
outcome compared to classical rehabilitation strategies.
In the 1 h exercise the students will learn how to solve representative problems with computational methods applied to exoprosthetics,
wheelchair dynamics, rehabilitation robotics and neuroprosthetics.
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Literature Introductory Books

Neural prostheses - replacing motor function after desease or disability. Eds.: R. Stein, H. Peckham, D. Popovic. New York and Oxford:
Oxford University Press.

Advances in Rehabilitation Robotics  Human-Friendly Technologies on Movement Assistance and Restoration for People with Disabilities.
Eds: Z.Z. Bien, D. Stefanov (Lecture Notes in Control and Information Science, No. 306). Springer Verlag Berlin 2004.

Intelligent Systems and Technologies in Rehabilitation Engineering. Eds: H.N.L. Teodorescu, L.C. Jain (International Series on
Computational Intelligence). CRC Press Boca Raton, 2001.

Control of Movement for the Physically Disabled. Eds.: D. Popovic, T. Sinkjaer. Springer Verlag London, 2000.

Interaktive und autonome Systeme der Medizintechnik - Funktionswiederherstellung und Organersatz. Herausgeber: J. Werner,
Oldenbourg Wissenschaftsverlag 2005. 

Biomechanics and Neural Control of Posture and Movement. Eds.: J.M. Winters, P.E. Crago. Springer New York, 2000.

Selected Journal Articles

Abbas, J., Riener, R. (2001) Using mathematical models and advanced control systems techniques to enhance neuroprosthesis function.
Neuromodulation 4, pp. 187-195. 

Burdea, G., Popescu, V., Hentz, V., and Colbert, K. (2000): Virtual reality-based orthopedic telerehabilitation, IEEE Trans. Rehab. Eng., 8,
pp. 430-432

Colombo, G., Jörg, M., Schreier, R., Dietz, V. (2000) Treadmill training of paraplegic patients using a robotic orthosis. Journal of
Rehabilitation Research and Development, vol. 37, pp. 693-700.

Colombo, G., Jörg, M., Jezernik, S. (2002) Automatisiertes Lokomotionstraining auf dem Laufband. Automatisierungstechnik at, vol. 50, pp.
287-295.

Cooper, R. (1993) Stability of a wheelchair controlled by a human. IEEE Transactions on Rehabilitation Engineering 1, pp. 193-206. 

Krebs, H.I., Hogan, N., Aisen, M.L., Volpe, B.T. (1998): Robot-aided neurorehabilitation, IEEE Trans. Rehab. Eng., 6, pp. 75-87

Leifer, L. (1981): Rehabilitive robotics, Robot Age, pp. 4-11

Platz, T. (2003): Evidenzbasierte Armrehabilitation: Eine systematische Literaturübersicht, Nervenarzt, 74, pp. 841-849

Quintern, J. (1998) Application of functional electrical stimulation in paraplegic patients. NeuroRehabilitation 10, pp. 205-250.

Riener, R., Nef, T., Colombo, G. (2005) Robot-aided neurorehabilitation for the upper extremities. Medical & Biological Engineering &
Computing 43(1), pp. 2-10.

Riener, R., Fuhr, T., Schneider, J. (2002) On the complexity of biomechanical models used for neuroprosthesis development. International
Journal of Mechanics in Medicine and Biology 2, pp. 389-404.

Riener, R. (1999) Model-based development of neuroprostheses for paraplegic patients. Royal Philosophical Transactions: Biological
Sciences 354, pp. 877-894.

Prerequisites /
notice

Target Group: 
Students of higher semesters and PhD students of 
- D-MAVT, D-ITET, D-INFK
- Biomedical Engineering 
- Medical Faculty, University of Zurich 
Students of other departments, faculties, courses are also welcome

 Signal Processing and Machine Learning
 Core Subjects

Number Title Type ECTS Hours Lecturers

227-0434-10L Mathematics of Information W  8 credits 3V+2U+2A H. Bölcskei
Abstract The class focuses on mathematical aspects of 


1. Information science: Sampling theorems, frame theory, compressed sensing, sparsity, super-resolution, spectrum-blind sampling,
subspace algorithms, dimensionality reduction

2. Learning theory: Approximation theory, uniform laws of large numbers, Rademacher complexity, Vapnik-Chervonenkis dimension

Objective The aim of the class is to familiarize the students with the most commonly used mathematical theories in data science, high-dimensional
data analysis, and learning theory. The class consists of the lecture, exercise sessions with homework problems, and of a research project,
which can be carried out either individually or in groups. The research project consists of either 1. software development for the solution of
a practical signal processing or machine learning problem or 2. the analysis of a research paper or 3. a theoretical research problem of
suitable complexity. Students are welcome to propose their own project at the beginning of the semester. The outcomes of all projects have
to be presented to the entire class at the end of the semester.
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Content Mathematics of Information

1. Signal representations: Frame theory, wavelets, Gabor expansions, sampling theorems, density theorems

2. Sparsity and compressed sensing: Sparse linear models, uncertainty relations in sparse signal recovery, matching pursuits, super-
resolution, spectrum-blind sampling, subspace algorithms (MUSIC, ESPRIT, matrix pencil), estimation in the high-dimensional noisy case,
Lasso

3. Dimensionality reduction: Random projections, the Johnson-Lindenstrauss Lemma

Mathematics of Learning

4. Approximation theory: Nonlinear approximation theory, fundamental limits on compressibility of signal classes, Kolmogorov-Tikhomirov
epsilon-entropy of signal classes, optimal compression of signal classes, recovery from incomplete data, information-based complexity,
curse of dimensionality

5. Uniform laws of large numbers: Rademacher complexity, Vapnik-Chervonenkis dimension, classes with polynomial discrimination,
blessings of dimensionality

Lecture notes Detailed lecture notes will be provided at the beginning of the semester and as we go along.
Prerequisites /
notice

This course is aimed at students with a background in basic linear algebra, analysis, statistics, and probability. 

We encourage students who are interested in mathematical data science to take both this course and "401-4944-20L Mathematics of Data
Science" by Prof. A. Bandeira. The two courses are designed to be complementary.

H. Bölcskei and A. Bandeira

227-0391-00L Medical Image Analysis
Basic knowledge of computer vision would be helpful.

W  3 credits 2G E. Konukoglu, M. A. Reyes Aguirre

Abstract It is the objective of this lecture to introduce the basic concepts used 
in Medical Image Analysis. In particular the lecture focuses on shape 
representation schemes, segmentation techniques, machine learning based predictive models and various image registration methods
commonly used in Medical Image Analysis applications.

Objective This lecture aims to give an overview of the basic concepts of Medical Image Analysis and its application areas.
Prerequisites /
notice

Prerequisites: 
Basic concepts of mathematical analysis and linear algebra.

Preferred:
Basic knowledge of computer vision and machine learning would be helpful.

The course will be held in English.

252-0220-00L Introduction to Machine Learning
Limited number of participants. Preference is given to
students in programmes in which the course is being
offered. All other students will be waitlisted. Please do not
contact Prof. Krause for any questions in this regard. If
necessary, please contact studiensekretariat@inf.ethz.ch 

W  8 credits 4V+2U+1A A. Krause

Abstract The course introduces the foundations of learning and making predictions based on data.
Objective The course will introduce the foundations of learning and making predictions from data. We will study basic concepts such as trading

goodness of fit and model complexitiy. We will discuss important machine learning algorithms used in practice, and provide hands-on
experience in a course project.

Content - Linear regression (overfitting, cross-validation/bootstrap, model selection, regularization, [stochastic] gradient descent)
- Linear classification: Logistic regression (feature selection, sparsity, multi-class)
- Kernels and the kernel trick (Properties of kernels; applications to linear and logistic regression); k-nearest neighbor
- Neural networks (backpropagation, regularization, convolutional neural networks)
- Unsupervised learning (k-means, PCA, neural network autoencoders)
- The statistical perspective (regularization as prior; loss as likelihood; learning as MAP inference)
- Statistical decision theory (decision making based on statistical models and utility functions)
- Discriminative vs. generative modeling (benefits and challenges in modeling joint vy. conditional distributions)
- Bayes' classifiers (Naive Bayes, Gaussian Bayes; MLE)
- Bayesian approaches to unsupervised learning (Gaussian mixtures, EM)

Literature Textbook: Kevin Murphy, Machine Learning: A Probabilistic Perspective, MIT Press
Prerequisites /
notice

Designed to provide a basis for following courses:
- Advanced Machine Learning
- Deep Learning
- Probabilistic Artificial Intelligence 
- Seminar "Advanced Topics in Machine Learning"

401-4944-20L Mathematics of Data Science W  8 credits 4G A. Bandeira
Abstract Mostly self-contained, but fast-paced, introductory masters level course on various theoretical aspects of algorithms that aim to extract

information from data.
Objective Introduction to various mathematical aspects of Data Science.
Content These topics lie in overlaps of (Applied) Mathematics with: Computer Science, Electrical Engineering, Statistics, and/or Operations

Research. Each lecture will feature a couple of Mathematical Open Problem(s) related to Data Science. The main mathematical tools used
will be Probability and Linear Algebra, and a basic familiarity with these subjects is required. There will also be some (although knowledge
of these tools is not assumed) Graph Theory, Representation Theory, Applied Harmonic Analysis, among others. The topics treated will
include Dimension reduction, Manifold learning, Sparse recovery, Random Matrices, Approximation Algorithms, Community detection in
graphs, and several others.

Lecture notes https://people.math.ethz.ch/~abandeira/TenLecturesFortyTwoProblems.pdf
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Prerequisites /
notice

The main mathematical tools used will be Probability, Linear Algebra (and real analysis), and a working knowledge of these subjects is
required. In addition
to these prerequisites, this class requires a certain degree of mathematical maturity--including abstract thinking and the ability to
understand and write proofs.

We encourage students who are interested in mathematical data science to take both this course and ``227-0434-10L    Mathematics of
Information'' taught by Prof. H. Bölcskei. The two courses are designed to be 
complementary.
A. Bandeira and H. Bölcskei

 Recommended Subjects
Number Title Type ECTS Hours Lecturers

227-0147-00L VLSI II: Design of Very Large Scale Integration
Circuits

W  6 credits 5G F. K. Gürkaynak, L. Benini

Abstract This second course in our VLSI series is concerned with how to turn digital circuit netlists into safe, testable and manufacturable mask
layout, taking into account various parasitic effects. Low-power circuit design is another important topic. Economic aspects and
management issues of VLSI projects round off the course.

Objective Know how to design digital VLSI circuits that are safe, testable, durable, and make economic sense.
Content The second course begins with a thorough discussion of various technical aspects at the circuit and layout level before moving on to

economic issues of VLSI. Topics include: 
- The difficulties of finding fabrication defects in large VLSI chips. 
- How to make integrated circuit testable (design for test). 
- Synchronous clocking disciplines compared, clock skew, clock distribution, input/output timing. 
- Synchronization and metastability. 
- CMOS transistor-level circuits of gates, flip-flops and random access memories. 
- Sinks of energy in CMOS circuits. 
- Power estimation and low-power design. 
- Current research in low-energy computing. 
- Layout parasitics, interconnect delay, static timing analysis. 
- Switching currents, ground bounce, IR-drop, power distribution. 
- Floorplanning, chip assembly, packaging. 
- Layout design at the mask level, physical design verification. 
- Electromigration, electrostatic discharge, and latch-up. 
- Models of industrial cooperation in microelectronics. 
- The caveats of virtual components. 
- The cost structures of ASIC development and manufacturing.
- Market requirements, decision criteria, and case studies.
- Yield models.
- Avenues to low-volume fabrication. 
- Marketing considerations and case studies. 
- Management of VLSI projects.

Exercises are concerned with back-end design (floorplanning, placement, routing, clock and power distribution, layout verification).
Industrial CAD tools are being used.

Lecture notes H. Kaeslin: "Top-Down Digital VLSI Design, from Gate-Level Circuits to CMOS Fabrication", Lecture Notes Vol.2 , 2015.

All written documents in English.

Literature H. Kaeslin: "Top-Down Digital VLSI Design, from Architectures to Gate-Level Circuits and FPGAs", Elsevier, 2014, ISBN 9780128007303.
Prerequisites /
notice

Highlight:
Students are offered the opportunity to design a circuit of their own which then gets actually fabricated as a microchip! Students who elect
to participate in this program register for a term project at the Integrated Systems Laboratory in parallel to attending the VLSI II course.

Prerequisites: 
"VLSI I: from Architectures to Very Large Scale Integration Circuits and FPGAs" or equivalent knowledge.

Further details:
https://vlsi2.ethz.ch

227-0150-00L Systems-on-chip for Data Analytics and Machine
Learning
Previously "Energy-Efficient Parallel Computing Systems
for Data Analytics"

W  6 credits 4G L. Benini

Abstract Systems-on-chip architecture and related design issues with a focus on machine learning and data analytics applications. It will cover multi-
cores, many-cores, vector engines, GP-GPUs, application-specific processors and heterogeneous compute accelerators.  Special
emphasis given to energy-efficiency issues and hardware-software techniques for power and energy minimization.

Objective Give in-depth understanding of the links and dependencies between architectures and their energy-efficient implementation and to get a
comprehensive exposure to state-of-the-art systems-on-chip platforms for machine learning and data analytics. Practical experience will
also be gained through practical exercises and mini-projects (hardware and software) assigned on specific topics.

Content The course will cover advanced system-on-chip architectures,  with an in-depth view on design challenges related to advanced silicon
technology and state-of-the-art system integration options (nanometer silicon technology, novel storage devices, three-dimensional
integration, advanced system packaging).   The emphasis will be on programmable parallel architectures with application focus on machine
learning and data analytics.  The main SoC architectural families will be covered: namely, multi and many- cores,  GPUs, vector
accelerators, application-specific processors, heterogeneous platforms.   The course will cover the complex design choices required to
achieve scalability and energy proportionality.   The course will will also delve into system design, touching on hardware-software tradeoffs
and full-system analysis and optimization taking into account non-functional constraints and quality metrics, such as power consumption,
thermal dissipation, reliability and variability. The application focus will be on machine learning both in the cloud and at the edges (near-
sensor analytics).

Lecture notes Slides will be provided to accompany lectures.  Pointers to scientific literature will be given. Exercise scripts and tutorials will be provided.
Literature John L. Hennessy, David A. Patterson, Computer Architecture: A Quantitative Approach (The Morgan Kaufmann Series in Computer

Architecture and Design) 6th Edition, 2017.
Prerequisites /
notice

Knowledge of digital design at the level of "Design of Digital Circuits SS12" is required.

Knowledge of basic VLSI design at the level of  "VLSI I: Architectures of VLSI Circuits" is required

227-0155-00L Machine Learning on Microcontrollers W  6 credits 3G+2A M. Magno, L. Benini
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Registration in this class requires the permission of the
instructors. Class size will be limited to 30. 
Preference is given to students in the MSc EEIT.

Abstract Machine Learning (ML) and artificial intelligence are pervading the digital society. Today, even low power embedded systems are
incorporating ML, becoming increasingly “smart”. This lecture gives an overview of ML methods and algorithms to process and extract
useful near-sensor information in end-nodes of the “internet-of-things”, using low-power microcontrollers/ processors (ARM-Cortex-M;
RISC-V)

Objective Learn how to Process data from sensors and how to extract useful information with low power microprocessors using ML techniques. We
will analyze data coming from real low-power sensors (accelerometers, microphones, ExG bio-signals, cameras…). The main objective is
to study in details how Machine Learning algorithms can be adapted to the performance constraints and limited resources of low-power
microcontrollers.

Content The final goal of the course is a deep understanding of machine learning and its practical implementation on single- and multi-core
microcontrollers, coupled with performance and energy efficiency analysis and optimization. The main topics of the course include:

- Sensors and sensor data acquisition with low power embedded systems

- Machine Learning: Overview of supervised and unsupervised learning and in particular supervised learning (Bayes Decision Theory,
Decision Trees, Random Forests, kNN-Methods, Support Vector Machines, Convolutional Networks and Deep Learning)

- Low-power embedded systems and their architecture. Low Power microcontrollers (ARM-Cortex M) and RISC-V-based Parallel Ultra Low
Power (PULP) systems-on-chip. 

- Low power smart sensor system design: hardware-software tradeoffs, analysis, and optimization. Implementation and performance
evaluation of ML  in battery-operated embedded systems. 

The laboratory exercised will show how to address concrete design problems, like motion, gesture recognition, emotion detection, image
and sound classification, using real sensors data and real MCU boards. 

Presentations from Ph.D. students and the visit to the Digital Circuits and Systems Group will introduce current research topics and
international research projects.

Lecture notes Script and exercise sheets. Books will be suggested during the course.
Prerequisites /
notice

Prerequisites: Good experience in C language programming. Microprocessors and computer architecture. Basics of Digital Signal
Processing. Some exposure to machine learning concepts is also desirable. 

227-0418-00L Algebra and Error Correcting Codes W  6 credits 4G H.-A. Loeliger
Abstract The course is an introduction to error correcting codes covering both classical algebraic codes and modern iterative decoding. The course

includes a self-contained introduction of the pertinent basics of "abstract" algebra.
Objective The course is an introduction to error correcting codes covering both classical algebraic codes and modern iterative decoding. The course

includes a self-contained introduction of the pertinent basics of "abstract" algebra.
Content Error correcting codes: coding and modulation, linear codes, Hamming space codes, Euclidean space codes, trellises and Viterbi decoding,

convolutional codes, factor graphs and message passing algorithms, low-density parity check codes, turbo codes, polar codes, Reed-
Solomon codes.

Algebra: groups, rings, homomorphisms, quotient groups, ideals, finite fields, vector spaces, polynomials.

Lecture notes Lecture Notes (english)

227-0436-00L Digital Communication and Signal Processing W  6 credits 2V+2U A. Wittneben
Abstract A comprehensive presentation of modern digital modulation, detection and synchronization schemes and relevant aspects of signal

processing enables the student to analyze, simulate, implement and research the physical layer of advanced digital communication
schemes. The course both covers the underlying theory and provides problem solving and hands-on experience.

Objective Digital communication systems are characterized by ever increasing requirements on data rate, spectral efficiency and reliability. Due to
the huge advances in very large scale integration (VLSI) we are now able to implement extremely complex digital signal processing
algorithms to meet these challenges. As a result the physical layer (PHY) of digital communication systems has become the dominant
function in most state-of-the-art system designs. In this course we discuss the major elements of PHY implementations in a rigorous
theoretical fashion and present important practical examples to illustrate the application of the theory. In Part I we treat discrete time linear
adaptive filters, which are a core component to handle multiuser and intersymbol interference in time-variant channels. Part II is a seminar
block, in which the students develop their analytical and experimental (simulation) problem solving skills. After a review of  major aspects of
wireless communication we discuss, simulate and present the performance of novel cooperative and adaptive multiuser wireless
communication systems. As part of this seminar each students has to give a 15 minute presentation and actively attends the presentations
of the classmates.  In Part III we cover parameter estimation and synchronization. Based on the classical discrete detection and estimation
theory we develop maximum likelihood inspired digital algorithms for symbol timing and frequency synchronization.

Content Part I: Linear adaptive filters for digital communication
    Finite impulse response (FIR) filter for temporal and spectral shaping 
    Wiener filters
    Method of steepest descent
    Least mean square adaptive filters

Part II: Seminar block on cooperative wireless communication
    review of the basic concepts of wireless communication
    multiuser amplify&forward relaying
    performance evaluation of adaptive A&F relaying schemes and student presentations

Part III: Parameter estimation and synchronization
    Discrete detection theory 
    Discrete estimation theory  
    Synthesis of synchronization algorithms 
    Frequency estimation 
    Timing adjustment by interpolation

Lecture notes Lecture notes.
Literature [1]    Oppenheim, A. V., Schafer, R. W., "Discrete-time signal processing", Prentice-Hall, ISBN 0-13-754920-2.

[2]    Haykin, S., "Adaptive filter theory", Prentice-Hall, ISBN 0-13-090126-1.
[3]    Van Trees, H. L., "Detection , estimation and modulation theory", John     Wiley&Sons, ISBN 0-471-09517-6.
[4]    Meyr, H., Moeneclaey, M., Fechtel, S. A., "Digital communication receivers:     synchronization, channel estimation and signal
processing", John  Wiley&Sons, ISBN 0-471-50275-8.

Prerequisites /
notice

Formal prerequisites: none
Recommended: Communication Systems or equivalent
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227-0478-00L Acoustics II W  6 credits 4G K. Heutschi
Abstract Advanced knowledge of the functioning and application of electro-acoustic transducers.
Objective Advanced knowledge of the functioning and application of electro-acoustic transducers.
Content Electrical, mechanical and acoustical analogies. Transducers, microphones and loudspeakers, acoustics of musical instruments, sound

recording, sound reproduction, digital audio.
Lecture notes available

227-0560-00L Deep Learning for Autonomous Driving
Registration in this class requires the permission of the
instructors. Class size will be limited to 80 students.
Preference is given to EEIT, INF and RSC students.

W  6 credits 3V+2P D. Dai, A. Liniger

Abstract Autonomous driving has moved from the realm of science fiction to a very real possibility during the past twenty years, largely due to rapid
developments of deep learning approaches, automotive sensors, and microprocessor capacity. This course covers the core techniques
required for building a self-driving car, especially the practical use of deep learning through this theme.

Objective Students will learn about the fundamental aspects of a self-driving car. They will also learn to use modern automotive sensors and HD
navigational maps, and to implement, train and debug their own deep neural networks in order to gain a deep understanding of cutting-
edge research in autonomous driving tasks, including perception, localization and control.

After attending this course, students will:
1) understand the core technologies of building a self-driving car;
2) have a good overview over the current state of the art in self-driving cars;
3) be able to critically analyze and evaluate current research in this area;
4) be able to implement basic systems for multiple autonomous driving tasks.

Content We will focus on teaching the following topics centered on autonomous driving: deep learning, automotive sensors, multimodal driving
datasets, road scene perception, ego-vehicle localization, path planning, and control.

The course covers the following main areas: 

I) Foundation
a) Fundamentals of a self-driving car
b) Fundamentals of deep-learning 


II) Perception
a) Semantic segmentation and lane detection
b) Depth estimation with images and sparse LiDAR data 
c) 3D object detection with images and LiDAR data 
d) Object tracking and motion prediction 

III) Localization 
a) GPS-based and Vision-based Localization
b) Visual Odometry and Lidar Odometry

IV) Path Planning and Control
a) Path planning for autonomous driving
b) Motion planning and vehicle control
c) Imitation learning and reinforcement learning for self driving cars

The exercise projects will involve training complex neural networks and applying them on real-world, multimodal driving datasets. In
particular, students should be able to develop systems that deal with the following problems:
- Sensor calibration and synchronization to obtain multimodal driving data;
- Semantic segmentation and depth estimation with deep neural networks ;
- Learning to drive with images and map data directly (a.k.a. end-to-end driving)

Lecture notes The lecture slides will be provided as a PDF.
Prerequisites /
notice

This is an advanced grad-level course. Students must have taken courses on machine learning and computer vision or have acquired
equivalent knowledge. Students are expected to have a solid mathematical foundation, in particular in linear algebra, multivariate calculus,
and probability. All practical exercises will require basic knowledge of Python and will use libraries such as PyTorch, scikit-learn and scikit-
image.

227-0707-00L Optimization Methods for Engineers W  3 credits 2G P. Leuchtmann
Abstract First half of the semester: Introduction to the main methods of numerical optimization with focus on stochastic methods such as genetic

algorithms, evolutionary strategies, etc.
Second half of the semester: Each participant implements a selected optimizer and applies it on a problem of practical interest.

Objective Numerical optimization is of increasing importance for the development of devices and for the design of numerical methods. The students
shall learn to select, improve, and combine appropriate procedures for efficiently solving practical problems.

Content Typical optimization problems and their difficulties are outlined. Well-known deterministic search strategies, combinatorial minimization, and
evolutionary algorithms are presented and compared. In engineering, optimization problems are often very complex. Therefore, new
techniques based on the generalization and combination of known methods are discussed. To illustrate the procedure, various problems of
practical interest are presented and solved with different optimization codes.

Lecture notes PDF of a short skript (39 pages) plus the view graphs are provided
Prerequisites /
notice

Lecture only in the first half of the semester, exercises in form of small projects in the second half, presentation of the results in the last
week of the semester.

227-0948-00L Magnetic Resonance Imaging in Medicine W  4 credits 3G S. Kozerke, M. Weiger Senften
Abstract Introduction to magnetic resonance imaging and spectroscopy, encoding and contrast mechanisms and their application in medicine.
Objective Understand the basic principles of signal generation, image encoding and decoding, contrast manipulation and the application thereof to

assess anatomical and functional information in-vivo.
Content Introduction to magnetic resonance imaging including basic phenomena of nuclear magnetic resonance; 2- and 3-dimensional imaging

procedures; fast and parallel imaging techniques; image reconstruction; pulse sequences and image contrast manipulation; equipment;
advanced techniques for identifying activated brain areas; perfusion and flow; diffusion tensor imaging and fiber tracking; contrast agents;
localized magnetic resonance spectroscopy and spectroscopic imaging; diagnostic applications and applications in research.

Lecture notes D. Meier, P. Boesiger, S. Kozerke
Magnetic Resonance Imaging and Spectroscopy

227-1032-00L Neuromorphic Engineering II
Information for UZH students:

W  6 credits 5G S.-C. Liu, T. Delbrück, G. Indiveri
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Enrolment to this course unit only possible at ETH. No
enrolment to module INI405 at UZH. 

Please mind the ETH enrolment deadlines for UZH
students: https://www.ethz.ch/en/studies/non-
degree-
courses/special-
students/special-students-university-of-zurich.html

Abstract This course teaches the basics of analog chip design and layout with an emphasis on neuromorphic circuits, which are introduced in the fall
semester course "Neuromorphic Engineering I".

Objective Design of a neuromorphic circuit for implementation with CMOS technology.
Content This course teaches the basics of analog chip design and layout with an emphasis on neuromorphic circuits, which are introduced in the

autumn semester course "Neuromorphic Engineering I".

The principles of CMOS processing technology are presented. Using a set of inexpensive software tools for simulation, layout and
verification, suitable for neuromorphic circuits, participants learn to simulate circuits on the transistor level and to make their layouts on the
mask level. Important issues in the layout of neuromorphic circuits will be explained and illustrated with examples. In the latter part of the
semester students simulate and layout a neuromorphic chip. Schematics of basic building blocks will be provided. The layout will then be
fabricated and will be tested by students during the following fall semester.

Literature S.-C. Liu et al.: Analog VLSI Circuits and Principles; software documentation.
Prerequisites /
notice

Prerequisites: Neuromorphic Engineering I strongly recommended

151-0566-00L Recursive Estimation W  4 credits 2V+1U R. D'Andrea
Abstract Estimation of the state of a dynamic system based on a model and observations in a computationally efficient way.
Objective Learn the basic recursive estimation methods and their underlying principles.
Content Introduction to state estimation; probability review; Bayes' theorem; Bayesian tracking; extracting estimates from probability distributions;

Kalman filter; extended Kalman filter; particle filter; observer-based control and the separation principle.
Lecture notes Lecture notes available on course website: http://www.idsc.ethz.ch/education/lectures/recursive-estimation.html
Prerequisites /
notice

Requirements: Introductory probability theory and matrix-vector algebra.

252-0526-00L Statistical Learning Theory W  7 credits 3V+2U+1A J. M. Buhmann, C. Cotrini Jimenez
Abstract The course covers advanced methods of statistical learning: 


- Variational methods and optimization.
- Deterministic annealing. 
- Clustering for diverse types of data.
- Model validation by information theory.

Objective The course surveys recent methods of statistical learning. The fundamentals of machine learning, as presented in the courses "Introduction
to Machine Learning" and "Advanced Machine Learning", are expanded from the perspective of statistical learning.

Content - Variational methods and optimization. We consider optimization approaches for problems where the optimizer is a probability distribution.
We will discuss concepts like maximum entropy, information bottleneck, and deterministic annealing.

- Clustering. This is the problem of sorting data into groups without using training samples. We discuss alternative notions of "similarity"
between data points and adequate optimization procedures.

- Model selection and validation. This refers to the question of how complex the chosen model should be. In particular, we present an
information theoretic approach for model validation.

- Statistical physics models. We discuss approaches for approximately optimizing large systems, which originate in statistical physics (free
energy minimization applied to spin glasses and other models). We also study sampling methods based on these models.

Lecture notes A draft of a script will be provided. Lecture slides will be made available.
Literature Hastie, Tibshirani, Friedman: The Elements of Statistical Learning, Springer, 2001.


L. Devroye, L. Gyorfi, and G. Lugosi: A probabilistic theory of pattern recognition. Springer, New York, 1996

Prerequisites /
notice

Knowledge of machine learning (introduction to machine learning and/or advanced machine learning)
Basic knowledge of statistics.

252-0579-00L 3D Vision W  5 credits 3G+1A M. Pollefeys, V. Larsson
Abstract The course covers camera models and calibration, feature tracking and matching, camera motion estimation via simultaneous localization

and mapping (SLAM) and visual odometry (VO), epipolar and mult-view geometry, structure-from-motion, (multi-view) stereo, augmented
reality, and image-based (re-)localization.

Objective After attending this course, students will:
   1. understand the core concepts for recovering 3D shape of objects and scenes from images and video.
   2. be able to implement basic systems for vision-based robotics and simple virtual/augmented reality applications.
   3. have a good overview over the current state-of-the art in 3D vision.
   4. be able to critically analyze and asses current research in this area.

Content The goal of this course is to teach the core techniques required for robotic and augmented reality applications: How to determine the
motion of a camera and how to estimate the absolute position and orientation of a camera in the real world. This course will introduce the
basic concepts of 3D Vision in the form of short lectures, followed by student presentations discussing the current state-of-the-art. The
main focus of this course are student projects on 3D Vision topics, with an emphasis on robotic vision and virtual and augmented reality
applications.

227-0973-00L Translational Neuromodeling W  8 credits 3V+2U+1A K. Stephan
Abstract This course provides a systematic introduction to Translational Neuromodeling (the development of mathematical models for diagnostics of

brain diseases) and their application to concrete clinical questions (Computational Psychiatry/Psychosomatics). It focuses on a generative
modeling strategy and teaches (hierarchical) Bayesian models of neuroimaging data and behaviour, incl. exercises.

Objective To obtain an understanding of the goals, concepts and methods of Translational Neuromodeling and Computational
Psychiatry/Psychosomatics, particularly with regard to Bayesian models of neuroimaging (fMRI, EEG) and behavioural data.
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Content This course provides a systematic introduction to Translational Neuromodeling (the development of mathematical models for diagnostics of
brain diseases) and their application to concrete clinical questions (Computational Psychiatry/Psychosomatics). The first part of the course
will introduce disease concepts from psychiatry and psychosomatics, their history, and clinical priority problems. The second part of the
course concerns computational modeling of neuronal and cognitive processes for clinical applications. A particular focus is on Bayesian
methods and generative models, for example, dynamic causal models for inferring neuronal processes from neuroimaging data, and
hierarchical Bayesian models for inference on cognitive processes from behavioural data. The course discusses the mathematical and
statistical principles behind these models, illustrates their application to various psychiatric diseases, and outlines a general research
strategy based on generative models. 

Lecture topics include:
1.    Introduction to Translational Neuromodeling and Computational Psychiatry/Psychosomatics
2.    Psychiatric nosology 
3.    Pathophysiology of psychiatric disease mechanisms
4.    Principles of Bayesian inference and generative modeling
5.    Variational Bayes (VB)
6.    Bayesian model selection
7.    Markov Chain Monte Carlo techniques (MCMC)
8.    Bayesian frameworks for understanding psychiatric and psychosomatic diseases
9.    Generative models of fMRI data
10.    Generative models of electrophysiological data
11.    Generative models of behavioural data
12.    Computational concepts of schizophrenia, depression and autism
13.    Model-based predictions about individual patients

Practical exercises include mathematical derivations and the implementation of specific models and inference methods. In additional
project work, students are required to use one of the examples discussed in the course as a basis for developing their own generative
model and use it for simulations and/or inference in application to a clinical question. Group work (up to 3 students) is permitted.

Literature See TNU website:
https://www.tnu.ethz.ch/en/teaching.html

Prerequisites /
notice

Good knowledge of principles of statistics, good programming skills (MATLAB or Python)

263-5904-00L Deep Learning for Computer Vision: Seminal Work
Number of participants limited to 24.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W  2 credits 2S M. R. Oswald, Z. Cui

Abstract This seminar covers seminal papers on the topic of deep learning for computer vision. The students will present and discuss the papers
and gain an understanding of the most influential research in this area - both past and present.

Objective The objectives of this seminar are two-fold. Firstly, the aim is to provide a solid understanding of key contributions to the field of deep
learning for vision (including a historical perspective as well as recent work). Secondly, the students will learn to critically read and analyse
original research papers and judge their impact, as well as how to give a scientific presentation and lead a discussion on their topic.  

Content The seminar will start with introductory lectures to provide (1) a compact overview of challenges and relevant machine learning and deep
learning research, and (2) a tutorial on critical analysis and presentation of research papers. Each student then chooses one paper from
the provided collection to present during the remainder of the seminar. The students will be supported in the preparation of their
presentation by the seminar assistants.

Lecture notes The selection of research papers will be presented at the beginning of the semester. 
Literature The course "Machine Learning" is recommended. 

252-3900-00L Big Data for Engineers
This course is not intended for Computer Science and
Data Science MSc students! 

W  6 credits 2V+2U+1A G. Fourny

Abstract This course is part of the series of database lectures offered to all ETH departments, together with Information Systems for Engineers. It
introduces the most recent advances in the database field: how do we scale storage and querying to Petabytes of data, with trillions of
records? How do we deal with heterogeneous data sets? How do we deal with alternate data shapes like trees and graphs?

Objective This lesson is complementary with Information Systems for Engineers as they cover different time periods of database history and
practices -- you can even take both lectures at the same time.

The key challenge of the information society is to turn data into information, information into knowledge, knowledge into value. This has
become increasingly complex. Data comes in larger volumes, diverse shapes, from different sources. Data is more heterogeneous and less
structured than forty years ago. Nevertheless, it still needs to be processed fast, with support for complex operations.

This combination of requirements, together with  the technologies that have emerged in order to address them, is typically referred to as
"Big Data." This revolution has led to a completely new way to do business, e.g., develop new products and business models, but also to
do science -- which is sometimes referred to as data-driven science or the "fourth paradigm".

Unfortunately, the quantity of data produced and available -- now in the Zettabyte range (that's 21 zeros) per year -- keeps growing faster
than our ability to process it. Hence, new architectures and approaches for processing it were and are still needed. Harnessing them must
involve a deep understanding of data not only in the large, but also in the small.

The field of databases evolves at a fast pace. In order to be prepared, to the extent possible, to the (r)evolutions that will take place in the
next few decades, the emphasis of the lecture will be on the paradigms and core design ideas, while today's technologies will serve as
supporting illustrations thereof.

After visiting this lecture, you should have gained an overview and understanding of the Big Data landscape, which is the basis on which
one can make informed decisions, i.e., pick and orchestrate the relevant technologies together for addressing each business use case
efficiently and consistently.
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Content This course gives an overview of database technologies and of the most important database design principles that lay the foundations of
the Big Data universe. 

It targets specifically students with a scientific or Engineering, but not Computer Science, background.

We take the monolithic, one-machine relational stack from the 1970s, smash it down and rebuild it on top of large clusters: starting with
distributed storage, and all the way up to syntax, models, validation, processing, indexing, and querying. A broad range of aspects is
covered with a focus on how they fit all together in the big picture of the Big Data ecosystem.

No data is harmed during this course, however, please be psychologically prepared that our data may not always be in normal form.

- physical storage: distributed file systems (HDFS), object storage(S3), key-value stores

- logical storage: document stores (MongoDB), column stores (HBase)

- data formats and syntaxes (XML, JSON, RDF, CSV, YAML, protocol buffers, Avro)

- data shapes and models (tables, trees)

- type systems and schemas: atomic types, structured types (arrays, maps), set-based type systems (?, *, +)

- an overview of functional, declarative programming languages across data shapes (SQL, JSONiq)

- the most important query paradigms (selection, projection, joining, grouping, ordering, windowing)

- paradigms for parallel processing, two-stage (MapReduce) and DAG-based (Spark)

- resource management (YARN)

- what a data center is made of and why it matters (racks, nodes, ...)

- underlying architectures (internal machinery of HDFS, HBase, Spark)

- optimization techniques (functional and declarative paradigms, query plans, rewrites, indexing)

- applications.

Large scale analytics and machine learning are outside of the scope of this course.

Literature Papers from scientific conferences and journals. References will be given as part of the course material during the semester.
Prerequisites /
notice

This course is not intended for Computer Science and Data Science students. Computer Science and Data Science students interested in
Big Data MUST attend the Master's level Big Data lecture, offered in Fall.

Requirements: programming knowledge (Java, C++, Python, PHP, ...) as well as basic knowledge on databases (SQL). If you have already
built your own website with a backend SQL database, this is perfect.

Attendance is especially recommended to those who attended Information Systems for Engineers last Fall, which introduced the "good old
databases of the 1970s" (SQL, tables and cubes). However, this is not a strict requirement, and it is also possible to take the lectures in
reverse order.

263-5300-00L Guarantees for Machine Learning W  5 credits 2V+2A F. Yang
Abstract This course teaches classical and recent methods in statistics and optimization commonly used to prove theoretical guarantees for

machine learning algorithms. The knowledge is then applied in project work that focuses on understanding phenomena in modern machine
learning.

Objective This course is aimed at advanced master and doctorate students who want to understand and/or conduct independent research on theory
for modern machine learning. For this purpose, students will learn common mathematical techniques from statistical learning theory. In
independent project work, they then apply their knowledge and go through the process of critically questioning recently published work,
finding relevant research questions and learning how to effectively present research ideas to a professional audience.

Content This course teaches some classical and recent methods in statistical learning theory aimed at proving theoretical guarantees for machine
learning algorithms, including topics in

- concentration bounds, uniform convergence
- high-dimensional statistics (e.g. Lasso)
- prediction error bounds for non-parametric statistics (e.g. in kernel spaces)
- minimax lower bounds
- regularization via optimization

The project work focuses on active theoretical ML research that aims to understand modern phenomena in machine learning, including but
not limited to

- how overparameterization could help generalization ( interpolating models, linearized NN )
- how overparameterization could help optimization ( non-convex optimization, loss landscape )
- complexity measures and approximation theoretic properties of randomly initialized and
trained NN
- generalization of robust learning ( adversarial robustness, standard and robust error tradeoff )
- prediction with calibrated confidence ( conformal prediction, calibration )

Prerequisites /
notice

It’s absolutely necessary for students to have a strong mathematical background (basic real analysis, probability theory, linear algebra) and
good knowledge of core concepts in machine learning taught in courses such as “Introduction to Machine Learning”, “Regression”/
“Statistical Modelling”. It's also helpful to have heard an optimization course or approximation theoretic course. In addition to these
prerequisites, this class requires a certain degree of mathematical maturity—including abstract thinking and the ability to understand and
write proofs.

 Subjects of General Interest
These courses are suitable for several special fields. Please consult your tutor.

Number Title Type ECTS Hours Lecturers

227-0803-00L Energy, Resources, Environment: Risks and
Prospects

W  6 credits 4G O. Zenklusen, T. Flüeler
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Abstract Multidisciplinary, interactive course focussing on current debates around environmental and energy issues. Topics include: energy
transition, nuclear energy and climate change, 2000-Watt-Society. Concepts such as risk, sustainable development and eco-efficiency are
applied to case studies. The course is designed for a pluridisciplinary audience and provides a training ground for critical thinking.

Objective Develop capacities for explicating environmental problems, for scrutinising proposed solutions and for contributing to debates. Analyse
complex issues from different perspectives and using a variety of analytical concepts. Understand interactions between the environment,
science and technology, society and the economy. Develop skills in critical thinking, scientific writing and presenting.

Content Following a multidisciplinary outline of current issues in environmental and energy policy, the course introduces theoretical and analytical
approaches including "risk", "sustainability", "resource management", "messy problems" as well as concepts from institutional design and
environmental economics. Large parts of the course are dedicated to case studies and contributions from participants. These serve for
applying concepts to concrete challenges and debates. Topics may include: energy transition, innovation, carbon markets, the future of
nuclear energy, climate change and development policy, dealing with disaster risk, the use of non-renewable resources, as well as visions
such as 2000-watt society.

Lecture notes Presentations and reader provided in electronic formats.
Literature Reader provided in electronic formats.
Prerequisites /
notice

-

151-0306-00L Visualization, Simulation and Interaction - Virtual
Reality I

W  4 credits 4G A. Kunz

Abstract Technology of Virtual Reality. Human factors, Creation of virtual worlds, Lighting models, Display- and acoustic- systems, Tracking,
Haptic/tactile interaction, Motion platforms, Virtual prototypes, Data exchange, VR Complete systems, Augmented reality, Collaboration
systems; VR and Design; Implementation of the VR in the industry; Human Computer Interfaces (HCI).

Objective The product development process in the future will be characterized by the Digital Product which is the center point for concurrent
engineering with teams spreas worldwide. Visualization and simulation of complex products including their physical behaviour at an early
stage of development will be relevant in future. The lecture will give an overview to techniques for virtual reality, to their ability to visualize
and to simulate objects. It will be shown how virtual reality is already used in the product development process.

Content Introduction to the world of virtual reality; development of new VR-techniques; introduction to 3D-computergraphics; modelling; physical
based simulation; human factors; human interaction; equipment for virtual reality; display technologies; tracking systems; data gloves;
interaction in virtual environment; navigation; collision detection; haptic and tactile interaction; rendering; VR-systems; VR-applications in
industry, virtual mockup; data exchange, augmented reality.

Lecture notes A complete version of the handout is also available in English.
Prerequisites /
notice

Voraussetzungen:
keine
Vorlesung geeignet für D-MAVT, D-ITET, D-MTEC und D-INF

Testat/ Kredit-Bedingungen/ Prüfung:
 Teilnahme an Vorlesung und Kolloquien
 Erfolgreiche Durchführung von Übungen in Teams 
 Mündliche Einzelprüfung 30 Minuten

 Industrial Internship
Number Title Type ECTS Hours Lecturers

227-1550-00L Internship in Industry
Only for Electrical Engineering and Information
Technology MSc

Z  0 credits external organisers

Abstract The main objective of the 12-week internship is to expose master's students to the industrial work environment. During this period, students
have the opportunity to be involved in on-going projects at the host institution.

Objective see above

 Semester Projects
Number Title Type ECTS Hours Lecturers

227-1572-01L Semester Project (Nr 1)
Registration in mystudies required!
Supervisor must be a professor at D-ITET or associated,
see https://www.ee.ethz.ch/studies/main-
master/projects-and-master-thesis.html

The first semester project is compulsory both for students
enrolled in the MSc EEIT under the 2008 regulations and
for students enrolled under the 2018 regulations.

W  12 credits 20A Supervisors

Abstract Semester projects are designed to train the students  for independent scientific work. A project uses the student's technical and social skills
acquired during the master's program. The semester project comprises 280 hours of work and is supervised by a professor.

Objective see above
Prerequisites /
notice

Supervisor must be a professor at D-ITET or associated, see https://www.ee.ethz.ch/studies/main-master/projects-and-master-thesis.html

227-1572-02L Semester Project (Nr 2)
Registration in mystudies required!
Supervisor must be a professor at D-ITET or associated,
see https://www.ee.ethz.ch/studies/main-
master/projects-and-master-thesis.html

The second semester project is compulsory for students
enrolled in the MSc EEIT under the 2008 regulations, it is
optional for students enrolled under the 2018 regulations.

Students enrolled in the MSc EEIT under the 2018
regulations must consult their tutor before enrolling for
semester project 2.

W  12 credits 20A Supervisors

Abstract Semester projects are designed to train the students  for independent scientific work. A project uses the student's technical and social skills
acquired during the master's program. The semester project comprises 280 hours of work and is supervised by a professor.

Objective see above
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Prerequisites /
notice

Supervisor must be a professor at D-ITET or associated, see https://www.ee.ethz.ch/studies/main-master/projects-and-master-thesis.html

227-1101-00L How to Write Scientific Texts
Strongly recommended prerequisite for Semester Projects
and Master Theses at D-ITET (MSc BME, MSc EEIT, MSc
EST).

E-  0 credits U. Koch

Abstract The four hour lecture covers the basics of writing and presenting of scientific work. The focus will be on the structure and the main
elements of a scientific text rather than the language. Citation rules, good practice of scientific writing and an overview on software tools will
be part of the training.

Objective Knowledge on structure and content of a scientific text. 
Stimulation of a discussion on how to write a scientific text versus an interesting novel. 
Discussion of the practice of proper citing and critical reflection on recent plagiarism allegations.

Content * Topic 1: Structure of a Scientific Text (title, author list, abstract, state-of-the-art, "in this paper" paragraph, scientific part, summary,
equations, figures)

* Topic 2: Power Point Presentations

* Topic 3: Citation Rules and Citation Software

* Topic 4: Guidelines for Research Integrity

The lecture will be given in two parts on two afternoons. Some exercises will be built into the lecture.

Literature ETH "Citation Etiquette", see www.plagiate.ethz.ch.

ETH Guidlines on "Guidelines for Research Integrity", see https://ethz.ch/content/dam/ethz/special-
interest/itet/department/Studies/ETH_Research_Integrity_2011.pdf

Prerequisites /
notice

Students should already have a Bachelor degree and plan to do either a semester project or a master thesis in the immediate future.

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
ITET

see Science in Perspective: Language Courses ETH/UZH

 Master's Thesis
Number Title Type ECTS Hours Lecturers

227-1501-00L Master's Thesis
Admission only if  ALL  of the following apply:
a) bachelor program successfully completed;
b) acquired (if applicable) all credits from additional
requirements for admission to master program;
c) successfully completed both semester projects.

Note: the conditions above are not applicable to incoming
exchange students.

Registration in mystudies required!
Supervisor must be a professor at D-ITET or associated,
see https://www.ee.ethz.ch/studies/main-
master/projects-and-master-thesis.html.

O  30 credits 68D Supervisors

Abstract The Master Program finishes with a 6-months Master Thesis which is directed by a Professor of the Department or a Professor of another
Department who is associated with the D-ITET. Students gain the ability to conduct independent scientific research on a specific research
problem.

Objective see above
Prerequisites /
notice

Supervisor must be a professor at D-ITET or associated, see https://www.ee.ethz.ch/studies/main-master/projects-and-master-thesis.html

227-1101-00L How to Write Scientific Texts
Strongly recommended prerequisite for Semester Projects
and Master Theses at D-ITET (MSc BME, MSc EEIT, MSc
EST).

E-  0 credits U. Koch

Abstract The four hour lecture covers the basics of writing and presenting of scientific work. The focus will be on the structure and the main
elements of a scientific text rather than the language. Citation rules, good practice of scientific writing and an overview on software tools will
be part of the training.

Objective Knowledge on structure and content of a scientific text. 
Stimulation of a discussion on how to write a scientific text versus an interesting novel. 
Discussion of the practice of proper citing and critical reflection on recent plagiarism allegations.

Content * Topic 1: Structure of a Scientific Text (title, author list, abstract, state-of-the-art, "in this paper" paragraph, scientific part, summary,
equations, figures)

* Topic 2: Power Point Presentations

* Topic 3: Citation Rules and Citation Software

* Topic 4: Guidelines for Research Integrity

The lecture will be given in two parts on two afternoons. Some exercises will be built into the lecture.

Literature ETH "Citation Etiquette", see www.plagiate.ethz.ch.

ETH Guidlines on "Guidelines for Research Integrity", see https://ethz.ch/content/dam/ethz/special-
interest/itet/department/Studies/ETH_Research_Integrity_2011.pdf
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Prerequisites /
notice

Students should already have a Bachelor degree and plan to do either a semester project or a master thesis in the immediate future.

 Generally Accessible Seminars and Colloquia
Number Title Type ECTS Hours Lecturers

227-0919-00L Knowledge-Based Image Interpretation Z  0 credits 2S L. Van Gool
Abstract With the lecture series on special topics of Knowledge based image interpretation we sporadically offer special talks.
Objective Presentation and discussion of internal and external original research results on the area of image analysis, computer vision, virtual and

augmented reality and physically based simulation. Following recent work in the literature.
Content Presentation and discussion of internal and external original research results on the area of image analysis, computer vision, virtual and

augmented reality and physically based simulation. Following recent work in the literature.

227-0920-00L Seminar in Systems and Control
Does not take place this semester.

Z  0 credits 1S R. D'Andrea, J. Lygeros, R. Smith

Abstract Current topics in Systems and Control presented mostly by external speakers from academia and industry.
Objective see above

227-0980-00L Seminar on Biomedical Magnetic Resonance Z  0 credits 1S K. P. Prüssmann, S. Kozerke
Abstract Actuel developments and problems of magnetic resonance imaging (MRI)
Objective Getting insight to advanced topics in Magnetic Resonance Imaging

227-0970-00L Research Topics in Biomedical Engineering Z  0 credits 2K K. P. Prüssmann, S. Kozerke,
M. Stampanoni, K. Stephan,
J. Vörös

Abstract Current topics in Biomedical Engineering presented mostly by external speakers from academia and industry.
Objective see above

227-0955-00L Seminar in Electromagnetics, Photonics and
Terahertz

Z  3 credits 2S J. Leuthold

Abstract Selected topics of the current research activities of the IFH and closely related institutions are discussed.
Objective Have an overview on the research activities of the IFH.
Content Weekly review of hot topics in the field of electromagnetics, optics and photonics and optical communications.

 Course Units for Additional Admission Requirements
The courses below are only available for MSc students with additional admission requirements.

Number Title Type ECTS Hours Lecturers

227-0101-AAL Discrete-Time and Statistical Signal Processing
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  6 credits 8R H.-A. Loeliger

Abstract The course introduces some fundamental topics of digital signal processing with a bias towards applications in communications: discrete-
time linear filters, inverse filters and equalization, DFT, discrete-time stochastic processes, elements of detection theory and estimation
theory, LMMSE estimation and LMMSE filtering, LMS algorithm, Viterbi algorithm.

Objective The course introduces some fundamental topics of digital signal processing with a bias towards applications in communications. The two
main themes are linearity and probability. In the first part of the course, we deepen our understanding of discrete-time linear filters. In the
second part of the course, we review the basics of probability theory and discrete-time stochastic processes. We then discuss some basic
concepts of detection theory and estimation theory, as well as some practical methods including LMMSE estimation and LMMSE filtering,
the LMS algorithm, and the Viterbi algorithm. A recurrent theme is the stable and robust "inversion" of a linear filter.

Content 1. Discrete-time linear systems and filters:
state-space realizations, z-transform and spectrum, 
decimation and interpolation, digital filter design,
stable realizations and robust inversion.

2. The discrete Fourier transform and its use for digital filtering.

3. The statistical perspective: 
probability, random variables, discrete-time stochastic processes;
detection and estimation: MAP, ML, Bayesian MMSE, LMMSE;
Wiener filter, LMS adaptive filter, Viterbi algorithm.

Lecture notes Lecture Notes

227-0103-AAL Control Systems
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  6 credits 8R F. Dörfler

Abstract Study of concepts and methods for the mathematical description and analysis of dynamical systems. The concept of feedback. Design of
control systems for single input - single output and multivariable systems.

Objective Study of concepts and methods for the mathematical description and analysis of dynamical systems. The concept of feedback. Design of
control systems for single input - single output and multivariable systems.

Content Process automation, concept of control. Modelling of dynamical systems - examples, state space description, linearisation,
analytical/numerical solution. Laplace transform, system response for first and second order systems - effect of additional poles and zeros.
Closed-loop control - idea of feedback. PID control, Ziegler - Nichols tuning. Stability, Routh-Hurwitz criterion, root locus, frequency
response, Bode diagram, Bode gain/phase relationship, controller design via "loop shaping", Nyquist criterion. Feedforward compensation,
cascade control. Multivariable systems (transfer matrix, state space representation), multi-loop control, problem of coupling, Relative Gain
Array, decoupling, sensitivity to model uncertainty. State space representation (modal description, controllability, control canonical form,
observer canonical form), state feedback, pole placement - choice of poles. Observer, observability, duality, separation principle. LQ
Regulator, optimal state estimation.

Literature G.F. Franklin, J.D. Powell, A. Emami-Naeini. Feedback Control of Dynamic Systems. 6th edition, Prentice Hall, Version 2009, Reading,
ISBN 978-0-1350-150-9.Softcover student's edition ca. CHF 150.-. (Spring 2010)
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Prerequisites /
notice

Prerequisites:
Signal and Systems Theory / MATLAB skills

227-0117-AAL High Voltage Engineering
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  6 credits 8R C. Franck

Abstract Understanding of the fundamental phenomena and principles connected with the occurrence of extensive electric field strengths. This
knowledge is applied to the dimensioning of equipment of electric power systems. 
It is possible to attend this course if "Hochspannungstechnik I" was not taken.

Objective The students know the fundamental phenomena and principles connected with the occurrence of extensive electric field strengths. They
comprehend the different mechanisms leading to the failure of insulation systems and are able to apply failure criteria on the dimensioning
of high voltage components. They have the ability to identify of weak spots in insulation systems and to name possibilities for improvement.
Further they know the different insulation systems and their dimensioning in practice.

Content - discussion of the field equations relevant for high voltage engineering.
- analytical and numerical solutions/solving of this equations, as well as the derivation of the important equivalent circuits for the description
of the fields and losses in insulations
- introduction to kinetic theory of gases
- mechanisms of the breakdown in gaseous, liquid and solid insulations, as well as insulation systems 
- methods for the mathematical determination of the electric withstand of gaseous, liquid and solid insulations
- application of the expertise on high voltage components
- excursions to manufacturers of high voltage components

Lecture notes Handouts
Literature A. Küchler, Hochspannungstechnik, Springer Berlin, 4. Auflage, 2017 (ISBN: 978-3662546994)

Electrical Engineering and Information Technology Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Energy Science and Technology Master
 Master Studies (Programme Regulations 2018)

 Core Courses
At least two core courses must be passed in each area.
All students must participate in the course offered in the area "Interdisciplinary Energy Management"

 Electrical Power Engineering
Number Title Type ECTS Hours Lecturers

227-0530-00L Optimization in Energy Systems W  6 credits 4G G. Hug
Abstract The course covers various aspects of optimization with a focus on applications to energy networks and scheduling of hydro power.

Throughout the course, concepts from optimization theory are introduced followed by practical applications of the discussed approaches.
Objective After this class, the students should have a good handle on how to approach a research question which involves optimization and

implement and solve the resulting optimization problem by choosing appropriate tools.
Content In our everyday’s life, we always try to take the decision which results in the best outcome. But how do we know what the best outcome will

be? What are the actions leading to this optimal outcome? What are the constraints? These questions also have to be answered when
controlling a system such as energy systems. Optimization theory provides the opportunity to find the answers by using mathematical
formulation and solution of an optimization problem. 
The course covers various aspects of optimization with a focus on applications to energy networks. Throughout the course, concepts from
optimization theory are introduced followed by practical applications of the discussed approaches. The applications are focused on 1) the
Optimal Power Flow problem which is formulated and solved to find optimal device settings in the electric power grid and 2) the scheduling
problem of hydro power plants which in many countries, including Switzerland, dominate the electric power generation. On the theoretical
side, the formulation and solving of unconstrained and constrained optimization problems, multi-time step optimization, stochastic
optimization including probabilistic constraints and decomposed optimization (Lagrangian and Benders decomposition) are discussed.

 Energy Flows and Processes
Number Title Type ECTS Hours Lecturers

151-0060-00L Thermodynamics and Transport Phenomena in
Nanotechnology

W  4 credits 2V+2U T. Schutzius

Abstract The lecture deals with thermodynamics and transport phenomena in nano- and microscale systems. Typical areas of applications are
microelectronics manufacturing and cooling, manufacturing of novel materials and coatings, surface technologies, wetting phenomena and
related technologies, and micro- and nanosystems and devices.

Objective The student will acquire fundamental knowledge of micro and nanoscale interfacial thermofluidics including light interaction with surfaces.
Furthermore, the student will be exposed to a host of applications ranging from superhydrophobic surfaces and microelectronics cooling to
solar energy, all of which will be discussed in the context of the course.

Content Thermodynamic aspects of intermolecular forces; Interfacial phenomena; Surface tension; Wettability and contact angle; Wettability of
Micro/Nanoscale textured surfaces: superhydrophobicity and superhydrophilicity.

Physics of micro- and nanofluidics.

Principles of thermoplasmonics and applications.

Lecture notes yes

 Energy Economics and Policy
Number Title Type ECTS Hours Lecturers

363-0514-00L Energy Economics and Policy
It is recommended for students to have taken a course in
introductory microeconomics. If not, they should be
familiar with microeconomics as in, for
example,"Microeconomics" by Mankiw & Taylor and the
appendices 4 and 7 of the book "Microeconomics" by
Pindyck & Rubinfeld.

W  3 credits 2G M. Filippini

Abstract An introduction to energy economics and policy that covers the following topics: energy demand, economics of energy efficiency,
investments and cost analysis, energy markets (fossil fuels,electricity and renewable energy sources), market failures and behavioral
anomalies, market-based and non-market based energy policy instruments and regulation of energy industries.

Objective The students will develop the understanding of economic principles and tools necessary to analyze energy issues and to formulate energy
policy instruments. Emphasis will be put on empirical analysis of energy demand and supply, market failures, behavioral anomalies, energy
policy instruments, investments in power plants and in energy efficiency technologies and the reform of the electric power sector.

Content The course provides an introduction to energy economics principles and policy applications. The first part of the course will introduce the
microeconomic foundation of energy demand and supply as well as market failures and behavioral anomalies. In a second part, we
introduce the concept of investment analysis (such as the NPV), in the context of energy efficient investments. In the last part, we use the
previously introduced concepts to analyze energy policies: from a government perspective, we discuss the mechanisms and implications of
market oriented and non-market oriented policy instruments as well as the regulation of energy industries.
 
Throughout the entire class, we combine the course material with insights from current research in energy economics. This combination will
enable students to understand standard scientific literature in the field of energy economics. Moreover, the class aims to show students
how to put real life situations in the energy sector in the context of insights from energy economics.

During the first part of the course a set of environmental and resource economics tools will be given to students through lectures. The
applied nature of the course is achieved by discussing several papers in a seminar. To this respect, students are required to work in groups
in order to prepare a presentation of a paper.

The evaluation policy is designed to verify the knowledge acquired by students during the course. For this purpose, a short group
presentation will be graded. At the end of the course there will be a written exam covering the topics of the course. The final grade is
obtained by averaging the presentation (20%) and the final exam (80%).

Prerequisites /
notice

It is recommended for students to have taken a course in introductory microeconomics. If not, they should be familiar with microeconomics
as in, for example, "Microeconomics" by Mankiw & Taylor and the appendices 4 and 7 of the book "Microeconomics" by Pindyck &
Rubinfeld.

363-1115-00L Energy Innovation and Management W  3 credits 1V A. Stephan, G. Mavromatidis

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 659 of 1785

Abstract Fundamental changes in the energy sector, such as more decentralized energy production, challenge the existing business models of
organizations such as utilities or technology providers. This course adopts quantitative and qualitative approaches to explore innovation
and managerial, organizational and decision-making aspects in the energy sector for the transition to a low-carbon energy system.

Objective After completing the course, students will be able to:
•    Understand the challenges occurring in the energy sector and that companies (in or relying on the energy sector) are facing
•    Understand the basics of managerial/organizational aspects in the energy sector with a particular focus on energy innovations
•    Identify and use the appropriate quantitative energy tools for strategic decision-making in the energy sector

Content This course explores innovation and managerial, organizational and decision-making aspects in the energy sector for the transition towards
a low-carbon energy system. The course is split in two parts with a quantitative and a qualitative focus, respectively.

In the first part, students will learn about aspects such as the financial valuation of energy investment decisions and the ways that
quantitative energy models of different types can be used to assist with strategic decision-making in the energy sector. Students will be
introduced to two types of models: (1) techno-economic analyses of renewable energy generation and storage technologies, and (2) an
energy market game which simulates the behavior of utilities in an electricity market. This part of the course will include individual and
group assignments.

In the second part, guided by questions like “how does the energy industry change and why” or “how would you make the decision if you
were the head of a utility”, the students will understand how firms manage innovations and why they can be difficult to manage even for
established firms in the energy sector. This part of the course will be guided as an interactive case study.

 Interdisciplinary Energy Management
Number Title Type ECTS Hours Lecturers

227-1631-20L Case Studies: Energy Systems and Technology: Part
2
Only for Energy Science and Technology MSc.

O  2 credits 4G C. Franck, C. Schaffner

Abstract This course will allow the students to get an interdisciplinary overview of the “Energy” topic. It will explore the challenges to build a
sustainable energy system for the future. This will be done through the means of case studies that the students have to work on. These
case studies will be provided by industry partners.

Objective The students will understand the different aspects involved in designing solutions for a sustainable future energy system. They will have
experience in collaborating in interdisciplinary teams. They will have an understanding on how industry is approaching new solutions.

Lecture notes Descriptions of case studies.

 Electives
Electives can be found here.

 Semester Project
For MEST students enrolled under the 2018 regulations

Number Title Type ECTS Hours Lecturers

227-1101-00L How to Write Scientific Texts
Strongly recommended prerequisite for Semester Projects
and Master Theses at D-ITET (MSc BME, MSc EEIT, MSc
EST).

E-  0 credits U. Koch

Abstract The four hour lecture covers the basics of writing and presenting of scientific work. The focus will be on the structure and the main
elements of a scientific text rather than the language. Citation rules, good practice of scientific writing and an overview on software tools will
be part of the training.

Objective Knowledge on structure and content of a scientific text. 
Stimulation of a discussion on how to write a scientific text versus an interesting novel. 
Discussion of the practice of proper citing and critical reflection on recent plagiarism allegations.

Content * Topic 1: Structure of a Scientific Text (title, author list, abstract, state-of-the-art, "in this paper" paragraph, scientific part, summary,
equations, figures)

* Topic 2: Power Point Presentations

* Topic 3: Citation Rules and Citation Software

* Topic 4: Guidelines for Research Integrity

The lecture will be given in two parts on two afternoons. Some exercises will be built into the lecture.

Literature ETH "Citation Etiquette", see www.plagiate.ethz.ch.

ETH Guidlines on "Guidelines for Research Integrity", see https://ethz.ch/content/dam/ethz/special-
interest/itet/department/Studies/ETH_Research_Integrity_2011.pdf

Prerequisites /
notice

Students should already have a Bachelor degree and plan to do either a semester project or a master thesis in the immediate future.

227-1671-10L Semester Project
Only for MEST students enrolled under the 2018
regulations

O  12 credits 20A Supervisors

Abstract The semester project is designed to train the students in solving specific problems from the field of Energy Science & Technology. This
project uses the technical and social skills acquired during the master's program. The semester project ist advised by a professor and must
be approved in advance by the tutor.

Objective see above

 Internship in Industry
For MEST students enrolled under the 2018 regulations

Number Title Type ECTS Hours Lecturers

227-1650-10L Internship in Industry
Only for MEST students enrolled under the 2018
regulations

O  12 credits external organisers

Abstract The main objective of the 12-week internship is to expose master's students to the industrial work environment. During this period, students
have the opportunity to be involved in on-going projects at the host institution.
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Objective see above

 Master Studies (Programme Regulations 2007)
 Core Subjects

 Compulsory Core Courses
Number Title Type ECTS Hours Lecturers

363-0514-00L Energy Economics and Policy
It is recommended for students to have taken a course in
introductory microeconomics. If not, they should be
familiar with microeconomics as in, for
example,"Microeconomics" by Mankiw & Taylor and the
appendices 4 and 7 of the book "Microeconomics" by
Pindyck & Rubinfeld.

O  3 credits 2G M. Filippini

Abstract An introduction to energy economics and policy that covers the following topics: energy demand, economics of energy efficiency,
investments and cost analysis, energy markets (fossil fuels,electricity and renewable energy sources), market failures and behavioral
anomalies, market-based and non-market based energy policy instruments and regulation of energy industries.

Objective The students will develop the understanding of economic principles and tools necessary to analyze energy issues and to formulate energy
policy instruments. Emphasis will be put on empirical analysis of energy demand and supply, market failures, behavioral anomalies, energy
policy instruments, investments in power plants and in energy efficiency technologies and the reform of the electric power sector.

Content The course provides an introduction to energy economics principles and policy applications. The first part of the course will introduce the
microeconomic foundation of energy demand and supply as well as market failures and behavioral anomalies. In a second part, we
introduce the concept of investment analysis (such as the NPV), in the context of energy efficient investments. In the last part, we use the
previously introduced concepts to analyze energy policies: from a government perspective, we discuss the mechanisms and implications of
market oriented and non-market oriented policy instruments as well as the regulation of energy industries.
 
Throughout the entire class, we combine the course material with insights from current research in energy economics. This combination will
enable students to understand standard scientific literature in the field of energy economics. Moreover, the class aims to show students
how to put real life situations in the energy sector in the context of insights from energy economics.

During the first part of the course a set of environmental and resource economics tools will be given to students through lectures. The
applied nature of the course is achieved by discussing several papers in a seminar. To this respect, students are required to work in groups
in order to prepare a presentation of a paper.

The evaluation policy is designed to verify the knowledge acquired by students during the course. For this purpose, a short group
presentation will be graded. At the end of the course there will be a written exam covering the topics of the course. The final grade is
obtained by averaging the presentation (20%) and the final exam (80%).

Prerequisites /
notice

It is recommended for students to have taken a course in introductory microeconomics. If not, they should be familiar with microeconomics
as in, for example, "Microeconomics" by Mankiw & Taylor and the appendices 4 and 7 of the book "Microeconomics" by Pindyck &
Rubinfeld.

 Elective Core Courses
Elective core courses can be found here.

 Multidisciplinary Courses
With the consent of the tutor, the students are free to choose individually from the entire course offer of ETH Zürich.

Course Catalogue of ETH Zurich

 Semester Project
For MEST students enrolled under the 2007 regulations

Number Title Type ECTS Hours Lecturers

227-1671-00L Semester Project
Only for MEST students enrolled under the 2007
regulations

O  8 credits 20A Supervisors

Abstract The semester project is designed to train the students in solving specific problems from the field of Energy Science & Technology. This
project uses the technical and social skills acquired during the master's program. The semester project ist advised by a professor and must
be approved in advance by the tutor.

Objective see above

227-1101-00L How to Write Scientific Texts
Strongly recommended prerequisite for Semester Projects
and Master Theses at D-ITET (MSc BME, MSc EEIT, MSc
EST).

E-  0 credits U. Koch

Abstract The four hour lecture covers the basics of writing and presenting of scientific work. The focus will be on the structure and the main
elements of a scientific text rather than the language. Citation rules, good practice of scientific writing and an overview on software tools will
be part of the training.

Objective Knowledge on structure and content of a scientific text. 
Stimulation of a discussion on how to write a scientific text versus an interesting novel. 
Discussion of the practice of proper citing and critical reflection on recent plagiarism allegations.

Content * Topic 1: Structure of a Scientific Text (title, author list, abstract, state-of-the-art, "in this paper" paragraph, scientific part, summary,
equations, figures)

* Topic 2: Power Point Presentations

* Topic 3: Citation Rules and Citation Software

* Topic 4: Guidelines for Research Integrity

The lecture will be given in two parts on two afternoons. Some exercises will be built into the lecture.

Literature ETH "Citation Etiquette", see www.plagiate.ethz.ch.

ETH Guidlines on "Guidelines for Research Integrity", see https://ethz.ch/content/dam/ethz/special-
interest/itet/department/Studies/ETH_Research_Integrity_2011.pdf
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Prerequisites /
notice

Students should already have a Bachelor degree and plan to do either a semester project or a master thesis in the immediate future.

 Industrial Internship
For MEST students enrolled under the 2007 regulations

Number Title Type ECTS Hours Lecturers

227-1650-00L Internship in Industry
Only for MEST students enrolled under the 2007
regulations

O  8 credits external organisers

Abstract The main objective of the 12-week internship is to expose master's students to the industrial work environment. During this period, students
have the opportunity to be involved in on-going projects at the host institution.

Objective see above

 Electives
- Elective Core Courses for the 2007 MEST regulations
- Electives for the 2018 MEST regulations

These courses are particularly recommended, other ETH-courses from the field of Energy Science and Technology at large may be chosen in
accordance with your tutor.

 Electrical Power Engineering
Number Title Type ECTS Hours Lecturers

227-0117-10L Experimental Techniques W  6 credits 4G C. Franck, H.-J. Weber
Abstract This lecture is an introduction to experimental and measurement techniques. The course is designed with practical relevance in mind and

comprises several laboratory modules where the students perform, evaluate and document experiments. The taught topics are of
relevance for all electrical engineering disciplines, in this course they are taught with examples of high-voltage engineering.

Objective At the end of this lecture, the students will be able to:
-    perform basic practical laboratory experiments and record data, in particular with an oscilloscope.
-    take a meaningful Lab Notebook, write a clear measurement evaluation protocol, and can estimate the accuracy and precision of the
evaluated data.
-    can explain the main reasons for electromagnetic interference and propose measures to avoid or reduce these interferences.
-    Explain and use different methods to generate and measure high voltages and calculate basic relevant relations.

Content - Messtechnik, Messunsicherheit, Messprotokolle
- Erzeugung und Messung hoher Spannungen
- Elektromagnetische Verträglichkeit
- Laborpraktika

Lecture notes Vorlesungsunterlagen
Literature J. Hoffmann, Taschenbuch der Messtechnik, Carl Hanser Verlag, 7. Auflage, 2015 (ISBN: 978-3446442719)

A. Küchler, Hochspannungstechnik, Springer Berlin, 4. Auflage, 2017 (ISBN: 978-3662546994)
A. Schwab, Elektromagnetische Verträglichkeit, Springer Verlag, 6. Auflage, 2010 (ISBN: 978-3642166099)

227-0248-00L Power Electronic Systems II W  6 credits 4G J. W. Kolar
Abstract This course details structures, operating ranges, and control concepts of modern power electronic systems to provide a deeper

understanding of power electronic circuits and power components. Most recent concepts of high switching frequency AC/DC converters
and AC/AC matrix inverters are presented. Simulation exercises, implemented in GeckoCIRCUITS, are used to consolidate the concepts
discussed.

Objective The objective of this course is to convey knowledge of structures, operating ranges, and control concepts of modern power electronic
systems. Further objectives are: to know most recent concepts and operation modes of high switching frequency AC/DC converters and
AC/AC matrix inverters; to develop a deeper understanding of multi-pulse power converter circuits, transformers, and electromechanical
energy converters; and to understand in-depth details of power electronic systems. Simulation exercises, implemented in the electric circuit
simulator GeckoCIRCUITS, are used to consolidate the presented theoretical concepts.

Content Converter dynamics and control: State Space Averaging, transfer functions, controller design, impact of the input filter on the converter
transfer functions. 
Performance data of single-phase and three-phase systems: effect of different loss components on the efficiency characteristics, linear and
non-linear single phase loads, power flow of general three-phase systems, space vector calculus. 
Modeling and control of three-phase PWM rectifiers: system characterization using rotating coordinates, control structure, transfer
functions, operation with symmetrical and unsymmetrical mains voltages.
Scaling laws of transformers and electromechanical actuators. 
Drives with permanent magnet synchronous machines: basic function, modeling, field-oriented control.
Unidirectional AC/DC converters and AC/AC converters: voltage and current DC link converters, indirect and direct matrix converters.

Lecture notes Lecture notes and associated exercises including correct answers, simulation program for interactive self-learning including
visualization/animation features.

Prerequisites /
notice

Prerequisites: Introductory course on power electronics.

227-0528-00L Power System Dynamics, Control and Operation W  6 credits 4G G. Hug
Abstract The electric power system is a system that is never in steady state due to constant changes in load and generation inputs. This course is

dedicated to the dynamical properties of the electric power grid including how the system state is estimated, generation/load balance is
ensured by frequency control and how the system reacts in case of faults in the system. The course includes two excursions.

Objective The learning objectives of the course are to understand and be able to apply the dynamic modeling of power systems, to compute and
discuss the actions of generators based on frequency control, to describe the workings of a synchronous machine and the implications on
the grid, to describe and apply state estimation procedures, to discuss the IT infrastructure and protection algorithms in power systems.

Content The electric power system is a system that is never in steady state due to constant changes in load and generation inputs. Consequently,
the monitoring and operation of the electric power grid is a challenging task. The course starts with the introduction of general operational
procedures and the discussion of state estimation which is an important tool to observe the state of the grid. The course is then dedicated
to the modeling and studying of the dynamical properties of the electric power grid. Frequency control which ensures the generation/load
balance in real time is the basis for real-time control and is presented in depth. For the analysis of how the system detects and reacts
dynamically in fault situations, protection and dynamic models for synchronous machines are introduced.

Lecture notes Lecture notes. WWW pages.

227-0530-00L Optimization in Energy Systems W  6 credits 4G G. Hug
Abstract The course covers various aspects of optimization with a focus on applications to energy networks and scheduling of hydro power.

Throughout the course, concepts from optimization theory are introduced followed by practical applications of the discussed approaches.
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Objective After this class, the students should have a good handle on how to approach a research question which involves optimization and
implement and solve the resulting optimization problem by choosing appropriate tools.

Content In our everyday’s life, we always try to take the decision which results in the best outcome. But how do we know what the best outcome will
be? What are the actions leading to this optimal outcome? What are the constraints? These questions also have to be answered when
controlling a system such as energy systems. Optimization theory provides the opportunity to find the answers by using mathematical
formulation and solution of an optimization problem. 
The course covers various aspects of optimization with a focus on applications to energy networks. Throughout the course, concepts from
optimization theory are introduced followed by practical applications of the discussed approaches. The applications are focused on 1) the
Optimal Power Flow problem which is formulated and solved to find optimal device settings in the electric power grid and 2) the scheduling
problem of hydro power plants which in many countries, including Switzerland, dominate the electric power generation. On the theoretical
side, the formulation and solving of unconstrained and constrained optimization problems, multi-time step optimization, stochastic
optimization including probabilistic constraints and decomposed optimization (Lagrangian and Benders decomposition) are discussed.

227-0536-00L Multiphysics Simulations for Power Systems
This course is defined so and planned to be an addition to
the module "227-0537-00L Technology of Electric Power
System Components".
However, the students who are familiar with the
fundamentals of electromagnetic fields could attend only
this course without its 227-0537-00-complement.

W  4 credits 2V+2U J. Smajic

Abstract The goals of this course are a) understanding the fundamentals of the electromagnetic, thermal, mechanical, and coupled field simulations
and b) performing effective simulations of primary equipment  of electric power systems. The course is understood complementary to 227-
0537-00L  "Technology of Electric Power System Components", but can also be taken separately.

Objective The student should learn the fundamentals of the electromagnetic, thermal, mechanical, and coupled fields simulations necessary for
modern product development and research based on virtual prototyping. She / he should also learn the theoretical background of the finite
element method (FEM) and its application to low- and high-frequency electromagnetic field simulation problems. The practical exercises of
the course should be done by using one of the commercially available field simulation software (Infolytica, ANSYS, and / or COMSOL).
After completing the course the student should be able to properly and efficiently use the software to simulate practical design problems
and to understand and interpret the obtained results.

Content 1.    Elektromagnetic Fields and Waves: Simulation Aspects (1 lecture, 2 hours)
a.    Short review of the governing equations
b.    Boundary conditions
c.    Initial conditions
d.    Linear and nonlinear material properties
e.    Coupled fields (electro-mechanical and electro-thermal coupling)

2.    Finite Element Method for elektromagnetic simulations (5 lectures and 3 exercises, 16 hours)
a.    Scalar-FEM in 2-D (electrostatic, magnetostatic, eddy-currents, etc.) 
b.    Vector-FEM in 3-D (3-D eddy-currents, wave propagation, etc.)
c.    Numerical aspects of the analysis (convergence, linear solvers, preconditioning, mesh quality, etc.)
d.    Matlab code for 2-D FEM for learning and experimenting

3.    Practical applications (5 lectures and 5 exercises, 20 hours)
a.    Dielectric analysis of high-voltage equipment
b.    Nonlinear quasi-electrostatic analysis of surge arresters
c.    Eddy-currents analysis of power transformers
d.    Electromagnetic analysis of electric machines
e.    Very fast transients in gas insulated switchgears (GIS)
f.    Electromagnetic compatibility (EMC)

227-0537-00L Technology of Electric Power System Components W  6 credits 4G C. Franck
Abstract Basics of the technology of important components in electric power transmission and distribution systems (primary technology).
Objective At the end of this course, the students can name the primary components of electric power systems and explain where and why they are

used. For the most important components, the students can explain the working principle in detail and calculate and derive key parameters.
Content Basic physical and engineering aspects for transmission and distribution of electric power. Limiting boundary conditions are not only

electrical parameters, but also mechanical, thermal, chemical, environmental and economical aspects. 
The lecture covers the most important traditional components, but also new trends and the dimensioning of components.
Parts of the lecture will be held by external experts in the field and there will be excursions to industrial companies.

The course "Multiphysics Simulations for Power Systems 227-0536-00L" is aligned with the present course and considered
complementary.

Lecture notes yes
Literature additional literature will be available online via the teaching document repository.
Prerequisites /
notice

The lecture "Electric Power Transmission: System & Technology" is a prerequisite.

227-0730-00L Power Market II - Modeling and Strategic Positioning W  6 credits 4G D. Reichelt, G. A. Koeppel
Abstract Options in the electricity business

Portfolio and risk management: valuation of hedging strategies, risk assessment
Hydropower optimization and hedging
Valuation of power plants with real options
Capacity markets and quota Systems 
Complex energy contracts with embedded options
Strategy and positioning for utilities

Objective The students know the main derivatives applied in the electricity business. They are able to est up hedging strategies and can evaluate
them. They habe a basic understanding of the optimization of large, complex hydro power plants, of capacity markets and of quota
systems. They know the discounted cash-flow method and real options to assess the value of power plants. The students are able to
identify the components of complex energy supply contracts and to assess the risk.

Content Options in the electricity business: option valuation with binominal trees, Black-Scholes formula, sensitivities (Greeks), implied volatility
Portfolio and risk management: delta- and gamma-neutral hedging, valuation of hedging strategies, risk assessment (case study)
Hydropower optimization and hedging
Valuation of assets (power plants, grids), DCF method, real options
Strategy and Positioning: Mini cases (group work)
Capacity markets and Quota Systems 
Application of derivatives: complex energy contracts with embedded options, development of sales-oriented products
Credit Risk Management
Electricity marketing
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Lecture notes Handouts - all material in English
Prerequisites /
notice

2 day excursion, presentations of invited speakers from the industry

Moodle: https://moodle-app2.let.ethz.ch/enrol/index.php?id=12225

 Energy Flows and Processes
Number Title Type ECTS Hours Lecturers

101-0206-00L Hydraulic Engineering W  5 credits 4G R. Boes
Abstract Hydraulic systems, schemes and structures (e.g. dams, intakes, conduits, pipes, open channels, weirs, powerhouses, locks), fundamentals

in river engineering and natural hazards
Objective Knowledge of hydraulic systems and their main hydraulic components and structures; competence in planning and design of hydraulic

structures with regard to serviceability, reliability and cost-effectiveness
Content Hydraulic systems: High-head storage power plants and low-head run-of-river power plants.

Weirs: weir and gate types, hydraulic design.
Intakes: intake types, desilting facilities and sand traps.
Channels: design, open and closed channels.
Closed conduits: linings, hydraulic design of pressure tunnels and shafts.
Dams and reservoirs: dam types, appurtenant structures
River engineering: flow computation, sediment transport, engineering and environmental measures.
Natural hazards: types, basics of countermeasures
Inland navigation: channels and locks.
Exercises in written form, exercises in hydraulic and computer laboratory.
Field trip.

Lecture notes Comprehensive script "Hydraulic structures" in German.
Literature literature references are given at the end of each chapter of the script. Recommended books: see course description in German
Prerequisites /
notice

strongly recommended: basic knowledge in hydraulics (fluid mechanics)

101-0588-01L Re-/Source the Built Environment W  3 credits 2S G. Habert
Abstract The course focuses on material choice and energy strategies to limit the environmental impact of construction sector. During the course,

specific topics will be presented (construction technologies, environmental policies, social consequences of material use, etc.). The course
aims to present sustainable options to tackle the global challenge we are facing and show that "it is not too late".

Objective After the lecture series, the students are aware of the main challenges for the production and use of building materials.

They know the different technologies/propositions available, and environmental consequence of a choice.

They understand in which conditions/context one resource/technology will be more appropriate than another

Content A general presentation of the global context allows to identify the objectives that as engineer, material scientist or architect needs to
achieve to create a sustainable built environment.

The course is then conducted as a serie of guest lectures focusing on one specific aspect to tackle this global challenge and show that "it is
not too late".

The lecture series is divided as follows:
- General presentation
- Notion of resource depletion, resilience, criticality, decoupling, etc.
- Guest lectures covering different resources and proposing different option to build or maintain a sustainable built environment.

Lecture notes For each lecture slides will be provided.
Prerequisites /
notice

The lecture series will be conducted in English and is aimed at students of master's programs, particularly the departments ARCH, BAUG,
ITET, MAVT, MTEC and USYS.

No lecture will be given during Seminar week.

151-0160-00L Nuclear Energy Systems W  4 credits 2V+1U H.-M. Prasser, P. Burgherr,
I. Günther-Leopold, W. Hummel,
T. Kämpfer, T. Kober, X. Zhang

Abstract Nuclear energy and sustainability, uranium production, uranium enrichment, nuclear fuel production, reprocessing of spent fuel, nuclear
waste disposal, Life Cycle Analysis, energy and materials balance of Nuclear Power Plants.

Objective Students get an overview on the physical and chemical fundamentals, the technological processes and  the environmental impact of the full
energy conversion chain of nuclear power generation. The are enabled to assess to potentials and risks arising from embedding nuclear
power in a complex energy system.

Content (1) survey on the cosmic and geological origin of uranium, methods of uranium mining, separation of uranium from the ore, (2) enrichment
of uranium (diffusion cells, ultra-centrifuges, alternative methods), chemical conversion uranium oxid - fluorid - oxid, fuel rod fabrication
processes, (3) fuel reprocessing (hydrochemical, pyrochemical) including modern developments of deep partitioning as well as methods to
treat and minimize the amount and radiotoxicity of nuclear waste. (4) nuclear waste disposal, waste categories and origin, geological and
engineered barriers in deep geological repositories, the project of a deep geological disposal for radioactive waste in Switzerland, (5)
methods to measure the sustainability of energy systems, comparison of nuclear energy with other energy sources, environmental impact
of the nuclear energy system as a whole, including the question of CO2 emissions, CO2 reduction costs, radioactive releases from the
power plant, the fuel chain and the final disposal. The material balance of different fuel cycles with thermal and fast reactors isdiscussed.

Lecture notes Lecture slides will be distributed as handouts and in digital form

151-0206-00L Energy Systems and Power Engineering W  4 credits 2V+2U R. S. Abhari, A. Steinfeld
Abstract Introductory first course for the specialization in ENERGY. The course provides an overall view of the energy field and pertinent global

problems, reviews some of the thermodynamic basics in energy conversion, and presents the state-of-the-art technology for power
generation and fuel processing.

Objective Introductory first course for the specialization in ENERGY. The course provides an overall view of the energy field and pertinent global
problems, reviews some of the thermodynamic basics in energy conversion, and presents the state-of-the-art technology for power
generation and fuel processing.
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Content World primary energy resources and use: fossil fuels, renewable energies, nuclear energy; present situation, trends, and future
developments. Sustainable energy system and environmental impact of energy conversion and use: energy, economy and society. Electric
power and the electricity economy worldwide and in Switzerland; production, consumption, alternatives. The electric power distribution
system. Renewable energy and power: available techniques and their potential. Cost of electricity. Conventional power plants and their
cycles; state-of-the -art and advanced cycles. Combined cycles and cogeneration; environmental benefits. Solar thermal power generation
and solar photovoltaics. Hydrogen as energy carrier. Fuel cells: characteristics, fuel reforming and combined cycles. Nuclear power plant
technology.

Lecture notes Vorlesungsunterlagen werden verteilt

151-0226-00L Energy and Transport Futures W  4 credits 3G K. Boulouchos,
P. J. de Haan van der Weg,
G. Georges

Abstract The course teaches to view local energy solutions as part of the larger energy system. Because it powers all sectors, local changes can
have consequences reaching well beyond one sector. While we explore all sectors, we put a particular emphasis on mobility and its unique
challenges. We not only cover engineering aspects, but also policymaking and behavioral economics.

Objective The main objectives of this lecture are:
(i) Systemic view on the Energy Sytem with emphasis on Transport Applications
(ii) Students can assess the reduction of energy demand (or greenhouse gas emissions) of sectoral solutions.
(iii) Students understand the advantages and disadvantages of technology options in mobility
(iv) Students know policy tools to affect change in mobility, and understand the rebound effect.

Content The course describes the role of energy system plays for the well-being of modern societies, and drafts a future energy system based on
renewable energy sources, able to meet the demands of the sectors building, industry and transport. The projected Swiss energy system is
used as an example. Students learn how all sectoral solutions feedback on the whole system and how sector coupling could lead to optimal
transformation paths. The course then focuses on the history, status quo and technical potentials of the transport sector. Policy mixes to
reduce energy demand and CO2 emissions from transport are introduced. Both direct and indirect effects of different policy types are
discussed. Concepts from behavioral economics (car purchase behavior and rebound effects) are presented.

Preliminary schedule:
Block 1.  Energy technologies and policies.
                 Climate, Environment, Security of Supply.Technology options and policies in power generation,   building and industrial sectors . 
Block 2. Transport technologies. 
                Technology options in mobility and their physical aspects 
Block 3. Transport policies 
                Regulation, policy tools and technological potential to affect change in mobility
Block 4. Energy and Transport Futures
                Closing loop across all sectors. Sector-coupling.

Lecture notes t.b.d.
Literature t.b.d.

151-0310-00L Model Predictive Engine Control
Number of participants limited to 55.

W  4 credits 2V+1U T. Albin Rajasingham

Abstract For efficient and stable operation of an internal combustion engine a multitude of complex control tasks have to be handled. In this lecture
the application of model predictive control for these control challenges is introduced.

Objective - Learn how to design and implement model predictive control algorithms for the example system “combustion engine”. Get to know the
entire process from simulation-based control development to the application at a real-world combustion engine.
- Deepen the knowledge concerning the necessary control algorithms for a combustion engine.

Content - Physical phenomena and models for processes of the combustion engine such as air path and fuel path
- Analysis of the control tasks arising in engine systems
- Case studies for the application of model predictive control for combustion engines with the goal to handle the complex, multivariable
system dynamics
- Fundamentals of the implementation of model predictive control

Lecture notes Lecture slides will be provided after each lecture.
Literature L. Guzzella / C. Onder: "Introduction to Modeling and Control of Internal Combustion Engine Systems", J. Maciejowski: "Predictive Control

with Constraints"
Prerequisites /
notice

Engine Systems (recommended).

151-0928-00L CO2 Capture and Storage and the Industry of Carbon-
Based Resources

W  4 credits 3G M. Mazzotti, L. Bretschger,
N. Gruber, C. Müller, M. Repmann,
T. Schmidt, D. Sutter

Abstract Carbon-based resources (coal, oil, gas): origin, production, processing, resource economics. Climate change: science, policies. CCS
systems: CO2 capture in power/industrial plants, CO2 transport and storage. Besides technical details, economical, legal and societal
aspects are considered (e.g. electricity markets, barriers to deployment).

Objective The goal of the lecture is to introduce carbon dioxide capture and storage (CCS) systems, the technical solutions developed so far and the
current research questions. This is done in the context of the origin, production, processing and economics of carbon-based resources, and
of climate change issues. After this course, students are familiar with important technical and non-technical issues related to use of carbon
resources, climate change, and CCS as a transitional mitigation measure.

The class will be structured in 2 hours of lecture and one hour of exercises/discussion. At the end of the semester a group project is
planned.
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Content Both the Swiss and the European energy system face a number of significant challenges over the coming decades. The major concerns
are the security and economy of energy supply and the reduction of greenhouse gas emissions. Fossil fuels will continue to satisfy the
largest part of the energy demand in the medium term for Europe, and they could become part of the Swiss energy portfolio due to the
planned phase out of nuclear power. Carbon capture and storage is considered an important option for the decarbonization of the power
sector and it is the only way to reduce emissions in CO2 intensive industrial plants (e.g. cement- and steel production).  
Building on the previously offered class "Carbon Dioxide Capture and Storage (CCS)", we have added two specific topics: 1) the industry of
carbon-based resources, i.e. what is upstream of the CCS value chain, and 2) the science of climate change, i.e. why and how CO2
emissions are a problem.
The course is devided into four parts:
I) The first part will be dedicated to the origin, production, and processing of conventional as well as of unconventional carbon-based
resources. 
II) The second part will comprise two lectures from experts in the field of climate change sciences and resource economics.
III) The third part will explain the technical details of CO2 capture (current and future options) as well as of CO2 storage and utilization
options, taking again also economical, legal, and sociatel aspects into consideration.
IV) The fourth part will comprise two lectures from industry experts, one with focus on electricity markets, the other on the experiences
made with CCS technologies in the industry.
Throughout the class, time will be allocated to work on a number of tasks related to the theory, individually, in groups, or in plenum.
Moreover, the students will apply the theoretical knowledge acquired during the course in a case study covering all the topics.

Lecture notes Power Point slides and distributed handouts
Literature IPCC Special Report on Global Warming of 1.5°C, 2018.

http://www.ipcc.ch/report/sr15/

IPCC AR5 Climate Change 2014: Synthesis Report, 2014. www.ipcc.ch/report/ar5/syr/

IPCC Special Report on Carbon dioxide Capture and Storage, 2005. www.ipcc.ch/activity/srccs/index.htm

The Global Status of CCS: 2014. Published by the Global CCS Institute, Nov 2014. 
http://www.globalccsinstitute.com/publications/global-status-ccs-2014

Prerequisites /
notice

External lecturers from the industry and other institutes will contribute with specialized lectures according to the schedule distributed at the
beginning of the semester.

529-0191-01L Electrochemical Energy Conversion and Storage
Technologies

W  4 credits 3G L. Gubler, E. Fabbri,
J. Herranz Salañer

Abstract The course provides an introduction to the principles and applications of electrochemical energy conversion (e.g. fuel cells) and storage
(e.g. batteries) technologies in the broader context of a renewable energy system.

Objective Students will discover the importance of electrochemical energy conversion and storage in energy systems of today and the future,
specifically in the framework of renewable energy scenarios. Basics and key features of electrochemical devices will be discussed, and
applications in the context of the overall energy system will be highlighted with focus on future mobility technologies and grid-scale energy
storage. Finally, the role of (electro)chemical processes in power-to-X and deep decarbonization concepts will be elaborated.

Content Overview of energy utilization: past, present and future, globally and locally; today’s and future challenges for the energy system; climate
changes; renewable energy scenarios; introduction to electrochemistry; electrochemical devices, basics and their applications: batteries,
fuel cells, electrolyzers, flow batteries, supercapacitors, chemical energy carriers: hydrogen & synthetic natural gas; electromobility; grid-
scale energy storage, power-to-gas, power-to-X and deep decarbonization, techno-economics and life cycle analysis.

Lecture notes all lecture materials will be available for download on the course website.
Literature - M. Sterner, I. Stadler (Eds.): Handbook of Energy Storage (Springer, 2019).

- C.H. Hamann, A. Hamnett, W. Vielstich; Electrochemistry, Wiley-VCH (2007).
- T.F. Fuller, J.N. Harb: Electrochemical Engineering, Wiley (2018)

Prerequisites /
notice

Basic physical chemistry background required, prior knowledge of electrochemistry basics desired.

 Energy Economics and Policy
Number Title Type ECTS Hours Lecturers

363-1031-00L Quantitative Methods in Energy and Environmental
Economics
Does not take place this semester.

W  4 credits 3G to be announced

Abstract The course provides an introduction to quantitative methods used to analyze problems in energy and environmental economics. Emphasis
will be put on partial and general equilibrium models, regression models to estimate demand functions, econometric techniques for policy
evaluations, and panel data methods.

Objective The objectives of the course are twofold. First, the course is intended to provide an introduction to the economic assessment of energy and
environmental policy. To this end, the course provides students with an overview of state-of-the-art tools to economic modeling and
econometric approaches. Second, the course is intended to familiarize master (and doctoral students) with the computer software
necessary to implement these quantitative methods to initiate their own research in energy and environmental economics. 

Ancillary objectives of the course include an introduction to environmental implications of energy use and the role of economic analysis in
designing policies which address issues of energy security, climate change and related environmental externalities.

Literature Lecture notes, exercises and reference material will be made available to students during the semester.
Prerequisites /
notice

Basic knowledge of microeconomics and calculus. Knowledge from the courses "Energy Economics and Policy (363-0514-00L)" and
"Principles of Microeconomics" are required.

Block course during two weeks before the start of the semester. Students work on a group project during the semester. Presentation of
group projects by students in week 8 and 9 of the semester. Performance assessment is based on group projects during the semester.

363-1115-00L Energy Innovation and Management W  3 credits 1V A. Stephan, G. Mavromatidis
Abstract Fundamental changes in the energy sector, such as more decentralized energy production, challenge the existing business models of

organizations such as utilities or technology providers. This course adopts quantitative and qualitative approaches to explore innovation
and managerial, organizational and decision-making aspects in the energy sector for the transition to a low-carbon energy system.

Objective After completing the course, students will be able to:
•    Understand the challenges occurring in the energy sector and that companies (in or relying on the energy sector) are facing
•    Understand the basics of managerial/organizational aspects in the energy sector with a particular focus on energy innovations
•    Identify and use the appropriate quantitative energy tools for strategic decision-making in the energy sector
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Content This course explores innovation and managerial, organizational and decision-making aspects in the energy sector for the transition towards
a low-carbon energy system. The course is split in two parts with a quantitative and a qualitative focus, respectively.

In the first part, students will learn about aspects such as the financial valuation of energy investment decisions and the ways that
quantitative energy models of different types can be used to assist with strategic decision-making in the energy sector. Students will be
introduced to two types of models: (1) techno-economic analyses of renewable energy generation and storage technologies, and (2) an
energy market game which simulates the behavior of utilities in an electricity market. This part of the course will include individual and
group assignments.

In the second part, guided by questions like “how does the energy industry change and why” or “how would you make the decision if you
were the head of a utility”, the students will understand how firms manage innovations and why they can be difficult to manage even for
established firms in the energy sector. This part of the course will be guided as an interactive case study.

364-0576-00L Advanced Sustainability Economics
PhD course, open for MSc students

W  3 credits 3G L. Bretschger

Abstract The course covers current resource and sustainability economics, including ethical foundations of sustainability, intertemporal optimisation
in capital-resource economies, sustainable use of non-renewable and renewable resources, pollution dynamics, population growth, and
sectoral heterogeneity. A final part is on empirical contributions, e.g. the resource curse, energy prices, and the EKC.

Objective Understanding of the current issues and economic methods in sustainability research; ability to solve typical problems like the calculation of
the growth rate under environmental restriction with the help of appropriate model equations.

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
ITET

see Science in Perspective: Language Courses ETH/UZH

 Master's Thesis
Number Title Type ECTS Hours Lecturers

227-1601-00L Master's Thesis
Only students who fulfill the following criteria are allowed
to enroll for and start with their master thesis:
a. successful completion of the bachelor program;
b. any additional requirements necessary to gain
admission to the master program EST have been
successfully completed;
c. both the semester project and the internship have been
successfully completed.

Registration in mystudies required!

O  30 credits 40D Supervisors

Abstract The master program in Energy Science and Technology culminates in a six months research project which adresses a scientific research
questions on one's chosen area of spezialization. The masters thesis is supervised by a program-affiliated faculty member and the topic
must be approved in advance by the tutor.

Objective see above

227-1101-00L How to Write Scientific Texts
Strongly recommended prerequisite for Semester Projects
and Master Theses at D-ITET (MSc BME, MSc EEIT, MSc
EST).

E-  0 credits U. Koch

Abstract The four hour lecture covers the basics of writing and presenting of scientific work. The focus will be on the structure and the main
elements of a scientific text rather than the language. Citation rules, good practice of scientific writing and an overview on software tools will
be part of the training.

Objective Knowledge on structure and content of a scientific text. 
Stimulation of a discussion on how to write a scientific text versus an interesting novel. 
Discussion of the practice of proper citing and critical reflection on recent plagiarism allegations.

Content * Topic 1: Structure of a Scientific Text (title, author list, abstract, state-of-the-art, "in this paper" paragraph, scientific part, summary,
equations, figures)

* Topic 2: Power Point Presentations

* Topic 3: Citation Rules and Citation Software

* Topic 4: Guidelines for Research Integrity

The lecture will be given in two parts on two afternoons. Some exercises will be built into the lecture.

Literature ETH "Citation Etiquette", see www.plagiate.ethz.ch.

ETH Guidlines on "Guidelines for Research Integrity", see https://ethz.ch/content/dam/ethz/special-
interest/itet/department/Studies/ETH_Research_Integrity_2011.pdf

Prerequisites /
notice

Students should already have a Bachelor degree and plan to do either a semester project or a master thesis in the immediate future.

Energy Science and Technology Master - Key for Type

W Eligible for credits
E- Recommended, not eligible for credits
Z Courses outside the curriculum

Dr Suitable for doctorate
O Compulsory
W+ Eligible for credits and recommended
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Earth Sciences Bachelor
 Basic Courses I

 First Year Examinations
Number Title Type ECTS Hours Lecturers

529-2002-02L Chemistry II O  5 credits 2V+2U J. Cvengros, J. E. E. Buschmann,
P. Funck, H. Grützmacher,
E. C. Meister, R. Verel

Abstract Chemistry II: Redox reactions, chemistry of the elements, introduction to organic chemistry
Objective General base for understanding of inorganic and organic chemistry.
Content 1. Redoxreactions


2. Inorganic Chemistry
Rules for nomenclature of inorganic compounds. Systematic description of the groups of elements in the periodical system and the most
important compounds of these elements. Formation of compounds as a consequence of the electronoc structure of the elements.

3. Introduction to organic chemistry
Description of the most important classes of compounds and of the functional groups. Principal reactivity of these functional groups.
Stereochemistry. 
Rection mechanisms: SN1- and SN2-reactions, electrophilic aromatic subtitutions, eliminations (E1 and E2), addition reactions (C=C and
C=O double bonds). Chemistry of carbony and carboxyl groups.

Lecture notes C.E.Housecroft, E.C.Constable, Chemistry, 4rd Edition, Pearson, Harlow (England), 2010 (ISBN 0-131-27567-4), Chap. 18-33
Literature Theodore L. Brown, H. Eugene LeMay, Bruce E. Bursten, CHEMIE. 14. Auflage, Pearson Studium, 2018.


D.W.Oxtoby, H.P.Gillis, N.H.Nachtrieb, PRINCIPLES OF MODERN CHEMISTRY, 8th Edition, Thomson, London, 2016.

401-0252-00L Mathematics II
as of 4 March 2020: The lecturer and many students are
in the lecture hall, but some students are absent. The
lecture is recorded.
as of 16 March 2020: The lecturer is alone in the lecture
hall, without the students.

O  7 credits 5V+2U A. Cannas da Silva

Abstract Continuation of the topics of Mathematics I. Main focus: multivariable calculus and partial differential equations.
Objective Mathematics is of ever increasing importance to the Natural Sciences and Engineering. The key is the so-called mathematical modelling

cycle, i.e. the translation of problems from outside of mathematics into mathematics, the study of the mathematical problems (often with the
help of high level mathematical software packages) and the interpretation of the results in the original environment.

The goal of Mathematics I and II is to provide the mathematical foundations relevant for this paradigm. Differential equations are by far the
most important tool for modelling and are therefore a main focus of both of these courses.

Content - Multivariable Differential Calculus:
functions of several variables, partial differentiation, curves and surfaces in space, scalar and vector fields, gradient, curl and divergence.

- Multivariable Integral Calculus:
multiple integrals, line and surface integrals, work and flow, Gauss and Stokes theorems, applications.

- Partial Differential Equations:
separation of variables, Fourier series, heat equation, wave equation, Laplace equation, Fourier transform.

Lecture notes See literature
Literature - Thomas, G. B.: Thomas' Calculus, Part 2, Pearson Addison-Wesley.

- Kreyszig, E.: Advanced Engineering Mathematics, John Wiley & Sons.
Prerequisites /
notice

Mathe-Lab (Assistance):
Mon 12:30-14:30 in room HIT K 51 (Hönggerberg campus); Tue 17-19 and Wed 17-19 in room HG E 41.

651-3078-00L Geology of Switzerland O  2 credits 2V P. Brack
Abstract - Landscape Switzerland and its geological history

- Alps and Jura mountains: archives of an ocean history
- From plate-tectonics to mountain building
- Present-day landscape forming processes

Objective - Verständnis wichtiger erdwissenschaftlicher Informationsquellen sowie geologischer Prozesse mit Relevanz für die Interpretation des
geologischen Untergrunds der Schweiz. 
- Geschichte der in der Schweiz sichtbaren Gesteinsabfolgen von deren Bildung bis zum Anschnitt an der Erdoberfläche.
- Überblick zur geologisch-tektonischen Entwicklung der Alpen und des weiteren Umfelds der Schweiz.
- oberflächenbildende Prozesse und Landschaftsgeschichte.

Content Erdplatten - Alpine Gebirge; Geologie der Schweiz im Überblick; tektonische Grosseinheiten und deren Charakteristika; geologische
Geschichte von Gesteinen in der Schweiz (Grundgebirge, Karbon/Perm, Trias, Jura, Kreide, Känozoikum); Alpenbildung: Subduktion -
Kollision - Deckenbildung; das nordalpine Vorlandbecken; Grabenbildungen im alpinen Umfeld; Hebung der Alpen und Jurafaltung;
Eiszeiten und Landschaftsentwicklung

Lecture notes Beilagen (Moodle) zur Geologie der Schweiz
Prerequisites /
notice

Voraussetzung: 651-3001-00 Dynamische Erde I

651-3002-00L Dynamic Earth II
ab 9. März 2020: Dozent*innen und viele Studierende sind
im Hörsaal, einzelne Studierende sind nicht im Hörsaal.
Die Vorlesung wird aufgezeichnet.

O  5 credits 2V+2U M. Lupker, S. Willett, A. Fichtner,
G. Haug

Abstract Processes on Earth surface: Climate, water cycle, weathering and erosion, transport, sedimentation.Rock deformation, geochronology,
stratigraphy and Earth history.

Objective Vermitteln der Grundlagen in allen Gebieten der Erdwissenschaften. Praktische Erarbeitung, Vertiefung, und Diskussion des Inhalts der
Vorlesung Dynamische Erde II.

Content Prozesse der Erdoberfläche: Klima, Wasserkreislauf, Verwitterung und Erosion, Transport, Sedimentation. Gesteinsdeformation.
Geochronologie, Stratigraphie und Erdgeschichte.
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Lecture notes Press, F. & Siever, R., 2003, Understanding Earth, W.H. Freeman & Co., New York, 4th.
dito: 2003, Allgemeine Geologie. Spektrum Akademischer Verlag, Heidelberg. 
dito: 1995, Introduzione alle Scienze della Terra. Edizione italian a cura di
E. Lupa Palmieri & M. Parotto. Casa Editrice Zanichelli, Bologna.

Prerequisites /
notice

Uebungen und Kurzexkursionen in Kleingruppen (10-15 Studenten), welche parallel zu den Themen der Vorlesung laufen, und von
Hilfsassistierenden geleitet werden. Anhand von angewandten Fragestellungen und Fallstudien werden konkrete Besipiele
erdwissenschaftlicher Themen diskutiert. Beschreibung und Interpretation der wichtigsten Gesteine in Handstücken. Verschiedene
Kurzexkursionen in die Region Zürich erlauben das direkte Erfahren erdwissenschaftlicher Prozesse (z. Bsp. Oberflächenprozesse) und
das Erkennen von erdwissenschaftlichen Fragestellungen und Lösungen in der heutigen Gesellschaft (z. Bsp. Bausteine, Wasser). Das
Arbeiten in Kleingruppen ermöglicht auch die Diskussion und das Erarbeiten aktueller erdwissenhaftlicher Themen.

 First Year Additional Compulsory Courses
Number Title Type ECTS Hours Lecturers

651-3982-00L Geological Field Course I
Does not take place this semester.
Prerequisites: participation in Dynamic Earth I+II (651-
3001-00L and 651-3002-00L) and Geology of Switzerland
(651-3078-00L). 

No registration through myStudies. The registration for
excursions and field courses goes through
http://exkursionen.erdw.ethz.ch only.

O  2 credits 3P further lecturers

Abstract Identification and characterization of important sedimentary, magmatic and metamorphic rocks and discussion of their genesis in a well-
constrained geological time frame.

Objective Understanding of the geological significance of sedimentary, magmatic and metamorphic rocks. Documentation of stratigraphic logs and
handling of rock samples.

Content Field-observations (5-6 days) on basement and volcano-sedimentary cover rocks in the Southern Alps (eastern Lombardy). Analysis,
documentation and interpretation of metamorphic (gneiss, schists) and magmatic (volcanic) rocks and sedimentary successions
(conglomerates, sandstones, pelites, carbonates). Discussion of metamorphic and magmatic Processes as well as of the depositional
environments of clastic and carbonate sediments of Permian and Triassic age.

Lecture notes Field-trip handouts and maps will be available.
Prerequisites /
notice

Prerequisites: Attendance of Dynamic Earth I+II (651-3001-00L and 651-3002-00L) and Geology of Switzerland (651-3078-00L).

For further information see course announcement and pre-course briefing.

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

651-3002-01L Earth Science Excursions I
No registration through myStudies. The registration for
excursions and field courses goes through
http://exkursionen.erdw.ethz.ch only.

O  1 credit 2P M. W. Schmidt, P. Brack, A. Gilli,
S. Heuberger, E. Reusser

Abstract Addition of the lectures dynamic earth I and II and geology of Switzerland. Demonstration of lithological, sedimentological, tectonic,
metamorphic, chronostratigraphical, plutonic/volcanic and palaeontological aspects in typical regions of Switzerland. Discussion of natural
hazards such as rockslides and flooding.

Objective Praktisches Lernen geologischer Begriffe im Feld.
Content Exkursionen zu klassischen und illustrativen Lokalitäten in verschiedenen tektonischen Einheiten der Schweizer Alpen und benachbarten

Gebieten wie Ostjura, Subalpine und Mittelland-Molasse, Glarner Alpen, Kaiserstuhl und Hegau, Gotthard, Verzasca (Tessin).
Demonstration lithologischer, sedimentologischer, tektonischer, metamorpher, chronostratigraphischer, plutonisch/vulkanischer und
paläontologischer Aspekte in den genannten Regionen. Diskussion von Naturgefahren wie Felsstürze und Hochwasser.

Lecture notes Unterlagen zu den verschiedenen Tagesthemen.
Literature Vorlesungsunterlagen von Dynamische Erde I und II, Geologie der Schweiz.
Prerequisites /
notice

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

 Basic Courses II
 Examination Block 1

Number Title Type ECTS Hours Lecturers

402-0062-00L Physics I O  5 credits 3V+1U A. Vaterlaus
Abstract Introduction to the concepts and tools in physics with the help of demonstration experiments:  mechanics of point-like and rigid bodies,

elasticity theory, elements of hydrostatics and hydrodynamics, periodic motion and mechanical waves, electricity and magnetism.
Whenever possible, examples relevant to the students' main field of study are given.

Objective Introduction to the scientific methodology. The student should develop his/her capability to turn physical observations into mathematical
models, and to solve them.

Lecture notes A script will be distributed
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Literature Friedhelm Kuypers
Physik für Ingenieure und Naturwissenschaftler
Band 1: Mechanik und Thermodynamik
Wiley-VCH Verlag, 2012, 448 S, ca.: Fr. 30.-

Douglas C. Giancoli
Physik
Pearson Studium

Paul A. Tipler
Physik
Spektrum Akademischer Verlag, 1998

David Halliday     Robert Resnick     Jearl Walker
Physik
Wiley-VCH, 2003

dazu gratis Online Ressourcen (z.B. Simulationen): www.halliday.de

 General Courses in Earth Sciences
Number Title Type ECTS Hours Lecturers

651-3321-00L Interpretation of Geological Maps I
Number of participants limited to 56.

O  2 credits 2G J. Ruh, L. Nibourel

Abstract Introduction to reading and construction of simple geologic maps.
Construction of geological cross-sections.
Introduction to Lambert projection and Schmidt net (i.e., stereoplots).

This course is mainly a hands-on-training, where students solve exercises under supervision.

Objective To improve the ability to understand geological structures in three dimensions and visualize them.

Learn how to read and interpret geological maps, as well as drawing geological cross-sections.

Learn the handling of the Schmidt net, so that students can later plot their own field data.

Content strike lines, symbols
true and apparent thickness of geological units
true and apparent dip
V-rule
3-Point-Problems
unconformities
faults
introduction to the Lambert projection
folds
magmatic structures

Lecture notes Exercises and instructions are handed out and are available online in Moodle.
Literature Semester literature can be found in the ERDW-library.
Prerequisites /
notice

This course is for ETH students only. Students of the UZH please refer to the study advisor of Geography and Earth System Science of
UZH in order to replace the course with an equivalent module at UZH.

This course is not a prerequisite, but nevertheless extremely helpful for the Geological Field Course I and II.

651-3600-00L Microscopy of Rocks Fundamentals
The course will be completed in Autumn Semester 2020
because of the Corona-Situation. Details on performance
assessment will be given in due time.

Number of participants limited to 48.

Course with required attendance. Unexcused absence
can lead to exclusion from the course.

O  2 credits 2P M. W. Schmidt, M. G. Fellin

Abstract Use of the polarizing microscope and understanding of diagnostic optical properties as required to identify minerals and hence give a rock
its proper name. Application of the main optical properties to recognize and name the common rock-forming minerals and structures in
magmatic, metamorphic and sedimentary rocks.

Objective Ready to use the polarisation microscope for a rock series as may e.g. be required in the BSc thesis. Ability to identify unknown minerals
on the basis of their optical properies. Understand the relation of a macroscopic hand speciment and its thin section in the microscope.

Content see above
Lecture notes Skript of ~50 pages as handout in 1st lecture,

handouts with tasks during the practical each lecture,
homework assignments will be distributed in most lectures

Prerequisites /
notice

First course in microscopy. This course is required for all further microscopy courses.

Presence is obligatory !
Obligatory homework
Examination in two parts in the last week of the term, 20 min for answering 2 out of 3 theoretical questions (script contains all relevant
material), 1 hour to describe one thin section.

651-3440-01L Geophysics II
This course replaces 651-3440-01 Gravimetry Students
who completed Gravimetry may not complete Geophysics
II.

O  4 credits 3G A. Jackson, P. Tackley

Abstract Treatment of fundamental aspects of gravimetry and geomagnetism. We review the fundamentals of gravity set out by Newton, orbital
dynamics and gravity applications in exploration geophysics. We will explore the mechanisms by which the geomagnetic field is created,
how geomagnetic measurements can be used for resource exploration, and how palaeomagnetism tells us about the history of the Earth.
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Objective Treatment of fundamental aspects of geophysics in the area of gravimetry and geomagnetism: methods and applications.
Our objectives are to learn fundamental theories and techniques relevant to the geomagnetic and gravity fields, but also to put them into
practice in a quantitative way. We will learn to use mathematical techniques make quantitative estimates of geophysical phenomena. The
examination will require the implementation of mathematics to solve questions in the spheres of geomagnetism and gravity.

Content Gravimetry: gravitation, Earth rotation, centrifugal force. Gravity, geoid, reference ellipsoid, normal gravity. Reduction of gravity
measurements, gravity anomalies. Isostasy: models of Pratt, Airy, Vening Meinesz. Interpretation of gravity anomalies and relationship to
dynamic and static features.
Geomagnetism: geomagnetic fields of external and internal origin, dipole and non-dipole fields, diurnal variation, magnetic prospecting,
magnetic anomalies. Rock magnetism, remanent magnetizations. Paleomagnetism: sample treatment, secular variation, geocentric axial
dipole field, apparent polar wander curves, polarity reversals, magnetic stratigraphy.

Lecture notes Lecture slides will be distributed.
Literature Primary Texts:

W. Lowrie: Fundamentals of Geophysics, Cambridge University Press 1997 (1st Edition) or 2007 (2nd Edition)
C. M. R. Fowler: The Solid Earth - An Introduction to Global Geophysics, 2004.
Secondary Texts:
F. D. Stacey and P. M. Davis: Physics of the Earth, Cambridge Uniiversity Press 2008.

Prerequisites /
notice

Prerequisite: The Dynamic Earth I or an equivalent course.

651-3420-00L Palaeontology O  3 credits 3G H. Bucher, M.  Hautmann, C. Klug,
E. Schneebeli-Hermann

Abstract Introduction to methods in paleontology and biostratigraphy. Presentation of major fossil groups of interest to earth scientists with
introduction to their morphology, age, evolution, history, ecology, skeletons and their materials. Analyzes of the fossil record with
applications to paleobiogeography, paleoecology and time scales.

Objective Knowledge of the major methods in paleontology and biostratigraphy. Significance and application of fossil groups for earth scientists.
Overview over important invertebrate groups, their morphology, temporal distribution, evolution and ecological significance. Understanding
the properties of the fossil record and the applicability of various biochronological methods.

Content History and methods in paleontology. Presentation of the major morphological Bauplans, with a focus on hard parts, temporal distribution,
ecological significance of major fossil groups: microfossils, corals, cephalopods, bivalves, brachiopods, arthropods and echinoderms with
respect to fossilisation, trace fossils, paleoecology, biostratigraphy, biochronology, paleobiogeography and biodiversity.

Lecture notes All important documents needed for course and lab work will be available (pdf) on the internet.
Literature Boardman, R.S., Cheetham, A.H. & Rowell, A.J. 1987: Fossil invertebrates. Blackwell.

Stanley SM 1999 Earth System History. Freeman & Co. 
Lehmann, U. & Hillmer, G. 1997: Wirbellose Tiere der Vorzeit. Enke, Stuttgart.
Oschmann, W. 2018: Leben der Vorzeit. Grundlagen der Allgemeinen und Speziellen Paläontologie. UTB.
Prothero, D.R. 1998: Bringing Fossil to Life. WCB/McGraw-Hill. 

http://www.palaeos.com

Prerequisites /
notice

In addition to the lectures, lab work will be held in two groups (Tuesday or Wednesday afternoon, 13.15-15 hrs) in the lecture hall of the
Paläontologischen Institut (Raum KO2 E72).

651-3424-00L Sedimentology and Stratigraphie O  4 credits 3G A. Gilli
Abstract Introduction of a range of concepts in sedimentology, Earth's surface processes and sedimentary geology in terms of processes and

products. Familiarize students with a range of erosional, transportational and depositional processes and environments. The typical facies
of the main depositional environments will be introduced.

Objective Students know about physical, chemical and biogenic sediments and sedimentary rocks. They are familiar with important physical,
chemical and biological apects of sedimentation in continental settings and in the marine environment. The have the fundamentals needed
for analysis and interpretation of sediments and sedimentary rocks in the field.

Content Teil I Marine and lakustrische Sedimente:
-pelagische Sedimente
-hemipelagische Sedimente
-kieslige Sedimente
-Flachwasserkarbonate: Fazies, Diagenese
-lakustische Sedimente
-Evaporite

Teil II klastische Sedimente
- Sediment Transport, Strukturen und Schichtformen
- Terrestrische, flachmarine und tiefmarine Ablagerungsbereiche, Prozesse und Ablagerungsstrukturen
- Diagenese von Sandstein
- Tongesteine

Lecture notes Sedimentologie-Skript und Vorlesungsunterlagen auf Moodle
Prerequisites /
notice

Vorlesung "Dynamische Erde"  oder vergleichbare Einführungsvorlesung

Die Semesterendprüfung findet in KW 23 (erste Woche nach Vorlesungsende) zur Vorlesungszeit statt.

651-3422-00L Structural Geology O  3 credits 2V J. Ruh
Abstract Description and introduction to the development processes of 

1) Brittle structures (Faults, joints, cracks and veins) 
2) Ductile structures (Folds, foliations, lineations, shear zones and diapirs) 
3) Introduction to finite strain

Objective Acquire a large knowledge of deformation structures and acquire some insight into the processes that control the development of these
deformation structures.

Content Description and introduction to the development processes of
1) Brittle structures (Faults, joints, cracks and veins)
2) Ductile structures (Folds, foliations, lineations, shear zones and diapirs)
3) Introduction to finite strain

Literature Eisbacher G.H. (1996) Einführung in die Tektonik (2.Auflage). Enke Verlag.
Meschede M. (1994) Methoden der Strukturgeologie. Enke Verlag.
Means W.D. (1976) Stress and strain. Basic concepts of continuum mechanics for geologists. Springer Verlag.
Ramsay J.G. & Huber M.I. (1983) The techniques of modern structural geology - Volume1 : Strain analysis. Academic Press.
Ramsay J.G. & Huber M.I. (1987) The techniques of modern structural geology - Volume2 : Folds and fractures. Academic Press.
Twiss R.J. & Moores E.M. (1992) Structural geology. W.H. Freeman & Company.

701-0412-00L Climate Systems O  3 credits 2G S. I. Seneviratne, L. Gudmundsson
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Abstract This course introduces the most important physical components of the climate system and their interactions. The mechanisms of
anthropogenic climate change are analysed against the background of climate history and variability. Those completing the course will be
in a position to identify and explain simple problems in the area of climate systems.

Objective Students are able
- to describe the most important physical components of the global climate system and sketch their interactions
- to explain the mechanisms of anthropogenic climate change
- to identify and explain simple problems in the area of climate systems

Lecture notes Copies of the slides are provided in electronic form.
Literature A comprehensive list of references is provided in the class. Two books are

particularly recommended:
- Hartmann, D., 2016: Global Physical Climatology. Academic Press, London, 485 pp.
- Peixoto, J.P. and A.H. Oort, 1992: Physics of Climate. American Institute of Physics, New York, 520 pp.

Prerequisites /
notice

Teaching: Sonia I. Seneviratne & Lukas Gudmundsson, several keynotes to special topics by other professors
Course taught in german/english, slides in english

651-3480-00L Earth Science Excursions II
Geography and Earth System Science students UZH may
attend this field course at full costs.

No registration through myStudies. The registration for
excursions and field courses goes through
http://exkursionen.erdw.ethz.ch only.

O  2 credits 4P P. Brack, further lecturers

Abstract Excursions to a wide range of geological topics in the Alps and adjacent areas
Objective Geological principles and observations in the field
Content Geological, petrological and paleontological aspects depending on excursion
Lecture notes Field-trip handouts
Prerequisites /
notice

Geography students UZH may attend this field course at full costs (no subsidies).

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

651-3581-00L Geophysical Field Lab
Priority is given to D-ERDW students. If space is available
UZH Geography and Earth System Sciences students
may attend this field course at full cost.

O  2 credits 2P A. Obermann

Abstract The geophysical field lab is a hands-on introduction into several methods of geophysical prospecting.
After a day of introduction, eight techniques are explored in half-day field experiments: Active Seismic, seismic noise  measurements,
gravimetrie, geomagnetics, geoelectrics and geothermal measurements.

Prerequisites /
notice

Attendance of this class only makes sense if an introductory lecture to geophysics has already been taken. In doubt, please contact the
course responsible beforehand.

A contribution towards expenses (in the past years about 40 CHF) is collected at the beginning of the course.

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

651-3482-00L Geological Field Course II: Sedimentary Rocks
Priority is given to D-ERDW students. If space is available
UZH Geography and Earth System Sciences students
may attend this field course at full cost.

No registration through myStudies. The registration for
excursions and field courses goes through
http://exkursionen.erdw.ethz.ch only.

O  3 credits 4P V. Picotti, A. Gilli, S. Heuberger,
S. Ivy Ochs, J. Ruh

Abstract Mapping of sedimentary rocks and stratigraphic units with the final production of a geological map at 1:10.000 scale. Writing a report
illustrating the main facies and characters of the units, the Quaternary surficial deposits and the tectonic structures affecting the
sedimentary rocks.

Objective Students will learn how to define mappable units at the chosen mapping scale. They are able to survey, describe and map stratigraphic
units and associated tectonic features, as well Quaternary deposits, mainly of alluvial, glacial and gravity-driven origin.

Content 7-day field course, including individual time with instructors in the field, work sessions and after-dinner discussions, and report writing.
Prerequisites /
notice

Prerequisites: Successful completion of 651-3982-00L Geological Field Course I.

Geography students UZH may attend this field course at full costs (no subsidies).

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

 Integrated Earth Systems
Number Title Type ECTS Hours Lecturers

651-4180-01L Integrated Earth Systems I O  5 credits 4G+1U O. Bachmann, A. Fichtner,
A. Jackson, M. Schönbächler,
P. Tackley

Abstract Planet Earth has had complex history since its formation ~4.6 billion years ago. To understand its past evolution, and glimpse at its future,
one needs an integrated perspective including many aspects of the earth sciences (e.g., geochemistry, geophysics, geology). The main
goal of the course is to achieve this integrated view of the solid part of our planet.

Objective The main goal of "Integrierte Erdsystem I" is to achieve an integrated view of the solid part of our planet through a series of lectures,
exercises, and tutorials that will involve multiple disciplines.

651-4180-03L Integrated Earth Systems III O  5 credits 4G+1U S. Heuberger, T. Driesner, A. Gilli,
M. O. Saar
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Abstract The course Integrated Earth Systems III addresses geological resources (georesources) from an integrative perspective. The course
covers three interacting focus themes: 
1) non-metallic mineral resources (aggregates, cement raw materials, hydrocarbons), 
2) geothermal resources (geothermal energy),
3) metallic mineral resources (ores).

Objective The students develop an overview of the different usable geological resources on earth. In particular, they will discuss and amplify their
understanding of the genesis of these georesources in the context of the interacting petrological, tectonic, geophysical and geochemical
processes. The students will be able to classify the resources' economic significance and to judge their responsible utilisation.

Content Der dritte Teil der Vorlesung "Intergrierte Erdsysteme" behandelt geologische Rohstoffe, die Georessourcen. Drei Schwerpunkte werden in
dieser Lehrveranstaltung gesetzt: 1. nicht-metallische mineralische Rohstoffe (Steine & Erden, Kohlenwasserstoffe, Industrieminerale,
Salze), 2. Geothermie, 3. Metallische Rohstoffe (Erzlagerstätten).
Der Teil der nicht-metallischen mineralischen Rohstoffe diskutiert die Entstehung sowie die Prospektion dieser Rohstoffe an ausgewählten
Beispielen. Die Studierenden erhalten Einblick in die tektonischen und sedimentären Bedingungen, die zur Lagerstättenbildung geführt
haben, sowie in die zu deren Auffindung benötigten Prospektionstechniken und Geodaten (z.B. 3D-Modelle, Bohrungen, Seismik).
Der Geothermie-Teil befasst sich mit der Nutzung von Niedrig- und Hoch-Enthalpie Geothermie-Systemen zur Gewinnung von Wärme
und/oder Strom. Die Studierenden werden vom geologischen Untergrund, und den darin vorkommenden und zirkulierenden Flüssigkeiten,
über das geothermische Kraftwerk an der Erdoberfläche bis hin zu den Wärme- und/oder Strom-Gestehungskosten, die wesentlichen
Aspekte eines geothermischen Kraftwerkes qualitativ und semi-quantitativ untersuchen und beurteilen.
Der Teil über Erzlagerstätten stellt ausgewählte Lagerstättentypen und deren Bildung in den Kontext von tektonischen, petrologischen und
geochemischen Prozessen. Die Studierenden werden anhand von umfangreichem Probenmaterial die wichtigsten Charakteristika dieser
Lagerstätten erarbeiten und die Interpretation von kleinskaligen Feldbeziehungen üben. Daraus werden qualitative und semi-quantitative
Rückschlüsse über die chemischen Prozesse hinter der Anreicherung von Erzmetallen abgeleitet.

 Majors
 Major: Geology and Geophysics

 Methods
Number Title Type ECTS Hours Lecturers

651-3684-00L Geological Field Course III: Crystalline Rocks
Due to the Coronavirus-Situation the field course will pres.
be postponed to September 2020.

Priority is given to D-ERDW students. If space is available
UZH Geography and Earth System Sciences students
may attend this field course at full cost.

No registration through myStudies. The registration for
excursions and field courses goes through
http://exkursionen.erdw.ethz.ch only.

W+  3 credits 4P M. W. Schmidt, E. Reusser,
P. Ulmer

Prerequisites /
notice

BSc Geography and Earth System Sciences students UZH may attend this field course at full costs (no subsidies).

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

651-3680-00L Earth Science Excursions III
Priority is given to D-ERDW students. If space is available
UZH Geography and Earth System Sciences students
may attend the excursions at full cost.

No registration through myStudies. The registration for
excursions and field courses goes through
http://exkursionen.erdw.ethz.ch only.

W+  1 credit 2P P. Brack, further lecturers

Abstract Excursions to a wide range of geological topics in the Alps and adjacent areas
Objective Geological principles and observations in the field
Content Geological, petrological and paleontological aspects depending on excursion
Lecture notes Field-trip handouts
Prerequisites /
notice

Geography and Earth System Sciences students UZH may attend this field course at full costs (no subsidies).

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

651-3660-00L Analysis of Time Series in Environmental Physics and
Geophysics

W+  3 credits 2G F. Haslinger, A. Obermann

Abstract In geoscience we are often collecting vast digitally recorded. Such time-series data can be processed to emphasize particular aspects of
the signal, an enormous advantage over paper records. 
We introduce fundamental tools and concepts of time-series analysis, e.g. deterministic vs stochastic processes, signal correlation, and
Fourier analysis.

Objective Understanding of various methods for the analysis of time-dependent data.
Content Based on various data sets we illustrate basic principles of time series and apply different methods of analysis:

deterministic and stochastic processes, stationary and non-stationary processes, sampling theorem, trend analysis, auto- and cross-
correlation,
frequency analysis (Fourier Transformation). 

The exercises require basic knowledge of MATLAB.

Lecture notes Lecture notes and exercises are made available.
Literature - R. H. Shumway and D. S. Stoffer: Time Series Analysis and its Applications. Springer, New York, 2000.

- W.H. Press, B.P. Flannery, S.A. Teukolsky und W.T. Wetterling: Numerical Recipes: The Art of Scientific Computing. Cambridge
University Press.

Prerequisites /
notice

Prerequisites: equivalent to the first three semester of an earth science or environmental science curriculum.

Basic knowledge of matlab

 Advanced
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Number Title Type ECTS Hours Lecturers

651-3503-00L Magmatism and Metamorphose II
This course replaces 651-3503-00
Gesteinsmetamorphose. Students who completed 651-
3503-00 Gesteinsmetamorphose cannot attend
Magmatism and Metamorphosis II.

W+  4 credits 2V+1U P. Ulmer, M. W. Schmidt

Abstract This course represents the continuation of Magmatism and Metamorphism I and concerns the generation and evolution of igneous rocks as
well as the metamorphism of igneous and sedimentary rocks as products of geodynamic processes operating within the Earth´s interior.

Objective The course is a continuation and further deepening of the contents presented in Magmatism and Metamorphism I. This course combines
petrography, geochemistry, experimental and theoretical petrology as well as petrophysics to assess fundamental igneous and
metamorphic processes controlling the generation and evolution of igneous and metamorphic rocks in time and space. Here the following
themes and relationships are presented and detailed: Principles of (1) chemical systems and reactions; (2) Intraplate magmatism; (3) the
role of oxygen fugacity in Earth material´s cycles; (4) physical properties of magmas and their impact on magma segregation,
differentiation, ascent and emplacement . A quantification of igneous and metamorphic processes (the latter mainly on meta-basalts) based
on modal mineralogy, geochemistry, phase petrology and thermodynamic principles is assessed and further promoted in the accompanying
homework and exercises.

Content - Principles and fundamental understanding of chemical systems and reactions ("Schreinemaker")
- Alkaline intraplate magmatism (hot spots and rifts)
- Oxygen fugacity: Reduction and oxidation of Earth materials and the deep mantle
- Structures and physical properties of melts and magmas
- Metamorphism of basalts
- LMI – Layered mafic intrusions – Example of magma differentiation

Lecture notes Lecture notes and homework are provided and additional material is made available on Moodle
Literature As supplementary material we recommend the book by J.D. Winter. «Principles of Igneous and metamorphic petrology», Prentice Hall,

2001.
Prerequisites /
notice

In order to attend the course Magmatism and Metamorphism II, previous attendance of the course Magmatism and Metamorphism I (or
equivalent) is required.

The delivery of 7 acceptably solved homework assignments is required, 9  acceptably solved homeworks well lead to a bonus of 0.25
points for the final grade.

The end of term examination will take place in week 23, i.e. the week after the end of lectures, at the time of the lecture.

 Applied
Number Title Type ECTS Hours Lecturers

651-3508-00L Hydrogeology W+  3 credits 2V+1U A. Ebigbo
Abstract The course offers an introduction to Hydrogeology: 

- Why is groundwater so important to us? 
- How does one extract groundwater? 
- How can the distribution and movement of groundwater be characterised?

Objective Students:
- recognise the value of groundwater as a natural resource.
- can perform water balances.
- can describe methods of characterising groundwater bodies.
- can apply groundwater flow equations in simple cases.
- know the classical methods of analysing pumping tests.

Content 1.    Overview
2.    Groundwater extraction
3.    Basic principles of groundwater flow
4.    Regional groundwater flow
5.    Transient groundwater flow
6.    Radial flow (pumping tests)

Lecture notes Complete lecture notes will be available online.
Literature Höltling & Coldewey (2013) Einführung in die Allgemeine und Angewandte Hydrogeologie. Springer Spektrum

--
Bear (2007) Hydraulics of Groundwater. Dover Publications Inc.

 Electives
The electives listed are recommended.
Additional courses can be chosen from the complete offerings of the ETH Zurich and University of Zurich.

Number Title Type ECTS Hours Lecturers

Choice of courses from the complete offerings of ETH.

101-0302-00L Clays in Geotechnics: Problems and Applications W+  3 credits 2G M. Plötze
Abstract This course gives a comprehensive introduction in clay mineralogy, properties, characterising and testing methods as well as applied

aspects and problems of clays and clay minerals in geotechnics.
Objective Upon successful completion of this course the student is able to:

- Describe clay minerals and their fundamental properties 
- Describe/propose methods for characterisation of clays and clay minerals
- Draw conclusion about specific properties of clays with a focus to their potential use, problematics and things to consider in geotechnics
and engineering geology.

Content - Introduction to clays and clay minerals (importance and application in geosciences, industry and everyday life)
- Origin of clays (formation of clays and clay minerals, geological origin)
- Clay mineral structure, classification and identification incl. methods for investigation (e.g., XRD)
- Properties of clay materials, characterisation and quantification incl. methods for investigation (e.g., cation exchange, rheology, plasticity,
shearing, swelling, permeability, retardation and diffusion)
- Clay Minerals in geotechnics: Problems and applications (e.g. soil mechanics, barriers, slurry walls, tunnelling)

Lecture notes Lecture slides and further documents will be provided.

651-4056-00L Limnogeology W+  3 credits 2G N. Dubois, A. Gilli, K. Kremer
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Abstract This course links lakes, their subsurface and their environment. It will be discussed how lake sediments record past environmental changes
(e.g. climate, human impact, natural hazards) and how lake sediments can be used to reconstruct these changes. Emphasis is also given
on the modern limnologic processes essential in interpreting the fossil record. With 1 or 2-day field course on Lake Lucerne.

Objective Students are able to
- explain and discuss the role of lake sediments as archives of environmental change.
- plan an own limnogeologic campaign, i.e. finding, recovering, analyzing and interpreting the sedimentary lake archive to solve a particular
scientific question.
- examine the complexity of a lake system with all its connection to the environment.
- relate subaerial processes with subaquatic processes.
- identify processes around and in lakes causing natural hazards.

Content Content of the course:
Introduction - Lakes, the small oceans
History of Limnogeology.
Limnogeologic campaigns
The water column: Aquatic physics (currents, waves, oscillations, etc.).
Sediments caught in the water: sediment traps
Geophysical survey methods (multibeam bathymetry, seismics)
Large open perialpine lakes.
Laminations in lake sediments: Clastic vs. biochemical varves.
Hydrologically closed lake systems
Chronostratigraphic dating of lake sediments
Lake sediments as proxies for climate change
Lake sediments as recorder of anthropogenic impact

The class includes a 1- or 2-day field practica on Lake Lucerne.
Introduction to themes of Lake Lucerne field course.
Limnogeological methods on the lake and in the laboratory: various sampling and surveying techniques (water analysis, seismic surveying,
sediment coring, laboratory analyses).
Seismic-to-core correlation and interpretation

Lecture notes Will be distributed in each class unit.
Literature Will be distributed in each class unit.
Prerequisites /
notice

Credit points and grade will be given based on a written report about the field course.

651-4004-00L The Global Carbon Cycle - Reduced W  3 credits 2G T. I. Eglinton, M. Lupker
Abstract The carbon cycle connects different reservoirs of C, including life on Earth, atmospheric CO2, and economically important geological

reserves of C.  Much of this C is in reduced (organic) form, and is composed of complex chemical structures that reflect diverse biological
activity, processes and transformations.

Objective A wealth of information is held within the complex organic molecules, both in the context of the contemporary carbon cycle and its links to is
other biogeochemical cycles, as well as in relation to Earth's history, the evolution of life and climate on this planet.

In this course we will learn about the role of reduced forms of carbon in the global cycle, how these forms of carbon are produced, move
around the planet, and become sequestered in the geological record, and how they can be used to infer biological activity and conditions
on this planet in the geologic past. The course encompasses a range of spatial and temporal scales, from molecular to global, and from the
contemporary environment to earliest life.

Prerequisites /
notice

This course and the lecture course "651-4044-00L Geomicrobiology and Biogeochemistry"
https://lms.uzh.ch/url/RepositoryEntry/16135979092?guest=true&lang=en are good preparations for the combined Field-Lab Course ("651-
4044-02 P Geomicrobiology and Biogeochemistry Field Course" and "651-4044-01 P Geomicrobiology and Biogeochemistry Lab
Practical"). Details under https://lms.uzh.ch/url/RepositoryEntry/16135979094?guest=true&lang=en

651-4044-04L Micropalaeontology and Molecular Palaeontology W  3 credits 2G H. Stoll, C. De Jonge, T. I. Eglinton,
I. Hernández Almeida

Abstract The course aims to provide an introduction to the key micropaleontological and molecular fossils from marine and terrestrial niches, and the
use of these fossils for reconstructing environmental and evolutionary changes.

Objective The course aims to provide an introduction to the key micropaleontological and molecular fossils from marine and terrestrial niches, and the
use of these fossils for reconstructing environmental and evolutionary changes. 

The course will include laboratory exercises with microscopy training: identification of plantonic foraminifera and the application of transfer
functions, identification of calcareous nannoliths and estimation of water column structure and productivity with n-ratio, identification of
major calcareous nannofossils for Mesozoic-cenozoic biostratigraphy, Quaternary radiolarian assemblages and estimation of diversity
indices.  
The course will include laboratory exercises on molecular markers include study of chlorin extracts, alkenone and TEX86 distributions and
temperature reconstruction, and terrestrial leaf wax characterization, using GC-FID, LC-MS, and spectrophotometry.
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Content Micropaleontology and Molecular paleontology
1.    Introduction to the domains of life and molecular and mineral fossils.  Genomic classifications of domains of life.  Biosynthesis and
molecular fossils and preservation/degradation.  Biomineralization and mineral fossils and preservation/dissolution.  Review of stable
isotopes in biosynthesis. 
2.    The planktic niche – primary producers.  Resources and challenges of primary production in the marine photic zone – light supply,
nutrient supply, water column structure and niche partitioning.  Ecological strategies and specialization, bloom succession, diversity and
size  gradients in the modern ocean. Introduction to principal mineralizing phytoplankton – diatoms, coccolithophores, dynoflagellates, as
well as cyanobacteria. Molecular markers including alkenones, long-chain diols and sterols, IP25, pigments, diatom UV-absorbing
compounds.  Application of fossils and markers as environmental proxies. Long term evolutionary evidence for originations, radiations, and
extinctions in microfossils and biomarkers; evolution of size trends in phytoplankton over Cenozoic, geochemical evidence for evolution of
carbon concentrating mechanisms.  Introduction to nannofossil biostratigraphy. 
3.    The planktic niche – heterotrophy from bacteria to zooplankton.  Resources and challenges of planktic heterotrophy – food supply,
oxygen availability, seasonal cycles, seasonal and vertical niche partitioning.  Introduction to principal mineralizing zooplankton planktic
foraminifera and radiolaria: ecological strategies  and specialization, succession, diversity and size  gradients in the modern ocean.
Morphometry and adaptations for symbiont hosting.  Molecular records such as isorenieratene and Crenoarcheota GDGT; the debate of
TEX86 temperature production.  Long term evolutionary evidence for originations, radiations, and extinctions in microfossils; evolution of
size and form, basic biostratigraphy.  Molecular evidence of evolution including diversification of sterol/sterine assemblages. 
4.    The benthic niche – continental margins.  Resources and challenges of benthic heterotrophy – food supply, oxygen, turbulence and
substrate.  Principal mineralizing benthic organisms – benthic foraminifera and ostracods. Benthic habitat gradients (infaunal and epifaunal;
shallow to deep margin.  Microbial redox ladder in sediments. Molecular markers of methanogenesis and methanotrophy, Anamox
markers, pristine/phytane redox indicator.  Applications of benthic communities for sea level reconstructions.  Major originations and
extinctions. 
5.    The benthic niche in the abyssal ocean.  Resources and challenges of deep benthic heterotrophy.  Benthic foraminifera, major
extinctions and turnover events. Relationship to deep oxygen level and productivity. 
6.    Terrestrial dry niches -soils and trees.  Resources and challenges - impacts of temperature, humidity, CO2 and soil moisture on
terrestrial vegetation and microbial reaction and turnover. Introduction to pollen and molecular markers for soil pH, humidity, leaf wax C3-
C4 community composition and hydrology.  Long term evolution of C4 pathway, markers for angiosperm and gymnosperm evolution.
7.    Terrestrial aquatic environments – resources and challenges.  Lake systems, seasonal mixing regimes, eutrophication, closed/open
systems.  Introduction to lacustrine diatoms, chironomids, testate amoeba.  Molecular markers in lake/box environments including
paleogenomics of communities.

Lecture notes A lab and lecture manual will be distributed at the start of the course and additional material will be available in the course Moodle
Literature Key references from primary literature will be provided as pdf on the course moodle.
Prerequisites /
notice

Timing: The course starts on February 19 and ends on May 28. Prerequisites: Recall and remember what you learned in introductory
chemistry  and biology

651-4087-00L Case Studies in Exploration and Environmental
Geophysics

W+  3 credits 3G H. Maurer, J. Robertsson,
M. Hertrich, M. O. Saar

Abstract Integrated geophysical investigations; applications of exploration seismic; applications of high-resolution seismic, ground-penetrating radar,
magnetic, gravity, electromagnetic, geoelectric and nuclear-magnetic resonance methods; case studies.

Objective Provide (i) fundamental knowledge of modern methods employed in exploration, engineering and environmental geophysics, (ii) a sound
understanding of integrated multidisciplinary approaches for resolving diverse exploration, engineering and environmental problems, and
(iii) familiarity with exploration-, engineering- and environment-relevant case histories (national und international).

Content A broad range of geophysical methods are employed in exploration, engineering and environmental projects worldwide. After short
introductions to various applied geophysical methods, strategies for resolving a wide variety of exploration, engineering and environmental
problems are introduced.  Themes addressed in exploration geophysics include exploration and evaluation of marine hydrocarbon
reservoirs. Themes addressed in engineering geophysics include: remote sensing in archeology, detection of metal pipes, plastic pipes and
caverns in the subsurface, and characterizing the shallow underground in regions of major construction. Themes addressed in
environmental geophysics include: exploration and evaluation of groundwater reserves, and investigations of potentially dangerous waste
disposal sites (e.g. outlining the boundaries and content of poorly documented landfills and studies of sites for the future storage of
chemical and radioactive refuse).

Lecture notes None
Literature Provided during the course
Prerequisites /
notice

This course is offered as a half-semester course during the first part of the semester.

651-4006-00L Seismology of the Spherical Earth W+  3 credits 3G M. van Driel, S. C. Stähler
Abstract Brief review of continuum mechanics and the seismic wave equation; P and S waves; reciprocity and representation theorems; eikonal

equation and ray tracing; Huygens and Fresnel; surface-waves; normal-modes; seismic interferometry and noise; numerical solutions.
Objective After taking this course, students will have the background knowledge necessary to start an original research project in quantitative

seismology.
Literature Shearer, P., Introduction to Seismology, Cambridge University Press,

1999.

Aki, K. and P. G. Richards, Quantitative Seismology, second edition,
University Science Books, Sausalito, 2002.

Nolet, G., A Breviary of Seismic Tomography,  Cambridge University Press, 2008.

Prerequisites /
notice

This is a quantitative lecture with an emphasis on mathematical description of wave propagation phenomena on the global scale, hence
basic knowledge in vector calculus, linear algebra and analysis as well as seismology (e.g. from the 'wave propagation' lecture) are
essential to follow this course.

651-4008-00L Dynamics of the Mantle and Lithosphere W+  3 credits 2G A. Rozel
Abstract The goal of this course is to obtain a detailed understanding of the physical properties, structure, and dynamical behavior of the mantle-

lithosphere system, focusing mainly on Earth but also discussing how these processes occur differently in other terrestrial planets.
Objective The goal of this course is to obtain a detailed understanding of the physical properties, structure, and dynamical behavior of the mantle-

lithosphere system, focusing mainly on Earth but also discussing how these processes occur differently in other terrestrial planets.

701-0106-00L Mathematics V: Applied Deepening of Mathematics I -
III

W+  3 credits 2G M. A. Sprenger

Abstract Selected mathematical topics are presented for later use in more specialised lectures. Part of the topics were already discussed in the
lectures Mathematics I-III. Here, they should be shortly recapitulated and most importantly applied to practical problems. If necessary, new
mathematical concepts and methods will be introduced in order to solve challenging and inspiring problems from practice.

Objective The aim of this lecture is to prepare the students for the more specialised lectures. They should become more familiar with the
mathematical background, the mathematical concepts und most of all with their application and interpretation.

Content Practical examples from the following areas will be discussed: ordinary differential equations; eigenvalue problems from linear algebra;
systems of linear and nonlinear differential equations; partial differential equations (diffusion, transport, waves).
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 Bachelor's Seminar
Number Title Type ECTS Hours Lecturers

651-3698-01L Bachelor's Seminar II
The Bachelor-Seminar is as an integral part of the
Bachelor Thesis.

O  2 credits 1S W. Schatz, J. D. Rickli

Abstract Essentials of scientific citing. Preparation of a short scientific proposal describing the Bachelor Thesis project. Presentation of the project in
a poster

Objective 1) Students are able to develop a time and research plan (BSc Proposal)
2) Students are able to communicate resarch results by means of a poster
3) Students know the most important rules covering intellectual property.
4) Students are aware of the consequences of plagiarism

Prerequisites /
notice

The results of the thesis will be presented in a poster at the BSc Posterfair of D-ERDW.

 Major: Climate and Water
 Electives

The electives listed are recommended.
Additional courses can be chosen from the complete offerings of the ETH Zurich and University of Zurich.

Number Title Type ECTS Hours Lecturers

252-0840-02L Application-Oriented Programming W+  2 credits 2G L. E. Fässler, M. Dahinden
Abstract This course provides important basic concepts for interdisciplinary programming projects. The programming language is Python and

Matlab.
Objective Students learn


- how to encode a problem into a program, test the program, and correct errors.
- to understand and improve existing code.
- to implement models from the natural sciences as a simulation.

Content The following programming concepts are introduced in the lecture:

1. Variables, data types
2. Condition check, Loops, logics
3. Arrays
4. Functions
5. Matrices
6. Random

In the practical part of the course, students work on small programming projects with a context from natural sciences. Electronic tutorials
are available as preparation.

Literature L. Fässler, M. Dahinden, D. Komm, and D. Sichau: Einführung in die Programmierung mit Python und Matlab. Begleitunterlagen zum
Onlinekurs und zur Vorlesung, 2016. ISBN: 978-3741250842.

Prerequisites /
notice

No prior knowledge is required for this course.It is based on application-oriented learning. The students spend most of their time working
through programming projects with data from natural science and discussing their results with teaching assistants. To learn the
programming basics there are electronic tutorials available.

402-0048-00L Advanced Physics for Students of Environmental and
Earth Sciences

W+  6 credits 4V+2U H.-A. Synal

Abstract Basic concepts of quantum and nuclear physics with emphasis on environmental and earth science aspects
Objective This lecture is an introduction to the so-called "modern physics". It discusses phenomena that can no longer be described with the classical

ideas of mechanics and classical electrodynamics. The fundamentals of quantum and nuclear physics will be taught and their significance
in environmental and earth sciences will be demonstrated. In selected examples and numerous demonstration experiments phenomena
will be discussed which can only be explained by quantum mechanical or nuclear physical models.

Content Quantum physics:
Basics of quantum mechanics: Planck's radiation related to the Earth's radiation budget and climate, photoelectric effect, matter waves,
uncertainty relation, Schrödinger equation, box potential, tunnel effect, harmonic oscillator.
Atomic and molecular physics:
Hydrogen atom, energy states, absorption and emission of electromagnetic radiation, molecular oscillation states, laser.
Nuclear physics:
Structure of the atomic nucleus (nuclear models, nuclear forces), radioactivity (types of decay), interaction of radiation with matter,
detection of radioactive radiation, radiation effect and radiation dose, nuclear fission and fusion, natural and artificial radioactivity in the
environment, radioisotopes as natural tracers.

Lecture notes Script is distributed in the lecture. Further documents on special topics will be handed out.
Literature - H. Haken, H. C. Wolf: Atom- und Quantenphysik, 8. Aufl. (Springer, 2004)

- K. Bethge, G. Walter, B. Wiedemann: Kernphysik, 2. Aufl. (Springer, 2001)

701-0478-00L Introduction to Physical Oceanography W+  3 credits 2V+1U M. Münnich, T. Frölicher, G.-
K. Plattner

Abstract The lecture gives an overview over physical properties, flows and transport phenomena in stratified water bodies (reservoirs, lakes and the
oceans).  The focus is on oceans, their currents and the role of the seas in the global climate system. Students completing the course are
able to interpret basic flow equations and apply them to phenomema.

Objective Students are able to
- apply the basic conservation principles of physics to various bodies of water.
- explain the singularities of various natural flow systems.
- apply closed solutions and simple evaluation procedures to characterise flow and transport.
- present an overview of the mechanical flow properties of environmental flow systems.
- describe the role of the oceans in the global climate system.

Content - Review of governing equations (Navier-Stokes equation, Coriolis force, scaling)
 - Stratification and mixing  (molecular diffusion, Reynolds decomposition, turbulent transport, turbulent closure, boundary layers)
 - Density-driven ocean currents (thermocline theory, deep water formation) 
 - Wind-driven ocean currents (Ekman transport, Sverdrub ballance, westerly boundary currents)
 - Waves in Fluids (surface waves, internal waves, Rossby waves)
 - Oceans and climate (El Nino, Ice Ages)

Lecture notes In lieu of a script excerpts the course is accompanied by a Wiki about the topics of the lecture.
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Literature - Descriptive Physical Oceanography: An Introduction (L. Talley, G. Pickard)
 - Atmosphere, Ocean and Climate Dynamics (J. Marshall, A. Plumb)
 - Ocean Circulation  (Open University)
 - Waves, Tides & Shallow-Water Processes (Open University)

Prerequisites /
notice

PDFs of the book by L. Talley and the Open University books can be obtained free of charge through ScienceDirect.

701-0106-00L Mathematics V: Applied Deepening of Mathematics I -
III

W+  3 credits 2G M. A. Sprenger

Abstract Selected mathematical topics are presented for later use in more specialised lectures. Part of the topics were already discussed in the
lectures Mathematics I-III. Here, they should be shortly recapitulated and most importantly applied to practical problems. If necessary, new
mathematical concepts and methods will be introduced in order to solve challenging and inspiring problems from practice.

Objective The aim of this lecture is to prepare the students for the more specialised lectures. They should become more familiar with the
mathematical background, the mathematical concepts und most of all with their application and interpretation.

Content Practical examples from the following areas will be discussed: ordinary differential equations; eigenvalue problems from linear algebra;
systems of linear and nonlinear differential equations; partial differential equations (diffusion, transport, waves).

701-1236-00L Measurement Methods in Meteorology and Climate
Research

W+  1 credit 1V M. Hirschi, D. Michel

Abstract The course provides the physical, technical, and theoretical basics for measuring physical quantities in the atmosphere. Also,
considerations related to the planning of observation campaigns and to data evaluation are discussed.

Objective Aims of the course are:
- to become sensitive for specific problems when making measurements in the atmosphere under severe environmental conditions
- to gain knowledge of the different measurement methods and techniques
- to develop criteria for the choice of the optimal measurement method for a given problem
- to find the optimal observation strategy in terms of choice of instrument, frequency of observation, accuracy, etc.

Content Problems related to time series analysis, sampling theorem, time constant and sampling rate. Theoretical analysis of different sensors for
temperature, humidity, wind, and pressure. Discussion of effects disturbing the instruments. Principles of active and passive remote
sensing. Measuring turbulent fluxes (e.g. heatflux) using eddy-correlation technique. Discussion of technical realizations of complex
observing systems (radiosondes, automatic weather stations, radar, wind profilers). Demonstration of instruments.

Lecture notes Students can download a copy of the lectures as PDF-files.
Literature - Emeis, Stefan: Measurement Methods in Atmospheric Sciences, In situ and remote. Bornträger 2010, ISBN 978-3-443-01066-9

- Brock, F. V. and S. J. Richardson: Meteorological Measurement Systems, Oxford University Press 2001, ISBN 0-19-513451-6
- Thomas P. DeFelice: An Introduction to Meteorological Instrumentation and Measurement. Prentice-Hall 2000, 229 p., ISBN 0-
13-243270-6
- Fritschen, L.J., Gay L.W.: Environmental Instrumentation, 216 p., Springer, New York 1979.
- Lenschow, D.H. (ed.): Probing the Atmospheric Boundary Layer, 269 p., American Meteorological Society, Boston MA 1986.
- Meteorological Office (publ.): Handbook of Meteorological Instruments, 8 vols., Her Majesty's Stationery Office, London 1980.
- Wang, J.Y., Felton, C.M.M.: Instruments for Physical Environmental measurements, 2 vol., 801 p., Kendall/Hunt Publ. Comp., Dubuque
Iowa 1975/76.

Prerequisites /
notice

The lecture focuses on physical atmospheric parameters while lecture 701-0234-00 concentrates on the chemical quantities. The lectures
are complementary, together they provide the instrumental basics for the lab course 701-0460-00. Contact hours of the lab course are such
that the lectures can be attended (which is recommended).

701-0234-00L Atmospheric Chemistry: Instruments and Measuring
Techniques

W+  1 credit 1V U. Krieger

Abstract Measuring Techniques: Environmental Monitoring, Trace Gas Detection, Remote Sensing, Aerosol Characterization, Techniques used in
the laboratory.

Objective Find out about the specific problems connected to composition measurements in the atmosphere. Working out criteria for selecting an
optimal measuring strategy. Acquiring knowledge about different measuring methods their spectroscopic principles and of some specific
instruments.

Content Es werden Methoden und Geräte vorgestellt und theoretisch analysiert, die in atmosphärenchemischen Messungen Verwendung finden:
Geräte zur Überwachung im Rahmen der Luftreinhalteverordnung, Spurengasanlysemethoden, "remote sensing", Aerosolmessgeräte,
Messverfahren bei Labormessungen zu atmosphärischen Fragestellungen.

Literature B. J. Finnlayson-Pitts, J. N. Pitts, "Chemistry of the Upper and Lower Atmosphere", Academic Press, San Diego, 2000
Prerequisites /
notice

Methodenvorlesung zu den Praktika 701-0460-00 und 701-1230-00. Die Kontaktzeiten in diesen Praktika sind so abgestimmt, dass der
(empfohlene) Besuch der Vorlesung möglich ist.

Voraussetzungen: Atmosphärenphysik I und II

Choice of courses from the complete offerings of ETH.

 Laboratory Course
Number Title Type ECTS Hours Lecturers

701-0460-00L Practical Training in Atmosphere and Climate
Number of participants limited to 35.

O  7 credits 14P U. Krieger, M. Böttcher, R. Modini,
T. Peter, A. Prévôt

Abstract The field course offers the opportunity to carry out atmospheric physical and chemical experiments.  Students can acquire knowledge in
experimental, instrumental, numerical or theoretical aspects of atmospheric sciences.

Objective The learning target is the successful execution of interdisciplinary field work within the atmospheric sciences.  To this end the participants
will become acquainted with modern sounding and analysis methods, will collect data and will evaluate these with respect to the state of
the atmosphere and the relevant processes of interest.  Interdisciplinary team work will be practiced across various scientific fields
(physics, chemistry, atmospheric dynamics and transport).

Prerequisites /
notice

Als Voraussetzung für dieses Praktikum werden Kenntnisse der folgenden Kurse benötigt:
- 701-0471-00 Atmosphärenchemie
- 701-0473-00 Wettersysteme
- 251-0840-01 Anwendungsnahes Programmieren mit Matlab/Python
Teilnehmer, die diese Kurse nicht belegt haben, müssen sich die erforderlichen Kenntnisse im Eigenstudium aneignen.  

Als Begleitung zu diesem Praktikum wird der Besuch der folgenden Kurse sehr empfohlen:
- 701-0234-00 Messmethoden in der Atmosphärenchemie
- 701-1236-00 Messmethoden in der Meteorologie

 Bachelor's Seminar
Number Title Type ECTS Hours Lecturers
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651-3698-01L Bachelor's Seminar II
The Bachelor-Seminar is as an integral part of the
Bachelor Thesis.

O  2 credits 1S W. Schatz, J. D. Rickli

Abstract Essentials of scientific citing. Preparation of a short scientific proposal describing the Bachelor Thesis project. Presentation of the project in
a poster

Objective 1) Students are able to develop a time and research plan (BSc Proposal)
2) Students are able to communicate resarch results by means of a poster
3) Students know the most important rules covering intellectual property.
4) Students are aware of the consequences of plagiarism

Prerequisites /
notice

The results of the thesis will be presented in a poster at the BSc Posterfair of D-ERDW.

 GESS Science in Perspective
 Science in Perspective

see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
ERDW

 Language Courses
see Science in Perspective: Language Courses ETH/UZH

 Bachelor's Thesis
Number Title Type ECTS Hours Lecturers

651-3698-00L Bachelor's Thesis
Prerequisite: The Bachelor-Seminar II must be completed
as an integral part of the Bachelor Thesis.

O 12 credits 32D Lecturers

Abstract Die Bachelor-Arbeit soll die Fähigkeit der Studierenden zu selbständiger wissenschaftlicher Arbeit fördern. Die Studierenden zeigen damit,
dass sie die grundlegenden wissenschaftlichen Fähigkeiten und spezifisches Wissen aus den Kursen sowie aus der Literatur beherrschen.
Die Bachelor-Arbeit wird im Themenbereich der Wahlvertiefung ausgeführt und mit einem schriftlichen Bericht abgeschlossen.

Objective 1) Students are able to develop a research plan
2) Students are able to communicate resarch results by means of a poster

Content Die Bachelor-Arbeit besteht aus:
- Literaturstudie von ca. 2 Wochen
- Praktischer Teil von ca. 3 Wochen (Feld, Labor, etc.)
- Schriftliche Arbeit von ca. 3 Wochen

Prerequisites /
notice

The results of the thesis will be presented in a poster.

 Complemantary Courses
Number Title Type ECTS Hours Lecturers

701-0106-00L Mathematics V: Applied Deepening of Mathematics I -
III

Z  3 credits 2G M. A. Sprenger

Abstract Selected mathematical topics are presented for later use in more specialised lectures. Part of the topics were already discussed in the
lectures Mathematics I-III. Here, they should be shortly recapitulated and most importantly applied to practical problems. If necessary, new
mathematical concepts and methods will be introduced in order to solve challenging and inspiring problems from practice.

Objective The aim of this lecture is to prepare the students for the more specialised lectures. They should become more familiar with the
mathematical background, the mathematical concepts und most of all with their application and interpretation.

Content Practical examples from the following areas will be discussed: ordinary differential equations; eigenvalue problems from linear algebra;
systems of linear and nonlinear differential equations; partial differential equations (diffusion, transport, waves).

252-0842-00L Introduction to Programming and Problem Solving
Number of participants limited to 80.

Z  3 credits 2V+1U D. Komm

Abstract Core concepts of Computer Science and their implementation in Python.
Objective The goals of the course are consolidating the knowledge about the programming language Python on the one hand, and learning about

core concepts of computer science that are essential in algorithm design on the other hand.  The focus is on computational thinking, that is,
the ability to solve problems systematically by developing algorithms.  Different strategies are introduced, analyzed theoretically, and
implemented in Python.  The combination of theory and practice is central in this course.

Content - Repetition of basic programming concepts such as variables, lists, control structures, and loops
- Reading in and visualizing data
- Complexity theory
- Sorting and searching
- Dynamic programming
- Recursion
- Graph algorithms

Lecture notes Lecture website: http://lec.inf.ethz.ch/ppl
Prerequisites /
notice

Recommendation:
- Foundations of Computer Science (252-0852-00)
- Application Oriented Programming Using Python (252-0840-01)

Earth Sciences Bachelor - Key for Type

Z Courses outside the curriculum
Dr Suitable for doctorate
O Compulsory

W+ Eligible for credits and recommended
W Eligible for credits
E- Recommended, not eligible for credits
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Earth Sciences Master
 Major in Geology

 Compulsory Module in Analytical Methods in Earth Sciences
Students need to register for 6 credits in part A, and 6 credits in part B.

 Part A: Microscopy Courses
Courses for this Module take place in autumn semester.

 Part B: Methods
Number Title Type ECTS Hours Lecturers

651-4038-00L Microstructures and Rock Rheology W  3 credits 2G W. Behr, L. Grafulha Morales

Prerequisites /
notice

Prerequisite includes Structural Geology. Petrology or Petrography course is strongly recommended.

 Restricted Choice Modules Geology
A minimum of two restricted choice modules must be completed for the major Geology.

 Biogeochemistry
 Biogeochemistry: Compulsory Courses

Number Title Type ECTS Hours Lecturers

651-4044-04L Micropalaeontology and Molecular Palaeontology W+  3 credits 2G H. Stoll, C. De Jonge, T. I. Eglinton,
I. Hernández Almeida

Abstract The course aims to provide an introduction to the key micropaleontological and molecular fossils from marine and terrestrial niches, and the
use of these fossils for reconstructing environmental and evolutionary changes.

Objective The course aims to provide an introduction to the key micropaleontological and molecular fossils from marine and terrestrial niches, and the
use of these fossils for reconstructing environmental and evolutionary changes. 

The course will include laboratory exercises with microscopy training: identification of plantonic foraminifera and the application of transfer
functions, identification of calcareous nannoliths and estimation of water column structure and productivity with n-ratio, identification of
major calcareous nannofossils for Mesozoic-cenozoic biostratigraphy, Quaternary radiolarian assemblages and estimation of diversity
indices.  
The course will include laboratory exercises on molecular markers include study of chlorin extracts, alkenone and TEX86 distributions and
temperature reconstruction, and terrestrial leaf wax characterization, using GC-FID, LC-MS, and spectrophotometry.

Content Micropaleontology and Molecular paleontology
1.    Introduction to the domains of life and molecular and mineral fossils.  Genomic classifications of domains of life.  Biosynthesis and
molecular fossils and preservation/degradation.  Biomineralization and mineral fossils and preservation/dissolution.  Review of stable
isotopes in biosynthesis. 
2.    The planktic niche – primary producers.  Resources and challenges of primary production in the marine photic zone – light supply,
nutrient supply, water column structure and niche partitioning.  Ecological strategies and specialization, bloom succession, diversity and
size  gradients in the modern ocean. Introduction to principal mineralizing phytoplankton – diatoms, coccolithophores, dynoflagellates, as
well as cyanobacteria. Molecular markers including alkenones, long-chain diols and sterols, IP25, pigments, diatom UV-absorbing
compounds.  Application of fossils and markers as environmental proxies. Long term evolutionary evidence for originations, radiations, and
extinctions in microfossils and biomarkers; evolution of size trends in phytoplankton over Cenozoic, geochemical evidence for evolution of
carbon concentrating mechanisms.  Introduction to nannofossil biostratigraphy. 
3.    The planktic niche – heterotrophy from bacteria to zooplankton.  Resources and challenges of planktic heterotrophy – food supply,
oxygen availability, seasonal cycles, seasonal and vertical niche partitioning.  Introduction to principal mineralizing zooplankton planktic
foraminifera and radiolaria: ecological strategies  and specialization, succession, diversity and size  gradients in the modern ocean.
Morphometry and adaptations for symbiont hosting.  Molecular records such as isorenieratene and Crenoarcheota GDGT; the debate of
TEX86 temperature production.  Long term evolutionary evidence for originations, radiations, and extinctions in microfossils; evolution of
size and form, basic biostratigraphy.  Molecular evidence of evolution including diversification of sterol/sterine assemblages. 
4.    The benthic niche – continental margins.  Resources and challenges of benthic heterotrophy – food supply, oxygen, turbulence and
substrate.  Principal mineralizing benthic organisms – benthic foraminifera and ostracods. Benthic habitat gradients (infaunal and epifaunal;
shallow to deep margin.  Microbial redox ladder in sediments. Molecular markers of methanogenesis and methanotrophy, Anamox
markers, pristine/phytane redox indicator.  Applications of benthic communities for sea level reconstructions.  Major originations and
extinctions. 
5.    The benthic niche in the abyssal ocean.  Resources and challenges of deep benthic heterotrophy.  Benthic foraminifera, major
extinctions and turnover events. Relationship to deep oxygen level and productivity. 
6.    Terrestrial dry niches -soils and trees.  Resources and challenges - impacts of temperature, humidity, CO2 and soil moisture on
terrestrial vegetation and microbial reaction and turnover. Introduction to pollen and molecular markers for soil pH, humidity, leaf wax C3-
C4 community composition and hydrology.  Long term evolution of C4 pathway, markers for angiosperm and gymnosperm evolution.
7.    Terrestrial aquatic environments – resources and challenges.  Lake systems, seasonal mixing regimes, eutrophication, closed/open
systems.  Introduction to lacustrine diatoms, chironomids, testate amoeba.  Molecular markers in lake/box environments including
paleogenomics of communities.

Lecture notes A lab and lecture manual will be distributed at the start of the course and additional material will be available in the course Moodle
Literature Key references from primary literature will be provided as pdf on the course moodle.
Prerequisites /
notice

Timing: The course starts on February 19 and ends on May 28. Prerequisites: Recall and remember what you learned in introductory
chemistry  and biology

651-4004-00L The Global Carbon Cycle - Reduced W+  3 credits 2G T. I. Eglinton, M. Lupker
Abstract The carbon cycle connects different reservoirs of C, including life on Earth, atmospheric CO2, and economically important geological

reserves of C.  Much of this C is in reduced (organic) form, and is composed of complex chemical structures that reflect diverse biological
activity, processes and transformations.

Objective A wealth of information is held within the complex organic molecules, both in the context of the contemporary carbon cycle and its links to is
other biogeochemical cycles, as well as in relation to Earth's history, the evolution of life and climate on this planet.

In this course we will learn about the role of reduced forms of carbon in the global cycle, how these forms of carbon are produced, move
around the planet, and become sequestered in the geological record, and how they can be used to infer biological activity and conditions
on this planet in the geologic past. The course encompasses a range of spatial and temporal scales, from molecular to global, and from the
contemporary environment to earliest life.
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Prerequisites /
notice

This course and the lecture course "651-4044-00L Geomicrobiology and Biogeochemistry"
https://lms.uzh.ch/url/RepositoryEntry/16135979092?guest=true&lang=en are good preparations for the combined Field-Lab Course ("651-
4044-02 P Geomicrobiology and Biogeochemistry Field Course" and "651-4044-01 P Geomicrobiology and Biogeochemistry Lab
Practical"). Details under https://lms.uzh.ch/url/RepositoryEntry/16135979094?guest=true&lang=en

 Biogeochemistry: Courses of Choice
Number Title Type ECTS Hours Lecturers

651-4044-02L Geomicrobiology and Biogeochemistry Field Course
Lectures from "Micropalaeontology and Molecular
Palaeontology" and "The Global Carbon Cycle - Reduced"
are recommended but not mandatory for participation in
the field course.

Priority is given to D-ERDW students. If space is available
UZH Geography and Earth System Sciences students
may attend this field course at full cost.

No registration through myStudies. The registration for
excursions and field courses goes through
http://exkursionen.erdw.ethz.ch only.

W  2 credits 4P T. I. Eglinton, A. Gilli

Abstract Biomineralogy: Microbes dissolving/forming minerals
Geo-Ecology: Geochemical, hydrologic, atmospheric interactions
Geo-Microbiology: Pioneering organisms in "new" habitats in glacial retreat areas
Geochemistry: Carbon sequestration in glacial flood plains, soil formation on different bedrocks, nutrient scavenging in low-nutrient lakes
Life Styles: Physiological adaptation to extreme conditions

Objective Illustrating basic geological, chemical and geo-biological topics under natural conditions and relating them to past, present and future global
environmental conditions in high mountain habitats. 
Each course participant focuses on a scientific question related to one of the course topics, searches for details in the literature and
presents a short summary of his / her course research on the last day of the course.

Didactic Approach: Preparation lectures, investigation of field sites, sampling and sample preservation and follow-up analyses for the lab
module (651-4044-01L), studying papers, exercises on concept formulation, ecosystem modeling, presentation of field results. 
The preparation for the fieldwork is designed as a partial distance-learning course via the internet. Field Guides along with other course
material can be viewed before the field course. Detailed introduction to the topics takes place during the course week. Students will need to
complete a variety of assignments and participate at discussion forums on OLAT before and during the field course.

Content The field course (651-4044-02L) will take place from September 2 to September 7 in the Biogeoscience Arena Silvretta. It can be followed
by a semester project in the laboratory (independent sign-up under 651-4044-01L).
Which sites will be visited in the Biogeoscience Arena Silvretta depends on the weather, accessibility in case of early snow and the time.
Selection of topics:
1. Biogeochemical processes in rock weathering and the formation of minerals: Gonzen, former iron mine; Alvaneu, sulfur springs.
Chemical and microbially mediated transformation of carbonates and gypsum: Albula valley region.
2. Geomicrobiology and hydrogeochemistry in thermal spring (Tamina gorge, Pfäffers) and cold water mineral springs of the Lower
Engadin Window: Highly mineralized spring water emerging from low grade metamorphic rocks (Bündner shist) by ion exchange processes
and release of rock interstitial fluids.
3. Geochemical nutrient sequestration in high mountain lakes and in snow and ice: Joeri lake area (Silvretta gneiss). 
4. Coupled processes in biogeochemical iron, manganese and phosphorus cycling: Jöri lake XIII. 
5. Primary processes in soil and peat formation (inorganic to organic transition, carbon sequestration) and microbial colonization: Glacial
retreat flood plains, early vegetation on delta and moraine soils.
6. Life styles under extreme conditions: Microorganisms and small invertebrates in ice (Cryoconite holes, Silvretta glacier), snow and highly
mineralized spring water.
7. Formation and weathering of serpentinite (Totalp), effects on soil formation and on vegetation.
8. Economic aspects of geo-hydrology: mineral water market, wellness tourism and geo-medical aspects.
(not all sites listed will be visited every year. The topics might vary depending on the course focus and the participants.)

Lecture notes The new field guides and details about the course logistics will become available on OLAT in June via Details under
https://lms.uzh.ch/url/RepositoryEntry/16318464010?guest=true&lang=de
(The course site will be renewed as soon as all details are available). Participants who are enrolled for this course in the excursion sign-up
tool will receive further instructions during the spring semester.

Literature Lecture slides and literature references are available on the corresponding OLAT site:  Details under
https://lms.uzh.ch/url/RepositoryEntry/16318464010?guest=true&lang=de

Prerequisites /
notice

Sites visited and course contents can vary from year to year depending on interest, accessibility and weather conditions.
Field-work can last up to 8 hours daily and will take place at altitudes up to 3000m. This requires endurance and a certain physical fitness.
Participants need to be prepared.
Target Groups: Field course and semester project work for the upper level Bachelor curriculum and for Master students.

This field course is coupled to a semester project work "651-4044-01 P Geomicrobiology and Biogeochemistry Lab Practical", when
samples collected during the field work will be analyzed. Students who sign up for both, the field and the lab component, have priority. It is
possible, however, to participate at the field section only.
The lecture course "651-4004-00L Organic Geochemistry and the Global Carbon Cycle" is a good preparations for the combined Field-Lab
Course. 

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

651-4056-00L Limnogeology W  3 credits 2G N. Dubois, A. Gilli, K. Kremer
Abstract This course links lakes, their subsurface and their environment. It will be discussed how lake sediments record past environmental changes

(e.g. climate, human impact, natural hazards) and how lake sediments can be used to reconstruct these changes. Emphasis is also given
on the modern limnologic processes essential in interpreting the fossil record. With 1 or 2-day field course on Lake Lucerne.

Objective Students are able to
- explain and discuss the role of lake sediments as archives of environmental change.
- plan an own limnogeologic campaign, i.e. finding, recovering, analyzing and interpreting the sedimentary lake archive to solve a particular
scientific question.
- examine the complexity of a lake system with all its connection to the environment.
- relate subaerial processes with subaquatic processes.
- identify processes around and in lakes causing natural hazards.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 683 of 1785

Content Content of the course:
Introduction - Lakes, the small oceans
History of Limnogeology.
Limnogeologic campaigns
The water column: Aquatic physics (currents, waves, oscillations, etc.).
Sediments caught in the water: sediment traps
Geophysical survey methods (multibeam bathymetry, seismics)
Large open perialpine lakes.
Laminations in lake sediments: Clastic vs. biochemical varves.
Hydrologically closed lake systems
Chronostratigraphic dating of lake sediments
Lake sediments as proxies for climate change
Lake sediments as recorder of anthropogenic impact

The class includes a 1- or 2-day field practica on Lake Lucerne.
Introduction to themes of Lake Lucerne field course.
Limnogeological methods on the lake and in the laboratory: various sampling and surveying techniques (water analysis, seismic surveying,
sediment coring, laboratory analyses).
Seismic-to-core correlation and interpretation

Lecture notes Will be distributed in each class unit.
Literature Will be distributed in each class unit.
Prerequisites /
notice

Credit points and grade will be given based on a written report about the field course.

651-4226-00L Geochemical and Isotopic Tracers of the Earth
System
Does not take place this semester.

W+  3 credits 2V D. Vance

Abstract This unit discusses the geochemical approaches used to understand the dynamics of the surface Earth, now and in the past. Emphasis is
placed on gaining a basic understanding of how the tracers work, e.g. on the modern Earth. Case studies will be used to appreciate what
we can learn about the past, in particular the major changes that the surface Earth system has undergone over Earth history.

Objective This unit is designed with the particular aim of providing a firm grounding in the geochemical methods used to observe and trace the Earth
System, now and in the past. The approach in lectures will be the pursuit of a sound understanding of the controlling physical and chemical
factors of each method, to encourage students to think about their application and interpretation from first principles. Exercises will provide
an opportunity to analyse real data, to understand their meaning, and to quantitatively interpret them in the context of simple box models.

Content Most of the important geochemical and isotopic methods used to study the surface Earth will be covered, including: tracing the hydrological
cycle using stable isotopes , geochemical and isotopic tracing of the carbon cycle, the chemistry of aerosols in the atmosphere, using
boron isotopes to understand the oceanic carbonate system, using radiogenic isotopes as surface Earth tracers (including U-series, Sr-
Nd-Pb etc), the silica cycle at the surface Earth (including silicon isotopes), trace metals and their isotopes (focusing on surface Earth
redox).

Real data will be woven through all of these but case studies using geochemical data will come from e.g. the 
Quaternary (ice cores, ocean sediments and speleothems), the history of Cenozoic CO2 , Mesozoic OAEs, the early oxygenation of the
Earth.

Lecture notes Slides of lectures will be available.

 Palaeoclimatology
 Palaeoclimatology: Compulsory Courses

Number Title Type ECTS Hours Lecturers

651-4004-00L The Global Carbon Cycle - Reduced O  3 credits 2G T. I. Eglinton, M. Lupker
Abstract The carbon cycle connects different reservoirs of C, including life on Earth, atmospheric CO2, and economically important geological

reserves of C.  Much of this C is in reduced (organic) form, and is composed of complex chemical structures that reflect diverse biological
activity, processes and transformations.

Objective A wealth of information is held within the complex organic molecules, both in the context of the contemporary carbon cycle and its links to is
other biogeochemical cycles, as well as in relation to Earth's history, the evolution of life and climate on this planet.

In this course we will learn about the role of reduced forms of carbon in the global cycle, how these forms of carbon are produced, move
around the planet, and become sequestered in the geological record, and how they can be used to infer biological activity and conditions
on this planet in the geologic past. The course encompasses a range of spatial and temporal scales, from molecular to global, and from the
contemporary environment to earliest life.

Prerequisites /
notice

This course and the lecture course "651-4044-00L Geomicrobiology and Biogeochemistry"
https://lms.uzh.ch/url/RepositoryEntry/16135979092?guest=true&lang=en are good preparations for the combined Field-Lab Course ("651-
4044-02 P Geomicrobiology and Biogeochemistry Field Course" and "651-4044-01 P Geomicrobiology and Biogeochemistry Lab
Practical"). Details under https://lms.uzh.ch/url/RepositoryEntry/16135979094?guest=true&lang=en

 Palaeoclimatology: Courses of Choice
Number Title Type ECTS Hours Lecturers

651-4226-00L Geochemical and Isotopic Tracers of the Earth
System
Does not take place this semester.

W+  3 credits 2V D. Vance

Abstract This unit discusses the geochemical approaches used to understand the dynamics of the surface Earth, now and in the past. Emphasis is
placed on gaining a basic understanding of how the tracers work, e.g. on the modern Earth. Case studies will be used to appreciate what
we can learn about the past, in particular the major changes that the surface Earth system has undergone over Earth history.

Objective This unit is designed with the particular aim of providing a firm grounding in the geochemical methods used to observe and trace the Earth
System, now and in the past. The approach in lectures will be the pursuit of a sound understanding of the controlling physical and chemical
factors of each method, to encourage students to think about their application and interpretation from first principles. Exercises will provide
an opportunity to analyse real data, to understand their meaning, and to quantitatively interpret them in the context of simple box models.
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Content Most of the important geochemical and isotopic methods used to study the surface Earth will be covered, including: tracing the hydrological
cycle using stable isotopes , geochemical and isotopic tracing of the carbon cycle, the chemistry of aerosols in the atmosphere, using
boron isotopes to understand the oceanic carbonate system, using radiogenic isotopes as surface Earth tracers (including U-series, Sr-
Nd-Pb etc), the silica cycle at the surface Earth (including silicon isotopes), trace metals and their isotopes (focusing on surface Earth
redox).

Real data will be woven through all of these but case studies using geochemical data will come from e.g. the 
Quaternary (ice cores, ocean sediments and speleothems), the history of Cenozoic CO2 , Mesozoic OAEs, the early oxygenation of the
Earth.

Lecture notes Slides of lectures will be available.

651-4056-00L Limnogeology W+  3 credits 2G N. Dubois, A. Gilli, K. Kremer
Abstract This course links lakes, their subsurface and their environment. It will be discussed how lake sediments record past environmental changes

(e.g. climate, human impact, natural hazards) and how lake sediments can be used to reconstruct these changes. Emphasis is also given
on the modern limnologic processes essential in interpreting the fossil record. With 1 or 2-day field course on Lake Lucerne.

Objective Students are able to
- explain and discuss the role of lake sediments as archives of environmental change.
- plan an own limnogeologic campaign, i.e. finding, recovering, analyzing and interpreting the sedimentary lake archive to solve a particular
scientific question.
- examine the complexity of a lake system with all its connection to the environment.
- relate subaerial processes with subaquatic processes.
- identify processes around and in lakes causing natural hazards.

Content Content of the course:
Introduction - Lakes, the small oceans
History of Limnogeology.
Limnogeologic campaigns
The water column: Aquatic physics (currents, waves, oscillations, etc.).
Sediments caught in the water: sediment traps
Geophysical survey methods (multibeam bathymetry, seismics)
Large open perialpine lakes.
Laminations in lake sediments: Clastic vs. biochemical varves.
Hydrologically closed lake systems
Chronostratigraphic dating of lake sediments
Lake sediments as proxies for climate change
Lake sediments as recorder of anthropogenic impact

The class includes a 1- or 2-day field practica on Lake Lucerne.
Introduction to themes of Lake Lucerne field course.
Limnogeological methods on the lake and in the laboratory: various sampling and surveying techniques (water analysis, seismic surveying,
sediment coring, laboratory analyses).
Seismic-to-core correlation and interpretation

Lecture notes Will be distributed in each class unit.
Literature Will be distributed in each class unit.
Prerequisites /
notice

Credit points and grade will be given based on a written report about the field course.

651-4004-00L The Global Carbon Cycle - Reduced W+  3 credits 2G T. I. Eglinton, M. Lupker
Abstract The carbon cycle connects different reservoirs of C, including life on Earth, atmospheric CO2, and economically important geological

reserves of C.  Much of this C is in reduced (organic) form, and is composed of complex chemical structures that reflect diverse biological
activity, processes and transformations.

Objective A wealth of information is held within the complex organic molecules, both in the context of the contemporary carbon cycle and its links to is
other biogeochemical cycles, as well as in relation to Earth's history, the evolution of life and climate on this planet.

In this course we will learn about the role of reduced forms of carbon in the global cycle, how these forms of carbon are produced, move
around the planet, and become sequestered in the geological record, and how they can be used to infer biological activity and conditions
on this planet in the geologic past. The course encompasses a range of spatial and temporal scales, from molecular to global, and from the
contemporary environment to earliest life.

Prerequisites /
notice

This course and the lecture course "651-4044-00L Geomicrobiology and Biogeochemistry"
https://lms.uzh.ch/url/RepositoryEntry/16135979092?guest=true&lang=en are good preparations for the combined Field-Lab Course ("651-
4044-02 P Geomicrobiology and Biogeochemistry Field Course" and "651-4044-01 P Geomicrobiology and Biogeochemistry Lab
Practical"). Details under https://lms.uzh.ch/url/RepositoryEntry/16135979094?guest=true&lang=en

 Sedimentology
 Sedimentology: Compulsory Courses

Number Title Type ECTS Hours Lecturers

651-4150-00L Sedimentary Rocks and Processes
Geography and Earth System Sciences students UZH
may attend this field course at full costs (no subsidies).

No registration through myStudies. The registration for
excursions and field courses goes through
http://exkursionen.erdw.ethz.ch only.

O  4 credits 3P V. Picotti, S. Willett

Abstract Students will be trained for 10 days in the field analysis of sedimentary rocks. They will learn how to measure sections, they will combine
facies analysis with analysis of sedimentary structures in the field. The area of study selected for this course changes from year to year.

Objective The students will be able to analyse and describe marine sedimentary rocks in the field and they will be able to reconstruct their
depositional setting.

Content The students will learn how to analyze sedimentary rocks in the field. The field course will include investigations of marine carbonates and
siliciclastics in an alpine setting.

Literature Will be distributed before the course
Prerequisites /
notice

BSc in Earth Sciences
Some experience in geological field mapping (Geological Field Course 1 and 2 or equivalent)

 Sedimentology: Courses of Choice
Number Title Type ECTS Hours Lecturers
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651-4134-00L Tectonic Geomorphology
Priority is given to D-ERDW students. If space is available
UZH Geography and Earth System Sciences students
may attend this field course at full cost.

Due to the Coronavirus situation only the lecture part of
the course can be completed in Spring Semester 2020.
The field course will only take place in 2021.

W  6 credits 2V+6P E. Deal, V. Picotti

Abstract Course covers the theory and applications of tectonic geomorphology. Topics include the landscape response to an earthquake, use of
fluvial terraces and other geomorphic markers to map uplift, methods of dating surfaces and landscapes, topographic evolution over active
structures and landscape evolution of active mountain ranges. Methods include field mapping, DEM analysis and computer modeling.

Objective To learn theoretical and practical aspects of modern tectonic geomorphology. Field course, classroom and computer-based analysis will be
combined to provide hands-on experience with geomorphic data, analysis and modeling techniques. We will work as a group to address
the practical questions regarding evidence for recent deformation of the northern Apennines as an integrated field and modeling study. We
will learn to use a variety of geomorphic and tectonic data to map uplift rates and patterns and use this to infer subsurface faulting
kinematics.

Content Course includes a lecture component (in second half-semester) and a 9 day fieldtrip. Students should register for both components.
Fieldtrip will involve collecting field data from active structures in the Northern Apennines. Lecture component will include theoretical
background and analysis of data collected during fieldtrip.

Literature Required Textbook:  Tectonic Geomorphology, Burbank and Anderson, Blackwell.
Prerequisites /
notice

Students should register for both lecture and field components (blockcourse). They will be graded together. Fieldtrip will be held during 1
week of the semester, typically in early May.

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

Geography and Earth System Sciences students UZH may attend the lecture but will have to pay the full amount for this field course  (no
subsidies from UZH).

101-0302-00L Clays in Geotechnics: Problems and Applications W  3 credits 2G M. Plötze
Abstract This course gives a comprehensive introduction in clay mineralogy, properties, characterising and testing methods as well as applied

aspects and problems of clays and clay minerals in geotechnics.
Objective Upon successful completion of this course the student is able to:

- Describe clay minerals and their fundamental properties 
- Describe/propose methods for characterisation of clays and clay minerals
- Draw conclusion about specific properties of clays with a focus to their potential use, problematics and things to consider in geotechnics
and engineering geology.

Content - Introduction to clays and clay minerals (importance and application in geosciences, industry and everyday life)
- Origin of clays (formation of clays and clay minerals, geological origin)
- Clay mineral structure, classification and identification incl. methods for investigation (e.g., XRD)
- Properties of clay materials, characterisation and quantification incl. methods for investigation (e.g., cation exchange, rheology, plasticity,
shearing, swelling, permeability, retardation and diffusion)
- Clay Minerals in geotechnics: Problems and applications (e.g. soil mechanics, barriers, slurry walls, tunnelling)

Lecture notes Lecture slides and further documents will be provided.

651-4080-00L Fluvial Sedimentology
Does not take place this semester.

W  2 credits 2G

Abstract Understanding the relationship between sediment transport, sediment sorting and sedimentary structures in coarse fluvial deposts.
Objective Description of coarse fluvial sediments, to understand the sedimentary processes of braided river systems, to get familiar with modeling

concepts of braided river systems and sediment sorting processes, description and comparison of modern river sediments (systems) and
ancient systems, discussion of applied aspects of fluvial sedimentology
Audiance: Students in Geo- or Earth Sciences, Environmental Sciences and Geography

Content - Advanced methods for the description of  fluvial sediments of coarse fluvial systems, including geophysical methods
- Facies analysis and interpretation, description of sediment sorting, textures and structures of coarse fluvial systems
- Understanding sediment sorting and sediment transport processes of coarse gravelly rivers (the role of turbulence)
- Recognition of the relation between surface morphology (earth surface) and geological structures to recognize in outcrops or along cliffs
- Influence of preservation potential of sedimentary units in dynamic environments
- Landscape shaping processes
- Applied fluvial sedimentology
- recent developments in investigation methods

Lecture notes Handouts will be provided during semester (Text, Appendix, Figures)
Literature Bridge, John S., 2003, Rivers and Floodplains; Forms, Processes and Sedimentary RecordCalow, 


Best, J. L. and Bristow, C. S., 1993, Braided Rivers, Geological Society Special Publication, No 75.

Clifford, N. J. et al. 1993, Turbulence, Perspectives on Flow and Sediment Transport, Wiley, 360 p.

P. and Petts, G., 1995, The Rivers Handbook: Hydrological and Ecological Principles, Volume I and II

Miall, A. D., 1985, The Geology of Fluvial Deposits, Sedimentary Facies Analysis, Basin Analysis, and Petroleum Geology

Chiang, H. H. 1992, Fluvial Processes in River Engineering

Prerequisites /
notice

Study of selected papers related to the course
Requirements: Basic courses in Geo- or Earth Sciences 

Working Excursions as important topic of the course

651-4902-00L Quaternary Geology and Geomorphology of the Alps
Geography and Earth System Sciences students UZH
may attend the lecture but will have to pay the full amount
for the excursion (no subsidies from UZH).

W  3 credits 2V S. Ivy Ochs, N. Akçar, U. H. Fischer

Abstract After a brief introduction to the scientific principles of glaciology, we survey the present state of knowledge on Pleistocene glacial periods
and post-glacial landscape modification in the Alps. Emphasis is on understanding modes of formation of landscape elements attributable
to glacial, glaciofluvial, periglacial, fluvial, hillslope, and mass wasting processes.
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Objective Through a combination of lectures, classroom practical exercises, and field mapping of Quaternary landforms, an intuitive understanding of
the formation and evolution of the landscape of the Alps and the forelands will be built up.
We focus on development of the following skills: landform recognition on remote imagery and in the field; depositional process identification
based on sediment characterization; reconstruction of valley-scale geomorphological evolutionary sequences.

Content The following topics will be covered: glacier mass and energy balance; glacier motion; glacier hydrology; glacial erosion; glacial sediment
balance; piedmont and valley glacier landsystems; till formation; glaciofluvial sediments; alluvial and debris-flow fan processes; Alpine rock
slope failure landform/sediment associations; Alpine Quaternary stratigraphy; long-term uplift and denudation of the Alps.

Lecture notes Slides from the lectures will be made available.
Literature Lists of key scientific articles will be given for each topic.

Relevant scientific articles will be distributed during the course.
Prerequisites /
notice

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

Required attendance at lectures and excurisions (several 1-day excursions during the semester and one 3-day field mapping session
during the summer).

Geography and Earth System Sciences students UZH may attend this excursion at full costs (no subsidies from UZH).

Grading will be a combination of classroom participation, student presentations, practical exercises, field reports, and field maps from the
excursions.

651-4004-00L The Global Carbon Cycle - Reduced W  3 credits 2G T. I. Eglinton, M. Lupker
Abstract The carbon cycle connects different reservoirs of C, including life on Earth, atmospheric CO2, and economically important geological

reserves of C.  Much of this C is in reduced (organic) form, and is composed of complex chemical structures that reflect diverse biological
activity, processes and transformations.

Objective A wealth of information is held within the complex organic molecules, both in the context of the contemporary carbon cycle and its links to is
other biogeochemical cycles, as well as in relation to Earth's history, the evolution of life and climate on this planet.

In this course we will learn about the role of reduced forms of carbon in the global cycle, how these forms of carbon are produced, move
around the planet, and become sequestered in the geological record, and how they can be used to infer biological activity and conditions
on this planet in the geologic past. The course encompasses a range of spatial and temporal scales, from molecular to global, and from the
contemporary environment to earliest life.

Prerequisites /
notice

This course and the lecture course "651-4044-00L Geomicrobiology and Biogeochemistry"
https://lms.uzh.ch/url/RepositoryEntry/16135979092?guest=true&lang=en are good preparations for the combined Field-Lab Course ("651-
4044-02 P Geomicrobiology and Biogeochemistry Field Course" and "651-4044-01 P Geomicrobiology and Biogeochemistry Lab
Practical"). Details under https://lms.uzh.ch/url/RepositoryEntry/16135979094?guest=true&lang=en

 Structural Geology
 Structural Geology: Compulsory Courses

Number Title Type ECTS Hours Lecturers

651-4132-00L Field Course IV: Non Alpine Field Course
Does not take place this semester.
Priority is given to D-ERDW students. If space is available
UZH Geography and Earth System Sciences students
may attend this field course at full cost.

No registration through myStudies. The registration for
excursions and field courses goes through
http://exkursionen.erdw.ethz.ch only.

O  3 credits 6P

Abstract Geological Mapping in the Jebel Akhdar window in Oman; unconformity between the Permian cover and the Proterozoic basement;
excursion in the Sumail ophiolite.

Objective Understanding of the pre-Alpine history of the Arabian Plate (southern margin of Tethys).
Content Geological mapping in groups of 2 in Proterozoic and Palaeozoic sediments; distinguishing mappable formations and their description;

sedimentological and structural analysis; visiting an ophiolite sequence; presentation and discussion of literature material related to the
working area; reconstruction of the history of the area.
Final group reports to be handed within the week 10-17 February in ZH.

Lecture notes Will be handed out.
Literature Will be distributed
Prerequisites /
notice

Successful participation in Field Courses I-III and success to all courses of the Bachelor.

Geography and Earth System Sciences students UZH may attend this field course at full costs (no subsidies).

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

651-4022-00L Advanced Structural Geology with Field Course
Does not take place this semester.
The course had to be cancelled for FS 2020.

Priority is given to D-ERDW students. If space is available
UZH Geography and 
Earth System Sciences students may attend this field
course at full cost.

O  4 credits 6P W. Behr

Abstract To provide a theoretical grounding in advanced aspects of structural geology, as well as the practical application of structural field mapping
techniques in complexly deformed areas.

Objective To learn to map, characterize, measure and analyze complex structures and multiple phases of deformation in the field. The purpose of the
course is to give you an experience akin to doing real structural geology and tectonics research while exposing you to advanced aspects of
structural analysis.
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Content This course has shifted from a lecture-based course, to a field course with an associated term project.  We will have ~4 introductory
lectures prior to the field trip.  The core of the class will be a field trip scheduled for Monday, April 22 to Friday, April 26 (1.5 days travel, 3.5
days in field) on Syros Island in Greece where you will learn to map, measure and analyse a wide range of different deformation fabric
types related to Aegean subduction, exhumation and metamorphism.  After the field trip, the rest of the semester you will be expected to
write a journal-manuscript-style report describing and synthesizing your field data.  We will likely not have formal lectures after the field trip,
but myself and the TAs will have regular office hours where you can access us to discuss your data or ask questions regarding the report.

Prerequisites /
notice

Previous field mapping experience (field courses I, II and III for ETH Bachelor students or the equivalent for students admitted from
elsewhere to the Master program); Structural Geology Course; Petrology/Petrography Course is recommended but not required.

Geography and Earth System Sciences students UZH may attend this lecture but will have to pay the full amount for the field course (no
subsidies from UZH).

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

 Structural Geology: Courses of Choice
Number Title Type ECTS Hours Lecturers

651-4134-00L Tectonic Geomorphology
Priority is given to D-ERDW students. If space is available
UZH Geography and Earth System Sciences students
may attend this field course at full cost.

Due to the Coronavirus situation only the lecture part of
the course can be completed in Spring Semester 2020.
The field course will only take place in 2021.

W  6 credits 2V+6P E. Deal, V. Picotti

Abstract Course covers the theory and applications of tectonic geomorphology. Topics include the landscape response to an earthquake, use of
fluvial terraces and other geomorphic markers to map uplift, methods of dating surfaces and landscapes, topographic evolution over active
structures and landscape evolution of active mountain ranges. Methods include field mapping, DEM analysis and computer modeling.

Objective To learn theoretical and practical aspects of modern tectonic geomorphology. Field course, classroom and computer-based analysis will be
combined to provide hands-on experience with geomorphic data, analysis and modeling techniques. We will work as a group to address
the practical questions regarding evidence for recent deformation of the northern Apennines as an integrated field and modeling study. We
will learn to use a variety of geomorphic and tectonic data to map uplift rates and patterns and use this to infer subsurface faulting
kinematics.

Content Course includes a lecture component (in second half-semester) and a 9 day fieldtrip. Students should register for both components.
Fieldtrip will involve collecting field data from active structures in the Northern Apennines. Lecture component will include theoretical
background and analysis of data collected during fieldtrip.

Literature Required Textbook:  Tectonic Geomorphology, Burbank and Anderson, Blackwell.
Prerequisites /
notice

Students should register for both lecture and field components (blockcourse). They will be graded together. Fieldtrip will be held during 1
week of the semester, typically in early May.

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

Geography and Earth System Sciences students UZH may attend the lecture but will have to pay the full amount for this field course  (no
subsidies from UZH).

651-4038-00L Microstructures and Rock Rheology W  3 credits 2G W. Behr, L. Grafulha Morales

Prerequisites /
notice

Prerequisite includes Structural Geology. Petrology or Petrography course is strongly recommended.

651-4144-00L Introduction to Finite Element Modelling in
Geosciences

W  2 credits 3G A. Rozel, P. Sanan

Abstract Introduction to programming the Finite Element Method (FEM) in 1D and 2D.
Objective Topics covered include thermal diffusion, elasticity, Stokes flow, isoparametric elements, and code verification using the method of

manufactured solutions. The focus is on hands-on programming, and you will learn how to write FEM codes starting with an empty
MATLAB script.

Content Course content includes brief derivation and implementation details for the Finite Element Method (FEM) for thermal diffusion, linear
elasticity, and incompressible Stokes flow, using numerical quadrature and isoparametric elements. 1-dimensional examples are extended
to 2 dimensions. Code verification is introduced, using the method of manufactured solutions. The focus is on hands-on programming;
course exercises encourage development of a series of increasingly-complex codes, starting with an empty MATLAB script. A final project
allows students flexibility to apply the method to an application of interest or to a standard problem.

Note: proficient users of numerical Python are free to use that environment, instead of MATLAB.

Lecture notes The script will be made available online.
Literature There is no mandatory literature. Some recommended literature will be discussed and made available during the course.
Prerequisites /
notice

Good knowledge of MATLAB (or self-sufficiency with numerical Python), linear algebra, and knowledge of programming the finite difference
method.

The following courses are recommended before attending this course:
651-4241-00L Numerical Modelling I and II: Theory and Applications
651-4007-00L Continuum Mechanics
651-4003-00L Numerical Modelling of Rock Deformation

651-4050-00L Experimental Rock Deformation
Does not take place this semester.
Course replaced by 651-4111-00L Experimental Rock
Physics and Deformation taking place every second year.
Next time in Autumn Semester 2021.

W  3 credits 2G

Abstract The aim of the course is to illustrate how to determined flow laws of rocks from experiments and to compare the produced microstructures
with naturally deformed rocks. The fundamental techniques of experimental rock deformation will be illustrated and tested on natural rock
samples. The extrapolation to nature will be discussed.
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Objective Geodynamical modeling makes use of experimentally determined flow-laws. The aim of this course is to illustrate how to determined flow-
laws of rocks from experiments and how to extrapolate to natural conditions. Since the time scale of laboratory experiments is several
orders of magnitude faster than nature, we compare the microstructure of natural rocks with that produced during the experiments to prove
that the same mechanisms are operating. 
For this purpose, the fundamental techniques of experimental rock deformation will be both illustrated and tested on natural rock samples
in the plastic deformation regime (high temperature) as well in the brittle regime. There will be enough time to test practically in the lab, to
acquire the data, to correct for calibration and to process the data and finally to interpret the data.

The course is at Master student level, but will be useful for PhDs students who want to begin to work in experimental deformation or who
want  to know the meaning and the limitation of laboratory flow-laws for geodynamic modelling

Content 1) Experimental deformation apparatus
   - Gas apparatus
   - Fluid apparatus
   - Solid medium apparatus

2) Main parts of apparatus
    - Mechanical, hydraulic 
    - Heating systems
    - Sensors and data logging

3) Calibration of apparatus
    - Distortion of the rig
    - Calibration of transducers

4) Different type of tests
    - Axial deformation
    - Diagonal cut and torsion deformation
    - Constant strain rate tests
    - Creep tests
    - Stepping tests (strain rate, temperature, stress)

5) Testing on natural rocks (e.g. Carrara marble)
    - Room temperature: brittle failure
    - High temperature: plastic deformation (on the Paterson apparatus)
    - Data processing

6) Experimental rheology
    - Deformation mechanisms
    - Flow laws
    - Deformation mechanism maps

7) Microstructures
    - Analysis
    - Comparison with nature

Lecture notes Power point presentations will be given when necessary

 Open Choice Modules Geology
 Basin Analysis

 Basin Analysis: Compulsory Courses
The compulsory courses of this module take place in autumn semester.

 Basin Analysis: Courses of Choice
Number Title Type ECTS Hours Lecturers

651-4134-00L Tectonic Geomorphology
Priority is given to D-ERDW students. If space is available
UZH Geography and Earth System Sciences students
may attend this field course at full cost.

Due to the Coronavirus situation only the lecture part of
the course can be completed in Spring Semester 2020.
The field course will only take place in 2021.

W  6 credits 2V+6P E. Deal, V. Picotti

Abstract Course covers the theory and applications of tectonic geomorphology. Topics include the landscape response to an earthquake, use of
fluvial terraces and other geomorphic markers to map uplift, methods of dating surfaces and landscapes, topographic evolution over active
structures and landscape evolution of active mountain ranges. Methods include field mapping, DEM analysis and computer modeling.

Objective To learn theoretical and practical aspects of modern tectonic geomorphology. Field course, classroom and computer-based analysis will be
combined to provide hands-on experience with geomorphic data, analysis and modeling techniques. We will work as a group to address
the practical questions regarding evidence for recent deformation of the northern Apennines as an integrated field and modeling study. We
will learn to use a variety of geomorphic and tectonic data to map uplift rates and patterns and use this to infer subsurface faulting
kinematics.

Content Course includes a lecture component (in second half-semester) and a 9 day fieldtrip. Students should register for both components.
Fieldtrip will involve collecting field data from active structures in the Northern Apennines. Lecture component will include theoretical
background and analysis of data collected during fieldtrip.

Literature Required Textbook:  Tectonic Geomorphology, Burbank and Anderson, Blackwell.
Prerequisites /
notice

Students should register for both lecture and field components (blockcourse). They will be graded together. Fieldtrip will be held during 1
week of the semester, typically in early May.

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

Geography and Earth System Sciences students UZH may attend the lecture but will have to pay the full amount for this field course  (no
subsidies from UZH).

651-4018-00L Borehole Geophysics W  3 credits 3G C. Roques, H. Maurer

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 689 of 1785

Abstract This introductory course on borehole geophysical methods covers the application of borehole logging and borehole-borehole and borehole-
surface seismic, and radar imaging to rock mass and reservoir characterization. The principles of operation of various logging sondes will
be covered as well as their application. The emphasis is on geotechnical rather than oil and gas well reservoir engineering.

Objective The course will introduce students to modern borehole logging techniques with the emphasis on geotechnical rather than oil and gas well
reservoir engineering.  Although the principles of operation of the various sondes will be covered, the primary focus will be on application.
For a given problem in a given environment, the students should be able to design a logging program that will furnish the requisite
information.  They will also be able to extract information on rock mass/reservoir properties by combining curves from a suite of logs.  The
students will also learn about surface-to-borehole and borehole-to-borehole seismic methods for rock mass characterisation.  This will
include VSP and tomography.

Content - General introduction to geophysical logging

- Discussion of various logging types including
    - Caliper logs
    - Televiewer logs
    - Flowmeter and temperature logs
    - Resistivity logs
    - Nuclear logs
    - Sonic logs

- Suface-to-borehole and borehole-to-borehole methods
    - Instrumentation
    - Vertical seismic profiling
    - Crosshole tomography
    - Applications

Lecture notes A pdf copy of the lecture will be posted on the course website no later than the day before each class.
Literature Well logging for physical properties (A handbook for Geophysicists, Geologists and Engineers), 2nd Edition, Hearst, J.R., Nelson, P.H. and

F.L. Paillet, John Wiley and Son, 2001. - Out of print.

Well logging for Earth Scientists, Ellis, D.V. and J.M. Singer, 2nd Edition, Springer, 2007.  In print - cost Euro 33.

651-4232-00L Low Temperature Thermochronology W  3 credits 2G M. G. Fellin, S. Willett
Abstract This course presents the basic theory, methods and applications of low temperature thermochronometry, which is a fundamental tool used

to study shallow crustal and earth-surface processes like burial and exhumation in orogenic belts and sedimentary basins.
Objective The objective of this course is to familiarize students with the use of thermochronometry as a tool to study shallow crustal and earth-surface

processes such as burial and exhumation, brittle deformation and landform evolution.
Content This course presents the basic theory, methods and applications of low temperature thermochronometry. Methods covered include fission

track dating, (U-Th)/He dating, and Argon dating. Theoretical aspects of track annealing, diffusion and closure of leaky systems are
covered.  Course includes laboratory exercises. Applications and modeling studies are presented and discussed based on select case
studies.

 Earthquake Seismology
 Earthquake Seismology: Compulsory Courses

Number Title Type ECTS Hours Lecturers

651-4103-00L Earthquakes II: Source Physics
Does not take place this semester.

O  3 credits 2G

Abstract This course teaches the fundamental principles to understand physical processes leading to and governing earthquake source ruptures. To
obtain that understanding we cover topics ranging from friction and fault mechanics up to earthquake source descriptions. The acquired
understanding will be applied to a topic of choice to practice research skills.

Objective The aim of the course is to gain a fundamental understanding of the physical processes leading to and governing earthquake ruptures. This
means that students will be able to:
- describe earthquake sources both conceptually and mathematically 
- explain processes affecting earthquake nucleation, propagation and arrest
- explain processes affecting inter-, co-, and postseismic 
- differentiate source kinematic and dynamic concepts
- interpret earthquake source properties from both perspectives
- derive fundamental equations in elasto-statistics and dynamics
- interpret earthquake occurrences and put them in perspective
- address fundamental questions in earthquake physics
- critically assess and discuss scientific literature
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Content We will cover a range of topics, including:
- a summary of basics of earthquake mechanics: definitions, faults, elastic rebound theory, and source parameters
- Mathematical description of the source 
- Representation theorem, point and extended sources, source spectra
- Source inversion 
- Linear Elastic Fracture Mechanics quasi-static and dynamic
- Rupture nucleation, propagation and arrest 
- Energy partitioning 
- Fault mechanics and friction laws
- Earthquake statistics and interaction

After a theoretical understanding has been acquired, we invite students to apply this knowledge to their topic of preference by presenting a
group of state-of-the-art and/or classical papers as a final project. This will require them to understand and evaluate current challenges and
state-of-the-art practices in earthquake physics. Additionally, this stimulates participants to improve their skills to:
- critically analyze (to be) published papers 
- disseminate knowledge within their own and neighboring research fields
- formulate their opinion, new ideas and broader implications 
- present their findings to an audience 
- ask questions and actively participate in discussions on new scientific ideas

An interactive laboratory demonstration will be performed and the data will be used to validate theoretical formulations discussed in class.
The experiment will illuminate frictional behaviour and energy partitioning with first hand experience.

The course will be evaluated in 3 parts:
- a report on laboratory demonstration
- a presentation discussing a topic of chose based on a group of suggested papers
- an oral in-class examination with peer interaction

The course is worth 3 credit points, and a satisfactory total grade (4 or better) is needed to obtain 3 ECTS. The lab demonstration report
has a weight of 20% and the presentation and oral in-class examination weigh for 40% each.

Lecture notes Course notes will be made available on a designated course web site. An overview of the discussed principles are available in the three
books mentioned below.

Literature - The Mechanics of Earthquakes and Faulting by Ch. Scholz (2002), Cambridge University Press

- Quantitative Seismology by K. Aki and P.G. Richards (2nd edition, 2002), University Science Books.

- Source Mechanisms of Earthquakes, Theory and Practice by Udias, Madariaga and Buforn (2014), Cambridge University Press.

Prerequisites /
notice

We recommend to have taken Earthquakes 1: Seismotectonics, although a decent understanding of physics, mathematics (i.e. linear
algebra, tensor calculus, and differential equations), seismology, and/or continuum mechanics can compensate for that.

The course will be given in English.

 Earthquake Seismology: Compulsory Courses
One additional elective course of at least 3KP has to be completed for this Module according to prior agreement with the Study Advisor (Autumn or
Spring Semester).

 Geographic Information Systems
The courses of this module are offered by UZH and must be registered at UZH.

 Geographic Information Systems: Compulsory Courses
The compulsory courses of this module take place in autumn semester.

 Geographic Information Systems: Courses of Choice
The courses of choice may be chosen from the offerings of the department of Geography UZH according to prior approval by the lecturers of the GIS-
group of UZH.

Number Title Type ECTS Hours Lecturers

651-4278-00L Monitoring the Earth from Satellites: Radar
Interferometry
Number of participants limited to 30.

W  3 credits 3G A. Manconi

Abstract A novel and unique course on space-borne SAR tailored to geosciences.  Students will develop independently projects on real case-
studies by leveraging open source data and software. Students' performance will be assessed by peers and by an international steering
committee during a mini-conference. The course is a pilot project in the Innovedum framework.

Objective The course aims at providing the tools to fully take advantage of space-borne SAR data in geoscience applications. The course will offer
the chance to learn a cutting-edge remote sensing technique and to independently apply the methods to real scenarios relevant for their
future activities as scientists and/or practitioners.

Content The activities of the course will show how to properly select and obtain SAR datasets, process them according to the state-of-art
algorithms, interpret the results, evaluate pros and cons on specific geological targets, and integrate the analysis of SAR data with other
survey and monitoring approaches. Moreover, practical exercises and field excursions are designed to pursue the “Learning by doing”
concept. 

Prerequisites /
notice

This course requires a background in Earth Sciences, thus the tapriority is to MSc students of the D-ERDW. In the case the course attracts
the attention of BSc, MSc, and PhD students from other ETH departments and/or other universities, they will be accepted provided that the
maximum number of participants does not exceed15 per year.

 Glaciology
 Glaciology: Obligatorische Fächer

Number Title Type ECTS Hours Lecturers

651-1504-00L Snowcover: Physics and Modelling O  4 credits 3G M.  Schneebeli, H. Löwe
Abstract Snow is a fascinating high-temperature material and relevant for applications in glaciology, hydrology, atmospheric sciences, polar

climatology, remote sensing and natural hazards. This course introduces key concepts and underlying physical principles of snow, ranging
from individual crystals to polar ice sheets.
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Objective The course aims at a cross-disciplinary overview about the phenomenology of relevant processes in the snow cover, traditional and
advanced experimental methods for snow measurements and theoretical foundations with key equations required for snow modeling.
Tutorials and short presentations will also consider the bigger picture of snow physics with respect to climatology, hydrology and earth
science.

Content The lectures will treat snow formation, crystal growth, snow microstructure, metamorphism, ice physics, snow mechanics, heat and mass
transport in the snowcover, surface energy balance, snow models, wind transport, snow chemistry, electromagnetic properties,
experimental techniques.

The tutorials include a demonstration/exercise part and a presentation part. The demonstration/exercise part consolidates key subjects of
the lecture by means of small data sets, mathematical toy models, order of magnitude estimates, image analysis and visualization, small
simulation examples, etc. The presentation part comprises short presentations (about 15 min) based on selected papers in the subject.

First practical experience with modern methods measuring snow properties can be acquired in a field excursion.

Lecture notes Lecture notes and selected publications.
Prerequisites /
notice

We strongly recommend the field excursion to Davos on Saturday, March 14, 2020, in Davos. We will demonstrate traditional and modern
field-techniques (snow profile, Near-infrared photography, SnowMicroPen) and you will have the chance to use the instruments yourself.
The excursion includes a visit of the SLF cold laboratories with the micro-tomography setup and the snowmaker.

 Glaciology: Courses of Choice
Number Title Type ECTS Hours Lecturers

101-0288-00L Snow and Avalanches: Processes and Risk
Management

W  3 credits 2G J. Schweizer, S. L. Margreth

Abstract The lecture covers snow and avalanche processes in a catchment (starting zone, path and run-out zone) with a particular focus on risk
management in the context of natural hazards.

Objective - basics of snow and avalanche mechanics
- methods to model snow and avalanche processes
- interaction of snow and avalanches with structures and forest
- methods of stability evaluation and hazard assessment
- avalanche protection measures in the context of integral risk management
- basics on the design and effectiveness of protection measures

Content Introduction, snow precipitation, extreme events, snow loads; snow and snow cover properties; snow-atmosphere interaction; avalanche
formation; stability evaluation, avalanche forecasting; avalanche dynamics; avalanche impact on structures; hazard mapping; protection
measures (permanent and temporal); integral risk management.

Literature Armstrong, R.L. and Brun, E. (Editors), 2008. Snow and Climate - Physical processes, surface energy exchange and modeling. Cambridge
University Press, Cambridge, U.K., 222 pp.

BUWAL/SLF, 1984. Richtlinien zur Berücksichtigung der Lawinengefahr bei raumwirksamen Tätigkeiten. EDMZ, Bern.

Egli, T., 2005. Wegleitung Objektschutz gegen gravitative Naturgefahren, Vereinigung Kantonaler Feuerversicherungen (Hrsg.), Bern.

Fierz, C., Armstrong, R.L., Durand , Y., Etchevers, P., Greene, E., McClung, D.M., Nishimura, K., Satyawali, P.K. and Sokratov, S.A., 2009.
The International Classification for Seasonal Snow on the Ground. HP-VII Technical Documents in Hydrology, 83. UNESCO-IHP, Paris,
France, 90 pp.

Furukawa, Y. and Wettlaufer, J.S., 2007. Snow and ice crystals. Physics Today, 60(12): 70-71.

Margreth, S., 2007. Technische Richtlinie für den Lawinenverbau im Anbruchgebiet. Bundesamt für Umwelt, Bern, WSL Eidg. Institut für
Schnee- und Lawinenforschung Davos. 134 S.

McClung. D.M. and Schaerer, P. 2006. The Avalanche Handbook, 3rd ed., The Mountaineers, Seattle.
     
Mears, A.I., 1992. Snow-avalanche hazard analysis for land-use planning and engineering. 49, Colorado Geological Survey.

Schweizer, J., Bartelt, P. and van Herwijnen, A., 2015. Snow avalanches. In: W. Haeberli and C. Whiteman (Editors), Snow and Ice-
Related Hazards, Risks and Disasters. Hazards and Disaster Series. Elsevier, pp. 395-436.

Schweizer, J., Jamieson, J.B. and Schneebeli, M., 2003. Snow avalanche formation. Reviews of Geophysics, 41(4): 1016,
doi:10.1029/2002RG000123.

Shapiro, L.H., Johnson, J.B., Sturm, M. and Blaisdell, G.L., 1997. Snow mechanics - Review of the state of knowledge and applications.
Report 97-3, US Army CRREL, Hanover, NH, U.S.A.

Prerequisites /
notice

Full-day excursion (not mandatory) to Davos, hands-on experience on selected topcis, visit at WSL Institute for Snow and Avalanche
Research SLF (early March 2020)

651-4162-00L Field Course Glaciology
Priority is given to D-ERDW students. If space is available
UZH Geography and Earth System Sciences students
may attend this field course at full cost.

No registration through myStudies. The registration for
excursions and field courses goes through
http://exkursionen.erdw.ethz.ch only (registration opens
end of January 2020).

W  3 credits 6P A. Bauder, D. Farinotti, M. Werder

Abstract Introduction to investigation methods in glaciology with both theory and experimental application. The students design, plan, sample and
evaluate their individual projects, and present the results to their colleagues and the instructors.

Objective - Introduction to measurement techniques in glaciology
- Experience with realisation of measurement and data analysis
- Interpretation and presentation of results

Content The course covers methodologies and techniques to analyse physical conditions of glaciers and their evolution.  Basic measurement
techniques of surveying, drilling as well as working with sensors and data loggers are introduced. Covered fields include topographical
setting, mass balance, glacier fluctuations, ice flow and glacier hydrology.
The course starts with an introduction toward the end of the spring semester and is followd by 8 days in August/September including
lectures at ETH and field work on Rhonegletscher.
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Prerequisites /
notice

Some basic knowledge in glaciology e.g. course 651-3561-00L Kryosphäre is recommended.
This field course is organized in collaboration with the University of Hokkaido in Sapporo.

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

651-1506-00L The High-Mountain Cryosphere: Processes and Risks
(University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: GEO856

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  3 credits 2G University lecturers

Abstract Glaciers in the climate system, ice ages, ice drill cores, natural hazards in glacier areas, sea level change.

651-1513-00L Field Studies on High Mountain Processes (University
of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: GEO411

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  6 credits 2S+4P University lecturers

Abstract The preparatory seminar introduces through practicals the theoretical background and methods as well as related equipment for
conducting field-studies on processes in high mountain areas.

Objective Besides getting familiar with specific methods and field equipment (including ice-penetrating radar, temperature logging, melt
measurements and modelling, geomorphological mapping, sampling strategies, ...) it conveys the development and practical aspects of
field-project studies in high mountains areas.

Content The module consists of two parts: (i) the preparatory seminar introducing the field-approaches and related background in practical
seminars (4h, bi-weekly practicals in FS, compulsory). (ii) the field course (5-day, July, compulsory) in which the students work on their own
project in the field (Tiefengletscher area, Albert Heim Hütte) using the methods and tools from the preparatory seminar. This module as a
whole will also contribute to a deeper understanding of the physical processes and their interactions in high mountain areas.

Lecture notes Course information and documents will be provided over OLAT, Fieldcourse guide
Prerequisites /
notice

Modul GEO231 or equivalent

 Lithosphere Structure and Tectonics
Number Title Type ECTS Hours Lecturers

651-4096-00L Inverse Theory I: Basics O  3 credits 2V A. Fichtner
Abstract Inverse theory is the art of inferring properties of a physical system from noisy and sparse observations. It is used to transform

observations of waves into 3D images of a medium seismic tomography, medical imaging and material science; to constrain density in the
Earth from gravity; to obtain probabilities of life on exoplanets ... . Inverse theory is at the heart of many natural sciences.

Objective The goal of this course is to enable students to develop a mathematical formulation of specific inference (inverse) problems that may arise
anywhere in the physical sciences, and to implement suitable solution methods. Furthermore, students should become aware that nearly all
relevant inverse problems are ill-posed, and that their meaningful solution requires the addition of prior knowledge in the form of expertise
and physical intuition. This is what makes inverse theory an art.

Content This first of two courses covers the basics needed to address (and hopefully solve) any kind of inverse problem. Starting from the
description of information in terms of probabilities, we will derive Bayes' Theorem, which forms the mathematical foundation of modern
scientific inference. This will allow us to formalise the process of gaining information about a physical system using new observations.
Following the conceptual part of the course, we will focus on practical solutions of inverse problems, which will lead us to study Monte
Carlo methods and the special case of least-squares inversion.

In more detail, we aim to cover the following main topics:

1. The nature of observations and physical model parameters
2. Representing information by probabilities
3. Bayes' theorem and mathematical scientific inference
4. Random walks and Monte Carlo Methods
5. The Metropolis-Hastings algorithm
6. Simulated Annealing
7. Linear inverse problems and the least-squares method
8. Resolution and the nullspace
9. Basic concepts of iterative nonlinear inversion methods

While the concepts introduced in this course are universal, they will be illustrated with numerous simple and intuitive examples. These will
be complemented with a collection of computer and programming exercises.

Prerequisites for this course include (i) basic knowledge of analysis and linear algebra, (ii) basic programming skills, for instance in Matlab
or Python, and (iii) scientific curiosity.

Lecture notes Presentation slides and detailed lecture notes will be provided.
Prerequisites /
notice

This course is offered as a half-semester course during the first part of the semester

651-4014-00L Tomographic Imaging O  3 credits 2G T. Diehl, F. Lanza, A. Obermann
Abstract This course provides an overview on the most widely used seismological methods to image the Earth’s interior with a focus on crustal and

upper-mantle structures. Topics include controlled source methods such as refraction and wide-angle reflection, as well as passive body-
wave and surface-wave based methods. The course will discuss the strengths and weaknesses of each method.

Objective Understand the strengths and weaknesses of various active and passive tomographic methods to image the structure of the Earth.
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Literature -Stein, S., Wysession, M., & Stein, S. (Ed.) (2003). Introduction to Seismology, Earthquakes, and Earth Structure. Blackwell Publishing.
-Lay, T. and T. C. Wallace, Modern Global Seismology, Academic Press, San Diego, 1995. A very basic seismology textbook. Chapters 2
through 4 provide a useful introduction to the contents of this course.
-Menke, W., Geophysical Data Analysis: Discrete Inverse Theory, revised edition, Academic Press, San Diego, 1989. A very complete
textbook on inverse theory in geophysics.
-Press, W. H., S. A. Teukolsky, W. T. Vetterling and B. P. Flannery, Numerical Recipes, Cambridge University Press. The art of scientific
computing.
-Aki, K. and P. G. Richards, Quantitative Seismology, second edition, University Science Books, Sausalito, 2002. The most standard
textbook in seismology, for grad students and advanced undergraduates.
-Dahlen, F. A. and J. Tromp, Theoretical Global Seismology, Princeton University Press, Princeton, 1998. A very good book, suited for
advanced graduate students with a strong math background.
-Kennett B.L.N., The Seismic Wavefield. Volume I: Introduction and Theoretical Development (2001). Volume II: Interpretation of
Seismograms on Regional and Global Scales (2002). Cambridge University Press.
-Trefethen, L. N. and D. Bau III, Numerical Linear Algebra, Soc. for Ind. and Appl. Math., Philadelphia, 1997. A textbook on the numerical
solution of large linear inverse problems, designed for advanced math undergraduates.

 Palaeontology
 Palaeontology: Courses of Choice
The courses of choice take place in autumn semester.

 Palaeontology: Compulsory Courses
Number Title Type ECTS Hours Lecturers

651-4044-04L Micropalaeontology and Molecular Palaeontology O  3 credits 2G H. Stoll, C. De Jonge, T. I. Eglinton,
I. Hernández Almeida

Abstract The course aims to provide an introduction to the key micropaleontological and molecular fossils from marine and terrestrial niches, and the
use of these fossils for reconstructing environmental and evolutionary changes.

Objective The course aims to provide an introduction to the key micropaleontological and molecular fossils from marine and terrestrial niches, and the
use of these fossils for reconstructing environmental and evolutionary changes. 

The course will include laboratory exercises with microscopy training: identification of plantonic foraminifera and the application of transfer
functions, identification of calcareous nannoliths and estimation of water column structure and productivity with n-ratio, identification of
major calcareous nannofossils for Mesozoic-cenozoic biostratigraphy, Quaternary radiolarian assemblages and estimation of diversity
indices.  
The course will include laboratory exercises on molecular markers include study of chlorin extracts, alkenone and TEX86 distributions and
temperature reconstruction, and terrestrial leaf wax characterization, using GC-FID, LC-MS, and spectrophotometry.

Content Micropaleontology and Molecular paleontology
1.    Introduction to the domains of life and molecular and mineral fossils.  Genomic classifications of domains of life.  Biosynthesis and
molecular fossils and preservation/degradation.  Biomineralization and mineral fossils and preservation/dissolution.  Review of stable
isotopes in biosynthesis. 
2.    The planktic niche – primary producers.  Resources and challenges of primary production in the marine photic zone – light supply,
nutrient supply, water column structure and niche partitioning.  Ecological strategies and specialization, bloom succession, diversity and
size  gradients in the modern ocean. Introduction to principal mineralizing phytoplankton – diatoms, coccolithophores, dynoflagellates, as
well as cyanobacteria. Molecular markers including alkenones, long-chain diols and sterols, IP25, pigments, diatom UV-absorbing
compounds.  Application of fossils and markers as environmental proxies. Long term evolutionary evidence for originations, radiations, and
extinctions in microfossils and biomarkers; evolution of size trends in phytoplankton over Cenozoic, geochemical evidence for evolution of
carbon concentrating mechanisms.  Introduction to nannofossil biostratigraphy. 
3.    The planktic niche – heterotrophy from bacteria to zooplankton.  Resources and challenges of planktic heterotrophy – food supply,
oxygen availability, seasonal cycles, seasonal and vertical niche partitioning.  Introduction to principal mineralizing zooplankton planktic
foraminifera and radiolaria: ecological strategies  and specialization, succession, diversity and size  gradients in the modern ocean.
Morphometry and adaptations for symbiont hosting.  Molecular records such as isorenieratene and Crenoarcheota GDGT; the debate of
TEX86 temperature production.  Long term evolutionary evidence for originations, radiations, and extinctions in microfossils; evolution of
size and form, basic biostratigraphy.  Molecular evidence of evolution including diversification of sterol/sterine assemblages. 
4.    The benthic niche – continental margins.  Resources and challenges of benthic heterotrophy – food supply, oxygen, turbulence and
substrate.  Principal mineralizing benthic organisms – benthic foraminifera and ostracods. Benthic habitat gradients (infaunal and epifaunal;
shallow to deep margin.  Microbial redox ladder in sediments. Molecular markers of methanogenesis and methanotrophy, Anamox
markers, pristine/phytane redox indicator.  Applications of benthic communities for sea level reconstructions.  Major originations and
extinctions. 
5.    The benthic niche in the abyssal ocean.  Resources and challenges of deep benthic heterotrophy.  Benthic foraminifera, major
extinctions and turnover events. Relationship to deep oxygen level and productivity. 
6.    Terrestrial dry niches -soils and trees.  Resources and challenges - impacts of temperature, humidity, CO2 and soil moisture on
terrestrial vegetation and microbial reaction and turnover. Introduction to pollen and molecular markers for soil pH, humidity, leaf wax C3-
C4 community composition and hydrology.  Long term evolution of C4 pathway, markers for angiosperm and gymnosperm evolution.
7.    Terrestrial aquatic environments – resources and challenges.  Lake systems, seasonal mixing regimes, eutrophication, closed/open
systems.  Introduction to lacustrine diatoms, chironomids, testate amoeba.  Molecular markers in lake/box environments including
paleogenomics of communities.

Lecture notes A lab and lecture manual will be distributed at the start of the course and additional material will be available in the course Moodle
Literature Key references from primary literature will be provided as pdf on the course moodle.
Prerequisites /
notice

Timing: The course starts on February 19 and ends on May 28. Prerequisites: Recall and remember what you learned in introductory
chemistry  and biology

 Quaternary Geology and Geomorphology
Number Title Type ECTS Hours Lecturers

651-4902-00L Quaternary Geology and Geomorphology of the Alps
Geography and Earth System Sciences students UZH
may attend the lecture but will have to pay the full amount
for the excursion (no subsidies from UZH).

O  3 credits 2V S. Ivy Ochs, N. Akçar, U. H. Fischer

Abstract After a brief introduction to the scientific principles of glaciology, we survey the present state of knowledge on Pleistocene glacial periods
and post-glacial landscape modification in the Alps. Emphasis is on understanding modes of formation of landscape elements attributable
to glacial, glaciofluvial, periglacial, fluvial, hillslope, and mass wasting processes.

Objective Through a combination of lectures, classroom practical exercises, and field mapping of Quaternary landforms, an intuitive understanding of
the formation and evolution of the landscape of the Alps and the forelands will be built up.
We focus on development of the following skills: landform recognition on remote imagery and in the field; depositional process identification
based on sediment characterization; reconstruction of valley-scale geomorphological evolutionary sequences.
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Content The following topics will be covered: glacier mass and energy balance; glacier motion; glacier hydrology; glacial erosion; glacial sediment
balance; piedmont and valley glacier landsystems; till formation; glaciofluvial sediments; alluvial and debris-flow fan processes; Alpine rock
slope failure landform/sediment associations; Alpine Quaternary stratigraphy; long-term uplift and denudation of the Alps.

Lecture notes Slides from the lectures will be made available.
Literature Lists of key scientific articles will be given for each topic.

Relevant scientific articles will be distributed during the course.
Prerequisites /
notice

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

Required attendance at lectures and excurisions (several 1-day excursions during the semester and one 3-day field mapping session
during the summer).

Geography and Earth System Sciences students UZH may attend this excursion at full costs (no subsidies from UZH).

Grading will be a combination of classroom participation, student presentations, practical exercises, field reports, and field maps from the
excursions.

651-4134-00L Tectonic Geomorphology
Priority is given to D-ERDW students. If space is available
UZH Geography and Earth System Sciences students
may attend this field course at full cost.

Due to the Coronavirus situation only the lecture part of
the course can be completed in Spring Semester 2020.
The field course will only take place in 2021.

W  6 credits 2V+6P E. Deal, V. Picotti

Abstract Course covers the theory and applications of tectonic geomorphology. Topics include the landscape response to an earthquake, use of
fluvial terraces and other geomorphic markers to map uplift, methods of dating surfaces and landscapes, topographic evolution over active
structures and landscape evolution of active mountain ranges. Methods include field mapping, DEM analysis and computer modeling.

Objective To learn theoretical and practical aspects of modern tectonic geomorphology. Field course, classroom and computer-based analysis will be
combined to provide hands-on experience with geomorphic data, analysis and modeling techniques. We will work as a group to address
the practical questions regarding evidence for recent deformation of the northern Apennines as an integrated field and modeling study. We
will learn to use a variety of geomorphic and tectonic data to map uplift rates and patterns and use this to infer subsurface faulting
kinematics.

Content Course includes a lecture component (in second half-semester) and a 9 day fieldtrip. Students should register for both components.
Fieldtrip will involve collecting field data from active structures in the Northern Apennines. Lecture component will include theoretical
background and analysis of data collected during fieldtrip.

Literature Required Textbook:  Tectonic Geomorphology, Burbank and Anderson, Blackwell.
Prerequisites /
notice

Students should register for both lecture and field components (blockcourse). They will be graded together. Fieldtrip will be held during 1
week of the semester, typically in early May.

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

Geography and Earth System Sciences students UZH may attend the lecture but will have to pay the full amount for this field course  (no
subsidies from UZH).

651-1513-00L Field Studies on High Mountain Processes (University
of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: GEO411

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  6 credits 2S+4P University lecturers

Abstract The preparatory seminar introduces through practicals the theoretical background and methods as well as related equipment for
conducting field-studies on processes in high mountain areas.

Objective Besides getting familiar with specific methods and field equipment (including ice-penetrating radar, temperature logging, melt
measurements and modelling, geomorphological mapping, sampling strategies, ...) it conveys the development and practical aspects of
field-project studies in high mountains areas.

Content The module consists of two parts: (i) the preparatory seminar introducing the field-approaches and related background in practical
seminars (4h, bi-weekly practicals in FS, compulsory). (ii) the field course (5-day, July, compulsory) in which the students work on their own
project in the field (Tiefengletscher area, Albert Heim Hütte) using the methods and tools from the preparatory seminar. This module as a
whole will also contribute to a deeper understanding of the physical processes and their interactions in high mountain areas.

Lecture notes Course information and documents will be provided over OLAT, Fieldcourse guide
Prerequisites /
notice

Modul GEO231 or equivalent

 Remote Sensing
The courses of this module are offered by UZH and must be registered at UZH.

 Remote Sensing: Compulsory Courses
The compulsory courses for this module take place in autumn semester.

 Remote Sensing: Courses of Choice
Number Title Type ECTS Hours Lecturers

651-2332-00L Specializing in Remote Sensing Seminar and
Colloquium (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: GEO441

Mind the enrolment deadlines at UZH:

W  6 credits 1S+2K University lecturers
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https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

651-4278-00L Monitoring the Earth from Satellites: Radar
Interferometry
Number of participants limited to 30.

W  3 credits 3G A. Manconi

Abstract A novel and unique course on space-borne SAR tailored to geosciences.  Students will develop independently projects on real case-
studies by leveraging open source data and software. Students' performance will be assessed by peers and by an international steering
committee during a mini-conference. The course is a pilot project in the Innovedum framework.

Objective The course aims at providing the tools to fully take advantage of space-borne SAR data in geoscience applications. The course will offer
the chance to learn a cutting-edge remote sensing technique and to independently apply the methods to real scenarios relevant for their
future activities as scientists and/or practitioners.

Content The activities of the course will show how to properly select and obtain SAR datasets, process them according to the state-of-art
algorithms, interpret the results, evaluate pros and cons on specific geological targets, and integrate the analysis of SAR data with other
survey and monitoring approaches. Moreover, practical exercises and field excursions are designed to pursue the “Learning by doing”
concept. 

Prerequisites /
notice

This course requires a background in Earth Sciences, thus the tapriority is to MSc students of the D-ERDW. In the case the course attracts
the attention of BSc, MSc, and PhD students from other ETH departments and/or other universities, they will be accepted provided that the
maximum number of participants does not exceed15 per year.

 Shallow Earth Geophysics
Number Title Type ECTS Hours Lecturers

651-4106-03L Geophysical Field Work and Processing: Preparation
and Field Work

O  7 credits 3V+11P C. Schmelzbach, M. Grab, P. Nagy,
A. Wieser

Abstract The 'Preparation' and 'Field Work' parts of 'Geophysical Field Work and Processing' involve the planing and conducting of a near-surface
geophysical field campaign using common geophysical techniques to study, for example, archeological remains, internal structures of
landslides or aquifers. Students work in small groups, and plan, acquire, process and document a field campaign together.

Objective Students should acquire the knowledge to (1) design and plan a geophysical survey appropriate for the target of investigation, (2) acquire
geophysical data, (3) process the data using state-of-the-art techniques and software, (3) analyze and interpret the results, and (4) write a
report according to commercial and scientific standards.

Content The course is split into two parts: 

1. 'Preparation': Introductory lectures and exercises (lab and field) covering Geographical Information Systems (GIS), surveying, and
introductions to the field sites. Participation in the 'Preparation' part is a REQUIREMENT to participate in the 'Field Work' part.

2. 'Field Work': Four-weeks field course. The students work in  groups on the following topics: 
- Planning and design of a comprehensive geophysical survey
- Data acquisition
- Data processing and inversion
- Interpretation of the results
- Report writing

Lecture notes Relevant reading material, manuals and instructions for all methods of the field course will be handed out to each group at the beginning of
the 'Field Work' part (beginning of June).

Prerequisites /
notice

A "pass" (Swiss grade 4.0 or higher) in the written examination of 651-4104-00 V Geophysical Fieldwork and Processing: Methods, is an
absolute REQUIREMENT to participate in this course.

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

651-4018-00L Borehole Geophysics O  3 credits 3G C. Roques, H. Maurer
Abstract This introductory course on borehole geophysical methods covers the application of borehole logging and borehole-borehole and borehole-

surface seismic, and radar imaging to rock mass and reservoir characterization. The principles of operation of various logging sondes will
be covered as well as their application. The emphasis is on geotechnical rather than oil and gas well reservoir engineering.

Objective The course will introduce students to modern borehole logging techniques with the emphasis on geotechnical rather than oil and gas well
reservoir engineering.  Although the principles of operation of the various sondes will be covered, the primary focus will be on application.
For a given problem in a given environment, the students should be able to design a logging program that will furnish the requisite
information.  They will also be able to extract information on rock mass/reservoir properties by combining curves from a suite of logs.  The
students will also learn about surface-to-borehole and borehole-to-borehole seismic methods for rock mass characterisation.  This will
include VSP and tomography.

Content - General introduction to geophysical logging

- Discussion of various logging types including
    - Caliper logs
    - Televiewer logs
    - Flowmeter and temperature logs
    - Resistivity logs
    - Nuclear logs
    - Sonic logs

- Suface-to-borehole and borehole-to-borehole methods
    - Instrumentation
    - Vertical seismic profiling
    - Crosshole tomography
    - Applications

Lecture notes A pdf copy of the lecture will be posted on the course website no later than the day before each class.
Literature Well logging for physical properties (A handbook for Geophysicists, Geologists and Engineers), 2nd Edition, Hearst, J.R., Nelson, P.H. and

F.L. Paillet, John Wiley and Son, 2001. - Out of print.

Well logging for Earth Scientists, Ellis, D.V. and J.M. Singer, 2nd Edition, Springer, 2007.  In print - cost Euro 33.

651-4109-00L Geothermal Energy O  3 credits 3G M. O. Saar, B. Adams, P. Bayer,
F. Samrock

Abstract The course will introduce students to the general principles of Geothermics and is suitable for students who have a basic knowledge of
Geoscience or Environmental Science (equivalent of a Bachelor degree).
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Objective To provide students with a broad understanding of the systems used to exploit geothermal energy in diverse settings.
Content The course will begin with an overview of heat generation and the thermal structure of the Earth.  The basic theory describing the flow of

heat in the shallow crust will be covered, as will be the methods used to measure it.  Petrophysical parameters of relevance to
Geothermics, such as thermal conductivity, heat capacity and radiogenic heat productivity, are described together with the laboratory and
borehole measurement techniques used to estimate their values. The focus will then shift towards the exploitation of geothermal heat at
various depths and temperatures, ranging from electricity and heat production in various types of deep geothermal systems (including high
and medium temperature hydrothermal systems, and Engineered Geothermal Systems at depths of 5 km or more), to ground-source heat
pumps installed in boreholes at depths of a few tens to hundreds of meters for heating domestic houses.
The subjects covered are as follows:
Week 1:  Introduction. Earth's thermal structure. Conductive heat flow  
Week 2:  Heat flow measurement. Advective heat flow. Petrophysical parameters and their measurement.
Week 3:  Temperature measurement. Hydrothermal reservoirs & well productivity 
Week 4: Hydrological characterisation of reservoirs. Drilling. Optimized systems
Week 5:  Petrothermal or Engineered Geothermal Systems
Week 6: Low-enthalpy systems 1
Week 7: Low-enthalpy systems 2.

Lecture notes The script for each class will be available for download from the Ilias website no later than 1 day before the class.

 Modules from the Engineering Geology Major
Choice from Engineering Geology Required Modules

 Modules from the Geophysics Major
Choice from Geophysics Restricted Choice Modules

Choice from Geophysics Compulsory Modules

 Modules from the Mineralogy and Geochemistry Major
Choice from the Mineralogy and Geochemistry Restricted
Choice Modules

 Modules from the Major Geology Restricted Choice Modules
Choice from the Geology Restricted Choice Modules

 Major in Engineering Geology
 Compulsory Modules Engineering Geology

 Engineering Geology: Fundamentals
Courses for this Module take place in autumn semester.

 Engineering Geology: Methods
Number Title Type ECTS Hours Lecturers

651-4061-00L Hydrogeological Field Course
Number of participants limited to 15.

Prerequisite: Grundwasser I (102-0455-01L)

O  3 credits 7P C. Roques, H. R. Fisch,
S. G. Reinhardt Hauser

Abstract The course covered a variety of hydrogeological investigation methods with both theory and application at an experimental site in
unconsolidated sediments and fractured rock. Included were aquifer well tests and estimation of natural hydraulic heads. The students had
to sample, display, evaluate and assess own data and write a report.

Objective - To be able to choose an appropriate (goal, hydrogeological environment, logistic boundary conditions) investigation method and plan
experiments accordingly.
- To acquire own experiences in handling typical instruments, e.g. pump, pressure transmitter, data logger, inductive flowmeter, etc.
- To understand the theoretical background of important hydrogeological field investigation methods.
- To master typical data presentation and evaluation methods, e.g. diagnostic plots, type curve fitting etc.).
- To be able to assess the quality and importance of the achieved results in view of theoretical and practical limitations.

Content Covered methods are 
- Aquifer and well tests (constant pressure, constant flow, step pumping tests, drawdown and build-up, single hole and crosshole, double
packer and open hole),
- Slug & bail tests (pneumatic and bailer techniques, double packer intervals and open hole).
- Hydraulic head profiling (natural conditions)
- Tracer tests.

Lecture notes A script will be provided for download as pdf.
Literature Please visit the course homepage (Main Link).
Prerequisites /
notice

Prerequisite course 102-0455-01L Grundwasser I 
Schedule:  The course will take place in Mels (SG) and in Thur (Widen).

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

651-4064-00L Engineering Geological Field Course I (Soils)
Number of participants limited to 20.

O  3 credits 6P K. Thuro, K. Leith

Abstract Application of geotechnical soil classification techniques in outcrops and core samples, including  geomorphological and geological field
mapping. Imparts knowledge for an understanding of Quarternary processes and their consequences on building (under)ground.
Supplements lectures in soil mechanics and geological site investigation techniques.

Objective a) Students are able to perform a geotechnical characterization of soils according to international standards.
b) Students are able to identify different types of soils in samples and in the field. They can interprete geological origin, formation and
history of different soil types.
c) Students are able to recognize geomorphological structures in the field and analyze their geological formation.
d) Students can present their research results in an appropriate way (written and oral).

Content The course starts with an introduction lecture on soil classification (USCS and Swiss standards), field testing and sampling techniques,
borehole logging, mapping techniques and Quaternary geology of Zurich. The main part is an extensive field course which includes a
quarry mapping exercise, borhole logging and field maping by geomorphlogical features. Student teams get a mandate for geotechnical
investigations on a certain question and have to write a report about their findings. Teaching in the field will primarily consist in guiding the
students in their mapping work. Subsequently, the field and laboratory data is analyzed by the students.
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Lecture notes Course notes and field manual. All documents will be made available from the web.
Literature KNAPPETT, J. & CRAIG, R.F. (2019): Craig's Soil Mechanics. - 600 p., 9th ed., London, New York (CRC Press).

LANG, H.-J., HUDER, J.,AMAN, P. & PUZRIN, A.M. (2011): Bodenmechanik und Grundbau. Das Verhalten von Böden und die wichtigsten
grundbaulichen Konzepte. - 336 p., 9. Aufl., Berlin (Springer).

Prerequisites /
notice

Other necessary equipment or material: 
Geological field equipment: Geologic compass, GPS receiver, soil hammer, field notebook (water resistant), field bag, coloured pencils, felt
tipped pens (permanent), hand lens, straight edge (scale), meter, tri-angle, tracing paper, hydrochloric acid (in small bottle), string,
computer notebook for report preparation

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

651-4066-00L Engineering Geological Field Course II (Rocks)
Number of participants limited to 18.

O  3 credits 6P M. Ziegler

Abstract This course focuses on characterizing and classifying rock masses in the field as done in preliminary and advanced stages of site
assessments.

Objective The objectives of this course are to provide the student the necessary skills to carry out field mapping investigations and rock mass data
acquisitions for assessing the rock mass conditions, focusing on quantifying geologic elements that have a primary influence on the project
at hand, and processing and interpreting the acquired data in order to developing a geomechanical site model.

Content This course covers methodologies and techniques to characterize and classify rock masses in the perspective of specific engineering
objectives. This includes field characterization of intact rock types and properties (lithology, rock and rock mass strength, degree of
weathering, etc.), quantifying their associated discontinuity networks, mapping and characterization of faults in terms of their engineering
relevance, and the use of geomorphology in engineering geology field investigations. 

The integration and correlation of data acquired from different mapping techniques and areas (aerial/terrestrial photograph interpretation,
surface outcrop mapping, underground outcrop mapping, core logging) is also part of this course. Relevant software programs will be
introduced during the course and applied by the students.

Lecture notes Details on the course program will be made availbale here: http://www.engineeringgeology.ethz.ch/teaching.html
(-> Master of Science -> Spring Semester -> Engineering Geology Field Course II)

Prerequisites /
notice

Geography and Earth System Sciences students UZH may attend this field course at full costs (no subsidies).

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

The field course is carried out during 2x5 days in mid-July. The student is expected to prepare for the field course in advance. The course
structure will be presented to the student at the beginning of the spring semester.

 Engineering Geology: Integration
Number Title Type ECTS Hours Lecturers

651-4070-00L Landslide Analysis
Number of participants limited to 18.

O  5 credits 3G S. Löw, J. Aaron

Abstract This course is about the analysis of landslide phenomena, mechanisms, stability and hazard mitigation. The course is focussed on case
studies covering major landslide types in the Alps (rock fall, shallow soil slides, rock slides and topples, and deep seated landslides). The
course makes use of a new blended e-learning environment and includes compulsory field trips to the study sites.

Objective The overall aim of the course is to prepare students for dealing with real-world landslide and slope stability problems. Students will gain
knowledge and application experience in the field recognition, mapping and monitoring of landslides, the appropriate use of slope stability
analysis methods, and the writing of landslide investigation reports. With this experience students may enter the professional workplace or
research environment with modern skills and the confidence to tackle similar problems alone.

Content The major types of landslides are introduced in face-to-face lectures. For every landslide type a case study is introduced which illustrates
typical tasks and approaches of professionals working in the field of landslide hazard analysis and mitigation. All case studies include field
visits focussing on geological conditions, morphological features, geotechnical properties and field measurements. In the lab we discuss
appropriate geological and kinematic models, triggers, stability, failure processes and mitigation mechanisms. The results of the case
studies are documented in reports which are the basis for the course evaluation.

Lecture notes The course includes self study of landslide fundamentals supported by web-based e-learning materials, and audio-supported power-
point-lectures. The case study analyses are supported by field handbooks, field data and analysis programs.

Literature Sidle, R.C. & Ochiai H. 2006: Landslides, Processes, Prediction and Land use. AGU Books, Water Resources Monograph 18
Transportation Research Board 1996: Landslides, Investigation and Mitigation. Special Report 247. Turner A.K. & Schuster R.L. eds.
National Academic Press Washington D.C.

Prerequisites /
notice

Excursions are an integral part of this course. The dates of the excursions are published on
https://www.erdw.ethz.ch/studium/exkursionen-feldkurse.html

651-4072-00L Engineering Geology of Underground Excavations
Number of participants limited to 18.

O  5 credits 3G S. Löw, O. Moradian

Abstract This course deals with the geological activities related to underground excavations (field investigations, route selection, geological models
and hazards, geotechnical properties, rock mass behavior, groundwater & environmental impacts). The course focuses on problem solving
skills (trained in a Lötschberg Base Tunnel case study, including report writing).

Objective In this course the student shall become familiar with the most important tasks an engineering geologist has to carry out in the context of
planning and building an underground excavation or tunnel. The student will learn how to integrate the knowledge gained during the
fundamental and methods courses for the design of underground constructions in various project phases (including report writing).

Content Major Tasks of Engineering Geologist in Underground Constructions, Project Phases and Logistic Constraints of Various Types
Underground Constructions, Ground Behaviour in Underground Constructions (Rock and Soil), Groundwater and Environmental Impacts of
Underground Constructions; Exploration Methods. Case Study Lötschberg Base Tunnel.

Lecture notes A script is available in the form of a few review publications.
Literature Richard Goodman 1993: Engineering Geology, Rock in Engineering Construction, John Whiley and Sons.

Evert Hoek 2007: Practical Rock Engineering, Course Notes, wwwhttp://www.rocscience.com/hoek/PracticalRockEngineering.asp
Prerequisites /
notice

The Lötschberg Case Study forms a key component of this integration course. Students will learn (1) how to carry out preliminary
investigations related to tunnel design, (2) how to select the tunnel route, (3) how the describe the geotechnical and hydrogeological
conditions, (4) how to qualitatively and quantitatively assess geological hazards, rock mass behavior and environmental impacts, and (5)
how write geological, geotechnical and hydrogeological reports. A  day field trip to the study area  (March 15) and a tunneling site (May 19)
is included in the course.

651-4074-00L Landfills and Deep Geological Disposal of Radioactive O  3 credits 3G A. Gautschi, P. Huggenberger
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Waste
Number of participants limited to 18.

Geography and Earth System Sciences students UZH
may attend this field course at full costs (no subsidies).

Abstract This course focuses on the integration of geo-scientific and technical knowledge for the assessment of long-term safety and engineering
feasibility of shallow and deep repositories for hazardous and radioactive wastes and for the clean-up of contaminated sites.

Objective The students learn about the requirements for safe storage/disposal of different types of waste that. They learn that - according to the
different chemical and physical properties - there are different requirements for the performance of the waste, engineered and geological
barriers. They learn the criteria that are necessary in landfill planning, site evaluation and/or characterization projects or when they are
involved in a critical review of a proposed project. The students understand that waste disposal in landfills and in deep geological
repositories are interdisciplinary projects and that it implies a high degree of interdisciplinary communication between earth scientists (all
sub-disciplines, e.g. mineralogy, sedimentology, rock mechanics, hydrogeology, geophysics, geochemistry), engineers and safety
assessment modellers.
The students understand that there may be interactions between the repository components (waste and engineered barriers) and host
rock, and, in the case of landfills, repositories act as chemical reactors influencing the technical and geosphere barriers. They are able to
take this into account when designing experimental programs designated to understand these processes.
Based on knowledge the students have gained from other courses (hydrogeology, basic principles of contaminant transport, underground
excavations etc.) they are able to build up project-oriented geological models of shallow and deep disposal sites. They learn to take this
into account when designing geological investigation and Monitoring programs in order to acquire all data that are necessary for an
assessment of the performance and the long-term safety of a repository.
The students are aware that long-term safety has an influence on repository design and construction. They realize that this has to be taken
into account in engineering and are able to design appropriate investigation programs.

Content This lecture course comprises a series of lectures with exercises and excursions. The course is subdivided in two parts: Part 1, Landfills
and contaminated sites (lecturer Peter Huggenberger), Part 2, Deep Geological Disposal of Radioactive Waste (lecturer Andreas
Gautschi). Topics addressed in the course are
- principles of environmental protection in waste management and how this is applied in legislation.
- role and character of heterogeneities of frequently used geological barriers
- chemistry underlying the leaching of contaminants from the landfilled/contaminated material 
- Technical barrier design and function
- Contaminated site remediation: Site evaluation, concepts and methods, advanced monitoring, remediation technologies
- Concepts and long-term safety in radioactive waste management
- Clay rocks and fractured hard rocks as transport barriers for contaminants
- Engineering geology in deep geological disposal
- Investigation methods in deep boreholes (data acquisition for the assessment of long-term safety and data relevant for repository layout
and construction)

Lecture notes Electronic copies of overheads
Literature A list of recommended literature and internet links will be made available.
Prerequisites /
notice

This course is compulsory for the MSc Earth Science Engineering Geology.

Recommended background for other geoscientists: Basic knowledge in geochemistry, hydrogeology, (borehole) geophysics, engineering
geology

 Engineering Geology: Industrial Internship
Number Title Type ECTS Hours Lecturers

651-4071-00L Industrial Internship
Prerequisites: successful participation in the Compulsory
Modules Fundamentals, Methods and Integration.

The Industrial Internship of the Engineering Geology Major
should take place in the second MSc year after
consultation with Dr. Ernst Kreuzer. Detailed regulations of
this practical are published on the Engineering Geology
Website.

O  12 credits external organisers

Abstract The industry practical is supervised both from the industry partner and ETH and consists of technically and/or scientifically challenging work
in the engineering geology domain. The regular duration of the practical is 2.5 month. The practical is is pre-defined in a work plan and
concluded with a report written by the student.

Objective The goals of the industry practical are to become familiar with technical, economic, legal and communication issues of real-life work in
private industry or technical administration.

 Major in Geophysics
 Compulsory Modules Geophysics

 Geophysics: Methods I
Number Title Type ECTS Hours Lecturers

651-4096-00L Inverse Theory I: Basics O  3 credits 2V A. Fichtner
Abstract Inverse theory is the art of inferring properties of a physical system from noisy and sparse observations. It is used to transform

observations of waves into 3D images of a medium seismic tomography, medical imaging and material science; to constrain density in the
Earth from gravity; to obtain probabilities of life on exoplanets ... . Inverse theory is at the heart of many natural sciences.

Objective The goal of this course is to enable students to develop a mathematical formulation of specific inference (inverse) problems that may arise
anywhere in the physical sciences, and to implement suitable solution methods. Furthermore, students should become aware that nearly all
relevant inverse problems are ill-posed, and that their meaningful solution requires the addition of prior knowledge in the form of expertise
and physical intuition. This is what makes inverse theory an art.
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Content This first of two courses covers the basics needed to address (and hopefully solve) any kind of inverse problem. Starting from the
description of information in terms of probabilities, we will derive Bayes' Theorem, which forms the mathematical foundation of modern
scientific inference. This will allow us to formalise the process of gaining information about a physical system using new observations.
Following the conceptual part of the course, we will focus on practical solutions of inverse problems, which will lead us to study Monte
Carlo methods and the special case of least-squares inversion.

In more detail, we aim to cover the following main topics:

1. The nature of observations and physical model parameters
2. Representing information by probabilities
3. Bayes' theorem and mathematical scientific inference
4. Random walks and Monte Carlo Methods
5. The Metropolis-Hastings algorithm
6. Simulated Annealing
7. Linear inverse problems and the least-squares method
8. Resolution and the nullspace
9. Basic concepts of iterative nonlinear inversion methods

While the concepts introduced in this course are universal, they will be illustrated with numerous simple and intuitive examples. These will
be complemented with a collection of computer and programming exercises.

Prerequisites for this course include (i) basic knowledge of analysis and linear algebra, (ii) basic programming skills, for instance in Matlab
or Python, and (iii) scientific curiosity.

Lecture notes Presentation slides and detailed lecture notes will be provided.
Prerequisites /
notice

This course is offered as a half-semester course during the first part of the semester

 Geophysical Methods II
Number Title Type ECTS Hours Lecturers

651-4013-00L Potential Field Theory O  3 credits 2G A. Khan
Abstract The course will guide students in learning about the capabilities and limitations of potential field data, namely gravity and magnetic

measurements as collected by industry, in determining  geological sources.
It will follow a mathematical approach, and students will learn to apply mathematical strategies to generate quantitative answers to
geophysical questions.

Objective The course will guide students in learning about the capabilities and limitations of potential field data, namely gravity and magnetic
measurements as collected by industry, in determining  geological sources.
It will follow a mathematical approach, and students will learn to apply mathematical strategies to generate quantitative answers to
geophysical questions.

Content Part I: 
Concept of work & energy, conservative fields, the Newtonian potential, Laplace's and Poisson's equation, solutions in Cartesian/spherical
geometry, the Geoid, gravity instrumentation, field data processing, depth rules for isolated bodies, Fourier methods. 
Part II: 
Magnetic potential, dipole and current loops, distributed magnetization, remanent and induced magnetization, nonuniqueness &
``annihilators'', field data processing, magnetic instrumentation, anomalies from total field data, reduction to the pole, statistical methods. 
Part III: 
Applicability to DC electrical methods: resistivity sounding.

Prerequisites /
notice

Prerequisite: Successful completion of 651-4130-00 Mathematical Methods

 Restricted Choice Modules Geophysics
 Seismology

Number Title Type ECTS Hours Lecturers

651-4006-00L Seismology of the Spherical Earth O  3 credits 3G M. van Driel, S. C. Stähler
Abstract Brief review of continuum mechanics and the seismic wave equation; P and S waves; reciprocity and representation theorems; eikonal

equation and ray tracing; Huygens and Fresnel; surface-waves; normal-modes; seismic interferometry and noise; numerical solutions.
Objective After taking this course, students will have the background knowledge necessary to start an original research project in quantitative

seismology.
Literature Shearer, P., Introduction to Seismology, Cambridge University Press,

1999.

Aki, K. and P. G. Richards, Quantitative Seismology, second edition,
University Science Books, Sausalito, 2002.

Nolet, G., A Breviary of Seismic Tomography,  Cambridge University Press, 2008.

Prerequisites /
notice

This is a quantitative lecture with an emphasis on mathematical description of wave propagation phenomena on the global scale, hence
basic knowledge in vector calculus, linear algebra and analysis as well as seismology (e.g. from the 'wave propagation' lecture) are
essential to follow this course.

 Physics of the Earth's Interior
Number Title Type ECTS Hours Lecturers

651-4017-00L Earth's Core and the Geodynamo O  3 credits 2G P. D. Marti, M. J. Plumley
Abstract In Earth's core, motions of liquid iron act as a dynamo producing the geomagnetic field.  This course explores the composition, structure

and physical conditions in Earth's core and describes the geomagnetic field before focusing on the geodynamo mechanism.   An
interdisciplinary perspective is adopted involving electromagnetism and fluid dynamics but also seismology and mineral physics.

Objective The objectives of this course are:
(i) Development of the geophysical and sometimes mathematical tools
needed to understand Earth's core and the geodynamo.
(ii) Acquisition of knowledge concerning physical and observational constraints on the dynamics of Earth's core and the evolution of the
geomagnetic field.
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Content (i) Structure and composition of Earth's core: Including PREM, Adams-Williamson equation, Inner core anisotropy,  Geochemical
constraints, High Pressure mineral physics Experiments, Phase changes, Adiabatic temperature profiles, Geotherms, Power sources for
the Geodynamo.
(ii) Observational geomagnetism: Spherical harmonics, Global field models, Westward drift, Jerks, Core field inverse problem, Core field
structure and historical evolution, Polarity excursions and reversals, Time-averaged field.
(iii) Theory of the Geodynamo: Review of Maxwell's equations, Induction equation,  Alpha Effect and Omega Effect, Proudman-Taylor
theorem Geostrophy, Rotating Convection, Experimental and numerical dynamos.

Prerequisites /
notice

The Earth's Core and Geodynamo Course capitalizes on the knowledge of:
- 651-4001-00L: Geophysical Fluid Dynamics
- 651-4130-00L: Mathematical Methods
Therefore we recommend that the students have attended those courses or others of similar content.

651-4008-00L Dynamics of the Mantle and Lithosphere O  3 credits 2G A. Rozel
Abstract The goal of this course is to obtain a detailed understanding of the physical properties, structure, and dynamical behavior of the mantle-

lithosphere system, focusing mainly on Earth but also discussing how these processes occur differently in other terrestrial planets.
Objective The goal of this course is to obtain a detailed understanding of the physical properties, structure, and dynamical behavior of the mantle-

lithosphere system, focusing mainly on Earth but also discussing how these processes occur differently in other terrestrial planets.

651-5104-00L Deep Electromagnetic Sounding of the Earth and
Planetary Interiors
The attendance of Mathematical Methods  (651-4130-00L,
Autumn Semester) is advisable.

O  3 credits 2G A. Kuvshinov, A. Grayver,
F. Samrock

Abstract The course guides students in learning about phenomenon of the electromagnetic induction in the Earth and other terrestrial planets. The
course focuses on analysis and interpretation of long-period time-varying EM fields observed on the ground and in space, which are used
to image electrical conductivity in the Earth and planetary interiors.

Objective The objectives of this course are:
(i) Development of the geophysical and mathematical tools needed to understand electromagnetic induction through the analysis of the
Maxwell's equations.
(ii) Acquisition of knowledge concerning physical nature of the magnetospheric, ionospheric and ocean induced electromagnetic  signals. 
(iii) Basics of the data interpretation and applications in the fields of deep mantle physics, geothermal exploration and space weather
hazards.

Content Tentative content of the lectures:
(i)    Introduction to electromagnetic induction: governing equations, summary of the main EM sounding methods 
(ii)    Electrical conductivity of rocks and minerals: conduction mechanisms, anisotropy
(iii)    Basics of geomagnetic deep sounding (GDS) method: solution of Maxwell’s equations in spherical geometry, GDS transfer functions
(iv)    Basics of magnetotelluric (MT) method: solution of Maxwell’s equations in Cartesian geometry, MT transfer functions
(v)    Motional induction: tidal magnetic signals, satellite observations
(vi)    Data acquisition and processing 
(vii)    Numerical solution of Maxwell's equations in models with 3-D conductivity distribution 
(viii)    Geomagnetic depth sounding of terrestrial planets
(ix)    Other applications: geothermal exploration, mantle conductivity studies, space weather modeling

 Applied Geophysics
 Applied Geophysics: Compulsory Courses

Number Title Type ECTS Hours Lecturers

651-4079-00L Reflection Seismology Processing O  5 credits 6G D.-J. van Manen
Abstract Seismic data processing from field data to interpretation.
Objective Application of theoretical knowledge acquired in previous courses to the processing of a seismic data set and an extensive introduction to

commercial processing software.
Content Keywords: data conversion, amplitude reconstruction, filtering (in time and space), geometry assignment, static corrections, velocity

analyses, normal-moveout (NMO) corrections, deconvolution, stacking, migration, interpretation.
Literature Access to commercial processing software manuals and Yilmazs (2001) textbook Seismic Data Analysis
Prerequisites /
notice

Students usually work in teams of 2.

651-4240-00L Geofluids O  6 credits 5G X.-Z. Kong, T. Driesner, A. Ebigbo,
A. Moreira Mulin Leal

Abstract This course presents advanced topics of single and multiphase fluid flow, heat transfer, reactive transport, and geochemical reactions in
the subsurface. Emphasis is on the understanding of the underlying governing equations of each physical and chemical process, and its
relevance to applications, e.g., groundwater management, geothermal energy, CO2 storage, waste disposal, and oil/gas production.

Objective This course will enable students to understand and model basic physical and chemical processes in the subsurface, such as fluid flow,
reactive transport, heat transfer, and fluid-rock interactions in a porous and/or fractured medium. The students will learn the underlying
governing equations, followed by a demonstration of their solution, analytically or numerically. By the end of the course, the student should
be able to:
1.    Understand, formulate, derive, and solve basic equations of fluid flow, heat transfer, and solute transport;
2.    Understand the physical processes governing multiphase flow and be able to simplify a general formulation into a simpler and more
practical modeling problem;
3.    Solve simple flow problems affected by fluid density (induced by solute concentration or temperature);
4.    Understand uncertainties pertaining to these processes in regional geofluid systems;
5.     Assess simple coupled reactive transport problems.

Content 1)    Introduction to the basic concepts of fluid flow in the subsurface
2)    Immiscible fluid flow in porous/fractured media 
3)    Reactive transport, heat transfer and solute transport 
4)    Density-driven flow
5)    Uncertainty estimation
6)    Reactive transport
7)    Fluid injection and production
8)    Fluid-rock interactions (non-mechanical)
        (8a) mineral and gas solubility in brines
        (8b) mineral dissolution/precipitation affecting rock porosity and permeability

Literature R. Allan Freeze and John A. Cherry. Groundwater. 1979.
Steven E. Ingebritsen, Ward E. Sanford, and Christopher E. Neuzil. Groundwater in geologic processes. 2008.
Vedat Batu. Applied flow and solute transport modelling in aquifers. 2006.
Luigi Marini. Geological sequestration of carbon dioxide : thermodynamics, kinetics, and reaction path modeling. 2006.
Jacob Bear. Dynamics of fluids in porous media. 1988.
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Prerequisites /
notice

Prerequisites: successful completion of 651-4023-00 Groundwater, 102-0455-00 Groundwater I or 651-4001-00 Geophysical Fluid
Dynamics

 Applied Geophysics: Courses of Choice
Number Title Type ECTS Hours Lecturers

651-4087-00L Case Studies in Exploration and Environmental
Geophysics

W+  3 credits 3G H. Maurer, J. Robertsson,
M. Hertrich, M. O. Saar

Abstract Integrated geophysical investigations; applications of exploration seismic; applications of high-resolution seismic, ground-penetrating radar,
magnetic, gravity, electromagnetic, geoelectric and nuclear-magnetic resonance methods; case studies.

Objective Provide (i) fundamental knowledge of modern methods employed in exploration, engineering and environmental geophysics, (ii) a sound
understanding of integrated multidisciplinary approaches for resolving diverse exploration, engineering and environmental problems, and
(iii) familiarity with exploration-, engineering- and environment-relevant case histories (national und international).

Content A broad range of geophysical methods are employed in exploration, engineering and environmental projects worldwide. After short
introductions to various applied geophysical methods, strategies for resolving a wide variety of exploration, engineering and environmental
problems are introduced.  Themes addressed in exploration geophysics include exploration and evaluation of marine hydrocarbon
reservoirs. Themes addressed in engineering geophysics include: remote sensing in archeology, detection of metal pipes, plastic pipes and
caverns in the subsurface, and characterizing the shallow underground in regions of major construction. Themes addressed in
environmental geophysics include: exploration and evaluation of groundwater reserves, and investigations of potentially dangerous waste
disposal sites (e.g. outlining the boundaries and content of poorly documented landfills and studies of sites for the future storage of
chemical and radioactive refuse).

Lecture notes None
Literature Provided during the course
Prerequisites /
notice

This course is offered as a half-semester course during the first part of the semester.

additional elective course of at least 3KP with prior
approval by subject advisor

 Major in Mineralogy and Geochemistry
 Compulsory Module in Analytical Methods in Earth Sciences

Courses for this Module take place in autumn semester.

 Microscopy Courses
Compulsory Module in Analytical Methods in Earth
Sciences: Microscopy Courses

 Analytical Methods Courses
Compulsory Module in Analytical Methods in Earth
Sciences: Analytical Methods Courses

 Restricted Choice Modules Mineralogy and Geochemistry
A minimum of two restricted choice modules must be completed in the major Mineralogy and Geochemistry.

 Mineralogy and Petrology
 Mineralogy and Petrology: Compulsory Courses
The compulsory courses of this module take place in Autumn Semester.

 Mineralogy and Petrology: Courses of Choice
Number Title Type ECTS Hours Lecturers

651-4030-00L Crystalline Geology of the Alps
Due to the Coronavirus-Situtation the course will be
postponed and taught as a block course in Summer 2020
in two classes:

- as a compensation for geological field course III (BSc
students) 16./17.6.2020
- for MSc students 27./28.8.2020

W  3 credits 2G E. Reusser

Abstract Geology of the Central Alps with an emphasis on the Alpine-metamorphic Penninic domain between the External massifs and the Insubric
line. Focus: Alpine tectonics, deformation history and metamorphosis.

Objective Understanding the Alpine tectonics, the Geological history incl. deformation and metamorphic history of the central part of the Alps.
Content Geographical overview; tectonic units and their relationship; deformation; metamorphosis; deep structure; evolution and geological history

from Permian to Oligocene based on observation at three localities: Valmalenco, Cimalunga unit, Bergell intrusion.
Lecture notes No script, but a lot of maps and profiles drawn at the blackboard.

101-0302-00L Clays in Geotechnics: Problems and Applications W  3 credits 2G M. Plötze
Abstract This course gives a comprehensive introduction in clay mineralogy, properties, characterising and testing methods as well as applied

aspects and problems of clays and clay minerals in geotechnics.
Objective Upon successful completion of this course the student is able to:

- Describe clay minerals and their fundamental properties 
- Describe/propose methods for characterisation of clays and clay minerals
- Draw conclusion about specific properties of clays with a focus to their potential use, problematics and things to consider in geotechnics
and engineering geology.

Content - Introduction to clays and clay minerals (importance and application in geosciences, industry and everyday life)
- Origin of clays (formation of clays and clay minerals, geological origin)
- Clay mineral structure, classification and identification incl. methods for investigation (e.g., XRD)
- Properties of clay materials, characterisation and quantification incl. methods for investigation (e.g., cation exchange, rheology, plasticity,
shearing, swelling, permeability, retardation and diffusion)
- Clay Minerals in geotechnics: Problems and applications (e.g. soil mechanics, barriers, slurry walls, tunnelling)

Lecture notes Lecture slides and further documents will be provided.

 Petrology and Volcanology
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 Petrology and Volcanology: Compulsory Courses
Number Title Type ECTS Hours Lecturers

651-4032-00L Volcanology O  3 credits 2V B. Ellis
Abstract This course will discuss the processes occurring from magma generation to eruption, covering topics such as magma formation, storage,

movement, evolution, ascent in conduit and eruption dynamics. The course will also discuss deposits, and will prepare students to take the
volcanology field course. Finally, an introduction on volcanic hazards and volcano monitoring will be presented.

Objective After completion of this course the students should have a good understanding of the dynamics of volcanic systems, from source to
surface. The students should understand the main steps involved in generating volcanic activity on Earth, to interpret the depositional
processes operating during volcanic eruptions. They should also be able to discuss potential hazards related to a given volcanic
phenomena.

Content During the course, the following topics are covered:
- Basics of physical volcanology
- Physical properties of magmas 
- The role of volatiles in volcanic eruptions
- Fragmentation processes
- Explosive volcanism  dynamics and deposits
- Effusive volcanism  lava flows
- Monitoring techniques used at active volcanoes 
- Volcanic hazards

Some of these modules are accompanied by exercises

Lecture notes Presentation slides will be handed out
Literature Parfitt EA, Wilson L (2008) Fundamentals of physical volcanology. Blackwell Publishing Ltd, 230pp.

 Petrology and Volcanology: Courses of Choice
Number Title Type ECTS Hours Lecturers

651-4026-00L Applied Mineralogy and Non-Metallic Resources II W  3 credits 2G R. Kündig, B. Grobéty
Abstract Geological and mineralogical aspects to important non-metallic mineral ressources. Industrial use of specific mineral ressources as well as

economic, strategic and environmental aspects are discussed. Examples from all over the world with a specific focus on the non-mineral
mineral ressources potential in Switzerland.

Objective Students will learn to understand the use of non-metallic mineral ressources from a geological and mineralogical point of view as well as
from industrial, technical and strategical (political) point of view. Environmental aspects on the worldwide use of non-metallic mineral
ressources are discussed. A special focus will be given on the situation in Switzerland.

Content Teaching, case-studies and excursions (e.g. raw-material industry).

Course "Applied mineralogy and non-metallic ressources I" (autumn semester):
Non-metallic ressources. Occurrences, geology, extraction, properties, fabrication and use. Industrial aspects, (new) technologies, market,
stock, situation, reserves & ressources, trends and developpment, environmental aspects, law.

Chapters: e.g. coal/carbon (coal, graphite, diamond, fulleren); oil/gas (oil- and tarsands, oil-shists); phosphates/nitrates; aluminum (bauxite,
corundum); salt; carbonates; titanium; clay and clay minerals; sulphur; gypsum/anhydrite; fluorite; asbestos; talc; micas; rare earth
elements.

Course "Applied mineralogy and non-metallic ressources II" (fall semester):
Stone and earth industry (gravel, sand, crushed stones, stones), natural stone, building stone, cement, cement-industry. Case studies in
applied mineralogy.

Chapters: e.g. Stone industry - technical aspects of building stones, properties, weathering, treatment, quarries, products. Crushed stones -
quarries, products, planning, environment. Gravel an sand - ressources/reserves, environment (protection/law), alternative products
(substitution). Cement and concrete (geological ressources, prospection, fabrication, environment).

Lecture notes Will be given according to the lessons. Partially integration of e-learning tools.
Literature - Walter L. Pohl (2011): Economic Geology - Principles and Practice. Wiley-Blackwell, 664p.,ISBN 978-1-4443-3663-4

- Harben, P.W. (2002): The Industrial Minerals Handybook. A Guide to Markets,
Specifications & Prices. Industrial Mineral Information, London 412 S., ISBN 1-904333-04-4
- Schweizerische Geotechnische Kommission (1996): Die mineralischen Rohstoffe der
Schweiz.- Herausgegeben von der Schw. Geotech. Komm., Zürich, 522 S., ISBN 3-907997-00-X
- Geotechnische Karte der Schweiz 1:200 000, 2. Aufl. Schweiz. Geotechn. Komm.
- Trueb, L.F. (1996): Die chemischen Elemente - Ein Streifzug durch das Periodensystem. S. Hirzel Verlag, Stuttgart, 416 S., ISBN 3-
7776-0674-X
- Kesler, S. E. (1994): Mineral Resources, Economics and the Environment.-
Macmillan College Publishing Company, Inc., New York., 392 S., ISBN 0-02-362842-1

651-4036-00L Field Excursion Module Mineral Resources
Priority is given to D-ERDW students. If space is available
UZH Geography and Earth System Sciences students
may attend this field course at full cost.

No registration through myStudies. The registration for
excursions and field courses goes through
http://exkursionen.erdw.ethz.ch only.

W  3 credits 6P T. Driesner, C. Chelle-Michou

Abstract Excursion to areas of active and past mining activity and practical industry courses. Mapping relations between regional/local geology and
ore deposit formation in the field and in active mines. Insight into the work of mine and exploration geologists, including geophysical
measurements, geochemical data handling, economic evaluation, etc.

Objective Understand the regional and local geology as a framework for ore deposit formation. Detailed field and drill core mapping of hydrothermal
veining and alteration. Discuss actual mineral deposits and their position within this framework during mine visits. Study similarities and
differences between processes leading to the formation of different ore deposit types. Obtain insight into challenges linking economic
geology and mining with social and environmental constraints.

Prerequisites /
notice

Course plans changing through the years. Subscribe through MyStudies once.

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

651-4032-01L Volcanology Field Course W  2 credits 6P O. Bachmann

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 703 of 1785

Number of participants limited to 20. 
Priority is given to D-ERDW students. If space is available
UZH Geography and Earth System Sciences students
may attend this field course at full cost.

No registration through myStudies. The registration for
excursions and field courses goes through
http://exkursionen.erdw.ethz.ch only.

Abstract The course complements the lecture class on physical volcanology, by providing a close look at the field characteristics of volcanic
deposits. It is run in a volcanic province, typically in Europe (e.g., Iceland, Greece, Italy, Spain, Germany, France). The course focuses on
the field description of many types of volcanic deposits and their edifices.

Objective After completion of this course, the students should be able to differentiate the different types of volcanic rocks in the field, and interpret the
eruptive dynamics that led to their deposition. They should also be able to provide some guidance on the type of hazards that a given
volcanic edifice or province is most likely to produce.

Content The course involves a weeklong stay in a volcanic province, in most cases situated in Europe. A first part of the course will focus on a
guided tour to look at volcanic deposits and learn the characteristics of the area. In a second stage, the students will have to complete
some field exercises.

Lecture notes A field guide and scientific papers pertaining to the area of study will be distributed
Prerequisites /
notice

Prerequisite: This course can only be taken after successful completion of 651-4032-00L Volcanology.

Studierende Geographie und Erdsystemwissenschaften bezahlen den vollen Tarif (keine Subventionen).

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

651-4108-00L Applied Geothermobarometry W  3 credits 2G A. Galli
Abstract This course aims to give a general introduction on the most important approaches concerning the estimates of pressure and temperature

conditions in metamorphic terrains. In particular, pressure-temperature grids, conventional geothermobarometers and metamorphic phase
diagrams (pseudosections) are introduced and used to reconstruct the pressure-temperature evolution for case study samples.

Objective This course provides an overview on the most used methods in modern geothermobarometry. Students will be introduced to estimates of
metamorphic conditions in the field, to calculations of P and T using conventional geothermobarometers and to software for calculating
phase equilibria and stable mineral assemblages with thermodynamic data. Advantages and disadvantages of each approach will be
discussed with the objective that students will be able to infer the metamorphic evolution of a rock/terrain.

Prerequisites /
notice

This course partly replaces and combines the courses “Phase Petrology” and “Computational Techniques in Petrology” of Prof. L.
Tajcmanová.

 Mineral Resources
 Mineral Resources: Compulsory Courses
The compulsory courses of this module take place in Autumn Semester.

 Mineral Resources: Courses of Choice
Number Title Type ECTS Hours Lecturers

651-4026-00L Applied Mineralogy and Non-Metallic Resources II W  3 credits 2G R. Kündig, B. Grobéty
Abstract Geological and mineralogical aspects to important non-metallic mineral ressources. Industrial use of specific mineral ressources as well as

economic, strategic and environmental aspects are discussed. Examples from all over the world with a specific focus on the non-mineral
mineral ressources potential in Switzerland.

Objective Students will learn to understand the use of non-metallic mineral ressources from a geological and mineralogical point of view as well as
from industrial, technical and strategical (political) point of view. Environmental aspects on the worldwide use of non-metallic mineral
ressources are discussed. A special focus will be given on the situation in Switzerland.

Content Teaching, case-studies and excursions (e.g. raw-material industry).

Course "Applied mineralogy and non-metallic ressources I" (autumn semester):
Non-metallic ressources. Occurrences, geology, extraction, properties, fabrication and use. Industrial aspects, (new) technologies, market,
stock, situation, reserves & ressources, trends and developpment, environmental aspects, law.

Chapters: e.g. coal/carbon (coal, graphite, diamond, fulleren); oil/gas (oil- and tarsands, oil-shists); phosphates/nitrates; aluminum (bauxite,
corundum); salt; carbonates; titanium; clay and clay minerals; sulphur; gypsum/anhydrite; fluorite; asbestos; talc; micas; rare earth
elements.

Course "Applied mineralogy and non-metallic ressources II" (fall semester):
Stone and earth industry (gravel, sand, crushed stones, stones), natural stone, building stone, cement, cement-industry. Case studies in
applied mineralogy.

Chapters: e.g. Stone industry - technical aspects of building stones, properties, weathering, treatment, quarries, products. Crushed stones -
quarries, products, planning, environment. Gravel an sand - ressources/reserves, environment (protection/law), alternative products
(substitution). Cement and concrete (geological ressources, prospection, fabrication, environment).

Lecture notes Will be given according to the lessons. Partially integration of e-learning tools.
Literature - Walter L. Pohl (2011): Economic Geology - Principles and Practice. Wiley-Blackwell, 664p.,ISBN 978-1-4443-3663-4

- Harben, P.W. (2002): The Industrial Minerals Handybook. A Guide to Markets,
Specifications & Prices. Industrial Mineral Information, London 412 S., ISBN 1-904333-04-4
- Schweizerische Geotechnische Kommission (1996): Die mineralischen Rohstoffe der
Schweiz.- Herausgegeben von der Schw. Geotech. Komm., Zürich, 522 S., ISBN 3-907997-00-X
- Geotechnische Karte der Schweiz 1:200 000, 2. Aufl. Schweiz. Geotechn. Komm.
- Trueb, L.F. (1996): Die chemischen Elemente - Ein Streifzug durch das Periodensystem. S. Hirzel Verlag, Stuttgart, 416 S., ISBN 3-
7776-0674-X
- Kesler, S. E. (1994): Mineral Resources, Economics and the Environment.-
Macmillan College Publishing Company, Inc., New York., 392 S., ISBN 0-02-362842-1

651-4036-00L Field Excursion Module Mineral Resources
Priority is given to D-ERDW students. If space is available
UZH Geography and Earth System Sciences students
may attend this field course at full cost.

No registration through myStudies. The registration for

W  3 credits 6P T. Driesner, C. Chelle-Michou
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excursions and field courses goes through
http://exkursionen.erdw.ethz.ch only.

Abstract Excursion to areas of active and past mining activity and practical industry courses. Mapping relations between regional/local geology and
ore deposit formation in the field and in active mines. Insight into the work of mine and exploration geologists, including geophysical
measurements, geochemical data handling, economic evaluation, etc.

Objective Understand the regional and local geology as a framework for ore deposit formation. Detailed field and drill core mapping of hydrothermal
veining and alteration. Discuss actual mineral deposits and their position within this framework during mine visits. Study similarities and
differences between processes leading to the formation of different ore deposit types. Obtain insight into challenges linking economic
geology and mining with social and environmental constraints.

Prerequisites /
notice

Course plans changing through the years. Subscribe through MyStudies once.

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

651-4024-00L Mineral Resources II W  3 credits 2G C. Chelle-Michou, T. Driesner
Abstract Magmatic-hydrothermal ore formation from plate-tectonic scale to fluid inclusions, with a focus on porphyry-Cu-Au deposits, epithermal

precious-metal deposits and granite-related Sn-W deposits
Objective Recognise and interpret ore-forming processes in hand samples. Understand the string of processes that contribute to metal enrichment

mainly along active plate margins, from lithosphere dynamics through magma evolution, fluid separation, subsolidus fluid evolution, and
alteration and mineral precipitation by interaction of magmatic fluids with country rocks and the hydrosphere. Understand connection to
active volcanism and geothermal processes.  Insight into modern research approaches including field mapping, analytical techniques and
modelling in preparation for MSc projects.

Content Detailed program of contents will be updated yearly.
Lecture notes Short notes are distributed in class
Literature Extensive reference list distributed with course notes
Prerequisites /
notice

Builds on BSc integration course "Integrierte Erdsysteme" and MSc course "Ore Deposits I",  as essential introductions to the principles of
hydrothermal ore formation in sedimentary basins and to orthomagmatic metal enrichment. Reflected Light Microscopy and Ore Deposit
Practical, coordinated with Ore Deposits I, is recommended but not essential. BSc students intending to study the module Mineral
Resources in their MSc program should take both courses "Ore Deposits I and II" during their MSc studies.

 Geochemistry
 Geochemistry: Compulsory Courses

Number Title Type ECTS Hours Lecturers

651-4226-00L Geochemical and Isotopic Tracers of the Earth
System
Does not take place this semester.

O  3 credits 2V D. Vance

Abstract This unit discusses the geochemical approaches used to understand the dynamics of the surface Earth, now and in the past. Emphasis is
placed on gaining a basic understanding of how the tracers work, e.g. on the modern Earth. Case studies will be used to appreciate what
we can learn about the past, in particular the major changes that the surface Earth system has undergone over Earth history.

Objective This unit is designed with the particular aim of providing a firm grounding in the geochemical methods used to observe and trace the Earth
System, now and in the past. The approach in lectures will be the pursuit of a sound understanding of the controlling physical and chemical
factors of each method, to encourage students to think about their application and interpretation from first principles. Exercises will provide
an opportunity to analyse real data, to understand their meaning, and to quantitatively interpret them in the context of simple box models.

Content Most of the important geochemical and isotopic methods used to study the surface Earth will be covered, including: tracing the hydrological
cycle using stable isotopes , geochemical and isotopic tracing of the carbon cycle, the chemistry of aerosols in the atmosphere, using
boron isotopes to understand the oceanic carbonate system, using radiogenic isotopes as surface Earth tracers (including U-series, Sr-
Nd-Pb etc), the silica cycle at the surface Earth (including silicon isotopes), trace metals and their isotopes (focusing on surface Earth
redox).

Real data will be woven through all of these but case studies using geochemical data will come from e.g. the 
Quaternary (ice cores, ocean sediments and speleothems), the history of Cenozoic CO2 , Mesozoic OAEs, the early oxygenation of the
Earth.

Lecture notes Slides of lectures will be available.

 Geochemistry: Courses of Choice
Number Title Type ECTS Hours Lecturers

651-4228-00L Topics in Planetary Sciences W  3 credits 2G H. Busemann, A. Rozel,
M. Schönbächler, P. Tackley

Abstract The course is based on reading and understanding research papers. Topics vary and cover e.g. planetary geophysics, geochemistry and
dynamics including new results from space missions or models of the dynamical evolution of planetary bodies as well as planet and solar
system formation. 
Each selected research paper is presented by a student, who then also leads an open discussion on the topic.

Objective The goal of the course is to discuss topics in planetary sciences in-depth, which were not covered in the general planetary science courses.
The course particularly aims at training the student's ability to critically evaluate research papers, to summarize the findings concisely in an
oral presentation, to discuss the science in a group and give constructive feedback on presentations.
The course should enable the students to better understand the presented research, even if not in their fields of expertise and to convey
scientific results to students with a distinct study direction (geology, geochemistry or geophysics).

Content Topics, relevant papers selected typically from the recent literature by the lecturers, will vary. Suggestions from students are welcome, but
have to be discussed with a lecturer before the topics are listed and distributed. Special introductions are given to discuss good
presentation practise. 

Topics could include, e.g.:
- Formation of the solar system and the terrestrial planets
- Evolution of terrestrial bodies (Mercury, Venus, Moon, Mars, Vesta and the other asteroids)
- Active asteroids/main-belt comets, icy moons (Ganymede, Callisto, Enceladus), comets and the outer solar system
- Geophysical, geomorphologic and geochemical exploration of planetary bodies (e.g., remote sensing, meteorite studies, seismology,
modelling)
- exoplanets and transiting bodies from outside the solar system

Prerequisites /
notice

The students are expected to have passed either course 651-4010-00L Planetary Physics and Chemistry or course 651-4227-00L
Planetary Geochemistry.

651-4004-00L The Global Carbon Cycle - Reduced W  3 credits 2G T. I. Eglinton, M. Lupker
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Abstract The carbon cycle connects different reservoirs of C, including life on Earth, atmospheric CO2, and economically important geological
reserves of C.  Much of this C is in reduced (organic) form, and is composed of complex chemical structures that reflect diverse biological
activity, processes and transformations.

Objective A wealth of information is held within the complex organic molecules, both in the context of the contemporary carbon cycle and its links to is
other biogeochemical cycles, as well as in relation to Earth's history, the evolution of life and climate on this planet.

In this course we will learn about the role of reduced forms of carbon in the global cycle, how these forms of carbon are produced, move
around the planet, and become sequestered in the geological record, and how they can be used to infer biological activity and conditions
on this planet in the geologic past. The course encompasses a range of spatial and temporal scales, from molecular to global, and from the
contemporary environment to earliest life.

Prerequisites /
notice

This course and the lecture course "651-4044-00L Geomicrobiology and Biogeochemistry"
https://lms.uzh.ch/url/RepositoryEntry/16135979092?guest=true&lang=en are good preparations for the combined Field-Lab Course ("651-
4044-02 P Geomicrobiology and Biogeochemistry Field Course" and "651-4044-01 P Geomicrobiology and Biogeochemistry Lab
Practical"). Details under https://lms.uzh.ch/url/RepositoryEntry/16135979094?guest=true&lang=en

651-4044-04L Micropalaeontology and Molecular Palaeontology W  3 credits 2G H. Stoll, C. De Jonge, T. I. Eglinton,
I. Hernández Almeida

Abstract The course aims to provide an introduction to the key micropaleontological and molecular fossils from marine and terrestrial niches, and the
use of these fossils for reconstructing environmental and evolutionary changes.

Objective The course aims to provide an introduction to the key micropaleontological and molecular fossils from marine and terrestrial niches, and the
use of these fossils for reconstructing environmental and evolutionary changes. 

The course will include laboratory exercises with microscopy training: identification of plantonic foraminifera and the application of transfer
functions, identification of calcareous nannoliths and estimation of water column structure and productivity with n-ratio, identification of
major calcareous nannofossils for Mesozoic-cenozoic biostratigraphy, Quaternary radiolarian assemblages and estimation of diversity
indices.  
The course will include laboratory exercises on molecular markers include study of chlorin extracts, alkenone and TEX86 distributions and
temperature reconstruction, and terrestrial leaf wax characterization, using GC-FID, LC-MS, and spectrophotometry.

Content Micropaleontology and Molecular paleontology
1.    Introduction to the domains of life and molecular and mineral fossils.  Genomic classifications of domains of life.  Biosynthesis and
molecular fossils and preservation/degradation.  Biomineralization and mineral fossils and preservation/dissolution.  Review of stable
isotopes in biosynthesis. 
2.    The planktic niche – primary producers.  Resources and challenges of primary production in the marine photic zone – light supply,
nutrient supply, water column structure and niche partitioning.  Ecological strategies and specialization, bloom succession, diversity and
size  gradients in the modern ocean. Introduction to principal mineralizing phytoplankton – diatoms, coccolithophores, dynoflagellates, as
well as cyanobacteria. Molecular markers including alkenones, long-chain diols and sterols, IP25, pigments, diatom UV-absorbing
compounds.  Application of fossils and markers as environmental proxies. Long term evolutionary evidence for originations, radiations, and
extinctions in microfossils and biomarkers; evolution of size trends in phytoplankton over Cenozoic, geochemical evidence for evolution of
carbon concentrating mechanisms.  Introduction to nannofossil biostratigraphy. 
3.    The planktic niche – heterotrophy from bacteria to zooplankton.  Resources and challenges of planktic heterotrophy – food supply,
oxygen availability, seasonal cycles, seasonal and vertical niche partitioning.  Introduction to principal mineralizing zooplankton planktic
foraminifera and radiolaria: ecological strategies  and specialization, succession, diversity and size  gradients in the modern ocean.
Morphometry and adaptations for symbiont hosting.  Molecular records such as isorenieratene and Crenoarcheota GDGT; the debate of
TEX86 temperature production.  Long term evolutionary evidence for originations, radiations, and extinctions in microfossils; evolution of
size and form, basic biostratigraphy.  Molecular evidence of evolution including diversification of sterol/sterine assemblages. 
4.    The benthic niche – continental margins.  Resources and challenges of benthic heterotrophy – food supply, oxygen, turbulence and
substrate.  Principal mineralizing benthic organisms – benthic foraminifera and ostracods. Benthic habitat gradients (infaunal and epifaunal;
shallow to deep margin.  Microbial redox ladder in sediments. Molecular markers of methanogenesis and methanotrophy, Anamox
markers, pristine/phytane redox indicator.  Applications of benthic communities for sea level reconstructions.  Major originations and
extinctions. 
5.    The benthic niche in the abyssal ocean.  Resources and challenges of deep benthic heterotrophy.  Benthic foraminifera, major
extinctions and turnover events. Relationship to deep oxygen level and productivity. 
6.    Terrestrial dry niches -soils and trees.  Resources and challenges - impacts of temperature, humidity, CO2 and soil moisture on
terrestrial vegetation and microbial reaction and turnover. Introduction to pollen and molecular markers for soil pH, humidity, leaf wax C3-
C4 community composition and hydrology.  Long term evolution of C4 pathway, markers for angiosperm and gymnosperm evolution.
7.    Terrestrial aquatic environments – resources and challenges.  Lake systems, seasonal mixing regimes, eutrophication, closed/open
systems.  Introduction to lacustrine diatoms, chironomids, testate amoeba.  Molecular markers in lake/box environments including
paleogenomics of communities.

Lecture notes A lab and lecture manual will be distributed at the start of the course and additional material will be available in the course Moodle
Literature Key references from primary literature will be provided as pdf on the course moodle.
Prerequisites /
notice

Timing: The course starts on February 19 and ends on May 28. Prerequisites: Recall and remember what you learned in introductory
chemistry  and biology

 Open Choice Modules Mineralogy and Geochemistry
 Modules from the Geology Major

Choice from the Geology Open Choice Modules

Choice from the Geolgy Restricted Choice Modules

 Modules from the Engineering Geology Major
Modules from the Engineering Geology Compulsory
Modules

 Modules from the Geophysics Major
Modules from the Geophysics Restricted Choice Modules

Modules from the Geophysics Compulsory Modules

 Module from the Major Mineralogy and Geochemistry
Choice from Mineralogy and Geochemistry Open Choice
Modules

Choice from Mineralogy and Geochemistry Restricted
Choice Modules

 Electives
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Courses can be chosen from the complete offerings of the ETH Zurich and University of Zurich (according to prior agreement with the MSc Committee).

Number Title Type ECTS Hours Lecturers

Choice of courses from the complete offerings in Earth
Sciences MSc

651-4040-00L Alpine Field Course
Priority is given to D-ERDW students. If space is available
UZH Geography and Earth System Sciences students
may attend this field course at full cost.

No registration through myStudies. The registration for
excursions and field courses goes through
http://exkursionen.erdw.ethz.ch only.

W  4 credits 4P E. Reusser, P. Brack, P. Ulmer

Abstract Extended field excursion (duration 7 days) adressing different topics dependent on the localities visited (varies from year to year).
Objective Understanding the tectonics and the geological history of the Alps.
Content 2018: to be defined
Lecture notes Excursion guide
Prerequisites /
notice

MSc students only. Strenuous walks.

Geography and Earth System Sciences students UZH may attend this field course at full costs (no subsidies).



Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

651-4096-02L Inverse Theory II: Applications
Prerequisites: The successful completion of 651-4096-00L
Inverse Theory I: Basics is mandatory.

W  3 credits 2G A. Fichtner, C. Böhm

Abstract This second part of the course on Inverse Theory provides an introduction to the numerical solution of large-scale inverse problems.
Specific examples are drawn from different areas of geophysics and image processing. Students solve various model problems using
python and jupyter notebooks, and familiarize themselves with relevant open-source libraries and commercial software.

Objective This course provides numerical tools and recipes to solve (non)-linear inverse problems arising in nearly all fields of science and
engineering. After successful completion of the class, the students will have a thorough understanding of suitable solution algorithms,
common challenges and possible mitigations to infer parameters that govern large-scale physical systems from sparse data
measurements. 

Prerequisites for this course are (i)  651-4096-00L Inverse Theory: Basics, (ii) basic programming skills.

Content The class discusses several important concepts to solve (non)-linear inverse problems and demonstrates how to  apply them to real-world
data applications. All sessions are split into a lecture part in the first half, followed by tutorials using python and jupyter notebooks in the
second. The range of covered topics include:

1. Regularization filters and image deblurring
2. Travel-time tomography
3. Line-search methods
4. Time reversal and Born’s approximation
5. Adjoint methods
6. Full-waveform inversion

Lecture notes Presentation slides and some background material will be provided.
Prerequisites /
notice

This course is offered as a half-semester course during the second part of the semester

651-4219-00L The Mineralogy of Steelmaking / Steel Plant Visit
Does not take place this semester.
Number of participants limited to 22.

W  1 credit 1V

Abstract Iron is utilised by mankind since thousands of years and the present day world wide production of about 1.5 billon tons of steel makes the
latter to one of the most important and irreplaceable industrial products. This course will communicate the relevant solid-liquid-vapor
reactions along the production route of an integrated steel plant as an example for applied mineralogy.

Objective This course will put emphasis on applied mineralogy and show how concepts, familiar to Earth scientists, are being applied to industrial
processes.

Integral part of this course is a visit to the UNESCO world cultural heritage site "Völklingen Ironworks" and a factory tour through the steel
plant of Dillinger (both Saarland, Germany). The excursion will take place on the third to fourth day with one overnight stay.

Content The course will cover the following topics:
- Pre-blast furnace processing of ores, coals and additives
- Melting and reduction in the blast furnace
- The "Basic Oxygen Furnace": de-carburisation, and the conversion from "hot metal" towards steel
- Secondary steelmaking: de-oxidation and non-metallic inclusions
- By-products: Chemistry, properties and applications of blast furnace and steelmaking slags
- Chemistry and properties of refractory materials 
- The role of silicate liquids during casting steel
- Industry excursion to an active steel producing site

Prerequisites /
notice

Four day block-course with lectures between 10-12h and 13-15h. Industry excursion on the fourth day; leaving the third day afternoon.

651-5202-00L Analytical Solutions for Deformation Structures
Does not take place this semester.

W  1 credit 2G

Abstract The course consists of theoretical lectures (1/3) and practical exercises (2/3). In the lectures the concepts of continuum mechanics,
dimensional analysis and analytical solutions for the equations of continuum mechanics will be discussed and explained. Both deformations
of solids and fluids will be discussed.

Objective The main aim is that the participants learn how to derive and apply analytical solutions of continuum mechanics to quantify deformation
processes which generated geological structures such as faults, fractures, nappes, shear zones, boudins or folds. 
Another aim is that the participants learn the application of dimensional analysis to analytical solutions in order to reduce the number of
model parameters and to make the solutions generally valid.
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Content Friction at the base of thrust sheets (the overthrust paradox and application to Glarus thrust).
Solutions for elastic deformations using Airy stress function
- 2D stress field in an elastic thrust block. Application to listric faults.
- 2D stress field in an elastic plate with spherical hole. Application to fracture propagation.
Solutions for viscous deformations
- 1D velocity profile across ductile shear zones with temperature dependent viscosity. Application to fold nappes. 
- Nonlinear solution for viscous necking. Application to pinch-and-swell and slab detachment.
- Nonlinear solution for high amplitude folding. Application to strain and competence contrast estimation from fold shapes.

Prerequisites /
notice

Basic knowledge of tectonics and structural geology and basic experience with MATLAB is advantageous.
Exercises will be mainly done with computers using the software MATLAB and Maple but some exercises are done using pencil and paper.

651-5104-00L Deep Electromagnetic Sounding of the Earth and
Planetary Interiors
The attendance of Mathematical Methods  (651-4130-00L,
Autumn Semester) is advisable.

W  3 credits 2G A. Kuvshinov, A. Grayver,
F. Samrock

Abstract The course guides students in learning about phenomenon of the electromagnetic induction in the Earth and other terrestrial planets. The
course focuses on analysis and interpretation of long-period time-varying EM fields observed on the ground and in space, which are used
to image electrical conductivity in the Earth and planetary interiors.

Objective The objectives of this course are:
(i) Development of the geophysical and mathematical tools needed to understand electromagnetic induction through the analysis of the
Maxwell's equations.
(ii) Acquisition of knowledge concerning physical nature of the magnetospheric, ionospheric and ocean induced electromagnetic  signals. 
(iii) Basics of the data interpretation and applications in the fields of deep mantle physics, geothermal exploration and space weather
hazards.

Content Tentative content of the lectures:
(i)    Introduction to electromagnetic induction: governing equations, summary of the main EM sounding methods 
(ii)    Electrical conductivity of rocks and minerals: conduction mechanisms, anisotropy
(iii)    Basics of geomagnetic deep sounding (GDS) method: solution of Maxwell’s equations in spherical geometry, GDS transfer functions
(iv)    Basics of magnetotelluric (MT) method: solution of Maxwell’s equations in Cartesian geometry, MT transfer functions
(v)    Motional induction: tidal magnetic signals, satellite observations
(vi)    Data acquisition and processing 
(vii)    Numerical solution of Maxwell's equations in models with 3-D conductivity distribution 
(viii)    Geomagnetic depth sounding of terrestrial planets
(ix)    Other applications: geothermal exploration, mantle conductivity studies, space weather modeling

651-1617-00L Geophysical Fluid Dynamics and Numerical Modelling
Seminar

Z Dr 0 credits 1S P. Tackley, T. Gerya

651-4044-01L Geomicrobiology and Biogeochemistry Lab Practical
Prerequisites: "Geomicrobiology and Biogeochemistry
Field Course" (651-4044-02L).
The attendance of "Micropalaeontology and Molecular
Palaeontology" (651-4044-04L) or "The Global Carbon
Cycle - Reduced" (651-4004-00L) is recommended but
not mandatory.

W  2 credits 2P T. I. Eglinton

Abstract 1. Analysis of organic molecules in extracts from soils of different ages in glacial flood fields, in altitudinal gradients from different bedrocks,
from sediments, from Cryoconites in glacial ice and from living biofilms in high altitude aquatic ecosystems, and from mineral springs.
2. Analysis of matrix components of the ecosystems: dissolved compounds, minerals, clays, trace metals.

Objective The student will be able 
-    to design strategies for collecting samples in the field suitable for subsequent analyses in the laboratory
-    to critically evaluate his/her own analytical data and put it into a scientific context.

Content 1. Preparing field work based on research hypotheses. 
2. Designing field sampling strategies, proper sampling collection and preservation. 
3. Documenting environmental conditions and observations at the sampling sites. 
4. Extracting organic molecules from environmental samples with different matrixes. 
5. Working under clean conditions and handling samples without contaminating them.
6. Discussing the results and documenting the outcomes in a scientific report.

This Lab Practical, together with the corresponding Field Trips form part of a continuing "Course Research" unit.

During the field section in the Eastern Alps, we will visit a number of sites that offer
- different bedrocks (dolomite, gneiss, shale, serpentinite, radiolarite, mine tailings) and will study the organics in the soils that formed on
them.
- aquatic ecosystems (lakes, rivers, springs) at high altitudes and greatly varying salinities and redox conditions. 
- glacial ice (organics in Cryoconites and in ice)
- organics from pioneering colonizer organisms in lakes formed during the recent retreat of glaciers.
- sediments recently deposited in lakes and flood planes as well as shales that date back to the Mesozoic.

Procedures for sampling, sample preparation and processing (extraction, analyses) will be defined on the first day of the field course.

Lecture notes Procedures for sampling, extraction and analyses will be designed on a special preparation day during the field trips and later in the course
of the lab sessions.

Literature Field guides and details about the course logistics will become available to enrolled students on OLAT via Details under
https://lms.uzh.ch/url/RepositoryEntry/16318464010?guest=true&lang=de

Prerequisites /
notice

The laboratory module (651-4044-01L) takes place as a small research project during the fall semester. Samples collected in the field will
be analysed under guidance in the labs of the Biogeosciences Group. The timing of the lab work will be individually adjusted based on the
availability of assistants and analytical resources.

Students who sign up for both, the field and the lab component, are given priority. There are 10 places available for the project section. The
section requires participation on the field trips. It is possible, however, to participate in the field section only without signing up for the
project section. 

At the end of the project section, participants write a report in the style of a scientific paper that contains descriptions of the sampling
location, the sample collection and preservation procedures and protocols, description of the analytical methods, the data obtained from
analyses of the measured samples and a discussion of the results. 

Prerequisites: "Geomicrobiology and Biogeochemistry Field Course" (651-4044-02L). The lecture course "651-4004-00L The Carbon Cycle
- reduced" is recommended for the project.
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651-4068-00L Engineering Geology Seminar W+  2 credits 2S S. Löw, Q. Lei
Abstract The seminar includes external and internal lectures on ongoing research topics and the presentation and defence of own MSc thesis

research results. In addition students have the opportunity to make new contacts with researchers and practitioners, and get an
understanding of the international engineering geology community.

Objective The students get an insight into selected research & development topics in engineering geology, hydrogeology and geothermics. The
students present and discuss their MSc thesis research results topic with a larger scientific audience.

Content This seminar includes internal and guest lectures related to engineering geology and hydrogeology research topics and presentations of
the MSc thesis project results. Students have to attend 8 guest lectures in total during semester 2 and/or 4 and present and defend their
own research results in semester 4. They keep a record of the attended guest lectures (using a prepared confirmation sheet).

Lecture notes The course offers guidelines how to orally present scientific results.
Prerequisites /
notice

Completed and accepted research plan. Significant results of own MSc thesis work.

651-1615-00L Colloqium Geophysics W  1 credit 1K A. Obermann
Abstract This colloquium comprises geophysical research presentations by invited leading scientists from Europe and overseas, advanced ETH

Ph.D. students, new and established ETH scientists with specific new work to be shared with the institute. Topics cover the field of
geophysics and related disciplines, to be delivered at the level of a well-informed M.Sc. graduate/early Ph.D. student.

Objective Attendants of this colloquium obtain a broad overview over active and frontier research areas in geophysics as well as opened questions.
Invited speakers typically present recent work: Attendants following this colloquium for multiple terms will thus be able to trace new
research directions, trends, potentially diminishing research areas, controversies and resolutions thereof, and thus build a solid overview of
state and direction of geophysical research. Moreover, the diverse content and delivery style shall help attendants in gaining experience in
how to successfully present research results.

651-1180-00L Research Seminar Structural Geology and Tectonics Z  0 credits 1S W. Behr
Abstract A seminar series with both invited speakers from both inside and outside the ETH.
Objective The seminar series provides an opportunity to convey the latest research results to students and staff.
Content Informal seminars with both internal and external speakers on current topics in Structural Geology, Tectonics and Rock Physics. The

current program is available at: http://www.structuralgeology.ethz.ch/news-and-events/events-and-seminars.html

651-4144-00L Introduction to Finite Element Modelling in
Geosciences

W  2 credits 3G A. Rozel, P. Sanan

Abstract Introduction to programming the Finite Element Method (FEM) in 1D and 2D.
Objective Topics covered include thermal diffusion, elasticity, Stokes flow, isoparametric elements, and code verification using the method of

manufactured solutions. The focus is on hands-on programming, and you will learn how to write FEM codes starting with an empty
MATLAB script.

Content Course content includes brief derivation and implementation details for the Finite Element Method (FEM) for thermal diffusion, linear
elasticity, and incompressible Stokes flow, using numerical quadrature and isoparametric elements. 1-dimensional examples are extended
to 2 dimensions. Code verification is introduced, using the method of manufactured solutions. The focus is on hands-on programming;
course exercises encourage development of a series of increasingly-complex codes, starting with an empty MATLAB script. A final project
allows students flexibility to apply the method to an application of interest or to a standard problem.

Note: proficient users of numerical Python are free to use that environment, instead of MATLAB.

Lecture notes The script will be made available online.
Literature There is no mandatory literature. Some recommended literature will be discussed and made available during the course.
Prerequisites /
notice

Good knowledge of MATLAB (or self-sufficiency with numerical Python), linear algebra, and knowledge of programming the finite difference
method.

The following courses are recommended before attending this course:
651-4241-00L Numerical Modelling I and II: Theory and Applications
651-4007-00L Continuum Mechanics
651-4003-00L Numerical Modelling of Rock Deformation

651-4156-00L Advanced Numerical Techniques for Modelling of
Earth Systems
Does not take place this semester.

W  2 credits 3G

Abstract We will be practicing several advanced numerical techniques that are usually beyond the scope of introductory modeling courses but are of
extreme importance for cutting edge numerical applications. Learning by doing exercises with MATLAB and MAPLE is the course
philosophy.  No lecturing, no reading, no hand derivation, programming practice only.

Objective The techniques include Maple derivations of the thermodynamically consistent closed system of equations for multiphase and
multicomponent transport coupled to deformation, conservative numerical schemes for highly nonlinear processes (blow-up, shock and
solitary waves, finite support solutions)  and ways to handle mesh locking for coupled systems.

651-4904-00L Digital Topography and Geomorphology Practical
Number of participants limited to 20.

W  2 credits 1G E. Deal

Abstract The abundance of data that describes the shape and the physical properties of the Earth's surface provides us with the opportunity to
understand the interactions between the solid Earth, the biosphere and the atmosphere. It allows researchers to detect and quantify
tectonic, climatic and geomorphic signatures preserved in the landscape.

Objective This course will teach the basic methods available through GIS tools, and spatially-based computations based on standard, publicly
available data. We will also learn about conversions beween standard formats, visualization methods, data extraction and standard
geomorphic analyses.

Content Topographic data, as well as satellite and aerial photography became widely available during the last decade and are now extremely
common in virtually any field of Earth Sciences. This data allows researchers to detect and quantify tectonic, climatic and geomorphic
signatures preserved in the landscape. This includes, but is not limited to, the topographic expression of active faults, different tectonic and
climate forcings, and various geomorphic process regimes. During this half-semester course (first half-semester) students will learn how to
analyze and interpret digital topographic data to improve understanding of how landscapes record tectonic and geomorphic processes
through a series of case-studies and hands-on practicals.

Literature No required textbook, but students will be expected to read primary literature (provided by lecturer) associated with each case-study prior
to each class.

Prerequisites /
notice

The course will utilize both ArcGIS and Matlab software.

860-0015-00L Supply and Responsible Use of Mineral Resources I W  3 credits 2G B. Wehrli, F. Brugger,
K. Dolejs Schlöglova, S. Hellweg,
C. Karydas
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Abstract Students critically assess the economic, social, political, and environmental implications of extracting and using energy resources, metals,
and bulk materials along the mineral resource cycle for society. They explore various decision-making tools that support policies and
guidelines pertaining to mineral resources, and gain insight into different perspectives from government, industry, and NGOs.

Objective Students will be able to:
- Explain basic concepts applied in resource economics, economic geology, extraction, processing and recycling technologies,
environmental and health impact assessments, resource governance, and secondary materials.
- Evaluate the policies and guidelines pertaining to mineral resource extraction.
- Examine decision-making tools for mineral resource related projects. 
- Engage constructively with key actors from governmental organizations, mining and trading companies, and NGOs, dealing with issues
along the mineral resource cycle.

Prerequisites /
notice

Bachelor of Science, Architecture or Engineering, and enrolled in a Master's or PhD program at ETH Zurich. Students must be enrolled in
this course in order to participate in the case study module course 860-0016-00 Supply and Responsible Use of Mineral Resources II.

860-0016-00L Supply and Responsible Use of Mineral Resources II
Prerequisite is 860-0015-00 Supply and Responsible Use
of Mineral Resources I. Limited to 12 participants. First
priority will be given to students enrolled in the Master of
Science, Technology, and Policy Program. These
students must confirm their participation by February 7th
by registration through myStudies. Students on the waiting
list will be notified at the start of the semester.

W  3 credits 2U B. Wehrli, F. Brugger, S. Pfister

Abstract Students integrate their knowledge of mineral resources and technical skills to frame and investigate a commodity-specific challenge faced
by countries involved in resource extraction. By own research they evaluate possible policy-relevant solutions, engaging in interdisciplinary
teams coached by tutors and experts from natural social and engineering sciences.

Objective Students will be able to:
- Integrate, and extend by own research, their knowledge of mineral resources from course 860-0015-00, in a solution-oriented team with
mixed expertise
- Apply their problem solving, and analytical skills to critically assess, and define a complex, real-world mineral resource problem, and
propose possible solutions.
- Summarize and synthesize published literature and expert knowledge, evaluate decision-making tools, and policies applied to mineral
resources.
- Document and communicate the findings in concise group presentations and a report.

Prerequisites /
notice

Prerequisite is 860-0015-00 Supply and Responsible Use of Mineral Resources I. Limited to 12 participants. First priority will be given to
students enrolled in the Master of Science, Technology, and Policy Program. These students must confirm their participation by February
7th by registration through MyStudies. Students on the waiting list will be notified at the start of the semester.

651-2001-00L Semester Research Project W  3 credits 6A Lecturers
Abstract Small individual research project done by a student and supervised by a Professor/Dozent/Oberassistent of D-ERDW. The content of each

project is unique and is defined by the supervisor. The project consists of research activity aimed at producing new scientific results and/or
data.  Short scientific report/paper is written by the student, which serves as a basis for project grading.

Objective - To learn logic, content and methodology of research aimed at producing new scientific results and/or data.
- To familiarize with research procedures in a selected scientific area.
- To obtain experience in writing scientific reports/papers.

Content The content of each project is unique and not related to the BSc or MSc Thesis. This content is defined by the supervisor and discussed
with the student, who agrees to take the project. The project should mainly consist of research activity aimed at producing new scientific
results and/or data and cannot be limited to a literature work.  Short scientific report is written by the student at the end of the project, which
serves as a basis for the project grading.

Prerequisites /
notice

Grading criteria for the Semester project is similar to these for an MSc project according to the assessment criteria of the MSc Project
Proposal.

The Semester Research Project has a clear-defined scope of work that is not related to the BSc or MSc Thesis.

651-1091-00L Colloquium Department Earth Sciences
Does not take place this semester.

Z  0 credits 1K M. W. Schmidt

Abstract Invited speakers from the entire range of Earth Sciences.
Objective Selected themes in sedimentology, tectonics, paläontology, geophysics, mineralogy, paleoclimate and engineering geology on a regional

and global scale.
Content According to variable program.
Lecture notes No
Literature No
Prerequisites /
notice

Note: Geologisches Kolloquium 651-1091-01 K: The presentations are held in German. Membership of the Geological Society in Zurich is
not required.

651-2600-01L Geography of Switzerland (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: GEO126

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  3 credits 2V University lecturers

Abstract Introduction to the geography of Switzerland from a social and political scientific perspective.
Objective - Sie verstehen die sozialen, politischen und kulturellen Eigenheiten

der Schweiz in ihrer räumlichen Ausprägung.
- Sie haben einen Einblick in die räumliche Dynamik der Schweiz in Bezug auf Urbanisierung, Mobilität, Migration und kennen die
Möglichkeiten und Grenzen einer planvollen Steuerung.

Content Aus dem Inhalt:
* Stadt-Land-Gegensatz, Urbanisierung
* Kulturelle Spannungsfelder: Sprache, Konfession usw.
* Regionale Disparitäten, Regionalismus
* Nationale Identität, Schweiz in Europa
* Föderalismus und Direktdemokratie
* Mobilität und Migration
* Segregation und Selbstselektion
* Räumliche Entwicklung und Planung

Literature Odermatt, André und Wachter, Daniel (2004): Schweiz  eine moderne Geographie. 3. Auflage. NZZ-Verlag, Zürich. Fr. 52.-
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651-2612-00L Human Geography II: Societal and Natural
Ressources (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: GEO122

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  5 credits 2V+2U University lecturers

Abstract The module consists of two parts: Human Geography Part 2 and Economic Geography Part 1. The module gives an introduction and a
deepening of the two parts.Illustration of theoretical concepts with execercices.

651-4121-00L Remote Sensing and Geographic Information
Sciences II (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: GEO123

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  5 credits 2V+2U University lecturers

651-4088-02L Physical Geography II (University of Zürich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: GEO121

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  5 credits 2V+4U+2P University lecturers

Objective Solide Grundkenntnisse in den Bereichen Atmosphäre und Klima sowie
Hydrologie

651-4276-00L Alpine Engineering Geological Excursions
Priority is given to D-ERDW students (Major in
Engineering Geology). If space is available UZH
Geography and Earth System Sciences students may
attend this field course at full cost.

No registration through myStudies. The registration for
excursions and field courses goes through
http://exkursionen.erdw.ethz.ch only.

W+  1 credit 2P S. Löw, J. Aaron

Abstract This course includes 4 days of specialized engineering geologic excursions that are offered by the chair of engineering geology. Topics
include visits to landslides and to ongoing construction and research sites (landslides, tunnels, hydropower systems, foundations, roads,
waste disposal sites) in the Swiss and Italian Alps.

Objective Increase the amount of field exposure and field experience in alpine engineering geology.
Prerequisites /
notice

Only new excursions can be selected, that have not been taken in previous study years, or that are not included as compulsory excursions
in other selected courses.

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW 
https://www.ethz.ch/content/dam/ethz/special-interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

651-4240-00L Geofluids W+  6 credits 5G X.-Z. Kong, T. Driesner, A. Ebigbo,
A. Moreira Mulin Leal

Abstract This course presents advanced topics of single and multiphase fluid flow, heat transfer, reactive transport, and geochemical reactions in
the subsurface. Emphasis is on the understanding of the underlying governing equations of each physical and chemical process, and its
relevance to applications, e.g., groundwater management, geothermal energy, CO2 storage, waste disposal, and oil/gas production.

Objective This course will enable students to understand and model basic physical and chemical processes in the subsurface, such as fluid flow,
reactive transport, heat transfer, and fluid-rock interactions in a porous and/or fractured medium. The students will learn the underlying
governing equations, followed by a demonstration of their solution, analytically or numerically. By the end of the course, the student should
be able to:
1.    Understand, formulate, derive, and solve basic equations of fluid flow, heat transfer, and solute transport;
2.    Understand the physical processes governing multiphase flow and be able to simplify a general formulation into a simpler and more
practical modeling problem;
3.    Solve simple flow problems affected by fluid density (induced by solute concentration or temperature);
4.    Understand uncertainties pertaining to these processes in regional geofluid systems;
5.     Assess simple coupled reactive transport problems.

Content 1)    Introduction to the basic concepts of fluid flow in the subsurface
2)    Immiscible fluid flow in porous/fractured media 
3)    Reactive transport, heat transfer and solute transport 
4)    Density-driven flow
5)    Uncertainty estimation
6)    Reactive transport
7)    Fluid injection and production
8)    Fluid-rock interactions (non-mechanical)
        (8a) mineral and gas solubility in brines
        (8b) mineral dissolution/precipitation affecting rock porosity and permeability

Literature R. Allan Freeze and John A. Cherry. Groundwater. 1979.
Steven E. Ingebritsen, Ward E. Sanford, and Christopher E. Neuzil. Groundwater in geologic processes. 2008.
Vedat Batu. Applied flow and solute transport modelling in aquifers. 2006.
Luigi Marini. Geological sequestration of carbon dioxide : thermodynamics, kinetics, and reaction path modeling. 2006.
Jacob Bear. Dynamics of fluids in porous media. 1988.

Prerequisites /
notice

Prerequisites: successful completion of 651-4023-00 Groundwater, 102-0455-00 Groundwater I or 651-4001-00 Geophysical Fluid
Dynamics

651-4164-00L Introduction to Palaeontology (University of Zurich)
No enrolment to this course at ETH Zurich. Book the

W  3 credits 2V H. Bucher
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corresponding module directly at UZH.
UZH Module Code: BIO148

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

Abstract This module provides the basis to understand the deep time dimension of evolution in the context of the permanent and reciprocal
interactions between life and environment.

Objective By the end of this module students should be able to
- name approaches and analytical tools for identifying fossils species, inclusive of ontogeny and intraspecific variation
- establish phylogenetic models
- extract the time component embedded in the fossil record and biogeographic distributions
- explore and describe ecological patterns and processes involved in the generation of species diversity from local (e.g. basin) to global
scales at times scales of 104 years and higher up.
- explain how changing environments shape phylogenies and diversity, and reciprocally how life modifies some physical and chemical
parameters of the environment.

Content The reconstruction of macroevolutionary patterns in time and space is only accessible from the fossil record. Emphasis will be put on the
nature and the structure of the whole range of relevant categories of data and on the methods utilized for their analyses (ontogenetic
development and intraspecific variation, species identification, phylogeny, biochronology, community analysis, macroecology). The role of
extreme physical and chemical stresses (e.g. abrupt climate changes, massive volcanism) in shaping evolutionary patterns will be
addressed with examples derived from mass extinctions. The relations between patterns and processes at these different hierarchical
levels will be discussed.

Prerequisites /
notice

A proactive participation of the students is fostered by critical reading and discussion of key-articles from the literature, by direct
observation and analysis of fossil material, as well as by the practicing of quantitative analytical methods.

651-4278-00L Monitoring the Earth from Satellites: Radar
Interferometry
Number of participants limited to 30.

W  3 credits 3G A. Manconi

Abstract A novel and unique course on space-borne SAR tailored to geosciences.  Students will develop independently projects on real case-
studies by leveraging open source data and software. Students' performance will be assessed by peers and by an international steering
committee during a mini-conference. The course is a pilot project in the Innovedum framework.

Objective The course aims at providing the tools to fully take advantage of space-borne SAR data in geoscience applications. The course will offer
the chance to learn a cutting-edge remote sensing technique and to independently apply the methods to real scenarios relevant for their
future activities as scientists and/or practitioners.

Content The activities of the course will show how to properly select and obtain SAR datasets, process them according to the state-of-art
algorithms, interpret the results, evaluate pros and cons on specific geological targets, and integrate the analysis of SAR data with other
survey and monitoring approaches. Moreover, practical exercises and field excursions are designed to pursue the “Learning by doing”
concept. 

Prerequisites /
notice

This course requires a background in Earth Sciences, thus the tapriority is to MSc students of the D-ERDW. In the case the course attracts
the attention of BSc, MSc, and PhD students from other ETH departments and/or other universities, they will be accepted provided that the
maximum number of participants does not exceed15 per year.

651-4280-00L Application of Small Drones for Geological Data
Acquisition
Number of participants limited to 10.

W  1 credit 1G M. Ziegler

Abstract Remote sensing data from unmanned airborne platforms are increasingly used in industry, public sector, and science. Geological
applications include but are not limited to high-resolution photographic images, photogrammetric 2.5D modelling, spectral imaging, or
laserscanning. The course will teach the necessary skills to plan, setup, and carry out drone flights for photogrammetric data acquisition.

Objective The major goal of this workshop is to teach the student the necessary details to plan and carry out a safe and successful UAV flight in
typcial geological outdoor environments. At the end of the course the student should be familiar with the important aspects of flight planning
and UAV (copter system) operation. Successful course participation, including practical training and a case study report, will allow the
student to use the Earth Science Department's drone system for her or his MSc project.

Content The course contains a theoretical and a practical part.

The theory part includes:
- Regulations on operating Unmanned Aerial Vehicles (UAVs) in Switzerland and abroad
- Drone systems and capabilities
- Introduction in photogrammetric data processing
- UAV flight planning for copter systems
- Procedure to deploy the drone in your project

The practical part includes:
- UAV flight planning (for flights at a test location, for the student's field area / case study)
- Manual and (semi)automated UAV flights

651-4108-00L Applied Geothermobarometry W  3 credits 2G A. Galli
Abstract This course aims to give a general introduction on the most important approaches concerning the estimates of pressure and temperature

conditions in metamorphic terrains. In particular, pressure-temperature grids, conventional geothermobarometers and metamorphic phase
diagrams (pseudosections) are introduced and used to reconstruct the pressure-temperature evolution for case study samples.

Objective This course provides an overview on the most used methods in modern geothermobarometry. Students will be introduced to estimates of
metamorphic conditions in the field, to calculations of P and T using conventional geothermobarometers and to software for calculating
phase equilibria and stable mineral assemblages with thermodynamic data. Advantages and disadvantages of each approach will be
discussed with the objective that students will be able to infer the metamorphic evolution of a rock/terrain.

Prerequisites /
notice

This course partly replaces and combines the courses “Phase Petrology” and “Computational Techniques in Petrology” of Prof. L.
Tajcmanová.

651-3280-00L Earth Science Excursions
Only for MSc and doctorate students of D-ERDW. Only for
excursions that are not part of the BSc excursion program
2.-6. semester.

No registration through myStudies. The registration for
excursions and field courses goes through
http://exkursionen.erdw.ethz.ch only.

W  1 credit 2P P. Brack

Abstract Advanced Earth Science Excursions for students with a special interest in Earth Science field studies.
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Prerequisites /
notice

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW 
https://www.ethz.ch/content/dam/ethz/special-interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

Only for excursions outside of the Bachelor excursions 2.-6. semester program.

651-3620-00L Geology of the Alps
Does not take place this semester.
In spring semester the course will be replaced with
"Geodynamics of the Alpine-Mediterranean Mountains
and Basins"

W  3 credits 2V+2P

Abstract Provides a practical, field-based introduction to the Geology of the Alps.
Objective To understand the development of the Alpine orogen from initial rifting and sedimentation, through the period of collision, mountainbuilding,

metamorphism and magmatism, to the current waning stages of exhumation and erosion.
Content The following topics are covered in a chronological order, and with reference to plate tectonic processes: (1) Prealpine crust; (2) Paleozoic

and Triassic; (3) Jurassic (rifting and ocean building); (4) Jurassic to Early Cretaceous (ocean); (5) Late Cretaceous (subduction and
flysch); (6) Tertiary, including the Molasse and Foreland Basin; (7) Geometry and development of the Western Alps; (8) Geometry and
development of the Central Alps; (9) Geometry and development of the Eastern Alps; (10) Tertiary metamorphism; (11) Tertiary
magmatism; (12) Deep structure of the Alps; (13) Neogene tectonics and exhumation.

Lecture notes Handouts are provided during lectures.
Literature Suggested additional literature:

Pfiffner, O.A. 2014. Geology of the Alps (Wiley)
Trümpy, R. 1980. Geology of Switzerland: A Guide Book. Part A An Outline of the Geology of Switzerland. Wepf & Co., Basel, 104 p.
Trümpy, R. 1980. Geology of Switzerland: A Guide Book. Part B Geological Excursions. Wepf & Co., Basel, 334 p.

Prerequisites /
notice

BSc Geography and Earth System Sciences students UZH may attend this field course at full costs (no subsidies).

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://cms-
author.ethz.ch/content/dam/ethz/special-interest/erdw/department/dokumente/studium/exkursionen/AGB_exkursionen.pdf

651-3624-00L Geodynamics of the Alpine-Mediterranean Mountains
and Basins
Due to the Coronavirus-Situation the course runs as a
block course without field course (total 2 weeks).
Schedule - June 2-12, 2020.

W  3 credits 4V+2P M. Handy, V. Picotti

Abstract The course is aimed at students in the Earth Sciences engaged in geodynamic research, from surface processes to crustal motion to
mantle dynamics. It conveys the essentials of Alpine-Mediterranean geology while bridging the gap between regional geology and modern,
process-oriented geodynamic research.

651-4105-00L Palaeomagnetism W  3 credits 2G A. Biedermann
Abstract This course focuses on the Earth’s magnetic field, and minerals and rocks as recorders of the past geomagnetic field. We will cover field

and laboratory methods, as well as analysis of paleomagnetic data. Applications of paleomagnetic data will be examined, such as
magnetostratigraphy, magnetic anisotropy or how paleomagnetic data can be used in geodynamics or tectonic studies.

Objective Gain an understanding of how paleomagnetism can be used in study of the Earth
Content 1. Earth's magnetic field

2. Magnetic minerals
3. Types of remanence
4. Paleomagnetic sampling and tests of stability
5. Analysis of remanent magnetization, and statistical tests
6. Laboratory measurements
7. Special topics (anisotropy, paleogeography, magnetostratigraphy, ...)

Literature Paleomagnetism: Magnetic Domains to Geologic Terranes by R.F. Butler
http://www.geo.arizona.edu/Paleomag/

Essentials of Paleomagnetism by L. Tauxe
https://earthref.org/MagIC/books/Tauxe/Essentials/

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
ERDW

see Science in Perspective: Language Courses ETH/UZH

 Master Project Proposal
Registration only possible with a special approval.

Number Title Type ECTS Hours Lecturers

651-4060-00L MSc Project Proposal
The MSc Project Proposal is only offered in autumn
semester, a registration in spring semester is subject to
special approval by the study director.

The introductory lecture on conduct as a scientist takes
place as a self-study course in spring semester. Please
contact the study coordination.

W  10 credits 21A Lecturers

Abstract The main purpose of the Master Project Proposal is to help students organize ideas, material and objectives for their Master Thesis, and to
begin development of communication skills. An integral part of the MSc Project Proposal is the lecture on Conduct as a Scientist.

Objective The main objectives of the Master Project Proposal are to demonstrate
the following abilities:
- to formulate a scientific question
- to present scientific approach to solve the problem
- to interpret, discuss and communicate scientific results in written form
- to gain experience in writing a scientific proposal
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Prerequisites /
notice

All students writing the MSc Project Proposal must attend an introductory lecture on "Conduct as a Scientist" held in autumn semester.

 Master's Thesis
Number Title Type ECTS Hours Lecturers

651-4062-00L Master's Thesis
Only students who fulfill the following criteria are allowed
to begin with their master thesis:
a. successful completion of the bachelor programme; 
b. fulfilling of any additional requirements necessary to
gain admission to the master programme;
c. have successful completed the MSc Project Proposal

O  30 credits 64D Lecturers

 Course Units for Additional Admission Requirements
The courses below are only available for MSc students with additional admission requirements.

Number Title Type ECTS Hours Lecturers

406-0062-AAL Physics I
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  5 credits 11R A. Vaterlaus

Abstract Introduction to the concepts and tools in physics: mechanics of point-like and rigid bodies, elasticity theory, elements of hydrostatics and
hydrodynamics, periodic motion and mechanical waves.

Objective Introduction to the scientific methodology. The student should develop his/her capability to turn physical observations into mathematical
models, and to solve them.
The student should acquire an overview over the basic concepts in mechanics.

Content Book: 
Physics for Scientists and Engineers, Douglas C. Giancoli, Pearson Education (2009), ISBN: 978-0-13-157849-4

Chapters:
1, 2, 3, 4, 5, 6 (without: 6-5, 6-6, 6-8), 7, 8 (without 8-9), 9, 10 (without 10-10), 11 (without 11-7), 13 (without 13-13, 13-14), 14 (without 14-
6), 15 (without 15-3, 15-5)

Literature see "Content"

Friedhelm Kuypers
Physik für Ingenieure und Naturwissenschaftler
Band 1: Mechanik und Thermodynamik
Wiley-VCH Verlag, 2002, 544 S, ca.: Fr. 68.-

406-0243-AAL Analysis I and II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  14 credits 30R M. Akveld

Abstract Mathematical tools for the engineer
Objective Mathematics as a tool to solve engineering problems.                             Mathematical formulation of technical and scientific problems.

Basic mathematical knowledge for engineers.
Content Short introduction to mathematical logic.

Complex numbers.  
Calculus for functions of one variable with applications.                          
Simple types of ordinary differential equations.                                          
Simple Mathematical models in engineering.

Multi variable calculus: gradient, directional derivative, chain rule, Taylor expansion. Multiple integrals: coordinate transformations, path
integrals, integrals over surfaces, divergence theorem, applications in physics.

Literature Textbooks in English:
- J. Stewart: Calculus, Cengage Learning, 2009, ISBN 978-0-538-73365-6
- J. Stewart: Multivariable Calculus, Thomson Brooks/Cole (e.g. Appendix G on complex numbers)
- V. I. Smirnov: A course of higher mathematics. Vol. II. Advanced calculus
- W. L. Briggs, L. Cochran: Calculus: Early Transcendentals: International Edition, Pearson Education
Textbooks in German:
- M. Akveld, R. Sperb: Analysis I, vdf
- M. Akveld, R. Sperb: Analysis II, vdf
- L. Papula: Mathematik für Ingenieure und Naturwissenschaftler, Vieweg Verlag
- L. Papula: Mathematik für Ingenieure 2, Vieweg Verlag

529-2001-AAL Chemistry I and II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

All other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  9 credits 19R J. Cvengros

Abstract General Chemistry I and II: Chemical bond and molecular structure, chemical thermodynamics, chemical equilibrium, kinetics, acids and
bases, electrochemistry

Objective Introduction to general and inorganic chemistry. Basics of the composition and the change of the material world. Introduction to the
thermodynamically controlled physico-chemical processes. Macroscopic phenomena and their explanation through atomic and molecular
properties. Using the theories to solve qualitatively and quantitatively chemical and ecologically relevant problems.
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Content 1. Stoichiometry

2. Atoms and Elements (Quantum Mechanical Model of the Atom)

3. Chemical Bonding

4. Thermodynamics

5. Chemical Kinetics

6. Chemical Equilibrium (Acids and Bases, Solubility Equilibria)

7. Electrochemistry

Lecture notes Nivaldo J. Tro
Chemistry - A molecular Approach (Pearson), Chapter 1 - 18

Literature C. E. Housecroft, E. C. Constable, 'Chemistry'.

651-3050-AAL Fundamentals of Geophysics
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  6 credits 13R J. A. R. Noir

651-3070-AAL Fundamentals of Geology
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  6 credits 13R V. Picotti, W. Behr

651-3400-AAL Fundamentals of Geochemistry
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  6 credits 13R C. Liebske, O. Bachmann

Abstract Self-study course, the contents of which will be defined by consultation with the study advisor.
Objective Close knowledge gaps in geochemistry to fulfill the respective requirements for the earth science MSc programme.

651-3521-AAL Tectonics
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E- 3 credits 6R T. Gerya

Abstract Comprehensive understanding of role and evolution of oceanic and continental lithosphere in global plate tectonics and evolution of earth.
Understanding principles of theoretical and experimental geothermics and fundamentals of mantle and lithosphere rheologies.

Objective Comprehensive understanding of role and evolution of oceanic and continental lithosphere in global plate tectonics and evolution of earth.
Understanding principles of theoretical and experimental geothermics and fundamentals of mantle and lithosphere rheologies.

Content Concept of lithosphere-asthenosphere system in plate tectonics. Physics, chemistry, and rheology of crust and uppermost mantle. Thermal,
chemical, and mechanical evolution and destruction/subduction of oceanic lithosphere and evolution of continents. Continental growth,
example Europe. Fundamentals of rheology and geothermics of the mantle-lithosphere-crust system.

Lecture notes Detailed scriptum in digital form and additional learning moduls (www.lead.ethz.ch) available on intranet.
Literature see list in scriptum.
Prerequisites /
notice

PPT-files of each lecture may be played back for rehearsal on www.lead.ethz.ch.

651-3525-AAL Introduction to Engineering Geology
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R S. Löw

Abstract This introductory course starts from a descriptions of the behavior and phenomena of soils and rocks under near surface loading conditions
and their key geotechnical properties. Lab and field methods for the characterization of soils, rocks and rock masses are introduced. Finally
practical aspects of ground engineering, including tunneling and landslide hazards are presented.

Objective Understanding the basic geotechnical and geomechanical properties and processes of rocks and soils. Understanding the interaction of
rock and soil masses with technical systems. Understanding the fundamentals of geological hazards.

Content Rock, soil and rock mass: scale effects and fundamental geotechnical properties. Soil mechanical properties and their determination. Rock
mechanical properties and their determination. Fractures: geotechnical properties and their determination. Geotechnical classification of
intact rock, soils and rock masses. Natural and induced stresses in rock and soil. Interaction of soil masses with surface loads, water and
excavations. Slope instability mechanisms and stability analyses. Underground excavation instability mechanisms and rock deformation.
Geological mass wasting processes.

Lecture notes Lecture Material as defined in German PPT Slides of the German Course “651-3525-00L Ingenieurgeologie”.
Literature For English speakers study chapters 1-3 of Part I of the book “Geological Engineering” (Gonzalez de Vallejo & Ferrer 2011, CRC Press),

without groundwater flow, consolidation time, geophysical methods, details of triaxial tests in soils and rocks, details of clay mineralogy.
Prerequisites /
notice

Participate on all exercises of “651-3525-00L Ingenieurgeologie”, Thursday 13-14 pm.
Participate in Written Exam together with students of the German Course

Earth Sciences Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Science Education Master
 Educational Science (for all Directions)

Number Title Type ECTS Hours Lecturers

851-0240-01L Designing Learning Environments for School  (EW2
TD)
Prerequisites: successful participation in 851-0240-00L
"Human Learning (EW1)".

Adresses to students enrolled either in Teaching Diploma*
(TD) or Teaching Certificate (TC) in Computer Science,
Mathematics or Physics.
*Except for students of Sport Teaching Diploma, who
complete the sport-specific course unit EW2.

W  3 credits 2V E. Stern, P. Greutmann, J. Maue

Abstract Teaching is a complex skill. The lecture comprises (a) presentations about the theoretical background of this skill, (b) discussions of
practical aspects, and (c) practical exercises.

Objective The participants have the conceptual und procedural knowledge, and skills necessary for long-term planning, preparing, and implementing
good lessons. They can apply this knowledge on different topics of their scientific STEM-background.

Content We discuss characteristics of successful lessons and how to design such lessons by using curricula and lesson plans, teaching goals and a
variety of teaching methods.

Lecture notes The lecture comprises interactive parts where the participants  elaborate and extend their knowledge and skills. Thus, there is no
comprehensive written documentation of the lecture. The participants can download presentation slides, learning materials, and templates
from "Moodle".

Literature The necessary literature can be downloaded from "Moodle".
Prerequisites /
notice

The lecture EW2 can only be attended by students who already successfully completed the lecture Human Learning (EW1).
There will be two independent lectures for different groups of students. You will get further information in an email at the beginning of the
semester.
To get the Credits you have to
- regularly attend to the lecture
- have the grade 4 or higher in the final written exam.

851-0240-24L Designing Learning Environments for Schools (EW2
LD) - Portfolio
- Enrolment only possible with simultaneous enrolment in
course 851-0240-01L Designing Learning Environments
for School (EW2 LD)!

- Prerequisites: successful participation in 851-0240-00L
"Human Learning (EW1)".

- Adresses to students enrolled either in Teaching
Diploma* (TD) or Teaching Certificate (TC) in Computer
Science, Mathematics or Physics.
*Except for students of Sport Teaching Diploma, who
complete the sport-specific course unit EW2. 

W 1 credit 2U P. Greutmann, J. Maue

Abstract In this lecture, you design a portfolio, i.e. a complete and elaborated teaching enviroment for schools, based on your scientific STEM-
background

Objective This lecture is an implementation and transfer of the theoretical inputs provided by the lecture "Designing Learning Environments for
School" (EW2).

851-0238-01L Support and Diagnosis of Knowledge Acquisition
Processes (EW3)
Enrolment only possible with matriculation in Teaching
Diploma (except for students of Sport Teaching Diploma,
who complete the sport-specific course unit EW3) and for
students who intend to enrol in the "Teaching Diploma"

Prerequisites: successful participation in 851-0240-00L
"Human Learning (EW1)".

W  3 credits 3S P. Edelsbrunner, J. Maue,
C. M. Thurn

Abstract In this seminar students learn advanced techniques to support and to diagnose knowledge acquisition processes in school.
Objective The main goals are:

(1) You have a deep understanding about the cognitive mechanisms of knowledge acquisition.
(2) You have a basic understanding about psychological test theory and can appropriately administer tests.
(3) You know various techniques of formative assessment and can apply these to uncover students' misconceptions.

 Biological Direction
 Specialised Courses

 Introductory Courses
Selection of courses will be agreed with the course coordinator.

 Spec. Courses in Respective Subject with Educational Focus
Number Title Type ECTS Hours Lecturers

402-0787-00L Therapeutic Applications of Particle Physics:
Principles and Practice of Particle Therapy

W 6 credits 2V+1U A. J. Lomax

Abstract Physics and medical physics aspects of particle physics
Subjects: Physics interactions and beam characteristics; medical accelerators; beam delivery; pencil beam scanning; dosimetry and QA;
treatment planning; precision and uncertainties; in-vivo dose verification; proton therapy biology.

Objective The lecture series is focused on the physics and medical physics aspects of particle therapy. The radiotherapy of tumours using particles
(particularly protons) is a rapidly expanding discipline, with many new proton and particle therapy facilities currently being planned and built
throughout Europe.  In this lecture series, we study in detail the physics background to particle therapy, starting from the fundamental
physics interactions of particles with tissue, through to treatment delivery, treatment planning and in-vivo dose verification. The course is
aimed at students with a good physics background and an interest in the application of physics to medicine.
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Prerequisites /
notice

The former title of this course was "Medical Imaging and Therapeutic Applications of Particle Physics".

551-0974-00L Specialized Biology Course with an Educational
Focus: Biological Concepts

W 6 credits 2G+13A E. Hafen, K. Köhler, H. Stocker

Abstract Specialist aspects of biology with a focus on biological concepts and misconceptions are covered from the angle of imparting these to
pupils, their historical development, and their significance for the subject, the individual and society.

Objective After successful completion of the module, students should be able

- to explain biological concepts and principles, as well as the way they fit together
- to recognise and to correct existing misconceptions
- to analyse controversial topics and to give factual explanations for these
- to conduct more in-depth work on a research topic and to compile a tuition unit based on this topic 
- to prepare tuition units involving complex learning matter at a high specialist level which are suitably tailored to the recipients, and to
teach these in a manner conducive to learning.

Content Selected biological topics are dealt with under consideration of the special needs of persons involved in teaching.

The module comprises lectures, a book club, and a seminar thesis.

Lecture notes Teaching materials are available online on Moodle.
Literature Literature and references are posted online on Moodle.
Prerequisites /
notice

The Specialized Biology Course with an Educational Focus consists of two modules (6 CP each). In the fall semester, the focus is on
evolution. The module of the spring semester deals with biological concepts. Students attending both modules can start with either module.

Performance is assessed during the course of the entire module. Active participation in the course is required. The electronic thesis and an
oral presentation have to be completed.

The Specialized Biology Course with an Educational Focus (6+6 CP) can be acknowledged, in agreement with the advisor of the respective
elective major, as one of the two obligatory research projects (each 15 CP). In such a case, additional 3 CP must be obtained in another
course.

In case of overbooking of the course, students enrolled in the Teaching Diploma in Biology will have priority.

 Subject Didactics
Number Title Type ECTS Hours Lecturers

551-0972-00L Subject Didactics Biology II
Prerequisite: Subject Didactics Biology I (551-0971-00L)

W  4 credits 3G P. Faller

Abstract - Imparting scientific working methods in biology teaching (planning, carrying out, analysing / interpreting and reporting on investigations
and experiments).
- The use of computers in the teacher's work
- Demonstrating and developing exemplary teaching methods for different themes in school biology

Objective The contents and learning objectives of the Subject Didactics I course unit are developed further in Subject Didactics II and put into
practice taking key biological tuition topics by way of examples.
In addition, further topics are taken up with the students, as up-and-coming teachers, and covered in greater depth.

Content - Vermittlung von Fertigkeiten (Kompetenzen) im Unterricht.
- Exemplarische Unterrichtsbeispiele zu verschiedenen biologischen Themen. 
- Ausserschulische Lernorte, weitergehende Konzepte.

Lecture notes Wird laufend in der Vorlesung abgegeben.
Literature Berck K.-H. und Graf D.; Biologiedidaktik (2010); Quelle & Meyer Verlag.

Gropengiesser, H., Harms, U. & Kattmann, U. (Hrsg.); Fachdidaktik Biologie (2013); Köln: Aulis
Prerequisites /
notice

Für den Datenaustausch und als Diskussionsforum wird  die Internetplattform BSCW eingesetzt.

 Chemical Direction
 Specialised Courses

 Introductory Courses
Selection of courses will be agreed with the course coordinator.

 Spec. Courses in Respective Subject with Educational Focus
Number Title Type ECTS Hours Lecturers

529-0961-00L Fundamental Aspects of Chemistry with an
Educational Focus A

W  4 credits 2A A. Togni, R. Alberto

Abstract Selected topics in general chemistry:
1) Acids, super acids, acidity functions, and unconventional solvents
2) Inorganic medicinal chemistry
3) History of radioactivity and modern radiochemistry
4) Molecular geometry and structure

Objective In this course unit, participants acquire extended and more in-depth knowledge of selected chemistry topics. The selection is based to a
large extent on the partial aspects of chemistry that are typically taught at high school. By gaining a broader understanding, teachers are
put in a position where they can comprehend the topics that are to be taught in a wider and, to some extent, unconventional context and
critically process these in respect of their teachability and learnabiltiy. At the same time, interrelationships between the classical sub-
disciplines of chemistry are highlighted, along with the unique features of chemistry as one of the central natural sciences.

Content Content of the four modules:
1) Acids, super acids, acidity functions, non acqueous media, and unconventional solvents.
2) Inorganic medicinal chemistry: Metals in biological systems, metal-containing drugs.
3) History of radioactivity and modern radiochemistry: From the discovery of radioactivity to modern element synthesis.
4) Molecular geometry and structure: From the VSEPR model to the electron localization function (ELF), hypervalent compounds and their
applications.

Lecture notes Folien und ausgewählte Literatur werden zur Verfügung gestellt.
Literature Ausgewählte Artikel aus der Primärliteratur werden vorgestellt, kommentiert und zur Lektüre empfohlen.
Prerequisites /
notice

FV A (gelesen im Frühjahrsemester) und FV B (gelesen im Herbstsemester) bauen nicht aufeinander. Die Reihenfolge der Belegung ist
somit indifferent.
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 Subject Didactics
Number Title Type ECTS Hours Lecturers

529-0952-00L Subject Didactics Chemistry II
Prerequisites: Students may only enrol in this course after
having completed the course Subject Didactics in
Chemistry I 529-0950-00L.


Information for UZH students:
Enrolment to this course unit only possible at ETH. No
enrolment to module 090PCh2  at UZH. 
Please mind the ETH enrolment deadlines for UZH
students: https://www.ethz.ch/en/studies/non-
degree-
courses/special-
students/special-students-university-of-zurich.html 

W  4 credits 3V A. Baertsch

Abstract Introduction to Teaching Chemistry at High School Level
Objective Students have basic didactic knowledge for chemistry lessons at a middle school. They can design and reflect on lessons, engage students

actively in class, easily explain challenging concepts, use experiments for theory, teach in the lab and correct exams.
Content Schwerpunkte im zweiten Studiensemester bilden die folgenden Themen:

- Laborunterricht: Offene Fragestellungen und präzise Anleitungen
- Hausaufgaben, Prüfungen und Noten 
- Der Alltagsbezug gibt dem Unterricht Bedeutung
- Medien: Animationen, Filme, Wandtafel und Tablet
- Stöchiometrie
- Reaktionsgeschwindigkeit und Katalyse
- Dynamisches Gleichgewicht
- Säure/Base-Reaktionen
- Redox-Reaktionen
- Organische Chemie
- Strukturaufklärung
- Chiralität
- Biochemie

Lecture notes Die Unterlagen sind auf der Plattform http://fdchemie.pbworks.com zugänglich
Literature E. Rossa: Chemie-Didaktik, Cornelsen Verlag, 2015

H.-D. Barke et al: Chemiedidaktik kompakt, Lernprozesse in Theorie und Praxis, Springer Verlag, 2. Auflage, 2015
H.-D. Barke: Chemiedidaktik: Diagnose und Korrektur von Schülervorstellungen, Springer Verlag, 2006
H.-J. Bader et al: Konkrete Fachdidaktik Chemie, Oldenbourg Verlag, 2002

 Physical Direction
 Specialised Courses

 Introductory Courses
Selection of courses will be agreed with the course coordinator.

 Spec. Courses in Respective Subject with Educational Focus
Number Title Type ECTS Hours Lecturers

402-0738-00L Statistical Methods and Analysis Techniques in
Experimental Physics

W  10 credits 5G M. Donegà, C. Grab

Abstract This lecture gives an introduction to the statistical methods and the various analysis techniques applied in experimental particle physics.
The exercises treat problems of general statistical topics; they also include hands-on analysis projects, where students perform
independent analyses on their computer, based on real data from actual particle physics experiments.

Objective Students will learn the most important statistical methods used in experimental particle physics. They will acquire the necessary skills to
analyse large data records in a statistically correct manner. Learning how to present scientific results in a professional manner and how to
discuss them.

Content Topics include:
- modern methods of statistical data analysis
- probability distributions, error analysis, simulation methos, hypothesis testing, confidence intervals, setting limits and introduction to
multivariate methods.
- most examples are taken from particle physics.

Methodology:
- lectures about the statistical topics;
- common discussions of examples;
- exercises: specific exercises to practise the topics of the lectures;
- all students perform statistical calculations on (their) computers;
- students complete a full data analysis in teams (of two) over the second half of the course, using real data taken from particle physics
experiments;
- at the end of the course, the students present their analysis results in a scientific presentation;
- all students are directly tutored by assistants in the classroom.

Lecture notes - Copies of all lectures are available on the web-site of the course.
- A scriptum of the lectures is also available to all students of the course.

Literature 1) Statistics: A guide to the use of statistical medhods in the Physical Sciences, R.J.Barlow; Wiley Verlag  . 
2) J Statistical data analysis, G. Cowan,                             Oxford University Press; ISBN: 0198501552. 
3) Statistische und numerische Methoden der Datenanalyse, V.Blobel und E.Lohrmann,  Teubner Studienbuecher Verlag.
4) Data Analysis, a Bayesian Tutorial,  D.S.Sivia with J.Skilling, 
Oxford Science Publications.

Prerequisites /
notice

Basic knowlege of nuclear and particle physics are prerequisites.

402-0742-00L Energy and Environment in the 21st Century (Part II) W 6 credits 2V+1U M. Dittmar, P. Morf
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Abstract Despite the widely used concepts of sustainability and sustainable 
development, one remarks the absence of a scientific 
definition. In this lecture we will discuss, based on the natural laws and the scientific method, various proposed concepts for a 
development towards sustainability.

Objective A scientifically useful definition of sustainability?
Unsustainable aspects of our lifestyle and our society? 
(unsustainable use of ressources, environmental destruction 
and climate change, mass extinctions etc)
How long can humanity continue on its current unsustainable path,
what are the possible consequences? Historical examples of society collapse. What can we learn from them.   
Existing Gedanken models/experiments (like Permaculture) promise to transform the human society into the direction of sustainability. 
If these ideas would theoretically transform our global society 
into a sustainable one, what are the large scale limitations and why 
do we not yet follow these ideas?

Content Introduction ``sustainability" (21.2.); Population Dynamik (28.2.);
finite (energy)-resources (6.3.); waste problems (13.3.);
water, soil and industrial agriculture (20.3.); biodiversity (27.3.); (un)-sustainable development (3.4./24.4./8.5); example for sustainable
systems; human nature, Ethics and earth-care(?) (15.5./22.5.) summary  (29.5.)

Lecture notes Web page:
http://ihp-lx2.ethz.ch/energy21/index.html

Literature for example:
Environmental Physics (Boeker and Grandelle)
A prosperous way down: Principles and Policies (H. Odum and E. Odum)

Prerequisites /
notice

Basic knowledge of the ``physics laws" governing todays energy
system and it use to deliver ``useful" work for our life 
(laws of energie conservation and of the 
energy transformation to do work).

Interest to learn about the problems (and possible solutions) 
related to the transition from an unsustainable use of renewable and non renewable (energy) resources to a sustainable system 
using scientific method.

402-0368-13L Extrasolar Planets W 6 credits 2V+1U S. P. Quanz
Abstract The course introduces in detail the observational methods for the detection and characterization of extra-solar planetary systems. It covers

the physics of planets (in the solar system and in extra-solar systems) and gives a description of planet formation and evolution models.
Objective The course gives an overview of the current state-of-the-art in exoplanet science and serves as basis for first research projects in the field

of exoplanet systems and related topics.
Content Content of the lecture EXTRASOLAR PLANETS 

1. Planets in the astrophysical context
2. Planets in the solar systems 
3. Detecting extra-solar planetary systems 
4. Properties of planetary systems and planets 
5. Planet formation
6. Search for habitable planets and bio-signatures

402-0787-00L Therapeutic Applications of Particle Physics:
Principles and Practice of Particle Therapy

W 6 credits 2V+1U A. J. Lomax

Abstract Physics and medical physics aspects of particle physics
Subjects: Physics interactions and beam characteristics; medical accelerators; beam delivery; pencil beam scanning; dosimetry and QA;
treatment planning; precision and uncertainties; in-vivo dose verification; proton therapy biology.

Objective The lecture series is focused on the physics and medical physics aspects of particle therapy. The radiotherapy of tumours using particles
(particularly protons) is a rapidly expanding discipline, with many new proton and particle therapy facilities currently being planned and built
throughout Europe.  In this lecture series, we study in detail the physics background to particle therapy, starting from the fundamental
physics interactions of particles with tissue, through to treatment delivery, treatment planning and in-vivo dose verification. The course is
aimed at students with a good physics background and an interest in the application of physics to medicine.

Prerequisites /
notice

The former title of this course was "Medical Imaging and Therapeutic Applications of Particle Physics".

 Subject Didactics
Number Title Type ECTS Hours Lecturers

402-0910-00L Physics Didactics I: Special Didactics of Physics
Teaching
Limited number of participants. 
In addition to registering for this course in myStudies,
students must apply latest 31.01.20202 at
mamohr@ethz.ch. 
Applications will be recognised in the order of arrival.

Simultaneous enrolment in Introductory Internship Physics
- course 402-0920-00L - is compulsory for Teaching
Diploma Physics.

Information for UZH students:
Enrolment to this course unit only possible at ETH. No
enrolment to module 090Phy1 at UZH. 
Please mind the ETH enrolment deadlines for UZH
students: https://www.ethz.ch/en/studies/non-
degree-
courses/special-
students/special-students-university-of-zurich.html 

W  4 credits 3G M. Mohr

Abstract The course introduces the principles of subject-oriented didactics in physics: preparation of lectures, planing, boundary conditions, teaching
methods, auxiliary materials, experiments, exercises, tests, use of different media
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Objective The students have the didactic basics for the physics lessons at a secondary school. They can plan and carry out their own lessons taking
into account the diverse framework conditions. They reflect on their lessons and endeavour to further develop them didactically and
pedagogically.
The students know the application possibilities, chances and difficulties of different teaching methods and aids. They are able to assess the
suitability of teaching methods with regard to a learning situation. In their lessons they endeavour to implement suitable methods adapted
to the class and the subject.
Students are familiar with the basics of experimenting in physics lessons. They are familiar with numerous experiments on various physical
topics and are sensitized to the targeted use of demonstration and student experiments in class.

Content Lektionsplanung und durchführung: Lehrplan, Stundentafel, Zeitbudget, Berücksichtigung von Vorwissen, Alltagsbezug, Übungs- und
Hausaufgaben, Prüfungen und Noten, Weiterbildung, Beurteilung
Fachspezifisches: Demonstrations- und Schülerexperimente, Arbeitsmittel zu physikalischen Themen des Grundlagen- und
Schwerpunktunterrichts 
Einsatz verschiedener Unterrichtsmaterialien: Experimente, Computer, Taschenrechner, Video, Simulation
Unterrichtsformen: Lernaufgabe, Werkstatt, Puzzle, Projekt, Arbeitswoche, Gruppenarbeit, Praktikum
Allg. Didaktik: praktische Beispiele zu Themen aus AD I

Lecture notes A script is available during the lecture.

402-0909-00L Physics Didactics II: Motivating Evidence-Based
Instruction
Prerequisite: Successful completion of course 402-
0910-00L or simultaneous enrolment in course 402-
0910-00L, Physics Didactics I: Special Didactics of
Physics Teaching (Lecturer: M. Mohr).

Information for UZH students:
Enrolment to this course unit only possible at ETH. No
enrolment to module 090Phy2  at UZH. 
Please mind the ETH enrolment deadlines for UZH
students: https://www.ethz.ch/en/studies/non-
degree-
courses/special-
students/special-students-university-of-zurich.html 

W 4 credits 3G A. Lichtenberger

Abstract The course focuses on the backward design and evaluation of teaching units in physics at Gymnasium level.
Objective Students will be able to develop and evaluate teaching units in physics based on backward design and research-based principles of

learning and instruction.
This includes:
•    Identifying big ideas and essential questions of a specified physics topic
•    Illustrating the desired organization of knowledge in a concept map
•    Building assessments to collect evidence for learning
•    Activating prior knowledge and dealing with learning difficulties
•    Designing motivating activities that make student learning visible
•    Applying different teaching methods (e.g., clicker sessions, hands-on experiments, POE experiments, physlets, whiteboarding)

Content In der Veranstaltung werden die Grundlagen zum Backward Design, wichtige Prinzipien des Lernens (Aufbau einer Wissensstruktur,
Vorwissen und Lernschwierigkeiten, Motivation, Peer-Learning, Formatives Assessment, Mastery und Selbststeuerung) und eine Auswahl
verschiedener Unterrichtsmethoden (z.B. Clicker Sessions, Hands-On-Experimente, POE-Experimente, Physlets, Whiteboarding)
erarbeitet. Darauf aufbauend werden Unterrichtseinheiten zu vorgegebenen Themen der Physik für die Gymnasialstufe entwickelt und
mittels Review- und Präsentationssequenzen evaluiert. Das Design und die Unterlagen der Unterrichtseinheiten werden in Portfolios
festgehalten und erläutert.

Lecture notes Unterlagen werden in der Veranstaltung abgegeben.
Literature Auswahl:

Kirchner, E., Girwidz, R., & Häussler, P. (2015). Physikdidaktik. Berlin: Springer. ISBN: 978-3-642-41744-3.
Meyer, H. (2004). Was ist guter Unterricht? Berlin: Cornelsen. ISBN: 3-589-22047-3.
Wiggins, G. & McTighe, J. (2005). Understanding by Design. Alexandria, VA: ASCD. ISBN: 1-4166-0035-3.
Ambrose, S. A., Bridges, M. W., DiPietro, M., Lovett, M. C., & Norman, M. K. (2010). How Learning Works. San Francisco, CA: Jossey-
Bass. ISBN: 978-0-470-48410-4.
Petty, G. (2009). Evidence-Based Teaching. Cheltenham: Nelson Thorens Ltd. ISBN: 978-1-4085-0452-9.

Prerequisites /
notice

Die Inhalte von Fachdidaktik 1 werden in der Fachdidaktik 2 vorausgesetzt. Studierende, die Fachdidaktik 1 und 2 parallel besuchen,
werden gebeten, den Dozierenden vor Beginn der Vorlesung zu kontaktieren (lichtenberger@phys.ethz.ch).

402-0904-00L Professional Exercises: Experiments in Physics
Teaching
Limited number of participants.

Prerequisite: Participation and successful completion in
the course Physics Didactics I: Special Didactics of
Physics Teaching (402-0910-00L)

Sending an email to mamohr@ethz.ch till 31.05.2020 is
mandatory.
Registrations will be made on a first come first serve
basis.

W  2 credits 4G M. Mohr, H. R. Deller, M. Lieberherr,
C. Prim

Abstract In this one-week block course, students practice conducting experiments at high-school level. To do this, the students move between three
cantonal high schools in the German-speaking part of Switzerland.

Objective - Students develop their skills in conducting experiments in such a way that they can perform fundamental demonstration experiments and
pupil experiments both correctly and successfully in their lessons. 
- They are inclined to allocate a high priority to pupils' experiments and are familiar with different forms of organisation.

Content Die Studierenden arbeiten in Zweiergruppen mit dem reichhaltigen Material einer Mittelschulsammlung unter den im Unterricht üblichen
Bedingungen. Anhand geeigneter Demonstrationsexperimente entwickeln sie zunehmende Selbständigkeit im Auswählen des Materials,
Aufbauen der Versuchsanordnungen und Vorführen vor den Kollegen/innen. Damit werden sie in die Lage versetzt, die experimentellen
Anforderungen in den Übungs- und Praktikumslektionen zu bewältigen.
In einer Werkstatt mit verschiedenen Posten zu Schülerexperimenten lernen sie Schülermaterial, Arbeitsformen, Aufgabenstellungen und
die Problematik der Notengebung kennen. Sie erhalten Anregungen zu einfachen Freihandexperimenten, zur Astronomie und Themen der
modernen Physik. Sie arbeiten mit Simulationsprogrammen für Physik.

Lecture notes Unterlagen werden zur Verfügung gestellt.
Prerequisites /
notice

Beschränkte Platzzahl.
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Science Education Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Humanities, Social and Political Sciences (General Courses)
 Further Courses (no SiP-courses)

Number Title Type ECTS Hours Lecturers

851-0609-08L Research Seminar in Experimental Social Sciences
and Humanities
Does not take place this semester.
If you are interested in presenting in the seminar, please
contact Jan Schmitz (Schmitz@econ.gess.ethz.ch), and
state your preferred date of presentation, the title of the
presentation and whether the presentation is a design
presentation or a full paper presentation

Z 0 credits 1S C. Hölscher, R. Schubert

Abstract The aim of the seminar is to establish a research and networking platform for researchers conducting social science experiments at the
ETH and to offer an outlet to present designs for laboratory and field experiments before data collection. Presentations of first study results
and working papers are also welcome.

Objective The research seminar is open to all faculty interested in experimental research in the areas of economics, sociology and psychology. The
aim of the seminar is to establish a research and networking platform for researchers conducting experiments at the ETH and to offer an
outlet to present designs for laboratory and field experiments before data collection. Presentations of first study results and working papers
are also welcome.  

Objective: Establish a research and networking platform for researchers conducting experiments at the ETH and to offer an outlet to
present designs for laboratory and field experiments before data collection. Presentations of first study results and working papers are also
welcome.  

851-0000-01L Research Data Management Summer School
Number of participants limited to 40

Only for PhD Students and Postdocs of the ETH Domain

Z 2 credits 4S M. M. Ziehmer

Abstract Research Data Management (RDM) is vital for researchers to ensure the proper organisation of research data along the entire life cycle
from creation to preservation including their sharing as Open Data (FAIR Data). This ETH Summer School provides an extensive overview
on RDM, its principles, its practical implications and on useful tools for early career scientists (PhD students and Postdocs).

Objective Students are able to

1. explain in detail the basic concepts and components of research data management along the research data life cycle in a national and
international context. They understand both their responsibility as individual scientists and their potential future role as early career heads
of research groups.

1.1 follow the principles of good scientific practice with respect to data management in general and the content of the ETH Guideline for
Research Integrity and the Compliance Guide, in particular.

1.2 define and apply the FAIR Data Principles.

1.3 critically evaluate and improve their own RDM within their current and in future research projects.

1.4 introduce future students and staff to RDM and motivate them to consider it as an integral part of their research.

2. fulfill current requirements regarding Research Data Management (RDM) and Data Management Plans (DMPs) by research funders (i.e.
Open Research Data Policy by the SNSF, Rules on Open Access to Research Data in Horizon 2020) in their own research.

3. understand the basics of a DMP and are able to write a research-funder compliant DMP.

4. survey the challenges of Active Research Data Management (ARDM) and are able to properly annotate (metadata), store and back-up
research data with appropriate tools for future reuse.

5. critically evaluate and use tools for data sharing and other repositories, including RDM services at ETH Zurich (e.g. ETH Research Data
Hub, ETH Research Collection) and international repositories.

5.1 identify appropriate Creative Commons Licenses for their needs.

5.2 assess challenges and benefits of Open Access to publications and make informed decisions on where to publish.

6. understand the challenges of long-term preservation and are able to prepare data for it.

851-0647-00L ETH Model United Nations (MUN) Z 2 credits 1S A. Rom, I. Günther, L. Hensgen
Abstract In this course students will participate in a Model United Nations (MUN), deepen their knowledge about the United Nations (UN) and the

opportunities and challenges the UN system currently faces and strengthen their negotiations and public speaking skills.
Objective • Students get an understanding of how the United Nations works, its history as well as the opportunities and challenges the UN system

currently faces. 
• Students strengthen their negotiations and public speaking skills
• Students familiarize themselves with a particular country’s priorities and strategies for UN negotiations

Content In this course students learn about the UN system, its challenges and opportunities, strengthen their negations and public speaking skills
and they get an opportunity to represent the interests of a country at a Model United Nations (MUN). The course consists of five sessions
(March 9th/ March 23rd/ April 6th/ April 27th/ May 4th 5.15 PM- 7.00 PM) that include teaching and discussions about the UN system with
external experts as well as the preparation and participation in a MUN in Zurich (May 1st- May 3th 2020). Upon request and at students’
own expense they can also attend a MUN in another location.

Prerequisites /
notice

The course consists of five sessions (March 9th/ March 23rd/ April 6th/ April 27th/ May 4th 5.15 PM- 7.00 PM)  that include teaching and
discussions about the UN system with external experts as well as the preparation and participation in a MUN in Zurich (May 1st- May 3th
2020). Upon request and at students’ own expense they can also attend a MUN in another location. 
The course is co-organized with the ETH MUN. Similar courses are offered at UZH, HSG, University of Bern, University of Geneva.

865-0000-07L Climate Change and Development
Only for MAS/CAS in Development and Cooperation
students, as well as specialists with at least 24 months of
practical experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also

Z 2 credits 3G L. B. Nilsen
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be admitted.

ETH MA/MSc students apply with a letter of motivation to
the NADEL administration office.

Registration only through the NADEL administration office.

Abstract Climate change has taken a lead position on the international development agenda. This course equips participants with a better
understanding of the interlinkages between climate change and development, and enables them to integrate climate change considerations
into the planning and implementation of development projects.

Objective After completing the course, participants will be able to:
• discuss the interconnections between climate change and sustainable development 
• explain opportunities and challenges that the current climate agreement presents for developing countries 
• understand political, technological, and financial challenges of low-carbon development and how they can be addressed 
• explain the complementary nature of mitigation and adaptation and the major strategies used in each
• analyse linkages between climate change adaptation and development planning
• understand the basic steps in defining climate adaptation projects, and recognize the opportunities and limitations of climate models for
decision-making.   
• engage in an informed dialogue about climate finance, and recognize the main sources of financing to support low carbon and climate-
resilient development
• recognize the institutional opportunities and challenges of climate mainstreaming in international humanitarian and development
organisations

Content Climate change and sustainable development
Implications of climate change for developing countries
International and national policy responses and challenges of climate change negotiations
Mitigation and adaptation in resource-poor and vulnerable settings
Climate financing 
Trade-offs between mitigation, adaptation and development goals
Climate smart development projects

865-0002-00L Migration: A Challenge for Development Cooperation
Only for MAS/CAS in Development and Cooperation
students, as well as specialists with at least 24 months of
practical experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also
be admitted.

ETH MA/MSc students apply with a letter of motivation to
the NADEL administration office.

Registration only through the NADEL administration office.

Z 1 credit 2G K. Schneider, L. Hensgen

Abstract An estimated 250 million people are currently living outside countries of origin - voluntarily as migrants or involuntarily as refugees. The
course explores the role that international cooperation can play in promoting the positive aspects of migration and in reducing the negative
consequences.

Objective Course participants have improved understanding of the following issues:
- Definition of migration concepts and terms, including migrants, refugees, IDPs
- The geography of migration flows 
- The evolving concept of “migration and development” 
- International organizations and their strategies and activities in terms of migration

Content Today's migration movements are initiated in the countries of origin through different causes, whether political, social, economic, or natural.
Although the concept of migration is negatively connoted for many people, international migration has a positive impact on both the
countries of origin and the recipient countries. In addition to the transfer of goods and capital, it can also be understood as part of the
increasing globalization process.

865-0056-00L Conflict Sensitivity and Peacebuilding – Tools and
Approaches
Does not take place this semester.
Only for MAS/CAS in Development and Cooperation
students, as well as specialists with at least 24 months of
practical experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also
be admitted.

ETH MA/MSc students apply with a letter of motivation to
the NADEL administration office.

Registration only through the NADEL administration office.

Z 2 credits 3G

Abstract The course offers an introduction to the subject and contributes to a better understanding of the current debate and policy practices.
Participants get an overview of concepts, methodological approaches as well as operational experiences and challenges of the actors in
this complex area.

Objective The course offers an introduction to the subject and contributes to a better understanding of the current debate and policy practices.

865-0066-04L ICT4D – Concepts, Strategies and Good Practices
Only for MAS/CAS in Development and Cooperation
students, as well as specialists with at least 24 months of
practical experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also
be admitted.

ETH MA/MSc students apply with a letter of motivation to
the NADEL administration office.


Z 2 credits 3G F. Brugger
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Registration only through the NADEL administration
office.

Abstract Information and communication technologies (ICTs) represent the deepest technical change experienced in international development.
Digital development strategies need to be broader than ICT strategies. This course assesses the role of ICTs in development, discusses
the existing evidence on the impact of ICT on development, and introduces key concepts and methods for ICT4D practice and strategy.

Objective Information and communication technologies (ICTs) represent the fastest and deepest technical change experienced in international
development. By now, they affect every development sector – the work of farmers and micro-entrepreneurs, healthcare workers and
microfinance institutions, social mobilization and political change. Yet, the ‘digital dividends’ are unevenly distributed and questions of ‘data
justice’ in development are largely unexplored. To close the gap, just greater digital adoption will not be enough. Digital development
strategies need to be broader than ICT strategies. This course helps to understand the role of ICTs in development, discusses the existing
evidence on the impact of ICT on development, and introduces key concepts and methods for ICT4D practice and strategy.

Content • ICTs and development: the conceptual links
• The impact of ICT on development: evidence from research
• Digital revolution and its analog foundations
• Concepts, strategies and components needed for ICT4D to work
• ICT4D and project cycle management
• Good practice in implementing ICT4D
• Emerging technologies and models relevant for ICT-enabled development

052-0724-20L Soziology: Memories of Zurich West
There is a limit of 30 students.

Z 2 credits 2G S. Guinand, C. Schmid

Abstract In this research seminar, we will investigate the different—and sometimes opposing—tangible and intangible dimensions of memory.
Taking the history of Zurich West as a case study, participants will conduct various qualitative methods and present their results in class.

Objective The aim of this course is to critically investigate and reconstruct memories of Zurich West by incorporating different actors’ subjective
perspectives, as well as discourses on the area. Participants will also collect information on the tangible and intangible transformation
processes of Zurich West. The results of the seminar will be presented in the form of a short booklet to be handed out and made available
on the department’s website as an e-publication.

A further goal is to introduce participants to qualitative methodological tools. The class is framed to: 1) have students experiment with the
challenges of qualitative methods while collecting data in situ; 2) become familiar with new dimensions of qualitative research while
simultaneously developing a critical approach to these tools; and 3) devise new perspectives into their personal research project.

Content The research seminar engages with the notion of memory, which is intimately entangled with the notion of heritage. Memory can be
expressed, on one hand, as all the tangible traces that remain in the built environment, as well as all the intangible dimensions associated
with a specific object, environment, or moment. The area of Zurich West is particularly suitable for this exploratory investigation, as it has
experienced different layers of transformations over the past several decades. It was the core industrial area for the greater Zurich region
with varied forms of industrial production such as machines, turbines, soap, beer, and logistical facilities until the 1980s. It then turned into
a meeting place for an alternative cultural milieu, with all sorts of venues and high hopes for innovative projects in regard to its future
development. However, it then quickly turned into a “trendy” and luxury neighbourhood at the end of the 1990s, when public authorities
designated it for real estate development.

In the research seminar this urban trajectory will be explored through the following aspects:
Where can memory be found? How is it expressed in the built environment? What do we know and learn? Are there missing elements?
What is hidden? Is there a such a thing as “ordinary” memory? What is institutional (official) and what is not? What are the attributes of
memory? Are there opposing memories? Should we speak of memories?

We will attempt to answer these questions by first looking at archival materials, undertaking photographic surveys, and then by conducting
qualitative interviews with (former) residents, (former) users and local stakeholders—sometimes using the photo-elicitation technique.

Lecture notes No script
Literature A syllabus with central texts will be handed out at the beginning of the semester.
Prerequisites /
notice

The course will be held in English. Participants must be able to speak and write in English.
The course is restricted to 30 students. Please send a motivation letter to sguinand@ethz.ch until February 2020.

 Military Studies
Number Title Type ECTS Hours Lecturers

853-0080-00L Military History II Z 3 credits 2V M. Olsansky
Abstract The lecture elucidates the structural problems and the evolutionary path of the Swiss Army since the adaptation of the Napoleonic warfare

in the year 1804. Emphasis will be put on the general mobilizations and reforms of the Army in the 20th century as well as on the related
inner- and outer-military factional disputes.

Objective - Know and discuss the adaptation of the Swiss Army to the revolutions in military affairs in modern times;
- Grasp the problematic issues regarding the evolution of the Swiss Army;
- Know and be able to discuss the mobilizations of the Swiss Army in the 19th and 20th century.

Content The students should apprehend the evolutions of the Swiss Army in its social, economic, technological and political setting from 1804 to
2004. The development of the Swiss Army is compared with general developments regarding the Military Revolutions I-VI.
A special focus is set on the following topics: 
- Mobilizations and planning of the operational deployment of the Swiss Army in 1847, 1856, 1914-1918, 1939-1945.
- Debates on the general conception and on operational doctrine 1945 - 2004
- The Army reforms 1945-2004

Literature Jaun, Rudolf: Geschichte der Schweizer Armee. Vom 17. Jahrhundert bis in die Gegenwart. Zürich 2019
Prerequisites /
notice

This lecture is based on lecture 853-0063-00L Military History I.

853-0040-00L Military Psychology and Pedagogy II Z 3 credits 2V H. Annen
Abstract Building on the knowledge of psychological and pedagogical aspects of education acquired during the first semester, heighten the

awareness and perception of education and leadership in military life. Elucidate the dangers of abuse of power and work out consequences
on military life. Examining the phenomenon of stress and its importance to mission accomplishment.

Objective Knowing the different models of stress and stress management
Specifying symptoms of stress-related disorders and acquiring an overview of the most common prevention methods and treatments of
combat stress reactions (CSR) and posttraumatic stress disorder (PTSD)
Knowing the psychological conditions that lead to abuse of authority and power, and deriving provisions to reduce that risk in military daily
routine.
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Content Participants shall be sensitized for psychological and pedagogic aspects of military formation, education and leadership. Specific military
aspects are treated building on the subjects covered in the first semester and against the background of psychological basic research.
Special attention is directed to the phenomenon "stress". The pedagogic perspective is taken into account by inquiring how and with which
instruments the acquired knowledge can be implemented into practice.

Subjects:
- Stress
- Thought- and decision making processes under stress
- Psychological combat reactions and traumatic stress
- Resilience
- Power and authority
- Values - norms - aims
- The military leader as psychologist and pedagogue

Literature - Annen, H., Steiger, R. & Zwygart, U.: Gemeinsam zum Ziel, Huber, Frauenfeld 2004
- Stadelmann, J.: Führung unter Belastung, Huber, Frauenfeld 1998

The lecture is supported by a virtual learning environment containing relevant documents (presentations and texts as well as the above
mentioned books) and information to further literature.

853-0057-02L Strategic Studies II (without Exercises) Z 3 credits 2V M. Mantovani, M. Wyss
Abstract The lecture series, spread over two terms, covers strategic thinking and practice in a military context and theories of warfare from the

ancient times to the present.
Objective The participants are cognizant of how the meaning of strategy has changed and they know the main theoretical concepts of strategy and

theories of war. They are - after a study of their application in selected historical and contemporary situations - conscious of the difficulties
of translating strategic concepts into practice.

Content The series covers key concepts of classical theory (e.g. Sun Tzu, Jomini, Clausewitz, Mahan, Liddell Hart etc.), against their historical
background and their influence in history. It also deals with current doctrines especially of the US and their operational implementation, the
strategies and (asymmetric) tactics of non-state actors and their suppression, i.e. irregular warfare.
The theory of warfare is being treated by means of Thucydides, Machiavelli, Clausewitz, Galula up until Münkler.

Lecture notes Slides, source texts and literature are being distributed ahead of the individual session.
Literature see "Skript"
Prerequisites /
notice

Active knowledge of German and English.

The test covers the contents of the lectures and the discussed parts of the textbook. No aids are permitted.

853-0051-01L Military Sociology II (without Exercises) Z 3 credits 2V T. Szvircsev Tresch, S. De Rosa,
T. Ferst, O. Schneider

Abstract Overview of classic theories of civil-military relations. Trends in current changes in European military structures (the end of conscription and
of the mass army).

Objective Explain European tendencies regarding recruitment of personnel and indicate the decreasing importance of conscription
Give an overview of the reforms and reorganisations of European armed forces
Explain the specific aspects of the Swiss militia system in the military as well as in the civilian world
Recognize the limits of the Swiss militia capability in the modern society and discuss consequences for the Swiss militia system

853-0102-00L Defense Economics II Z 3 credits 2V M. M. Keupp
Abstract In terms of structure and content, the event follows the lecturer's book "Militärökonomie" (Military Economics), which is available in two

language versions:

- German language: ISBN 978-3-658-06146-3
- French-speaking: ISBN 978-3-658-25287-8

Objective * Understanding the impact of institutional design on the effectiveness and efficiency of military performance
* Analyse possibilities and limits of system reforms

Content The semester program of the course is divided into 14 modules of 90 minutes each, which combine lecture (teaching of analytical
techniques) and exercise (application by means of concrete case studies). 

The contents correspond to sections 3 to 5 of the above book. The following will be discussed:

3.1 The military conflict as an objective selection environment
3.2 Consequences of the planned economy system for military effectiveness

4.1 Possibilities and limits of efficiency improvements
4.2 Consequences of the planned economy system for military efficiency

5. possibilities and limits of system reforms

Lecture notes Lecture slides are given to the participants before the first lecture. In addition, the above mentioned book will be handed over to the
participants. Participants of the lecture who are not professional officer candidates are requested to obtain the book from the library or
bookstore.

Literature Keupp, M. M. 2019 Militärökonomie. Wiesbaden: SpringerGabler.
ISBN 978-3-658-06146-3

Keupp, M. M. 2019 Économie militaire. Wiesbaden: SpringerGabler.
ISBN 978-3-658-25287-8

Prerequisites /
notice

Exam "Military Business Administration I" passed successfully or profound basic knowledge of business administration and economics with
a focus on institutional economics. The course is open to external participants.

 Specialized Continuing Education
Special internal ETH courses offered by LET and the Teaching Specialists.

Number Title Type ECTS Hours Lecturers

999-9999-99L EduApp Course
This course unit is not a genuine ETH course unit. It is
used by LET and the Teaching Specialists for EduApp
demonstration purposes.

Z 0 credits 1V+1U B. Volk

851-0240-18L Designing Learning Environments for School (EW2
TD)

3 credits 2V E. Stern, P. Greutmann, J. Maue
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Prerequisites: successful participation in 851-0240-00L
"Human Learning (EW1)".

Adresses to students enrolled either in Teaching Diploma*
(TD) or Teaching Certificate (TC) in Computer Science,
Mathematics or Physics.
*Except for students of Sport Teaching Diploma, who
complete the sport-specific course unit EW2.

Abstract Teaching is a complex skill. The lecture comprises (a) presentations about the theoretical background of this skill, (b) discussions of
practical aspects, and (c) practical exercises.

Objective The participants have the conceptual und procedural knowledge, and skills necessary for long-term planning, preparing, and implementing
good lessons. They can apply this knowledge on different topics of their scientific STEM-background.

Content We discuss characteristics of successful lessons and how to design such lessons by using curricula and lesson plans, teaching goals and a
variety of teaching methods.

Lecture notes The lecture comprises interactive parts where the participants  elaborate and extend their knowledge and skills. Thus, there is no
comprehensive written documentation of the lecture. The participants can download presentation slides, learning materials, and templates
from "Moodle".

Literature The necessary literature can be downloaded from "Moodle".
Prerequisites /
notice

The lecture EW2 can only be attended by students who already successfully completed the lecture Human Learning (EW1).
There will be two independent lectures for different groups of students. You will get further information in an email at the beginning of the
semester.
To get the Credits you have to
- regularly attend to the lecture
- have the grade 4 or higher in the final written exam.

Humanities, Social and Political Sciences (General Courses) - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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GESS Science in Perspective
Only the courses listed below will be recognized as "GESS Science in Perspective" courses.

Further below you will find courses under the category "Type B courses Reflections about subject specific methods and content" as well as the
language courses.         
                                                                                     
During the Bachelor’s degree Students should acquire at least 6 ECTS and during the Master’s degree 2 ECTS. 

Students who already took a course within their main study program are NOT allowed to take the course again.

 Type A: Enhancement of Reflection Competence
Suitable for all students.

Students who already took a course within their main study program are NOT allowed to take the course again. 

 History
Number Title Type ECTS Hours Lecturers

853-0726-00L History II: Global (Anti-Imperialism and
Decolonisation, 1919-1975)

W 3 credits 2V H. Fischer-Tiné

Abstract The lecture will give an insight into the formation of anticolonial nationalist movements  in Asia and Africa from the  beginning of  the 20th
century onwards and discuss the various dimensions of  dismantling of colonial empires.

Objective The lecture will give students an insight into the history of the non-European world, looking specifically into the political, economic, social
and cultural transformation on the backgrounds of colonial penetration strategies and the resistance of anti-colonial movements. The aim is
to show that societies in Asia and  Africa are not just the product of colonial penetration or anti-colonial resistance, but that both aspects
influenced the present political, economic, social and cultural perception of these parts of the world to a considerable extent. A nuanced
knowledge of the long and arduous process of decolonisation is hence important to understand today's geopolitical constellation, still
characterised by the struggle for a just post-imperial world order.

Literature Jansen, J.C. und Osterhammel, J., Dekolonisation: Das Ende der Imperien, München 2013.
Prerequisites /
notice

A detailed syllabus will be available in due course at http://www.gmw.ethz.ch/en/teaching/lehrveranstaltungen.html

851-0105-01L Cross-Cultural Competences Arab World
Does not take place this semester.

W 3 credits 2V

Abstract This lecture will discuss important topics of the Arab culture involving different value systems, world-views, and paradigms pointing to
possible areas of misunderstandings and conflict in an inter-cultural setting as well as approaches to deal with these issues.  

Objective This lectures gives an insight into different areas of the Arab culture such as gender roles, significance of family and marriage, concepts of
honor and hierarchy, the role of religion in everyday life, the concept of the evil eye, being guest or host, obligations in family and society,
and others. The aim is to identify different value systems, world-views and paradigms that may cause problems in an cross-cultural setting
as well as possible approaches to deal with these issues. Even though most of the topics concern the Arab region as whole, the lecture will
focus on the Arab East (not the Maghreb), especially Egypt, Syria and the Gulf countries.

851-0812-07L Heureka V: Politics and Society in Discussion in
Antiquity and Today

W 2 credits 2V C. Utzinger, M. Amann, B. Beer,
A. Broger, F. Egli Utzinger,
R. Harder

Abstract A Lecture Series on Ancient Greece and Rome and Their Impact on Later Periods
Objective Insights into some important fields relating to politics and society in antiquity (forms of government, historical development, social context,

meaning for the present).
Content Unsere Kultur und wissenschaftliche Tradition haben eine lange Geschichte.

In der aktuellen Heureka-Reihe soll diese Kultur ausgehend von der Analyse der verschiedenen Staatsformen und der gesellschaftlichen
Diskussionen beleuchtet werden. Insbesondere soll der Bezug zur heutigen Gegenwart mit ihren aktuellen staatspolitischen Fragen
hergestellt und die Verwurzelung der modernen Diskussionen in der Antike aufgezeigt werden.
Dabei geht es auch um die enge Verflechtung wissenschaftlicher und technischer Entwicklungen und politischer Systeme: Die Entstehung
der Demokratie im antiken Athen ging mit einer kulturellen und wissenschaftlichen Vorreiterrolle dieser Stadt einher. Die frühen
Naturwissenschaften entwickelten sich parallel zur ersten Demokratie, wurden aber in der folgenden Krisenzeit von der Demokratie
bedroht. Heutige Technik (z.B. facebook-Algorithmen) gefährdet umgekehrt die Demokratie.
Wie gehen wir damit um, dass in Diktaturen wissenschaftlich und ökonomisch identifizierte Handlungsfelder, wenn sie politisch anerkannt
sind, sofort umgesetzt werden, wie sich aktuell an Chinas Massnahmen zur Verbesserung der Luftqualität zeigt? Naturwissenschaft steht
immer im Wechselspiel mit den politischen Systemen und der gesellschaftlichen Matrix, in die sie eingebettet ist.
Veränderungen in der Staatsform können also nie isoliert betrachtet werden. Beispielsweise veränderten materialtechnische Entwicklungen
im Heer mehrfach die Truppenzusammensetzung und bewirkten eine Machtverlagerung in der Politik und Gesellschaft.
Die Vorlesungsreihe gliedert sich in sechs thematische Module (1-6):
Sitzung 1-2 (Modul 1): Alle Macht dem Volk? Athenische und moderne Demokratie
Sitzung 3-4 (Modul 2): Fort mit dem König - die römische Republik
Sitzung 5-6 (Modul 3): Ein starker Mann muss her - die römische Kaiserzeit
Sitzung 7-8 (Modul 4): Im Zeichen des Kreuzes - der Aufstieg des Christentums
Sitzung 9-10 (Modul 5): Jetzt sprechen die Philosophen - antike und moderne Staatsutopien
Sitzung 11-12 (Modul 6): Die Macht der Bilder - Bilder der Macht
Sitzung 13: Lernzielkontrolle

052-0806-00L History and Theory of Architecture IV W 2 credits 2V L. Stalder
Abstract The two-semester course offers an introduction to the history and theory of architecture from the industrial revolution up to now. Based on

current questions a variety of case studies will be discussed.
Objective The aim is to give an overview on crucial events, works of art, buildings and theories since the beginning of the 19th century up to now. The

course should enhance the comprehension of historical and theoretical issues, and allow the students to localize their own practice within a
broader historical context.

Content The subject of this lecture course is the history and theory of architecture since the beginning of the 19th century up to now. It examines the
architectural answers to the changing technical inventions and social practices. Consequently, the focus will be less on individual architects
or buildings than on various themes that determined the architecture of the period.

Lecture notes http://www.stalder.arch.ethz.ch/courses

851-0101-59L Science and Masculinities W 3 credits 2S B. Schär
Abstract Men have always been over-represented in the sciences. Why is this so? This seminar inquires how male supremacy in science evolved

and transformed historically in different places around the world. How was and is science linked to particular images of manliness? How did
and do women and non-conforming men around the world nonetheless succeed in doing science?
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Objective Students will become familiarized with the history of science from the perspective of gender history. Gender Historians understand male
dominance in science not as natural phenomenon, but rather as feature in need of historical inquiry and explanation. 
The aim of this seminar is therefore to examine different ways historians analyse and explain historical and ongoing male
overrepresentation in the sciences. By reading case studies from different parts of the world, students will be able to evaluate firstly how
male overrepresentation was and remains linked to legacies of western and middle-class dominance in science. Secondly, they will also
explore how women and non-conforming men nevertheless succeed(ed) in science at different historical points in time. 
Students will have the opportunity to select a topic from the ETH Zurich's gendered history and write an essay on how masculinity and
gender operate(d)s in our university. 

Content This seminar treats male overrepresentation in the sciences as a phenomenon in need of historical explanation. Reading case studies from
around the world, students will be able to asses how male overrepresentation was and remains linked with legacies of western and middle-
class dominance in the sciences. Student will analyze aspects of this history in the case of ETH Zurich in a term paper.

851-0125-65L A Sampler of Histories and Philosophies of
Mathematics
Particularly suitable for students D-CHAB, D-INFK, D-
ITET,  D-MATH, D-PHYS

W 3 credits 2V R. Wagner

Abstract This course will review several case studies from the ancient, medieval and modern history of mathematics. The case studies will be
analyzed from various philosophical perspectives, while situating them in their historical and cultural contexts.

Objective The course aims are:
1. To introduce students to the historicity of mathematics
2. To make sense of mathematical practices that appear unreasonable from a contemporary point of view
3. To develop critical reflection concerning the nature of mathematical objects
4. To introduce various theoretical approaches to the philosophy and history of mathematics
5. To open the students' horizons to the plurality of mathematical cultures and practices

851-0004-00L Errors, Deception, Lies and Similar Phenomenons W 3 credits 2V M. Hampe, H. Fischer-Tiné,
D. Gugerli, M. Hagner, A. Kilcher,
R. Wagner, U. J. Wenzel

Abstract Errors, deceptions and lies are phenomena, which are part of science, its application and interpretation. This lecture-course of the lecturers
of Knowledge-section of DGESS discusses these phenomena in different scientific disciplines, and different times and in different political
contexts.

Objective Acquiring knowledge about the structure and history of epistemic blunders in different scientific disciplines.
Content Errors, deceptions and lies are phenomena, which are part of science, its application and interpretation. This lecture-course of the lecturers

of the Knowledge-section of DGESS discusses these phenomena in different scientific disciplines, and different times and in different
political contexts.

851-0107-00L Science and the Public: A Problem of Mediation that
the Media Have to Solve?

W 3 credits 2S U. J. Wenzel

Abstract What can, what should, what do "laymen" want to know and understand from scientific findings? How and what is "conveyed" in reporting
on science? Does science journalism have to follow scientific criteria? How do the natural sciences differ from the humanities and social
sciences in terms of "comprehensibility" and public visibility?

Objective Gaining insights into the relationship between the sciences, the public and the media, into their historical development and current
problems - with particular reference to the "Wissenschaftsfeuilleton".

Content The feuilleton of the «Frankfurter Allgemeine Zeitung» of 27 June 2000 has gone down in the annals of recent media history. The last
sequences of the fully mapped human genetic code were printed on six large-format pages: the letters A, G, C and T in various
combinations and sequences - a «readable » but incomprehensible jumble of letters. What at the time was astounding journalistic coup and
met with enthusiasm as well as head shaking can (also) be read as an allegory of the tense relationship between science and the public.
What can, what should, what do «laymen» want to know and understand from scientific findings? What role do the media play, does
science journalism play in this? How and what is «conveyed» in reporting on scientific findings? And does science journalism have to follow
scientific criteria in such reporting? How do the natural sciences, medicine and technology differ from the humanities and social sciences in
terms of «comprehensibility» and public awareness? Are we really dealing with two diverging «science cultures» - and two different ways of
presenting them  in the media?
These questions will be explored on some excursions into recent and also older media, scientific and cultural history.

851-0006-00L Water in the Early Modern Period: A Material and
Environmental History

W 3 credits 2S T. Asmussen

Abstract The seminar deals with questions of how water was perceived, used and appropriated in medieval and early modern societies. We
examine water as a livelihood (drinking water, irrigation resource), energy source, transport medium, infrastructure and threat between
1400 and 1800.

Objective The students acquire historical knowledge of how pre-modern societies appropriated the natural substance water and how they themselves
were formed and changed by the interactions with the liquid element.  Students are expected to read original German, French and English
sources.

Content The seminar examines the history of the substance and uses of water from the late Middle Ages to the 18th century. Using text and image
sources, we will examine the physical, cultural, economic and scientific-technical implications of the relationship between man and water in
plenary sessions and groups.
We deal with (al-)chemical analyses of water in the context of medical treatises and spas, the expansion and challenges of the water
infrastructure ( fountains, sewage canals, irrigation canals, inland waterways), the associated changes of landscapes as well as with water
as a threat (floods). 

851-0109-00L Public Images of Science W 3 credits 2V M. Bucchi
Abstract The course will analize in a historical and sociological approach the public images of science and scientists and their major changes. 
Objective In particular, we will explore the following subjects: the role of the visual element in the communication of science and its public

representation; the role of ‘visible scientists’, with particular consideration of Nobel Prize winners; events and affairs that have shaped the
public perception of science and the relationship between science and society.  

Content The course will analize in a historical and sociological approach the public images of science and scientists and their major changes. 
In particular, we will explore the following subjects: the role of the visual element in the communication of science and its public
representation; the role of ‘visible scientists’, with particular consideration of Nobel Prize winners; events and affairs that have shaped the
public perception of science and the relationship between science and society.  
Various examples will be quoted and discussed, and will illustrate the Italian science and its relationship to society and to the various
cultural fields (literature, visual arts, gastronomy), with particular reference to the period from the second half of the 19th century until the
end of the 20th century.

851-0521-00L Computer History. An Introduction W 3 credits 2V D. Gugerli
Abstract The lecture will explore the question of how the world got into the computer. The history of this great move in the second half of the 20th

century is told by focusing on bottlenecks, the overcoming of which has created new difficulties.
Objective The students learn to understand the effects of techno-historical narratives and arguments.
Lecture notes The exact programme will be presented at the beginning of the semester.
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851-0522-00L Digital Statehood (1960-2000). Imaginaries,
Experiences, Trading Zones
Does not take place this semester.

W 3 credits 2S

Abstract The seminar addresses the expectations, experiences and negotiations in which digital processes, legal regulations and administrative
routines are to be harmonized in the Swiss Federal Administration (1960-2000).

Objective Students should understand the interactions between technological processes, legal regulations and bureaucratic routines. In addition to
reading research literature and conceptual work, the main focus is on studying relevant sources.

Content Since the late 1950s, public administrations have been using computers to perform their tasks. Focusing on the use of computers in the
Swiss federal administration, the seminar aims to identify how digital processes, legal regulations and administrative routines should be
reconciled in public administrations. On the basis of IT projects of the Swiss Federal Administration, it will be investigated how computers
were made usable and which options for action were opened up to the computer-supported federal state as a result. Last but not least, we
want to ask how a (computer-) history of digital statehood can be written.

851-0110-00L The Frontier in Literature W 3 credits 2V M. Enard
Abstract In this course, I will develop a reflexion around borders, limits, and frontiers in literature.
Objective We will focus on subjects such as bilingualism, multilingualism, and the representation of the

front in the literature of war.
Content In this course, I will develop a reflexion around borders, limits, and frontiers in literature. We will focus on subjects such as bilingualism,

multilingualism, and the representation of the front in the literature of war. The teaching language is French, however, by definition, to be
interested in such subjects, implies also the exploration of texts and/or linguistic domains
outside of 'Francophonie'.

851-0326-00L Nationalism and Postnationalism in Modern Judaism:
Historical Developments and Current Debates

W 2 credits 1S C. Wiese

Abstract Since the emergence of the Zionist movement in the 19th century multiple interpretations of the concept of nation and nationalism within
Judaism have been discussed. The course introduces these debates and discusses the continuing historical and political discourse on
Zionism, Post-Zionism and postnationalism.

Objective 1. To deepen the knowledge about inner-Jewish political debates about the goals and the nature of Jewish nationalism as well as
alternative self-conceptions.
2. To gain insights into the polyphony of historical and political discourse.
3. To strengthen the ability to understand historical and contemporary texts within the political context of the respective time period.

851-0100-00L What Is Truth? Philosophical Conceptions of a Crucial
Notion

W 3 credits 2G L. Wingert

Abstract Truths are strange entities. (1) they depend on us. For it is a sentence or a belief of human creatures which can be true or false. (2)Truths
are nothing like a modeling clay in our hands. It’s not up to us whether our beliefs are true or false. How do (1)and(2) go together? In
dealing with this question we will investigate the relation between the concepts of truth, facts, and objectivity.(396Z.)

Objective The attentive participant will probably achieve the following:

1. an acquaintance with influential philosophical answers to the question how to understand the concept of truth ( as correspondence
between belief and fact; as coherence between beliefs and experiences; as that belief, that survives all challenges);

2. a deeper understanding of the relation between truth and facts;

3. a knowledge of arguments backing the thesis that objectivity, understood as an attitude of X, needs an aiming of X at truths without
commiting X to the claim that one is infallible like the catholic pope.

Perhaps (dependent on available time):

4. overcomig the prejudice that we have facts and truth on the one side, and merely valuations and subjective standpoints on the other
side.

Literature 1. Thomas Grundmann, Philosophische Wahrheitstheorien, Stuttgart: Reclam 2019.

2. Bertrand Russell, Problems of Philosophy, Buffallo: Prometheus Books 1988, ch. 12: „Truth and Falsehood“.

3. Bede Rundle, Facts, London: Duckworth 1993, ch. 1: „Facts“.

4. Oliver Schlaudt, Was ist empirische Wahrheit?, Frankfurt/M.: Klostermann 2014, Kap. 6: „Wahrheit und Praxis“.

5. Frank Hoffmann, Die Metaphysik der Tatsachen, Paderborn: Mentis 2008, Kap. 1: Wahrheit; Kap. 5: Tatsachen.

6. Richard Evans, Facts in History, in: ders., In Defence of History, London: Granta Books 1997. 

7. Crispin Wright, , Truth: A Traditional Debate Revisited, in: Smon Blackburn/Keith Simmons (eds.), Truth, Oxford 1999. 

8. John Dupré, Tatsachen und Werte, in: Gerhard Schurz/Martin Carrier(Hg.), Werte in den Wissenschaften, Berlin: Suhrkamp 2013.

851-0003-00L Science and Food in the Development of the Modern
World (1890s–1970s)

W 2 credits 1S S. G. Sujeet George

Abstract This seminar course aims to offer a historical perspective on the development of modern food systems, agrarian science and global
cultures of taste and eating.

Objective To understand the links between science and modern food cultures; evaluate the global connections in the formation of national cuisines;
analyze how science and the food industry have shaped people’s ideas of taste, nutrition and aesthetics.

Content Looking at specific food and non-food commodities cultivated, developed and consumed across different regions in the world through the
late 19th and 20th centuries, the course shall try to make sense of the aesthetic, economic and scientific assumptions inherent within the
varied food palettes of our modern world. The course shall introduce students to the interlinked and overlapping histories of the
development of modern agricultural science, the political economy of food production, distribution and consumption, and ideas of culinary
aesthetics and national cuisines.

Students shall engage with the histories and debates around agricultural research, ideas of nutrition and hunger, questions of race,
diversity and community belonging, and the troubled narratives of environment and sustainability in industrial agriculture. The course will
utilize a combination of historical pamphlets and advertisements, newspaper accounts, as well as contemporary documentary films to
engage with some of the core questions around the modern history of food cultures and agrarian science.

701-0791-00L Environmental History - Introduction and Overview
Change of semester: takes place in spring semester
instead of autumn semester.

W 2 credits 2V M. Gisler
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Number of participants limited to 100.

Abstract Our society faces a serious ecological crisis. Of what historical dimension is this crisis? How have human societies already in earlier times
changed their environment, and, consequently, perhaps also ours? What were the main ecological challenges for societies and how did
they change over time? And how did societies adapt to changing environmental conditions?

Objective Introduction into environmental history; survey of long-term development of human-nature-interrelations; discussion of selected problems.
Improved ability to assess current problems from a historical perspective and to critically interrogate one's own standpoint.

Lecture notes Course material is provided in digital form.
Literature McNeill, John R. 2000. Something new under the sun: An environmental history of the twentieth-century world, New York: Norton.


Uekötter, Frank (Ed.) 2010. The turning points of environmental history, Pittsburgh: University of Pittsburgh Press.

Winiwarter, Verena und Martin Knoll 2007. Umweltgeschichte: Eine Einführung, Köln: Böhlau.

Prerequisites /
notice

Students are asked to write an exam during the last session

 Literature
Number Title Type ECTS Hours Lecturers

851-0315-01L Writing: Precision of Language as a Field of Research
for Literature

W 1 credit 1G F. Kretzen

Abstract When we write a literary text we enter into a set-up for experiments and explore the possibilities ensuing from the specific structure and
consistency of such a text. Literary writing allows us to go over to another kind of knowledge. Thus, the question: what is it that I want to
write about? is replaced by: what do I write?

Objective In this course we shall analyze and apply conditions and criteria for literary writing on the basis of our own texts. 
The course is intended for persons who are interested in literary approaches to exactitude.
Any attempt to write literature is confronted with an unforeseeable linguistic dynamism whose feasibility is determined by laws and rules
quite different from those of science and technology. For the science-oriented writer, experiencing the self-evidence produced by literary
approaches in his or her own writing project opens up a field of language with new content and new methods.

Content In the natural sciences as well as in engineering we set up experiments, analyze equation systems, and formulate theories. In order to
complement these practices, the course «Writing» shall pursue precision in literary writing, its choice of word and its self-evidence.

When we write a literary text we also enter into a set-up for experiments and explore the possibilities ensuing from the specific structure
and overall consistency of such a text. This form of writing takes us from the question: what is it that I want to write about? to the question:
what do I write?
How do such literary approaches differ from the ways in which the natural sciences use language?
In this course we shall analyze and apply conditions and criteria for literary writing on the basis of our own texts. 
The course is intended for persons who are interested in literary approaches to exactitude.
Any attempt to write literature is confronted with an unforeseeable linguistic dynamism whose feasibility is determined by laws and rules
quite different from those of science and technology. For the science-oriented writer, experiencing the self-evidence produced by literary
approaches in his or her own writing project opens up a field of language with new content and new methods.

Prerequisites /
notice

Those wishing to participate are required to send in between two and three pages text of their own writing that will be discussed in class. It
may be an existing text , such as an essay yet from school or a post for a student magazine. The next step will be writing a text on a preset
topic as a basis for discussing the various realizations of a given task.

851-0109-00L Public Images of Science W 3 credits 2V M. Bucchi
Abstract The course will analize in a historical and sociological approach the public images of science and scientists and their major changes. 
Objective In particular, we will explore the following subjects: the role of the visual element in the communication of science and its public

representation; the role of ‘visible scientists’, with particular consideration of Nobel Prize winners; events and affairs that have shaped the
public perception of science and the relationship between science and society.  

Content The course will analize in a historical and sociological approach the public images of science and scientists and their major changes. 
In particular, we will explore the following subjects: the role of the visual element in the communication of science and its public
representation; the role of ‘visible scientists’, with particular consideration of Nobel Prize winners; events and affairs that have shaped the
public perception of science and the relationship between science and society.  
Various examples will be quoted and discussed, and will illustrate the Italian science and its relationship to society and to the various
cultural fields (literature, visual arts, gastronomy), with particular reference to the period from the second half of the 19th century until the
end of the 20th century.

851-0299-00L Literature, Art and Politics in Fin-de-siècle Paris,
Vienna, Prague, and Berlin

W 3 credits 2V S. S. Leuenberger

Abstract Literature and art in 1900 were characterised by the conflict between the perception of decline and the hope of renewal. Analysis of literary,
philosophical and critical theory texts illustrates that some authors were not merely passive observers of the crisis, they also experienced it
first-hand in their writing. This crisis subsequently became the model for a new form of linguistics.

Objective The lecture is part of the ‘Science in Perspective’ course programme: students will learn about literature, art and philosophy at the turn of
the 20th century with case studies featuring literary, epic, dramatic and discursive texts from around 1900 which are characterized by the
conflict between the perception of decadence, decay and death on the one hand, and hope of rebirth, renewal and rejuvenation on the
other hand. Analysis of these texts illustrates that several authors not only observed the language crisis, the increasing awareness of the
impossibility of representation through language, which was accompanied by a questioning of the self (I), but they also experienced it in
their writing. This crisis subsequently became the model for a new form of linguistics. These literary forays, and indeed other ideological
and political thinking and models of salvation and future at the time, including socialism, anarchy, psychoanalysis and Zionism will also be
addressed in the lecture.

Content The reading list includes literary texts and discursive texts, amongst others, from Stéphane Mallarmé, Stefan George, Hugo von
Hofmannsthal, Arthur Schopenhauer, Friedrich Nietzsche, Lou Andreas-Salomé, Ernst Mach, Hermann Bahr, Richard Dehmel, Christian
Morgenstern, Sigmund Freud, Bertha Pappenheim, Else Lasker-Schüler, Arthur Schnitzler, Theodor Herzl, Robert Walser and Thomas
Mann.

851-0317-00L Universal Knowledge. The Theory of the Encyclopedia
between Literature and Philosophy

W 3 credits 2V A. Kilcher

Abstract The encyclopedic form is essential to the history of knowledge and also constantly changed by it. The traditional claim of an encyclopedia
is to itemize all objects of knowledge, ultimately representing them as a tangible whole. To do so, however, aesthetic and poetic strategies
are employed that effectively produce such totality.

Objective The encyclopedic form is essential to the history of knowledge and also constantly changed by it. The traditional claim of an encyclopedia
is to itemize all objects of knowledge, ultimately representing them as a tangible whole. To do so, however, aesthetic and poetic strategies
are employed that effectively produce such totality. The course will survey the history as well as theory of the encyclopedia, highlighting
above all the aesthetic variety of encyclopedic forms.
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Content Die Form der Enzyklopädie ist in der Geschichte des Wissens ebenso prägend wie wandelbar. Sie beruht auf dem Anspruch, sämtliche
Gegenstände des Wissens zu erfassen und diese möglichst übersichtlich als Totalität darzustellen. Dieser Anspruch wird nicht nur medial,
sondern auch ästhetisch und poetologisch umgesetzt. Seit der  Antike und dem Mittelalter konkurrieren unterschiedliche Modelle, erst recht
in der Neuzeit, wo die Vorlesung hauptsächlich ansetzt: topische Ordnungssysteme wurden zunächst durch rationale, dann durch
kontingente Formen der Wissensorganisation abgelöst. So hatte im 18. und 19. Jahrhundert das alphabetische Wörterbuch seine grosse
Karriere. Die letzte grosse, wesentlich medientechnische Transformation der Enzyklopädie erfolgte im digitalen Zeitalter mit dem Internet
und den entsprechenden Enzyklopädien wie der Wikipedia. Der sich dergestalt vielfach wandelnde philosophische Anspruch greift auf eine
Vielzahl von ästhetischen Darstellungsformen zurück, die je die enzyklopädische Totalität erzeugen. Die Vorlesung gibt einen Überblick
über die Geschichte und Theorie der Enzyklopädie und legt dabei ein besonderes Augenmerk auf diese Vielfalt der Formen. Diese werden
nicht zuletzt auch in spezifischen literarischen Gattungen und Texten umgesetzt, insbesondere dem Roman.
 

851-0318-00L Law and Literature W 3 credits 2S A. Kilcher
Abstract Law and literature are in many ways connected. The law employs literary genres and partly embodies its humanistic potential, while

literature addresses the connections between laws, norms and justice on many levels, including their enactment, philosophical justification,
and societal critique. The course will explore this complex connection between law and literature both practically and theoretic

Objective 1) critical reflection on the historical differences in conceptualizing legality and justice in modernity as reflected in literary texts; 2)
theoretical understanding of different models of legality and justice; 3) aesthetic and poetic aspects underpinning the concepts of justice
and legality

Content Literatur und Recht sind auf komplexe Weise aufeinander bezogen und können sich wechselseitig erhellen. Das Recht verwendet
Verfahren der Literatur (etwa ihre rhetorischen, ästhetischen und poetologischen Darstellungs- und Überzeugungsmittel) und verkörpert
Elemente ihres humanen Potenzials. Die Literatur wiederum thematisiert und reflektiert die Zusammenhänge von Recht, Norm und Gesetz
auf unterschiedlichen Ebenen: erstens auf der Ebene praktischer Umsetzung, zweitens auf der Ebene philosophischer Begründung,
drittens auf der Ebene der wissenschaftlichen und technischen Anwendung, viertens  auf der Ebene gesellschaftlicher Kritik und utopischer
Gegenmodelle von Gerechtigkeit, oder aber dystopischer Fälle von Ungerechtigkeit. Das Seminar untersucht diese komplexen
Wechselwirkungen von Literatur und Recht sowohl theoretisch als auch an konkreten Beispielen aus der neueren deutschen und
europäischen Literatur (im Drama wie in Prosa) von Goethe und Kleist bis hin zu Kafka und Dürrenmatt.

851-0280-00L Beginnings W 3 credits 2S C. Jany
Abstract "All beginnings are difficult,” goes the saying, “but without them there wouldn't be endings." However, what makes beginnings so difficult?

What kind of action is that? Which knowledge does it presuppose? And what would a beginning say about the end? We will pursue these
questions by reading sacred, philosophical, literary, and scientific texts that, each in its own way, make a beginning.

Objective - thorough reading and critical analysis of the texts
- reflections on the historical and epistemological function of fictional origins such as cosmological myths, foundationalist philosophy, and
poetic incantations
- rhetorical analysis of foundational acts carried out in thought and writing
- introduction of the problem of justifying knowledge

 Economics
Number Title Type ECTS Hours Lecturers

851-0609-04L The Energy Challenge - The Role of Technology,
Business and Society
Prerequisites: Basic knowledge in economics.

W 2 credits 2V R. Schubert, T. Schmidt, B. Steffen

Abstract In recent years, energy security, risks, access and availability are important issues. Strongly redirecting and accelerating technological
change on a sustainable low-carbon path is essential. The transformation of current energy systems into sustainable ones is not only a
question of technology but also of the goals and influences of important actors like business, politics and society.

Objective In this course different options of sustainable energy systems like fossile energies, nuclear energy or all sorts of renewable energies are
explained and discussed. The students should be able to understand and identify advantages and disadvantages of the different
technological options and discuss their relevance in the business as well as in the societal context.

Lecture notes Materials will be made available on the electronic learning platform: www.vwl.ethz.ch
Literature Materials will be made available on the electronic learning platform: www.vwl.ethz.ch
Prerequisites /
notice

Various lectures from different disciplines.

363-0532-00L Economics of Sustainable Development W 3 credits 2V L. Bretschger
Abstract Concepts and indicators of sustainable development, paradigms of weak and strong sustainability;

neoclassical and endogenous growth models;
economic growth in the presence of exhaustible and renewable resources; pollution, environmental policy and growth;
role of substitution and technological progress;
Environmental Kuznets Curve; sustainability policy.

Objective The aim is to develop an understanding of the implications of sustainable development for the long-run development of economies. It is to
be shown to which extent the potential for growth to be sustainable depends on substitution possibilities, technological change and
environmental policy.
After successful completion of this course, students are able to
1. understand the causes of long-term economic development
2. analyse the influence of natural resources and pollution on the development of social welfare
3. to appropriately classify the role of politics in the pursuit of sustainability goals.

Content The lecture introduces different concepts and paradigms of sustainable development. Building on this foundation and following a general
introduction to the modelling of economic growth, conditions for growth to be sustainable in the presence of pollution and scarce natural
resources are derived. Special attention is devoted to the scope for substitution and role of technological progress in overcoming resource
scarcities. Implications of environmental externalities are regarded with respect to the design of environmental policies.     
Concepts and indicators of sustainable development, paradigms of weak and strong sustainability, sustainability optimism vs. pessimism;
introduction to neoclassical and endogenous growth models;
pollution, environmental policy and growth;
role of substitution possibilities and technological progress;
Environmental Kuznets Curve: concept, theory and empirical results;
economic growth in the presence of exhaustible and renewable resources, Hartwick rule, resource saving technological change.

Lecture notes Will be provided successively in the course of the semester.
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Literature Bretschger, F. (1999), Growth Theory and Sustainable Development, Cheltenham: Edward Elgar.

Bretschger, L. (2004), Wachstumstheorie, Oldenbourg, 3. Auflage, München. 

Bretschger, L. (2018), Greening Economy, Graying Society, CER-ETH Press, ETH Zurich.

Perman, R., Y. Ma, J. McGilvray and M. Common (2011), Natural Resource and Environmental Economics, Longman , 4th ed., Essex.

Neumayer, E. (2003), Weak and Strong Sustainability, 2nd ed., Cheltenham: Edward Elgar.

363-0564-00L Entrepreneurial Risks W 3 credits 2G D. Sornette
Abstract 

Dimensions of risks with emphasis on entrepreneurial, financial and social risks.

What young entrepreneurs need to know from start-up creation to investment in innovation

Perspectives on the future of innovation and how to better invent and create

How to innovate and scale up and work with China

Dynamical risk management and learning from the failure of others 


Objective We live a in complex world with many nonlinear
negative and positive feedbacks. Entrepreneurship is one of
the leading human activity based on innovation to create
new wealth and new social developments. This course will
analyze the risks (upside and downside) associated with
entrepreneurship and more generally human activity
in the firms, in social networks and in society.
The goal is to present what we believe are the key concepts
and the quantitative tools to understand and manage risks.
An emphasis will be on large and extreme risks, known
to control many systems, and which require novel ways
of thinking and of managing. We will examine the questions
of (i) how much one can manage and control these risks,
(ii) how these actions may feedback positively or negatively
and (iii) how to foster human cooperation for the creation
of wealth and social well-being.

The exam will be in the format of multiple choice questions.
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Content PART I: INTRODUCTION

Lecture 1 (19/02): Risks (and opportunities) in the economic, entrepreneurial and social spheres
(D. Sornette)


PART II: START-UPS AND INVESTMENT IN INNOVATION

Lecture 2 (26/02): Setting the landscape on entrepreneurship and private investment
(P. Cauwels)

Lecture 3 (04/03 and 11/03): Corporate finance
(P. Cauwels)

Lecture 4 (18/03): Legal, governance and management
(P. Cauwels)

Lecture 5 (25/03): Investors in the innovation economy
(P. Cauwels)


PART III: HOW TO PREDICT THE FUTURE

Lecture 6 (01/04): Historical perspective
(P. Cauwels)

Lecture 7 (08/04): The logistic equation of growth and saturation
(D. Sornette)

Lecture 8 (22/04): Future perspective
(P. Cauwels)

Lecture 9 (29/04): The fair reward problem, the illusion of success and how to solve it
(P. Cauwels)


PART IV: HOW TO WORK WITH CHINA
“if China succeeds, the world succeeds; if China fails, the world fails” (D. Sornette).

Lecture 10 (06/05): The macro status in China and the potential opportunity and risks for the world
(K. Wu)

Lecture 11 (13/05): The collision of the two opposite mindsets: Innovation and Entrepreneurship in China and Switzerland
(K. Wu)


PART V: ESSENTIALS ON DYNAMICAL RISK MANAGEMENT

Lecture 12 (20/05):  Principles of Risk Management for entrepreneurship
(D. Sornette)

Lecture 13 (27/05):  The biology of risks and war principles applied to management
(D. Sornette)


Lecture notes The lecture notes will be distributed a the beginning of 
each lecture.

Literature I will use elements taken from my books 

-D. Sornette
Critical Phenomena in Natural Sciences,
Chaos, Fractals, Self-organization and Disorder: Concepts and Tools,
2nd ed. (Springer Series in Synergetics, Heidelberg, 2004) 

-Y. Malevergne and D. Sornette
Extreme Financial Risks (From Dependence to Risk Management)
(Springer, Heidelberg, 2006).

-D. Sornette, 
Why Stock Markets Crash
(Critical Events in Complex Financial Systems),
(Princeton University Press, 2003)

as well as from a variety of other sources, which will be
indicated to the students during each lecture.

Prerequisites /
notice

-A deep curiosity and interest in asking questions and in attempting to 
understand and manage the complexity of the corporate, financial
and social world

-quantitative skills in mathematical analysis and algebra
for the modeling part.

363-1039-00L Introduction to Negotiation W 3 credits 2G M. Ambühl
Abstract The course combines different lecture formats to provide students with both the theoretical background and the practical appreciation of

negotiation. A core element of the course is an introduction to the concept of negotiation engineering.
Objective Students learn to understand and to identify different negotiation situations, analyze specific cases, and discuss respective negotiation

approaches based on important negotiation methods (i.a. Game Theory, Harvard Method).
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Content The course combines different lecture formats to provide students with both the theoretical background and the practical appreciation of
negotiation. A core element is an introduction to the concept of negotiation engineering. The course covers a brief overview of different
negotiation approaches, different categories of negotiations, selected negotiation models, as well as in-depth discussions of real-world
case studies on international negotiations involving Switzerland. Students learn to deconstruct specific negotiation situations, to
differentiate key aspects and to develop and apply a suitable negotiation approach based on important negotiation methods.

Literature The list of relevant references will be distributed in the beginning of the course.

364-0576-00L Advanced Sustainability Economics
PhD course, open for MSc students

W 3 credits 3G L. Bretschger

Abstract The course covers current resource and sustainability economics, including ethical foundations of sustainability, intertemporal optimisation
in capital-resource economies, sustainable use of non-renewable and renewable resources, pollution dynamics, population growth, and
sectoral heterogeneity. A final part is on empirical contributions, e.g. the resource curse, energy prices, and the EKC.

Objective Understanding of the current issues and economic methods in sustainability research; ability to solve typical problems like the calculation of
the growth rate under environmental restriction with the help of appropriate model equations.

351-0578-00L Introduction to Economic Policy
Does not take place this semester.

W 2 credits 2V

Abstract First approach to the theory of economic policy.
Objective First approach to the theory of economic policy.
Content Wirtschaftspolitik ist die Gesamtheit aller Massnahmen von staatlichen Institutionen mit denen das Wirtschaftsgeschehen geregelt und

gestaltet wird. Die Vorlesung bietet einen ersten Zugang zur Theorie der Wirtschaftspolitik. 

Gliederung der Vorlesung:

1.) Wohlfahrtsökonomische Grundlagen: Wohlfahrtsfunktion, Pareto-Optimalität, Wirtschaftspolitik als Mittel-Zweck-Analyse u.a.

2.) Wirtschaftsordnungen: Geplante und ungeplante Ordnung
3.) Wettbewerb und Effizienz: Hauptsätze der Wohlfahrtsökonomik, Effizienz von Wettbewerbsmärkten
4.) Wettbewerbspolitik: Sicherstellung einer wettbewerblichen Ordnung

Gründe für Marktversagen:
5.) Externe Effekte 
6.) Öffentliche Güter 
7.) Natürliche Monopole 
8.) Informationsasymmetrien
9.) Anpassungskosten
10.) Irrationalität

11.) Wirtschaftspolitik und Politische Ökonomie

Die Vorlesung beinhaltet Anwendungsbeispiele und Exkurse, um eine Verbindung zwischen Theorie und Praxis der Wirtschaftspolitik
herzustellen. Z. B. Verteilungseffekte von wirtschaftspolitischen Massnahmen, Kartellpolitik am Ölmarkt, Internalisierung externer Effekte
durch Emissionshandel, moralisches Risiko am Finanzmarkt, Nudging, zeitinkonsistente Präferenzen im Bereich der Gesundheitspolitik

Lecture notes Nein.

701-0758-00L Ecological Economics: Introduction with Focus on
Growth Critics

W 2 credits 2V I. Seidl

Abstract Students become acquainted with the basics / central questions / analyses of Ecological Economics. Thereby, central will be the topic of
economic growth. What are the positions of Ecological Economics in this regard? What are the theories and concepts to found this position
in general and in particular economic areas (e.g. resource consumption, efficiency, consumption, labour market, enterprises)?

Objective Become acquainted with basics and central questions of Ecological Economics (EE): e.g. 'pre-analytic vision', field of discipline,
development EE, contributions of involved disciplines such as ecology or political sciences, ecological-economic analysis of topics such as
labour market, consumption, money. Critical analysis of growth and learning about approaches to reduce growth pressures.

Content What is Ecological Economics
Field of the discipline and basics
Resource consumption, its development and measurements
Measurement of economic activity and welfare
Economic growth, growth critics and post-growth society
Consumption, Money, Enterprises, labour market and growth pressures
Starting points for a post-growth society

Lecture notes No Script. Slides and texts will be provided beforehand.
Literature Daly, H. E. / Farley, J. (2004). Ecological Economics. Principles and Applications. Washington, Island Press.

     
Seidl, I. /Zahrnt A. (2010). Postwachstumsgesellschaft, Marburg, Metropolis.

Ausgewählte wissenschaftliche Artikel.
Prerequisites /
notice

Participation in a lecture on environmental economics or otherwise basic knowledge of economics (e.g. A-Level)

751-1500-00L Development Economics W 3 credits 2V I. Günther, K. Harttgen
Abstract Introduction into basic theoretical and empirical aspects of economic development. Prescriptive theory of economic policy for poverty

reduction.
Objective The goal of this lecture is to introduce students to basic development economics and related economic and developmental contexts.
Content The course begins with a theoretical and empirical introduction to the concepts of poverty reduction and issues of combating

socioeconomic inequality. Based on this, important external and internal drivers of economic development and poverty reduction are
discussed as well as economic and development policies to overcome global poverty. In particular, the following topics are discussed:

- measurement of development, poverty and inequality, 
- growth theories
- trade and development
- education, health, population and development
- states and institutions
- fiscal,monetary- and exchange rate policies

Lecture notes None.
Literature Günther, Harttgen und Michaelowa (2020): Einführung in die Entwicklungsökonomik.
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Prerequisites /
notice

Voraussetzungen: 
Grundlagenkenntisse der Mikro- und Makroökonomie. 

Besonderes:
Die Veranstaltung besteht aus einem Vorlesungsteil, aus eigener Literatur- und Recherchearbeit sowie der Bearbeitung von
Aufgabenblättern. 

Die Vorlesung basiert auf: Günther, Harttgen und Michaelowa (2019): Einführung in die Entwicklungsökonomik. Einzelne Kapitel müssen
jeweils vor den Veranstaltungen gelesen werden. In den Veranstaltungen wird das Gelesene diskutiert und angewendet. Auch werden
offene Fragen der Kapitel und Übungen besprochen.

860-0032-00L Principles of Macroeconomics
Prerequisite: An introductory course in Economics is
required to sign up for this course.

Number of participants is limited to 20

STP students have priority

W 3 credits 2V S. Sarferaz

Abstract This course examines the behaviour of macroeconomic variables, such as gross domestic product, unemployment and inflation rates. It
tries to answer questions like: How can we explain fluctuations of national economic activity? What can economic policy do against
unemployment and inflation?

Objective This lecture will introduce the fundamentals of macroeconomic theory and explain their relevance to every-day economic problems.
Content This course helps you understand the world in which you live. There are many questions about the macroeconomy that might spark your

curiosity. Why are living standards so meagre in many African countries? Why do some countries have high rates of inflation while others
have stable prices? Why have some European countries adopted a common currency? These are just a few of the questions that this
course will help you answer. Furthermore, this course will give you a better understanding of the potential and limits of economic policy. As
a voter, you help choose the policies that guide the allocation of society's resources. When deciding which policies to support, you may find
yourself asking various questions about economics. What are the burdens associated with alternative forms of taxation? What are the
effects of free trade with other countries? How does the government budget deficit affect the economy? These and similar questions are
always on the minds of policy makers.

 Philosophy
Number Title Type ECTS Hours Lecturers

851-0101-01L Introduction to Practical Philosophy
Particularly suitable for students of D-MAVT, D-MATL

W 3 credits 2G L. Wingert

Abstract Practical philosophy deals in a descriptive and evaluative way with the realm of the practical, that is, with action, practices, norms of action,
and values held by people and societies. Ethics and political philosophy are branches of practical philosophy. This introductory course will
treat some of the main questions and introduce students to the thinking of central figures in the field.

Objective At the end of the course, students (1) will be familiar with still highly influential answers to some of the main questions (see below, section
"contents") in practical philosophy. (2) They will be able to better evaluate how convincing these answers are. (3) Students' own thinking
concerning normative, e.g., ethical issues, will be more precise, due to a more sophisticated use of key concepts such as good, right,
morality, law, freedom, etc.

Content Ethics is an account and instruction of the good, that could be reached by conscious, intentional behaviour (=action). Ethics is an essential
part of practical philosophy. Therefore one of those central questions, which will be discussed in the course, is:

1. What is the meaning of words like "good" and "bad", used in ethical language? What is meant by "good", if one says: "Working as a
volunteer for the <Red Cross> is good"? Does one mean, that doing so is useful, or that it is altruistic, or that is fair?

Further questions, to be discussed in the course, are:

2. Are moral judgements apt to be justified, e.g. judgments like "Lower taxes for rich foreigners in the <Kanton Zug> are unjust" or "Every
person ought to be entitled to leave any religious community"? If so, how far a moral judgment's justification can reach? Is one right in
arguing: "It is possible to show the truth of the proposition (a):The emissions of nitrogen dioxide in Zurich is far beyond the permissible limit
(80 mg/m3). But it is not possible to verify the proposition (b): In our times, the inequal global distribution of wealth is far beyond the
permissible limit. Proposition (a) states an objective fact, whereas (b) expresses a mere subjective evaluation, though that evaluation might
be widely spread.

3. What are just laws, and what is the relationship between law and morality?

4. Is freedom of a person, though presupposed by criminal law and morality, nevertheless an illusion?

These questions will be partly discussed with reference to seminal authors within the western philosophical tradition (among else Plato,
Aristotle, Thomas Hobbes, David Hume, Immanuel Kant). Contemporary philosophers like Jürgen Habermas, Thomas Nagel, Ernst
Tugendhat or Bernard Williams will be included, too.

Literature Preparatory Literature:

-Dieter Birnbacher, Analytische Einführung in die Ethik, 2. Aufl. Berlin: de Gruyter Verlag 2006.
- Simon Blackburn, Think. A Compelling Introduction to Philosophy, Oxford: University Press (=UP) 1999, chapters 3 und 8.
- Philippa Foot, <Virtues and Vices> in: diess., Virtues and Vices and Other Essays in Moral Philosophy, Oxford: UP 2002, and <Morality,
Action and Outcome>, in: dies., Moral Dilemmas and Other Topics in Moral Philosophy, Oxford: UP 2002.
- H.L.A. Hart, <Positivism and the Separation of Law and Morals, in: Harvard Law Review 71 (1958), pp. 593-629.
- Detlef Horster, Rechtsphilosophie zur Einführung, Hamburg: Junius Verlag 2002.
- Robert Kane, <Introduction: The Contours of the Contemporary Free Will Debates>, in: ders., (Hg.), The Oxford Handbook of Free Will,
Oxford 2002. 
 Thomas Nagel, The Limits of Objectivity, in:  The Tanner Lectures on Human Values 1980, Vol I., ed. Sterling McMurrin , Cambridge et al.:
UP 1980, pp. 75-139.
- Ulrich Pothast, <Einleitung> in: ders., (Hg.), Seminar: Freies Handeln und Determinismus, Frankfurt/M.: suhrkamp taschenbuch
wissenschaft 1978, pp. 7-31. 
- Bernard Williams, Morality. An Introduction to Ethics, Cambridge: UP (=Canto Series) 1976.
- Peter Winch, The Idea of a Social Science, 4.Aufl. London 1965, ch. II.

Prerequisites /
notice

The course will be a mixture of lecture and seminar. For getting credit points, essays on given or freely chosen subjects have to be written.

851-0147-01L Theories, Experiments, Causality
Does not take place this semester.
Particularly suitable for students of D-PHYS

W 3 credits 2G R. Wallny, M. Hampe
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Abstract This course critically evaluates topics and approaches from physics against a broader historical and philosophical/systematic background.
Attention will be paid, amongst other things, to the role of experiments, to the concepts of matter and field, and to theory formation.

Objective Students should be able to critically evaluate different topics and approaches in physics. They should also be enabled to communicate their
insights to people from other disciplines and fields.

Prerequisites /
notice

This course is part of the ETH "Critical Thinking" initiative.

851-0148-00L Introduction to Philosophy: Prophets, Judges, Fools,
and Healers
Does not take place this semester.

W 3 credits 2V M. Hampe

Abstract This lecture gives an overview of forms of philosophizing for students of the natural sciences and engineering. It is at the same time an
introduction to philosophy for beginners of this subjects.

Objective Students of the natural sciences and technology will be given an overview of the different forms of philosophizing. Beginners of this subject
will receive a general introduction to philosophy. In order to acquire credit points, a critical summary of one lesson of choice must be
submitted (about 5-7 pages).

Content Philosophy is done in different forms: as a diagnosis of a time, from which one can develop a prognosis, as an evaluation of action and
thinking, and as a commentary of a spectator, who detects contradictions and and tries to give a therapy to human acting and thinking. By
looking at texts from Plato, Kant, Morus, Nietzsche, Carnap, Wittgenstein and others the course will give an introduction into philosophical
thinking in general.

Lecture notes Das Skript der Vorlesung ist unter der folgenden internetadresse zu finden: www.phil.ethz.ch/fileadmin/phil/files/SkriptEinfuehrung.pdf
Literature Michael Hampe, Propheten, Richter, Ärzte, Narren: Eine Typologie von Philosophen und Intellektuellen, in: Martin Carrier und Johannes

Roggenhofer (Hg.) Wandel oder Niedergang? Die Rolle der Intellekturelln in der Wissengesellschaft, Tranbscript Verlag, Münster 2007
Prerequisites /
notice

Credits are given for a critical summary of about six pages of one of the lectures. There will be a titorial to support the writing of this
summary.

701-0701-00L Philosophy of Science W 3 credits 2V C. J. Baumberger
Abstract The lecture explores various strands in philosophy of science in a critical way, focusing on the notion of rationality in science, especially

with regards to environmental research. It addresses the significance and limits of empirical, mathematical and logical methods, as well as
problems and ethical issues raised by the use of science in society.

Objective Students learn to engage with problems in the philosophy of science and to relate them to natural and environmental sciences, thus
developing their skills in critical thinking about science and its use. They know the most important positions in philosophy of science and
the objections they face. They can identify, structure and discuss issues raised by the use of science in society.

Content 1. Core differences between classical Greek and modern conceptions of science. 
2. Classic positions in the philosophy of science in the 20th century: logical empiricism and critical rationalism (Popper); the analysis of
scientific concepts and explanations. 
3. Objections to logical empiricism and critical rationalism, and further developments: What is the difference between the natural sciences,
the social sciences and the arts and humanities? What is progress in science (Kuhn, Fleck, Feyerabend)? Is scientific knowledge
relativistic? What is the role of experiments and computer simulations? 
4. Issues raised by the use of science in society: The relation between basic and applied research; inter- and transdisciplinarity; ethics and
accountability of science.

Lecture notes A reader will be available for students.
Literature A list of introductory literature and handbooks will be distributed to the students.
Prerequisites /
notice

Oral examination during the session examination.
Further optional exercises accompany the lecture and offer the opportunity for an in-depth discussion of selected texts from the reader.
Students receive an additional credit point. They have to sign up separately for the exercises for the course 701-0701-01 U.

401-1010-00L The Foundations of Analysis from a Philosophical and
Historical Point of View
Number of participants limited to 30

Particularly suitable for students of D-MATH

W 3 credits 2S L. Halbeisen, G. Sommaruga

Abstract Accompanying the courses in analysis, the beginning and development of analysis will be considered and discussed from a philosophical
perspective. In particular, different approaches towards dealing with the problems sparked off by the infinitesimals will be studied. And
finally, a short presentation of non-standard analysis will be given.

Objective This course aims at enabling the students to have a critical look at the basic philosophical premisses underlying analysis, to analyze them
and to reflect on them. 
NB. This course is part of the rectorate's critical thinking initiative.

401-3014-00L The Development of Set Theory as a Basis for
Analysis and Algebra
Does not take place this semester.
Number of participants limited to 30
Particularly suitable for students of D-MATH

W 3 credits 2S L. Halbeisen

851-0125-65L A Sampler of Histories and Philosophies of
Mathematics
Particularly suitable for students D-CHAB, D-INFK, D-
ITET,  D-MATH, D-PHYS

W 3 credits 2V R. Wagner

Abstract This course will review several case studies from the ancient, medieval and modern history of mathematics. The case studies will be
analyzed from various philosophical perspectives, while situating them in their historical and cultural contexts.

Objective The course aims are:
1. To introduce students to the historicity of mathematics
2. To make sense of mathematical practices that appear unreasonable from a contemporary point of view
3. To develop critical reflection concerning the nature of mathematical objects
4. To introduce various theoretical approaches to the philosophy and history of mathematics
5. To open the students' horizons to the plurality of mathematical cultures and practices

851-0125-67L Structuralist and Post-Structuralist Approaches to
Signs and Knowledge

W 3 credits 2S R. Wagner

Abstract This course will review some structuralist and post-structuralist approaches to signs and knowledge. It will start from the French
structuralist tradition, continue with the "1968 thinkers", and conclude with feminist and queer critiques of knowledge that rely on this
tradition. The theories studied in class will be evaluated in terms of their application to science studies.
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Objective 1. To introduce the structuralist and post-structuralist tradition, as well as subsequent queer and feminist critiques of knowledge (the
thinkers taught in the course will most probably come from the following list: Ferdinand de Saussure, Jacques Lacan, Julia Kristeva, Michel
Foucault, Jean Baudrillard, Jacques Derrida, Judith Butler, and Donna Harraway). 
2. To apply the ideas of this tradition to the context of science studies

At the end of the course the students will be able to analyze scientific texts and practices in terms of structuralist, post-structuralist and
feminist critique of science.

851-0144-12L Philosophy of Logic
Number of participants limited to 40

W 3 credits 2S G. Sommaruga

Abstract Philosophy of logic is a philosophical reflection on some key concepts and key topics of formal i.e. mathematical logic. On the one hand
this seminar will provide some knowledge of basic technical logical results, on the other hand it will on this basis provide an introduction to
the philosophical discussion of such topics as truth, logical consequence, existence, possible worlds and constructivsm

Objective 1. acquiring some basic knowledge of 1st order logic (up to Gödel completeness, Löwenheim-Skolem and compactness), modal logic and
intuitionistic logic
2. get to know some philosophical questions and problems w.r.t. formal logic (questions etc. which sometimes reach back as far as
antiquity) as well as some attempts to find answers or solutions to these questions and problems resp.

851-0160-00L Texts About Wisdom
Number of participants limited to 30.

W 3 credits 2S M. Hampe

Abstract This seminar investigates texts that claim to be able to change the readers way of life in a decisive way, e.g. from the stoic tradition
(Epictetus, Seneca), the enlightenment (Spinoza), and from the 19th century (Kierkegaard, Marx)

Objective Acquiring of fundamental knowledge about the European literature on wisdom.
Content This seminar investigates texts that claim to be able to change the readers way of life in a decisive way, e.g. from the stoic tradition

(Epictetus, Seneca), the enlightenment (Spinoza), and from the 19th century (Kierkegaard, Marx)

851-0090-00L The Philosophy of Complex Systems W 3 credits 2S O. Del Fabbro
Abstract Today complexity research has found an enormous expansiveness in heterogenous areas, such as physics, biology, medicine, urban

complexity, environment sustainability, public policy, economics, sociology, education, computer science, robotics, AI, etc. Furthermore, we
will look at historical advancements like cybernetics, and how complexity research influenced philosophical theories.

Objective Students should learn about the different types of argumentative texts and scientific theories. They should learn to understand the
descriptive and critical value of texts that operate at the boarder between philosophy and science.

052-0518-20L Theory and Practice: System Theory and Utopian
Thinking

W 2 credits 2G C. Posthofen, A. Brandlhuber

Abstract FS20: Colloquium on epistemological and action theory aspects of system theory by Niklas Luhmann and subject philosophies, such as the
judgment of Immanuel Kant.

Colloquia on epistemic basic research of communication / media (film, television) on the basis of reading / discussion of historical and
contemporary philosophical, cultural scientific and sociological texts.

Objective The students gain insight into the spectrum of epistemological and perceptual theories, learn to read them and analyze and critique their
respective requirements. From this work an object relationship model is developing in progress, which serves self-examination in the
design process as well as the evaluation of architectural situations in general and in particular. The writing of "scientific diaries" in which the
contents of the colloquium are combined with the everyday experience of the students in free form, trains the concentrated result-oriented
thinking in general, as well as in architectural situations.The special form of the writing of the "scientific diary" leads abstract Theory
together with the experience of the students and make the knowledge creatively available in their own way.

Content FS20: Introduction to Systems Theory. "The lack of judgment is actually what is called stupidity." (Kant, K.d.r.V., B 173).
On the positive side, judgment is a prerequisite for utopian thinking. By contrast, systems are characterized by proprietary logics that have
a conservative / system-preserving effect. Text passages by Aristoteles, Niklas Luhmann, Greta Thunberg and others are discussed and
ask the question: "How do virtual futures affect the space for possibilities today?" It is also about the anthropocene discourse.

In general: Philosophical exercises on subject / object relationships in general and in architectural situations in particular with special
consideration of their mediation through time-based media. The two human fortune theory as cognition and practice as action spring from
both original intentionality that controls all consciousness of the world. Our world relationship is intentional. Architectural situations in
general and in particular are characterized by their intentionality, both for their planners and their users. Intentions and authorship in a
complex, relational architectural and urban reality are examined and productively criticized with the help of knowledge from the reading of
philosophical, cultural scientific and sociological texts. In the discussion of texts, concepts are developed as tools for the analysis of
architectural situations. The epistemological and action-theoretical insights are used for the design work with time-based media such as
film and television and their reflection. In the "scientific diaries", the theoretical insights from the colloquium are related to students' own
everyday experiences and reviewed.

Lecture notes Hand out at the first meeting.
Literature As part of the script — hand-out at the first meeting.

 Political Science
Number Title Type ECTS Hours Lecturers

853-0058-01L Swiss Foreign and Security Politics Since 1945
(without Tutorial)

W 3 credits 2V A. Wenger

Abstract This course provides students with an overview of the main features of Swiss foreign and security policy since 1945. The focus is on the
emergence and development of security policy strategies and instruments in a historical context.

Objective The participants have a solid overview of the evolution of Swiss foreign and security policy since 1945.
Content The first part of the lecture clarifies the term "security" and analyzes the change of its meaning in politics and academia over time. The

focus of the second part is on the development of Swiss security policy since 1945. We will look at the different concepts of security policy,
which range from "total defense" to cooperative security. We then will analyze the gap between planning and execution, focusing on the
two key developments of security policy, that is foreign policy and armed forces.

Literature Mandatory reading: Spillman, Kurt R., Andreas Wenger, Christoph Breitenmoser and Marcel Gerber. Schweizer Sicherheitspolitik seit
1945: Zwischen Autonomie und Kooperation. Zürich: Verlag neue Zürcher Zeitung, 2001.

The book is out of print, students can access the text in the virtual class room (Moodle).

Prerequisites /
notice

The lecture is supported by a virtual class room. If you have questions concerning the lecture, please contact eremy Guggenheim,
jeremy.guggenheim@sipo.gess.ethz.ch.

853-0010-01L Conflict Research II: Civil Wars (without exercises) W 3 credits 2V S. Rüegger, L.-E. Cederman
Abstract Introduction to research on civil wars. This course covers the causes, processes and solutions to civil conflicts and wars.
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Objective - Knowledge on different causes of civil wars.
- Knowledge on processes during civil wars.
- Knowledge on different solutions and strategies to end civil wars.
- Application of theory to current examples of civil wars.

Content This course focuses on civil war, which is the most common type of political violence. The course is divided into three blocks: The first part
analyses the causes of civil wars. The second part focuses on processes during ongoing civil wars, such as mobilization and conflict
diffusion. The third part investigates in the factors that contribute to effective peace building.

Research questions: What are the causes of civil wars? What happens during civil wars? How do civil wars end?

Prerequisites /
notice

Participation in the preceding course, Conflict Research I: Political Violence, is recommended.

853-0048-01L International Politics: Theory and Methods W 3 credits 3G F. Schimmelfennig
Abstract The course covers the main theories (realism, institutionalism, liberalism, transnationalism and constructivism) as well as core problems of

international politics such as war, peace, international cooperation and integration.
Objective First, the course seeks to generate a better understanding of the central and specific problems of politics in the international realm, which

result from the absence of centralized rule enforcement ("anarchy") . In addition, participants become familiar with the main theories of
International Relations and the mechanisms and conditions these identify for solving international problems of security and cooperation.
Case studies on areas and issues of international politics provide an overview of current international developments and an exemplary
application of IR theory.

Content 1. The subject-matter and problems of international politics

Theories
2. Power and Balance: Realism
3. Problem structures and negotiations in international politics
4. Interdependence and Institutions: Institutionalism and Transnationalism
5. Democracy and Society: Liberalism
6. Identity and Community: Constructivism

Issue Areas and Relationships
7. War: New Wars
8. Peace: The "long" and the "democratic" peace
9. Security cooperation: the new NATO
10. Economic cooperation: the world trade order
11. Human rights cooperation: global and regional human rights regimes
12. Legitimacy and Democracy in Global Governance

Lecture notes Schimmelfennig, Frank: Internationale Politik. Paderborn: Schöningh Verlag, 5. Auflage, 2017.

227-0664-00L Technology and Policy of Electrical Energy Storage W 3 credits 2G V. Wood, T. Schmidt
Abstract With the global emphasis on decreasing CO2 emissions, achieving fossil fuel independence and growing the use of renewables,

developing & implementing energy storage solutions for electric mobility & grid stabilization represent a key technology & policy challenge.
This course uses lithium ion batteries as a case study to understand the interplay between technology, economics, and policy.

Objective The students will learn of the complexity involved in battery research, design, production, as well as in investment, economics and policy
making around batteries. Students from technical disciplines will gain insights into policy, while students from social science backgrounds
will gain insights into technology.

Content With the global emphasis on decreasing CO2 emissions, achieving fossil fuel independence, and integrating renewables on the electric
grid, developing and implementing energy storage solutions for electric mobility and grid stabilization represent a key technology and policy
challenge. The class will focus on lithium ion batteries since they are poised to enter a variety of markets where policy decisions will affect
their production, adoption, and usage scenarios. The course considers the interplay between technology, economics, and policy.

* intro to energy storage for electric mobility and grid-stabilization
* basics of battery operation, manufacturing, and integration
* intro to the role of policy for energy storage innovation & diffusion
* discussion of complexities involved in policy and politics of energy storage

Lecture notes Materials will be made available on the website.
Literature Materials will be made available on the website.
Prerequisites /
notice

Strong interest in energy and technology policy.

860-0001-00L Public Institutions and Policy-Making Processes
Number of participants limited to 25.

Priority for MSc Science, Technology, and Policy.

W 3 credits 2.8G T. Bernauer, S. Bechtold,
F. Schimmelfennig

Abstract Students acquire the contextual knowledge for analyzing public policies. They learn why and how public policies and laws are developed,
designed, and implemented at national and international levels, and what challenges arise in this regard.

Objective Public policies result from decision-making processes that take place within formal institutions of the state (parliament, government, public
administration, courts). That is, policies are shaped by the characteristics of decision-making processes and the characteristics of public
institutions and related actors (e.g. interest groups). In this course, students acquire the contextual knowledge for analyzing public policies.
They learn why and how public policies and laws are developed, designed, and implemented at national and international levels, and what
challenges arise in this regard. The course is organized in three modules. The first module (Stefan Bechtold) examines basic concepts and
the role of law, law-making, and law enforcement in modern societies. The second module (Thomas Bernauer) deals with the functioning of
legislatures, governments, and interest groups. The third module (Frank Schimmelfennig) focuses on the European Union and international
organisations.

Content Public policies result from decision-making processes that take place within formal institutions of the state (parliament, government, public
administration, courts). That is, policies are shaped by the characteristics of decision-making processes and the characteristics of public
institutions and related actors (e.g. interest groups). In this course, students acquire the contextual knowledge for analyzing public policies.
They learn why and how public policies and laws are developed, designed, and implemented at national and international levels, and what
challenges arise in this regard. The course is organized in three modules. The first module (Stefan Bechtold) examines basic concepts and
the role of law, law-making, and law enforcement in modern societies. The second module (Thomas Bernauer) deals with the functioning of
legislatures, governments, and interest groups. The third module (Frank Schimmelfennig) focuses on the European Union and international
organisations.

Lecture notes Reading materials will be distributed electronically to the students when the semester starts.
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Literature Baylis, John, Steve Smith, and Patricia Owens (2014): The Globalization of World Politics. An Introduction to International Relations.
Oxford: Oxford University Press.

Caramani, Daniele (ed.) (2014): Comparative Politics. Oxford: Oxford University Press. 

Gilardi, Fabrizio (2012): Transnational Diffusion: Norms, Ideas, and Policies, in Carlsnaes, Walter, Thomas Risse and Beth Simmons,
Handbook of International Relations, 2nd Edition, London: Sage, pp. 453-477.

Hage, Jaap and Bram Akkermans (eds.) (2nd edition 2017): Introduction to Law, Heidelberg: Springer.

Jolls, Christine (2013): Product Warnings, Debiasing, and Free Speech: The Case of Tobacco Regulation, Journal of Institutional and
Theoretical Economics 169: 53-78.

Lelieveldt, Herman and Sebastiaan Princen (2011): The Politics of European Union. Cambridge: Cambridge University Press.

Lessig, Lawrence (2006): Code and Other Laws of Cyberspace, Version 2.0, New York: Basic Books. Available at
http://codev2.cc/download+remix/Lessig-Codev2.pdf.

Schimmelfennig, Frank and Ulrich Sedelmeier (2004): Governance by Conditionality: EU Rule Transfer to the Candidate Countries of
Central and Eastern Europe, in: Journal of European Public Policy 11(4): 669-687.

Shipan, Charles V. and Craig Volden (2012): Policy Diffusion: Seven Lessons for Scholars and Practitioners. Public Administration Review
72(6): 788-796. 

Sunstein, Cass R. (2014): The Limits of Quantification, California Law Review 102: 1369-1422.

Thaler, Richard H. and Cass R. Sunstein (2003): Libertarian Paternalism. American Economic Review: Papers & Proceedings 93: 175-179.

Prerequisites /
notice

This is a Master level course. The course is capped at 25 students, with ISTP Master students having priority.

857-0075-01L Contemporary European Politics W 3 credits 2S J. Lipps, A. Baysan, M.-
E. Bélanger, N. Olszewska,
D. Schraff, I. Vergioglou

Abstract How have the powers of the European Union expanded until now and what are the problems facing the Union today? This class offers an
introduction to theories of European integration. Furthermore, we discuss the challenges of supranational governance in the context of the
EU, covering a wide array of policy fields.

Objective Since its start in the fifties, the European Union has evolved into a complex multilevel system, different from the nation state and different
from other International Organizations. The course “Contemporary European Politics” introduces students to the institutions of the
European Union and the gradual expansion of their competences. Throughout the course, we engage with current debates in EU studies
on supranational decision-making in times of crisis. Upon completion, the participants are familiar with the legislative process regulating
scientific and every-day life in such diverse policy fields as financial markets, climate policy and data privacy. Based on this knowledge,
participants are able to identify chances and challenges of regulation beyond the nation state.

Content The sessions cover the following topics:
- EU Institutions
- Decision-making
- Parliamentary Democracy
- Judicial Politics
- European Identity and Public Spheres
- Enlargement and Neighbourhood Policy
- Democratic Backsliding
- Political Conflict in the EU
- Implementation of EU law
- Eurozone
- Inequality
- Euroscepticism and Brexit
- The Future of Integration

 Psychology, Pedagogics
Number Title Type ECTS Hours Lecturers

851-0240-01L Designing Learning Environments for School  (EW2
TD)
Prerequisites: successful participation in 851-0240-00L
"Human Learning (EW1)".

Adresses to students enrolled either in Teaching Diploma*
(TD) or Teaching Certificate (TC) in Computer Science,
Mathematics or Physics.
*Except for students of Sport Teaching Diploma, who
complete the sport-specific course unit EW2.

W 3 credits 2V E. Stern, P. Greutmann, J. Maue

Abstract Teaching is a complex skill. The lecture comprises (a) presentations about the theoretical background of this skill, (b) discussions of
practical aspects, and (c) practical exercises.

Objective The participants have the conceptual und procedural knowledge, and skills necessary for long-term planning, preparing, and implementing
good lessons. They can apply this knowledge on different topics of their scientific STEM-background.

Content We discuss characteristics of successful lessons and how to design such lessons by using curricula and lesson plans, teaching goals and a
variety of teaching methods.

Lecture notes The lecture comprises interactive parts where the participants  elaborate and extend their knowledge and skills. Thus, there is no
comprehensive written documentation of the lecture. The participants can download presentation slides, learning materials, and templates
from "Moodle".

Literature The necessary literature can be downloaded from "Moodle".
Prerequisites /
notice

The lecture EW2 can only be attended by students who already successfully completed the lecture Human Learning (EW1).
There will be two independent lectures for different groups of students. You will get further information in an email at the beginning of the
semester.
To get the Credits you have to
- regularly attend to the lecture
- have the grade 4 or higher in the final written exam.
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851-0240-17L Designing Learning Environments for School:
Educational Foundations (EW2 TC)
- Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".
- Addresses to students enrolled in "Teaching Certificate
in a non-college Discipline (TC)". 
- The simultaneous enrolment in course 851-0240-25
Designing Learning Environments for School: Vocational
Education  (EW2 TC)" is recommended, but not a
mandatory prerequisite.

W 2 credits 1V S. Peteranderl, P. Edelsbrunner,
U. Markwalder

Abstract Teaching is also a craft. In this lecture, students get to know and, wherever possible, also practice practical aspects of the teaching
profession within the framework of relevant theories rom the Learning Sciences. 

Objective Students acquire basic knowledge and skills needed for planning, preparing, and implementing effective instruction. They can reflect and
adapt these skills based on knowledge about findings from research in the learning sciences.  

Content We discuss characteristics of successful lessons and how to design such lessons by using curricula and lesson plans, teaching goals,
classroom management, and a variety of teaching methods.

Lecture notes The lecture comprises interactive parts where the participants  elaborate and extend their knowledge and skills. Thus, there is no
comprehensive written documentation of the lecture. The participants can download presentation slides, learning materials, and templates
from "Moodle".

Literature The necessary literature can be downloaded from "Moodle".
Prerequisites /
notice

The lecture EW2 can only be attended by students who already successfully completed the lecture Human Learning (EW1).
There will be two independent lectures for different groups of students. You will get further information in an email at the beginning of the
semester.

851-0252-01L Human-Computer Interaction: Cognition and Usability
Number of participants limited to 30.

Particularly suitable for students of D-ITET

W 3 credits 2S C. Hölscher, I. Barisic, H. Zhao

Abstract This seminar introduces theory and methods in human-computer interaction and usability. Cognitive Science provides a theoretical
framework for designing user interfaces as well as a range of methods for assessing usability (user testing, cognitive walkthrough, GOMS).
The seminar will provide an opportunity to experience some of the methods in applied group projects.

Objective This seminar will introduce key topics, theories and methodology in human-computer interaction (HCI) and usability. Presentations will
cover the basics of human-computer interaction and selected topics like mobile interaction, adaptive systems, human error and attention. A
focus of the seminar will be on getting to know evaluation techniques in HCI. Students will work in groups and will first familiarize
themselves with a select usability evaluation method (e.g. user testing, GOMS, task analysis, heuristic evaluation, questionnaires or
Cognitive Walkthrough). They will then apply the methods to a human-computer interaction setting (e.g. an existing software or hardware
interface) and present the method as well as their procedure and results to the plenary. Active participation is vital for the success of the
seminar, and students are expected to contribute to presentations of foundational themes, methods and results of their chosen group
project. In order to obtain course credit a written essay / report will be required (details to be specified in the introductory session of the
course).

851-0232-00L Social Psychology of Effective Teamwork W 2 credits 2V R. Mutz
Abstract The lecture covers the main topics of social interactions in groups as a basis for effective teamwork in organisations: group; group

structure; group dynamics and performance; group analysis; examples of applications.
Objective Teamwork is of growing importance in business and administration. The aim of this lecture / exercise is to provide a scientific

understanding of social interactions in groups as a basis for effective teamwork in organisations.
Content Inhalte der Lehrveranstaltung sind:

-  Gruppe: Definition und Typen
-  Gruppenstruktur: Rollen und Führung
-  Gruppenprozesse: Konformität und Konflikte in Gruppen
-  Gruppenleistung: Leistungsvorteile von Gruppen
-  Gruppenanalyse:  Interaktionsprozessanalyse und Soziometrie 
-  Anwendungsbeispiele: Assessment-Center, teilautonome Gruppen

Lecture notes Es können Folien, die in der Vorlesung verwendet werden, im Anschluss an die Veranstaltung von einer Austauchplattform
heruntergeladen werden.

Literature Die Literatur wird in Form eines Readers mit für die Themen der Vorlesung relevanten Textauszügen aus Fachbüchern angeboten.
Prerequisites /
notice

Die Übungen dienen dazu, einzelne Themenbereiche der Vorlesung an praktischen Beispielen exemplarisch zu vertiefen.

851-0252-12L The Science of Learning From Failure
Number of participants limited to 60.

W 2 credits 2S M. Kapur, T. Sinha, D. Trninic,
E. Ziegler

Abstract We can learn from failure! But, what does “failure” mean? And, what, how, and why do we learn from failure? This course covers research
from the cognitive, educational, and learning sciences that addresses the role of failure in human learning. Students will critically examine
how failure affects thinking, knowledge, creativity, problem-solving, etc.

Objective Students will:
- Critically read and analyze articles on research that addresses failure in learning.
- Participate in in-class problem-solving activities around research in failure.
- Discuss and reflect upon topics in both online and face-to-face formats.
- Engage in activities through the online platform.
- Complete a final paper on a subtopic related to failure in learning.

By the end of the course, students should be able to:
- Demonstrate a critical understanding of the role that failure plays in learning.
- Discuss how and why failure can benefit learning.
- Discuss how and why failure does not facilitate learning.
- Apply understanding to a related sub-topic.

Content We learn from our mistakes, or rather, we certainly hope that we do. Another way to say this is that we can learn from failure. But, what
does “failure” mean? And, what, how, and why do we learn from failure? This course covers research from the cognitive, educational, and
learning sciences that addresses the role of failure in human learning. Students will critically examine how failure affects development of
knowledge, creativity, problem-solving, and general thinking and learning. More specifically, they will have the opportunity to question and
evaluate the potential relationships between the facets around failure within individual, interactional, cultural, societal, and global contexts
through seminal readings and problem-solving activities oriented to real world issues. Students from any discipline are welcome to this
course to learn more about how failure can be harnessed to improve our knowledge, capabilities, innovations, teamwork, and contribute to
the larger global world.
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Prerequisites /
notice

This seminar is an interactive course, thus attendance and classroom participation are required.

"The course is held as 2 separate courses with each a maximum of 30 students: one course in German and one course in English."

851-0585-14L Evaluation Research W 2 credits 2G H.-D. Daniel
Abstract The course will provide an overview on different kinds of evaluation in education, especially higher education (e. g., course evaluation,

study programme evaluation, peer review, multi-stage evaluation procedures). The course will focus on the reliability, fairness, and validity
of the different kind of evaluation procedures.

Objective To design and analyse evaluations according to scientific principles independently.

851-0238-01L Support and Diagnosis of Knowledge Acquisition
Processes (EW3)
Enrolment only possible with matriculation in Teaching
Diploma (except for students of Sport Teaching Diploma,
who complete the sport-specific course unit EW3) and for
students who intend to enrol in the "Teaching Diploma"

Prerequisites: successful participation in 851-0240-00L
"Human Learning (EW1)".

W 3 credits 3S P. Edelsbrunner, J. Maue,
C. M. Thurn

Abstract In this seminar students learn advanced techniques to support and to diagnose knowledge acquisition processes in school.
Objective The main goals are:

(1) You have a deep understanding about the cognitive mechanisms of knowledge acquisition.
(2) You have a basic understanding about psychological test theory and can appropriately administer tests.
(3) You know various techniques of formative assessment and can apply these to uncover students' misconceptions.

851-0240-25L Designing Learning Environments for School:
Vocational Education  (EW2 TC)
- Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".
- Addresses to students enrolled in "Teaching Certificate
in a non-college Discipline (TC)". 
- The simultaneous enrolment in course 851-0240-17L
Designing Learning Environments for School: Educational
Foundations (EW2 DZ)" is recommended, but not a
mandatory prerequisite.

W 2 credits 1V G. Kaufmann

Abstract Participants acquire knowledge in vocational training system and in theory and practice of vocational education. They get to know
characteristics of functions, tasks and roles in the professional world. They deduce consequences for the planning and execution of
learner-tailored and effective learning in vocational education taking into account the theory and practice of vocational education.

Objective Participants would be able to structure and execute learner-tailored and effective learning in vocational education taking into account the
theory and practice of vocational education.

363-1039-00L Introduction to Negotiation W 3 credits 2G M. Ambühl
Abstract The course combines different lecture formats to provide students with both the theoretical background and the practical appreciation of

negotiation. A core element of the course is an introduction to the concept of negotiation engineering.
Objective Students learn to understand and to identify different negotiation situations, analyze specific cases, and discuss respective negotiation

approaches based on important negotiation methods (i.a. Game Theory, Harvard Method).
Content The course combines different lecture formats to provide students with both the theoretical background and the practical appreciation of

negotiation. A core element is an introduction to the concept of negotiation engineering. The course covers a brief overview of different
negotiation approaches, different categories of negotiations, selected negotiation models, as well as in-depth discussions of real-world
case studies on international negotiations involving Switzerland. Students learn to deconstruct specific negotiation situations, to
differentiate key aspects and to develop and apply a suitable negotiation approach based on important negotiation methods.

Literature The list of relevant references will be distributed in the beginning of the course.

701-0782-00L Differing Views of Practice and Science: Mutual
Learning for Successful Collaboration

W 1 credit 1G P. Fry

Abstract Typical problems during implementation between science and practice are analyzed and explained. The students recognize different views
and languages of actor groups by means of excursion, videos and discussion with experts. They apply methods from knowledge
management within their own case studies. Essential preparation for a professional life between science and practice.

Objective The students are able to
-recognize and analyze differing views of science and practice through excursion, videos, text analysis and exchange with experts.
-summarize classical theories from philosophy of science (thought styles, tacit knowledge) and explain implementation problems with them.
-recognize helpful methods for knowledge exchange by means of a case study for succesful collaboration between science and practice as
well as texts from knowledge management.
-develop a concept for an own case study, where they design knowledge exchange between science and practice in an effective way by
enabling different views and experiences to be expressed (multistakeholder discussion group, informal meetings in the field, exchange of
experiences with story telling etc.).
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Content Die Lehrveranstaltung greift Umsetzungsprobleme zwischen Forschung und Praxis im Umweltbereich auf, liefert wissenschaftlich fundierte
Erklärungen dafür und stellt erprobte Methoden der "Wissensarbeit" aus der Privatwirtschaft vor, welche den Wissensaustausch zwischen
den Akteuren fördert. 

Folgende Fragestellungen werden in der Lehrveranstaltung behandelt:
1. Weshalb sind Lernprozesse zwischen den Akteurgruppen wichtig und wie können diese ermöglicht werden?
Der Berufsalltag an der Schnittstelle zwischen Forschung und Praxis ist anspruchsvoll: Einerseits muss das Wissen aus verschiedenen
Disziplinen zusammengeführt werden. Andererseits muss das wissenschaftliche Wissen in praxisrelevante Handlungen übersetzt werden.
Dies ist eine grosse Herausforderung. Praxisrelevantes Handlungswissen wird mit allen beteiligten Akteuren gemeinsam erarbeitet. Ein
gegenseitiger Lernprozess ist dabei eine wichtige Voraussetzung.

2. Wie können unterschiedliche Sichtweisen der Akteure erkannt und integriert werden?
An der Schnittstelle zwischen Forschung und Praxis treffen Akteure mit unterschiedlichen Sichtweisen (Zielen, Interessen, Methoden),
unterschiedlichem Hintergrund und unterschiedlichen Fachsprachen aufeinander. Ein Fallbeispiel aus dem Bodenschutz (FRY 2001) dient
als roter Faden, um die unterschiedlichen Sichtweisen zu analysieren und geeignete Methoden vorzustellen. Dabei wird der Einsatz von
Video als Prozessgestaltungsmethode speziell diskutiert. Methoden, die unterschiedliche Sichtweisen berücksichtigen, werden von den
Studierenden in eigenen Fallbeispielen angewendet und diskutiert. 

3. Welche theoretischen Grundlagen sind für die Wissensarbeit relevant und welche Methoden können für den Umweltschutz angewendet
werden?
Die für die Umsetzung relevanten klassischen Theorien aus der Wissenschaftsforschung, insbesondere die Theorie des impliziten Wissens
(POLANYI) und die Lehre des Denkstils (FLECK) werden vorgestellt. Auf diesen Theorien bauen verschiedene praxiserprobte  Methoden
der Wissensarbeit aus der Privatwirtschaft auf (DAVENPORT und PRUSAK 2000). Diese Methoden, aber auch die Rahmenbedingungen,
unter denen
sie funktionieren, werden in der Lehrveranstaltung anhand von eigenen Fallstudien ausführlich diskutiert.

Lecture notes Handouts and literature will be provided. The book "Bauernsicht und Forscherblick" will serve as a basis (Fry 2001).
Literature - FRY Patricia & THIEME Susan (2019). A social learning video method: Identifying and sharing successful transformation knowledge for

sustainable soil management in Switzerland. Soil Use and Management 35: 185 194. 
https://doi.org/10.1111/sum.12505
- FRY, P. (2018): Social learning videos: A Method for successful collaboration between science and practice. In: Padmanabhan, Martina
(editor). Transdisciplinarity: How research is changing to meet the challenges of sustainability. Routledge Series: Studies in Environment,
Culture and Society. Editors: Bernhard Glaeser & Heike Egner. Being published.
- FRY, P. (2017): Boden schützen - Handlungen fördern. In: Krebs, Rolf, et al. (Hg.). Bodenschutz in der Praxis. UTB, 2017. 
- RAVN, Johan E. 2004. Cross-System Knowledge Chains: The Team Dynamics of Knowledge Development. Systemic Practice and
Action Research 17 (3):161-175.
- ROUX, Dirk J., Kevin H. Rogers, Harry C. Biggs, Peter J. Ashton, and Anne Sergeant. 2006. Bridging the Science-Management Divide:
Moving from Unidirectional Knowledge Transfer to Knowledge Interfacing and Sharing. Ecology and Society 11 (1):4. [online] URL:
http://www.ecologyandsociety.org/vol11/iss1/art4.
- DAVENPORT, T.H., L. PRUSAK 2000: Working Knowledge. How Organisations Manage What They Know. Harvard Business School
Press. Boston Massachusetts. 199 S.
- FRY, P. 2001: Bodenfruchtbarkeit - Bauernsicht und Forscherblick. Reihe Kommunikation und Beratung. Hrsg. H. Boland, V. Hoffmann
und U.J. Nagel. Margraf-Verlag, Weikersheim. 170 S.
- FLECK, L 1979. Genesis and Development of a Scientific Fact.
Chicago/London: University of Chicago Press.
- POLANYI, M., 1985: Implizites Wissen. Suhrkamp. Frankfurt am Main. 94 S.
- Application of video and accompagnying groups for implementation:
www.fromfarmertofarmer.ch
www.nrp61.ch

Prerequisites /
notice

Soil protection will serve as a thread within the whole lecture. We will meet several actors from soil protection. The succesful project "From
farmer to farmer" uses film and networks as means for implementation. The students apply the lessons learnt on a chosen topic. Several
methods will be used which allow active participaton of the students: Presentations, discussions, working groups, excursions, analysis of
film etc.

Conditions: The lecture is an ideal preparation and/or possibilty to reflect practical training and case studies. Being interested in practice
related questions is a necessary prerequisite.

851-0242-03L Introduction to General Pedagogy
Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate.

Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".

W 2 credits 2G L. Haag

Abstract The basics of educational science and the field of activity of the school are conveyed in as much as they are of relevance to the field of
activity of the teachers. Basic knowledge is taught methodically by the lecturers which is further deepened by the reading of selected texts
and corresponding work assignments in individual and small groups.

Objective 1. Basics of educational science
1.1 Historical survey of education and school
1.2 Fundamental educational terms
- Education as field of activity of the school
- Education at school
- Socialization
2. Field of activity of the school
2.1 Theory of school
- Theory of school
- Curriculum theory
- School development
2.2 Theory of instruction
- Didactic analysis
- Principles of learning
- Handling of heterogeneity

851-0240-24L Designing Learning Environments for Schools (EW2
LD) - Portfolio
- Enrolment only possible with simultaneous enrolment in
course 851-0240-01L Designing Learning Environments
for School (EW2 LD)!

- Prerequisites: successful participation in 851-0240-00L

W 1 credit 2U P. Greutmann, J. Maue
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"Human Learning (EW1)".

- Adresses to students enrolled either in Teaching
Diploma* (TD) or Teaching Certificate (TC) in Computer
Science, Mathematics or Physics.
*Except for students of Sport Teaching Diploma, who
complete the sport-specific course unit EW2. 

Abstract In this lecture, you design a portfolio, i.e. a complete and elaborated teaching enviroment for schools, based on your scientific STEM-
background

Objective This lecture is an implementation and transfer of the theoretical inputs provided by the lecture "Designing Learning Environments for
School" (EW2).

851-0252-08L Evidence-Based Design: Methods and Tools For
Evaluating Architectural Design
Number of participants limited to 40

Particularly suitable for students of D-ARCH 

W 3 credits 2S M. Gath Morad, B. Emo Nax,
C. Hölscher

Abstract Students are taught a variety of evaluation methods to assess architectural design from the perspective of potential occupants. Students
are given a theoretical background on evaluation in architecture as well as practical knowledge on evaluation methods such as virtual
reality, agent-based simulations and space syntax analysis. This is a project-oriented course tailored for architecture students.

Objective The course aims to teach students how to evaluate architectural design projects from the perspective of potential occupants. The concept
of evidence-based design is introduced through a design process applied to a specific case study. Students are given a theoretical
background on the notion of evaluation in architecture and spatial cognition as well as practical knowledge on various evaluation methods
such as virtual reality, agent-based simulations and space syntax analysis. The course covers a range of methods including virtual reality
for architectural design and agent-based simulations as well as visibility analysis and network analysis. Students are expected to apply
these methods to a case study of their choice or to example cases provided by the course team. For students taking a B-ARCH or M-
ARCH degree, this can be a completed or ongoing design studio project. The course gives students the chance to implement the methods
iteratively and explore how best to address the needs of the potential occupants during the design process. 

 The course is tailored for students studying for B-ARCH and M-ARCH degrees. As an alternative to obtaining D-GESS credit, architecture
students can obtain course credit in "Vertiefungsfach" or "Wahlfach".

851-0253-07L Consciousness Studies
Number of participants limited to 40.

W 2 credits 2S K. Stocker

Abstract Covers research on levels and states of consciousness. Levels: conscious vs. pre-/sub-/nonconscious. States: ordinary (OSC, waking
consciousness) vs. altered states of consciousness (ASCs, e.g., sleeping/dreaming, hypnosis, meditation, pharmacologically altered state).
Applications in health/clinical psychology, and implications for the scientific mind (insight, flow) are also considered.

Objective To introduce students to the basics of consciousness studies, and to thus help them to gain a deeper understanding of how the mind
works. Includes practical implications for the scientific mind.

Content The study of consciousness involves scholars from diverse fields, such as psychology, neuroscience, cognitive science, philosophy,
linguistics, computer science, medicine, religious studies, anthropology, as well as literature and art studies. In this course, the study of
consciousness is presented from the point of view of psychology. At the same time, the course will additionally also consider
interdisciplinary viewpoints.

Psychological consciousness studies involve research on levels and states of consciousness. Psychologically researched levels of
consciousness are the conscious, preconscious, unconscious/subconscious, and nonconscious levels of mental processing. Psychological
research on states of consciousness takes waking consciousness as the most common state (ordinary state of consciousness, OSC),
using it as a baseline against which altered states of consciousness (ASC) are compared. Some of the most prominently researched ASC
in psychology will be introduced in this course and include sleeping/dreaming, hypnosis, meditation, as well as ASC that are induced
through either sensory deprivation/overload or psychoactive drugs.

In this course, it will also be shown how a growing number of applied consciousness studies investigate the potential of being temporarily in
an ASC for promoting/maintaining health (health psychology) or as part of clinical treatment (clinical psychology and psychiatry). Finally, in
this course, two mental phenomena that are also highly relevant for the scientific mind – insight and flow – are also introduced from a
consciousness-studies perspective.

 Law
Number Title Type ECTS Hours Lecturers

851-0708-00L Introduction to Law
Introduction to Law as GESS Compulsory Elective
Course:
Students who have attended or will attend the lecture
"Introduction to Law for Architecture" (851-0703-01L),
"Introduction to Law for Civil Engineering"  (851-0703-03L)
or " Introduction to Law" (851-0703-00) , cannot register
for this course unit. 

Particularly suitable for students of D-HEST, D-MAVT, D-
MATL, D-USYS.

W 2 credits 2V A. Stremitzer

Abstract This class introduces students to basic features of the legal system. Questions of constitutional and administrative law, contract law, tort
law, corporate law, intellectual property law, as well as procedural law are covered.

Objective Introduction to fundamental questions of public and private law which serves as a foundation for more advanced law classes.
Content 1. Öffentliches Recht

Staatsrecht: Funktion und Quellen des Rechts, Aufbau und Organisation des Staates, Grundrechte, Grundzüge des Völker- und
Europarechts. Verwaltungsrecht: Verwaltungsverhältnis, Verfügung, Verwaltungsorganisation, Durchsetzung des Verwaltungsrechts,
Verwaltungsverfahrensrecht, Grundzüge des Polizei-, Umwelt- und Raumplanungsrechts.

2. Privatrecht
Vertragsrecht: Vertragsfreiheit, Vertragsentstehung, -erfüllung und -verletzung, Grundzüge des Kauf- und Mietvertrags. Haftungsrecht:
Verschuldenshaftung und Kausalhaftung, Beschränkung der Haftung. Grundzüge des Gesellschafts,- Immaterialgüter- und
Zivilprozessrechts.

Literature Weiterführende Informationen sind auf der Moodle-Lernumgebung zur Vorlesung erhältlich (s.
http://www.ip.ethz.ch/education/grundzuege).

851-0732-01L Workshop and Lecture Series in Law and Economics W 2 credits 2S A. Stremitzer
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Abstract The Workshop and Lectures Series in Law and Economics is a joint seminar of ETH Zurich and the Universities of Basel, Lucerne, St.
Gallen and Zurich. Legal, economics, and psychology scholars will give a lecture and/or present their current research. All speakers are
internationally well-known experts from Europe, the U.S. and beyond.

Objective After the workshop and lecture series, participants should be acquainted with interdisciplinary approaches in law and economics. They
should also have an overview of current topics of international research in this area.

Content The workshop and lecture series will present a mix of speakers who represent the wide range of current social science research methods
applied to law. In particular, theoretical models, empirical and experimental research as well as legal research methods will be represented.
This series is held each spring semester. In the fall semester, the series is complemented by two specialized law-and-economics series,
one on law & finance and one on innovation.

Lecture notes To be discussed papers are posted in advance on the course web page (http://www.lawecon.ethz.ch/workshop-
and-lecture-series/lawecon.html).

851-0739-01L Sequencing Legal DNA: NLP for Law and Political
Economy
Particularly suitable for students of D-INFK, D-ITET, D-
MTEC

W 3 credits 2V E. Ash

Abstract This course explores the application of natural language processing techniques to texts in law, politics, and the news media. Students will
put these tools to work in a course project.

Objective Law is embedded in language. An essential task for a judge, therefore, is reading legal texts to interpret case facts and apply legal rules.
Can an artificial intelligence learn to do these tasks? The recent and ongoing breakthroughs in natural language processing (NLP) hint at
this possibility. 

Meanwhile, a vast and growing corpus of legal documents are being digitized and put online for use by the public. No single human could
hope to read all of them, yet many of these documents remain untouched by NLP techniques. This course invites students to participate in
these new explorations applying NLP to the law -- that is, sequencing legal DNA.

Content NLP technologies have the potential to assist judges in their decisions by making them more efficient and consistent. On the other hand,
legal language choices -- as in legal choices more generally -- could be biased toward some groups, and automated systems could
entrench those biases. We will explore, critique, and integrate the emerging set of tools for debiasing language models and think carefully
about how notions of fairness should be applied in this domain. 

More generally, we will explore the use of NLP for social science research, not just in the law but also in politics, the economy, and culture.
In a semester paper, students (individually or in groups) will conceive and implement their own research project applying natural language
tools to legal or political texts.

Prerequisites /
notice

Some programming experience in Python is required, and some experience with NLP is highly recommended.

851-0732-03L Intellectual Property: An Introduction
Number of participants limited to 180

Particularly suitable for students of D-ARCH, D-BIOL, D-
CHAB, D-INFK, D-ITET, D-MAVT, D- MATL, D-MTEC.

W 2 credits 2V S. Bechtold, M. Schonger

Abstract The course introduces students to the basics of the intellectual property system and of innovation policy. Areas covered include patent,
copyright, trademark, design, know-how protection, open source, and technology transfer. The course looks at Swiss, European, U.S. and
international law and uses examples from a broad range of technologies. Insights can be used in academia, industry or start-ups.

Objective Intellectual property issues become more and more important in our society. In order to prepare students for their future challenges in
research, industry or start-ups, this course introduces them to the foundations of the intellectual property system. The course covers patent,
copyright, trademark, design, know-how protection, open source, and technology transfer law. It explains links to contract, antitrust,
Internet, privacy and communications law where appropriate. While the introduction to these areas of the law is designed at a general level,
examples and case studies come from various jurisdictions, including Switzerland, the European Union, the United States, and
international law.

In addition, the course introduces students to the fundamentals of innovation policy. After exposing students to the economics of intellectual
property protection, the course asks questions such as: Why do states grant property rights in inventions? Has the protection of intellectual
property gone too far? How do advances in biotechnology and the Internet affect the intellectual property system? What is the relationship
between open source, open access and intellectual property? What alternatives to intellectual property protection exist?

Knowing how the intellectual property system works and what kind of protection is available is useful for all students who are interested in
working in academia, industry or in starting their own company. Exposing students to the advantages and disadvantages of the intellectual
property system enables them to participate in the current policy discussions on intellectual property, innovation and technology law. The
course will include practical examples and case studies as well as guest speakers from industry and private practice.

851-0740-00L Big Data, Law, and Policy
Number of participants limited to 35

Students will be informed by 1.3.2020 at the latest.

W 3 credits 2S S. Bechtold

Abstract This course introduces students to societal perspectives on the big data revolution. Discussing important contributions from machine
learning and data science, the course explores their legal, economic, ethical, and political implications in the past, present, and future.

Objective This course is intended both for students of machine learning and data science who want to reflect on the societal implications of their field,
and for students from other disciplines who want to explore the societal impact of data sciences. The course will first discuss some of the
methodological foundations of machine learning, followed by a discussion of research papers and real-world applications where big data
and societal values may clash. Potential topics include the implications of big data for privacy, liability, insurance, health systems, voting,
and democratic institutions, as well as the use of predictive algorithms for price discrimination and the criminal justice system. Guest
speakers, weekly readings and reaction papers ensure a lively debate among participants from various backgrounds.

851-0712-00L Introduction to Public Law (French) W 2 credits 2V Y. Nicole
Abstract The course Public Law focuses on the fundamental concepts of constitutional law and constitutional and statutory principles of

administrative law. The course also touches upon selected topics of administrative law, including the legal regulation of land use, zoning
and planning, and construction law.

Objective Enseignement des principes du droit, en particulier du droit privé et du droit public. Introduction au droit.
Content Le cours de droit civil porte notamment sur le droit des obligations (droit des contrats et responsabilité civile) et sur les droits réels

(propriété, gages et servitudes).De plus, il est donné un bref aperçu du droit de la procédure et de lexécution forcée. Le cours de droit
public traite du droit constitutionnel et du droit administratif, avec un accent particulier sur le droit des constructions et de laménagement du
territoire, ainsi que sur le droit de lenvironnement. 
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Literature Editions officielles des lois fédérales, en langue française ou italienne, disponibles auprès de la plupart des librairies. 

Sont indispensables:
-  en hiver: le Code civil et le Code des obligations;
-  en été: la Constitution fédérale et la loi fédérale sur laménagement du territoire ainsi que la loi fédérale sur la protection de
lenvironnement.

Sont conseillés:
- Nef, Urs Ch.: Le droit des obligations à l'usage des ingénieurs et des architectes, trad. Bovay, J., éd. Payot, Lausanne 1992
- Scyboz, G. et. Gilliéron, P.-R., éd.: Edition annotée du Code civil et du Code des obligations, Payot, Lausanne 1999
- Boillod, J.-P.: Manuel de droit, éd Slatkine, Genève 1999
- Biasio, G./Foglia, A.: Introduzione ai codici di diritto privato svizzero, ed. Giappichelli, Torino 1999


Prerequisites /
notice

Le cours de droit civil et le cours de droit public sont l'équivalent des cours "Rechtslehre" et "Baurecht" en langue allemande et des
exercices y relatifs.

Les examens peuvent se faire en français ou en italien. Le candidat qui désire être interrogé en langue italienne le précisera lors de
l'inscription et avertira les examina-teurs par écrit un mois au plus tard avant l'examen.

851-0702-01L Public Construction Law
Particularly suitable for students of D-BAUG

W 2 credits 2V O. Bucher

Abstract Students will be introduced to the basic principles of planning and public construction legislation (development application procedures) as
well as to the basics of public procurement law.

Objective Students shall have an understanding for the basic principles of planning and public construction legislation (incl. environmental law,
development application procedures) as well as for the basics of public procurement law.

Content Topics of this unit are: 1. Fundamentals of planning and public construction legislation (development, constitutional and legal foundation,
basic principles and aims of spatial planning), 2. Federal, cantonal and communal planning legislation, 3. Public construction law
(accessibility, zoning, construction and land use regulations [incl. environmental, water, heritage and energy use law], 4. Development
application proceedings (obtaining development consent, appeal proceedings), 5. Basics of public procurement law

Lecture notes ALAIN GRIFFEL, Raumplanungs- und Baurecht - in a nutshell, Dike Verlag, 3. A., Zürich 2017

CLAUDIA SCHNEIDER HEUSI, Vergaberecht - in a nutshell, Dike Verlag, 2. A., Zürich 2018

Die Vorlesung basiert auf diesen Lehrmitteln.

Literature PETER HÄNNI, Planungs-, Bau- und besonderes Umweltschutzrecht, 6. A., Bern 2016

WALTER HALLER/PETER KARLEN, Raumplanungs-, Bau- und Umweltrecht, Bd. I, 3. A., Zürich 1999

Prerequisites /
notice

Voraussetzungen: Vorlesung Rechtslehre GZ (851-0703-00/01)

851-0734-00L Information Security Law
Does not take place this semester.
Particularly suitable for students of D-INFK, D-ITET

W 2 credits 2V

Abstract Introduction to Information Security Law for non-legal students respectively prospective decision-makers in companies and public
authorities who will have to deal with information security issues (CIOs, COOs, CEOs). The lectures will focus on the legal aspects of the
security of ICT infrastructures, including networks (Internet), and of the transported and processed information.

Objective The objective is to understand the meaning and aims of information security and the legal framework, to become acquainted with legal
instruments available to provide effective protection for infrastructures and sensitive legal assets and to present an analysis of possible
legal loopholes and potential measures. No prior legal knowledge is required for those wishing to attend these lectures.

Content The lectures will deal with industry-specific as well as cross-sector specific themes involving both technology and law from the areas of
data protection law, computer crimes, statutory duties of confidentiality, telecommunication surveillance (Internet), electronic signatures,
liability etc.

Lecture notes The lectures will be accompanied by powerpoint slide presentations, downloadable before the lectures begin, or available as hard copy at
the lectures themselves.

Literature References to further literature sources will be given in the lectures.

851-0735-16L Start Ups and Taxes W 2 credits 2S P. Pamini
Abstract ETH students learn the relevancy of the tax law framework in the context of company start-ups. Based on theory and case studies, the

participants discuss which regulatory options the legislator has, how it can promote innovative start-ups and where the typical pitfalls are.
The consequences of direct and indirect taxes are debated both at the company and the entrepreneur level.

Objective Most of the time, scientific knowledge and the resulting technical innovations spread outside of the academic world over the activities of
business ventures, specifically by developing new products and processes or by improving existing ones. As an ETH graduate who would
like to practically implement her theoretical knowledge, you know the advantages and disadvantages of the manifold legal system set by
the legislator, both from a private and from a tax law perspective.

Start-ups differ substantially from normal kinds of enterprises. For instance, ownership can be concentrated in few hands and change over
time, being opened to venture investors (e.g. in connection with private equity funds). The corporate governance can be particularly
complex (e.g. including dual-class shares or an asymmetry between the degree of financial participation and the share of voting rights).
The industry wherein the start-up is doing business can also be typically very volatile, preventing to find sensible comparables to value the
start-up; reliable business plans are often missing.

On the one hand, in this seminar you learn the regulatory options that are available to the legislator to promote innovative start-ups. In this
context, you are also introduced into financial markets theory, economic policy making, innovation promotion and business strategy. On the
other hand, you learn the technical knowledge in Swiss tax law that you need in case of a possible future business venture. You will be also
stimulated in approaching complex problems outside of your area of specialisation thinking in a connected way. Pre-knowledge in law or in
business administration is useful, but does not represent any necessary condition to participate.

In the first sessions, the lecturer introduces you into the theoretical fundamentals as well as into the Swiss tax system, covering both direct
taxes (such as the individual income and wealth taxes and the corporate income and capital taxes) and indirect taxes (such as VAT - value
added tax, WHT - withholding tax, and stamp duties). Focusing on the field of start-ups, the discussions will deal both with individuals and
corporations. The second part of the seminar will consist of the active discussion, primarily done by the seminar participants themselves, of
some hypothetical business cases where the typical tax issues in connection with start-ups can be analysed more specifically.

851-0727-01L Telecommunications Law
Particularly suitable for students of D-INFK, D-ITET


W 2 credits 2V C. von Zedtwitz
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Abstract Introduction to the basics of Telecommunications Law for non-lawyers. 

The course deals with the legal regulations and principles that apply to telecom network operators and telecom service providers (fixed-line
and mobile phone).

Objective By analyzing the most relevant legal provisions for a telecom provider in Switzerland students will learn about the main concepts of Swiss
law. No previous legal courses required.

Content 1. History of Swiss Telecommunications Law
2. Regulation of network access (essential facility doctrine, types of access)
3. Universal Service
4. Phone service contracts (fixed line and mobile phone service)
5. Mobil communication radiation regulation
6. Telecommunication secrecy
7. SPAM-Avoidance

Lecture notes The powerpoint slides presented in the course will be made availabe online. In addition, links to relevant legal decisions and regulations will
be accessible on the course website.

Literature No mandatory readings.
Prerequisites /
notice

Short written exam at the end of the semester (scope and materials to be defined during the course).

851-0735-11L Environmental Regulation: Law and Policy
Number of participants limited to 20.

Particularly suitable for students of D-USYS

W 3 credits 1S J. van Zeben

Abstract The aim of this course is to make students with a technical scientific background aware of the legal and political context of environmental
policy in order to place technical solutions in their regulatory context.

Objective The aim of this course is to equip students with a legal and regulatory skill-set that allows them to translate their technical knowledge into a
policy brief directed at legally trained regulators.  More generally, it aims to inform students with a technical scientific background of the
legal and political context of environmental policy. The focus of the course will be on international and European issues and regulatory
frameworks - where relevant, the position of Switzerland within these international networks will also be discussed.

Content Topics covered in lectures:

(1)    Environmental Regulation
a.    Perspectives
b.    Regulatory Challenges of Environment Problems
c.    Regulatory Tools
(2)    Law: International, European and national laws
a.    International law
b.    European law
c.    National law
(3)    Policy: Case studies

Assessment:
(i) Class participation (25%): Students will be expected to contribute to class discussions and prepare short memos on class readings.
(ii) Exam (75%) consisting of two parts: 
a. Policy brief - a maximum of 2 pages (including graphs and tables);
b. Background document to the policy brief - this document sets out a more detailed and academic overview of the topic (maximum 8
pages including graphs and tables);

Lecture notes The course is taught as a small interactive seminar and significant participation is expected from the students. Participation will be capped
at 15 in order to maintain the interactive nature of the classes. All classes, readings, and assignments, are in English.  

Teaching will take place over two weeks in February and March. The exam date will be in May.

During the second week of the teaching period, students will have individual 30-minute meetings with the lecturer to discuss their project.

Literature An electronic copy of relevant readings will be provided to the students at no cost before the start of the lectures.
Prerequisites /
notice

No specific pre-existing legal knowledge is required, however all students must have successfully completed Grundzüge des Rechts (851-
0708-00 V) or an equivalent course. 

The course is (inter)related to materials discussed in Politikwissenschaft: Grundlagen (851-0577-00 V), Ressourcen- und Umweltökonomie
(751-1551-00 V), Umweltrecht: Konzepte und Rechtsgebiete (851-0705-01 V), Rechtlicher Umgang mit natürlichen Ressourcen (701-
0743-01 V), Environmental Governance (701-1651-00 G), Policy and Economics of Ecosystem Services (701-1653-00 G), International
Environmental Politics: Part I (851-0594-00 V).

851-0735-14L Seminar Business Law: Contracts for Projects by
Mechanical Engineers
Number of participants limited to 20

Particularly suitable for students of D-MAVT

W 2 credits 1S P. Peyrot

Abstract This seminar provides an introduction into the legal aspects of projects in the machine and plant construction industries.  The seminar has
specific practical focus as a real life case of an industry company will be studied.

Objective In practice, students will invariably have to assume responsibility for project management. This will also include dealing with legal issues.
The seminar offers an introduction into the legal basis and the legal issues of managing projects.

Content Topics:

- law of contracts for sales, work and mandate
- specifics of project contracts: definition of scope, distribution of risk and opportunities, warranties, liability
- typical contract clauses, sample agreements
- specific agreements used in the case study
- contracts and claims management

The students will be introduced into the original agreements of the real life case and the responsible persons will give introductions into the
legal issues encountered during the completion of the project

Lecture notes The script will be provided on the moodle platform.
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Prerequisites /
notice

The seminar is not an introductory course. Students are required to have attended an introductory lecture (e.g. Business Law by Dr. Paul
Peyrot, Introduction to Law by Prof. Dr. Stefan Bechtold).

For the successful completion of the seminar and for obtaining the grade, all parts of the seminar must be attended. All participants are
required to participate in a group effort which has to be presented on the last day of the seminar.

The grade will be a wheighted average of an individual paper based on questions out of the materials (1/3) and the group presentation
(2/3).

The seminar will take place on the following days:

- 19 March 2020: Introduction I, 16 - 18
- 26 March 2020: Introduction II, 16 - 18
- 2 April 2020: Whole day seminar (at MAN Energy Solutions Corp., Zurich)
- 14 Mai 2020: Final Session (student presentations), 16-19

701-0743-01L Law and Natural Resources
Number of participants limited to 32.

W 2 credits 2V N. Dajcar

Abstract This course teaches the possibilities and limits of the law in order to protect natural resources and landscapes against harm and nuisance.
The complexity of the legal situation will be discussed by analysing virtual and real law cases focused on spatial projects and planning.
Precise writing is an emportant aspect in this course.

Objective The students know the opportunities and restrictions which are given by the law when using natural resources. They have insights into the
complex environmental legal system and their application in conrete cases. The students are able to formulate typical legal questions, to
understand the argumentation of courts and to solve simple legal problems with respect to environmental problems. An important goal ist
the writing of precise written answers.

Content In this course, the aim is to gain in-depth-knowledge in forest law, law of landscape and nature protection and spatial planning law
Lecture notes everything necessary will be uploaded on moodle
Literature Griffel, A.; Raumplanungs- und Baurecht in a nutshell, Dike Verlag, 3. Auflage, Zürich/St. Gallen 2017

Griffel, A.; Umweltrecht in a nutshell, Dike Verlag, Zürich/St. Gallen 2015
Prerequisites /
notice

In this course, in-depth knowledge of forest law, landscape- and nature-protection law and spatial planning law can be gained. The
webclass consists of group work. There are written works to be done (usually in german) and presentation to be held. A good part of the
course is self study work.

851-0739-02L Sequencing Legal DNA: NLP for Law and Political
Economy (Course Project)
This is the optional course project for "Building a Robot
Judge: Data Science for the Law." 

Please register only if attending the lecture course or with
consent of the instructor.

Some programming experience in Python is required, and
some experience with text mining is highly recommended.

W 2 credits 2V E. Ash

Abstract This is the companion course for extra credit for a more substantial project, for the course "Sequencing Legal DNA: NLP for Law and
Political Economy".

 Sociology
Number Title Type ECTS Hours Lecturers

851-0252-06L Introduction to Social Networks: Theory, Methods and
Applications
This course is intended for students interested in data
analysis and with basic knowledge of inferential statistics.

W 3 credits 2G C. Stadtfeld, T. Elmer

Abstract Humans are connected by various social relations. When aggregated, we speak of social networks. This course discusses how social
networks are structured, how they change over time and how they affect the individuals that they connect. It integrates social theory with
practical knowledge of cutting-edge statistical methods and applications from a number of scientific disciplines.

Objective The aim is to enable students to contribute to social networks research and to be discriminating consumers of modern literature on social
networks. Students will acquire a thorough understanding of social networks theory (1), practical skills in cutting-edge statistical methods
(2) and their applications in a number of scientific fields (3). 
In particular, at the end of the course students will
- Know the fundamental theories in social networks research (1)
- Understand core concepts of social networks and their relevance in different contexts (1, 3)
- Be able to describe and visualize networks data in the R environment (2)
- Understand differences regarding analysis and collection of network data and other type of survey data (2)
- Know state-of-the-art inferential statistical methods and how they are used in R (2)
- Be familiar with the core empirical studies in social networks research (2, 3)
- Know how network methods can be employed in a variety of scientific disciplines (3)

851-0252-10L Project in Behavioural Finance
Number of participants limited to 40

Particularly suitable for students of D-MTEC

W 3 credits 2S S. Andraszewicz, C. Hölscher,
D. Kaszás

Abstract This interactive practical course provides and overview of the key topics in behavioral finance. Along studying information about investor's
behavior, decision-making, cognitive, biological and personality markers of risk taking and measuring risk appetite, students train critical
thinking, argumentation and presentation. The learning process is based on interactive discussions and presentations.
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Objective This course provides an overview of the key topics in behavioural finance and gives the opportunity for a first hands-on experience in
designing, analysing and presenting a behavioural study. In the first half of the semester, students present papers from different topics
within behavioural finance, including Judgment and Decision Making, psychometrics and individual differences, and risk perception and
eliciting people’s propensity to take risk, biological markers of risk taking and investment behavior and trading games. The paper
presentations are informal, require no power-point presentations and are followed by a discussion with the rest of the students in the class.
The goal of these presentations is three-fold: in an interactive and engaging way, to provide an overview of the topics contained in the area
of behavioural finance, to teach students to extract the most relevant information from scientific papers and be able to communicate them
to their peers and to enhance critical thinking during the discussion.
In the middle of the semester, the students pick a topic in which they want to conduct a small study. Some topics will be offered by the
lecturers, but students are free to choose a topic of their own. 
This is followed by fine-tuning their research questions given found literature, data collection and analysis. At the end of the semester
students receive feedback and advice on the data analysis and present the results in a formal presentation with slides. The final
assignment is a written report from their study. Active participation in the meetings is mandatory to pass the course. This course does not
involve learning by heart.

Key skills after the course completion:
- Overview of topics in behavioural finance
- Communication of research output in an a formal and informal way, in an oral and written form
- Critical thinking
- Argumentation and study design

Content - Giving presentations
- How to quickly "read" a paper
- Judgment and Decision Making, Heuristics and Biases
- Biology on the trading floor
- Psychometrics and individual differences
- Eliciting people's propensity to take risks
- Experimental design in behavioural studies
- Experimental Asset Markets

Lecture notes All learning materials will be available to students over eDoz platform.
Literature Tversky, A., & Kahneman, D. (1992). Advance in prospect theory: Cumulative representation of uncertainty. Journal of Risk and

Uncertainty, 5(4), 297-323

Rieskamp, J. (2008). The probabilistic nature of preferential choice. Journal of Experimental Psychology: Learning, memory and Cognition,
34(6), 1446-1465

Hertwig, R., & Herzog, S. (2009). Fast and frugal heuristics: Tools of social rationality. Social Cognition, 27(5), 661-698

Coates, J.M., Gurnell, M., & Sarnyai, Z. (2010). From molecule to market: steroid hormones and financial risk taking. Philosophical
Transacations of the Royal Society B, 365, 331-343

Cueva, C., Roberts, R.E., Spencer, T., Rani, N., Tempest, M., Tobler, P.N., Herbert, J., & Rustichini (2015). Cortisol and testosterone
increase financial risk taking and may destabilize markets. Nature, 5(11206), 1-16

Conlin, A., Kyröläinen, P., Kaakinen, M., Järvelin, M-R., Perttunen, J., & Svento, R. (2015). Personality traits and stock market participation.
Journal of Empirical Finance, 33, 34-50

Kosinski, M., Stillwell, D., & Graepel, T. (2013). Private traits and attributes are predictable from digital records of human behavior.
Proceedings in National Academy of Sciences, 110, 5802-5805

Oehler, A., Wedlich, F., Wendt, S., & Horn, M. (July 9, 2016). Available at SSRN: https://ssrn.com/abstract=2807401

Fenton-O'Creevy, M., Nicholson, N., Soane, E., & Willman, P. (2003). Trading on illusions: Unrealistic perceptions of control and trading
performance. Journal of Occupational and Organizational Psychology, 76, 53-68

Frey, R., Pedroni, A., Mata, R., Rieskamp, J., & Hertwig, R. (2017). Risk preference shares the psychometric structure of major
psychological traits. Science Advances, 3, 1-13

Schürmann, O., Andraszewicz, S., & Rieskamp, J. (2017). The importance of losses when eliciting risk preferences. Under review

Andraszewicz, S., Kaszas, D., Zeisberger, S., Murphy, R.O., & Hölscher, C. (2017). Simulating historical market crashes in the laboratory.
Manuscript in preparation.

Allenbach, M., Kaszas, D., Andraszewicz, S., & Hölscher, C. (2017). Skin conductance response as marker or risk undertaken by investors.
Manuscript in preparation.

Simic, M., Kaszas, D., Andraszewicz, S., & Hölscher, C. (2017). Incentive structure compatibility in a principal agent problem. Manuscript in
preparation.

Sornette, D., Andraszewicz, S., Wu, K., Murphy, R.O., Rindlerm P., & Sanadgol, D. (2017). Overpricing persistance in experimental asset
markets with intrinsic uncertainty. Under review.

Andraszewicz, S., Wu, K., & Sornette, D. (2017). Behavioural effects and market dynamics in field and laboratory experimental asset
markets. Under review.

Prerequisites /
notice

Grading is based the active participation in the class and the final project. There is no exam.

851-0586-03L Applied Network Science: Sports Networks
Number of participant limited to 20

W 3 credits 2S U. Brandes

Abstract We study applications of network science methods, this time in the domain of sports.
Topics are selected for diversity in research questions and techniques
with applications such as passing networks, team rankings, and career trajectories.
Student teams present results from the recent literature, possibly with replication, in a mini-conference shortly before the start of EURO
2020.

Objective Network science as a paradigm is entering domains from engineering to the humantities but application is tricky.
By examples from recent research on sports, sports administration, and the sociology of sports, students learn to appreciate that, and how,
context matters.
They will be able to assess the appropriateness of approaches
for substantive research problems, and especially when and why quantitative approaches are or are not suitable.
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Literature Original research articles will be introduced in the first session. General introduction:

Wäsche, Dickson, Woll & Brandes (2017). Social Network Analysis in Sport Research: An Emerging Paradigm. European Journal for Sport
and Society 14(2):138-165. DOI: 10.1080/16138171.2017.1318198

851-0588-00L Introduction to Game Theory
Number of participants limited to 480.

Particularly suitable for students of D-INFK, D-MATH

W 3 credits 1V H. Nax, B. Pradelski

Abstract This course introduces the foundations of game theory with a focus on its basic mathematical principles. It treats models of social
interaction, conflict and cooperation, the origin of cooperation, and concepts of strategic decision making behavior. Examples, applications,
theory, and the contrast between theory and empirical results are particularly emphasized.

Objective Learn the fundamentals, models, and logic of thinking about game theory. Learn basic mathematical principles. Apply formal game theory
models to strategic interaction situations and critically assess game theory's capabilities through a wide array of applications and
experimental results.

Content Game theory provides a unified mathematical language to study interactions amongst different types of individuals (e.g. humans, firms,
nations, animals, etc.). It is often used to analyze situations involving conflict and/or cooperation. The course introduces the basic concepts
of both non-cooperative and cooperative game theory (players, strategies, coalitions, rules of games, utilities, etc.) and explains the most
prominent game-theoretic solution concepts (Nash equilibrium, sub-game perfection, Core, Shapley Value, etc.). We will also discuss
standard extensions (repeated games, incomplete information, evolutionary game theory, signal games, etc.). 

In each part of the course, we focus on examples and on selected applications of the theory in different areas. These include analyses of
cooperation, social interaction, of institutions and norms, social dilemmas and reciprocity as well as applications on strategic behavior in
politics and between countries and companies, the impact of reciprocity, in the labor market, and some applications from biology. Game
theory is also applied to control-theoretic problems of transport planning and computer science.

As we present theory and applications, we will also discuss how experimental and other empirical studies have shown that human behavior
in the real world often does not meet the strict requirements of rationality from "standard theory", leading us to models of "behavioural" and
"experimental" game theory.

By the end of the course, students should be able to apply game-theoretic in diverse areas of analysis including > controlling turbines in a
wind park, > nations negotiating international agreements, > firms competing in markets, > humans sharing a common resource, etc.

Lecture notes See literature below. In addition we will provide additional literature readings and publish the lecture slides directly after each lecture.
Literature K Binmore, Fun and games, a text on game theory, 1994, Great Source Education


SR Chakravarty, M Mitra and P Sarkar, A Course on Cooperative Game Theory, 2015, Cambridge University Press

A Diekmann, Spieltheorie: Einführung, Beispiele, Experimente, 2009, Rowolth

MJ Osborne, An Introduction to Game Theory, 2004, Oxford University Press New York

J Nash, Non-Cooperative Games, 1951, Annals of Mathematics

JW Weibull, Evolutionary game theory, 1997, MIT Press

HP Young, Strategic Learning and Its Limits, 2004, Oxford University Press

851-0585-38L Data Science in Techno-Socio-Economic Systems
Number of participants limited to 80

This course is thought be for students in the 5th semester
or above with quantitative skills and interests in modeling
and computer simulations.

Particularly suitable for students of D-INFK, D-ITET, D-
MAVT, D-MTEC, D-PHYS

W 3 credits 3S N. Antulov-Fantulin

Abstract This course introduces how techno-socio-economic systems in our complex society can be better understood with techniques and tools of
data science. Students shall learn how the fundamentals of data science are used to give insights into the research of complexity science,
computational social science, economics, finance, and others.

Objective The goal of this course is to qualify students with knowledge on data science to better understand techno-socio-economic systems in our
complex societies. This course aims to make students capable of applying the most appropriate and effective techniques of data science
under different application scenarios. The course aims to engage students in exciting state-of-the-art scientific tools, methods and
techniques of data science. 
In particular, lectures will be divided into research talks and tutorials. The course shall increase the awareness level of students of the
importance of interdisciplinary research. Finally, students have the opportunity to develop their own data science skills based on a data
challenge task, they have to solve, deliver and present at the end of the course.

Prerequisites /
notice

Good programming skills and a good understanding of probability & statistics and calculus are expected.

851-0591-01L BETH - Blockchain for Sustainability
Does not take place this semester.
Number of participants limited to 200

Particularly suitable for students of D-INFK, D-MTEC, D-
ITET, D-MAVT,D-PHYS

W 3 credits 4G D. Helbing

Abstract Blockchain and Internet of Things technologies hold the promise to transform our societies and economies. While IoT devices allow us to
measure all kinds of activity by humans and machines, the blockchain allows us to securely time-stamp and value this data and even give it
a price to trade it on (new) markets. We explore this potential with a specific focus on sustainable development.
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Objective The course provides opportunities to gain fundamental understanding of promising new technologies as well as develop creative
decentralized solutions for societal challenges using these technologies.
Participants will learn the fundamentals of blockchain technology, its mechanisms, design parameters and potential for decentralized
solutions. Those with software development skills will then further explore the blockchain to develop hands-on decentralized applications
and smart contracts. Non-coding participants will further explore how these technologies could be used to design new economic systems.
These new cryptoeconomic systems should give citizens multiple incentives to increase cooperation, health, recycling, or education and
other positive externalities and to decrease emissions, waste, noise, or stress and other negative externalities. During the hackathon,
participants will work in mixed teams on concrete challenges addressing some of the pressing global challenges our societies face, like
climate change, financial instability, energy, or mass migration, etc. The aim is to develop decentralized approaches towards a sustainable,
sharing circular economy using blockchain and IoT technologies.
Teams will produce a short report (about 10 pages), demonstrate their hackathon prototype based on blockchain technology (Ethereum
platform) and present to a interdisciplinary jury on the last day. Throughout the course, participants will hone their critical thinking abilities
by leaving their own discipline and discussing best approaches to solve global complex challenges in an international, multi-disciplinary
setting with invited subject matter experts and peers from all around the world.
We encourage students with no programming experience, who are interested in the potential of blockchain and IoT to address global
challenges, to apply as well!

851-0585-43L Experimental Game Theory
Number of participants limited to 100.

W 2 credits 2V A. Diekmann

Abstract The course addresses principles and methods of experimental game theory. It focuses on experiments about social interaction, conflict and
cooperation, emergence of cooperation and experimental validity of concepts for strategic behaviour in decision-making situations.

Objective Learn the fundamentals and logic of thinking about experimental methods and experimental game theory. Apply experimental game theory
methods to strategic interaction situations.

Content Die Spieltheorie stellt Modelle zur Beschreibung und Analyse sozialer und strategischer Interaktionen zur Verfügung. 
Schwerpunkt der Vorlesung sind experimentelle Studien und empirische Anwendungen der Theorie in verschiedenen Bereichen. Dazu
zählen sozialtheoretische Analysen von Kooperation, des sozialen Austauschs, von Institutionen und Normen, sozialen Dilemmata und
Reziprozität ebenso wie Anwendungen auf strategisches Verhalten in Politik und zwischen Staaten und Firmen, den Auswirkungen von
Reziprozitätsnormen auf dem Arbeitsmarkt und einige Anwendungen in der Biologie. Experimentelle Studien zeigen allerdings, dass häufig
die strikten Rationalitätsanforderungen der "Standardtheorie" nicht erfüllt sind. Unter dem Stichwort "Behavioural Game Theory" werden in
der Vorlesung auch Theorievarianten vorgestellt, die mit den experimentellen Beobachtungen von Entscheidungen "begrenzt rationaler"
Akteure besser im Einklang stehen.

Lecture notes Folien der Spieltheorie-Vorlesung und Literatur (Fachartikel, Kapitel aus Lehrbüchern) können auf der Webseite der Vorlesung eingesehen
und heruntergeladen werden.

Literature Kurzer Überblick in Kapitel 10 von Diekmann, Andreas, 2016. Spieltheorie. Einführung, Beispiele, Experimente. 4. Aufl. Reinbek: Rowohlt.
Ausführlich: John H. Kagel und Alvin E. Roth, Hg., 1995, Handbook of Experimental Economics. Princeton, N.J.: Princeton University
Press.
(Ein Handapparat dieser und weiterer Literatur wird in der D-GESS-Bibliothek bereitgestellt.)
Literatur zum Download befindet sich auch auf der Webseite:
http://www.socio.ethz.ch/publications/spieltheorie

Prerequisites /
notice

Interesse am Thema und Motivation zur Mitarbeit.

851-0513-00L Economic Sociology W 2 credits 2V T. Hinz
Abstract Econony and society are closely interconnected. The lecture presents classical and new sociological approaches to address the complex

relationship between economic action and social structure. Issues of specific interest are: rational decision making, consumer behavior,
social networks, state and economy, entrepreneurship and discrimination.

Objective The lecture gives an overview on the "new eonomic sociology". Students learn to analyze economic processes from a sociological point of
view, e.g. the relevance of "embeddedness" into social networks for economic exchange.

Content In der Vorlesung Wirtschaftssoziologie soll das Verhältnis von Soziologie und Ökonomie theoretisch wie empirisch fruchtbar bearbeitet
werden. Wir beschäftigen uns unter soziologischem Blickwinkel mit der Produktion, der Verteilung, dem Austausch und dem Verbrauch
knapper Güter und Dienstleistungen. Austauschprozesse unterliegen strukturellen Rahmenbedingungen und Grenzen, sie bedürfen in
vielen Situationen normativer Regelungen und einer unterstützenden institutionellen Umgebung. Eine Definition der Wirtschaftssoziologie
könnte so lauten: Wirtschaftssoziologie umfasst alle Beobachtungen, Begriffe, Hypothesen, Gesetzmäßigkeiten und Erklärungsmodelle,
die sich auf Zusammenhänge von ökonomischen und sozialen Sachverhalten und Prozessen beziehen. Arbeitsgebiete der
Wirtschaftssoziologie sind beispielsweise die soziale Bedingtheit wirtschaftlicher Vorgänge, die Rückwirkung ökonomischer Prozesse für
gesellschaftliche Strukturen, die sozialen Dimensionen und Verhaltensprämissen, Ähnlichkeiten und Unterschiede zwischen
Gesellschaften bezüglich des wirtschaftlichen Geschehens und Zusammenhänge zwischen sozialem und ökonomischem Wandel.

Die Vorlesung behandelt zunächst knapp die makrosoziologischen Klassiker. Die Gründerväter der Soziologie haben wirtschaftlichem
Handeln eine überragende Bedeutung für die Konstitution der Gesellschaft beigemessen  ob Marx, Simmel, Weber oder Durkheim. An der
Schnittstelle von Soziologie und Ökonomie sind die Mikrotheorien von herausragender Bedeutung. Die Wirtschaftssoziologie ist ein ideales
Terrain für Rational Choice Soziologie. Abweichungen vom Modell des Wettbewerbsmarktes und strikter Rationalität begründen in dieser
Theorierichtung besonders interessante Analysen. Die Struktursoziologie (im Extremfall: how people don't have any choices to make) wird
durch die Konzeption sozialer Netzwerke, in denen Austauschprozesse stattfinden, berücksichtigt. Auch das interpretative Paradigma der
Mikrosoziologie kann auf Fragestellungen der Wirtschaftssoziologie (the making of markets) angewandt werden. 

Die Wirtschaftssoziologie versteht sich als empirisches Projekt. In der modernen Wirtschaftssoziologie finden sich eine Vielzahl von
Analysen ökonomischer Institutionen, von Markt und Organisation, von Konsumverhalten, Firmennetzwerken und Schwarzmärkten.

Einen Überblick zu Theorien und Anwendungsgebieten der Wirtschaftssoziologie gibt das Handbook of Economic Sociology
herausgegeben von Richard Swedberg und Neil Smelser (inzwischen in zweiter Auflage erschienen). Die Vorlesung beruht auf einzelnen
Beiträgen, ebenso werden eigene Studien vorgestellt.

Lecture notes Pdf files (in German) will be available on ILIAS.
Literature Abraham, Martin/Hinz, Thomas (2008): Arbeitsmarktsoziologie. Wiesbaden: VS-Verlag (2. Auflage).


Braun, Norman/Keuschnigg, Marc/Wolbring, Tobias (2012) Wirtschaftssoziologie (2 Bände). München: Oldenbourg.

Smelser, Neil/Swedberg, Richard (Hrsg.) (2005) Handbook of Economic Sociology. Princeton: UP (2. Auflage).

Weitere Literatur wird zu Veranstaltungsbeginn bekannt gegeben.

Prerequisites /
notice

Teaching in German.

701-0712-00L Use and Perception of Nature Among Societies
Outside Europe

W 2 credits 2V T. Haller Merten
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Abstract Views of what we call  "nature" in traditional societies in Africa, Asia and Southern America are presented and discussed. In such
subsistence-oriented ethnic groups "nature" is often perceived as being inhabited by gods and spirits. This view is often regarded as being
irrational by natural science. But what are the impacts of such religious views on the sustainable use of natural resources?

Objective This lecture shall give an overview of worldviews of so called traditional societies in Africa, Asia and Southern America. The aim is to
understand the way such societies view what we call nature or environment and their strategies to use natural resources. The lecure shall
also provide a critical analysis of such processes based on concrete case studies, in which we will discuss problems of sustainable use of
natrual resources and participatory processes in the governance of such resources.

Content Die Studierenden werden dabei mit Vorstellungen und Ideologien von Natur konfrontiert, die sich nicht mit unserer Logik physisch-
chemischer und biologischer Abläufe in der "Natur" decken, und die wir somit als "irrational" empfinden. Wir werden uns mit verschiedenen
Konzepten aus dem Bereich der Religions-Ethnologie beschäftigen, die sich insbesondere im Bereich Magie, Hexerei und Orakelbefragung
mit der "Rationalität" solcher Umweltvorstellungen auseinandersetzen. Seit der Beschäftigung mit der Ökosystemtheorie durch Roy
Rappaport erhielt diese "wilde Denken" eine neue Funktion (Rappaport 1971, 1979). Es wurde in Zusammenhang eines gesamten
Ökosystems analysiert, zu dessen Erhaltung und zu dessen Fliessgleichgewicht es diene. Diese Sichtweise, obwohl heftig kritisiert, ist von
Bedeutung, weil mit der ökologischen Krise man in der industrialisierte Welt Ausschau nach neuen Konzepten hält. Diese werden teilweise
in den uns fremden Bildern aussereuropäischer Völker von der "heiligen Natur" gesehen, welche uns als Lehre dienen und zu nachhaltiger
Ressourcennutzung führen könnte. Zudem erscheinen die Umwelt-Bilder und Weltsichten dieser Gesellschaften (heute oftmals indigene
Völker genannt) auf der praktischen Ebene als gelebter Naturschutz, den es insbesondere für die Konservierung von Biodiversität zu
erhalten gilt. Heilige Orte sollen nun auch für den Schutz von beispielsweise Nationalparks oder Biosphärenreservaten dienen. In diesem
Zusammenhang ist ein genauer Blick von Nöten, denn Fehlanalysen sind in diesem Bereich fatal und eine unkritische Instrumentalisierung
magischer Weltsichten kontraproduktiv. Wo jedoch religiöse Weltsichten der Natur eine im Sinne der Nachhaltigkeit positive Rolle spielen
können, ist der Bereich der Institutionen für das Ressourcenmanagement. Dieser Begriff wird hier im Sinne des Neuen Institutionalismus
verwendet: Institutionen sind demnach Regeln, Werte und Normen, die das Handeln der Individuen beeinflussen und eine gewisse
Sicherheit bezüglich dem erwarteten Verhalten der anderen Individuen einer Gemeinschaft bieten und dabei die sogenannten
Transaktionskosten (Informationsbeschaffung bezüglich dem Verhalten anderer Akteure, Überwachung und Sanktionierung) reduzieren
(North 1990. Ostrom 1990, Ensminger 1992). Dieser aus der Ökonomie beeinflusste Ansatz weist meines Erachtens interessante
Elemente bezüglich der nachhaltigen Nutzung von Ressourcen auf, was sich bei der Nutzung von Kollektivressourcen (Com

Lecture notes Zur Veranstaltung gibt es kein Script, aber es wird rechtzeitig ein Ordner mit der relevanten Literatur bereitgestellt. Am Thema Interessierte
Studierende können sich bereits in folgenden zwei Büchern ins Thema einlesen: 
- Berkes, Fikret. 1999. Sacred Ecology: Traditional Ecological Knowledge and Resource Managment. Philadelphia: Taylor and Francis. 
- Haller, Tobias. 2001. Leere Speicher, erodierte Felder und das Bier der Frauen: Umweltanpassung und Krise bei den Ouldeme und
Platha in den Mandarabergen Nord-Kameruns. Studien zur Sozialanthropologie. Berlin: Dietrich Reimer Verlag.

Literature Becker, Dustin, C. and Elinor Ostrom,.1995. Human Ecology and Resource Sustainability: The Importance of Institutional Diversity. Annu.
Rev. Ecol. Syst.1995. No. 26:113-33.
Berkes, Fikret. 1999. Sacred Ecology: Traditional Ecological Knowledge and Resource Managment. Philadelphia: Taylor and Francis. 
Dangwal, Parmesh. 1998. Van Gujjars at Apex of National Park Management. Indigenous Affairs No.4:24-31.
Diener, Paul and Robkin, Eugene E. 1978. Ecology, Evolution, and the Search for Cultural Origins: The Question of Islamic Pig Prohibition.
In: Current Anthropology 19, No.3():493-540. 
Diener, Paul, Nonini, Donald and Robkin, Eugene E. 1977/78. The Dialectics of the Sacred Cow: Ecological Adaptation versus Political
Appropriation in the Origins of Indias Cattle Complex. In: Dialectical Anthropology (Amsterdam) 3: 221-241.
Evans-Pritchard, Edward E. 1978. Hexerei, Magie und Orakel bei den Zande. Frankfurt am Main:Suhrkamp.
Evans-Pritchard, Edward  und Mayer Fortes. 1983. Afrikanische politische Systeme, in: Kramer, F. und Siegrist, Ch. eds. Gesellschaften
ohne Staat. Frankfurt a. Main:Syndikat: 150-174.
Fairhead, James und Leach, Melissa. 1996. Misreading the African Landscape. Society and ecology in a forest-savanna mosaic.
Cambridge: Cambridge University Press.
Freed, Stanley A. and Freed, Ruth, S. 1981.Sacred Cows and Water Buffalo in India: The Uses of Ethnography. In. Current Anthropology
22, No.5: 483-502.
Haller, Tobias. 1995.Raub der Seelenschatten in Nord-Kamerun. Krankheit bei den Ouldeme und Platha in den Mandarabergen. In: Keller,
Frank-Beat (Hg.). Krank warum? Vorstellung der Völker, Heiler und Mediziner, Katalog zur gleichnamigen Ausstellung. Ostfildern: Cantz
Verlag. pp.302-306.
Haller, Tobias. 2000. Bodendegradierung und  Ernährungskrise bei den Ouldeme und Platha. Umwelt- und Ernährungsprobleme bei zwei
Feldbauerngruppen in den Mandarabergen Nord-Kameruns: Eine Folge der Adaptation an Monetarisierung und Wandel traditioneller
institutioneller Rahmenbedingungen. In: Zeitschrift für Ethnologie 124 (1999): 335354.
Haller, Tobias. 2001. Leere Speicher, erodierte Felder und das Bier der Frauen: Umweltanpassung und Krise bei den Ouldeme und Platha
in den Mandarabergen Nord-Kameruns. Studien zur Sozialanthropologie. Berlin: Dietrich Reimer Verlag. 
Haller, Tobias. 2002a. Spiel gegen Risiken in der Natur, In: Giordano et al (Hrsg.). Ordnung, Risiko und Gefährdung. Reader des
Blockseminars der Schweizerischen

Prerequisites /
notice

Die Veranstaltung beginnt in einem ersten Teil mit einer Reihe von Vorlesungen und wird in einem zweiten Teil mit Lesen und Diskutieren
von Texten (Kurzvorträge von den Studierenden) fortgesetzt (nähere Erläuterungen und Programm am Anfang der Veranstaltung).

701-0729-00L Social Research Methods
Target group: students of BSc Environmental Sciences

W 3 credits 2G M. Stauffacher, A. Bearth,
O. Ejderyan

Abstract The aim of this course is to impart methodological principles of social science research and thus to stimulate a critical reflection of social
science findings. The course provides an insight into the concrete approach and methods of guideline-based interview techniques and
questionnaire research.

Objective Students are able to
- describe the significance of method-supported procedures in the social sciences.
- explain the basic principles of social-scientific research.
- critically interpret the results of social-scientific research .
- conduct small-scale interviews and surveys via questionnaires.

Content Alle Teilnehmenden verpflichten sich zur aktiven Mitarbeit in Form von drei Übungen (leitfadengestütztes Interview, Erstellung von
Fragebogen, Erhebung und Auswertung von Fragebogen).

Inhaltsübersicht:
(1) Wozu empirische (Sozial-)Forschung?
(2) Der Forschungsablauf im Überblick, verknüpfen von qualitativen und quantitativen Methoden
(3) Leitfadengestützte Interviews: erstellen Leitfaden, Durchführung und Auswertung
(4) Fragebogen: Hypothesen erarbeiten, Fragebogen erstellen, Durchführung, Daten auswerten, und Resultate darstellen

Lecture notes Die Dozierenden arbeiten mit Folien, die als Handout abgegeben werden.
Literature Zur ergänzenden Begleitlektüre kann folgendes Buch empfohlen werden:

Bryman, A. (2012, 4th edition). Social research methods. New York: Oxford University Press.

701-0786-00L Mediation in Environmental Planning: Theory and
Case Studies.

W 2 credits 2G K. Siegwart

Abstract This course is intended to demonstrate how environmental decisions can be optimized and conflicts better dealt by using mediation. Case
studies will focus on construction of windmills for electricity purpose, use of fracking, sustainable city-planning in the field of former
industrial area or the establishment of a birds- or a forest-management plan.
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Objective - Develop comprehension of legal and social responses to environmental conflicts
- Recognize the most important participative techniques and their ranges
- Develop concepts for doing and evaluating mediation processes 
- Estimate the potential and limitations of cooperative environmental planning
- Train communicative skills (presentation, moderation, discussion design, negotiation), especially by participating at a mediation

Content To this end, we will look at the most important techniques of mediation and put them into the context of today's legislation, participation and
conflict culture. The potential and limitations of the individual techniques will be discussed using current Swiss and international case
studies, namely in the field of windenergy. Students can do conflict analyses, for instance, as part of individual and group analyses and a
half-day mediation-simulation, develop technique concepts and train their own communicative and negotiation skills.

Lecture notes A reader will be handed out.

052-0704-00L Sociology II W 2 credits 2V M. Streule Ulloa Nieto,
M. A. Glaser, S. Guinand, C. Schmid

Abstract Sociology II introduces in the first and second part major current perspectives of analysis in urban studies (Monika Streule und Sandra
Guinand). The third part of the course discusses Housing as social and cultural practice (Marie Glaser).

Objective This series of lectures enables students to comprehend the built environment in its social context. It approaches the architectural
profession from two different angles: macro-sociological and micro-sociological.

Content In the first part, Sociology II focuses on current perspectives of analysis in urban studies. Theoretical approaches are presented with the
help of concrete case studies. First, the postcolonial perspective in urban studies will be introduced, illustrated with examples of empirical
research. This part concludes with an introduction into scientific research by presenting different methods in the analysis of urbanization
processes in Mexico City, Toyo and San Francisco (lecturer: Monika Streule). In the second part, different processes of urban regeneration
will be discussed looking at various case studies in Europe, North America and North Africa. Followed by a presentation of different forms
of gentrification (lecturer: Sandra Guinand). In the third part, different models of housing are discussed (lecturer: Marie Glaser).

Lecture notes No script - Information available at the following link: http://www.soziologie.arch.ethz.ch/
Literature Various texts, in addition to the lecture will be provided.

860-0024-00L Digital Society: Ethical, Societal and Economic
Challenges
Number of participants is limited to 35

W 3 credits 2V M. M. Dapp

Abstract This seminar will address ethical challenges coming along with new digital technologies such as cloud computing, Big Data, artificial
intelligence, cognitive computing, quantum computing, robots, drones, Internet of Things, virtual reality, blockchain technology, and more...

Objective Participants shall learn to understand that any technology implies not only opportunities, but also risks, and that it is important to
understand these well in order to minimize the risks and maximize the benefits. In some cases, it is highly non-trivial to identify and
avoid undesired side effects of technologies. The seminar will sharpen the attention how to design technologies for values, 
also called value-sensitive design or ethically aligned design.

Literature Will be provided on a complementary website of the course. Complementary literature should be searched and evaluated by the students
themselves.

Prerequisites /
notice

To earn credit points, students will have to read the relevant literature on one of the above technologies and give a
presentation about the ethical implications. Both, potential problems and possible solutions shall be carefully discussed.

860-0022-00L Complexity and Global Systems Science
Does not take place this semester.
Number of participants limited to 64.

Prerequisites: solid mathematical skills.

Particularly suitable for students of D-ITET, D-MAVT and
ISTP

W 3 credits 2V D. Helbing

Abstract This course discusses complex techno-socio-economic systems, their counter-intuitive behaviors, and how their theoretical understanding
empowers us to solve some long-standing problems that are currently bothering the world.

Objective Participants should learn to get an overview of the state of the art in the field, to present it in a well understandable way to an
interdisciplinary scientific audience, to develop models for open problems, to analyze them, and to defend their results in response to
critical questions. In essence, participants should improve their scientific skills and learn to think scientifically about complex dynamical
systems.

Content This course starts with a discussion of the typical and often counter-intuitive features of complex dynamical systems such as self-
organization, emergence, (sudden) phase transitions at "tipping points", multi-stability, systemic instability, deterministic chaos, and
turbulence. It then discusses phenomena in networked systems such as feedback, side and cascade effects, and the problem of radical
uncertainty. The course progresses by demonstrating the relevance of these properties for understanding societal and, at times, global-
scale problems such as traffic jams, crowd disasters, breakdowns of cooperation, crime, conflict, social unrests, political revolutions,
bubbles and crashes in financial markets, epidemic spreading, and/or "tragedies of the commons" such as environmental exploitation,
overfishing, or climate change. Based on this understanding, the course points to possible ways of mitigating techno-
socio-economic-environmental problems, and what data science may contribute to their solution.

Prerequisites /
notice

Mathematical skills can be helpful

851-0252-19L Applied Generalized Linear Models W 3 credits 2V V. Amati
Abstract Generalized linear models are a class of models for the analysis of multivariate datasets. This class subsumes linear models for

quantitative response, binomial models for binary response, loglinear models for categorical data, Poisson models for count data. Models
are presented and practiced from a problem oriented perspective using applications from the social, economic and behavioural sciences.

Objective The aim of this course is to acquire knowledge about generalized linear models and a practical understanding of how to apply these
models. Further objectives for the course participants are to be able to choose the most suitable methods to analyse multidimensional
datasets, to perform the analysis using the statistical software R, and to critically assess the results obtained.

Content The following topics will be covered:

* Introduction to generalized linear models 
* The general linear model: ANOVA and ANCOVA
* Models for binary outcomes: logistic regression and probit models
* Models for nominal outcomes: multinomial logistic regression and related models
* Models for ordinal outcomes: ordered logistic regression and probit models
* Models for count outcomes: Poisson and negative binomial models

Lecture notes Lecture notes are distributed via the associated course moodle.
Literature * Long, J. Scott. (1997). Regression models for categorical and limited dependent variables. Thousand Oaks, Calif: Sage Publications.

* Hosmer, David W, Lemeshow, Stanley, & Sturdivant, Rodney X. (2013). Applied logistic regression. Hoboken: Wiley.
* Fox, John. (2016). Applied regression analysis and generalized linear models (Third ed.). Los Angeles: SAGE.
* Fox, John, & Weisberg, Sanford. (2019). An R companion to applied regression (Third ed.). Los Angeles: SAGE.
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Prerequisites /
notice

A sound understanding of estimation methods, hypothesis testing and linear regression models (OLS) is required

851-0586-02L The Spectacles of Measurement W 3 credits 2V U. Brandes
Abstract If you can't measure it, you can't manage it. Explorations into mathematical foundations and societal implications of measuring humans,

processes, and things in an increasingly datafied world.
Objective Students have a basic understanding of what makes a property quantifiable. They know the difference between operational and

representational measurement, and the consequences this has for both, the collection of data and its use in decision making and control.
With a critical attitude toward datafication, contextual differences are appreciated across domains such as science and engineering, health
and sports, or governance and policy making.

Content Measurement Theory
- representations, scales
- meaningfulness
- direct vs. indirect, conjoint measurement

Measurement Practice
- units and standards
- sensors and intruments
- items and questionnaires

Measurement Politics
- administration and control, adaptation
- digitization, e-democracy, privacy

Lecture notes Slides made available in a course moodle.
Prerequisites /
notice

Students pair up in teams to write an essay on a measurement problem they care about (such as one pertinent to their discipline or
research).

851-0109-00L Public Images of Science W 3 credits 2V M. Bucchi
Abstract The course will analize in a historical and sociological approach the public images of science and scientists and their major changes. 
Objective In particular, we will explore the following subjects: the role of the visual element in the communication of science and its public

representation; the role of ‘visible scientists’, with particular consideration of Nobel Prize winners; events and affairs that have shaped the
public perception of science and the relationship between science and society.  

Content The course will analize in a historical and sociological approach the public images of science and scientists and their major changes. 
In particular, we will explore the following subjects: the role of the visual element in the communication of science and its public
representation; the role of ‘visible scientists’, with particular consideration of Nobel Prize winners; events and affairs that have shaped the
public perception of science and the relationship between science and society.  
Various examples will be quoted and discussed, and will illustrate the Italian science and its relationship to society and to the various
cultural fields (literature, visual arts, gastronomy), with particular reference to the period from the second half of the 19th century until the
end of the 20th century.

851-0110-00L The Frontier in Literature W 3 credits 2V M. Enard
Abstract In this course, I will develop a reflexion around borders, limits, and frontiers in literature.
Objective We will focus on subjects such as bilingualism, multilingualism, and the representation of the

front in the literature of war.
Content In this course, I will develop a reflexion around borders, limits, and frontiers in literature. We will focus on subjects such as bilingualism,

multilingualism, and the representation of the front in the literature of war. The teaching language is French, however, by definition, to be
interested in such subjects, implies also the exploration of texts and/or linguistic domains
outside of 'Francophonie'.

851-0745-00L Ethics Workshop: The Impact of Digital Life on
Society
Number of participants limited to 30.

Open to all Master level / PhD students.

W 2 credits 2S E. Vayena, A. Blasimme, C. Brall,
F. Gille, J. Sleigh

Abstract This workshop focuses on understanding and managing the ethical and social issues arising from the integration of new technologies in
various aspects of daily life.

Objective Explain relevant concepts in ethics.
Evaluate the ethical dimensions of new technology uses.
Identify impacted stakeholders and who is ethically responsible.
Engage constructively in the public discourse relating to new technology impacts.
Review tools and resources currently available that facilitate resolutions and ethical practice
Work in a more ethically reflective way

Content The workshop offers students an experience that trains their ability for critical analysis and  develops awareness of responsibilities as a
researcher, consumer and citizen. Learning will occur in the context of three intensive workshop days, which are highly interactive and
focus on the development and application of reasoning skills. 

The workshop will begin with some fundamentals: the nature of ethics, of consent and big data, of AI ethics, public trust and health ethics.
Students will then be introduced to key ethical concepts such as fairness, autonomy, trust, accountability, justice, as well different ways of
reasoning about the ethics of digital technologies. 

A range of practical problems and issues in the domains of education, news media, society, social media, digital health and justice will be
then considered. These six domains are represented respectively by unique and interesting case studies. Each case study has been
selected not only for its timely and engaging nature, but also for its relevance. Through the analysis of these case studies key ethical
questions (such as fairness, accountability, explain-ability, access etc.) will be highlighted and questions of responsibility and tools for
ethical practice will be explored. Throughout, the emphasis will be on learning to make sound arguments about the ethical aspects of
policy, practice and research. 

 Science Research
Number Title Type ECTS Hours Lecturers

851-0158-13L Ecology and Environmentalism
Number of participants limited to 40

Particularly suitable for students of D-ERDW, D-HEST, D-
USYS, D-BIOL

W 3 credits 2S N. Guettler

Abstract The notion of „ecology“ refers to both, scientific research on environments as well as their protection. But how have academic ecology and
the environmental movements intersected throughout history?
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Objective In the seminar, students will read and discuss key sources as well as secondary literature on the knowledge transfers between scientific
ecology and the environmental movements of the 19th and 20th century. Topics range from 19th-century homeland movement and the rise
of ecological awareness in colonial settings, to the rise of an environmental awareness during the Cold War, with a special focus on „green“
politics in Europe. Apart from scientists and „counter-scientists“ the seminar focuses on concepts and ideas that circulated between
academic ecology and different nature movements. 
The participants learn to engage historically with original texts as well as to handle independently the extensive historical literature on the
history of environmentalism. At the same time, they develop a critical understanding of different political agendas that have shaped
academic and popular ecology until the present day. Students also learn to communicate their findings by writing short (and fictive) blog
posts on different aspects of this history.

851-0144-12L Philosophy of Logic
Number of participants limited to 40

W 3 credits 2S G. Sommaruga

Abstract Philosophy of logic is a philosophical reflection on some key concepts and key topics of formal i.e. mathematical logic. On the one hand
this seminar will provide some knowledge of basic technical logical results, on the other hand it will on this basis provide an introduction to
the philosophical discussion of such topics as truth, logical consequence, existence, possible worlds and constructivsm

Objective 1. acquiring some basic knowledge of 1st order logic (up to Gödel completeness, Löwenheim-Skolem and compactness), modal logic and
intuitionistic logic
2. get to know some philosophical questions and problems w.r.t. formal logic (questions etc. which sometimes reach back as far as
antiquity) as well as some attempts to find answers or solutions to these questions and problems resp.

851-0157-84L Health and Disease
Particularly suitable for students of D-BIOL, D-HEST

W 3 credits 2V M. Hagner

Abstract Health and disease belong to the fundamental conditions of human life. Thus, human beings have conceived different ideas and theories
concerning health and disease in history. It is the aim of this lecture series to introduce this historical variety in transcultural perspective
from antiquity to the present.

Objective It is the aim of this lecture series to introduce this historical variety in transcultural perspective from antiquity to the present.

 Type B: Reflection About Subject-Specific Methods and Contents
Subject-specific courses: Recommended for bachelor students after their first-year examination and for all master- or doctoral students.

Students who already took a course within their main study program are NOT allowed to take the same course again.

All these courses are listed under the category “Typ A”, this means, every student can enroll in these courses.       

 D-ARCH
Number Title Type ECTS Hours Lecturers

851-0732-03L Intellectual Property: An Introduction
Number of participants limited to 180

Particularly suitable for students of D-ARCH, D-BIOL, D-
CHAB, D-INFK, D-ITET, D-MAVT, D- MATL, D-MTEC.

W 2 credits 2V S. Bechtold, M. Schonger

Abstract The course introduces students to the basics of the intellectual property system and of innovation policy. Areas covered include patent,
copyright, trademark, design, know-how protection, open source, and technology transfer. The course looks at Swiss, European, U.S. and
international law and uses examples from a broad range of technologies. Insights can be used in academia, industry or start-ups.

Objective Intellectual property issues become more and more important in our society. In order to prepare students for their future challenges in
research, industry or start-ups, this course introduces them to the foundations of the intellectual property system. The course covers patent,
copyright, trademark, design, know-how protection, open source, and technology transfer law. It explains links to contract, antitrust,
Internet, privacy and communications law where appropriate. While the introduction to these areas of the law is designed at a general level,
examples and case studies come from various jurisdictions, including Switzerland, the European Union, the United States, and
international law.

In addition, the course introduces students to the fundamentals of innovation policy. After exposing students to the economics of intellectual
property protection, the course asks questions such as: Why do states grant property rights in inventions? Has the protection of intellectual
property gone too far? How do advances in biotechnology and the Internet affect the intellectual property system? What is the relationship
between open source, open access and intellectual property? What alternatives to intellectual property protection exist?

Knowing how the intellectual property system works and what kind of protection is available is useful for all students who are interested in
working in academia, industry or in starting their own company. Exposing students to the advantages and disadvantages of the intellectual
property system enables them to participate in the current policy discussions on intellectual property, innovation and technology law. The
course will include practical examples and case studies as well as guest speakers from industry and private practice.

851-0252-08L Evidence-Based Design: Methods and Tools For
Evaluating Architectural Design
Number of participants limited to 40

Particularly suitable for students of D-ARCH 

W 3 credits 2S M. Gath Morad, B. Emo Nax,
C. Hölscher

Abstract Students are taught a variety of evaluation methods to assess architectural design from the perspective of potential occupants. Students
are given a theoretical background on evaluation in architecture as well as practical knowledge on evaluation methods such as virtual
reality, agent-based simulations and space syntax analysis. This is a project-oriented course tailored for architecture students.

Objective The course aims to teach students how to evaluate architectural design projects from the perspective of potential occupants. The concept
of evidence-based design is introduced through a design process applied to a specific case study. Students are given a theoretical
background on the notion of evaluation in architecture and spatial cognition as well as practical knowledge on various evaluation methods
such as virtual reality, agent-based simulations and space syntax analysis. The course covers a range of methods including virtual reality
for architectural design and agent-based simulations as well as visibility analysis and network analysis. Students are expected to apply
these methods to a case study of their choice or to example cases provided by the course team. For students taking a B-ARCH or M-
ARCH degree, this can be a completed or ongoing design studio project. The course gives students the chance to implement the methods
iteratively and explore how best to address the needs of the potential occupants during the design process. 

 The course is tailored for students studying for B-ARCH and M-ARCH degrees. As an alternative to obtaining D-GESS credit, architecture
students can obtain course credit in "Vertiefungsfach" or "Wahlfach".

052-0518-20L Theory and Practice: System Theory and Utopian
Thinking

W 2 credits 2G C. Posthofen, A. Brandlhuber
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Abstract FS20: Colloquium on epistemological and action theory aspects of system theory by Niklas Luhmann and subject philosophies, such as the
judgment of Immanuel Kant.

Colloquia on epistemic basic research of communication / media (film, television) on the basis of reading / discussion of historical and
contemporary philosophical, cultural scientific and sociological texts.

Objective The students gain insight into the spectrum of epistemological and perceptual theories, learn to read them and analyze and critique their
respective requirements. From this work an object relationship model is developing in progress, which serves self-examination in the
design process as well as the evaluation of architectural situations in general and in particular. The writing of "scientific diaries" in which the
contents of the colloquium are combined with the everyday experience of the students in free form, trains the concentrated result-oriented
thinking in general, as well as in architectural situations.The special form of the writing of the "scientific diary" leads abstract Theory
together with the experience of the students and make the knowledge creatively available in their own way.

Content FS20: Introduction to Systems Theory. "The lack of judgment is actually what is called stupidity." (Kant, K.d.r.V., B 173).
On the positive side, judgment is a prerequisite for utopian thinking. By contrast, systems are characterized by proprietary logics that have
a conservative / system-preserving effect. Text passages by Aristoteles, Niklas Luhmann, Greta Thunberg and others are discussed and
ask the question: "How do virtual futures affect the space for possibilities today?" It is also about the anthropocene discourse.

In general: Philosophical exercises on subject / object relationships in general and in architectural situations in particular with special
consideration of their mediation through time-based media. The two human fortune theory as cognition and practice as action spring from
both original intentionality that controls all consciousness of the world. Our world relationship is intentional. Architectural situations in
general and in particular are characterized by their intentionality, both for their planners and their users. Intentions and authorship in a
complex, relational architectural and urban reality are examined and productively criticized with the help of knowledge from the reading of
philosophical, cultural scientific and sociological texts. In the discussion of texts, concepts are developed as tools for the analysis of
architectural situations. The epistemological and action-theoretical insights are used for the design work with time-based media such as
film and television and their reflection. In the "scientific diaries", the theoretical insights from the colloquium are related to students' own
everyday experiences and reviewed.

Lecture notes Hand out at the first meeting.
Literature As part of the script — hand-out at the first meeting.

851-0107-00L Science and the Public: A Problem of Mediation that
the Media Have to Solve?

W 3 credits 2S U. J. Wenzel

Abstract What can, what should, what do "laymen" want to know and understand from scientific findings? How and what is "conveyed" in reporting
on science? Does science journalism have to follow scientific criteria? How do the natural sciences differ from the humanities and social
sciences in terms of "comprehensibility" and public visibility?

Objective Gaining insights into the relationship between the sciences, the public and the media, into their historical development and current
problems - with particular reference to the "Wissenschaftsfeuilleton".

Content The feuilleton of the «Frankfurter Allgemeine Zeitung» of 27 June 2000 has gone down in the annals of recent media history. The last
sequences of the fully mapped human genetic code were printed on six large-format pages: the letters A, G, C and T in various
combinations and sequences - a «readable » but incomprehensible jumble of letters. What at the time was astounding journalistic coup and
met with enthusiasm as well as head shaking can (also) be read as an allegory of the tense relationship between science and the public.
What can, what should, what do «laymen» want to know and understand from scientific findings? What role do the media play, does
science journalism play in this? How and what is «conveyed» in reporting on scientific findings? And does science journalism have to follow
scientific criteria in such reporting? How do the natural sciences, medicine and technology differ from the humanities and social sciences in
terms of «comprehensibility» and public awareness? Are we really dealing with two diverging «science cultures» - and two different ways of
presenting them  in the media?
These questions will be explored on some excursions into recent and also older media, scientific and cultural history.

851-0006-00L Water in the Early Modern Period: A Material and
Environmental History

W 3 credits 2S T. Asmussen

Abstract The seminar deals with questions of how water was perceived, used and appropriated in medieval and early modern societies. We
examine water as a livelihood (drinking water, irrigation resource), energy source, transport medium, infrastructure and threat between
1400 and 1800.

Objective The students acquire historical knowledge of how pre-modern societies appropriated the natural substance water and how they themselves
were formed and changed by the interactions with the liquid element.  Students are expected to read original German, French and English
sources.

Content The seminar examines the history of the substance and uses of water from the late Middle Ages to the 18th century. Using text and image
sources, we will examine the physical, cultural, economic and scientific-technical implications of the relationship between man and water in
plenary sessions and groups.
We deal with (al-)chemical analyses of water in the context of medical treatises and spas, the expansion and challenges of the water
infrastructure ( fountains, sewage canals, irrigation canals, inland waterways), the associated changes of landscapes as well as with water
as a threat (floods). 

851-0109-00L Public Images of Science W 3 credits 2V M. Bucchi
Abstract The course will analize in a historical and sociological approach the public images of science and scientists and their major changes. 
Objective In particular, we will explore the following subjects: the role of the visual element in the communication of science and its public

representation; the role of ‘visible scientists’, with particular consideration of Nobel Prize winners; events and affairs that have shaped the
public perception of science and the relationship between science and society.  

Content The course will analize in a historical and sociological approach the public images of science and scientists and their major changes. 
In particular, we will explore the following subjects: the role of the visual element in the communication of science and its public
representation; the role of ‘visible scientists’, with particular consideration of Nobel Prize winners; events and affairs that have shaped the
public perception of science and the relationship between science and society.  
Various examples will be quoted and discussed, and will illustrate the Italian science and its relationship to society and to the various
cultural fields (literature, visual arts, gastronomy), with particular reference to the period from the second half of the 19th century until the
end of the 20th century.

851-0609-04L The Energy Challenge - The Role of Technology,
Business and Society
Prerequisites: Basic knowledge in economics.

W 2 credits 2V R. Schubert, T. Schmidt, B. Steffen

Abstract In recent years, energy security, risks, access and availability are important issues. Strongly redirecting and accelerating technological
change on a sustainable low-carbon path is essential. The transformation of current energy systems into sustainable ones is not only a
question of technology but also of the goals and influences of important actors like business, politics and society.

Objective In this course different options of sustainable energy systems like fossile energies, nuclear energy or all sorts of renewable energies are
explained and discussed. The students should be able to understand and identify advantages and disadvantages of the different
technological options and discuss their relevance in the business as well as in the societal context.

Lecture notes Materials will be made available on the electronic learning platform: www.vwl.ethz.ch
Literature Materials will be made available on the electronic learning platform: www.vwl.ethz.ch
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Prerequisites /
notice

Various lectures from different disciplines.

 D-BAUG
Number Title Type ECTS Hours Lecturers

851-0702-01L Public Construction Law
Particularly suitable for students of D-BAUG

W 2 credits 2V O. Bucher

Abstract Students will be introduced to the basic principles of planning and public construction legislation (development application procedures) as
well as to the basics of public procurement law.

Objective Students shall have an understanding for the basic principles of planning and public construction legislation (incl. environmental law,
development application procedures) as well as for the basics of public procurement law.

Content Topics of this unit are: 1. Fundamentals of planning and public construction legislation (development, constitutional and legal foundation,
basic principles and aims of spatial planning), 2. Federal, cantonal and communal planning legislation, 3. Public construction law
(accessibility, zoning, construction and land use regulations [incl. environmental, water, heritage and energy use law], 4. Development
application proceedings (obtaining development consent, appeal proceedings), 5. Basics of public procurement law

Lecture notes ALAIN GRIFFEL, Raumplanungs- und Baurecht - in a nutshell, Dike Verlag, 3. A., Zürich 2017

CLAUDIA SCHNEIDER HEUSI, Vergaberecht - in a nutshell, Dike Verlag, 2. A., Zürich 2018

Die Vorlesung basiert auf diesen Lehrmitteln.

Literature PETER HÄNNI, Planungs-, Bau- und besonderes Umweltschutzrecht, 6. A., Bern 2016

WALTER HALLER/PETER KARLEN, Raumplanungs-, Bau- und Umweltrecht, Bd. I, 3. A., Zürich 1999

Prerequisites /
notice

Voraussetzungen: Vorlesung Rechtslehre GZ (851-0703-00/01)

851-0609-04L The Energy Challenge - The Role of Technology,
Business and Society
Prerequisites: Basic knowledge in economics.

W 2 credits 2V R. Schubert, T. Schmidt, B. Steffen

Abstract In recent years, energy security, risks, access and availability are important issues. Strongly redirecting and accelerating technological
change on a sustainable low-carbon path is essential. The transformation of current energy systems into sustainable ones is not only a
question of technology but also of the goals and influences of important actors like business, politics and society.

Objective In this course different options of sustainable energy systems like fossile energies, nuclear energy or all sorts of renewable energies are
explained and discussed. The students should be able to understand and identify advantages and disadvantages of the different
technological options and discuss their relevance in the business as well as in the societal context.

Lecture notes Materials will be made available on the electronic learning platform: www.vwl.ethz.ch
Literature Materials will be made available on the electronic learning platform: www.vwl.ethz.ch
Prerequisites /
notice

Various lectures from different disciplines.

 D-BIOL
Number Title Type ECTS Hours Lecturers

851-0732-03L Intellectual Property: An Introduction
Number of participants limited to 180

Particularly suitable for students of D-ARCH, D-BIOL, D-
CHAB, D-INFK, D-ITET, D-MAVT, D- MATL, D-MTEC.

W 2 credits 2V S. Bechtold, M. Schonger

Abstract The course introduces students to the basics of the intellectual property system and of innovation policy. Areas covered include patent,
copyright, trademark, design, know-how protection, open source, and technology transfer. The course looks at Swiss, European, U.S. and
international law and uses examples from a broad range of technologies. Insights can be used in academia, industry or start-ups.

Objective Intellectual property issues become more and more important in our society. In order to prepare students for their future challenges in
research, industry or start-ups, this course introduces them to the foundations of the intellectual property system. The course covers patent,
copyright, trademark, design, know-how protection, open source, and technology transfer law. It explains links to contract, antitrust,
Internet, privacy and communications law where appropriate. While the introduction to these areas of the law is designed at a general level,
examples and case studies come from various jurisdictions, including Switzerland, the European Union, the United States, and
international law.

In addition, the course introduces students to the fundamentals of innovation policy. After exposing students to the economics of intellectual
property protection, the course asks questions such as: Why do states grant property rights in inventions? Has the protection of intellectual
property gone too far? How do advances in biotechnology and the Internet affect the intellectual property system? What is the relationship
between open source, open access and intellectual property? What alternatives to intellectual property protection exist?

Knowing how the intellectual property system works and what kind of protection is available is useful for all students who are interested in
working in academia, industry or in starting their own company. Exposing students to the advantages and disadvantages of the intellectual
property system enables them to participate in the current policy discussions on intellectual property, innovation and technology law. The
course will include practical examples and case studies as well as guest speakers from industry and private practice.

851-0158-13L Ecology and Environmentalism
Number of participants limited to 40

Particularly suitable for students of D-ERDW, D-HEST, D-
USYS, D-BIOL

W 3 credits 2S N. Guettler

Abstract The notion of „ecology“ refers to both, scientific research on environments as well as their protection. But how have academic ecology and
the environmental movements intersected throughout history?

Objective In the seminar, students will read and discuss key sources as well as secondary literature on the knowledge transfers between scientific
ecology and the environmental movements of the 19th and 20th century. Topics range from 19th-century homeland movement and the rise
of ecological awareness in colonial settings, to the rise of an environmental awareness during the Cold War, with a special focus on „green“
politics in Europe. Apart from scientists and „counter-scientists“ the seminar focuses on concepts and ideas that circulated between
academic ecology and different nature movements. 
The participants learn to engage historically with original texts as well as to handle independently the extensive historical literature on the
history of environmentalism. At the same time, they develop a critical understanding of different political agendas that have shaped
academic and popular ecology until the present day. Students also learn to communicate their findings by writing short (and fictive) blog
posts on different aspects of this history.
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851-0157-84L Health and Disease
Particularly suitable for students of D-BIOL, D-HEST

W 3 credits 2V M. Hagner

Abstract Health and disease belong to the fundamental conditions of human life. Thus, human beings have conceived different ideas and theories
concerning health and disease in history. It is the aim of this lecture series to introduce this historical variety in transcultural perspective
from antiquity to the present.

Objective It is the aim of this lecture series to introduce this historical variety in transcultural perspective from antiquity to the present.

851-0161-00L The Quarrel about Human Nature W 3 credits 2V M. Hampe
Abstract This lecture-course gives an overview over the quarrel about how "human nature" is to be determined -- a quarrel that started long before

the establishment of empirical research into humans by human-biology, psychology, sociology and cultural anthropology dominated many
debates in European philosophy.

Objective Acquiring critical knowledge of the history of the concept of "human nature", especially of its ideological and political misuse.
Content Die Vorlesung gibt einen Überblick über die Geschichte des Streites um die Bestimmung der so genannten "Natur des Menschen", de

lange vor der Etablierung der Erfahrungswissenschaften, die den Menschen erforschen wie Humanbiologie, Psychologie, Soziologie,
Ethnologie usw. die abendländische Philosophie bestimmt hat. Seit den 90er Jahren des letzten Jahrhunderts wird die Verwendung dieses
Begriffs zunehmend kritisiert. Feststellungen, was der rein spekulativ bestimmten Natur des Menschen vermeintlich entspricht oder
widerspricht, haben immer wieder zur Legitimation von normativen Setzungen gedient. Die Vorlesung verfolgt die Geschichte dieses
Konzepts von der antiken Metaphysik über die Philosophie der Aufklärung im 17. und 18. Jahrhundert bis hin zu den Streitigkeiten
zwischen der Philosophie, der Biologie, der Psychologie und Soziologie, die seit dem 19. Jahrhundert im Gange sind.

 D-CHAB
Number Title Type ECTS Hours Lecturers

851-0732-03L Intellectual Property: An Introduction
Number of participants limited to 180

Particularly suitable for students of D-ARCH, D-BIOL, D-
CHAB, D-INFK, D-ITET, D-MAVT, D- MATL, D-MTEC.

W 2 credits 2V S. Bechtold, M. Schonger

Abstract The course introduces students to the basics of the intellectual property system and of innovation policy. Areas covered include patent,
copyright, trademark, design, know-how protection, open source, and technology transfer. The course looks at Swiss, European, U.S. and
international law and uses examples from a broad range of technologies. Insights can be used in academia, industry or start-ups.

Objective Intellectual property issues become more and more important in our society. In order to prepare students for their future challenges in
research, industry or start-ups, this course introduces them to the foundations of the intellectual property system. The course covers patent,
copyright, trademark, design, know-how protection, open source, and technology transfer law. It explains links to contract, antitrust,
Internet, privacy and communications law where appropriate. While the introduction to these areas of the law is designed at a general level,
examples and case studies come from various jurisdictions, including Switzerland, the European Union, the United States, and
international law.

In addition, the course introduces students to the fundamentals of innovation policy. After exposing students to the economics of intellectual
property protection, the course asks questions such as: Why do states grant property rights in inventions? Has the protection of intellectual
property gone too far? How do advances in biotechnology and the Internet affect the intellectual property system? What is the relationship
between open source, open access and intellectual property? What alternatives to intellectual property protection exist?

Knowing how the intellectual property system works and what kind of protection is available is useful for all students who are interested in
working in academia, industry or in starting their own company. Exposing students to the advantages and disadvantages of the intellectual
property system enables them to participate in the current policy discussions on intellectual property, innovation and technology law. The
course will include practical examples and case studies as well as guest speakers from industry and private practice.

851-0125-65L A Sampler of Histories and Philosophies of
Mathematics
Particularly suitable for students D-CHAB, D-INFK, D-
ITET,  D-MATH, D-PHYS

W 3 credits 2V R. Wagner

Abstract This course will review several case studies from the ancient, medieval and modern history of mathematics. The case studies will be
analyzed from various philosophical perspectives, while situating them in their historical and cultural contexts.

Objective The course aims are:
1. To introduce students to the historicity of mathematics
2. To make sense of mathematical practices that appear unreasonable from a contemporary point of view
3. To develop critical reflection concerning the nature of mathematical objects
4. To introduce various theoretical approaches to the philosophy and history of mathematics
5. To open the students' horizons to the plurality of mathematical cultures and practices

 D-ERDW
Number Title Type ECTS Hours Lecturers

860-0015-00L Supply and Responsible Use of Mineral Resources I W 3 credits 2G B. Wehrli, F. Brugger,
K. Dolejs Schlöglova, S. Hellweg,
C. Karydas

Abstract Students critically assess the economic, social, political, and environmental implications of extracting and using energy resources, metals,
and bulk materials along the mineral resource cycle for society. They explore various decision-making tools that support policies and
guidelines pertaining to mineral resources, and gain insight into different perspectives from government, industry, and NGOs.

Objective Students will be able to:
- Explain basic concepts applied in resource economics, economic geology, extraction, processing and recycling technologies,
environmental and health impact assessments, resource governance, and secondary materials.
- Evaluate the policies and guidelines pertaining to mineral resource extraction.
- Examine decision-making tools for mineral resource related projects. 
- Engage constructively with key actors from governmental organizations, mining and trading companies, and NGOs, dealing with issues
along the mineral resource cycle.

Prerequisites /
notice

Bachelor of Science, Architecture or Engineering, and enrolled in a Master's or PhD program at ETH Zurich. Students must be enrolled in
this course in order to participate in the case study module course 860-0016-00 Supply and Responsible Use of Mineral Resources II.

860-0016-00L Supply and Responsible Use of Mineral Resources II
Prerequisite is 860-0015-00 Supply and Responsible Use
of Mineral Resources I. Limited to 12 participants. First
priority will be given to students enrolled in the Master of
Science, Technology, and Policy Program. These
students must confirm their participation by February 7th
by registration through myStudies. Students on the waiting

W 3 credits 2U B. Wehrli, F. Brugger, S. Pfister
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list will be notified at the start of the semester.
Abstract Students integrate their knowledge of mineral resources and technical skills to frame and investigate a commodity-specific challenge faced

by countries involved in resource extraction. By own research they evaluate possible policy-relevant solutions, engaging in interdisciplinary
teams coached by tutors and experts from natural social and engineering sciences.

Objective Students will be able to:
- Integrate, and extend by own research, their knowledge of mineral resources from course 860-0015-00, in a solution-oriented team with
mixed expertise
- Apply their problem solving, and analytical skills to critically assess, and define a complex, real-world mineral resource problem, and
propose possible solutions.
- Summarize and synthesize published literature and expert knowledge, evaluate decision-making tools, and policies applied to mineral
resources.
- Document and communicate the findings in concise group presentations and a report.

Prerequisites /
notice

Prerequisite is 860-0015-00 Supply and Responsible Use of Mineral Resources I. Limited to 12 participants. First priority will be given to
students enrolled in the Master of Science, Technology, and Policy Program. These students must confirm their participation by February
7th by registration through MyStudies. Students on the waiting list will be notified at the start of the semester.

851-0158-13L Ecology and Environmentalism
Number of participants limited to 40

Particularly suitable for students of D-ERDW, D-HEST, D-
USYS, D-BIOL

W 3 credits 2S N. Guettler

Abstract The notion of „ecology“ refers to both, scientific research on environments as well as their protection. But how have academic ecology and
the environmental movements intersected throughout history?

Objective In the seminar, students will read and discuss key sources as well as secondary literature on the knowledge transfers between scientific
ecology and the environmental movements of the 19th and 20th century. Topics range from 19th-century homeland movement and the rise
of ecological awareness in colonial settings, to the rise of an environmental awareness during the Cold War, with a special focus on „green“
politics in Europe. Apart from scientists and „counter-scientists“ the seminar focuses on concepts and ideas that circulated between
academic ecology and different nature movements. 
The participants learn to engage historically with original texts as well as to handle independently the extensive historical literature on the
history of environmentalism. At the same time, they develop a critical understanding of different political agendas that have shaped
academic and popular ecology until the present day. Students also learn to communicate their findings by writing short (and fictive) blog
posts on different aspects of this history.

 D-HEST
Number Title Type ECTS Hours Lecturers

851-0708-00L Introduction to Law
Introduction to Law as GESS Compulsory Elective
Course:
Students who have attended or will attend the lecture
"Introduction to Law for Architecture" (851-0703-01L),
"Introduction to Law for Civil Engineering"  (851-0703-03L)
or " Introduction to Law" (851-0703-00) , cannot register
for this course unit. 

Particularly suitable for students of D-HEST, D-MAVT, D-
MATL, D-USYS.

W 2 credits 2V A. Stremitzer

Abstract This class introduces students to basic features of the legal system. Questions of constitutional and administrative law, contract law, tort
law, corporate law, intellectual property law, as well as procedural law are covered.

Objective Introduction to fundamental questions of public and private law which serves as a foundation for more advanced law classes.
Content 1. Öffentliches Recht

Staatsrecht: Funktion und Quellen des Rechts, Aufbau und Organisation des Staates, Grundrechte, Grundzüge des Völker- und
Europarechts. Verwaltungsrecht: Verwaltungsverhältnis, Verfügung, Verwaltungsorganisation, Durchsetzung des Verwaltungsrechts,
Verwaltungsverfahrensrecht, Grundzüge des Polizei-, Umwelt- und Raumplanungsrechts.

2. Privatrecht
Vertragsrecht: Vertragsfreiheit, Vertragsentstehung, -erfüllung und -verletzung, Grundzüge des Kauf- und Mietvertrags. Haftungsrecht:
Verschuldenshaftung und Kausalhaftung, Beschränkung der Haftung. Grundzüge des Gesellschafts,- Immaterialgüter- und
Zivilprozessrechts.

Literature Weiterführende Informationen sind auf der Moodle-Lernumgebung zur Vorlesung erhältlich (s.
http://www.ip.ethz.ch/education/grundzuege).

851-0158-13L Ecology and Environmentalism
Number of participants limited to 40

Particularly suitable for students of D-ERDW, D-HEST, D-
USYS, D-BIOL

W 3 credits 2S N. Guettler

Abstract The notion of „ecology“ refers to both, scientific research on environments as well as their protection. But how have academic ecology and
the environmental movements intersected throughout history?

Objective In the seminar, students will read and discuss key sources as well as secondary literature on the knowledge transfers between scientific
ecology and the environmental movements of the 19th and 20th century. Topics range from 19th-century homeland movement and the rise
of ecological awareness in colonial settings, to the rise of an environmental awareness during the Cold War, with a special focus on „green“
politics in Europe. Apart from scientists and „counter-scientists“ the seminar focuses on concepts and ideas that circulated between
academic ecology and different nature movements. 
The participants learn to engage historically with original texts as well as to handle independently the extensive historical literature on the
history of environmentalism. At the same time, they develop a critical understanding of different political agendas that have shaped
academic and popular ecology until the present day. Students also learn to communicate their findings by writing short (and fictive) blog
posts on different aspects of this history.

851-0157-84L Health and Disease
Particularly suitable for students of D-BIOL, D-HEST

W 3 credits 2V M. Hagner

Abstract Health and disease belong to the fundamental conditions of human life. Thus, human beings have conceived different ideas and theories
concerning health and disease in history. It is the aim of this lecture series to introduce this historical variety in transcultural perspective
from antiquity to the present.

Objective It is the aim of this lecture series to introduce this historical variety in transcultural perspective from antiquity to the present.

851-0002-00L Pastime, Disciplinary Tool, Mass Culture: A Global W 3 credits 2V H. Fischer-Tiné
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History of Sports circa 1700-2000
Abstract The course gives an overview of the historical trajectories of sports and games in various parts of the world since 1700. It seeks to

understand sports as leisure activity, method of physical (self-) optimization, political tool  and form of mass Entertainment and explores the
interrelation of games and sports with moving forces of modernity such as capitalism, colonialism and consumer culture. 

Objective On one level, the course aims to familiarise students with the historical development of an ubiquitous aspect of modern everyday culture,
namely leisure, sports and play. Each case study is used to deepen the participants' understanding of complex historical transformations by
telling the story of what has been termed "the ludic diffusion"  from a decidedly non-eurocentric, global perspective. 

851-0745-00L Ethics Workshop: The Impact of Digital Life on
Society
Number of participants limited to 30.

Open to all Master level / PhD students.

W 2 credits 2S E. Vayena, A. Blasimme, C. Brall,
F. Gille, J. Sleigh

Abstract This workshop focuses on understanding and managing the ethical and social issues arising from the integration of new technologies in
various aspects of daily life.

Objective Explain relevant concepts in ethics.
Evaluate the ethical dimensions of new technology uses.
Identify impacted stakeholders and who is ethically responsible.
Engage constructively in the public discourse relating to new technology impacts.
Review tools and resources currently available that facilitate resolutions and ethical practice
Work in a more ethically reflective way

Content The workshop offers students an experience that trains their ability for critical analysis and  develops awareness of responsibilities as a
researcher, consumer and citizen. Learning will occur in the context of three intensive workshop days, which are highly interactive and
focus on the development and application of reasoning skills. 

The workshop will begin with some fundamentals: the nature of ethics, of consent and big data, of AI ethics, public trust and health ethics.
Students will then be introduced to key ethical concepts such as fairness, autonomy, trust, accountability, justice, as well different ways of
reasoning about the ethics of digital technologies. 

A range of practical problems and issues in the domains of education, news media, society, social media, digital health and justice will be
then considered. These six domains are represented respectively by unique and interesting case studies. Each case study has been
selected not only for its timely and engaging nature, but also for its relevance. Through the analysis of these case studies key ethical
questions (such as fairness, accountability, explain-ability, access etc.) will be highlighted and questions of responsibility and tools for
ethical practice will be explored. Throughout, the emphasis will be on learning to make sound arguments about the ethical aspects of
policy, practice and research. 

 D-INFK
Number Title Type ECTS Hours Lecturers

851-0585-38L Data Science in Techno-Socio-Economic Systems
Number of participants limited to 80

This course is thought be for students in the 5th semester
or above with quantitative skills and interests in modeling
and computer simulations.

Particularly suitable for students of D-INFK, D-ITET, D-
MAVT, D-MTEC, D-PHYS

W 3 credits 3S N. Antulov-Fantulin

Abstract This course introduces how techno-socio-economic systems in our complex society can be better understood with techniques and tools of
data science. Students shall learn how the fundamentals of data science are used to give insights into the research of complexity science,
computational social science, economics, finance, and others.

Objective The goal of this course is to qualify students with knowledge on data science to better understand techno-socio-economic systems in our
complex societies. This course aims to make students capable of applying the most appropriate and effective techniques of data science
under different application scenarios. The course aims to engage students in exciting state-of-the-art scientific tools, methods and
techniques of data science. 
In particular, lectures will be divided into research talks and tutorials. The course shall increase the awareness level of students of the
importance of interdisciplinary research. Finally, students have the opportunity to develop their own data science skills based on a data
challenge task, they have to solve, deliver and present at the end of the course.

Prerequisites /
notice

Good programming skills and a good understanding of probability & statistics and calculus are expected.

851-0740-00L Big Data, Law, and Policy
Number of participants limited to 35

Students will be informed by 1.3.2020 at the latest.

W 3 credits 2S S. Bechtold

Abstract This course introduces students to societal perspectives on the big data revolution. Discussing important contributions from machine
learning and data science, the course explores their legal, economic, ethical, and political implications in the past, present, and future.

Objective This course is intended both for students of machine learning and data science who want to reflect on the societal implications of their field,
and for students from other disciplines who want to explore the societal impact of data sciences. The course will first discuss some of the
methodological foundations of machine learning, followed by a discussion of research papers and real-world applications where big data
and societal values may clash. Potential topics include the implications of big data for privacy, liability, insurance, health systems, voting,
and democratic institutions, as well as the use of predictive algorithms for price discrimination and the criminal justice system. Guest
speakers, weekly readings and reaction papers ensure a lively debate among participants from various backgrounds.

851-0732-03L Intellectual Property: An Introduction
Number of participants limited to 180

Particularly suitable for students of D-ARCH, D-BIOL, D-
CHAB, D-INFK, D-ITET, D-MAVT, D- MATL, D-MTEC.

W 2 credits 2V S. Bechtold, M. Schonger

Abstract The course introduces students to the basics of the intellectual property system and of innovation policy. Areas covered include patent,
copyright, trademark, design, know-how protection, open source, and technology transfer. The course looks at Swiss, European, U.S. and
international law and uses examples from a broad range of technologies. Insights can be used in academia, industry or start-ups.
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Objective Intellectual property issues become more and more important in our society. In order to prepare students for their future challenges in
research, industry or start-ups, this course introduces them to the foundations of the intellectual property system. The course covers patent,
copyright, trademark, design, know-how protection, open source, and technology transfer law. It explains links to contract, antitrust,
Internet, privacy and communications law where appropriate. While the introduction to these areas of the law is designed at a general level,
examples and case studies come from various jurisdictions, including Switzerland, the European Union, the United States, and
international law.

In addition, the course introduces students to the fundamentals of innovation policy. After exposing students to the economics of intellectual
property protection, the course asks questions such as: Why do states grant property rights in inventions? Has the protection of intellectual
property gone too far? How do advances in biotechnology and the Internet affect the intellectual property system? What is the relationship
between open source, open access and intellectual property? What alternatives to intellectual property protection exist?

Knowing how the intellectual property system works and what kind of protection is available is useful for all students who are interested in
working in academia, industry or in starting their own company. Exposing students to the advantages and disadvantages of the intellectual
property system enables them to participate in the current policy discussions on intellectual property, innovation and technology law. The
course will include practical examples and case studies as well as guest speakers from industry and private practice.

851-0727-01L Telecommunications Law
Particularly suitable for students of D-INFK, D-ITET


W 2 credits 2V C. von Zedtwitz

Abstract Introduction to the basics of Telecommunications Law for non-lawyers. 

The course deals with the legal regulations and principles that apply to telecom network operators and telecom service providers (fixed-line
and mobile phone).

Objective By analyzing the most relevant legal provisions for a telecom provider in Switzerland students will learn about the main concepts of Swiss
law. No previous legal courses required.

Content 1. History of Swiss Telecommunications Law
2. Regulation of network access (essential facility doctrine, types of access)
3. Universal Service
4. Phone service contracts (fixed line and mobile phone service)
5. Mobil communication radiation regulation
6. Telecommunication secrecy
7. SPAM-Avoidance

Lecture notes The powerpoint slides presented in the course will be made availabe online. In addition, links to relevant legal decisions and regulations will
be accessible on the course website.

Literature No mandatory readings.
Prerequisites /
notice

Short written exam at the end of the semester (scope and materials to be defined during the course).

851-0734-00L Information Security Law
Does not take place this semester.
Particularly suitable for students of D-INFK, D-ITET

W 2 credits 2V

Abstract Introduction to Information Security Law for non-legal students respectively prospective decision-makers in companies and public
authorities who will have to deal with information security issues (CIOs, COOs, CEOs). The lectures will focus on the legal aspects of the
security of ICT infrastructures, including networks (Internet), and of the transported and processed information.

Objective The objective is to understand the meaning and aims of information security and the legal framework, to become acquainted with legal
instruments available to provide effective protection for infrastructures and sensitive legal assets and to present an analysis of possible
legal loopholes and potential measures. No prior legal knowledge is required for those wishing to attend these lectures.

Content The lectures will deal with industry-specific as well as cross-sector specific themes involving both technology and law from the areas of
data protection law, computer crimes, statutory duties of confidentiality, telecommunication surveillance (Internet), electronic signatures,
liability etc.

Lecture notes The lectures will be accompanied by powerpoint slide presentations, downloadable before the lectures begin, or available as hard copy at
the lectures themselves.

Literature References to further literature sources will be given in the lectures.

851-0588-00L Introduction to Game Theory
Number of participants limited to 480.

Particularly suitable for students of D-INFK, D-MATH

W 3 credits 1V H. Nax, B. Pradelski

Abstract This course introduces the foundations of game theory with a focus on its basic mathematical principles. It treats models of social
interaction, conflict and cooperation, the origin of cooperation, and concepts of strategic decision making behavior. Examples, applications,
theory, and the contrast between theory and empirical results are particularly emphasized.

Objective Learn the fundamentals, models, and logic of thinking about game theory. Learn basic mathematical principles. Apply formal game theory
models to strategic interaction situations and critically assess game theory's capabilities through a wide array of applications and
experimental results.

Content Game theory provides a unified mathematical language to study interactions amongst different types of individuals (e.g. humans, firms,
nations, animals, etc.). It is often used to analyze situations involving conflict and/or cooperation. The course introduces the basic concepts
of both non-cooperative and cooperative game theory (players, strategies, coalitions, rules of games, utilities, etc.) and explains the most
prominent game-theoretic solution concepts (Nash equilibrium, sub-game perfection, Core, Shapley Value, etc.). We will also discuss
standard extensions (repeated games, incomplete information, evolutionary game theory, signal games, etc.). 

In each part of the course, we focus on examples and on selected applications of the theory in different areas. These include analyses of
cooperation, social interaction, of institutions and norms, social dilemmas and reciprocity as well as applications on strategic behavior in
politics and between countries and companies, the impact of reciprocity, in the labor market, and some applications from biology. Game
theory is also applied to control-theoretic problems of transport planning and computer science.

As we present theory and applications, we will also discuss how experimental and other empirical studies have shown that human behavior
in the real world often does not meet the strict requirements of rationality from "standard theory", leading us to models of "behavioural" and
"experimental" game theory.

By the end of the course, students should be able to apply game-theoretic in diverse areas of analysis including > controlling turbines in a
wind park, > nations negotiating international agreements, > firms competing in markets, > humans sharing a common resource, etc.

Lecture notes See literature below. In addition we will provide additional literature readings and publish the lecture slides directly after each lecture.
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Literature K Binmore, Fun and games, a text on game theory, 1994, Great Source Education

SR Chakravarty, M Mitra and P Sarkar, A Course on Cooperative Game Theory, 2015, Cambridge University Press

A Diekmann, Spieltheorie: Einführung, Beispiele, Experimente, 2009, Rowolth

MJ Osborne, An Introduction to Game Theory, 2004, Oxford University Press New York

J Nash, Non-Cooperative Games, 1951, Annals of Mathematics

JW Weibull, Evolutionary game theory, 1997, MIT Press

HP Young, Strategic Learning and Its Limits, 2004, Oxford University Press

851-0591-01L BETH - Blockchain for Sustainability
Does not take place this semester.
Number of participants limited to 200

Particularly suitable for students of D-INFK, D-MTEC, D-
ITET, D-MAVT,D-PHYS

W 3 credits 4G D. Helbing

Abstract Blockchain and Internet of Things technologies hold the promise to transform our societies and economies. While IoT devices allow us to
measure all kinds of activity by humans and machines, the blockchain allows us to securely time-stamp and value this data and even give it
a price to trade it on (new) markets. We explore this potential with a specific focus on sustainable development.

Objective The course provides opportunities to gain fundamental understanding of promising new technologies as well as develop creative
decentralized solutions for societal challenges using these technologies.
Participants will learn the fundamentals of blockchain technology, its mechanisms, design parameters and potential for decentralized
solutions. Those with software development skills will then further explore the blockchain to develop hands-on decentralized applications
and smart contracts. Non-coding participants will further explore how these technologies could be used to design new economic systems.
These new cryptoeconomic systems should give citizens multiple incentives to increase cooperation, health, recycling, or education and
other positive externalities and to decrease emissions, waste, noise, or stress and other negative externalities. During the hackathon,
participants will work in mixed teams on concrete challenges addressing some of the pressing global challenges our societies face, like
climate change, financial instability, energy, or mass migration, etc. The aim is to develop decentralized approaches towards a sustainable,
sharing circular economy using blockchain and IoT technologies.
Teams will produce a short report (about 10 pages), demonstrate their hackathon prototype based on blockchain technology (Ethereum
platform) and present to a interdisciplinary jury on the last day. Throughout the course, participants will hone their critical thinking abilities
by leaving their own discipline and discussing best approaches to solve global complex challenges in an international, multi-disciplinary
setting with invited subject matter experts and peers from all around the world.
We encourage students with no programming experience, who are interested in the potential of blockchain and IoT to address global
challenges, to apply as well!

851-0739-01L Sequencing Legal DNA: NLP for Law and Political
Economy
Particularly suitable for students of D-INFK, D-ITET, D-
MTEC

W 3 credits 2V E. Ash

Abstract This course explores the application of natural language processing techniques to texts in law, politics, and the news media. Students will
put these tools to work in a course project.

Objective Law is embedded in language. An essential task for a judge, therefore, is reading legal texts to interpret case facts and apply legal rules.
Can an artificial intelligence learn to do these tasks? The recent and ongoing breakthroughs in natural language processing (NLP) hint at
this possibility. 

Meanwhile, a vast and growing corpus of legal documents are being digitized and put online for use by the public. No single human could
hope to read all of them, yet many of these documents remain untouched by NLP techniques. This course invites students to participate in
these new explorations applying NLP to the law -- that is, sequencing legal DNA.

Content NLP technologies have the potential to assist judges in their decisions by making them more efficient and consistent. On the other hand,
legal language choices -- as in legal choices more generally -- could be biased toward some groups, and automated systems could
entrench those biases. We will explore, critique, and integrate the emerging set of tools for debiasing language models and think carefully
about how notions of fairness should be applied in this domain. 

More generally, we will explore the use of NLP for social science research, not just in the law but also in politics, the economy, and culture.
In a semester paper, students (individually or in groups) will conceive and implement their own research project applying natural language
tools to legal or political texts.

Prerequisites /
notice

Some programming experience in Python is required, and some experience with NLP is highly recommended.

851-0739-02L Sequencing Legal DNA: NLP for Law and Political
Economy (Course Project)
This is the optional course project for "Building a Robot
Judge: Data Science for the Law." 

Please register only if attending the lecture course or with
consent of the instructor.

Some programming experience in Python is required, and
some experience with text mining is highly recommended.

W 2 credits 2V E. Ash

Abstract This is the companion course for extra credit for a more substantial project, for the course "Sequencing Legal DNA: NLP for Law and
Political Economy".

851-0125-65L A Sampler of Histories and Philosophies of
Mathematics
Particularly suitable for students D-CHAB, D-INFK, D-
ITET,  D-MATH, D-PHYS

W 3 credits 2V R. Wagner

Abstract This course will review several case studies from the ancient, medieval and modern history of mathematics. The case studies will be
analyzed from various philosophical perspectives, while situating them in their historical and cultural contexts.
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Objective The course aims are:
1. To introduce students to the historicity of mathematics
2. To make sense of mathematical practices that appear unreasonable from a contemporary point of view
3. To develop critical reflection concerning the nature of mathematical objects
4. To introduce various theoretical approaches to the philosophy and history of mathematics
5. To open the students' horizons to the plurality of mathematical cultures and practices

851-0170-00L The Birth of Formal Sciences: History and Philosophy
of the Relation Between Logic and Mathematics

W 3 credits 2V J. L. Gastaldi

Abstract Formal knowledge, such as mathematics and logic, has a singular capacity to resist historical critique. But what if formality itself had a
history - a recent birth and a foreseeable decline? In this course, we will explore this hypothesis by critically assessing the novel
relationship between mathematics and logic that emerged in the 19th century, forging our notion of formal.

Objective During the course, students will be able to:
-Acquire a general perspective on the history of formal logic
-Review relevant aspects of the history of modern mathematics
-Obtain philosophical and historical tools for critically assessing the status of formal sciences
-Develop a critical understanding of the notion of formal
-Discuss the methodological capabilities of historical epistemology

Content Knowledge reputed to be formal, such as mathematics and logic, has a singular capacity to resist historical critique. Indeed, from a
traditional perspective, a historical account of a purely formal statement, like a theorem, can hardly do more than show the inevitable path
that led to its evident and thenceforth everlasting truth. But what if formality itself had a history - a relative recent birth and a foreseeable
decline? In this course, we will explore this hypothesis by critically assessing the conditions, impact and limits of the novel relationship
between mathematics and logic that emerged in the 19th century, forging both the modern notion of formal and the subsequent
epistemological status of formal sciences. After discussing the difficulties of a historical (or archaeological, in the sense that M. Foucault
gives to this term) approach to formal knowledge, we will present the principal historical circumstances providing the conditions for an
unprecedented association between logic and mathematics. This will give us the means to undertake the detailed study of that association,
within the context of the most prominent attempts to provide formal deductive languages in the 19th century: those of George Boole and
Gottlob Frege. Finally, we will address the limitations manifested by those projects at the turn of the 20th century, putting them into
perspective to assess the transformation our notion of formal is experiencing as a result of the proliferation of computational practices.

 D-ITET
Number Title Type ECTS Hours Lecturers

851-0585-38L Data Science in Techno-Socio-Economic Systems
Number of participants limited to 80

This course is thought be for students in the 5th semester
or above with quantitative skills and interests in modeling
and computer simulations.

Particularly suitable for students of D-INFK, D-ITET, D-
MAVT, D-MTEC, D-PHYS

W 3 credits 3S N. Antulov-Fantulin

Abstract This course introduces how techno-socio-economic systems in our complex society can be better understood with techniques and tools of
data science. Students shall learn how the fundamentals of data science are used to give insights into the research of complexity science,
computational social science, economics, finance, and others.

Objective The goal of this course is to qualify students with knowledge on data science to better understand techno-socio-economic systems in our
complex societies. This course aims to make students capable of applying the most appropriate and effective techniques of data science
under different application scenarios. The course aims to engage students in exciting state-of-the-art scientific tools, methods and
techniques of data science. 
In particular, lectures will be divided into research talks and tutorials. The course shall increase the awareness level of students of the
importance of interdisciplinary research. Finally, students have the opportunity to develop their own data science skills based on a data
challenge task, they have to solve, deliver and present at the end of the course.

Prerequisites /
notice

Good programming skills and a good understanding of probability & statistics and calculus are expected.

227-0664-00L Technology and Policy of Electrical Energy Storage W 3 credits 2G V. Wood, T. Schmidt
Abstract With the global emphasis on decreasing CO2 emissions, achieving fossil fuel independence and growing the use of renewables,

developing & implementing energy storage solutions for electric mobility & grid stabilization represent a key technology & policy challenge.
This course uses lithium ion batteries as a case study to understand the interplay between technology, economics, and policy.

Objective The students will learn of the complexity involved in battery research, design, production, as well as in investment, economics and policy
making around batteries. Students from technical disciplines will gain insights into policy, while students from social science backgrounds
will gain insights into technology.

Content With the global emphasis on decreasing CO2 emissions, achieving fossil fuel independence, and integrating renewables on the electric
grid, developing and implementing energy storage solutions for electric mobility and grid stabilization represent a key technology and policy
challenge. The class will focus on lithium ion batteries since they are poised to enter a variety of markets where policy decisions will affect
their production, adoption, and usage scenarios. The course considers the interplay between technology, economics, and policy.

* intro to energy storage for electric mobility and grid-stabilization
* basics of battery operation, manufacturing, and integration
* intro to the role of policy for energy storage innovation & diffusion
* discussion of complexities involved in policy and politics of energy storage

Lecture notes Materials will be made available on the website.
Literature Materials will be made available on the website.
Prerequisites /
notice

Strong interest in energy and technology policy.

851-0740-00L Big Data, Law, and Policy
Number of participants limited to 35

Students will be informed by 1.3.2020 at the latest.

W 3 credits 2S S. Bechtold

Abstract This course introduces students to societal perspectives on the big data revolution. Discussing important contributions from machine
learning and data science, the course explores their legal, economic, ethical, and political implications in the past, present, and future.
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Objective This course is intended both for students of machine learning and data science who want to reflect on the societal implications of their field,
and for students from other disciplines who want to explore the societal impact of data sciences. The course will first discuss some of the
methodological foundations of machine learning, followed by a discussion of research papers and real-world applications where big data
and societal values may clash. Potential topics include the implications of big data for privacy, liability, insurance, health systems, voting,
and democratic institutions, as well as the use of predictive algorithms for price discrimination and the criminal justice system. Guest
speakers, weekly readings and reaction papers ensure a lively debate among participants from various backgrounds.

851-0252-01L Human-Computer Interaction: Cognition and Usability
Number of participants limited to 30.

Particularly suitable for students of D-ITET

W 3 credits 2S C. Hölscher, I. Barisic, H. Zhao

Abstract This seminar introduces theory and methods in human-computer interaction and usability. Cognitive Science provides a theoretical
framework for designing user interfaces as well as a range of methods for assessing usability (user testing, cognitive walkthrough, GOMS).
The seminar will provide an opportunity to experience some of the methods in applied group projects.

Objective This seminar will introduce key topics, theories and methodology in human-computer interaction (HCI) and usability. Presentations will
cover the basics of human-computer interaction and selected topics like mobile interaction, adaptive systems, human error and attention. A
focus of the seminar will be on getting to know evaluation techniques in HCI. Students will work in groups and will first familiarize
themselves with a select usability evaluation method (e.g. user testing, GOMS, task analysis, heuristic evaluation, questionnaires or
Cognitive Walkthrough). They will then apply the methods to a human-computer interaction setting (e.g. an existing software or hardware
interface) and present the method as well as their procedure and results to the plenary. Active participation is vital for the success of the
seminar, and students are expected to contribute to presentations of foundational themes, methods and results of their chosen group
project. In order to obtain course credit a written essay / report will be required (details to be specified in the introductory session of the
course).

851-0732-03L Intellectual Property: An Introduction
Number of participants limited to 180

Particularly suitable for students of D-ARCH, D-BIOL, D-
CHAB, D-INFK, D-ITET, D-MAVT, D- MATL, D-MTEC.

W 2 credits 2V S. Bechtold, M. Schonger

Abstract The course introduces students to the basics of the intellectual property system and of innovation policy. Areas covered include patent,
copyright, trademark, design, know-how protection, open source, and technology transfer. The course looks at Swiss, European, U.S. and
international law and uses examples from a broad range of technologies. Insights can be used in academia, industry or start-ups.

Objective Intellectual property issues become more and more important in our society. In order to prepare students for their future challenges in
research, industry or start-ups, this course introduces them to the foundations of the intellectual property system. The course covers patent,
copyright, trademark, design, know-how protection, open source, and technology transfer law. It explains links to contract, antitrust,
Internet, privacy and communications law where appropriate. While the introduction to these areas of the law is designed at a general level,
examples and case studies come from various jurisdictions, including Switzerland, the European Union, the United States, and
international law.

In addition, the course introduces students to the fundamentals of innovation policy. After exposing students to the economics of intellectual
property protection, the course asks questions such as: Why do states grant property rights in inventions? Has the protection of intellectual
property gone too far? How do advances in biotechnology and the Internet affect the intellectual property system? What is the relationship
between open source, open access and intellectual property? What alternatives to intellectual property protection exist?

Knowing how the intellectual property system works and what kind of protection is available is useful for all students who are interested in
working in academia, industry or in starting their own company. Exposing students to the advantages and disadvantages of the intellectual
property system enables them to participate in the current policy discussions on intellectual property, innovation and technology law. The
course will include practical examples and case studies as well as guest speakers from industry and private practice.

851-0727-01L Telecommunications Law
Particularly suitable for students of D-INFK, D-ITET


W 2 credits 2V C. von Zedtwitz

Abstract Introduction to the basics of Telecommunications Law for non-lawyers. 

The course deals with the legal regulations and principles that apply to telecom network operators and telecom service providers (fixed-line
and mobile phone).

Objective By analyzing the most relevant legal provisions for a telecom provider in Switzerland students will learn about the main concepts of Swiss
law. No previous legal courses required.

Content 1. History of Swiss Telecommunications Law
2. Regulation of network access (essential facility doctrine, types of access)
3. Universal Service
4. Phone service contracts (fixed line and mobile phone service)
5. Mobil communication radiation regulation
6. Telecommunication secrecy
7. SPAM-Avoidance

Lecture notes The powerpoint slides presented in the course will be made availabe online. In addition, links to relevant legal decisions and regulations will
be accessible on the course website.

Literature No mandatory readings.
Prerequisites /
notice

Short written exam at the end of the semester (scope and materials to be defined during the course).

851-0734-00L Information Security Law
Does not take place this semester.
Particularly suitable for students of D-INFK, D-ITET

W 2 credits 2V

Abstract Introduction to Information Security Law for non-legal students respectively prospective decision-makers in companies and public
authorities who will have to deal with information security issues (CIOs, COOs, CEOs). The lectures will focus on the legal aspects of the
security of ICT infrastructures, including networks (Internet), and of the transported and processed information.

Objective The objective is to understand the meaning and aims of information security and the legal framework, to become acquainted with legal
instruments available to provide effective protection for infrastructures and sensitive legal assets and to present an analysis of possible
legal loopholes and potential measures. No prior legal knowledge is required for those wishing to attend these lectures.

Content The lectures will deal with industry-specific as well as cross-sector specific themes involving both technology and law from the areas of
data protection law, computer crimes, statutory duties of confidentiality, telecommunication surveillance (Internet), electronic signatures,
liability etc.

Lecture notes The lectures will be accompanied by powerpoint slide presentations, downloadable before the lectures begin, or available as hard copy at
the lectures themselves.

Literature References to further literature sources will be given in the lectures.
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851-0609-04L The Energy Challenge - The Role of Technology,
Business and Society
Prerequisites: Basic knowledge in economics.

W 2 credits 2V R. Schubert, T. Schmidt, B. Steffen

Abstract In recent years, energy security, risks, access and availability are important issues. Strongly redirecting and accelerating technological
change on a sustainable low-carbon path is essential. The transformation of current energy systems into sustainable ones is not only a
question of technology but also of the goals and influences of important actors like business, politics and society.

Objective In this course different options of sustainable energy systems like fossile energies, nuclear energy or all sorts of renewable energies are
explained and discussed. The students should be able to understand and identify advantages and disadvantages of the different
technological options and discuss their relevance in the business as well as in the societal context.

Lecture notes Materials will be made available on the electronic learning platform: www.vwl.ethz.ch
Literature Materials will be made available on the electronic learning platform: www.vwl.ethz.ch
Prerequisites /
notice

Various lectures from different disciplines.

851-0591-01L BETH - Blockchain for Sustainability
Does not take place this semester.
Number of participants limited to 200

Particularly suitable for students of D-INFK, D-MTEC, D-
ITET, D-MAVT,D-PHYS

W 3 credits 4G D. Helbing

Abstract Blockchain and Internet of Things technologies hold the promise to transform our societies and economies. While IoT devices allow us to
measure all kinds of activity by humans and machines, the blockchain allows us to securely time-stamp and value this data and even give it
a price to trade it on (new) markets. We explore this potential with a specific focus on sustainable development.

Objective The course provides opportunities to gain fundamental understanding of promising new technologies as well as develop creative
decentralized solutions for societal challenges using these technologies.
Participants will learn the fundamentals of blockchain technology, its mechanisms, design parameters and potential for decentralized
solutions. Those with software development skills will then further explore the blockchain to develop hands-on decentralized applications
and smart contracts. Non-coding participants will further explore how these technologies could be used to design new economic systems.
These new cryptoeconomic systems should give citizens multiple incentives to increase cooperation, health, recycling, or education and
other positive externalities and to decrease emissions, waste, noise, or stress and other negative externalities. During the hackathon,
participants will work in mixed teams on concrete challenges addressing some of the pressing global challenges our societies face, like
climate change, financial instability, energy, or mass migration, etc. The aim is to develop decentralized approaches towards a sustainable,
sharing circular economy using blockchain and IoT technologies.
Teams will produce a short report (about 10 pages), demonstrate their hackathon prototype based on blockchain technology (Ethereum
platform) and present to a interdisciplinary jury on the last day. Throughout the course, participants will hone their critical thinking abilities
by leaving their own discipline and discussing best approaches to solve global complex challenges in an international, multi-disciplinary
setting with invited subject matter experts and peers from all around the world.
We encourage students with no programming experience, who are interested in the potential of blockchain and IoT to address global
challenges, to apply as well!

860-0022-00L Complexity and Global Systems Science
Does not take place this semester.
Number of participants limited to 64.

Prerequisites: solid mathematical skills.

Particularly suitable for students of D-ITET, D-MAVT and
ISTP

W 3 credits 2V D. Helbing

Abstract This course discusses complex techno-socio-economic systems, their counter-intuitive behaviors, and how their theoretical understanding
empowers us to solve some long-standing problems that are currently bothering the world.

Objective Participants should learn to get an overview of the state of the art in the field, to present it in a well understandable way to an
interdisciplinary scientific audience, to develop models for open problems, to analyze them, and to defend their results in response to
critical questions. In essence, participants should improve their scientific skills and learn to think scientifically about complex dynamical
systems.

Content This course starts with a discussion of the typical and often counter-intuitive features of complex dynamical systems such as self-
organization, emergence, (sudden) phase transitions at "tipping points", multi-stability, systemic instability, deterministic chaos, and
turbulence. It then discusses phenomena in networked systems such as feedback, side and cascade effects, and the problem of radical
uncertainty. The course progresses by demonstrating the relevance of these properties for understanding societal and, at times, global-
scale problems such as traffic jams, crowd disasters, breakdowns of cooperation, crime, conflict, social unrests, political revolutions,
bubbles and crashes in financial markets, epidemic spreading, and/or "tragedies of the commons" such as environmental exploitation,
overfishing, or climate change. Based on this understanding, the course points to possible ways of mitigating techno-
socio-economic-environmental problems, and what data science may contribute to their solution.

Prerequisites /
notice

Mathematical skills can be helpful

851-0739-01L Sequencing Legal DNA: NLP for Law and Political
Economy
Particularly suitable for students of D-INFK, D-ITET, D-
MTEC

W 3 credits 2V E. Ash

Abstract This course explores the application of natural language processing techniques to texts in law, politics, and the news media. Students will
put these tools to work in a course project.

Objective Law is embedded in language. An essential task for a judge, therefore, is reading legal texts to interpret case facts and apply legal rules.
Can an artificial intelligence learn to do these tasks? The recent and ongoing breakthroughs in natural language processing (NLP) hint at
this possibility. 

Meanwhile, a vast and growing corpus of legal documents are being digitized and put online for use by the public. No single human could
hope to read all of them, yet many of these documents remain untouched by NLP techniques. This course invites students to participate in
these new explorations applying NLP to the law -- that is, sequencing legal DNA.

Content NLP technologies have the potential to assist judges in their decisions by making them more efficient and consistent. On the other hand,
legal language choices -- as in legal choices more generally -- could be biased toward some groups, and automated systems could
entrench those biases. We will explore, critique, and integrate the emerging set of tools for debiasing language models and think carefully
about how notions of fairness should be applied in this domain. 

More generally, we will explore the use of NLP for social science research, not just in the law but also in politics, the economy, and culture.
In a semester paper, students (individually or in groups) will conceive and implement their own research project applying natural language
tools to legal or political texts.
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Prerequisites /
notice

Some programming experience in Python is required, and some experience with NLP is highly recommended.

851-0739-02L Sequencing Legal DNA: NLP for Law and Political
Economy (Course Project)
This is the optional course project for "Building a Robot
Judge: Data Science for the Law." 

Please register only if attending the lecture course or with
consent of the instructor.

Some programming experience in Python is required, and
some experience with text mining is highly recommended.

W 2 credits 2V E. Ash

Abstract This is the companion course for extra credit for a more substantial project, for the course "Sequencing Legal DNA: NLP for Law and
Political Economy".

851-0125-65L A Sampler of Histories and Philosophies of
Mathematics
Particularly suitable for students D-CHAB, D-INFK, D-
ITET,  D-MATH, D-PHYS

W 3 credits 2V R. Wagner

Abstract This course will review several case studies from the ancient, medieval and modern history of mathematics. The case studies will be
analyzed from various philosophical perspectives, while situating them in their historical and cultural contexts.

Objective The course aims are:
1. To introduce students to the historicity of mathematics
2. To make sense of mathematical practices that appear unreasonable from a contemporary point of view
3. To develop critical reflection concerning the nature of mathematical objects
4. To introduce various theoretical approaches to the philosophy and history of mathematics
5. To open the students' horizons to the plurality of mathematical cultures and practices

851-0170-00L The Birth of Formal Sciences: History and Philosophy
of the Relation Between Logic and Mathematics

W 3 credits 2V J. L. Gastaldi

Abstract Formal knowledge, such as mathematics and logic, has a singular capacity to resist historical critique. But what if formality itself had a
history - a recent birth and a foreseeable decline? In this course, we will explore this hypothesis by critically assessing the novel
relationship between mathematics and logic that emerged in the 19th century, forging our notion of formal.

Objective During the course, students will be able to:
-Acquire a general perspective on the history of formal logic
-Review relevant aspects of the history of modern mathematics
-Obtain philosophical and historical tools for critically assessing the status of formal sciences
-Develop a critical understanding of the notion of formal
-Discuss the methodological capabilities of historical epistemology

Content Knowledge reputed to be formal, such as mathematics and logic, has a singular capacity to resist historical critique. Indeed, from a
traditional perspective, a historical account of a purely formal statement, like a theorem, can hardly do more than show the inevitable path
that led to its evident and thenceforth everlasting truth. But what if formality itself had a history - a relative recent birth and a foreseeable
decline? In this course, we will explore this hypothesis by critically assessing the conditions, impact and limits of the novel relationship
between mathematics and logic that emerged in the 19th century, forging both the modern notion of formal and the subsequent
epistemological status of formal sciences. After discussing the difficulties of a historical (or archaeological, in the sense that M. Foucault
gives to this term) approach to formal knowledge, we will present the principal historical circumstances providing the conditions for an
unprecedented association between logic and mathematics. This will give us the means to undertake the detailed study of that association,
within the context of the most prominent attempts to provide formal deductive languages in the 19th century: those of George Boole and
Gottlob Frege. Finally, we will address the limitations manifested by those projects at the turn of the 20th century, putting them into
perspective to assess the transformation our notion of formal is experiencing as a result of the proliferation of computational practices.

 D-MATH
Number Title Type ECTS Hours Lecturers

401-1010-00L The Foundations of Analysis from a Philosophical and
Historical Point of View
Number of participants limited to 30

Particularly suitable for students of D-MATH

W 3 credits 2S L. Halbeisen, G. Sommaruga

Abstract Accompanying the courses in analysis, the beginning and development of analysis will be considered and discussed from a philosophical
perspective. In particular, different approaches towards dealing with the problems sparked off by the infinitesimals will be studied. And
finally, a short presentation of non-standard analysis will be given.

Objective This course aims at enabling the students to have a critical look at the basic philosophical premisses underlying analysis, to analyze them
and to reflect on them. 
NB. This course is part of the rectorate's critical thinking initiative.

851-0588-00L Introduction to Game Theory
Number of participants limited to 480.

Particularly suitable for students of D-INFK, D-MATH

W 3 credits 1V H. Nax, B. Pradelski

Abstract This course introduces the foundations of game theory with a focus on its basic mathematical principles. It treats models of social
interaction, conflict and cooperation, the origin of cooperation, and concepts of strategic decision making behavior. Examples, applications,
theory, and the contrast between theory and empirical results are particularly emphasized.

Objective Learn the fundamentals, models, and logic of thinking about game theory. Learn basic mathematical principles. Apply formal game theory
models to strategic interaction situations and critically assess game theory's capabilities through a wide array of applications and
experimental results.
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Content Game theory provides a unified mathematical language to study interactions amongst different types of individuals (e.g. humans, firms,
nations, animals, etc.). It is often used to analyze situations involving conflict and/or cooperation. The course introduces the basic concepts
of both non-cooperative and cooperative game theory (players, strategies, coalitions, rules of games, utilities, etc.) and explains the most
prominent game-theoretic solution concepts (Nash equilibrium, sub-game perfection, Core, Shapley Value, etc.). We will also discuss
standard extensions (repeated games, incomplete information, evolutionary game theory, signal games, etc.). 

In each part of the course, we focus on examples and on selected applications of the theory in different areas. These include analyses of
cooperation, social interaction, of institutions and norms, social dilemmas and reciprocity as well as applications on strategic behavior in
politics and between countries and companies, the impact of reciprocity, in the labor market, and some applications from biology. Game
theory is also applied to control-theoretic problems of transport planning and computer science.

As we present theory and applications, we will also discuss how experimental and other empirical studies have shown that human behavior
in the real world often does not meet the strict requirements of rationality from "standard theory", leading us to models of "behavioural" and
"experimental" game theory.

By the end of the course, students should be able to apply game-theoretic in diverse areas of analysis including > controlling turbines in a
wind park, > nations negotiating international agreements, > firms competing in markets, > humans sharing a common resource, etc.

Lecture notes See literature below. In addition we will provide additional literature readings and publish the lecture slides directly after each lecture.
Literature K Binmore, Fun and games, a text on game theory, 1994, Great Source Education


SR Chakravarty, M Mitra and P Sarkar, A Course on Cooperative Game Theory, 2015, Cambridge University Press

A Diekmann, Spieltheorie: Einführung, Beispiele, Experimente, 2009, Rowolth

MJ Osborne, An Introduction to Game Theory, 2004, Oxford University Press New York

J Nash, Non-Cooperative Games, 1951, Annals of Mathematics

JW Weibull, Evolutionary game theory, 1997, MIT Press

HP Young, Strategic Learning and Its Limits, 2004, Oxford University Press

851-0740-00L Big Data, Law, and Policy
Number of participants limited to 35

Students will be informed by 1.3.2020 at the latest.

W 3 credits 2S S. Bechtold

Abstract This course introduces students to societal perspectives on the big data revolution. Discussing important contributions from machine
learning and data science, the course explores their legal, economic, ethical, and political implications in the past, present, and future.

Objective This course is intended both for students of machine learning and data science who want to reflect on the societal implications of their field,
and for students from other disciplines who want to explore the societal impact of data sciences. The course will first discuss some of the
methodological foundations of machine learning, followed by a discussion of research papers and real-world applications where big data
and societal values may clash. Potential topics include the implications of big data for privacy, liability, insurance, health systems, voting,
and democratic institutions, as well as the use of predictive algorithms for price discrimination and the criminal justice system. Guest
speakers, weekly readings and reaction papers ensure a lively debate among participants from various backgrounds.

401-3014-00L The Development of Set Theory as a Basis for
Analysis and Algebra
Does not take place this semester.
Number of participants limited to 30
Particularly suitable for students of D-MATH

W 3 credits 2S L. Halbeisen

851-0125-65L A Sampler of Histories and Philosophies of
Mathematics
Particularly suitable for students D-CHAB, D-INFK, D-
ITET,  D-MATH, D-PHYS

W 3 credits 2V R. Wagner

Abstract This course will review several case studies from the ancient, medieval and modern history of mathematics. The case studies will be
analyzed from various philosophical perspectives, while situating them in their historical and cultural contexts.

Objective The course aims are:
1. To introduce students to the historicity of mathematics
2. To make sense of mathematical practices that appear unreasonable from a contemporary point of view
3. To develop critical reflection concerning the nature of mathematical objects
4. To introduce various theoretical approaches to the philosophy and history of mathematics
5. To open the students' horizons to the plurality of mathematical cultures and practices

851-0170-00L The Birth of Formal Sciences: History and Philosophy
of the Relation Between Logic and Mathematics

W 3 credits 2V J. L. Gastaldi

Abstract Formal knowledge, such as mathematics and logic, has a singular capacity to resist historical critique. But what if formality itself had a
history - a recent birth and a foreseeable decline? In this course, we will explore this hypothesis by critically assessing the novel
relationship between mathematics and logic that emerged in the 19th century, forging our notion of formal.

Objective During the course, students will be able to:
-Acquire a general perspective on the history of formal logic
-Review relevant aspects of the history of modern mathematics
-Obtain philosophical and historical tools for critically assessing the status of formal sciences
-Develop a critical understanding of the notion of formal
-Discuss the methodological capabilities of historical epistemology

Content Knowledge reputed to be formal, such as mathematics and logic, has a singular capacity to resist historical critique. Indeed, from a
traditional perspective, a historical account of a purely formal statement, like a theorem, can hardly do more than show the inevitable path
that led to its evident and thenceforth everlasting truth. But what if formality itself had a history - a relative recent birth and a foreseeable
decline? In this course, we will explore this hypothesis by critically assessing the conditions, impact and limits of the novel relationship
between mathematics and logic that emerged in the 19th century, forging both the modern notion of formal and the subsequent
epistemological status of formal sciences. After discussing the difficulties of a historical (or archaeological, in the sense that M. Foucault
gives to this term) approach to formal knowledge, we will present the principal historical circumstances providing the conditions for an
unprecedented association between logic and mathematics. This will give us the means to undertake the detailed study of that association,
within the context of the most prominent attempts to provide formal deductive languages in the 19th century: those of George Boole and
Gottlob Frege. Finally, we will address the limitations manifested by those projects at the turn of the 20th century, putting them into
perspective to assess the transformation our notion of formal is experiencing as a result of the proliferation of computational practices.

 D-MATL
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Number Title Type ECTS Hours Lecturers

851-0101-01L Introduction to Practical Philosophy
Particularly suitable for students of D-MAVT, D-MATL

W 3 credits 2G L. Wingert

Abstract Practical philosophy deals in a descriptive and evaluative way with the realm of the practical, that is, with action, practices, norms of action,
and values held by people and societies. Ethics and political philosophy are branches of practical philosophy. This introductory course will
treat some of the main questions and introduce students to the thinking of central figures in the field.

Objective At the end of the course, students (1) will be familiar with still highly influential answers to some of the main questions (see below, section
"contents") in practical philosophy. (2) They will be able to better evaluate how convincing these answers are. (3) Students' own thinking
concerning normative, e.g., ethical issues, will be more precise, due to a more sophisticated use of key concepts such as good, right,
morality, law, freedom, etc.

Content Ethics is an account and instruction of the good, that could be reached by conscious, intentional behaviour (=action). Ethics is an essential
part of practical philosophy. Therefore one of those central questions, which will be discussed in the course, is:

1. What is the meaning of words like "good" and "bad", used in ethical language? What is meant by "good", if one says: "Working as a
volunteer for the <Red Cross> is good"? Does one mean, that doing so is useful, or that it is altruistic, or that is fair?

Further questions, to be discussed in the course, are:

2. Are moral judgements apt to be justified, e.g. judgments like "Lower taxes for rich foreigners in the <Kanton Zug> are unjust" or "Every
person ought to be entitled to leave any religious community"? If so, how far a moral judgment's justification can reach? Is one right in
arguing: "It is possible to show the truth of the proposition (a):The emissions of nitrogen dioxide in Zurich is far beyond the permissible limit
(80 mg/m3). But it is not possible to verify the proposition (b): In our times, the inequal global distribution of wealth is far beyond the
permissible limit. Proposition (a) states an objective fact, whereas (b) expresses a mere subjective evaluation, though that evaluation might
be widely spread.

3. What are just laws, and what is the relationship between law and morality?

4. Is freedom of a person, though presupposed by criminal law and morality, nevertheless an illusion?

These questions will be partly discussed with reference to seminal authors within the western philosophical tradition (among else Plato,
Aristotle, Thomas Hobbes, David Hume, Immanuel Kant). Contemporary philosophers like Jürgen Habermas, Thomas Nagel, Ernst
Tugendhat or Bernard Williams will be included, too.

Literature Preparatory Literature:

-Dieter Birnbacher, Analytische Einführung in die Ethik, 2. Aufl. Berlin: de Gruyter Verlag 2006.
- Simon Blackburn, Think. A Compelling Introduction to Philosophy, Oxford: University Press (=UP) 1999, chapters 3 und 8.
- Philippa Foot, <Virtues and Vices> in: diess., Virtues and Vices and Other Essays in Moral Philosophy, Oxford: UP 2002, and <Morality,
Action and Outcome>, in: dies., Moral Dilemmas and Other Topics in Moral Philosophy, Oxford: UP 2002.
- H.L.A. Hart, <Positivism and the Separation of Law and Morals, in: Harvard Law Review 71 (1958), pp. 593-629.
- Detlef Horster, Rechtsphilosophie zur Einführung, Hamburg: Junius Verlag 2002.
- Robert Kane, <Introduction: The Contours of the Contemporary Free Will Debates>, in: ders., (Hg.), The Oxford Handbook of Free Will,
Oxford 2002. 
 Thomas Nagel, The Limits of Objectivity, in:  The Tanner Lectures on Human Values 1980, Vol I., ed. Sterling McMurrin , Cambridge et al.:
UP 1980, pp. 75-139.
- Ulrich Pothast, <Einleitung> in: ders., (Hg.), Seminar: Freies Handeln und Determinismus, Frankfurt/M.: suhrkamp taschenbuch
wissenschaft 1978, pp. 7-31. 
- Bernard Williams, Morality. An Introduction to Ethics, Cambridge: UP (=Canto Series) 1976.
- Peter Winch, The Idea of a Social Science, 4.Aufl. London 1965, ch. II.

Prerequisites /
notice

The course will be a mixture of lecture and seminar. For getting credit points, essays on given or freely chosen subjects have to be written.

851-0708-00L Introduction to Law
Introduction to Law as GESS Compulsory Elective
Course:
Students who have attended or will attend the lecture
"Introduction to Law for Architecture" (851-0703-01L),
"Introduction to Law for Civil Engineering"  (851-0703-03L)
or " Introduction to Law" (851-0703-00) , cannot register
for this course unit. 

Particularly suitable for students of D-HEST, D-MAVT, D-
MATL, D-USYS.

W 2 credits 2V A. Stremitzer

Abstract This class introduces students to basic features of the legal system. Questions of constitutional and administrative law, contract law, tort
law, corporate law, intellectual property law, as well as procedural law are covered.

Objective Introduction to fundamental questions of public and private law which serves as a foundation for more advanced law classes.
Content 1. Öffentliches Recht

Staatsrecht: Funktion und Quellen des Rechts, Aufbau und Organisation des Staates, Grundrechte, Grundzüge des Völker- und
Europarechts. Verwaltungsrecht: Verwaltungsverhältnis, Verfügung, Verwaltungsorganisation, Durchsetzung des Verwaltungsrechts,
Verwaltungsverfahrensrecht, Grundzüge des Polizei-, Umwelt- und Raumplanungsrechts.

2. Privatrecht
Vertragsrecht: Vertragsfreiheit, Vertragsentstehung, -erfüllung und -verletzung, Grundzüge des Kauf- und Mietvertrags. Haftungsrecht:
Verschuldenshaftung und Kausalhaftung, Beschränkung der Haftung. Grundzüge des Gesellschafts,- Immaterialgüter- und
Zivilprozessrechts.

Literature Weiterführende Informationen sind auf der Moodle-Lernumgebung zur Vorlesung erhältlich (s.
http://www.ip.ethz.ch/education/grundzuege).

851-0732-03L Intellectual Property: An Introduction
Number of participants limited to 180

Particularly suitable for students of D-ARCH, D-BIOL, D-
CHAB, D-INFK, D-ITET, D-MAVT, D- MATL, D-MTEC.

W 2 credits 2V S. Bechtold, M. Schonger

Abstract The course introduces students to the basics of the intellectual property system and of innovation policy. Areas covered include patent,
copyright, trademark, design, know-how protection, open source, and technology transfer. The course looks at Swiss, European, U.S. and
international law and uses examples from a broad range of technologies. Insights can be used in academia, industry or start-ups.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 768 of 1785

Objective Intellectual property issues become more and more important in our society. In order to prepare students for their future challenges in
research, industry or start-ups, this course introduces them to the foundations of the intellectual property system. The course covers patent,
copyright, trademark, design, know-how protection, open source, and technology transfer law. It explains links to contract, antitrust,
Internet, privacy and communications law where appropriate. While the introduction to these areas of the law is designed at a general level,
examples and case studies come from various jurisdictions, including Switzerland, the European Union, the United States, and
international law.

In addition, the course introduces students to the fundamentals of innovation policy. After exposing students to the economics of intellectual
property protection, the course asks questions such as: Why do states grant property rights in inventions? Has the protection of intellectual
property gone too far? How do advances in biotechnology and the Internet affect the intellectual property system? What is the relationship
between open source, open access and intellectual property? What alternatives to intellectual property protection exist?

Knowing how the intellectual property system works and what kind of protection is available is useful for all students who are interested in
working in academia, industry or in starting their own company. Exposing students to the advantages and disadvantages of the intellectual
property system enables them to participate in the current policy discussions on intellectual property, innovation and technology law. The
course will include practical examples and case studies as well as guest speakers from industry and private practice.

227-0664-00L Technology and Policy of Electrical Energy Storage W 3 credits 2G V. Wood, T. Schmidt
Abstract With the global emphasis on decreasing CO2 emissions, achieving fossil fuel independence and growing the use of renewables,

developing & implementing energy storage solutions for electric mobility & grid stabilization represent a key technology & policy challenge.
This course uses lithium ion batteries as a case study to understand the interplay between technology, economics, and policy.

Objective The students will learn of the complexity involved in battery research, design, production, as well as in investment, economics and policy
making around batteries. Students from technical disciplines will gain insights into policy, while students from social science backgrounds
will gain insights into technology.

Content With the global emphasis on decreasing CO2 emissions, achieving fossil fuel independence, and integrating renewables on the electric
grid, developing and implementing energy storage solutions for electric mobility and grid stabilization represent a key technology and policy
challenge. The class will focus on lithium ion batteries since they are poised to enter a variety of markets where policy decisions will affect
their production, adoption, and usage scenarios. The course considers the interplay between technology, economics, and policy.

* intro to energy storage for electric mobility and grid-stabilization
* basics of battery operation, manufacturing, and integration
* intro to the role of policy for energy storage innovation & diffusion
* discussion of complexities involved in policy and politics of energy storage

Lecture notes Materials will be made available on the website.
Literature Materials will be made available on the website.
Prerequisites /
notice

Strong interest in energy and technology policy.

363-1039-00L Introduction to Negotiation W 3 credits 2G M. Ambühl
Abstract The course combines different lecture formats to provide students with both the theoretical background and the practical appreciation of

negotiation. A core element of the course is an introduction to the concept of negotiation engineering.
Objective Students learn to understand and to identify different negotiation situations, analyze specific cases, and discuss respective negotiation

approaches based on important negotiation methods (i.a. Game Theory, Harvard Method).
Content The course combines different lecture formats to provide students with both the theoretical background and the practical appreciation of

negotiation. A core element is an introduction to the concept of negotiation engineering. The course covers a brief overview of different
negotiation approaches, different categories of negotiations, selected negotiation models, as well as in-depth discussions of real-world
case studies on international negotiations involving Switzerland. Students learn to deconstruct specific negotiation situations, to
differentiate key aspects and to develop and apply a suitable negotiation approach based on important negotiation methods.

Literature The list of relevant references will be distributed in the beginning of the course.

701-0791-00L Environmental History - Introduction and Overview
Change of semester: takes place in spring semester
instead of autumn semester.

Number of participants limited to 100.

W 2 credits 2V M. Gisler

Abstract Our society faces a serious ecological crisis. Of what historical dimension is this crisis? How have human societies already in earlier times
changed their environment, and, consequently, perhaps also ours? What were the main ecological challenges for societies and how did
they change over time? And how did societies adapt to changing environmental conditions?

Objective Introduction into environmental history; survey of long-term development of human-nature-interrelations; discussion of selected problems.
Improved ability to assess current problems from a historical perspective and to critically interrogate one's own standpoint.

Lecture notes Course material is provided in digital form.
Literature McNeill, John R. 2000. Something new under the sun: An environmental history of the twentieth-century world, New York: Norton.


Uekötter, Frank (Ed.) 2010. The turning points of environmental history, Pittsburgh: University of Pittsburgh Press.

Winiwarter, Verena und Martin Knoll 2007. Umweltgeschichte: Eine Einführung, Köln: Böhlau.

Prerequisites /
notice

Students are asked to write an exam during the last session

 D-MTEC
Number Title Type ECTS Hours Lecturers

851-0585-38L Data Science in Techno-Socio-Economic Systems
Number of participants limited to 80

This course is thought be for students in the 5th semester
or above with quantitative skills and interests in modeling
and computer simulations.

Particularly suitable for students of D-INFK, D-ITET, D-
MAVT, D-MTEC, D-PHYS

W 3 credits 3S N. Antulov-Fantulin

Abstract This course introduces how techno-socio-economic systems in our complex society can be better understood with techniques and tools of
data science. Students shall learn how the fundamentals of data science are used to give insights into the research of complexity science,
computational social science, economics, finance, and others.
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Objective The goal of this course is to qualify students with knowledge on data science to better understand techno-socio-economic systems in our
complex societies. This course aims to make students capable of applying the most appropriate and effective techniques of data science
under different application scenarios. The course aims to engage students in exciting state-of-the-art scientific tools, methods and
techniques of data science. 
In particular, lectures will be divided into research talks and tutorials. The course shall increase the awareness level of students of the
importance of interdisciplinary research. Finally, students have the opportunity to develop their own data science skills based on a data
challenge task, they have to solve, deliver and present at the end of the course.

Prerequisites /
notice

Good programming skills and a good understanding of probability & statistics and calculus are expected.

351-0578-00L Introduction to Economic Policy
Does not take place this semester.

W 2 credits 2V

Abstract First approach to the theory of economic policy.
Objective First approach to the theory of economic policy.
Content Wirtschaftspolitik ist die Gesamtheit aller Massnahmen von staatlichen Institutionen mit denen das Wirtschaftsgeschehen geregelt und

gestaltet wird. Die Vorlesung bietet einen ersten Zugang zur Theorie der Wirtschaftspolitik. 

Gliederung der Vorlesung:

1.) Wohlfahrtsökonomische Grundlagen: Wohlfahrtsfunktion, Pareto-Optimalität, Wirtschaftspolitik als Mittel-Zweck-Analyse u.a.

2.) Wirtschaftsordnungen: Geplante und ungeplante Ordnung
3.) Wettbewerb und Effizienz: Hauptsätze der Wohlfahrtsökonomik, Effizienz von Wettbewerbsmärkten
4.) Wettbewerbspolitik: Sicherstellung einer wettbewerblichen Ordnung

Gründe für Marktversagen:
5.) Externe Effekte 
6.) Öffentliche Güter 
7.) Natürliche Monopole 
8.) Informationsasymmetrien
9.) Anpassungskosten
10.) Irrationalität

11.) Wirtschaftspolitik und Politische Ökonomie

Die Vorlesung beinhaltet Anwendungsbeispiele und Exkurse, um eine Verbindung zwischen Theorie und Praxis der Wirtschaftspolitik
herzustellen. Z. B. Verteilungseffekte von wirtschaftspolitischen Massnahmen, Kartellpolitik am Ölmarkt, Internalisierung externer Effekte
durch Emissionshandel, moralisches Risiko am Finanzmarkt, Nudging, zeitinkonsistente Präferenzen im Bereich der Gesundheitspolitik

Lecture notes Nein.

363-0532-00L Economics of Sustainable Development W 3 credits 2V L. Bretschger
Abstract Concepts and indicators of sustainable development, paradigms of weak and strong sustainability;

neoclassical and endogenous growth models;
economic growth in the presence of exhaustible and renewable resources; pollution, environmental policy and growth;
role of substitution and technological progress;
Environmental Kuznets Curve; sustainability policy.

Objective The aim is to develop an understanding of the implications of sustainable development for the long-run development of economies. It is to
be shown to which extent the potential for growth to be sustainable depends on substitution possibilities, technological change and
environmental policy.
After successful completion of this course, students are able to
1. understand the causes of long-term economic development
2. analyse the influence of natural resources and pollution on the development of social welfare
3. to appropriately classify the role of politics in the pursuit of sustainability goals.

Content The lecture introduces different concepts and paradigms of sustainable development. Building on this foundation and following a general
introduction to the modelling of economic growth, conditions for growth to be sustainable in the presence of pollution and scarce natural
resources are derived. Special attention is devoted to the scope for substitution and role of technological progress in overcoming resource
scarcities. Implications of environmental externalities are regarded with respect to the design of environmental policies.     
Concepts and indicators of sustainable development, paradigms of weak and strong sustainability, sustainability optimism vs. pessimism;
introduction to neoclassical and endogenous growth models;
pollution, environmental policy and growth;
role of substitution possibilities and technological progress;
Environmental Kuznets Curve: concept, theory and empirical results;
economic growth in the presence of exhaustible and renewable resources, Hartwick rule, resource saving technological change.

Lecture notes Will be provided successively in the course of the semester.
Literature Bretschger, F. (1999), Growth Theory and Sustainable Development, Cheltenham: Edward Elgar.


Bretschger, L. (2004), Wachstumstheorie, Oldenbourg, 3. Auflage, München. 

Bretschger, L. (2018), Greening Economy, Graying Society, CER-ETH Press, ETH Zurich.

Perman, R., Y. Ma, J. McGilvray and M. Common (2011), Natural Resource and Environmental Economics, Longman , 4th ed., Essex.

Neumayer, E. (2003), Weak and Strong Sustainability, 2nd ed., Cheltenham: Edward Elgar.

363-1039-00L Introduction to Negotiation W 3 credits 2G M. Ambühl
Abstract The course combines different lecture formats to provide students with both the theoretical background and the practical appreciation of

negotiation. A core element of the course is an introduction to the concept of negotiation engineering.
Objective Students learn to understand and to identify different negotiation situations, analyze specific cases, and discuss respective negotiation

approaches based on important negotiation methods (i.a. Game Theory, Harvard Method).
Content The course combines different lecture formats to provide students with both the theoretical background and the practical appreciation of

negotiation. A core element is an introduction to the concept of negotiation engineering. The course covers a brief overview of different
negotiation approaches, different categories of negotiations, selected negotiation models, as well as in-depth discussions of real-world
case studies on international negotiations involving Switzerland. Students learn to deconstruct specific negotiation situations, to
differentiate key aspects and to develop and apply a suitable negotiation approach based on important negotiation methods.

Literature The list of relevant references will be distributed in the beginning of the course.

363-0564-00L Entrepreneurial Risks W 3 credits 2G D. Sornette
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Abstract 
Dimensions of risks with emphasis on entrepreneurial, financial and social risks.

What young entrepreneurs need to know from start-up creation to investment in innovation

Perspectives on the future of innovation and how to better invent and create

How to innovate and scale up and work with China

Dynamical risk management and learning from the failure of others 


Objective We live a in complex world with many nonlinear
negative and positive feedbacks. Entrepreneurship is one of
the leading human activity based on innovation to create
new wealth and new social developments. This course will
analyze the risks (upside and downside) associated with
entrepreneurship and more generally human activity
in the firms, in social networks and in society.
The goal is to present what we believe are the key concepts
and the quantitative tools to understand and manage risks.
An emphasis will be on large and extreme risks, known
to control many systems, and which require novel ways
of thinking and of managing. We will examine the questions
of (i) how much one can manage and control these risks,
(ii) how these actions may feedback positively or negatively
and (iii) how to foster human cooperation for the creation
of wealth and social well-being.

The exam will be in the format of multiple choice questions.

Content PART I: INTRODUCTION

Lecture 1 (19/02): Risks (and opportunities) in the economic, entrepreneurial and social spheres
(D. Sornette)


PART II: START-UPS AND INVESTMENT IN INNOVATION

Lecture 2 (26/02): Setting the landscape on entrepreneurship and private investment
(P. Cauwels)

Lecture 3 (04/03 and 11/03): Corporate finance
(P. Cauwels)

Lecture 4 (18/03): Legal, governance and management
(P. Cauwels)

Lecture 5 (25/03): Investors in the innovation economy
(P. Cauwels)


PART III: HOW TO PREDICT THE FUTURE

Lecture 6 (01/04): Historical perspective
(P. Cauwels)

Lecture 7 (08/04): The logistic equation of growth and saturation
(D. Sornette)

Lecture 8 (22/04): Future perspective
(P. Cauwels)

Lecture 9 (29/04): The fair reward problem, the illusion of success and how to solve it
(P. Cauwels)


PART IV: HOW TO WORK WITH CHINA
“if China succeeds, the world succeeds; if China fails, the world fails” (D. Sornette).

Lecture 10 (06/05): The macro status in China and the potential opportunity and risks for the world
(K. Wu)

Lecture 11 (13/05): The collision of the two opposite mindsets: Innovation and Entrepreneurship in China and Switzerland
(K. Wu)


PART V: ESSENTIALS ON DYNAMICAL RISK MANAGEMENT

Lecture 12 (20/05):  Principles of Risk Management for entrepreneurship
(D. Sornette)

Lecture 13 (27/05):  The biology of risks and war principles applied to management
(D. Sornette)


Lecture notes The lecture notes will be distributed a the beginning of 
each lecture.
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Literature I will use elements taken from my books 

-D. Sornette
Critical Phenomena in Natural Sciences,
Chaos, Fractals, Self-organization and Disorder: Concepts and Tools,
2nd ed. (Springer Series in Synergetics, Heidelberg, 2004) 

-Y. Malevergne and D. Sornette
Extreme Financial Risks (From Dependence to Risk Management)
(Springer, Heidelberg, 2006).

-D. Sornette, 
Why Stock Markets Crash
(Critical Events in Complex Financial Systems),
(Princeton University Press, 2003)

as well as from a variety of other sources, which will be
indicated to the students during each lecture.

Prerequisites /
notice

-A deep curiosity and interest in asking questions and in attempting to 
understand and manage the complexity of the corporate, financial
and social world

-quantitative skills in mathematical analysis and algebra
for the modeling part.

751-1500-00L Development Economics W 3 credits 2V I. Günther, K. Harttgen
Abstract Introduction into basic theoretical and empirical aspects of economic development. Prescriptive theory of economic policy for poverty

reduction.
Objective The goal of this lecture is to introduce students to basic development economics and related economic and developmental contexts.
Content The course begins with a theoretical and empirical introduction to the concepts of poverty reduction and issues of combating

socioeconomic inequality. Based on this, important external and internal drivers of economic development and poverty reduction are
discussed as well as economic and development policies to overcome global poverty. In particular, the following topics are discussed:

- measurement of development, poverty and inequality, 
- growth theories
- trade and development
- education, health, population and development
- states and institutions
- fiscal,monetary- and exchange rate policies

Lecture notes None.
Literature Günther, Harttgen und Michaelowa (2020): Einführung in die Entwicklungsökonomik.
Prerequisites /
notice

Voraussetzungen: 
Grundlagenkenntisse der Mikro- und Makroökonomie. 

Besonderes:
Die Veranstaltung besteht aus einem Vorlesungsteil, aus eigener Literatur- und Recherchearbeit sowie der Bearbeitung von
Aufgabenblättern. 

Die Vorlesung basiert auf: Günther, Harttgen und Michaelowa (2019): Einführung in die Entwicklungsökonomik. Einzelne Kapitel müssen
jeweils vor den Veranstaltungen gelesen werden. In den Veranstaltungen wird das Gelesene diskutiert und angewendet. Auch werden
offene Fragen der Kapitel und Übungen besprochen.

851-0732-03L Intellectual Property: An Introduction
Number of participants limited to 180

Particularly suitable for students of D-ARCH, D-BIOL, D-
CHAB, D-INFK, D-ITET, D-MAVT, D- MATL, D-MTEC.

W 2 credits 2V S. Bechtold, M. Schonger

Abstract The course introduces students to the basics of the intellectual property system and of innovation policy. Areas covered include patent,
copyright, trademark, design, know-how protection, open source, and technology transfer. The course looks at Swiss, European, U.S. and
international law and uses examples from a broad range of technologies. Insights can be used in academia, industry or start-ups.

Objective Intellectual property issues become more and more important in our society. In order to prepare students for their future challenges in
research, industry or start-ups, this course introduces them to the foundations of the intellectual property system. The course covers patent,
copyright, trademark, design, know-how protection, open source, and technology transfer law. It explains links to contract, antitrust,
Internet, privacy and communications law where appropriate. While the introduction to these areas of the law is designed at a general level,
examples and case studies come from various jurisdictions, including Switzerland, the European Union, the United States, and
international law.

In addition, the course introduces students to the fundamentals of innovation policy. After exposing students to the economics of intellectual
property protection, the course asks questions such as: Why do states grant property rights in inventions? Has the protection of intellectual
property gone too far? How do advances in biotechnology and the Internet affect the intellectual property system? What is the relationship
between open source, open access and intellectual property? What alternatives to intellectual property protection exist?

Knowing how the intellectual property system works and what kind of protection is available is useful for all students who are interested in
working in academia, industry or in starting their own company. Exposing students to the advantages and disadvantages of the intellectual
property system enables them to participate in the current policy discussions on intellectual property, innovation and technology law. The
course will include practical examples and case studies as well as guest speakers from industry and private practice.

851-0252-10L Project in Behavioural Finance
Number of participants limited to 40

Particularly suitable for students of D-MTEC

W 3 credits 2S S. Andraszewicz, C. Hölscher,
D. Kaszás

Abstract This interactive practical course provides and overview of the key topics in behavioral finance. Along studying information about investor's
behavior, decision-making, cognitive, biological and personality markers of risk taking and measuring risk appetite, students train critical
thinking, argumentation and presentation. The learning process is based on interactive discussions and presentations.
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Objective This course provides an overview of the key topics in behavioural finance and gives the opportunity for a first hands-on experience in
designing, analysing and presenting a behavioural study. In the first half of the semester, students present papers from different topics
within behavioural finance, including Judgment and Decision Making, psychometrics and individual differences, and risk perception and
eliciting people’s propensity to take risk, biological markers of risk taking and investment behavior and trading games. The paper
presentations are informal, require no power-point presentations and are followed by a discussion with the rest of the students in the class.
The goal of these presentations is three-fold: in an interactive and engaging way, to provide an overview of the topics contained in the area
of behavioural finance, to teach students to extract the most relevant information from scientific papers and be able to communicate them
to their peers and to enhance critical thinking during the discussion.
In the middle of the semester, the students pick a topic in which they want to conduct a small study. Some topics will be offered by the
lecturers, but students are free to choose a topic of their own. 
This is followed by fine-tuning their research questions given found literature, data collection and analysis. At the end of the semester
students receive feedback and advice on the data analysis and present the results in a formal presentation with slides. The final
assignment is a written report from their study. Active participation in the meetings is mandatory to pass the course. This course does not
involve learning by heart.

Key skills after the course completion:
- Overview of topics in behavioural finance
- Communication of research output in an a formal and informal way, in an oral and written form
- Critical thinking
- Argumentation and study design

Content - Giving presentations
- How to quickly "read" a paper
- Judgment and Decision Making, Heuristics and Biases
- Biology on the trading floor
- Psychometrics and individual differences
- Eliciting people's propensity to take risks
- Experimental design in behavioural studies
- Experimental Asset Markets

Lecture notes All learning materials will be available to students over eDoz platform.
Literature Tversky, A., & Kahneman, D. (1992). Advance in prospect theory: Cumulative representation of uncertainty. Journal of Risk and

Uncertainty, 5(4), 297-323

Rieskamp, J. (2008). The probabilistic nature of preferential choice. Journal of Experimental Psychology: Learning, memory and Cognition,
34(6), 1446-1465

Hertwig, R., & Herzog, S. (2009). Fast and frugal heuristics: Tools of social rationality. Social Cognition, 27(5), 661-698

Coates, J.M., Gurnell, M., & Sarnyai, Z. (2010). From molecule to market: steroid hormones and financial risk taking. Philosophical
Transacations of the Royal Society B, 365, 331-343

Cueva, C., Roberts, R.E., Spencer, T., Rani, N., Tempest, M., Tobler, P.N., Herbert, J., & Rustichini (2015). Cortisol and testosterone
increase financial risk taking and may destabilize markets. Nature, 5(11206), 1-16

Conlin, A., Kyröläinen, P., Kaakinen, M., Järvelin, M-R., Perttunen, J., & Svento, R. (2015). Personality traits and stock market participation.
Journal of Empirical Finance, 33, 34-50

Kosinski, M., Stillwell, D., & Graepel, T. (2013). Private traits and attributes are predictable from digital records of human behavior.
Proceedings in National Academy of Sciences, 110, 5802-5805

Oehler, A., Wedlich, F., Wendt, S., & Horn, M. (July 9, 2016). Available at SSRN: https://ssrn.com/abstract=2807401

Fenton-O'Creevy, M., Nicholson, N., Soane, E., & Willman, P. (2003). Trading on illusions: Unrealistic perceptions of control and trading
performance. Journal of Occupational and Organizational Psychology, 76, 53-68

Frey, R., Pedroni, A., Mata, R., Rieskamp, J., & Hertwig, R. (2017). Risk preference shares the psychometric structure of major
psychological traits. Science Advances, 3, 1-13

Schürmann, O., Andraszewicz, S., & Rieskamp, J. (2017). The importance of losses when eliciting risk preferences. Under review

Andraszewicz, S., Kaszas, D., Zeisberger, S., Murphy, R.O., & Hölscher, C. (2017). Simulating historical market crashes in the laboratory.
Manuscript in preparation.

Allenbach, M., Kaszas, D., Andraszewicz, S., & Hölscher, C. (2017). Skin conductance response as marker or risk undertaken by investors.
Manuscript in preparation.

Simic, M., Kaszas, D., Andraszewicz, S., & Hölscher, C. (2017). Incentive structure compatibility in a principal agent problem. Manuscript in
preparation.

Sornette, D., Andraszewicz, S., Wu, K., Murphy, R.O., Rindlerm P., & Sanadgol, D. (2017). Overpricing persistance in experimental asset
markets with intrinsic uncertainty. Under review.

Andraszewicz, S., Wu, K., & Sornette, D. (2017). Behavioural effects and market dynamics in field and laboratory experimental asset
markets. Under review.

Prerequisites /
notice

Grading is based the active participation in the class and the final project. There is no exam.

851-0591-01L BETH - Blockchain for Sustainability
Does not take place this semester.
Number of participants limited to 200

Particularly suitable for students of D-INFK, D-MTEC, D-
ITET, D-MAVT,D-PHYS

W 3 credits 4G D. Helbing

Abstract Blockchain and Internet of Things technologies hold the promise to transform our societies and economies. While IoT devices allow us to
measure all kinds of activity by humans and machines, the blockchain allows us to securely time-stamp and value this data and even give it
a price to trade it on (new) markets. We explore this potential with a specific focus on sustainable development.
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Objective The course provides opportunities to gain fundamental understanding of promising new technologies as well as develop creative
decentralized solutions for societal challenges using these technologies.
Participants will learn the fundamentals of blockchain technology, its mechanisms, design parameters and potential for decentralized
solutions. Those with software development skills will then further explore the blockchain to develop hands-on decentralized applications
and smart contracts. Non-coding participants will further explore how these technologies could be used to design new economic systems.
These new cryptoeconomic systems should give citizens multiple incentives to increase cooperation, health, recycling, or education and
other positive externalities and to decrease emissions, waste, noise, or stress and other negative externalities. During the hackathon,
participants will work in mixed teams on concrete challenges addressing some of the pressing global challenges our societies face, like
climate change, financial instability, energy, or mass migration, etc. The aim is to develop decentralized approaches towards a sustainable,
sharing circular economy using blockchain and IoT technologies.
Teams will produce a short report (about 10 pages), demonstrate their hackathon prototype based on blockchain technology (Ethereum
platform) and present to a interdisciplinary jury on the last day. Throughout the course, participants will hone their critical thinking abilities
by leaving their own discipline and discussing best approaches to solve global complex challenges in an international, multi-disciplinary
setting with invited subject matter experts and peers from all around the world.
We encourage students with no programming experience, who are interested in the potential of blockchain and IoT to address global
challenges, to apply as well!

851-0739-01L Sequencing Legal DNA: NLP for Law and Political
Economy
Particularly suitable for students of D-INFK, D-ITET, D-
MTEC

W 3 credits 2V E. Ash

Abstract This course explores the application of natural language processing techniques to texts in law, politics, and the news media. Students will
put these tools to work in a course project.

Objective Law is embedded in language. An essential task for a judge, therefore, is reading legal texts to interpret case facts and apply legal rules.
Can an artificial intelligence learn to do these tasks? The recent and ongoing breakthroughs in natural language processing (NLP) hint at
this possibility. 

Meanwhile, a vast and growing corpus of legal documents are being digitized and put online for use by the public. No single human could
hope to read all of them, yet many of these documents remain untouched by NLP techniques. This course invites students to participate in
these new explorations applying NLP to the law -- that is, sequencing legal DNA.

Content NLP technologies have the potential to assist judges in their decisions by making them more efficient and consistent. On the other hand,
legal language choices -- as in legal choices more generally -- could be biased toward some groups, and automated systems could
entrench those biases. We will explore, critique, and integrate the emerging set of tools for debiasing language models and think carefully
about how notions of fairness should be applied in this domain. 

More generally, we will explore the use of NLP for social science research, not just in the law but also in politics, the economy, and culture.
In a semester paper, students (individually or in groups) will conceive and implement their own research project applying natural language
tools to legal or political texts.

Prerequisites /
notice

Some programming experience in Python is required, and some experience with NLP is highly recommended.

851-0739-02L Sequencing Legal DNA: NLP for Law and Political
Economy (Course Project)
This is the optional course project for "Building a Robot
Judge: Data Science for the Law." 

Please register only if attending the lecture course or with
consent of the instructor.

Some programming experience in Python is required, and
some experience with text mining is highly recommended.

W 2 credits 2V E. Ash

Abstract This is the companion course for extra credit for a more substantial project, for the course "Sequencing Legal DNA: NLP for Law and
Political Economy".

 D-MAVT
Number Title Type ECTS Hours Lecturers

851-0101-01L Introduction to Practical Philosophy
Particularly suitable for students of D-MAVT, D-MATL

W 3 credits 2G L. Wingert

Abstract Practical philosophy deals in a descriptive and evaluative way with the realm of the practical, that is, with action, practices, norms of action,
and values held by people and societies. Ethics and political philosophy are branches of practical philosophy. This introductory course will
treat some of the main questions and introduce students to the thinking of central figures in the field.

Objective At the end of the course, students (1) will be familiar with still highly influential answers to some of the main questions (see below, section
"contents") in practical philosophy. (2) They will be able to better evaluate how convincing these answers are. (3) Students' own thinking
concerning normative, e.g., ethical issues, will be more precise, due to a more sophisticated use of key concepts such as good, right,
morality, law, freedom, etc.

Content Ethics is an account and instruction of the good, that could be reached by conscious, intentional behaviour (=action). Ethics is an essential
part of practical philosophy. Therefore one of those central questions, which will be discussed in the course, is:

1. What is the meaning of words like "good" and "bad", used in ethical language? What is meant by "good", if one says: "Working as a
volunteer for the <Red Cross> is good"? Does one mean, that doing so is useful, or that it is altruistic, or that is fair?

Further questions, to be discussed in the course, are:

2. Are moral judgements apt to be justified, e.g. judgments like "Lower taxes for rich foreigners in the <Kanton Zug> are unjust" or "Every
person ought to be entitled to leave any religious community"? If so, how far a moral judgment's justification can reach? Is one right in
arguing: "It is possible to show the truth of the proposition (a):The emissions of nitrogen dioxide in Zurich is far beyond the permissible limit
(80 mg/m3). But it is not possible to verify the proposition (b): In our times, the inequal global distribution of wealth is far beyond the
permissible limit. Proposition (a) states an objective fact, whereas (b) expresses a mere subjective evaluation, though that evaluation might
be widely spread.

3. What are just laws, and what is the relationship between law and morality?

4. Is freedom of a person, though presupposed by criminal law and morality, nevertheless an illusion?

These questions will be partly discussed with reference to seminal authors within the western philosophical tradition (among else Plato,
Aristotle, Thomas Hobbes, David Hume, Immanuel Kant). Contemporary philosophers like Jürgen Habermas, Thomas Nagel, Ernst
Tugendhat or Bernard Williams will be included, too.
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Literature Preparatory Literature:

-Dieter Birnbacher, Analytische Einführung in die Ethik, 2. Aufl. Berlin: de Gruyter Verlag 2006.
- Simon Blackburn, Think. A Compelling Introduction to Philosophy, Oxford: University Press (=UP) 1999, chapters 3 und 8.
- Philippa Foot, <Virtues and Vices> in: diess., Virtues and Vices and Other Essays in Moral Philosophy, Oxford: UP 2002, and <Morality,
Action and Outcome>, in: dies., Moral Dilemmas and Other Topics in Moral Philosophy, Oxford: UP 2002.
- H.L.A. Hart, <Positivism and the Separation of Law and Morals, in: Harvard Law Review 71 (1958), pp. 593-629.
- Detlef Horster, Rechtsphilosophie zur Einführung, Hamburg: Junius Verlag 2002.
- Robert Kane, <Introduction: The Contours of the Contemporary Free Will Debates>, in: ders., (Hg.), The Oxford Handbook of Free Will,
Oxford 2002. 
 Thomas Nagel, The Limits of Objectivity, in:  The Tanner Lectures on Human Values 1980, Vol I., ed. Sterling McMurrin , Cambridge et al.:
UP 1980, pp. 75-139.
- Ulrich Pothast, <Einleitung> in: ders., (Hg.), Seminar: Freies Handeln und Determinismus, Frankfurt/M.: suhrkamp taschenbuch
wissenschaft 1978, pp. 7-31. 
- Bernard Williams, Morality. An Introduction to Ethics, Cambridge: UP (=Canto Series) 1976.
- Peter Winch, The Idea of a Social Science, 4.Aufl. London 1965, ch. II.

Prerequisites /
notice

The course will be a mixture of lecture and seminar. For getting credit points, essays on given or freely chosen subjects have to be written.

851-0585-38L Data Science in Techno-Socio-Economic Systems
Number of participants limited to 80

This course is thought be for students in the 5th semester
or above with quantitative skills and interests in modeling
and computer simulations.

Particularly suitable for students of D-INFK, D-ITET, D-
MAVT, D-MTEC, D-PHYS

W 3 credits 3S N. Antulov-Fantulin

Abstract This course introduces how techno-socio-economic systems in our complex society can be better understood with techniques and tools of
data science. Students shall learn how the fundamentals of data science are used to give insights into the research of complexity science,
computational social science, economics, finance, and others.

Objective The goal of this course is to qualify students with knowledge on data science to better understand techno-socio-economic systems in our
complex societies. This course aims to make students capable of applying the most appropriate and effective techniques of data science
under different application scenarios. The course aims to engage students in exciting state-of-the-art scientific tools, methods and
techniques of data science. 
In particular, lectures will be divided into research talks and tutorials. The course shall increase the awareness level of students of the
importance of interdisciplinary research. Finally, students have the opportunity to develop their own data science skills based on a data
challenge task, they have to solve, deliver and present at the end of the course.

Prerequisites /
notice

Good programming skills and a good understanding of probability & statistics and calculus are expected.

851-0708-00L Introduction to Law
Introduction to Law as GESS Compulsory Elective
Course:
Students who have attended or will attend the lecture
"Introduction to Law for Architecture" (851-0703-01L),
"Introduction to Law for Civil Engineering"  (851-0703-03L)
or " Introduction to Law" (851-0703-00) , cannot register
for this course unit. 

Particularly suitable for students of D-HEST, D-MAVT, D-
MATL, D-USYS.

W 2 credits 2V A. Stremitzer

Abstract This class introduces students to basic features of the legal system. Questions of constitutional and administrative law, contract law, tort
law, corporate law, intellectual property law, as well as procedural law are covered.

Objective Introduction to fundamental questions of public and private law which serves as a foundation for more advanced law classes.
Content 1. Öffentliches Recht

Staatsrecht: Funktion und Quellen des Rechts, Aufbau und Organisation des Staates, Grundrechte, Grundzüge des Völker- und
Europarechts. Verwaltungsrecht: Verwaltungsverhältnis, Verfügung, Verwaltungsorganisation, Durchsetzung des Verwaltungsrechts,
Verwaltungsverfahrensrecht, Grundzüge des Polizei-, Umwelt- und Raumplanungsrechts.

2. Privatrecht
Vertragsrecht: Vertragsfreiheit, Vertragsentstehung, -erfüllung und -verletzung, Grundzüge des Kauf- und Mietvertrags. Haftungsrecht:
Verschuldenshaftung und Kausalhaftung, Beschränkung der Haftung. Grundzüge des Gesellschafts,- Immaterialgüter- und
Zivilprozessrechts.

Literature Weiterführende Informationen sind auf der Moodle-Lernumgebung zur Vorlesung erhältlich (s.
http://www.ip.ethz.ch/education/grundzuege).

851-0732-03L Intellectual Property: An Introduction
Number of participants limited to 180

Particularly suitable for students of D-ARCH, D-BIOL, D-
CHAB, D-INFK, D-ITET, D-MAVT, D- MATL, D-MTEC.

W 2 credits 2V S. Bechtold, M. Schonger

Abstract The course introduces students to the basics of the intellectual property system and of innovation policy. Areas covered include patent,
copyright, trademark, design, know-how protection, open source, and technology transfer. The course looks at Swiss, European, U.S. and
international law and uses examples from a broad range of technologies. Insights can be used in academia, industry or start-ups.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 775 of 1785

Objective Intellectual property issues become more and more important in our society. In order to prepare students for their future challenges in
research, industry or start-ups, this course introduces them to the foundations of the intellectual property system. The course covers patent,
copyright, trademark, design, know-how protection, open source, and technology transfer law. It explains links to contract, antitrust,
Internet, privacy and communications law where appropriate. While the introduction to these areas of the law is designed at a general level,
examples and case studies come from various jurisdictions, including Switzerland, the European Union, the United States, and
international law.

In addition, the course introduces students to the fundamentals of innovation policy. After exposing students to the economics of intellectual
property protection, the course asks questions such as: Why do states grant property rights in inventions? Has the protection of intellectual
property gone too far? How do advances in biotechnology and the Internet affect the intellectual property system? What is the relationship
between open source, open access and intellectual property? What alternatives to intellectual property protection exist?

Knowing how the intellectual property system works and what kind of protection is available is useful for all students who are interested in
working in academia, industry or in starting their own company. Exposing students to the advantages and disadvantages of the intellectual
property system enables them to participate in the current policy discussions on intellectual property, innovation and technology law. The
course will include practical examples and case studies as well as guest speakers from industry and private practice.

227-0664-00L Technology and Policy of Electrical Energy Storage W 3 credits 2G V. Wood, T. Schmidt
Abstract With the global emphasis on decreasing CO2 emissions, achieving fossil fuel independence and growing the use of renewables,

developing & implementing energy storage solutions for electric mobility & grid stabilization represent a key technology & policy challenge.
This course uses lithium ion batteries as a case study to understand the interplay between technology, economics, and policy.

Objective The students will learn of the complexity involved in battery research, design, production, as well as in investment, economics and policy
making around batteries. Students from technical disciplines will gain insights into policy, while students from social science backgrounds
will gain insights into technology.

Content With the global emphasis on decreasing CO2 emissions, achieving fossil fuel independence, and integrating renewables on the electric
grid, developing and implementing energy storage solutions for electric mobility and grid stabilization represent a key technology and policy
challenge. The class will focus on lithium ion batteries since they are poised to enter a variety of markets where policy decisions will affect
their production, adoption, and usage scenarios. The course considers the interplay between technology, economics, and policy.

* intro to energy storage for electric mobility and grid-stabilization
* basics of battery operation, manufacturing, and integration
* intro to the role of policy for energy storage innovation & diffusion
* discussion of complexities involved in policy and politics of energy storage

Lecture notes Materials will be made available on the website.
Literature Materials will be made available on the website.
Prerequisites /
notice

Strong interest in energy and technology policy.

363-1039-00L Introduction to Negotiation W 3 credits 2G M. Ambühl
Abstract The course combines different lecture formats to provide students with both the theoretical background and the practical appreciation of

negotiation. A core element of the course is an introduction to the concept of negotiation engineering.
Objective Students learn to understand and to identify different negotiation situations, analyze specific cases, and discuss respective negotiation

approaches based on important negotiation methods (i.a. Game Theory, Harvard Method).
Content The course combines different lecture formats to provide students with both the theoretical background and the practical appreciation of

negotiation. A core element is an introduction to the concept of negotiation engineering. The course covers a brief overview of different
negotiation approaches, different categories of negotiations, selected negotiation models, as well as in-depth discussions of real-world
case studies on international negotiations involving Switzerland. Students learn to deconstruct specific negotiation situations, to
differentiate key aspects and to develop and apply a suitable negotiation approach based on important negotiation methods.

Literature The list of relevant references will be distributed in the beginning of the course.

851-0735-14L Seminar Business Law: Contracts for Projects by
Mechanical Engineers
Number of participants limited to 20

Particularly suitable for students of D-MAVT

W 2 credits 1S P. Peyrot

Abstract This seminar provides an introduction into the legal aspects of projects in the machine and plant construction industries.  The seminar has
specific practical focus as a real life case of an industry company will be studied.

Objective In practice, students will invariably have to assume responsibility for project management. This will also include dealing with legal issues.
The seminar offers an introduction into the legal basis and the legal issues of managing projects.

Content Topics:

- law of contracts for sales, work and mandate
- specifics of project contracts: definition of scope, distribution of risk and opportunities, warranties, liability
- typical contract clauses, sample agreements
- specific agreements used in the case study
- contracts and claims management

The students will be introduced into the original agreements of the real life case and the responsible persons will give introductions into the
legal issues encountered during the completion of the project

Lecture notes The script will be provided on the moodle platform.
Prerequisites /
notice

The seminar is not an introductory course. Students are required to have attended an introductory lecture (e.g. Business Law by Dr. Paul
Peyrot, Introduction to Law by Prof. Dr. Stefan Bechtold).

For the successful completion of the seminar and for obtaining the grade, all parts of the seminar must be attended. All participants are
required to participate in a group effort which has to be presented on the last day of the seminar.

The grade will be a wheighted average of an individual paper based on questions out of the materials (1/3) and the group presentation
(2/3).

The seminar will take place on the following days:

- 19 March 2020: Introduction I, 16 - 18
- 26 March 2020: Introduction II, 16 - 18
- 2 April 2020: Whole day seminar (at MAN Energy Solutions Corp., Zurich)
- 14 Mai 2020: Final Session (student presentations), 16-19

851-0609-04L The Energy Challenge - The Role of Technology, W 2 credits 2V R. Schubert, T. Schmidt, B. Steffen
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Business and Society
Prerequisites: Basic knowledge in economics.

Abstract In recent years, energy security, risks, access and availability are important issues. Strongly redirecting and accelerating technological
change on a sustainable low-carbon path is essential. The transformation of current energy systems into sustainable ones is not only a
question of technology but also of the goals and influences of important actors like business, politics and society.

Objective In this course different options of sustainable energy systems like fossile energies, nuclear energy or all sorts of renewable energies are
explained and discussed. The students should be able to understand and identify advantages and disadvantages of the different
technological options and discuss their relevance in the business as well as in the societal context.

Lecture notes Materials will be made available on the electronic learning platform: www.vwl.ethz.ch
Literature Materials will be made available on the electronic learning platform: www.vwl.ethz.ch
Prerequisites /
notice

Various lectures from different disciplines.

851-0591-01L BETH - Blockchain for Sustainability
Does not take place this semester.
Number of participants limited to 200

Particularly suitable for students of D-INFK, D-MTEC, D-
ITET, D-MAVT,D-PHYS

W 3 credits 4G D. Helbing

Abstract Blockchain and Internet of Things technologies hold the promise to transform our societies and economies. While IoT devices allow us to
measure all kinds of activity by humans and machines, the blockchain allows us to securely time-stamp and value this data and even give it
a price to trade it on (new) markets. We explore this potential with a specific focus on sustainable development.

Objective The course provides opportunities to gain fundamental understanding of promising new technologies as well as develop creative
decentralized solutions for societal challenges using these technologies.
Participants will learn the fundamentals of blockchain technology, its mechanisms, design parameters and potential for decentralized
solutions. Those with software development skills will then further explore the blockchain to develop hands-on decentralized applications
and smart contracts. Non-coding participants will further explore how these technologies could be used to design new economic systems.
These new cryptoeconomic systems should give citizens multiple incentives to increase cooperation, health, recycling, or education and
other positive externalities and to decrease emissions, waste, noise, or stress and other negative externalities. During the hackathon,
participants will work in mixed teams on concrete challenges addressing some of the pressing global challenges our societies face, like
climate change, financial instability, energy, or mass migration, etc. The aim is to develop decentralized approaches towards a sustainable,
sharing circular economy using blockchain and IoT technologies.
Teams will produce a short report (about 10 pages), demonstrate their hackathon prototype based on blockchain technology (Ethereum
platform) and present to a interdisciplinary jury on the last day. Throughout the course, participants will hone their critical thinking abilities
by leaving their own discipline and discussing best approaches to solve global complex challenges in an international, multi-disciplinary
setting with invited subject matter experts and peers from all around the world.
We encourage students with no programming experience, who are interested in the potential of blockchain and IoT to address global
challenges, to apply as well!

860-0022-00L Complexity and Global Systems Science
Does not take place this semester.
Number of participants limited to 64.

Prerequisites: solid mathematical skills.

Particularly suitable for students of D-ITET, D-MAVT and
ISTP

W 3 credits 2V D. Helbing

Abstract This course discusses complex techno-socio-economic systems, their counter-intuitive behaviors, and how their theoretical understanding
empowers us to solve some long-standing problems that are currently bothering the world.

Objective Participants should learn to get an overview of the state of the art in the field, to present it in a well understandable way to an
interdisciplinary scientific audience, to develop models for open problems, to analyze them, and to defend their results in response to
critical questions. In essence, participants should improve their scientific skills and learn to think scientifically about complex dynamical
systems.

Content This course starts with a discussion of the typical and often counter-intuitive features of complex dynamical systems such as self-
organization, emergence, (sudden) phase transitions at "tipping points", multi-stability, systemic instability, deterministic chaos, and
turbulence. It then discusses phenomena in networked systems such as feedback, side and cascade effects, and the problem of radical
uncertainty. The course progresses by demonstrating the relevance of these properties for understanding societal and, at times, global-
scale problems such as traffic jams, crowd disasters, breakdowns of cooperation, crime, conflict, social unrests, political revolutions,
bubbles and crashes in financial markets, epidemic spreading, and/or "tragedies of the commons" such as environmental exploitation,
overfishing, or climate change. Based on this understanding, the course points to possible ways of mitigating techno-
socio-economic-environmental problems, and what data science may contribute to their solution.

Prerequisites /
notice

Mathematical skills can be helpful

701-0791-00L Environmental History - Introduction and Overview
Change of semester: takes place in spring semester
instead of autumn semester.

Number of participants limited to 100.

W 2 credits 2V M. Gisler

Abstract Our society faces a serious ecological crisis. Of what historical dimension is this crisis? How have human societies already in earlier times
changed their environment, and, consequently, perhaps also ours? What were the main ecological challenges for societies and how did
they change over time? And how did societies adapt to changing environmental conditions?

Objective Introduction into environmental history; survey of long-term development of human-nature-interrelations; discussion of selected problems.
Improved ability to assess current problems from a historical perspective and to critically interrogate one's own standpoint.

Lecture notes Course material is provided in digital form.
Literature McNeill, John R. 2000. Something new under the sun: An environmental history of the twentieth-century world, New York: Norton.


Uekötter, Frank (Ed.) 2010. The turning points of environmental history, Pittsburgh: University of Pittsburgh Press.

Winiwarter, Verena und Martin Knoll 2007. Umweltgeschichte: Eine Einführung, Köln: Böhlau.

Prerequisites /
notice

Students are asked to write an exam during the last session

 D-PHYS
Number Title Type ECTS Hours Lecturers
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851-0585-38L Data Science in Techno-Socio-Economic Systems
Number of participants limited to 80

This course is thought be for students in the 5th semester
or above with quantitative skills and interests in modeling
and computer simulations.

Particularly suitable for students of D-INFK, D-ITET, D-
MAVT, D-MTEC, D-PHYS

W 3 credits 3S N. Antulov-Fantulin

Abstract This course introduces how techno-socio-economic systems in our complex society can be better understood with techniques and tools of
data science. Students shall learn how the fundamentals of data science are used to give insights into the research of complexity science,
computational social science, economics, finance, and others.

Objective The goal of this course is to qualify students with knowledge on data science to better understand techno-socio-economic systems in our
complex societies. This course aims to make students capable of applying the most appropriate and effective techniques of data science
under different application scenarios. The course aims to engage students in exciting state-of-the-art scientific tools, methods and
techniques of data science. 
In particular, lectures will be divided into research talks and tutorials. The course shall increase the awareness level of students of the
importance of interdisciplinary research. Finally, students have the opportunity to develop their own data science skills based on a data
challenge task, they have to solve, deliver and present at the end of the course.

Prerequisites /
notice

Good programming skills and a good understanding of probability & statistics and calculus are expected.

851-0147-01L Theories, Experiments, Causality
Does not take place this semester.
Particularly suitable for students of D-PHYS

W 3 credits 2G R. Wallny, M. Hampe

Abstract This course critically evaluates topics and approaches from physics against a broader historical and philosophical/systematic background.
Attention will be paid, amongst other things, to the role of experiments, to the concepts of matter and field, and to theory formation.

Objective Students should be able to critically evaluate different topics and approaches in physics. They should also be enabled to communicate their
insights to people from other disciplines and fields.

Prerequisites /
notice

This course is part of the ETH "Critical Thinking" initiative.

851-0591-01L BETH - Blockchain for Sustainability
Does not take place this semester.
Number of participants limited to 200

Particularly suitable for students of D-INFK, D-MTEC, D-
ITET, D-MAVT,D-PHYS

W 3 credits 4G D. Helbing

Abstract Blockchain and Internet of Things technologies hold the promise to transform our societies and economies. While IoT devices allow us to
measure all kinds of activity by humans and machines, the blockchain allows us to securely time-stamp and value this data and even give it
a price to trade it on (new) markets. We explore this potential with a specific focus on sustainable development.

Objective The course provides opportunities to gain fundamental understanding of promising new technologies as well as develop creative
decentralized solutions for societal challenges using these technologies.
Participants will learn the fundamentals of blockchain technology, its mechanisms, design parameters and potential for decentralized
solutions. Those with software development skills will then further explore the blockchain to develop hands-on decentralized applications
and smart contracts. Non-coding participants will further explore how these technologies could be used to design new economic systems.
These new cryptoeconomic systems should give citizens multiple incentives to increase cooperation, health, recycling, or education and
other positive externalities and to decrease emissions, waste, noise, or stress and other negative externalities. During the hackathon,
participants will work in mixed teams on concrete challenges addressing some of the pressing global challenges our societies face, like
climate change, financial instability, energy, or mass migration, etc. The aim is to develop decentralized approaches towards a sustainable,
sharing circular economy using blockchain and IoT technologies.
Teams will produce a short report (about 10 pages), demonstrate their hackathon prototype based on blockchain technology (Ethereum
platform) and present to a interdisciplinary jury on the last day. Throughout the course, participants will hone their critical thinking abilities
by leaving their own discipline and discussing best approaches to solve global complex challenges in an international, multi-disciplinary
setting with invited subject matter experts and peers from all around the world.
We encourage students with no programming experience, who are interested in the potential of blockchain and IoT to address global
challenges, to apply as well!

851-0125-65L A Sampler of Histories and Philosophies of
Mathematics
Particularly suitable for students D-CHAB, D-INFK, D-
ITET,  D-MATH, D-PHYS

W 3 credits 2V R. Wagner

Abstract This course will review several case studies from the ancient, medieval and modern history of mathematics. The case studies will be
analyzed from various philosophical perspectives, while situating them in their historical and cultural contexts.

Objective The course aims are:
1. To introduce students to the historicity of mathematics
2. To make sense of mathematical practices that appear unreasonable from a contemporary point of view
3. To develop critical reflection concerning the nature of mathematical objects
4. To introduce various theoretical approaches to the philosophy and history of mathematics
5. To open the students' horizons to the plurality of mathematical cultures and practices

 D-USYS
Number Title Type ECTS Hours Lecturers

701-0758-00L Ecological Economics: Introduction with Focus on
Growth Critics

W 2 credits 2V I. Seidl

Abstract Students become acquainted with the basics / central questions / analyses of Ecological Economics. Thereby, central will be the topic of
economic growth. What are the positions of Ecological Economics in this regard? What are the theories and concepts to found this position
in general and in particular economic areas (e.g. resource consumption, efficiency, consumption, labour market, enterprises)?

Objective Become acquainted with basics and central questions of Ecological Economics (EE): e.g. 'pre-analytic vision', field of discipline,
development EE, contributions of involved disciplines such as ecology or political sciences, ecological-economic analysis of topics such as
labour market, consumption, money. Critical analysis of growth and learning about approaches to reduce growth pressures.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 778 of 1785

Content What is Ecological Economics
Field of the discipline and basics
Resource consumption, its development and measurements
Measurement of economic activity and welfare
Economic growth, growth critics and post-growth society
Consumption, Money, Enterprises, labour market and growth pressures
Starting points for a post-growth society

Lecture notes No Script. Slides and texts will be provided beforehand.
Literature Daly, H. E. / Farley, J. (2004). Ecological Economics. Principles and Applications. Washington, Island Press.

     
Seidl, I. /Zahrnt A. (2010). Postwachstumsgesellschaft, Marburg, Metropolis.

Ausgewählte wissenschaftliche Artikel.
Prerequisites /
notice

Participation in a lecture on environmental economics or otherwise basic knowledge of economics (e.g. A-Level)

701-0782-00L Differing Views of Practice and Science: Mutual
Learning for Successful Collaboration

W 1 credit 1G P. Fry

Abstract Typical problems during implementation between science and practice are analyzed and explained. The students recognize different views
and languages of actor groups by means of excursion, videos and discussion with experts. They apply methods from knowledge
management within their own case studies. Essential preparation for a professional life between science and practice.

Objective The students are able to
-recognize and analyze differing views of science and practice through excursion, videos, text analysis and exchange with experts.
-summarize classical theories from philosophy of science (thought styles, tacit knowledge) and explain implementation problems with them.
-recognize helpful methods for knowledge exchange by means of a case study for succesful collaboration between science and practice as
well as texts from knowledge management.
-develop a concept for an own case study, where they design knowledge exchange between science and practice in an effective way by
enabling different views and experiences to be expressed (multistakeholder discussion group, informal meetings in the field, exchange of
experiences with story telling etc.).

Content Die Lehrveranstaltung greift Umsetzungsprobleme zwischen Forschung und Praxis im Umweltbereich auf, liefert wissenschaftlich fundierte
Erklärungen dafür und stellt erprobte Methoden der "Wissensarbeit" aus der Privatwirtschaft vor, welche den Wissensaustausch zwischen
den Akteuren fördert. 

Folgende Fragestellungen werden in der Lehrveranstaltung behandelt:
1. Weshalb sind Lernprozesse zwischen den Akteurgruppen wichtig und wie können diese ermöglicht werden?
Der Berufsalltag an der Schnittstelle zwischen Forschung und Praxis ist anspruchsvoll: Einerseits muss das Wissen aus verschiedenen
Disziplinen zusammengeführt werden. Andererseits muss das wissenschaftliche Wissen in praxisrelevante Handlungen übersetzt werden.
Dies ist eine grosse Herausforderung. Praxisrelevantes Handlungswissen wird mit allen beteiligten Akteuren gemeinsam erarbeitet. Ein
gegenseitiger Lernprozess ist dabei eine wichtige Voraussetzung.

2. Wie können unterschiedliche Sichtweisen der Akteure erkannt und integriert werden?
An der Schnittstelle zwischen Forschung und Praxis treffen Akteure mit unterschiedlichen Sichtweisen (Zielen, Interessen, Methoden),
unterschiedlichem Hintergrund und unterschiedlichen Fachsprachen aufeinander. Ein Fallbeispiel aus dem Bodenschutz (FRY 2001) dient
als roter Faden, um die unterschiedlichen Sichtweisen zu analysieren und geeignete Methoden vorzustellen. Dabei wird der Einsatz von
Video als Prozessgestaltungsmethode speziell diskutiert. Methoden, die unterschiedliche Sichtweisen berücksichtigen, werden von den
Studierenden in eigenen Fallbeispielen angewendet und diskutiert. 

3. Welche theoretischen Grundlagen sind für die Wissensarbeit relevant und welche Methoden können für den Umweltschutz angewendet
werden?
Die für die Umsetzung relevanten klassischen Theorien aus der Wissenschaftsforschung, insbesondere die Theorie des impliziten Wissens
(POLANYI) und die Lehre des Denkstils (FLECK) werden vorgestellt. Auf diesen Theorien bauen verschiedene praxiserprobte  Methoden
der Wissensarbeit aus der Privatwirtschaft auf (DAVENPORT und PRUSAK 2000). Diese Methoden, aber auch die Rahmenbedingungen,
unter denen
sie funktionieren, werden in der Lehrveranstaltung anhand von eigenen Fallstudien ausführlich diskutiert.

Lecture notes Handouts and literature will be provided. The book "Bauernsicht und Forscherblick" will serve as a basis (Fry 2001).
Literature - FRY Patricia & THIEME Susan (2019). A social learning video method: Identifying and sharing successful transformation knowledge for

sustainable soil management in Switzerland. Soil Use and Management 35: 185 194. 
https://doi.org/10.1111/sum.12505
- FRY, P. (2018): Social learning videos: A Method for successful collaboration between science and practice. In: Padmanabhan, Martina
(editor). Transdisciplinarity: How research is changing to meet the challenges of sustainability. Routledge Series: Studies in Environment,
Culture and Society. Editors: Bernhard Glaeser & Heike Egner. Being published.
- FRY, P. (2017): Boden schützen - Handlungen fördern. In: Krebs, Rolf, et al. (Hg.). Bodenschutz in der Praxis. UTB, 2017. 
- RAVN, Johan E. 2004. Cross-System Knowledge Chains: The Team Dynamics of Knowledge Development. Systemic Practice and
Action Research 17 (3):161-175.
- ROUX, Dirk J., Kevin H. Rogers, Harry C. Biggs, Peter J. Ashton, and Anne Sergeant. 2006. Bridging the Science-Management Divide:
Moving from Unidirectional Knowledge Transfer to Knowledge Interfacing and Sharing. Ecology and Society 11 (1):4. [online] URL:
http://www.ecologyandsociety.org/vol11/iss1/art4.
- DAVENPORT, T.H., L. PRUSAK 2000: Working Knowledge. How Organisations Manage What They Know. Harvard Business School
Press. Boston Massachusetts. 199 S.
- FRY, P. 2001: Bodenfruchtbarkeit - Bauernsicht und Forscherblick. Reihe Kommunikation und Beratung. Hrsg. H. Boland, V. Hoffmann
und U.J. Nagel. Margraf-Verlag, Weikersheim. 170 S.
- FLECK, L 1979. Genesis and Development of a Scientific Fact.
Chicago/London: University of Chicago Press.
- POLANYI, M., 1985: Implizites Wissen. Suhrkamp. Frankfurt am Main. 94 S.
- Application of video and accompagnying groups for implementation:
www.fromfarmertofarmer.ch
www.nrp61.ch

Prerequisites /
notice

Soil protection will serve as a thread within the whole lecture. We will meet several actors from soil protection. The succesful project "From
farmer to farmer" uses film and networks as means for implementation. The students apply the lessons learnt on a chosen topic. Several
methods will be used which allow active participaton of the students: Presentations, discussions, working groups, excursions, analysis of
film etc.

Conditions: The lecture is an ideal preparation and/or possibilty to reflect practical training and case studies. Being interested in practice
related questions is a necessary prerequisite.

701-0786-00L Mediation in Environmental Planning: Theory and
Case Studies.

W 2 credits 2G K. Siegwart
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Abstract This course is intended to demonstrate how environmental decisions can be optimized and conflicts better dealt by using mediation. Case
studies will focus on construction of windmills for electricity purpose, use of fracking, sustainable city-planning in the field of former
industrial area or the establishment of a birds- or a forest-management plan.

Objective - Develop comprehension of legal and social responses to environmental conflicts
- Recognize the most important participative techniques and their ranges
- Develop concepts for doing and evaluating mediation processes 
- Estimate the potential and limitations of cooperative environmental planning
- Train communicative skills (presentation, moderation, discussion design, negotiation), especially by participating at a mediation

Content To this end, we will look at the most important techniques of mediation and put them into the context of today's legislation, participation and
conflict culture. The potential and limitations of the individual techniques will be discussed using current Swiss and international case
studies, namely in the field of windenergy. Students can do conflict analyses, for instance, as part of individual and group analyses and a
half-day mediation-simulation, develop technique concepts and train their own communicative and negotiation skills.

Lecture notes A reader will be handed out.

701-0729-00L Social Research Methods
Target group: students of BSc Environmental Sciences

W 3 credits 2G M. Stauffacher, A. Bearth,
O. Ejderyan

Abstract The aim of this course is to impart methodological principles of social science research and thus to stimulate a critical reflection of social
science findings. The course provides an insight into the concrete approach and methods of guideline-based interview techniques and
questionnaire research.

Objective Students are able to
- describe the significance of method-supported procedures in the social sciences.
- explain the basic principles of social-scientific research.
- critically interpret the results of social-scientific research .
- conduct small-scale interviews and surveys via questionnaires.

Content Alle Teilnehmenden verpflichten sich zur aktiven Mitarbeit in Form von drei Übungen (leitfadengestütztes Interview, Erstellung von
Fragebogen, Erhebung und Auswertung von Fragebogen).

Inhaltsübersicht:
(1) Wozu empirische (Sozial-)Forschung?
(2) Der Forschungsablauf im Überblick, verknüpfen von qualitativen und quantitativen Methoden
(3) Leitfadengestützte Interviews: erstellen Leitfaden, Durchführung und Auswertung
(4) Fragebogen: Hypothesen erarbeiten, Fragebogen erstellen, Durchführung, Daten auswerten, und Resultate darstellen

Lecture notes Die Dozierenden arbeiten mit Folien, die als Handout abgegeben werden.
Literature Zur ergänzenden Begleitlektüre kann folgendes Buch empfohlen werden:

Bryman, A. (2012, 4th edition). Social research methods. New York: Oxford University Press.

701-0712-00L Use and Perception of Nature Among Societies
Outside Europe

W 2 credits 2V T. Haller Merten

Abstract Views of what we call  "nature" in traditional societies in Africa, Asia and Southern America are presented and discussed. In such
subsistence-oriented ethnic groups "nature" is often perceived as being inhabited by gods and spirits. This view is often regarded as being
irrational by natural science. But what are the impacts of such religious views on the sustainable use of natural resources?

Objective This lecture shall give an overview of worldviews of so called traditional societies in Africa, Asia and Southern America. The aim is to
understand the way such societies view what we call nature or environment and their strategies to use natural resources. The lecure shall
also provide a critical analysis of such processes based on concrete case studies, in which we will discuss problems of sustainable use of
natrual resources and participatory processes in the governance of such resources.

Content Die Studierenden werden dabei mit Vorstellungen und Ideologien von Natur konfrontiert, die sich nicht mit unserer Logik physisch-
chemischer und biologischer Abläufe in der "Natur" decken, und die wir somit als "irrational" empfinden. Wir werden uns mit verschiedenen
Konzepten aus dem Bereich der Religions-Ethnologie beschäftigen, die sich insbesondere im Bereich Magie, Hexerei und Orakelbefragung
mit der "Rationalität" solcher Umweltvorstellungen auseinandersetzen. Seit der Beschäftigung mit der Ökosystemtheorie durch Roy
Rappaport erhielt diese "wilde Denken" eine neue Funktion (Rappaport 1971, 1979). Es wurde in Zusammenhang eines gesamten
Ökosystems analysiert, zu dessen Erhaltung und zu dessen Fliessgleichgewicht es diene. Diese Sichtweise, obwohl heftig kritisiert, ist von
Bedeutung, weil mit der ökologischen Krise man in der industrialisierte Welt Ausschau nach neuen Konzepten hält. Diese werden teilweise
in den uns fremden Bildern aussereuropäischer Völker von der "heiligen Natur" gesehen, welche uns als Lehre dienen und zu nachhaltiger
Ressourcennutzung führen könnte. Zudem erscheinen die Umwelt-Bilder und Weltsichten dieser Gesellschaften (heute oftmals indigene
Völker genannt) auf der praktischen Ebene als gelebter Naturschutz, den es insbesondere für die Konservierung von Biodiversität zu
erhalten gilt. Heilige Orte sollen nun auch für den Schutz von beispielsweise Nationalparks oder Biosphärenreservaten dienen. In diesem
Zusammenhang ist ein genauer Blick von Nöten, denn Fehlanalysen sind in diesem Bereich fatal und eine unkritische Instrumentalisierung
magischer Weltsichten kontraproduktiv. Wo jedoch religiöse Weltsichten der Natur eine im Sinne der Nachhaltigkeit positive Rolle spielen
können, ist der Bereich der Institutionen für das Ressourcenmanagement. Dieser Begriff wird hier im Sinne des Neuen Institutionalismus
verwendet: Institutionen sind demnach Regeln, Werte und Normen, die das Handeln der Individuen beeinflussen und eine gewisse
Sicherheit bezüglich dem erwarteten Verhalten der anderen Individuen einer Gemeinschaft bieten und dabei die sogenannten
Transaktionskosten (Informationsbeschaffung bezüglich dem Verhalten anderer Akteure, Überwachung und Sanktionierung) reduzieren
(North 1990. Ostrom 1990, Ensminger 1992). Dieser aus der Ökonomie beeinflusste Ansatz weist meines Erachtens interessante
Elemente bezüglich der nachhaltigen Nutzung von Ressourcen auf, was sich bei der Nutzung von Kollektivressourcen (Com

Lecture notes Zur Veranstaltung gibt es kein Script, aber es wird rechtzeitig ein Ordner mit der relevanten Literatur bereitgestellt. Am Thema Interessierte
Studierende können sich bereits in folgenden zwei Büchern ins Thema einlesen: 
- Berkes, Fikret. 1999. Sacred Ecology: Traditional Ecological Knowledge and Resource Managment. Philadelphia: Taylor and Francis. 
- Haller, Tobias. 2001. Leere Speicher, erodierte Felder und das Bier der Frauen: Umweltanpassung und Krise bei den Ouldeme und
Platha in den Mandarabergen Nord-Kameruns. Studien zur Sozialanthropologie. Berlin: Dietrich Reimer Verlag.
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Literature Becker, Dustin, C. and Elinor Ostrom,.1995. Human Ecology and Resource Sustainability: The Importance of Institutional Diversity. Annu.
Rev. Ecol. Syst.1995. No. 26:113-33.
Berkes, Fikret. 1999. Sacred Ecology: Traditional Ecological Knowledge and Resource Managment. Philadelphia: Taylor and Francis. 
Dangwal, Parmesh. 1998. Van Gujjars at Apex of National Park Management. Indigenous Affairs No.4:24-31.
Diener, Paul and Robkin, Eugene E. 1978. Ecology, Evolution, and the Search for Cultural Origins: The Question of Islamic Pig Prohibition.
In: Current Anthropology 19, No.3():493-540. 
Diener, Paul, Nonini, Donald and Robkin, Eugene E. 1977/78. The Dialectics of the Sacred Cow: Ecological Adaptation versus Political
Appropriation in the Origins of Indias Cattle Complex. In: Dialectical Anthropology (Amsterdam) 3: 221-241.
Evans-Pritchard, Edward E. 1978. Hexerei, Magie und Orakel bei den Zande. Frankfurt am Main:Suhrkamp.
Evans-Pritchard, Edward  und Mayer Fortes. 1983. Afrikanische politische Systeme, in: Kramer, F. und Siegrist, Ch. eds. Gesellschaften
ohne Staat. Frankfurt a. Main:Syndikat: 150-174.
Fairhead, James und Leach, Melissa. 1996. Misreading the African Landscape. Society and ecology in a forest-savanna mosaic.
Cambridge: Cambridge University Press.
Freed, Stanley A. and Freed, Ruth, S. 1981.Sacred Cows and Water Buffalo in India: The Uses of Ethnography. In. Current Anthropology
22, No.5: 483-502.
Haller, Tobias. 1995.Raub der Seelenschatten in Nord-Kamerun. Krankheit bei den Ouldeme und Platha in den Mandarabergen. In: Keller,
Frank-Beat (Hg.). Krank warum? Vorstellung der Völker, Heiler und Mediziner, Katalog zur gleichnamigen Ausstellung. Ostfildern: Cantz
Verlag. pp.302-306.
Haller, Tobias. 2000. Bodendegradierung und  Ernährungskrise bei den Ouldeme und Platha. Umwelt- und Ernährungsprobleme bei zwei
Feldbauerngruppen in den Mandarabergen Nord-Kameruns: Eine Folge der Adaptation an Monetarisierung und Wandel traditioneller
institutioneller Rahmenbedingungen. In: Zeitschrift für Ethnologie 124 (1999): 335354.
Haller, Tobias. 2001. Leere Speicher, erodierte Felder und das Bier der Frauen: Umweltanpassung und Krise bei den Ouldeme und Platha
in den Mandarabergen Nord-Kameruns. Studien zur Sozialanthropologie. Berlin: Dietrich Reimer Verlag. 
Haller, Tobias. 2002a. Spiel gegen Risiken in der Natur, In: Giordano et al (Hrsg.). Ordnung, Risiko und Gefährdung. Reader des
Blockseminars der Schweizerischen

Prerequisites /
notice

Die Veranstaltung beginnt in einem ersten Teil mit einer Reihe von Vorlesungen und wird in einem zweiten Teil mit Lesen und Diskutieren
von Texten (Kurzvorträge von den Studierenden) fortgesetzt (nähere Erläuterungen und Programm am Anfang der Veranstaltung).

751-1500-00L Development Economics W 3 credits 2V I. Günther, K. Harttgen
Abstract Introduction into basic theoretical and empirical aspects of economic development. Prescriptive theory of economic policy for poverty

reduction.
Objective The goal of this lecture is to introduce students to basic development economics and related economic and developmental contexts.
Content The course begins with a theoretical and empirical introduction to the concepts of poverty reduction and issues of combating

socioeconomic inequality. Based on this, important external and internal drivers of economic development and poverty reduction are
discussed as well as economic and development policies to overcome global poverty. In particular, the following topics are discussed:

- measurement of development, poverty and inequality, 
- growth theories
- trade and development
- education, health, population and development
- states and institutions
- fiscal,monetary- and exchange rate policies

Lecture notes None.
Literature Günther, Harttgen und Michaelowa (2020): Einführung in die Entwicklungsökonomik.
Prerequisites /
notice

Voraussetzungen: 
Grundlagenkenntisse der Mikro- und Makroökonomie. 

Besonderes:
Die Veranstaltung besteht aus einem Vorlesungsteil, aus eigener Literatur- und Recherchearbeit sowie der Bearbeitung von
Aufgabenblättern. 

Die Vorlesung basiert auf: Günther, Harttgen und Michaelowa (2019): Einführung in die Entwicklungsökonomik. Einzelne Kapitel müssen
jeweils vor den Veranstaltungen gelesen werden. In den Veranstaltungen wird das Gelesene diskutiert und angewendet. Auch werden
offene Fragen der Kapitel und Übungen besprochen.

851-0708-00L Introduction to Law
Introduction to Law as GESS Compulsory Elective
Course:
Students who have attended or will attend the lecture
"Introduction to Law for Architecture" (851-0703-01L),
"Introduction to Law for Civil Engineering"  (851-0703-03L)
or " Introduction to Law" (851-0703-00) , cannot register
for this course unit. 

Particularly suitable for students of D-HEST, D-MAVT, D-
MATL, D-USYS.

W 2 credits 2V A. Stremitzer

Abstract This class introduces students to basic features of the legal system. Questions of constitutional and administrative law, contract law, tort
law, corporate law, intellectual property law, as well as procedural law are covered.

Objective Introduction to fundamental questions of public and private law which serves as a foundation for more advanced law classes.
Content 1. Öffentliches Recht

Staatsrecht: Funktion und Quellen des Rechts, Aufbau und Organisation des Staates, Grundrechte, Grundzüge des Völker- und
Europarechts. Verwaltungsrecht: Verwaltungsverhältnis, Verfügung, Verwaltungsorganisation, Durchsetzung des Verwaltungsrechts,
Verwaltungsverfahrensrecht, Grundzüge des Polizei-, Umwelt- und Raumplanungsrechts.

2. Privatrecht
Vertragsrecht: Vertragsfreiheit, Vertragsentstehung, -erfüllung und -verletzung, Grundzüge des Kauf- und Mietvertrags. Haftungsrecht:
Verschuldenshaftung und Kausalhaftung, Beschränkung der Haftung. Grundzüge des Gesellschafts,- Immaterialgüter- und
Zivilprozessrechts.

Literature Weiterführende Informationen sind auf der Moodle-Lernumgebung zur Vorlesung erhältlich (s.
http://www.ip.ethz.ch/education/grundzuege).

851-0735-11L Environmental Regulation: Law and Policy
Number of participants limited to 20.

Particularly suitable for students of D-USYS

W 3 credits 1S J. van Zeben

Abstract The aim of this course is to make students with a technical scientific background aware of the legal and political context of environmental
policy in order to place technical solutions in their regulatory context.
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Objective The aim of this course is to equip students with a legal and regulatory skill-set that allows them to translate their technical knowledge into a
policy brief directed at legally trained regulators.  More generally, it aims to inform students with a technical scientific background of the
legal and political context of environmental policy. The focus of the course will be on international and European issues and regulatory
frameworks - where relevant, the position of Switzerland within these international networks will also be discussed.

Content Topics covered in lectures:

(1)    Environmental Regulation
a.    Perspectives
b.    Regulatory Challenges of Environment Problems
c.    Regulatory Tools
(2)    Law: International, European and national laws
a.    International law
b.    European law
c.    National law
(3)    Policy: Case studies

Assessment:
(i) Class participation (25%): Students will be expected to contribute to class discussions and prepare short memos on class readings.
(ii) Exam (75%) consisting of two parts: 
a. Policy brief - a maximum of 2 pages (including graphs and tables);
b. Background document to the policy brief - this document sets out a more detailed and academic overview of the topic (maximum 8
pages including graphs and tables);

Lecture notes The course is taught as a small interactive seminar and significant participation is expected from the students. Participation will be capped
at 15 in order to maintain the interactive nature of the classes. All classes, readings, and assignments, are in English.  

Teaching will take place over two weeks in February and March. The exam date will be in May.

During the second week of the teaching period, students will have individual 30-minute meetings with the lecturer to discuss their project.

Literature An electronic copy of relevant readings will be provided to the students at no cost before the start of the lectures.
Prerequisites /
notice

No specific pre-existing legal knowledge is required, however all students must have successfully completed Grundzüge des Rechts (851-
0708-00 V) or an equivalent course. 

The course is (inter)related to materials discussed in Politikwissenschaft: Grundlagen (851-0577-00 V), Ressourcen- und Umweltökonomie
(751-1551-00 V), Umweltrecht: Konzepte und Rechtsgebiete (851-0705-01 V), Rechtlicher Umgang mit natürlichen Ressourcen (701-
0743-01 V), Environmental Governance (701-1651-00 G), Policy and Economics of Ecosystem Services (701-1653-00 G), International
Environmental Politics: Part I (851-0594-00 V).

701-0743-01L Law and Natural Resources
Number of participants limited to 32.

W 2 credits 2V N. Dajcar

Abstract This course teaches the possibilities and limits of the law in order to protect natural resources and landscapes against harm and nuisance.
The complexity of the legal situation will be discussed by analysing virtual and real law cases focused on spatial projects and planning.
Precise writing is an emportant aspect in this course.

Objective The students know the opportunities and restrictions which are given by the law when using natural resources. They have insights into the
complex environmental legal system and their application in conrete cases. The students are able to formulate typical legal questions, to
understand the argumentation of courts and to solve simple legal problems with respect to environmental problems. An important goal ist
the writing of precise written answers.

Content In this course, the aim is to gain in-depth-knowledge in forest law, law of landscape and nature protection and spatial planning law
Lecture notes everything necessary will be uploaded on moodle
Literature Griffel, A.; Raumplanungs- und Baurecht in a nutshell, Dike Verlag, 3. Auflage, Zürich/St. Gallen 2017

Griffel, A.; Umweltrecht in a nutshell, Dike Verlag, Zürich/St. Gallen 2015
Prerequisites /
notice

In this course, in-depth knowledge of forest law, landscape- and nature-protection law and spatial planning law can be gained. The
webclass consists of group work. There are written works to be done (usually in german) and presentation to be held. A good part of the
course is self study work.

851-0609-04L The Energy Challenge - The Role of Technology,
Business and Society
Prerequisites: Basic knowledge in economics.

W 2 credits 2V R. Schubert, T. Schmidt, B. Steffen

Abstract In recent years, energy security, risks, access and availability are important issues. Strongly redirecting and accelerating technological
change on a sustainable low-carbon path is essential. The transformation of current energy systems into sustainable ones is not only a
question of technology but also of the goals and influences of important actors like business, politics and society.

Objective In this course different options of sustainable energy systems like fossile energies, nuclear energy or all sorts of renewable energies are
explained and discussed. The students should be able to understand and identify advantages and disadvantages of the different
technological options and discuss their relevance in the business as well as in the societal context.

Lecture notes Materials will be made available on the electronic learning platform: www.vwl.ethz.ch
Literature Materials will be made available on the electronic learning platform: www.vwl.ethz.ch
Prerequisites /
notice

Various lectures from different disciplines.

851-0158-13L Ecology and Environmentalism
Number of participants limited to 40

Particularly suitable for students of D-ERDW, D-HEST, D-
USYS, D-BIOL

W 3 credits 2S N. Guettler

Abstract The notion of „ecology“ refers to both, scientific research on environments as well as their protection. But how have academic ecology and
the environmental movements intersected throughout history?

Objective In the seminar, students will read and discuss key sources as well as secondary literature on the knowledge transfers between scientific
ecology and the environmental movements of the 19th and 20th century. Topics range from 19th-century homeland movement and the rise
of ecological awareness in colonial settings, to the rise of an environmental awareness during the Cold War, with a special focus on „green“
politics in Europe. Apart from scientists and „counter-scientists“ the seminar focuses on concepts and ideas that circulated between
academic ecology and different nature movements. 
The participants learn to engage historically with original texts as well as to handle independently the extensive historical literature on the
history of environmentalism. At the same time, they develop a critical understanding of different political agendas that have shaped
academic and popular ecology until the present day. Students also learn to communicate their findings by writing short (and fictive) blog
posts on different aspects of this history.

851-0003-00L Science and Food in the Development of the Modern W 2 credits 1S S. G. Sujeet George
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World (1890s–1970s)
Abstract This seminar course aims to offer a historical perspective on the development of modern food systems, agrarian science and global

cultures of taste and eating.
Objective To understand the links between science and modern food cultures; evaluate the global connections in the formation of national cuisines;

analyze how science and the food industry have shaped people’s ideas of taste, nutrition and aesthetics.
Content Looking at specific food and non-food commodities cultivated, developed and consumed across different regions in the world through the

late 19th and 20th centuries, the course shall try to make sense of the aesthetic, economic and scientific assumptions inherent within the
varied food palettes of our modern world. The course shall introduce students to the interlinked and overlapping histories of the
development of modern agricultural science, the political economy of food production, distribution and consumption, and ideas of culinary
aesthetics and national cuisines.

Students shall engage with the histories and debates around agricultural research, ideas of nutrition and hunger, questions of race,
diversity and community belonging, and the troubled narratives of environment and sustainability in industrial agriculture. The course will
utilize a combination of historical pamphlets and advertisements, newspaper accounts, as well as contemporary documentary films to
engage with some of the core questions around the modern history of food cultures and agrarian science.

851-0100-00L What Is Truth? Philosophical Conceptions of a Crucial
Notion

W 3 credits 2G L. Wingert

Abstract Truths are strange entities. (1) they depend on us. For it is a sentence or a belief of human creatures which can be true or false. (2)Truths
are nothing like a modeling clay in our hands. It’s not up to us whether our beliefs are true or false. How do (1)and(2) go together? In
dealing with this question we will investigate the relation between the concepts of truth, facts, and objectivity.(396Z.)

Objective The attentive participant will probably achieve the following:

1. an acquaintance with influential philosophical answers to the question how to understand the concept of truth ( as correspondence
between belief and fact; as coherence between beliefs and experiences; as that belief, that survives all challenges);

2. a deeper understanding of the relation between truth and facts;

3. a knowledge of arguments backing the thesis that objectivity, understood as an attitude of X, needs an aiming of X at truths without
commiting X to the claim that one is infallible like the catholic pope.

Perhaps (dependent on available time):

4. overcomig the prejudice that we have facts and truth on the one side, and merely valuations and subjective standpoints on the other
side.

Literature 1. Thomas Grundmann, Philosophische Wahrheitstheorien, Stuttgart: Reclam 2019.

2. Bertrand Russell, Problems of Philosophy, Buffallo: Prometheus Books 1988, ch. 12: „Truth and Falsehood“.

3. Bede Rundle, Facts, London: Duckworth 1993, ch. 1: „Facts“.

4. Oliver Schlaudt, Was ist empirische Wahrheit?, Frankfurt/M.: Klostermann 2014, Kap. 6: „Wahrheit und Praxis“.

5. Frank Hoffmann, Die Metaphysik der Tatsachen, Paderborn: Mentis 2008, Kap. 1: Wahrheit; Kap. 5: Tatsachen.

6. Richard Evans, Facts in History, in: ders., In Defence of History, London: Granta Books 1997. 

7. Crispin Wright, , Truth: A Traditional Debate Revisited, in: Smon Blackburn/Keith Simmons (eds.), Truth, Oxford 1999. 

8. John Dupré, Tatsachen und Werte, in: Gerhard Schurz/Martin Carrier(Hg.), Werte in den Wissenschaften, Berlin: Suhrkamp 2013.

701-0791-00L Environmental History - Introduction and Overview
Change of semester: takes place in spring semester
instead of autumn semester.

Number of participants limited to 100.

W 2 credits 2V M. Gisler

Abstract Our society faces a serious ecological crisis. Of what historical dimension is this crisis? How have human societies already in earlier times
changed their environment, and, consequently, perhaps also ours? What were the main ecological challenges for societies and how did
they change over time? And how did societies adapt to changing environmental conditions?

Objective Introduction into environmental history; survey of long-term development of human-nature-interrelations; discussion of selected problems.
Improved ability to assess current problems from a historical perspective and to critically interrogate one's own standpoint.

Lecture notes Course material is provided in digital form.
Literature McNeill, John R. 2000. Something new under the sun: An environmental history of the twentieth-century world, New York: Norton.


Uekötter, Frank (Ed.) 2010. The turning points of environmental history, Pittsburgh: University of Pittsburgh Press.

Winiwarter, Verena und Martin Knoll 2007. Umweltgeschichte: Eine Einführung, Köln: Böhlau.

Prerequisites /
notice

Students are asked to write an exam during the last session

 Language Courses of the UZH and ETH Zurich
Please be advised that your online-registration at the language centre of UZH and ETH Zurich has to be simultaneous (www.sprachenzentrum.uzh.ch)
as otherwise your registration for the course will not be valid.

There is a course fee of CHF 80.-. Except for: Greek Basic Courses, Heureka and Reading Course Latein.

A maximum of three credits from language courses may be recognised. In addition, only advanced courses (level B2 upwards) in the European
languages English, French, Italian and Spanish are recognised. German language courses are recognised from level C2 upwards.

Number Title Type ECTS Hours Lecturers

851-0820-01L French B2-C1: Language and Cinema
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 2 credits 1G J.-P. Coen
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Abstract This course is designed for those students who fulfill the  requirements of level B2. The aim is to analyse, and comment on, recent French
movies.

Objective The course provides the most fitting environment to improve a  refined//sharp linguistic comprehension and to sensibilize its participants to
various culture specific issues of the French speaking world.

Content Le cours propose un choix de films récents qui reflètent une thématique récurrente, une préoccupation actuelle ou un enjeu
particulièrement débattu au sein du cinéma français.
Chaque participant-e effectue un exposé oral consacré à la présentation détaillée d'un des films. Il ou elle prépare, en outre, les différentes
séances de cours en visionnant préalablement, et de manière autonome, un ou deux films. Ces activités sont complétées en classe par
des considérations lexicales.

851-0827-01L French B2.2-C1: Society and Actuality
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 2 credits 1G J.-P. Coen

Abstract This course is for all students who would like to develop their knowledge at C1 level, with emphasis on cultural aspects. Through analysing
demanding texts, participants will be able to improve both their reading comprehension and writing.

Objective This course aims at developing reading comprehension skills and, more specifically, it also aims at exploring different rhetorical, cultural
and inherent aspects of texts. This course helps to improve the participants linguistic competences needed to extend ones specific and
appropriate vocabulary related to different contexts. Participants will learn to differentiate between different genres, speech acts and
registers.

Content Abordant, avec le souci de les thématiser, les « questions d'actualité » qui secouent la « société française » ou la francophonie, chaque
leçon permet de mettre en commun analyses, commentaires et questions des participant-e-s qui, préalablement à chaque séance, ont pris
connaissance à domicile des textes retenus. Chaque participant-e effectue, en outre, par écrit un travail académique de synthèse et de
réflexion personnelle, pour lequel les moyens linguistiques indispensables (rhétorique, enchaînement et hiérarchisation) font l'objet, durant
le cours, d'une approche descriptive à l'aide de quelques exemples particulièrement clairs et intéressants.

851-0816-05L French B2-C1 : Grammar
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 2 credits 1G J.-P. Coen

Abstract With a textual approach this course focuses on some complex topics such as 
the past tense, indirect speech and the subjunctive. The course does not aim 
at a systematic revision of grammar.

Objective This course focuses on some complex topics such as 
the past tense, indirect speech and the subjunctive. The course does not aim 
at a systematic revision of grammar.

Content Le cours a pour objectif principal d'améliorer la maîtrise du français écrit par l'appropriation de règles grammaticales et de règles d'usage
qui, sur le plan textuel, assurent au moins en partie la correction des énoncés, et ceci pour quelques chapitres difficiles du français. Il
propose une approche descriptive de moyens linguistiques qui permettent d'améliorer la rédaction de textes académiques (compte rendu,
synthèse) ou d'écrits administratifs en général (lettre de motivation), ainsi que des exercices ciblés.

Les points étudiés sont notamment les temps du passé, l'ordre des mots dans la phrase, la cohésion textuelle, ainsi que le discours
rapporté. Ils sont abordés à l'aide de matériel authentique et sans recours systématique à des exercices de drill.
Le cours présente des activités de repérage des difficultés, de mise en commun des résultats, ainsi que des exercices d'écriture.

851-0816-15L French B2 : Debates and Presentations
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 1 credit 1G J.-P. Coen

Abstract This course is intended for students who have reached level B2. Participants will train their skills so that they may perform simple
contributions during general debates.

Objective The main emphasis is on spoken skills, with the aim of enabling students to develop their own voice in expressing their views and
developing arguments efficiently. The course also nurtures the ability to understand a general meaning in documents concerning aspects of
society at large.

851-0815-04L French B2: Brush up your Skills
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 2 credits 2G C. Destefani

Abstract The course is organized around the communicative tasks that participants learn to perform. These relate to the university environment and
are addressed both in terms of essential language skills at B2 level and of extra-linguistic skills (cultural knowledge, gestures, etc.) required
to deal with these situations. 

Objective The objective of this course is to familiarize participants with the performance of communicative tasks specific to the academic world and,
in so doing, to consolidate their general production and comprehension skills (oral and written) at B2 level.

851-0816-13L French B2.2-C2 : Practising French in Context
Does not take place this semester.
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 1 credit 1G J.-P. Coen

Abstract This course targets B2/C1 French learners. It is not open to French native speakers.
Objective The main objective of this course is to practice and improve the four language skills of participants (listening, speaking, reading and

writing). Students will have to make a presentation in French on a complex subject, interact in a group, defend a point of view and answer
to objections.

851-0832-10L Advanced English for Academic Purposes (C1-C2)
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and

W 2 credits 2G K. A. Lewis
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ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

Abstract This course is designed for Bachelor and Master students from all disciplines, who wish to improve their English from C1 towards C2 level
and train their language skills at Mastery level. Selected Academic English features are included to add value to the course to meet
standard entrance requirements by leading universities and colleges worldwide.

Objective Participants should already have reached a level of C1 (advanced), as defined in the Council of Europe Global Scale. The course is also
open to participants whose level is above C1. 
The course aims to train and develop linguistic skills at Mastery level, with a focus on formal and informal lexis, on listening and oral
communication skills, increasing fluency, accuracy and complexity of spoken language; writing well-structured descriptive texts and
argumentative essays, with the aim to fulfill the language requirements for study at an English speaking university or follow University
Master Courses held in English.

Content The course covers: a review of vocabulary building and extension, including the Academic Word List and formulaic language; input on
academic reading, writing and listening comprehension; improvement of grammatical accuracy with web-based practice. Special emphasis
is placed on individual speaking, argumentative discourse and group discussions, to enhance fluency and confidence. Topics cover
globalisation, communication, social issues, health, work and/or the environment.

Lecture notes No script.
Literature Course materials will be provided electronically, prior to the lessons. For additional handouts and materials participants will be expected to

make a contribution of about CHF 5.00 at the beginning of the course.
Prerequisites /
notice

Participants will be expected to:
attend regularly throughout the semester; 
take part actively in class discussions, group work and pair work;
do at least 2 hours' work per week outside class, including reading and writing;
use the electronic tools provided, such as a WIKI and a virtual library on ILIAS, and engage in web-based activities to practise various
linguistic skills;

A language certificate from the Language Center is issued on successful completion of the course; Bachelor and Master students of the
ETH will receive D-Gess credits and a mark, awarded electronically at the end of the semester. Details will follow at the beginning of the
semester.

The course is only open to students who register on-line via the Sprachenzentrum website (in February 2015, please review the SZ
webpage) and who receive on-line confirmation that they have been accepted on this course.

851-0832-11L Advanced English for Academic Purposes (C1-C2)
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 2 credits 2G R. Taylor

Abstract This course is designed for Bachelor and Master students from all disciplines who wish to improve their English from C1 towards C2 level
and train their language skills at Mastery level. Selected Academic English features are included to add value to the course to meet
standard entrance requirements by leading universities and colleges worldwide.

Objective Participants should already have reached a level of C1 (advanced), as defined in the Council of Europe Global Scale. The course is also
open to participants whose level is above C1.
The course aims to train and develop linguistic skills at Mastery level, with a focus on formal and informal lexis, on listening and oral
communication skills, increasing fluency, accuracy and complexity of spoken language; writing well-structured descriptive texts and
argumentative essays, with the aim to fulfill the language requirements for study at an English speaking university or follow University
Masters Courses held in English.

Content The course covers: a review of vocabulary building and extension, including the Academic Word List and formulaic language; input on
academic reading, writing and listening comprehension; and improvement of grammatical accuracy. Special emphasis is placed on
individual speaking, argumentative discourse and group discussions, to enhance fluency and confidence. Where possible, students will be
asked to reflect on how the course content relates to their own academic disciplines.

Lecture notes No script. Handouts will be delivered weekly and published on Moodle.
Literature Participants will be expected to make a small contribution to the costs of any photocopies necessary.
Prerequisites /
notice

Participants will be expected to:
Attend regularly throughout the semester;
Take part actively in class discussions, group work and pair work;
do at least 2 hours' work per week outside class, including reading and writing;
Use the electronic tools provided.
Complete a portfolio report of four key tasks, aiming to practice the skills focussed on during the semester. 

A language certificate from the Language Center is issued on successful completion of the course; Bachelor and Master students of the
ETH will receive D-Gess credits and a mark, awarded electronically at the end of the semester. Details will follow at the beginning of the
semester.

The course is only open to students who register on-line via the Sprachenzentrum website (in February 2015, please review the SZ
webpage) and who receive on-line confirmation that they have been accepted on this course.

851-0886-00L New Zealand Through Literature and Film (C1-C2)
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 2 credits 2G M. Norgate

Abstract This course is designed for non-native English speakers at Bachelor and Master level from all disciplines who wish to gain an insight into
New Zealand culture, history, and society through its rich tradition in film and literature, while improving their English language skills further
towards C2.
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Objective In this course, students are introduced to New Zealand through its rich tradition of literature and film. The course addresses issues that
have arisen in this former colony from its earliest settlement to the present day. Key questions include: What did New Zealand mean to its
early settlers? Where did they come from? What is the Treaty of Waitangi, and what is its status today? How culturally diverse is New
Zealand, and what is bi-culturalism in New Zealand? How did early European settlers view New Zealand, and what does it mean to be a
New Zealander today? 

Students will analyze and discuss poetry, prose, and film. They will become aware of various ways of "reading" texts and film, and will
improve their skills in planning and writing cohesive essays in which they marshal their arguments in a convincing and formal manner. 

Overall, the aims are that students become more discerning readers, improve their skills in expressing their views in written and spoken
form clearly and concisely, and gain an understanding of the importance of literature and film to the development of New Zealand’s unique
present-day identity.

Content The course gives a roughly chronological view - through literature and film - of New Zealand's history, culture, and society from pre-
European settlement to the present day. Materials discussed include selected poems, short stories, articles, and films. A key focus is the
way New Zealanders' notion of their own identity has shifted over the years, as expressed by the country's film-makers and writers working
in English, and to a limited degree, in Maori (English translations are provided).

Lecture notes Handouts and DVDs
Literature Materials are available on Moodle and at the Language Center's Self-Access Center (more information is given in the first lesson)
Prerequisites /
notice

Other requirements: All participants are expected to:
* Attend regularly throughout the semester
* Participate actively in discussions, group work, and pair work
* Do 2-3 hours' work per week outside the classroom, including reading, writing, and watching films
* Complete the written assignments and give a short presentation

Important note:
The course is only open to students who register online via the Sprachenzentrum website during the registration period
(www.sprachenzentrum.uzh.ch) and who receive online confirmation that they have been accepted on this course.

851-0856-04L Spanish B2-C1: Grammar and Communication
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 2 credits 2G M. V. Ruiz Lozano Hänni

Abstract This course can be defined as a bridge course that allows the student to reach the required level to study level C1.
Objective The focus of this course is the communication practice (speaking and writing) of the grammar contents of levels B2-C1 as described in the

Common Frame of Language Reference.
Content The most important grammar topics of this course, which will also enable oral practice, are the following: past tense forms, subordinate

clauses (as described in levels B2-C1 of the Common Frame of Language Reference), links, reported speech, verb constructions and
verbs that express change. We will also practice some of the topics that tend to cause problems also to higher level learners: ser/estar,
por/para, indicativo/subjuntivo, etc.
Adequate audio-visual and written texts dealing with topical issues will be the basis for the oral practice of the described grammar themes.
In order to find out if you have the required level for his course, contact your teacher in advance: victoria.ruiz@access.uzh.ch

Literature The written and audio-visual didactic materials will be provided by the teacher by means of OLAT.
Prerequisites /
notice

The students know how to use the indicative and subjunctive tenses and are able to express themselves fluently in everyday situations and
in more complex communicative contexts related to the studies.

851-0846-01L Spanish B2: Starter
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 2 credits 2G J. Ruano Céspedes

Abstract The course is aimed for students and staff of the University and ETH Zurich having passed level B1.2 and for those who know and correctly
use all indicative tenses, as well as the subjunctive in its present and perfect forms. On the other hand, they should be able to make
themselves fluently understood in every day conversations and read intermediate level texts.

Objective The course aims towards integrating grammar and oral/written communication. We will present new grammar topics and will introduce
them into the oral practice.

Content The most important grammatical topic will be the imperfecto and pluscuamperfecto de subjuntivo in subordinate structures. Free and
directed discussion will be enhanced. We will read diverse text forms from Spanish and Latin American Authors.

Lecture notes The teacher will provide the script. A small fee of CHF 5.00 be collected.
Prerequisites /
notice

The certificate and ETCS points are granted to the students who have complied with the following requirements:
    * Participation in the weekly lessons (maximum 3 absences)
    * A mininum of 2 hours of self study (reading and grammar exercises)
    * Presentation of one of the chosen texts
    * Passing of a final exam

Important information for ETH students: The enrollment in this course at the Sprachenzentrum does not enrol the student automatically fot
the granting of the D-GESS points. Please inform yourself.

851-0834-17L Spanish B2: Oral Interaction
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 2 credits 2G M. Iturrizaga Slosiar

Abstract Requisites: Intended for participants having completed level B2 who are relatively fluent but who still have difficulties with coping with
specific oral tasks. From the grammatical perspective, students must know and use correctly all tenses of indicative and subjunctive. They
can evolve in relatively complex conversation topics, understand written press and audiovisual environment.

Objective The course aims to expose the student to the oral language in order to help her/him to better achieve a wide range of oral tasks from a
linguistic and social perspective.

Content We practice several kinds of oral interactions, such as casual and formal conversation, interviews to Spanish-speaking people, debate,
negotiation, etc. We discuss about current issues. On the other hand, it is intended for participants to develop a glossary correspondent to
his/her area of study and to do a short presentation.
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Prerequisites /
notice

The certificate and the corresponding ETCS credits are granted to students having successfully completed to the following criteria:

- Active participation in lessons
- A minimum of 3 self-study hours per week
- An interview to a Spanish native speaker
- A presentation

Enrollment in this course is done through the Language Center: www.spracheznzentrum.uzh.ch. / Inscription in "My studies" should be
done by the student her/himself.

851-0849-00L Portuguese Brazilian A1
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 2 credits 2G P. de Avila Goulart Ribeiro W.

Abstract This course is designed for participants with no previous knowledge of Portuguese.
In the course, participants learn simple basic vocabulary, common daily idiomatic expressions, and fundamental grammar. The focus is on
the phonetic features of Portuguese language. Intercultural and cultural issues relating to Brazil are also taken into consideration. 

Objective Participants can understand and form simple questions, messages, and requests.

851-0849-01L Portuguese Brazilian A2
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 2 credits 2G P. de Avila Goulart Ribeiro W.

Abstract This course is designed for participants with a basic knowledge of Portuguese (level A1).
The course deals with everyday topics. Participants practice simple forms of communication as these occur in daily life. Lexical and
linguistic structures are taught within these contexts. Intercultural and socio-cultural issues relating to Brazil are also taken into
consideration. 

Objective Participants can talk and write about themselves and everyday topics using simple sentences. They can take part in simple daily
conversations, understand and write simple messages, describe an event in a time sequence, and express wishes, assumptions, and
recommendations.

851-0849-02L Portuguese-Brazilian B1
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 2 credits 2G P. de Avila Goulart Ribeiro W.

Abstract This course is designed for participants with an A2 level in Portuguese.
The course deals with everyday topics. Participants practice forms of communication as these occur in daily life. Lexical and linguistic
structures are taught within these contexts. Intercultural and socio-cultural issues relating to Brazil are also taken into consideration. 

Objective Participants can deal with everyday situations; they can talk about their experiences, opinions, wishes, and plans in simple coherent
sentences.

851-0826-05L Italian B2: Italian for Academic Purposes
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 2 credits 1G A. Dal Negro

Abstract In the cours, different textforms will be practiced which are used in the academic domain. This includes the scientific essay, the abstract,
the oral presentation, and the handout.

Objective Mastering the structures of the academic communication in Italian.

851-0826-04L Italian B2-C1: Language and Literature
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 2 credits 2G P. Brülisauer-Casella

Abstract The course is intended for students with Italian language skills at level B2 or higher. 
The objective of the course is to improve students' oral and written expression.

Objective The course gives students the opportunity to broaden and intensify their knowledge of the more complex morpho-syntactic and lexical
structures of the Italian language. The objective of the course is to improve students proficiency in expressing complex contents.

Content The morpho-syntactic and lexical structures in question will be introduced and practised in context through a variety of wrtitten and oral
activities. This semester will focus particularly on verb morphology and combining tenses.

Lecture notes Course materials will be distributed in class. We will use authentic audio-visual content as well as texts from journalism and literature. A fee
of 3.00 CHF for photocopying will be levied. <br>
- Online resources: www.olat.unizh.ch. Further informations will be given by the teacher.

851-0852-00L Russian II (A1.2)
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 2 credits 2G D. Henseler

Abstract This cours focuses on the basics of Russian grammar (Level A 1.2), as well as on developing the basic vocabulary, on reading
competence, oral conversation, and intercultural competence.
Registration for the course at sprachenzentrum.uzh.ch is obligatory!

Objective The courses Russian I and II aim at aquiring the most important aspects of the basic grammar und developing a representative basic
vocabulary. The main focus is on developing the following skills: speaking, listening comprehension and reading, on a A1 level according to
the Common European Framework of Reference for Languages, as well as a cultural competence.
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Content to talk about languages and language learning; to tell what one is (not) doing; to talk about leisure; to tell if one likes (does not like)
something; to utter one's opinion about activities; to name time and days of the week; to name activities in the past; to talk about former
and current professions, activities and jobs; to name the modality of an activity; to make phone calls; to read an interview in a newspaper;
to name the order and duration of an action.
Working forms: Single, pair, and group work, and plenum. The course is supported by e-learning.

Lecture notes We continue working with the textbook "Otlitschno! aktuell A1" (ISBN: 978-3-19-204477-9; only this edition!)

851-0854-01L Russian IV (A2.2)
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 2 credits 2G D. Henseler

Abstract The course Russian IV requires a knowledge which should come up to the level of the four preceding courses (three terms, with two
lessons per week). In case of doubt please contact the teacher prior to the beginning of the term.
Registration for the course at sprachenzentrum.uzh.ch is obligatory!

Objective The course aims at building up a good communicative competence. The focus is on spoken interaction, reading and listening, on a A2.2
level according to the Common European Framework of Reference for Languages, as well as on building up a cultural competence.

Content to talk about the performance of hotels; to make a conversation at the reception desk; to utter satisfaction; to make complaints; to give
recommendations; to talk about distance; to talk about living; to indicdate the place of something; to utter desire and ideas; to describe the
outward appearance of persons; to talk about clothes; to pay compliments; to make comparisons; to talk about character and qualities of
persons; to talk about relationship and friendship

Lecture notes We work with the textbook "Otlitschno! aktuell A2" (starting from lesson 3). Students are asked to acquire this textbook "Kursbuch" (ISBN:
978-3192044786; only this edition!).

851-0855-01L Russian for Insiders: Deepen Your Heritage Language
Skills (A2-C1)
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 2 credits 2G D. Henseler

Abstract This course targents students with Russian as a heritage language - students who have grown up outside the Russian language area, but
who spoke or speak (partly) Russian in their family environment and already have an oral knowledge of the language (level A2-C1). A prior
knowledge of the Russian script is welcome, but not mandatory.

Objective The participants deepen their competences in Russian script and orthography as well as their reading comprehension and stylistics
(concerning the productive competences in writing) with the aim to be able to use the Russian language also outside the domestic domain,
especially in a academic and professional environment.
The detailed learning objectives in the above-mentioned fields will be established individually at the beginning of the course with regard to
the students' prior knowledge and their needs.

851-0862-00L Arabic II (A1.2)
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 3 credits 4G E. Youssef-Grob

Abstract This course forms the second part (level A 1.2) of a five semesters' Arabic curriculum. It is open for students, PhD-students, and
employees belonging to the university of Zurich or the ETH who have already some knowledge in the Arabic language and are able to read
and write its script.

Objective The aim of this course is an extension of an elementary competence in speaking and listening comprehension of the Arabic language.
Reading and writing the Arabic script will be further exercised and we are going through central topics of Arabic grammar. We have studied
the first three lessons of textbook "Arabisch intensiv Grundstufe" in the first semester and will now turn to lessons four to seven.

Content Eingebettet in kommunikative Situationen werden folgende Inhalte erarbeitet, die sich vorwiegend auf typische Situationen bei einem
Sprachaufenthalt beziehen: Gast sein / Gastgeber sein; seine persönliche Umwelt beschreiben (Stadt, Haus, Familie etc.), sich an einem
Ort zurechtfinden, Informationen einholen, eine Wohnung mieten, einkaufen.

Literature Arabisch Intensiv. Grundstufe. Landesspracheninstitut in der Ruhr-Universität Bochum; Buske Verlag (www.buske.de), 2011

851-0864-00L Arabic IV (A2.2)
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 2 credits 2G U. Gösken

Abstract The aim of the fourth level course is:
1. The improvement of the communication about everyday situations and simple Arabic texts.
2. Verbal system incl. participles and infintives
3. Subordinate clauses

Objective The aim of the fourth level course is:
1. The improvement of the communication about everyday situations and simple Arabic texts.
2. Verbal system incl. participles and infintives
3. Subordinate clauses

851-0866-03L Arabic: Egyptian Arabic (A2.1)
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 2 credits 2G E. Youssef-Grob

Abstract This course is an introduction into the colloquial Arabic spoken in Cairo which is well understood in the whole Arab world. The main skills
trained are oral expression and listening comprehension. 
A good linguistic background in Standard Arabic (Fusha) is required. 

Objective The educational objective comprehends linguistically and culturally adequate performances in communicative situations, as encountered
typically when staying in an Arab country such as introducing oneself, talking about one's family and environment, to find one's way, to
gather information, shopping, to eat out etc.

851-0876-00L Chinese II (A1.2)
Your course regristration is only valid with a simultaneous

W 3 credits 4G Q. Hu
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online registration at the language center
(www.sprachenzentrum.uzh.ch).
Course fee: CHF 80.-

Abstract This course Chinese II builds on the first course of Chinese I, enlarging the vocabulary to 300 words. The course will provide an
introduction into the modern standard Chinese language and script. The main focus will be on colloquial language without neglecting the
specific cultural context.

Objective The course aims at promoting everyday communication skills, concentrating on basic vocabulary in Pinyin and Chinese characters,
elementary grammar and conversation. At the end of the semester, the participants shall reach a level of competence corresponding to the
int ernationally recognized HSK 2-examination.

Content Neu erworbene Sprachfähigkeiten:

1.    Fähigkeit, einfache Formen der Forderung oder der Bitte darzustellen und zu verstehen.
2.    Die eigene Ansicht in einfacher Weise ausdrücken können.
3.    Nach der Meinung der anderen fragen können.
4.    Einen Vorschlag machen können.
5.    Zwei Dinge miteinander vergleichen können.
6.    Die Ursache von etwas erklären können.
7.    Gegenwart, Vergangenheit und Zukunft ausdrücken können.

Literature We shall base out work on the following textbook: Standard Course HSK 2, ISBN: 978-7-5619-3726-6. and workbook ISBN: 978-
7-5619-3710-5,  Beijing 2014.
The course will be supported by a module on OLAT. The participants will be asked to do some of their tasks on OLAT.

Prerequisites /
notice

Precondition is the previous attendance of course Chinese I or an equivalent language competence. All those who have not attended
course III a kindly requested to contact the teacher.

851-0876-02L Chinese II (A1.2)
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 3 credits 4G A.-L. Achermann

Abstract The first two semesters of this Chinese course provide an introduction into the modern standard Chinese language and script. The main
focus will be on colloquial language without neglecting its cultural context. We shall put the emphasis on the language of everyday
situations.

Objective The course aims at promoting everyday communication skills, concentrating on basic vocabulary in Pinyin and Chinese characters,
elementary grammar and conversation. We shall also try to understand the functioning of a language which is basically different from those
of Europe, and shall look at its cultural context.

Content The first two semesters of this Chinese course provide an introduction into the modern standard Chinese language and script. The main
focus will be on colloquial language without neglecting its cultural context. The course aims at promoting everyday communication skills,
concentrating on basic vocabulary in Pinyin and Chinese characters, elementary grammar and conversation.

851-0878-00L Chinese IV (A2.2)
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 3 credits 4G Q. Hu

Abstract Building on course Chinese III the students will learn to actively master a vocabulary of 600 words. In addition, the course will teach some
of the basic grammatical patterns. Exercises in spoken Chinese covering a number of topics are also part of the course-work. The course
aims  at preparing the participants to reach level 3 of the new HSK.

Objective The course has the following aims: the participants shall acquire an advanced competence in the field of speaking, listening, reading and
writing. They will build up a number of key characters, so that 600 words should be actively mastered by the end of the semester.
Exercises in basic grammatical forms shall give a first understanding of modern Chinese syntax. All the lessons will contain a fair share of
conversational practice.

Content Neue erworbene Sprachkompetenzen:

Fähigkeit, einen kurzen Text zu verfassen, oder ein entsprechendes Portfolio zu erstellen. Erweiterung der Lesefähigkeit, sowohl was die
lexikalische als auch was die grammatikalische Kompetenz angeht. Schriftzeichen, die durch Hinweis entstanden sind 指事字；
Schriftzeichen, die durch Ausweitung entstanden sind 会意字.
Im Laufe von Chinesisch IV kommen noch ca. 150 lexikalische Einheiten hinzu.
Die Fähigkeit, selbständig den Wortschatz zu erweitern, wird vertieft, z. B. durch neue Zusammensetzungen auf der Basis der schon
bekannten Schriftzeichen.
Zudem werden alle lexikalischen Einheiten der HSK 3 Prüfung und ihre grammatikalischen Anwendungen geübt.

Literature We shall base out work on the following textbook: Standard Course HSK, vol. 3. Textbook and Workbook, ISBN: 978-7-5619-3818-8/ 978-
7-5619-3815-7
Beijing 2015. (Lektion 11-20).
The course will be supported by a module on OLAT. The participants will be asked to do some of their tasks on OLAT.

Prerequisites /
notice

Precondition is the previous attendance of course Chinese III or an equivalent language competence. All those who have not attended
course III a kindly requested to contact the teacher.

851-0879-02L Chinese VI (A2.2++)
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 2 credits 2G Q. Hu

Abstract This course is meant for all students and employees at the University and the ETH Zurich, who habe previously  attended the course
Chinese V.
All others should contact the instructor of the course beforehand.

Objective Building on the results of course Chinese V the students will learn a basic vocabulary of about 900 characters. At the end of the course
they will acquire the capacity not only to read but also to write these characters. The students will be familiarized with the new vocabulary
through a number of exercises involving dialogues and short sentences. In addition, the competence in understanding spoken colloquial
Chinese will also be trained. Members of the course will eventually acquire an advanced linguistic competence meeting the standards set
by the new HSK 4 examination.
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Content Students who wish to continue with their language studies or want to pass the HSK test are provided with the necessary reading and
writing competence.
Gradually they shall acquire a broader vocabulary of Chinese characters.
The course prioritizes various conversational exercises in order to advance
the understanding of the necessary grammatical structures. Besides, the comptence in listening and speaking shall be schooled in order to
meet the requirements of the model examinations.
The course will be supported by a module on OLAT. The participants will be asked to do some of their tasks on OLAT.

Literature We shall base out work on the following textbook: Standard Course HSK 4, SK标准教程4上, ISBN: 9787561939031 und HSK标准教程4上
练习册（含1MP3）；ISBN： 9787561941171. Beijing 2017 (Lektion 6-10).

Prerequisites /
notice

This course is meant for all students and employees at the University and the ETH Zurich, who habe previously  attended the course
Chinese V.
All others should contact the instructor of the course beforehand.
At the end of the course there will be a written HSK-model examination, in order to test the acquired competence in listening, grammar,
reading and writing.

851-0880-00L Japanese II (A1.2)
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 3 credits 4G N. Shinabe

Abstract You have mastered the basic vocabulary, the sentence structures practiced in Japanese I, as well as the Hiragana and Katakana
syllabaries. The focus is on broadening your functional competence and your repertoire of expressions through oral pair work, essays and
readings. We deal with the following topics: inviting, refusing, arranging to meet someone; leisure; preferences; family; suggestions.

Objective The participants are able to communicate orally in selected situations, to write meaningfully structured texts on topics related to their
everyday lives and to write these up using sino-Japanese mixed script on the computer.

Lecture notes Genki I An Integrated Course in Elementary Japanese, Second Edition;The Japan Times

851-0880-01L Japanese II (A1.2)
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 3 credits 4G I. Mosimann-Nakanishi

Abstract You have mastered the basic vocabulary, the sentence structures practiced in Japanese I, as well as the Hiragana and Katakana
syllabaries. The focus is on broadening your functional competence and your repertoire of expressions through oral pair work, essays and
readings. We deal with the following topics: inviting, refusing, arranging to meet someone; leisure; preferences; family; suggestions

Objective The participants are able to communicate orally in selected situations, to write meaningfully structured texts on topics related to their
everyday lives and to write these up using sino-Japanese mixed script on the computer.

Lecture notes Genki I An Integrated Course in Elementary Japanese, Second Edition;
The Japan Times

851-0884-00L Japanese 2 (A1.2)
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 2 credits 2G I. Mosimann-Nakanishi

Abstract You have mastered the basic vocabulary, the sentence structures practiced in Japanese I, as well as the Hiragana and Katakana
syllabaries. The focus is on broadening your functional competence and your repertoire of expressions through oral pair work, essays and
readings. We deal with the following topics: inviting, refusing, arranging to meet someone; leisure; preferences; family; suggestions.

Objective The participants are able to communicate orally in selected situations, to write meaningfully structured texts on topics related to their
everyday lives and to write these up using sino-Japanese mixed script on the computer.

Lecture notes Genki I An Integrated Course in Elementary Japanese, Second Edition;
The Japan Times

851-0882-01L Japanese IV (A2.2)
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 2 credits 2G I. Mosimann-Nakanishi

Abstract The focus is on expanding students’ ability to act through exercises with partners and writing, listening, and reading tasks relating to the
following topics: Initiating and maintaining social contact, moving around and travelling in private and public spaces, and talking about one’s
environment.

Objective Students can express themselves orally in selected situations and can write logically structured texts about topics from their everyday lives.
Lecture notes Materials are available from the lecturer.

851-0834-20L Modern Greek Language II (A1.2)
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 2 credits 2G A. Rassidakis Kastrinidis

Abstract This is Part II of the Modern Greek language course, running over four semesters. Modern Greek II covers level A1.2 of the Global
European Framework and is designed for students who have already attended course I at the Sprachenzentrum Uni/ETH, or whose
language proficiency ist equivalent to level A1.1.

Objective Practice of oral communication and extensive vocabulary work (approx. 400 new words). Study of basic grammar (focus on plural of nouns
and adjectives, genitive, passive verbs in the present tense, active verbs in simple past and future tense). Web-based activities in Greek.
Develop and sustain interest and activities in Greek language and culture.

Content Everyday situations and conversations. Writing letters with descriptive content. Talking about the past or making plans for the future.
Reading  simple texts, such as recipes, poems or short stories.

Literature  The course book by D. Dimitra & M. Papacheimona, Ellinika tora 1+1 (Greek now 1+1), page 71 (unit 5), Athens 2002. This course book is
used in both courses Greek 1 and 2 and can be bought at the beginning of the course in the ETH-Store at the Polyterasse.
 Web-based activities to support and enhance classroom teaching will be accessible via Moodle, an electronic platform offered by LET of
ETHZ (http://moodle.let.ethz.ch/).
 Additional course materials and handouts will be distributed in class.
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Prerequisites /
notice

All course participants are expected to
 attend regularly and take part actively during class
 do at least 3-4 hours' work at home
 commit themselves to online-activities in the Moodle-LET online-classroom

The assessment will embrace:
 a portfolio including written and oral exercises done throughout the semester
 a final test assessing the different skills trained 

Requirements for the award of credits are the following:
 a complete and successful assessed portfolio
 a successful assessed final test

All candidates who fulfill the course requirements will receive a language certificate, issued by the Language Center, awarding 2 ECTS
credits.
D-Gess students will receive on-line credits and marks, in addition to the LC-certificate.

The course is only open to students who register on-line via the Sprachenzentrum website and who receive on-line confirmation that they
have been accepted on this course (registration February 2020; for the exact dates please consult the website of the Sprachenzentrum
after December 2019) .

Students of greek origin please contact Ms. Rassidakis before enrolling in order to check if the course is not too easy for them.

851-0834-21L Modern Greek Language IV (A2.2)
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 2 credits 2G A. Rassidakis Kastrinidis

Abstract Modern Greek IV leads to level A2.2 of the Global European Framework and is designed for students who have already attended courses I,
II and III at the Sprachenzentrum UNI/ETHZ, or whose language proficiency is equivalent to level A2.1.

Objective This course aims to consolidate and extend the knowledge and language skills the students already have. The main focus will be on
speaking, listening comprehension, reading comprehension and writing skills. A systematic expansion of vocabulary will be promoted to
enhance speaking skills in discussions of specific topics, such as descriptions of pictures and photographs. The course language will be
Greek throughout.

Content Speaking and Grammar-practice: Task-based individual and group-excercises. Training of listening comprehension: Listening to recorded
dialogues and specific listening texts. Reading: Joint and independent reading practice of simplified literary text materials. 
Grammar: Repetition of verb-conjugation; the imperfective aspect of verbs;conditional forms and secondary sentences.

Lecture notes Keines
Literature  In this class no textbook will be required.  Photocopies of all working-sheets and handouts will be provided during the semester; for these

copies a  moderate fee will be charged. 
 Web-based activities and audio-visual materials can be accessed via Moodle platform, supported by LET of ETHZ
(http://moodle.let.ethz.ch/).

Prerequisites /
notice

All course participants are expected to
 attend regularly and participate actively in class
 do at least 3-4 hours' work at home
 take part actively in online-activities in the Moodle-LET online-classroom

The assessment will embrace:
 a portfolio including written/oral exercises done throughout the semester
 a final test assessing the different skills trained 

Requirements for the award of credits are the following:
 a complete and successful assessed portfolio
 a successful assessed final test

All candidates who fulfill the course requirements will receive a language certificate, issued by the Language Center, awarding 2 ECTS
credits.
D-Gess students will receive on-line credits and marks, in addition to the LC-certificate.

The course is only open to students who register on-line via the Sprachenzentrum website and who receive on-line confirmation that they
have been accepted on this course (registration February 2020; for the exact dates please consult the website of the Sprachenzentrum
after December 2019) .

Students of greek origin please contact Ms. Rassidakis before enrolling in order to check if the course is not too easy for them.

851-0890-00L Reading Course Latin: Politics and Satire. Seneca:
Apocolocyntosis
Your course regristration is only valid with a simultaneous
online registration at the language center
(www.sprachenzentrum.uzh.ch).

W 2 credits 2G A. Broger

Abstract The general topic of the course is Seneca's Apocolocyntosis, a satire about the deceased Roman emperor Claudius (10 BC – 54 AD). On
the basis of didactically prepared texts the ambiguous figure of Claudius as well as aspects of might and reign are examined.
Students mostly prepare the texts at home for class discussion. Furthermore, important topics of basic grammar are reviewed (exercises).

Objective Students gain an understanding of various aspects of a new topic and are able to analyse and contrast these aspects within a wider
context.
Participants reactivate, review, and improve their language skills (vocabulary, morphology, morphosyntax) by applying these skills to texts
and in exercises (translation competence, text analysis).

Lecture notes Die im Kurs verwendeten Unterrichtsmaterialien werden den Teilnehmenden zugestellt bzw. in den Stunden verteilt oder auf einer
elektronischen Unterrichtsplattform verfügbar gemacht.
Siehe auch: www.annebroger.ch/wordpress

851-0889-00L Swedish I
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 2 credits 2G F. Kreis
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Abstract This course is the first of a two part Swedish-course, run over two semesters. The aim of the course is to achieve basic language skills in
speaking, listening, reading and writing (Level A1). The focus is based on oral skills.

Objective The participants learn how to express themselves adequately in different everyday situations. Everyday conversation will be worked on and
practised. The students will work on basic grammar structures und basic pronunciation.

Literature We are working with A1+A2 Textbok, 2nd edition (ISBN 978-91-27-43420-2) and Rivstart A1+A2 Övningsbok, 2nd edition (ISBN 978-
91-27-43421-9); publisher: Natur och Kultur, Stockholm 2014.

Course materials, including a word list and additional materials, are provided by the teacher. A small fee (CHF 9) is collected for
photocopying.

Prerequisites /
notice

Active participation in class and a minimum of 3 hours work outside class is expected per week.

The course is only open to students who registered online via the Language Center website and who received an e-mail confirmation that
they have been accepted in this course.

851-0889-02L Swedish II (A2.1)
Your course regristration is only valid with a simultaneous
online registration at the "Language Center of UZH and
ETH Zurich" (www.sprachenzentrum.uzh.ch).

Course fee: CHF 80.00

W 2 credits 2G F. Kreis

Abstract This course is a direct continuation of the first part of the Swedish-course. Participants should already have reached level A1. The course
aims to work on grammar skills, vocabulary and oral as well as writing skills. Furthermore, Swedish pronounciation should be improved
(level A2.1).

Objective The participants learn to express themselves in a variety of everyday-situations. The course provides knowledge on characteristics of
Swedish culture and society. The work with the coursebook will be completed by other texts (literature, newspaper, ...) as well as music.

Literature We are working with A1+A2 Textbok, 2nd edition (ISBN 978-91-27-43420-2) and Rivstart A1+A2 Övningsbok, 2nd edition (ISBN 978-
91-27-43421-9); publisher: Natur och Kultur, Stockholm 2014.

Course materials, including a word list and additional materials, are provided by the teacher. A small fee (CHF 9) is collected for
photocopying.

Prerequisites /
notice

Active participation in class and a minimum of 3 hours work outside class is expected per week.

The course is only open to students who registered online via the Language Center website and who received an e-mail confirmation that
they have been accepted in this course.

851-0900-04L Reading Course Norwegian (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: 360-217

Number of participants limited to 20.
No simultaneous online registration at the language center
necessary.

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W 3 credits 2U University lecturers

Abstract After completing the three semester basic course, the fourth semester will focus on active language competencies. Based on current topics
in Norwegian media, you will practice reading, hearing, discussing and writing in Norwegian.

Objective You will master the Norwegian language well enough to be able to discuss and write about complex matters .

GESS Science in Perspective - Key for Type

O Compulsory
W+ Eligible for credits and recommended
Dr Suitable for doctorate

W Eligible for credits
E- Recommended, not eligible for credits
Z Courses outside the curriculum

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Geography Teaching Diploma
More informations at : https://www.ethz.ch/de/studium/didaktische-ausbildung/studienangebot-zulassung/lehrdiplom-fuer-maturitaetsschulen.html

 Educational Science
Course offerings in the category Educational Science are listed under "Programme: Educational Science for Teaching Diploma and TC".

Number Title Type ECTS Hours Lecturers

851-0240-01L Designing Learning Environments for School  (EW2
TD)
Prerequisites: successful participation in 851-0240-00L
"Human Learning (EW1)".

Adresses to students enrolled either in Teaching Diploma*
(TD) or Teaching Certificate (TC) in Computer Science,
Mathematics or Physics.
*Except for students of Sport Teaching Diploma, who
complete the sport-specific course unit EW2.

O  3 credits 2V E. Stern, P. Greutmann, J. Maue

Abstract Teaching is a complex skill. The lecture comprises (a) presentations about the theoretical background of this skill, (b) discussions of
practical aspects, and (c) practical exercises.

Objective The participants have the conceptual und procedural knowledge, and skills necessary for long-term planning, preparing, and implementing
good lessons. They can apply this knowledge on different topics of their scientific STEM-background.

Content We discuss characteristics of successful lessons and how to design such lessons by using curricula and lesson plans, teaching goals and a
variety of teaching methods.

Lecture notes The lecture comprises interactive parts where the participants  elaborate and extend their knowledge and skills. Thus, there is no
comprehensive written documentation of the lecture. The participants can download presentation slides, learning materials, and templates
from "Moodle".

Literature The necessary literature can be downloaded from "Moodle".
Prerequisites /
notice

The lecture EW2 can only be attended by students who already successfully completed the lecture Human Learning (EW1).
There will be two independent lectures for different groups of students. You will get further information in an email at the beginning of the
semester.
To get the Credits you have to
- regularly attend to the lecture
- have the grade 4 or higher in the final written exam.

851-0240-24L Designing Learning Environments for Schools (EW2
LD) - Portfolio
- Enrolment only possible with simultaneous enrolment in
course 851-0240-01L Designing Learning Environments
for School (EW2 LD)!

- Prerequisites: successful participation in 851-0240-00L
"Human Learning (EW1)".

- Adresses to students enrolled either in Teaching
Diploma* (TD) or Teaching Certificate (TC) in Computer
Science, Mathematics or Physics.
*Except for students of Sport Teaching Diploma, who
complete the sport-specific course unit EW2. 

O  1 credit 2U P. Greutmann, J. Maue

Abstract In this lecture, you design a portfolio, i.e. a complete and elaborated teaching enviroment for schools, based on your scientific STEM-
background

Objective This lecture is an implementation and transfer of the theoretical inputs provided by the lecture "Designing Learning Environments for
School" (EW2).

851-0238-01L Support and Diagnosis of Knowledge Acquisition
Processes (EW3)
Enrolment only possible with matriculation in Teaching
Diploma (except for students of Sport Teaching Diploma,
who complete the sport-specific course unit EW3) and for
students who intend to enrol in the "Teaching Diploma"

Prerequisites: successful participation in 851-0240-00L
"Human Learning (EW1)".

O  3 credits 3S P. Edelsbrunner, J. Maue,
C. M. Thurn

Abstract In this seminar students learn advanced techniques to support and to diagnose knowledge acquisition processes in school.
Objective The main goals are:

(1) You have a deep understanding about the cognitive mechanisms of knowledge acquisition.
(2) You have a basic understanding about psychological test theory and can appropriately administer tests.
(3) You know various techniques of formative assessment and can apply these to uncover students' misconceptions.

851-0242-01L Coping with Psychosocial Demands of Teaching
(EW4)
Enrolment possible with Teaching Diploma matriculation,
except for students of Sport Teaching Diploma, who
complete the sport-specific course unit EW4.

O  3 credits 3S P. Greutmann, U. Markwalder,
S. Peteranderl

Abstract In this class, students will learn concepts and skills for coping with psychosocial demands of teaching
Objective Students possess theoretical knowledge and practical competences to be able to cope with the psychosocial demands of teaching. 

(1) They know the basic rules of negotiation and conflict management (e.g., mediation) and can apply them in the school context (e.g.,  in
conversations with parents). 
(2) They can apply diverse techniques of classroom management (e.g., prevention of disciplinary problems in the classroom) and know
relevant authorities for further information (e.g., legal conditions). 
(3) They know stress coping strategies to prevent burnout and are familiar with relevant institutions (e.g., psychosocial support).
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Content Major themes
- negotiation 
- conflict management and mediation
- classroom management 
- preventing stress and burnout

Forms of learning
Theoretical foundations will be taught in workshops which contain different means of activation and interaction such as group work, panel
discussions, and individual work. Subsequently, this knowledge will be transfered and applied in different school-relevant situations by
means of role plays, discussing of cases and video sequences, as well as reflections of practical experiences.

Lecture notes Kein Skript
Literature Verschiedenen Grundlagen- und Anwendungstexte werden den Studierenden zur Verfügung gestellt (Moodle).
Prerequisites /
notice

Der erfolgreiche Abschluss von EW1 und EW2 stellt eine wünschenswerte, jedoch nicht obligatorische Voraussetzung dar.

851-0240-19L Effective Learning Environments (EW 5)
The successful completion of ALL modules relevant for
the teacher's diploma is required for participation in this
course.

O  1 credit E. Stern

Abstract The students have to read the book "Lernwirksam unterrichten" from Felten/Stern and they have to answer questions. In individual or
small-group sessions will be discussed how insights from learning research can inform classroom practice.

Objective The focus of all classes on educational psychology is on scientific insights which help to reflect on instructional learning. In order to become
professionals, teachers have to better understand students' behavior and achievement and thereby become aware of their scope of
classroom practice. Students get a final opportunity to ask questions about psychological learning research.

Literature Book "Lernwirksam unterrichten" (Felten/Stern)
Prerequisites /
notice

Detailed information: http://www.ifvll.ethz.ch/studium/lehre/ew-5.html

851-0242-11L Gender Issues In Education and STEM
Number of participants limited to 20.

Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

Prerequisite: students should be taking the course 851-
0240-00L Human Learning (EW1) in parallel, or to have
successfully completed it.

W  2 credits 2S M. Berkowitz Biran, T. Braas,
C. M. Thurn

Abstract In this seminar, we introduce some of the major gender-related  issues in the context of education and science learning, such as the under-
representation of girls and women in science, technology, engineering and mathematics (STEM). Different perspectives, controversies and
empirical evidence will be discussed.

Objective - To familiarize students with gender issues in the educational and STEM contexts and with controversies regarding these issues.
- To develop a critical view on existing perspectives. 
- To integrate this knowledge with teacher's work.

Content Why do fewer women than men specialize in STEM (science, technology, engineering and mathematics)? Are girls better in language and
boys better in math? These and other questions about gender differences relevant to education and STEM learning have been occupying
researchers for decades. In this seminar, students will learn about major gender issues in the educational context and the different
perspectives for understanding them. 

Students will read and critically discuss selected publications on these topics and their implications for the classroom context. There will be
weekly (or bi-weekly) assignments as well as a final project in which students will integrate and elaborate on the topics learned in the
seminar.

Prerequisites /
notice

Recommended: Completion of the course 851-0240-00L Human Learning (EW1).

Active participation in the seminar.

851-0242-08L Research Methods in Educational Science
Number of participants limited to 30.

This course unit can only be enroled after successful
participation in, or imultaneous enrolment in the course
851-0240-00L "Human Learning (EW 1)" .

W  1 credit 1S P. Edelsbrunner, T. Braas,
C. M. Thurn

Abstract Literature from learning sciences will be read and discussed. Research methods will be in focus.
At the first meeting all participants will be allocated to working groups and two further meetings will be set up with the groups.
In the small groups students will write critical short essays about the read literature. The essays will be presented and discussed in the
plenum at the third meeting.

Objective - Understand research methods used in the empirical educational sciences
- Understand and critically examine information from scientific journals and media
- Understand pedagogically relevant findings from the empirical educational sciences

851-0229-00L Using Outdoor Education
Number of participants limited to 40.

Enrolment only possible with matriculation in Teaching
Diploma Biology and Geography.

W  1 credit 1S R. Schumacher, P. Faller, E. Stern

Abstract In this seminar, future teachers will be trained to prepare and conduct excursions to out-of-school learning venues. For this purpose,
excursions are offered at the Swiss Federal Institute for Forest, Snow and Landscape Research (WSL) in Birmensdorf.

Objective Future teachers will learn to prepare and conduct excursions to out-of-school learning venues.
Content Excursions at the Swiss Federal Institute for Forest, Snow and Landscape Research (WSL) in Birmensdorf:

- Dendrochronology: What annual rings tell
- Photosynthesis/Climate change: The tracks in the forest
- Forest Soil: The soil in the focus of the climate

see Educational Science Teaching Diploma

 Subject Didactics in Geography
Important: You can only enrole in the courses of this category if you have not more than 12 CP left for possible additional requirements.
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Number Title Type ECTS Hours Lecturers

651-2500-00L Geography Didactics II (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: 090GG2

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

O 3 credits 2G University lecturers

Abstract Imparting the fundamentals (theory and practice) of specialist subject teaching for high-school geography lessons. Continuation of Subject
Didactics I (a prerequisite for attending this course).

Objective The course introduces students to the practical side of geography teaching. In Subject Didactics II, students:

- extend their knowledge on how to implement geographical contents in didactic and methodological terms.
- look into different teaching forms and teaching methods for their specific subject and reflect on their impact.
- learn to deploy the teaching media in a manner commensurate with the recipients and the subject matter.
- learn to examine and assess performance in geography at school
- learn how to present a factual situation (short lecture), to perform assessments on the basis of criteria (own/third-party evaluation) and
provide feedback.

Content Inhalt 
- Ausgewählte Unterrichtsmethoden, fachspezifische Beispiele: z.B. Projektunterricht, Leitprogramme, Werkstattunterricht,
problemorientierter Unterricht, Experimentieren .
- Ausserschulische Lernorte: Exkursionsdidaktik.
- Mediendidaktik, Fortsetzung u.a. ICT im Geografieunterricht (Einblick).
- Fachinhalte und geografische Denkstrategien stufengemäss vermitteln.
- Lernkontrollen und Leistungsbewertung.
- Betreuen von grösseren Schülerarbeiten (Maturaarbeit) 
- Bildung für nachhaltige Entwicklung und Geografieunterricht; fächerübergreifendes Arbeiten.

Lernformen:
Theoretische Konzepte werden vorgestellt und an typischen Beispielen aus der Praxis illustriert. Inhalte werden z.T. von Studierenden
selbst erarbeitet, präsentiert (Kurzvorträge) und diskutiert. Auf einer durch die Studierenden gestalteten Kurzexkursion werden die
Möglichkeiten des forschend- entdeckenden Lernens in der Stadt kritisch angeschaut.

Lecture notes Unterlagen werden abgegeben.
Literature Haubrich et al. 2015: Geographie unterrichten lernen; Cornelsen, ISBN 978-3-06-065212-9

Weitere Literatur.
Prerequisites /
notice

Successful completion of Geography Didactics I (651-4239-00).

The course Geography Didactics II may be completed together with Geography Didactics III.

651-4118-00L Geography Didactics of Geography Teaching III
(University of Zurich)
Book the corresponding module directly at UZH.
UZH Module Code: 090GG3

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

O 3 credits 2G University lecturers

Abstract The Subject Didactics III course unit comprises two blocks: one "Specialisation" block with key subjects from courses I and II and a block
on "Information technology in geography teaching" with specific applications.

Objective In Subject Didactics III, students take a more in-depth, application-oriented look at geography. Students
- learn about the options for using ICT to design their geography teaching and also the integral furtherance of pupils' IT competence. They
plan an IT lesson, hold it and then evaluate it. 
- identify the opportunities and limits of illustrating their geography teaching with films, models and experiments.
- look into the significance of the subjective theories for learning success and failure and discuss tuition options for a concept change
(geographical case studies).
- plan tuition units (including visiting a museum and working with experiments in class).

Content Inhalt
Fachdidaktik III Block "Vertiefung" (1/2 Semester)
- Auseinandersetzung mit der Förderung von Medienkompetenz im Geografieunterricht.
-Wirksamkeit von Unterrichtsmethoden und -formen: Anwendungen und Umsetzungen an Fallbeispielen evaluieren (Besuch einer
Ausstellung, Experimentieren.
- Planung von Unterrichtseinheiten.
Fachdidaktik III Block "ICT im Geografieunterricht" (1/2 Semester)
- Fachspezifische Einsatzmöglichkeiten, Unterrichtshilfen, konkrete Anwendungen und Resultate an Beispielen kritisch reflektieren.
(Leistungsnachweis).

Lernformen
Theoretische Konzepte werden vorgestellt und an typischen Beispielen aus der Praxis illustriert. Beispiele im IT- Bereich werden von
Studierenden selbst erarbeitet ("Werkstatt"), präsentiert und diskutiert.

Lecture notes Unterlagen werden abgegeben.
Literature Haubrich et al. 2015: Geographie unterrichten lernen. Cornelsen, ISBN 978-3-06-065212-9

Weitere Literaturangaben.
Prerequisites /
notice

Limited number of participants.

Successful completion of Geography Didactics of Geography Teaching I (651-4239-00L).

The course Geography Didactics III may be completed together with Geography Didactics II.

651-4120-00L Geography Didactics IV: Mentored Project
Prerequisites: successful participation in Geography
Didactics of Geography Teaching I+II+III (651-4239-00L,
651-2500-00L and 651-4118-00L).

O 2 credits 4A S. Hesske, J. Rafflenbeul

Abstract Mentorierte Arbeit mit Bezug zur Fachdidaktik III
Objective selbständige Auseinandersetzung mit konkreter Fragestellung zum Geografieunterricht.
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Content selbständige, mentorierte Arbeite(n). Auseinandersetzung mit einem Unterrichtsthema mit direktem Bezug zur Lehrpraxis (z.B. Erhebung
von Vorwissen bei einer Klasse als Vorbereitung des Praktikums)

Prerequisites /
notice

Parallel zu Modul III (Pflicht für ETH-Studierende Lehrdiplom Geographie). Muss vor dem Praktikum abgeschlossen sein.

651-4124-00L Examination Didactics
Simultaneous completion of Examination Lessons
Geography I and II (651-2520-01 and 651-2520-02) is
compulsory.

O  1 credit 2G S. Hesske, J. Rafflenbeul

Abstract Die Fachdidaktik- Prüfung ist eine mündliche Prüfung (15 min) und findet am selben Halbtag statt wie die berufspraktische Prüfung.
Grundlagen des Prüfungsgesprächs sind die Unterlagen aus der FAchdidaktik I-III, das persönliche Unterrichtsprofil und ein gewählter
fachdidaktischer Text. Der Einsteig erfolgt über Fragen der Fachdidaktikerin.

Objective - Der Kandidat/ die Kandidatin ist fähig, ausgehend von ihrem Unterrichtsprofil, Fragen im Umfeld von gymnasialem Geografie-unterricht
vor dem Hintergrund der Themengebiete, die in den Fachdidaktikveranstaltungen I-III  behandelt wurden (siehe Liste) Theorie gestützt und
kritisch zu beleuchten und mit eigenem Lehrerhandeln in Verbindung zu bringen. 
- Der Kandidat/ die Kandidatin kennt den ausgewählten Text gut und kann in der Diskussion dessen Bedeutung für das eigene Unterrichten
bzw. das eigene Schul- und Fachverständnis kritisch darlegen

Content Geprüft werden:
Fähigkeit, Geografieunterricht kritisch zu begründen, zu reflektieren und zu evaluieren.
Unterlagen aus der Fachdidaktischen und berufspraktischen Ausbildung (Erarbeitung eines theoretisch fundierten Methodenprofils) 
Fachdidaktischer Text (10-15 Seiten) nach eigener Wahl

Literature Literaturliste aus der Fachdidaktik
Prerequisites /
notice

The Examination Didactics is completed at the end of studies and must be fulfilled together with both examination lessons I and II (651-
2520-01 und 651-2520-02).

All of the following courses must be successfully completed: Geography Didactics I, II, III and the specialised courses in respective subjects
I, II and III as well as the Introductory Internship and Internship.

 Professional Training in Geography
Important: You can only enrole in the courses of this category if you have not more than 12 CP left for possible additional requirements.

Number Title Type ECTS Hours Lecturers

651-2517-00L Teaching Internship I Geography (University of
Zürich)
Book the module directly at UZH.
UZH Module Code: 090BPP1

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

O  8 credits 17P University lecturers

Abstract The teaching practice takes in 50 lessons: 30 are taught by the students, and the students sit in on 20 lessons. The teaching practice lasts
4-6 weeks. It gives students the opportunity to implement the contents of their specialist-subject, educational science and subject-didactics
training in the classroom. Students also conduct work assignments in parallel to their teaching practice.

Objective - Students use their specialist-subject, educational-science and subject-didactics training to draw up concepts for teaching.
- They are able to assess the significance of tuition topics in their subject from different angles (including interdisciplinary angles) and
impart these to their pupils.
- They acquire the skills of the teaching trade. 
- They practise finding the balance between instruction and openness so that pupils can and, indeed, must make their own cognitive
contribution.
- They learn to assess pupils' work.
- Together with the teacher in charge of their teacher training, the students constantly evaluate their own performance.

Content Die Studierenden sammeln Erfahrungen in der Unterrichtsführung, der Auseinandersetzung mit Lernenden, der Klassenbetreuung und der
Leistungsbeurteilung. Zu Beginn des Praktikums plant die Praktikumslehrperson gemeinsam mit dem/der Studierenden das Praktikum und
die Arbeitsaufträge. Die schriftlich dokumentierten Ergebnisse der Arbeitsaufträge sind Bestandteil des Portfolios der Studierenden.
Anlässlich der Hospitationen erläutert die Praktikumslehrperson ihre fachlichen, fachdidaktischen und pädagogischen Überlegungen, auf
deren Basis sie den Unterricht geplant hat und tauscht sich mit dem/der Studierenden aus. Die von dem/der Studierenden gehaltenen
Lektionen werden vor- und nachbesprochen. Die Praktikumslehrperson sorgt ausserdem dafür, dass der/die Studierende Einblick in den
schulischen Alltag erhält und die vielfältigen Verpflichtungen einer Lehrperson kennen lernt.

Lecture notes - Wegleitung für die berufspraktische Ausbildung; LLBM Ife UZH;
- Die berufspraktische Ausbildung im Unterrichtsfach Geografie am LLBM IfE UZH (UZH und ETH); Fachdidaktik Geografie

Prerequisites /
notice

Successful completion of Educational Science and Subject Didactics in Geography (FD I, II, III) as well as Spec. Courses in Resp. Subj. w/
Educ. Focus & Further Subj. Didactics (FWV I, II, III) plus completion of the introductory internship.

651-4137-00L Semester Paper Within the 1st Teaching Internship
Geography (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: 090BPPJ

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

Only for students of the Teaching Certificate Geography.

O  2 credits 4P University lecturers

Abstract In the context of their teaching practice, students compile a portfolio in which they analyse and document selected aspects of their teaching
experience.

Objective The provision of insight into their personal, selected and also theoretically-founded:
- study of tuition elements and the compilation of a personal method profile based on subject-didactics assignments.
- processing of key events/happenings experienced during their teaching or teaching practice period (e.g. specialist content; didactic
planning, conducting teaching, interaction with the class or individual pupils; communication with the teacher responsible for the teaching
practice) in line with the instructions and the advice given in the guide for practical professional training.

Content Im Praktikumsjournal sollen dabei nicht beliebig viele Themen und Fragen und auch nicht zahlreiche Unterrichtssituationen aufgegriffen
werden, sondern es sind Schwerpunkte zu setzen, im Sinne von spezifischen Fragestellungen, die vertieft bearbeitet werden. So entsteht
im Praktikum z.B. das Interesse, die Interaktion mit den Schülerinnen und Schülern in konkreten Situationen genauer zu erforschen, oder
die inhaltliche und didaktische Vorbereitung eines spezifischen Themas genauer zu durchdenken, oder besondere Unterrichtsmethoden zu
erproben und auszuwerten oder dem Umgang mit Lernschwierigkeiten oder unterschiedlichen Lernvoraussetzungen nachzugehen.
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Lecture notes Anleitung für das Unterrichtspraktikum und die unterrichtspraktischen Übungen:
- Die berufspraktische Ausbildung am LLBM IfE UZH; Wegleitung und Instrumente zur Vorbereitung, Durchführung und Reflexion sowie zur
Beratung, Beobachtung und Beurteilung von Unterricht auf der Sekundarstufe II (2008).
- Aufgabenstellungen für die berufpraktische Ausbildung aus der Fachdidaktik Geografie.

Literature Haubrich H. (Hrsg.); Geografie unterrichten lernen (2015). Cornelsen, ISBN 978-3-06-065212-9
Literarturlisten aus der Fachdidaktik und den Erziehungswissenschaften; je nach den bearbeiteten Problem- oder Fragestellungen.

Prerequisites /
notice

Simultaneous enrolment in "Teaching Internship Geography" (651-2517-00L) is compulsory.

651-2520-01L Examination Lesson I Geography
Simultaneous enrolment in "Examination Lesson II
Geography" (651-2520-02L) is compulsory.

O  1 credit 2P S. Hesske, J. Rafflenbeul

Abstract In the context of an examination lesson conducted and graded at a high school, the candidates provide evidence of the subject-
matter-based and didactic skills they have acquired in the course of their training.

Objective On the basis of a specified topic, the candidate shows that they are in a position
- to develop and conduct teaching that is conducive to learning at high school level, substantiating it in terms of the subject-matter and from
the didactic angle 
- to analyze the tuition they have given with regard to its strengths and weaknesses, and outline improvements.

Content Die Studierenden erfahren das Lektionsthema in der Regel zwei Wochen vor dem Prüfungstermin. Von der zuständigen Lehrperson
erhalten sie Informationen über den Wissensstand der zu unterrichtenden Klasse und können sie vor dem Prüfungstermin besuchen.
Sie erstellen eine Vorbereitung gemäss Anleitung und reichen sie bis zwei Tage vor der Prüfung (18.00 Uhr) den beiden Prüfungsexperten
ein.
Die gehaltene Lektion wird kriteriumsbasiert beurteilt. Die Beurteilung umfasst auch die schriftliche Vorbereitung und eine mündliche
Reflexion des Kandidaten/ der Kandidatin über die gehaltene Lektion im Rahmen eines 15 min. Kolloquiums.

Lecture notes Dokument: Schriftliche Vorbereitung für Prüfungslektionen.
Prerequisites /
notice

Nach Abschluss der übrigen Ausbildung.

651-2520-02L Examination Lesson II Geography
Simultaneous enrolment in "Examination Lesson I
Geography" (651-2520-01L) is compulsory.

O  1 credit 2P S. Hesske, J. Rafflenbeul

Abstract In the context of an examination lesson conducted and graded at a high school, the candidates provide evidence of the subject-
matter-based and didactic skills they have acquired in the course of their training.

Objective On the basis of a specified topic, the candidate shows that they are in a position
- to develop and conduct teaching that is conducive to learning at high school level, substantiating it in terms of the subject-matter and from
the didactic angle 
- to analyze the tuition they have given with regard to its strengths and weaknesses, and outline improvements.

Content Die Studierenden erfahren das Lektionsthema in der Regel zwei Wochen vor dem Prüfungstermin. Von der zuständigen Lehrperson
erhalten sie Informationen über den Wissensstand der zu unterrichtenden Klasse und können sie vor dem Prüfungstermin besuchen.
Sie erstellen eine Vorbereitung gemäss Anleitung und reichen sie bis zwei Tage vor der Prüfung um 18.00 Uhr den beiden
Prüfungsexperten ein.
Die gehaltene Lektion wird kriteriumsbasiert beurteilt. Die Beurteilung umfasst auch die schriftliche Vorbereitung und eine mündliche
Reflexion des Kandidaten/ der Kandidatin über die gehaltene Lektion im Rahmen eines 15 min. Kolloquiums.

Lecture notes Dokument: Schriftliche Vorbereitung für Prüfungslektionen.
Prerequisites /
notice

Nach Abschluss der übrigen Ausbildung.

 Spec. Courses in Resp. Subj. w/ Educ. Focus & Further Subj. Didactics
Number Title Type ECTS Hours Lecturers

651-2517-02L Teaching Internship II-E Geography (University of
Zürich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: 090BPP2

An additional registration at LLBM is needed for further
details refer to the module of UZH.

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

O  6 credits 13P University lecturers

Abstract The Teaching Internship takes place after successful completion of the didactics courses (I, II incl. practice lessons).  The teaching
internship takes in 40 lessons: 25 are taught by the students. The teaching internship lasts a maximum of 10 weeks.

Prerequisites /
notice

The teaching internship II has to be completed after the teaching internship I at the end of the program in the same semester. Prerequisite
is the successful completion of all courses of the teaching diploma program.

The internship can only be completed together with an accredited internship teacher of ETH Zurich (separate list).

851-0242-10L Science Education Didactics 1 (Universität Zürich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: 090MAF2a

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

O  4 credits 2V University lecturers

Abstract Students acquire foundational knowledge about teaching scientific and sustainability-oriented concepts in formal, informal and non-formal
educational contexts. You learn to teach science concepts in a theory informed and evidence-based way along competency development
models.

Objective Students acquire foundational knowledge about teaching scientific and sustainability-oriented concepts in formal, informal and non-formal
educational contexts. You learn to teach science concepts in a theory informed and evidence-based way along competency development
models.

651-4136-01L Learning Locations for Geography and Geography
Didatctics

O  2 credits 4G I. Bauer
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Die Vorlesung wird ausschliesslich für ETH
Lehrdiplomsstudierende Geographie der ETH im FS
durchgeführt. 
Die Belegung erfolgt nur durch das Studiensekretariat.

Abstract Subject-based specialist and methodological preparation of physical-geographic, earth-science or human-geographical topics that are
suitable for excursions, work weeks, visits and museum trips, etc.
Implementation (organising and evaluating) the specialist topic in a specific series of excursions within a selected region.

Objective - Get to know Zurich Oberland
- Subject-based discussion on Geo-Roundtrails
- Drafting and formulation of "learning places" with a physical or a human geographical focus
- Project management and working in groups
- Reflection on the working results and processes

 Compulsory Elective Courses
Further course offerings from the category Educational Science are listed under "Programme: Educational Science for Teaching Diploma and TC".

Number Title Type ECTS Hours Lecturers

see Compulsory Elective Courses Teaching Diploma

851-0229-00L Using Outdoor Education
Number of participants limited to 40.

Enrolment only possible with matriculation in Teaching
Diploma Biology and Geography.

W  1 credit 1S R. Schumacher, P. Faller, E. Stern

Abstract In this seminar, future teachers will be trained to prepare and conduct excursions to out-of-school learning venues. For this purpose,
excursions are offered at the Swiss Federal Institute for Forest, Snow and Landscape Research (WSL) in Birmensdorf.

Objective Future teachers will learn to prepare and conduct excursions to out-of-school learning venues.
Content Excursions at the Swiss Federal Institute for Forest, Snow and Landscape Research (WSL) in Birmensdorf:

- Dendrochronology: What annual rings tell
- Photosynthesis/Climate change: The tracks in the forest
- Forest Soil: The soil in the focus of the climate

 Additional Requirements (ETH-Masterstudents in ERDW and AC)
 Part 1

 Compulsory Modules
Number Title Type ECTS Hours Lecturers

651-2612-00L Human Geography II: Societal and Natural
Ressources (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: GEO122

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

O  5 credits 2V+2U University lecturers

Abstract The module consists of two parts: Human Geography Part 2 and Economic Geography Part 1. The module gives an introduction and a
deepening of the two parts.Illustration of theoretical concepts with execercices.

 Modules of Choice
Number Title Type ECTS Hours Lecturers

651-2600-01L Geography of Switzerland (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: GEO126

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  3 credits 2V University lecturers

Abstract Introduction to the geography of Switzerland from a social and political scientific perspective.
Objective - Sie verstehen die sozialen, politischen und kulturellen Eigenheiten

der Schweiz in ihrer räumlichen Ausprägung.
- Sie haben einen Einblick in die räumliche Dynamik der Schweiz in Bezug auf Urbanisierung, Mobilität, Migration und kennen die
Möglichkeiten und Grenzen einer planvollen Steuerung.

Content Aus dem Inhalt:
* Stadt-Land-Gegensatz, Urbanisierung
* Kulturelle Spannungsfelder: Sprache, Konfession usw.
* Regionale Disparitäten, Regionalismus
* Nationale Identität, Schweiz in Europa
* Föderalismus und Direktdemokratie
* Mobilität und Migration
* Segregation und Selbstselektion
* Räumliche Entwicklung und Planung

Literature Odermatt, André und Wachter, Daniel (2004): Schweiz  eine moderne Geographie. 3. Auflage. NZZ-Verlag, Zürich. Fr. 52.-

651-2614-00L Human Geography (University of Zürich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: GEO242

Mind the enrolment deadlines at UZH:
http://www.uzh.ch/studies/application/mobilitaet_en.html

W  5 credits 2V+2U University lecturers

 Part 2
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Number Title Type ECTS Hours Lecturers

651-4088-04L Phyisical Geography IV (University of Zürich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: GEO241

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  5 credits 4V+7U University lecturers

Abstract The module consists of a lecture "Fundamentals Soil-Plant-Environment", five exercises and an excursion.

 Part 3
Number Title Type ECTS Hours Lecturers

651-4121-00L Remote Sensing and Geographic Information
Sciences II (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: GEO123

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  5 credits 2V+2U University lecturers

Geography Teaching Diploma - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Geomatic Engineering Master
 Major Courses

 Major in Engineering Geodesy and Photogrammetry
Number Title Type ECTS Hours Lecturers

103-0738-00L GNSS Lab W  5 credits 4G R. Hohensinn, G. Möller
Abstract Consolidation of knowledge in satellite geodesy and its application to GNSS.
Objective Students know the technological background of GNSS. They are able to interpret and to qualify GNSS results and to carry out error

estimations. Autonomous work on GNSS-related problems.
Content Autonomous development, planning, and carrying out of a small GNSS-project. As needed further satellite geodetic background will be

given ( GNSS-positioning and navigation, satellite orbits, consolidated knowledge of GNSS, observation equations, principles of
measurements, disturbances, practical operation)

Lecture notes Navigation, Alain Geiger, GGL-ETHZ
GNSS, Markus Rothacher, GGL-ETHZ

103-0838-00L Geomonitoring and Geosensors W  4 credits 3G A. Wieser, M. Rothacher
Abstract This course provides an introduction to sensors, measurement techniques and analysis methods for geodetic monitoring of natural

structures of local to regional scale like landslides, rock falls, volcanoes and tsunamis. Several case studies will highlight the application of
the presented technologies.

Objective Understanding the core challenges and proven approaches to monitoring of local and regional deformation; gaining an overview of
established measurement and data processing techniques for monitoring geometric changes.

Content Introduction to geomonitoring; sensors and measurement technologies: GNSS, TPS, TLS, GB-SAR, geosensor networks, geotechnical
monitoring sensors; areal and point-wise deformation monitoring; congruency tests, network deformation analysis, sensitivity, regression
and jump detection; estimation of strain tensor, block analysis; case studies.

Lecture notes The lecture slides and further literature will be made available on the course webpage.
Prerequisites /
notice

Students should be familiar with geodetic networks, parameter estimation, GNSS and Engineering Geodesy. Students who have not taken
the related courses of the ETH curriculum (or equivalent courses at another university) but want to take this course should contact the
lecturers beforehand.

103-0128-00L Remote Sensing Lab W  4 credits 2G E. Baltsavias
Abstract This course focuses mainly on photogrammetric processing and classification of optical and especially multispectral satellite images with

practical work and own programming.
Objective The aims of this course are:

- the main aim is practical photogrammetric processing and classification of optical and especially multispectral satellite images using
mostly own programming in MATLAB and less commercial software tools.
- some theoretical background will be provided, in addition to other ETHZ courses mentioned below (mainly given in Bachelor).
- further developing skills in report writing and presentations.

Content The lecture builds on the courses Erdbeobachtung (Earth Observation), Photogrammetrie, Photogrammetrie II, Image Interpretation and
Bildverarbeitung  (Image Processing). The focus is on practical work and use of programs with optical satellite data.

The work is composed of two large labs. In the first, the main photogrammetric processing chain from preprocessing to visualisation is
treated. In the second, the focus is on various multispectral classification techniques and their comparison.

Lecture notes Teaching material will be made available on the dedicated moodle page.
Prerequisites /
notice

Persons without sufficient knowledge of remote sensing, photogrammetry and image processing, should first contact the lecturer and get
permission to attend the course. Students should preferably have a basic knowledge of MATLAB programming or being willing to acquire it
through self-study.

103-0848-00L Industrial Metrology and Machine Vision
Number of participants limited to 30.

W 4 credits 3G K. Schindler, A. Wieser

Abstract This course introduces contact and non-contact techniques for 3D coordinate, shape and motion determination as used for 3D inspection,
dimensional control, reverse engineering, motion capture and similar industrial applications.

Objective Understanding the physical basis of photographic sensors and imaging; familiarization with a broader view of image-based 3D geometry
estimation beyond the classical photogrammetric approach; understanding the concepts of measurement traceability and uncertainty;
acquiring an overview of general 3D image metrology including contact and non-contact techniques (coordinate measurement machines;
optical tooling; laser-based high-precision instruments).

Content CCD and CMOS technology; structured light and active stereo; shading models, shape from shading and photometric stereo; shape from
focus; laser interferometry, laser tracker, laser radar; contact and non-contact coordinate measurement machines; optical tooling;
measurement traceability, measurement uncertainty, calibration of measurement systems; 3d surface representations; case studies.

Lecture notes Lecture slides and further literature will be made available on the course webpage.

103-0767-00L Engineering Geodesy Lab W  4 credits 3P A. Wieser, V. Frangez, Z. Gojcic
Abstract Development of concepts and solutions for challenging tasks in Engineering Geodesy using real-world examples
Objective The students learn to develop, assess and realize concepts and solutions for real-world problems in Engineering Geodesy. They advance

the knowledge and skills which they have acquired in relation with geodetic metrology, engineering geodesy. They establish links between
these subjects. Particular attention is paid to the selection of appropriate sensors and measurement systems,  selection of appropriate
measurement and data processing methods, end-to-end quality control, fulfillment of non-technical criteria, and to the documentation of the
work.

Content A geodetic network for highly precise coordinate and direction transfer from outside pillars to pillars in the geodetic metrology lab of the
Institute of Geodesy and Photogrammetry will be designed and planned. Different methods for plumbing, height transfer and azimuth
determination will be included. The measurements will be carried out and post-processed in teams. Finally, the network design, the
observation schedule and the results will be critically evaluated.

Lecture notes Publications and documents are made available as needed depending on the selected tasks.
Literature - Möser, M. et al. (2000): Handbuch Ingenieurgeodäsie, Grundlagen. Wichmann, Heidelberg.

- Heunecke et al. (2013): Handbuch Ingenieurgeodäsie, Auswertung geodätischer Überwachungsmessungen. 2. Aufl., Wichmann,
Heidelberg.
- Schofield, W. and Breach, M. (2007): Engineering Surveying. 6th Edition, CRC, Boca Raton, USA.
- Caspary, W.F. (2000): Concepts of Network and Deformation Analysis. School of Geomatic Engineering, The University of New South
Wales, Sydney, Australia.

Prerequisites /
notice

Successful participation in the lab requires knowledge and experiences conveyed within the related course "Engineering Geodesy".
Students who have not already passed that course and who are not participating in that course will only be admitted to the lab after
discussion with the instructors.

If the timetable of the participants allows it, the 3-hourly lab units will partially be combined to individual full-time units.
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052-0524-00L 360° - Reality to Virtuality (FS) W  2 credits 2G K. Sander
Abstract Basics of 3D-scanning of rooms and bodies, individual scan projects, 3D-visualizations and animations. Definition and realization of a

project, working alone and in groups.
Objective Understanding 3D-technologies, handling positive and negative spaces, handling hardware and software, processing 3D point clouds

(registering scans, filtering, merging of data sets, precision, visualizations, animation), interpretation of the generated data.
Content 1. Introduction to 3D laser scanning (getting to know technologies, methods and context; carry out practical tests)

2. Project development within the group (idea, concept, target, intention, selection of methods & strategies)
3. Project implementation within the group (possible results, videos, pictures, prints, publications, web, blog, forum etc.)
4. Project presentation (exhibition incl. critiques, discussions)

 Major in Space Geodesy and Navigation
Number Title Type ECTS Hours Lecturers

103-0158-01L Navigation W  5 credits 4G G. Möller
Abstract Introduction to the concepts and basics of navigation related total systems on land, air, sea and space
Objective The students gain an overview of human spatial navigation concepts as well as modern navigation systems and their major principles. The

students are able to deepen their knowledge by their own and recognize and understand principles of systems in different applications.
Content Concepts of human spatial navigation, Reference systems, Navigation principles, Statistics in Navigation, Filtering, Basics of state space

control systems, Satellite navigation systems, Vehicle nav, Air traffic control systems, Spacecraft and autonomous navigation.
Lecture notes Moeller G., Navigation, Lecture notes
Literature Ekstrom A. D., Spiers H. J., BohbotV. D., Rosenbaum R. S., Human Spatial Navigation, Prinction University Press, ISBN 9780691171746,

216 p., 2018

Hofmann-Wellenhof B., Legat K., Wieser M., Navigation, Springer Nature, ISBN 9783211008287, 427 p., 2003

103-0178-00L Geodetic Earth Monitoring W 4 credits 3G M. Rothacher
Abstract The three pillars of geodesy, i.e. the geometry, rotation and gravity field of the Earth contribute to Earth system monitoring and will be

considered here. 1) Earth rotation: theory, estimation and interpretation; 2) Gravity field: satellite missions, theory, estimation and
interpretation; 3) Geodynamics (geometry): plate tectonics, earthquake cycle, isostasy and uplift rates.

Objective Understand the basics of Earth rotation and gravity field theory, with what type of methods they are determined and what they contribute to
monitoring the Earth system. Get familiar with the major geodynamic processes within the crust and mantle and how they are being
observed and monitored.

Content Part 1: Earth rotation
  - Kinematics of a solid body
  - Dynamic Eulerian equations of Earth rotation
  - Kinematic Eulerian equations of Earth rotation
  - Free rotation of the flattened Earth
  - Influence of Sun and Moon, Precession, Nutation
  - Earth as an elastic body
  - Determination of Earth rotation parameters
  - Mass distribution and mass transport affecting Earth rotation 
Part 2: Gravity field
  - Satellite missions
  - Gravity field determination from satellite data
  - Geoid computation from terrestrial data
  - Combination of satellite and terrestrial gravity fields
  - Precision of geoid computations
  - Mass distribution and transport affecting the Earth gravity field
Part 3: Geodynamics:
  - Plate tectonics theory: including ocean bottom floor magnetism Curie temperature, age of the ocean bottom floor
  - Notions on crust material (oceanic/continental) 
  - Concepts of mantle plumes, mantle convection and mantle flow and evidences supporting them 
  - Earthquake cycle: elastic rebound theory, strain and stress measurements and measurements in the field during inter-, co- and post-
seismic periods
  - Isostasy and strength models
  - Surface uplift rate applied to continental crust, volcanism, eroded areas.

Lecture notes A script and slides will be made available
Literature Beutler G., Methods of Celestial Mechanics. II: Application to Planetary System, Geodynamics and Satellite Geodesy, Springer, ISBN 3-

540-40750-2, 2005.

Hofmann-Wellenhof B. and Moritz H., Physical Geodesy, Springer, ISBN 13-978-3-211-33544-4, 2005/2006. 

Fowler C.M.R., The Solid Earth: An Introduction to Global Geophysics, Cambridge Univ. Press, ISBN  0-521-38590-3, 2005.

Prerequisites /
notice

Recommended: Basics of Higher Geodesy
Of advantage: Basics of Geodetic Earth Observation

103-0738-00L GNSS Lab W  5 credits 4G R. Hohensinn, G. Möller
Abstract Consolidation of knowledge in satellite geodesy and its application to GNSS.
Objective Students know the technological background of GNSS. They are able to interpret and to qualify GNSS results and to carry out error

estimations. Autonomous work on GNSS-related problems.
Content Autonomous development, planning, and carrying out of a small GNSS-project. As needed further satellite geodetic background will be

given ( GNSS-positioning and navigation, satellite orbits, consolidated knowledge of GNSS, observation equations, principles of
measurements, disturbances, practical operation)

Lecture notes Navigation, Alain Geiger, GGL-ETHZ
GNSS, Markus Rothacher, GGL-ETHZ

103-0838-00L Geomonitoring and Geosensors W  4 credits 3G A. Wieser, M. Rothacher
Abstract This course provides an introduction to sensors, measurement techniques and analysis methods for geodetic monitoring of natural

structures of local to regional scale like landslides, rock falls, volcanoes and tsunamis. Several case studies will highlight the application of
the presented technologies.

Objective Understanding the core challenges and proven approaches to monitoring of local and regional deformation; gaining an overview of
established measurement and data processing techniques for monitoring geometric changes.

Content Introduction to geomonitoring; sensors and measurement technologies: GNSS, TPS, TLS, GB-SAR, geosensor networks, geotechnical
monitoring sensors; areal and point-wise deformation monitoring; congruency tests, network deformation analysis, sensitivity, regression
and jump detection; estimation of strain tensor, block analysis; case studies.
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Lecture notes The lecture slides and further literature will be made available on the course webpage.
Prerequisites /
notice

Students should be familiar with geodetic networks, parameter estimation, GNSS and Engineering Geodesy. Students who have not taken
the related courses of the ETH curriculum (or equivalent courses at another university) but want to take this course should contact the
lecturers beforehand.

103-0157-00L Physical Geodesy and Geodynamics W  4 credits 3G M. Rothacher
Abstract Gravity field of the earth. Equipotential surfaces and geoid determination. Fundamentals in Potential Theory and inversion methods.

Measuring techniques and gravity anomalies.
Objective Obtain knowledge in Physical Geodesy as a fundamental topic forming the basis for Geomatics and Geodynamics. Acquire skills in

calculus covered in Physical Geodesy.
Content Gravity field of the earth and its parameterization. Equipotential surfaces, deflections of the vertical and geoid determination. Fundamentals

in Potential Theory and inversion methods. Gravimetric measuring techniques and gravity anomalies.
Prerequisites /
notice

Pre-Requisite: Basics of Higher Geodesy

 Major in GIS and Cartography
Number Title Type ECTS Hours Lecturers

103-0228-00L Multimedia Cartography
Prerequisite: Successful completion of Cartography III
(103-0227-00L).

O 4 credits 3G H.-R. Bär, R. Sieber

Abstract Focus of this course is on the realization of an atlas project in a small team. During the first part of the course, the necessary
organizational, creative and technological basics will be provided. At the end of the course, the interactive atlas projects will be presented
by the team members.

Objective The goal of this course is to provide the students the theoretical background, knowledge and practical skills necessary to plan, design and
create an interactive Web atlas based on modern Web technologies.

Content This course will cover the following topics:

- Web map design
- Project management
- Graphical user interfaces in Web atlases
- Interactions in map and atlas applications
- Web standards
- Programming interactive Web applications
- Use of software libraries
- Cartographic Web services
- Code repository
- Copyright and the Internet

Lecture notes Lecture notes and additional material are available on Moodle.
Literature - Cartwright, William; Peterson, Michael P. and Georg Gartner (2007); Multimedia Cartography, Springer, Heidelberg
Prerequisites /
notice

Prerequisites: Successful completion of Cartography III (103-0227-00L).
Previous knowledge in Web programming.

The students are expected to 
- present their work in progress on a regular basis
- present their atlas project at the end of the course
- keep records of all the work done
- document all individual contributions to the project

103-0247-00L Mobile GIS and Location-Based Services O 5 credits 4G P. Kiefer
Abstract The course introduces students to the theoretical and technological background of mobile geographic information systems and location-

based services. In lab sessions students acquire competences in mobile GIS design and implementation.
Objective Students will

- learn about the implications of mobility on GIS
- get a detailed overview on research fields related to mobile GIS
- get an overview on current mobile GIS and LBS technology, and learn how to assess new technologies in this fast-moving field
- achieve an integrated view of Geospatial Web Services and mobile GIS
- acquire competences in mobile GIS design and implementation

Content - LBS and mobile GIS: architectures, market, applications, and application development
- Development for Android
- Introduction to augmented reality development (HoloLens)
- Mobile decision-making, context, personalization, and privacy
- Mobile human computer interaction and user interfaces
- Mobile behavior interpretation

Prerequisites /
notice

Elementary programming skills (Java)

103-0747-00L Cartography Lab W  6 credits 13A L. Hurni
Abstract Independent practical work in cartography.
Objective Independent practical work in cartography.
Content Choice of theme upon individual agreement.
Lecture notes Information sheet will be distributed by the supervisors
Prerequisites /
notice

Cartography Fundamentals

 Major in Planning
Number Title Type ECTS Hours Lecturers

103-0458-00L Economical Land Use
Only for MSc Students or special approval by the lecturer.

W 3 credits 2G R. Nebel

Abstract The lecture demonstrates current trends of land use, arguments for an economical handling of land and instruments as well as procedures
to implement economical land use in practice. This is considered on different planning levels, especially on the regional level. The main
focus is the introduction of a comprehensive settlement management in the light of current trends of land use.
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Objective Students learn to understand backgrounds, basic principles, goals and approaches of appropriate and economical use of land as a scarce
resource. They are able to summarise in a comprehensible way the core arguments for redevelopment before new development.
Furthermore, students can illustrate how to implement economical land use in a differentiated and customised manner.

Content - settlement development and land use: facts, trends, causes and consequences
- redevelopment before new development: basic principles and strategic goals
- overviews of existing land reserves 
- formal and informal instruments and procedures
- comprehensive settlement management: implementation on municipal, regional and national level

Lecture notes The documents for the lecture are available on Moodle.
Prerequisites /
notice

Eligible only for master students, otherwise a special permisson by the lecturer is required.

103-0318-02L GIS-Based 3D Landscape Visualization
Limited number of participants.

Please send an email to the lecturer to make sure that
places are still available.

W  3 credits 2G U. Wissen Hayek

Abstract Concepts, methods and techniques for 3D landscape visualization and their application in landscape and environmental planning. Practical
application of a workflow for 3D landscape visualization. Reflection of relevant aspects such as the choice of viewpoints, the landscape
sections, or the level of detail, and their effects on the perception of the visualized landscape.

Objective The main goals of this lab are (1) to know digital techniques for 3D landscape visualization, (2) to know different examples and application
areas for GIS-based 3D landscape visualizations, (3) to establish software skills in 3D landscape visualization, and (4) to be able to explain
principles of 3D landscape visualization, which are important for landscape and environmental planning situations, and to apply these for
the evaluation or the planning of 3D landscape visualizations.

Content The lectures provide an introduction to the area of GIS-based 3D landscape visualization and on visualization principles. Examples of 3D
landscape visualizations generated and applied in different projects are presented. The theoretical principles for 3D landscape visualization
are further deepened in small exercises during the whole course. These exercises are organized in such a way, that a workflow for 3D
landscape visualization can be reproduced. Thereby aspects such as the choice of viewpoints, the sections of a landscape, or the level of
detail, and their effects on the perception of the visualized landscape are reflected.

Lecture notes Handouts of the slides used in the lectures will be made available for download.
Prerequisites /
notice

Will be specified in the course.

103-0338-00L Project Week in Landscape Development
Number of participants limited to 24.


W  5 credits 9P S.-E. Rabe, E. Celio, A. Grêt-
Regamey

Abstract In particular, the aspects measuring, understanding and assessing of landscape-relevant land-use, requirements and developments will be
taught. Concerning the landscape development in a project area, aims will be developed and corresponding actions defined.

Objective The students are able to:
- recognize and undestand the history of land-use
- recognize and undestand the context of arrangement of a landscape
- assess a landscape in its entirety and in its single-elements
- understand and apply the concepts of the landscape approach
- prepare and provide substantiated actions

Content The course consists of 
- four theoretical inputs from internal and external speakers
- a preliminary excursion to the project area
- two exercises for preparation
- the project week and the preparation of a report

Depending on the subject area to be processed (eg. water, landscape aesthetics, natural hazards, nature conservation), different methods
are used.
This applies to both the methods of investigation of landscape-elements and characteristics as well as the methods for evaluation of
landscape-elements and characteristics.

Subjects and methods are developed and defined in the preparation to be applied in the project week. Based on the assessments actions
will be developed that are adapted to the definde question or problem in the light of a desirable development.

Lecture notes - Handouts
- Copies of selected literature

Download: http://irl.ethz.ch/de/education/vorlesungen/msc/projektwoche_landschaftsentwicklung.html

Literature Will be named in the course.
Prerequisites /
notice

Requirements are an interest in landscape-related issues and commitment to developing proposals for solutions.
Prerequisite: Knowledge and skills equivalent the course 103-0357-00 Umweltplanung

103-0428-02L Spatial Design and Argumentation in Planning
Only for MSc Students or special approval by the lecturer.

W  6 credits 4G M. Nollert, M. Koll-Schretzenmayr,
T. Lannuzel

Abstract Designing and presenting arguments are two essential components of acting in spatial planning. Spatial design as instrument for
investigating and testing of possible solutions and options of action or, in addition, for finding central questions. Arguing, in order to be able
to communicate suggested decisions or actions inside the planning process and to win relevant actors over those.

Objective Goal of the lecture is to obtain the basic knowledge of designing and presenting argumentations in spatial planning. With reference on a
practical case study typical characteristics and the connections between arguing and designing in spatial planning are worked out. 
In terms of arguing the students should be enabled to substantiate their decisions with different techniques, in order to compile clearly
understandable and convincing argumentations and successfully communicate them. This includes beside an adequate handling of
different kinds of information coding (like texts, pictures and numbers), also dealing with uncertainties, which is a typical asset of the
argumentation in spatial planning.
In terms of spatial design, the understanding of this specific and unconventional instrument is to be provided and to be trained on the basis
of different cases. Beside the development of an intuition/sensibility for designing in spatial planning and the ability to handle different
scales (from national contexts down to the proofing of the principal possibilities for development on the scale of architectural design), the
discernment of decisive criteria for the possible employment and the application of spatial design is also to be trained.

Lecture notes The documents for the lecture can be found in Moodle
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Prerequisites /
notice

Spatial Planning Design 

Spatial Planning Design is used as a tool for exploration and testing. Overall goal is the obtainment of basic knowledge for general
recommendations and specific strategies in the case of difficult and unclear tasks. However, it is not intended to create drafts for direct
implementation in reality.

Even if current problems and questions occuring in the dimension of spatial planning might show some correlation, the spaces themselves,
the diversity of urban patterns and interests widely differ. This is particularly the case in highly developed Europe. As soon as conventional
solutions and standards fail in the case of difficult and vast questions, modern spatial planning operates by using the method of designing.

In contrast to the method of designing on the basis of a given programme, which is common in the fields of urban design and architecture,
spatial planning is generally operating with comprehensive and open terms of reference. Thus, in order to achieve safe results, spatial
planning uses all imaginable scopes and freedoms of research.

Not every case and every problem in spatial planning cause an examination by using the method of designing. In frequent cases difficulties
not only arise in identifying the right scale of design but rather in selecting the appropriate informal procedures. Furthermore, scales are not
necessarily the same as they are typically used in regional- and urban planning. The verification of the general ability to develop an area in
the scale of architecture is possible as well.

701-1522-00L Multi-Criteria Decision Analysis
Number of participants limited to 25.

W  3 credits 2G J. Lienert

Abstract This introduction to "Multi-Criteria Decision Analysis" (MCDA) combines prescriptive Decision Theory (MAVT, MAUT) with practical
application and computer-based decision support systems. Aspects of descriptive Decision Theory (psychology) are introduced.
Participants apply the theory to an environmental decision problem (group work).

Objective The main objective is to learn the theory of "Multi-Attribute Value Theory" (MAVT) and "Multi-Attribute Utility Theory" (MAUT) and apply it
step-by-step using an environmental decision problem. The participants learn how to structure complex decision problems and break them
down into manageable parts. An important aim is to integrate the goals and preferences of different decision makers. The participants will
practice how to elicit subjective (personal) preferences from decision makers with structured interviews. They should have an
understanding of people's limitations to decision-making, based on insights from descriptive Decision Theory. They will use formal
computer-based tools to integrate "objective / scientific" data with "subjective / personal" preferences to find consensus solutions that are
acceptable to different decision makers.

Content GENERAL DESCRIPTION
Multi-Criteria Decision Analysis is an umbrella term for a set of methods to structure, formalize, and analyze complex decision problems
involving multiple objectives (aims, criteria), many different alternatives (options, choices), and different actors which may have conflicting
preferences. Uncertainty (e.g., of the future or of environmental data) adds to the complexity of environmental decisions. MCDA helps to
make decision problems more transparent and guides decision makers into making rational choices. Today, MCDA-methods are being
applied in many complex decision situations. This class is designed for participants interested in transdisciplinary approaches that help to
better understand real-world decision problems and that contribute to finding sustainable solutions. The course focuses on "Multi-Attribute
Value Theory" (MAVT) and "Multi-Attribute Utility Theory" (MAUT). It also gives a short introduction to behavioral Decision Theory, the
psychological field of decision-making.

STRUCTURE
The course consists of a combination of lectures, exercises in the class, exercises in small groups, reading, and one mandatory exam.
Some exercises are computer assisted, applying MCDA software. The participants will choose an environmental case study to work on in
small groups throughout the semester. Additional reading from the textbook Eisenführ et al. (2010) is required.

GRADING
There will be one written examination at the end of the course that covers the important theory (50 % of final grade). The group work
consists of two written reports (50 %).

Lecture notes No script (see below)
Literature The course is based on: Eisenführ, Franz; Weber, Martin; and Langer, Thomas (2010) Rational Decision Making. 1st edition, 447 p.,

Springer Verlag, ISBN 978-3-642-02850-2.

Additional reading material will be recommended during the course. Lecture slides will be made available for download.

Prerequisites /
notice

The course requires some understanding of (basic) mathematics. The "formal" parts are not too complicated and we will guide students
through the mathematical applications and use of software.

The course is limited to 25 participants (first come, first served).

103-0448-01L Transformation of Urban Landscapes
Only for masters students, otherwise a special permit of
the lecturer is necessary.

W  3 credits 2G J. Van Wezemael,
A. Gonzalez Martinez

Abstract The lecture course addresses the transformation of urban landscapes towards sustainable inward development. The course reconnects
two largely separated complexity approaches in «spatial planning» and «urban sciences» as a basic framework to look at a number of
spatial systems considering economic, political, and cultural factors. Focus lies on participation and interaction of students in groups.

Objective - Understand cities as complex adaptive systems
- Understand planning in a complex context and planning competitions as decision-making
- Seeing cities through big data and understand (Urban) Governance as self-organization
- Learn Design-Thinking methods for solving problems of inward development
- Practice presentation skills
- Practice argumentation and reflection skills by writing critiques
- Practice writing skills in a small project
- Practice teamwork

Content Starting point and red thread of the lecture course is the transformation of urban landscapes as we can see for example across the Swiss
Mittelland - but in fact also globally. The lecture course presents a theoretical foundation to see cities as complex systems. On this basis it
addresses practical questions as well as the complex interplay of economic, political or spatial systems.

While cities and their planning were always complex the new era of globalization exposed and brought to the fore this complexity. It created
a situation that the complexity of cities can no longer be ignored. The reason behind this is the networking of hitherto rather isolated places
and systems across scales on the basis of Information and Communication Technologies. «Parts» of the world still look pretty much the
same but we have networked them and made them strongly interdependent. This networking fuels processes of self-organization. In this
view regions emerge from a multitude of relational networks of varying geographical reach and they display intrinsic timescales at which
problems develop. In such a context, an increasing number of planning problems remain unaffected by either «command-and-control»
approaches or instruments of spatial development that are one-sidedly infrastructure- or land-use orientated. In fact, they urge for novel,
more open and more bottom-up assembling modes of governance and a «smart» focus on how space is actually used. Thus, in order to be
effective, spatial planning and governance must be reconceptualised based on a complexity understanding of cities and regions,
considering self-organizing and participatory approaches and the increasingly available wealth of data.
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Literature A reader with original papers will be provided via the ILIAS system.
Prerequisites /
notice

Only for masters students, otherwise a special permit of the lecturer is necessary.

 Electives
The entire course programs of ETH Zurich and the University of Zurich are open to the students to individual selection. 

 Electives ETH Zurich
Course Catalogue of ETH Zurich

 Recommended Electives of Master Degree Programme
Number Title Type ECTS Hours Lecturers

101-0459-00L Logistics and Freight Transportation W  6 credits 4G F. Corman, K. Brossok,
D. Bruckmann, M. Ruesch,
T. Schmid, A. Trivella

Abstract Basics and concepts of logistics and freight transport; offers, infrastructure and production processes of different transport systems;
regulatory framework

Objective Identification and understanding the interconnections between logistic requirements, market, transport offers, operational processes,
transport means and regulation in freight transport of all transport systems (road, rail, intermodal, waterborne and air).

Content Basics and concepts of logistics, actors in logistics and freight transport, transport demand (1) in-house logistics, storage, transport safety,
dangerous goods (2), basics to transport offers, production processes and infrastructure for road, rail, intermodal, waterborne (sea and
inland waterways) and air transport, urban logistics (3), transport policy, regulation, spatial planning, location issues and network design
with optimization methods (4)

Lecture notes Lecture slides in German or English will be provided.

101-0488-01L Human Powered Mobility W  6 credits 4G U. Walter, E. Bosina, M. Meeder
Abstract Basics of pedestrian transport planning and planning of cycle traffic facilities,

Transport-related attributes of the human being,
Design of pedestrian and cycle traffic networks,
Pedestrian and cycle traffic facilities,
Microsimulation of pedestrian flows,
Assessment of performance and level of service

Objective Acquirement of basic knowledge in the field of pedestrian and cycle traffic planning,
Knowledge and understanding of the transport-related attributes of human beings and the consequences for the design and planning of
appropriate transport facilities,
Ability to assess level of service and performance,
Basic knowledge about pedestrian microsimulation as an up-to-date instrument for planning and analysis

Content 1)      Introduction to human-powered mobility
2)      Characteristics of bicycle transport
3)      Principles of bicycle networks
4)      Exercise: design of a bicycle network
5)      design and development of bicycle traffic facilities
6)      Bicycle parking
7)      Characteristics of pedestrians, walking speed
8)      Quality of traffic conditions and capacity of cycling and walking facilities
9)      design and development of pedestrian traffic facilities
10)     Configuration and design of pedestrian traffic facilities in public transport hubs
11)     Obstacle free traffic areas - Demands of people with disabilities
12)     Counting pedestrian and bicycle traffic
13)     Pedestrian simulations
14)     Technologies for pedestrian micro-simulations
15)     Exercise: Design of pedestrian facilities
16)     Shared Space
17)     Promoting pedestrian and bicycle transport
18)     Excursions to selected topics in pedestrian and bicycle transport

Lecture notes Slides and other course materials will be provided on this course's Moodle page.
Literature References for further reading will be provided during the lectures.
Prerequisites /
notice

During the semester there will be 2 supporting exercises as well as 2 field trips covering pedestrian and bicycle transport.

101-0478-00L Measurement and Modelling of Travel Behaviour W  6 credits 4G K. W. Axhausen
Abstract Comprehensive introduction to survey methods in transport planning and modeling of travel behavior, using advanced discrete choice

models.
Objective Enabling the student to understand and apply the various measurement approaches and models of modelling travel behaviour.
Content Behavioral model and measurement; travel diary, design process, hypothetical markets, discrete choice model, parameter estimation,

pattern of travel behaviour, market segments, simulation, advanced discrete choice models
Lecture notes Various papers and notes are distributed during the course.

103-0798-00L Geodetic Project Course
Does not take place this semester.
Number of participants limited to 24.

W  5 credits 9P M. Rothacher, K. Schindler,
A. Wieser

Abstract Field course with practical geodetic projects (3 weeks)
Objective Field course with practical geodetic projects (3 weeks)
Content Single-handed treatment of current geodetic projects in groups of 3-5 students. Writing of a technical report with description of the project,

calculations, results and interpretations. Possibility to continue the work in a semester or diploma thesis.
Prerequisites /
notice

The 3-weeks course takes place June 10-28. The first two weeks are dedicated to field work, the 3rd week to finalise the projects in Zurich.

102-0617-01L Methodologies for Image Processing of Remote
Sensing Data

W  3 credits 2G I. Hajnsek, O. Frey, S. Leinss

Abstract The aim of this course is to get an overview of several methodologies/algorithms for analysis of different sensor specific information
products. It is focused at students that like to deepen their knowledge and understanding of remote sensing for environmental applications.
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Objective The course is divided into two main parts, starting with a brief introduction to remote sensing imaging (4 lectures), and is followed by an
introduction to different methodologies (8 lectures) for the quantitative estimation of bio-/geo-physical parameters. The main idea is to
deepen the knowledge in remote sensing tools in order to be able to understand the information products, with respect to quality and
accuracy.

Content Each lecture will be composed of two parts:
Theory: During the first hour, we go trough the main concepts needed to understand the specific algorithm. 
Practice: During the second hour, the student will test/develop the actual algorithm over some real datasets using Matlab. The student will
not be asked to write all the code from scratch (especially during the first lectures), but we will provide some script with missing parts or
pseudo-code. However, in the later lectures the student is supposed to build up some working libraries.

Lecture notes Handouts for each topic will be provided.
Literature Suggested readings:

T. M. Lillesand, R.W. Kiefer, J.W. Chipman, Remote Sensing and Image Interpretation, John Wiley & Sons Verlag, 2008
J. R. Jensen, Remote Sensing of the Environment: An Earth Resource Perspective, Prentice Hall Series in Geograpic Information Science,
2000

103-0427-00L Regional Economics W  4 credits 2G B. Buser, C. Abegg
Abstract The lecture on Regional Economics focusses on the theoretical aspects of spatial factor allocation and of growth determinants. The course

takes a top down stance and looks at regional development from a macroeconomic perspective. Implications of theoretical models on
regional and growth policy will be discussed in and connections to the course Site Management will be made.

Objective Students shall know the theoretical basics of spatial economy and growth theories an a regional scale; they shall gain the competence to
apply concepts and theories of spatial science as well as regional economics to concrete problems of their area of study.

Content Origin of "Spatial Economics"
Indices of regional economics and growth analysis
Regional  advantages in competition and growth theories
Regional innovation theory (innovation processes, cluster theory and innovation policy)
Theory and political implications with examples (New Regional Policy NRP, Regional Innovation Systems RIS)
External Speaker and discussion of topicality by press

Lecture notes Download two days before lecture: http://irl.ethz.ch/de/education/vorlesungen/msc/regional_economics.html

https://ilias-app2.let.ethz.ch/goto.php?target=crs_118394&client_id=ilias_lda

Literature Literature is optional, there will be given hints to:

Bathelt, H., Glückler J. (2012): Wirtschaftsgeographie.
Ökonomische Beziehungen in räumlicher Perspektive. 3. Auflage. ISBN: 978-3-8252-8492-3

Eisenhut, P. (2014): Aktuelle Volkswirtschaftslehre 2018/2019.
Rüegger Verlag, Zürich. ISBN: 978-3-7253-1066-1

Eckey, H.-F. (2008): Regionalökonomie. GWV Fachverlag GmbH, Wiesbaden. ISBN: 978-3-8349-0999-2

101-0193-00L Systemic Design Labs: RE:GENERATE Alpine-Urban
Circularity

W  4 credits 2S T. Luthe

Abstract Systemic design (SD) optimizes an entire system as a whole, rather than its parts in isolation. SD is iterative, recursive and circular,
requires creative, curious, informed and critical systems thinking and doing, yielding radical resource efficiency. Systems mapping, design
thinking, footprint assessment, test planning, prototyping, fabrication, social experiments are part of SD.

Objective The growing necessity to consider eco-social aspects makes design, planning and engineering practices more complex. Systemic design
combines systems thinking skills with design thinking to address such complexity. The objectives of the course are to introduce students to
the most important topics in systemic design methods, models, theory and methodology that form the basis for engineering, design and
planning practices, and research for sustainability. A main goal is to develop whole systems thinking, life cycle and cradle to cradle
thinking, to build knowledge on environmental impacts of materials and processes, and to stimulate overall reflective eco-social thinking in
design, planning and engineering disciplines.The teaching purpose of Systemic Design Labs is to better tackle the complexity of today’s
sustainability challenges. Often, in current education we learn to disassemble design challenges into their bits and parts for individual
optimization. While being useful for developing topical expertise, this reductionism to parts with less emphasis on their interaction does not
match with the growing complexity of today’s challenges. In contrast, systemic design approaches a task from a holistic perspective,
zooming out of a system to reveal its structure and connections between its parts – to zoom in on the hub of influence that matters most.

Content Design Challenge: How to revive mountain livelihoods, focusing on local identity, resilient landscapes and a regenerative economy? The
specific design challenge is to identify and layout a holistic, partly quantified and visualized systems strategy for building a resilient
community economy on the case of Ostana, Italy, that embraces local identity, revitalizes cultural and landscape biodiversity,  and creates
alpine-urban circularity. A clear connection is between the local identity (culture, traditions, visions) which is formed by Occitan culture
(food, music, dance, language), traditional stone building architecture which is under pressure to carefully evolve with new needs for
carbon-neutral and net-positive buildings, and the Monte Viso landscape. How does a re-growing economy that should be regenerative and
circular by design, correlate with innovation in architecture, with population growth and associated challenges in mobility, waste systems
and supplies, with growing tourism, new agro-forestry practices like industrial hemp and Paulownia, while impacts of climate change are
clearly visible? How does the community design a vision that is based on cooperation on different governance scales, balancing local
identity and urgently needed international innovation?

Deliverables & output: This SDL course RE:GENERATE builds upon related work from former courses hosted and lead by the MonViso
Institute (i.e. on social innovation, mobility, architecture and local identity, tourism, circular economy, land use change) to develop and
design foundations for a visualized and partly quantified systems map, that will support ongoing and future innovation processes in this
community. Foci are the interplay of architecture, circular economy, land use change, and identity. The map will be accompanied by a
detailed report.

Lecture notes see learning materials
Literature e.g. Striebig, B. and Ogundipe, A. 2016. Engineering Applications in Sustainable Design and Development. ISBN-10: 8131529053.

Jones, P. 2014. Design research methods for systemic design: Perspectives from design education and practice. Proceedings of ISSS
2014, July 28 – Aug1, 2014, Washington, D.C.

Blizzard, J. L. and L. E. Klotz. 2012. A framework for sustainable whole systems design. Design Studies 33(5).

Brown, T. and J. Wyatt. 2010. Design thinking for social innovation. Stanford Social Innovation Review. Stanford University.

Fischer, M. 2015. Design it! Solving Sustainability problems by applying design thinking. GAIA 24/3:174-178.

Luthe, T., Kaegi, T. and J. Reger. 2013. A Systems Approach to Sustainable Technical Product Design. Combining life cycle assessment
and virtual development in the case of skis. Journal of Industrial Ecology 17(4), 605-617. DOI: 10.1111/jiec.12000
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Prerequisites /
notice

Prior to the start of the field course, participants have to prepare a presentation based on pre-given topics.
After the field trip, students have to work alone and in teams on the preparation of the deliverables, a systemic strategy map and a written
report.

 Seminar Work
Interdisciplinary Project takes only place in autumn semester (HS).

 Interdisciplinary Project
Number Title Type ECTS Hours Lecturers

103-0298-02L Interdisciplinary Project
Usually in HS. Registration in FS only in exceptional
cases. For further information please contact the Study
Administration Office Geospatial Engineering early on. 

O  12 credits 24A Professors

Abstract Working on a concrete interdisciplinary task in Geomatics
Objective Promote independent, structured and scientific work in an interdisciplinary context; learn to apply engineering methods; deepen the

knowledge in the field of the treated task.
Content The project work is supervised by a professor. Students can choose from different subjects and tasks.
Prerequisites /
notice

The project can be carried out in German upon mutual agreement between supervisor and student.

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
BAUG

see Science in Perspective: Language Courses ETH/UZH

 Master's Thesis
Number Title Type ECTS Hours Lecturers

103-0009-00L Master's Thesis
Before starting the Master's thesis, students must have
a. obtained the Bachelor's degree;
b. fulfilled all specified admission conditions, if any;
c. acquired at least 90 credits in the Master's programme,
including 12 credits in the area of the interdisciplinary
project.


O  24 credits 51D Supervisors

Abstract The Master Programme concludes with the Master Thesis, which has to be done in one of the chosen Majors and  has to be completed
within 16 weeks. The Master Thesis is supervised by a professor and shall attest the students ability to work independently and to produce
scientifically structured work.

Objective To work independently and to produce a scientifically structured work.
Content The topics of the Mastrer Thesis are published by the professors. The Topic can  be set also in consultation between the student and the

professor.

 Course Units for Additional Admission Requirements
The courses below are only available for MSc students with additional admission requirements.

Number Title Type ECTS Hours Lecturers

103-0115-AAL Geodetic Metrology II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  5 credits 11R A. Wieser

Abstract Advanced studies of the topics of the lecture "Basics of Geodetic Metrology". Knowing important aspects of the practical use of geodetic
sensors and the work flows of metrology. Know-how of coordinate calculation methods and statistical aspects of Geodesy.

Objective Advanced studies of the topics of the lecture "Basics of Geodetic Metrology". Knowing important aspects of the practical use of geodetic
sensors and the work flows of metrology. Know-how of coordinate calculation methods and statistical aspects of Geodesy.

Content Application and field tests of geodetic sensors: levelling instruments, tacheometers, GPS, laserscanning; geodetic coordinate calculations:
traverses and trigonometric leveling; refraction; introduction to inertial surveying; software tools for data acquisition, data evaluation,
preparation and visualisation of measurements

Lecture notes Slides of the regular lecture will be provided (in German), and further reading will be indicated as necessary.
Literature Witte B, Sparla P (2015) Vermessungskunde und Grundlagen der Statistik für das Bauwesen. 8. Aufl., Wichmann Verlag (in German)


Uren J, Price WF (2010) Surveying for Engineers. Palgrave Macmillan

A list of references for further reading will be provided.

103-0126-AAL Geodetic Reference Systems
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R M. Rothacher

Abstract Fundamentals and theory of geodetic reference systems and frames. Introduction to current international systems as well as to systems for
the Swiss national geodetic survey.

Objective Provision of fundamental knowledge and theory to get familiar with the applications of geodetic reference systems. Special emphasis will
be placed on international global systems as well as on the systems of the Swiss national geodetic survey.
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Content Various coordinate systems and transformations;
reference systems and frames (inertial, Earth-fixed, topocentric) and associated transformations between the systems;
introduction to Earth rotation theory;
time systems;
Swiss national geodetic survey

Lecture notes Will be provided on ILIAS
Literature Will be provided on ILIAS

103-0132-AAL Geodetic Metrology Fundamentals
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  6 credits 13R A. Wieser

Abstract Introduction to the most important sensors, operation and calculation methods of Geodetic Metrology
Objective Getting to know the most important sensors, operation and calculation methods of Geodetic Metrology
Content Overview on the different domains of geodetic metrology

Geodetic instruments and sensors
Determination of 3D-coordinates with GNSS, total sttaion and levelling
Calculation methods of geodetic metrology
Assessment of precision, introduction to variance propagation
Survey and staking-out methods

Lecture notes The slides of the lecture "Geodätische Messtechnik Grundzüge" (in German) will be provided.
Literature Witte B, Sparla P (2015) Vermessungskunde und Grundlagen der Statistik für das Bauwesen. 8. Aufl., Wichmann Verlag (in German)


Uren J, Price WF (2010) Surveying for Engineers. Palgrave Macmillan.

101-0414-AAL Transport Planning (Transportation I)
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R K. W. Axhausen

Abstract The lecture course discusses the basic concepts, approaches and methods of transport planning in both their theoretical and practical
contexts.

Objective The course introduces the basic theories and methods of transport planning.
Content Basic theoretical links between transport, space and economic development; basic terminology; measurement and observation of travel

behaviour; methods of the four stage approach; cost-benefit analysis.
Literature Ortuzar, J. de D. and L. Willumsen (2011) Modelling Transport, Wiley, Chichester.

103-0153-AAL Cartography II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  6 credits 13R L. Hurni

Abstract Theory and mathematical basics of the cartographic visualisation of attributed geo-objects for static and interactive maps (with exercises).
Objective The course offers first computer graphics and mathematical basics and concepts of cartography. The accompanying exercises introduce

further cartographic and GIS software, programming libraries for cartographic visualisation purposes. It is shown how web browsers, text
editors and scripting languages can be used to develop efficient tools for cartographic data processing, design and visualisation.

Content Topics like cartographic workflow, data capturing, data sources and legal aspects and Web map technologies:
- Introduction to QGIS, ArcGIS and OCAD
- Data sets, data types and data formats
- Analytical and visualisation processes in cartography
- Colour management and pre-press processes
- Web maps using HTML, CSS, JavaScript, SVG and Canvas 2D
- Interaction with diagrams and maps
- Libraries and APIs for cartographic applications

Lecture notes A specific programme for students with "additional requirements" will be provided. Please contact the supervisors.
Literature Links to references and other materials will be provided by the supervisors.

103-0184-AAL Higher Geodesy
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E- 5 credits 11R M. Rothacher

Abstract Modern methods of Higher Geodesy. Basics of Shape of the Earth: Geoid determination and deflection of the vertical. Introduction into the
most important topics: Satellite Geodesy and Navigation; Physical Geodesy and gravity field of the Earth; Astronomical Geodesy and
Positioning; Mathematical Geodesy and basics of Geodynamics. Reference systems and applications in National and Global Geomatics.

Objective Overview over the entire spectrum of Higher Geodesy
Content Actual methods of Higher Geodesy. Basics of Shape of the Earth: Geoid determination and deflection of the vertical. Introduction into the

most important topics: Satellite Geodesy (GPS) and Navigation; Physical Geodesy and gravity field of the Earth; Astronomical Geodesy
and Positioning; Mathematical Geodesy and basics of Geodynamics. Reference systems and applications in National and Global
Geomatics.

Lecture notes Rothacher, M.: Höhere Geodäsie (deutsch)

103-0214-AAL Cartography Fundamentals
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  5 credits 11R L. Hurni

Abstract Basic knowledge about communication with spatial information by using plans and maps, about the most important design rules and
production methods for map graphics.
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Objective Acquire basic knowhow about communication with spatial information by using plans and maps, about the most important design rules and
production methods for map graphics. Ability to assess existing products with respect to their content-related and design quality. Ability to
design proper plans and well designed legends for basic maps.

Content Definitions "map" and "cartography"
Map types
Current tasks and situation of cartography
Map history
Spatial reference systems
Map projections
Map concepts and workflow planning
Map design
Topographic maps
Analogous and digital map production technology
Prepress technology
Printing technology
Map critics

Lecture notes A specific programme for students with "additional requirements" will be provided. Please contact the supervisors.
Literature Links to references and other materials will be provided by the supervisors.

103-0233-AAL GIS Basics
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R M. Raubal

Abstract Fundamentals in geo information technologies: database principles, including modeling of spatial information, geometric and semantic
models, topology and metrics;

Objective Know the fundamentals in geo information technologies for the realization, application and operation of geographic information systems in
engineering projects.

Content Modellierung von raumbezogenen Informationen 
Geometrische und semantische Modelle 
Topologie und Metrik
Raster und Vektormodelle
Datenbanken
Anwendungsbeispiele

Literature Worboys, M., & Duckham, M. (2004). GIS - A Computing Perspective (2nd Edition ed.). Boca Raton, FL: CRC Press.
O'Sullivan, D., & Unwin, D. (2010). Geographic Information Analysis (second ed.). Hoboken, New Jersey: Wiley.
Bill, R. (2016). Grundlagen der Geo-Informationssysteme (6. Auflage ed.): Wichmann.

103-0234-AAL GIS II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  5 credits 11R M. Raubal

Abstract Advanced geoinformation technologies: geodatabases advanced; system architectures; mobile GIS; user interfaces; fields and
interpolation; data quality, uncertainty, metadata; temporal aspects in GIS.

Objective Knowing advanced topics of geoinformation technologies for the realization, application and operation of geographic information systems in
engineering projects.

Literature Worboys, M., & Duckham, M. (2004). GIS - A Computing Perspective (2nd Edition ed.). Boca Raton, FL: CRC Press.

103-0253-AAL Parameter Estimation
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  4 credits 4R E. Brockmann

Abstract This course provides basic knowledge on parameter estimation and data processing. The necessary mathematical and statistical methods
are developed and are applied to actual examples in geomatics.

Objective The students are capable of analysing measurements with appropriate methods. They can optimally extract model parameters from real
measurements and are able to analyse and to retrieve additional information from data series. They understand the underlying algorithms
of different geodetic analysis tools and processing methods.

103-0254-AAL Photogrammetry
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  6 credits 13R K. Schindler

Abstract The class conveys the basics of photogrammetry. It shall equip students with basic knowledge of the principles, methods and applications
of image-based measurement.

Objective Understanding the principles, methods and possible applications of photogrammetry. The course also forms the basis for more in-depth
studies and self-reliant photogrammetric project work in further photogrammetry courses.

Content Fundamental concepts of photogrammetry, its products and applications: the principle of image-based measurement; digital aerial cameras
and related sensors; projective geometry; mathematical modeling, calibration and orientation of cameras; photogrammetric 3D
reconstruction and stereoscopy; digital photogrammetric workstations; recording geometry and flight planning

Lecture notes Photogrammetry - Basics (slides on the web)
Exercise material (on the web)

Literature - Kraus, K.: Photogrammetrie, Band 1: Geometrische Informationen aus Photographien und Laserscanneraufnahmen, mit Beiträgen von
Peter Waldhäusl, Walter de Gruyter Verlag, Berlin, 7th edition
- Kraus, K.: Photogrammetrie, Band 2: Verfeinerte Methoden und Anwendungen, mit Beiträgen von J. Jansa und H. Kager, Walter de
Gruyter Verlag, Berlin, 3rd edition
- Thomas Luhmann: Nahbereichsphotogrammetrie. Grundlagen, Methoden und Anwendungen, H. Wichmann Verlag, Karlsruhe, 2nd
edition 2003
- Richard Hartley and Andrew Zisserman: Multiple View Geometry, Cambridge University Press; 2nd edition 2004
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Prerequisites /
notice

Requirements: knowledge of physics, linear algebra and analytical geometry, calculus, least-squares adjustment and statistics, basic
programming skills.

103-0255-AAL Geodata Analysis
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  2 credits 4R M. Raubal

Abstract The course deals with advanced methods in spatial data analysis.
Objective - Understanding the theoretical principles in spatial data analysis.

- Understanding and using methods for spatial data analysis.
- Detecting common sources of errors in spatial data analysis.
- Advanced practical knowledge in using appropriate GIS-tools.

Content The course deals with advanced methods in spatial data analysis in theory as well as in practical exercises.

103-0274-AAL Image Processing
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R J. D. Wegner

Abstract The objective of this lecture is to introduce the basic concepts of image formation and explain the basic methods of signal and image
processing.

Objective Understanding core methods and algorithms in image processing and computer vision and the underlying signal processing foundations.
Applying image processing algorithms to relevant problems in photogrammetry and remote sensing.

Content The following topics will be covered in the course:
- Properties of digital images
- Signal processing/Sampling
- Image enhancement
- Image restoration: Spatial domain
- Image restoration: Fourier domain
- Color/Demosaicing
- Image compression
- Feature extraction
- Texture analysis
- Image segmentation

Lecture notes A script will be provided as PDF files on the lecture website.
Literature We suggest the following textbooks for further reading:


Rafael C. Gonzalez, Richard E. Woods 
Digital Image Processing
Prentice Hall International, 2008
ISBN: 013168728X

Rafael C. Gonzalez, Steven L. Eddins, Richard E. Woods:
Digital Image Processing Using MATLAB
Prentice Hall, 2003
ISBN: 0130085197

Prerequisites /
notice

The lecture is accompanied by programming assignments, that need to be completed in order to pass the course.

103-0325-AAL Planning II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  6 credits 13R E. Derungs

Abstract The lecture imparts methodological and instrumental fundamentals for spatial planning and will be exemplified by exploring Zurich city
quarters.

Objective Spatial planning is concerned with the foresighted design of the built and un-built environment. Starting points are spatially relevant
problems that need to be explored, clarified and solved. The cornerstone of the course is formed by an independent exploration by the
student of Zurich city quarters that involve investigating specific spatially relevant conditions, recognizing regularities and relevant
problems.

Content The self-study course compromises the following readings: 
Chapters of
- Lynch, Kevin: «The Image of the City»
- Alexander, Christopher et al.: «A Pattern Language»
- Mikoleit, Anne and Pürckhauer, Moritz: «Urban Code»

and
SIDAIA - Spatial and Infrastructure Development: an Integrated Approach.

The graded semester performance comprises a condensed paper to be written by the student reflecting both the literature read as well as
exemplarily applying the knowledge gained from the literature by independently exploring the two city quarters.

Lecture notes cf. content
Literature cf. content

252-0846-AAL Computer Science II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  4 credits 9R F. Friedrich Wicker, H. Lehner

Abstract Together with the introductory course Informatics I this course provides the foundations of programming and databases. This course
particularly covers algorithms and data structures and basics about design and implementation of databases. Programming language used
in this course is Java.
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Objective Basing on the knowledge covered by lecture Informatics I, the primary educational objectives of this course are
- constructive knowledge of data structures and algorithms amd
- the knowledge of relational databases and
When successfully attended the course, students have a good command of the mechanisms to construct an object oriented program. They
know the typically used control and data structures and understand how an algorithmic problem is mapped to a sufficiently efficient
computer program. They have an idea of what happens "behind the secenes" when a program is translated and executed. The know how
to write database queries and how to design simple databases.
Secondary goals are an algorithmic computational thinking, undestanding the possibilities and limits of programming and to impart the way
of thinking of a computer scientist.

Content We discuss the paradigm of object oriented programming, typical data structures and algorithms and design principles for the design and
usage of relational databases.
More generally, formal thinking and the need for abstraction and importance of appropriate modelling capabilities will be motivated. The
course emphasizes applied computer science. Concrete topics are complexity of algorithms, divide and conquer-principles, recursion, sort-
and search-algorithms, backtracking, data structures (lists, stacks, queues, trees) and data management  in relational data bases.

Lecture notes The slides will be available for download on the course home page.
Literature Robert Sedgewick, Kevin Wayne, Introduction to Programming in Java: An Interdisciplinary Approach, Addison-Wesley, 2008


T. Cormen, C. Leiserson, R. Rivest, C. Stein, Introduction to Algorithms , 3rd ed., MIT Press, 2009

Prerequisites /
notice

Prerequisites are knowledge and programming experience according to course 252-0845-00 Computer Science I (D-BAUG).

406-0141-AAL Linear Algebra
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  5 credits 11R M. Akka Ginosar

Abstract Introduction to Linear Algebra and Numerical Analysis for Engineers. The contents of the course are covered in the book "Introduction to
Linear Algebra" by Gilbert Strang (SIAM, 2003). MATLAB is used as a tool to formulate and implement numerical algorithms.

Objective To acquire basic knowledge of Linear Algebra and of a few fundamental numerical techniques. The course is meant to
hone analytic and algorithmic skills.

Content 1. Vectors and vector spaces
2. Solving linear systems of equations (Gaussian elimination)
3. Orthogonality
4. Determinants
5. Eigenvalues and eigenvectors
6. Linear transformations
7. Numerical linear algebra in MATLAB
8. (Piecewise) polynomial interpolation
9. Splines

Literature G. Strang, "Introduction to linear algebra", Third edition, 2003,
ISBN 0-9614088-9-8, http://math.mit.edu/linearalgebra/

T. Sauer. "Numerical analysis", Addison-Wesley 2006

406-0242-AAL Analysis II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  7 credits 15R M. Akveld

Abstract Mathematical tools of an engineer
Objective Mathematics as a tool to solve engineering problems, mathematical formulation of problems in science and engineering. Basic

mathematical knowledge of an engineer
Content Multi variable calculus: gradient, directional derivative, chain rule, Taylor expansion. Multiple integrals: coordinate transformations, path

integrals, integrals over surfaces, divergence theorem, applications in physics.
Literature - James Stewart: Multivariable Calculus, Thomson Brooks/Cole

- William L. Briggs / Lyle Cochran: Calculus: Early Transcendentals: International Edition, Pearson Education (Chapters 10 - 14)

406-0243-AAL Analysis I and II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  14 credits 30R M. Akveld

Abstract Mathematical tools for the engineer
Objective Mathematics as a tool to solve engineering problems.                             Mathematical formulation of technical and scientific problems.

Basic mathematical knowledge for engineers.
Content Short introduction to mathematical logic.

Complex numbers.  
Calculus for functions of one variable with applications.                          
Simple types of ordinary differential equations.                                          
Simple Mathematical models in engineering.

Multi variable calculus: gradient, directional derivative, chain rule, Taylor expansion. Multiple integrals: coordinate transformations, path
integrals, integrals over surfaces, divergence theorem, applications in physics.

Literature Textbooks in English:
- J. Stewart: Calculus, Cengage Learning, 2009, ISBN 978-0-538-73365-6
- J. Stewart: Multivariable Calculus, Thomson Brooks/Cole (e.g. Appendix G on complex numbers)
- V. I. Smirnov: A course of higher mathematics. Vol. II. Advanced calculus
- W. L. Briggs, L. Cochran: Calculus: Early Transcendentals: International Edition, Pearson Education
Textbooks in German:
- M. Akveld, R. Sperb: Analysis I, vdf
- M. Akveld, R. Sperb: Analysis II, vdf
- L. Papula: Mathematik für Ingenieure und Naturwissenschaftler, Vieweg Verlag
- L. Papula: Mathematik für Ingenieure 2, Vieweg Verlag
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406-0603-AAL Stochastics (Probability and Statistics)
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  4 credits 9R M. Kalisch

Abstract Introduction to basic methods and fundamental concepts of statistics and
probability theory for non-mathematicians. The concepts are presented on
the basis of some descriptive examples. The course will be based on the
book "Statistics for research" by S. Dowdy et.al. and on the
book "Introductory Statistics with R" by P. Dalgaard.

Objective The objective of this course is to build a solid fundament in probability
and statistics. The student should understand some fundamental concepts and
be able to apply these concepts to applications in the real
world. Furthermore, the student should have a basic knowledge of the
statistical programming language "R". The main topics of the course are:
- Introduction to probability
- Common distributions
- Binomialtest
- z-Test, t-Test
- Regression

Content From "Statistics for research":
Ch 1: The Role of Statistics
Ch 2: Populations, Samples, and Probability Distributions
Ch 3: Binomial Distributions
Ch 6: Sampling Distribution of Averages
Ch 7: Normal Distributions
Ch 8: Student's t Distribution
Ch 9: Distributions of Two Variables [Regression]

From "Introductory Statistics with R":
Ch 1: Basics
Ch 2: Probability and distributions
Ch 3: Descriptive statistics and tables
Ch 4: One- and two-sample tests
Ch 5: Regression and correlation

Literature "Statistics for research" by S. Dowdy et. al. (3rd
edition); Print ISBN: 9780471267355; Online ISBN: 9780471477433; DOI:
10.1002/0471477435; 
From within the ETH, this book is freely available online under:
http://onlinelibrary.wiley.com/book/10.1002/0471477435

"Introductory Statistics with R" by Peter Dalgaard; ISBN
978-0-387-79053-4; DOI: 10.1007/978-0-387-79054-1
From within the ETH, this book is freely available online under:
http://www.springerlink.com/content/m17578/

406-0062-AAL Physics I
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  5 credits 11R A. Vaterlaus

Abstract Introduction to the concepts and tools in physics: mechanics of point-like and rigid bodies, elasticity theory, elements of hydrostatics and
hydrodynamics, periodic motion and mechanical waves.

Objective Introduction to the scientific methodology. The student should develop his/her capability to turn physical observations into mathematical
models, and to solve them.
The student should acquire an overview over the basic concepts in mechanics.

Content Book: 
Physics for Scientists and Engineers, Douglas C. Giancoli, Pearson Education (2009), ISBN: 978-0-13-157849-4

Chapters:
1, 2, 3, 4, 5, 6 (without: 6-5, 6-6, 6-8), 7, 8 (without 8-9), 9, 10 (without 10-10), 11 (without 11-7), 13 (without 13-13, 13-14), 14 (without 14-
6), 15 (without 15-3, 15-5)

Literature see "Content"

Friedhelm Kuypers
Physik für Ingenieure und Naturwissenschaftler
Band 1: Mechanik und Thermodynamik
Wiley-VCH Verlag, 2002, 544 S, ca.: Fr. 68.-

406-0063-AAL Physics II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  5 credits 11R A. Vaterlaus

Abstract Introduction to the "way of thinking" and the methodology in Physics. The Chapters treated are Magnetism, Refraction and Diffraction of
Waves, Elements of Quantum Mechanics with applications to Spectroscopy, Thermodynamics, Phase Transitions, Transport Phenomena.

Objective Introduction to the scientific methodology. The student should develop his/her capability to turn physical observations into mathematical
models, and to solve the latter.
The student should acquire an overview over the basic concepts used in the theory of heat and electricity.
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Content Book: 
Physics for Scientists and Engineers, Douglas C. Giancoli, Pearson Education (2009), ISBN: 978-0-13-157849-4

Chapters:
17 (without 17-5, 17-10), 18 (without 18-5, 18-6, 18-7), 19, 20 (without 20-7, 20-8, 20-9, 20-10, 20-11), 21 (without 21-12), 23, 25 (without
25-9, 25-10), 26 (without 26-4, 26-5, 26-7), 27, 28 (without 28-4, 28-5, 28-8. 28-9, 28-10), 29 (without 29-5, 29-8), 32 (without 32-8), 33
(without 33-4, 33-5, 33-9, 33-10), 34 (without 34-4, 34-6, 34-7), 35 (without 35-2, 35-3, 35-9, 35-11, 35-12, 35-13).

Literature see "Content"

Friedhelm Kuypers
Physik für Ingenieure und Naturwissenschaftler
Band 2 Elektrizität, Optik, Wellen
Verlag Wiley-VCH, 2003, Fr. 77.-

103-0313-AAL Spatial Planning and Landscape Development
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  5 credits 11R S.-E. Rabe

Abstract The lecture introduce into the main-features of spatial planning. Attended will be the themes planning as a national responsibility,
instruments of spatial planning, techniques for problem-solutions in spatial planning and the swiss concept for regional planning.

Objective - To get to know the interaction between the community and our living space and their resulting conflicts. 
- Link theory and practice in spatial planning.
- To get to know instruments and facilities to process problems in spatial planning.

Geomatic Engineering Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Geomatic Engineering and Planning Bachelor
 6. Semester

 Elective Blocks
 Elective Block: GIS, Photogrammetry and Cartography

Number Title Type ECTS Hours Lecturers

103-0255-01L Geodata Analysis W  2 credits 2G K. Kurzhals
Abstract The course deals with advanced methods in spatial data analysis.
Objective - Understanding the theoretical principles in spatial data analysis.

- Understanding and using methods for spatial data analysis.
- Detecting common sources of errors in spatial data analysis.
- Advanced practical knowledge in using appropriate GIS-tools.

Content The course deals with advanced methods in spatial data analysis in theory as well as in practical exercises.
Lecture notes no script.
Literature A literature list will be provided in the course.
Prerequisites /
notice

Prerequisites: 
Basic knowledge in geo information technologies and the use of geographic information systems according to the courses GIS I and GIS II
in the bachelor curriculum geomatics and planning.

103-0265-00L Photogrammetry II W 2 credits 2G K. Schindler, E. Baltsavias
Abstract This course covers advanced topics of aerial photogrammetry not treated in the basic course "Photogrammetrie".
Objective Understanding and application of the complete photogrammetric processing chain from flight planning through to orthophoto generation

and 3D object reconstruction.
Content Aufbauend auf der Lehrveranstaltung "Photogrammetrie" werden in der Vorlesung die noch fehlenden Inhalte fuer das volle Verstaendnis

der Luftbildphotogrammetrie vermittelt, insbesondere, die Buendelausgleichung, digitale Gelaendemodellierung und Laser-scanning.
Literature Vorgeschlagene Textbuecher: 

- Wolfgang Foerstner and Bernahrd Wrobel: Photogrammetric Computer Vision, Springer, 2016
- Thomas Luhmann: Nahbereichsphotogrammetrie. Grundlagen, Methoden, Beispiele, Wichmann Verlag, 4. Auflage 2018
- Richard Hartley and Andrew Zisserman: Multiple View Geometry, Cambridge University Press; 2. Auflage 2004

Prerequisites /
notice

Voraussetzung fuer den Kurs ist die Grundlagenvorlesungen "Photogrammetrie", oder ein aequivalenter Kurs an anderen Departmenten
oder Universitaeten. Studierende, die keinen entsprechenden Kurs besucht haben, kontaktieren bitte unbedingt die Dozierenden, bevor sie
sich anmelden.

 Elective Block: Geosdesy and Geodetic Metrology
Number Title Type ECTS Hours Lecturers

103-0156-01L Precision Navigation W  2 credits 2G A. Geiger
Abstract Course on mathematical foundations of navigation and basic solutions of navigational problems.
Objective Students know the mathematical tools in navigation. They are able to further consolidate their navigational knowlegde by their own. They

know some basic solution principles in navigation.
Content Geometry on the surface, Trajectories, course, rhumbline, orthodrome, maneuver, moving coordinate systems, observations from

accelerated platforms, observables, observation equations of different systems (satellites, DME/DME, VOR, radar, INS...), error estimation,
Kalman filtering.

Lecture notes Präzisionsnavigation
Alain Geiger, GGL-ETHZ

103-0146-00L Basics of Geodetic Earth Observation W 2 credits 2G M. Rothacher
Abstract Newton's laws and reference systems, gravity field of the Earth, reference surfaces and height systems, description of the gravity field by

spherical harmonics functions, gravity field measurements, geoid determination, moving measurment platforms, trajectography, inertial
navigation

Objective Knowledge, that an Earth-fixed reference frame is an accelerated frame, that influences all measurement processes; master the basics of
physical geodesy; capability to handle ellipsoidal and physical heights and to determine these; knowledge of the methods for geoid
determination; know-how about the effects that have to be taking into account on moving platforms; basics of inertial navigation

 Elective Block: Spatial Development and Environmental Planning
Number Title Type ECTS Hours Lecturers

103-0326-01L Site Management W  2 credits 2G C. Abegg
Abstract Site competition, site options and land-use management

Site Management and city-marketing
Objective - To identify, in theoretical and practical terms, the procedures and factors, which determine the spatial development of an area

- To understand regional development proceses in a local as well as an international context.
- To interpret responses by private and public stakeholders to challenges of the development and the management of locations and
regions.

Content - Standortwettbewerb, Standortwahl und Bodennutzung
- Standortpolitik, Standortmanagement udn Städtemarketing
- Massnahmen im Wettbewerb um mobile Produktionsverfahren

Lecture notes All relevant documents will be accessible on the webpage of PLUS: http://irl.ethz.ch/de/education/vorlesungen/bsc/site_management.html
Prerequisites /
notice

Additional information on mode of examination:
No calculators allowed

103-0357-00L Environmental Planning W  3 credits 2G M. Sudau, S.-E. Rabe
Abstract The lecture covers tools, methods and procedures of

Landscape and Environmental Planning developed. By means of field trips their implementation will be illustrated.
Objective Knowledge of the various instruments and possibilities for the practical implementation of environmental planning.

Knowledge of the complex interactions of the instruments.
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Content - forest planning
- inventories
- Intervention and compensation
- ecological network
- agricultural policy
- landscape development concepts (LEK)
- parks
- swiss concept of landscape
- riverine zone
- natural hazards
- field trips

Lecture notes - lecture notes concerning the instruments
- Handouts
- Copies of selected literature

Download: http://irl.ethz.ch/de/education/vorlesungen/bsc/environmental_planning.html

Prerequisites /
notice

Additional information on mode of examination:
No calculators allowed

701-0786-00L Mediation in Environmental Planning: Theory and
Case Studies.

W  2 credits 2G K. Siegwart

Abstract This course is intended to demonstrate how environmental decisions can be optimized and conflicts better dealt by using mediation. Case
studies will focus on construction of windmills for electricity purpose, use of fracking, sustainable city-planning in the field of former
industrial area or the establishment of a birds- or a forest-management plan.

Objective - Develop comprehension of legal and social responses to environmental conflicts
- Recognize the most important participative techniques and their ranges
- Develop concepts for doing and evaluating mediation processes 
- Estimate the potential and limitations of cooperative environmental planning
- Train communicative skills (presentation, moderation, discussion design, negotiation), especially by participating at a mediation

Content To this end, we will look at the most important techniques of mediation and put them into the context of today's legislation, participation and
conflict culture. The potential and limitations of the individual techniques will be discussed using current Swiss and international case
studies, namely in the field of windenergy. Students can do conflict analyses, for instance, as part of individual and group analyses and a
half-day mediation-simulation, develop technique concepts and train their own communicative and negotiation skills.

Lecture notes A reader will be handed out.

 Elective Block: Transport
Number Title Type ECTS Hours Lecturers

101-0416-10L Road Transport Systems W  3 credits 2G A. Kouvelas
Abstract The course covers road transportation technologies, network design, traffic flow theory, operations of private and public transport,

management and control of intelligent transportation systems.
Objective This course gives the students an overview of topics involved in road transport systems and provides the background for Masters degree

study.
Lecture notes The lecture notes and additional handouts will be provided during the lectures.

 Electives
The entire course programs of ETH Zurich and the University of Zurich are open to the students to individual selection. 

 Electives ETH Zurich
Course Catalogue of ETH Zurich

 Recommended Electives of Bachelor Degree Programme
Number Title Type ECTS Hours Lecturers

103-0240-00L Cartography Seminar W  4 credits 9S L. Hurni
Abstract Independent  scholarly piece based on up-to-date papers, text books, and internet sources.

The thematic topic will be defined together with the supervision in the beginning.
Objective Analysis and evaluation of text and other sources; structuring and writing a concise and reader-friendly seminar Report.
Content German
Lecture notes An information sheet will be distributed in the beginning by the supervisor.
Literature Text references and internet sources will be distributed in the beginning by the supervisor.
Prerequisites /
notice

Cartography Fundamentals

103-0241-00L Cartography Lab 1 W  6 credits 13S L. Hurni
Abstract Independent practical work in cartography.
Objective Independent practical work in cartography.
Content Choice of theme upon individual agreement.
Lecture notes Information sheet will be distributed by the supervisors.
Prerequisites /
notice

Cartography Fundamentals and Cartography Seminar

103-0242-00L Cartography Lab 2 W  8 credits 17S L. Hurni
Abstract Independent practical work in cartography.
Objective Independent practical work in cartography.
Content Choice of theme upon individual agreement.
Lecture notes Information sheet will be distributed by the supervisors.
Prerequisites /
notice

Cartography Lab 1

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability
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Recommended Science in Perspective (Type B) for D-
BAUG

see Science in Perspective: Language Courses ETH/UZH

 Bachelor's Thesis
Number Title Type ECTS Hours Lecturers

103-0006-00L Bachelor's Thesis
Registration via myStudies for a thesis during spring
semester until 10 January at the latest, for a thesis during
autumn semester until 10 August at the latest.

O  10 credits 20D Lecturers

Abstract The Bachelor Programme concludes with the Bachelor Thesis. This project is supervised by a professor. Writing up the Bachelor Thesis
encourages students to show independence and to produce structured work. 

Objective Encourages students to show independence, to produce scientifically structured work and to apply engineering working methods.
Content The contents base upon the fundamentals of the Bachelor Programme. Students can choose from different subjects and tasks. The thesis

consists of both a written report and an oral presentation. 

Geomatic Engineering and Planning Bachelor - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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History and Philosophy of Knowledge Master
 Basic Courses

 Lectures and Exercises
Number Title Type ECTS Hours Lecturers

851-0101-01L Introduction to Practical Philosophy
Particularly suitable for students of D-MAVT, D-MATL

W 3 credits 2G L. Wingert

Abstract Practical philosophy deals in a descriptive and evaluative way with the realm of the practical, that is, with action, practices, norms of action,
and values held by people and societies. Ethics and political philosophy are branches of practical philosophy. This introductory course will
treat some of the main questions and introduce students to the thinking of central figures in the field.

Objective At the end of the course, students (1) will be familiar with still highly influential answers to some of the main questions (see below, section
"contents") in practical philosophy. (2) They will be able to better evaluate how convincing these answers are. (3) Students' own thinking
concerning normative, e.g., ethical issues, will be more precise, due to a more sophisticated use of key concepts such as good, right,
morality, law, freedom, etc.

Content Ethics is an account and instruction of the good, that could be reached by conscious, intentional behaviour (=action). Ethics is an essential
part of practical philosophy. Therefore one of those central questions, which will be discussed in the course, is:

1. What is the meaning of words like "good" and "bad", used in ethical language? What is meant by "good", if one says: "Working as a
volunteer for the <Red Cross> is good"? Does one mean, that doing so is useful, or that it is altruistic, or that is fair?

Further questions, to be discussed in the course, are:

2. Are moral judgements apt to be justified, e.g. judgments like "Lower taxes for rich foreigners in the <Kanton Zug> are unjust" or "Every
person ought to be entitled to leave any religious community"? If so, how far a moral judgment's justification can reach? Is one right in
arguing: "It is possible to show the truth of the proposition (a):The emissions of nitrogen dioxide in Zurich is far beyond the permissible limit
(80 mg/m3). But it is not possible to verify the proposition (b): In our times, the inequal global distribution of wealth is far beyond the
permissible limit. Proposition (a) states an objective fact, whereas (b) expresses a mere subjective evaluation, though that evaluation might
be widely spread.

3. What are just laws, and what is the relationship between law and morality?

4. Is freedom of a person, though presupposed by criminal law and morality, nevertheless an illusion?

These questions will be partly discussed with reference to seminal authors within the western philosophical tradition (among else Plato,
Aristotle, Thomas Hobbes, David Hume, Immanuel Kant). Contemporary philosophers like Jürgen Habermas, Thomas Nagel, Ernst
Tugendhat or Bernard Williams will be included, too.

Literature Preparatory Literature:

-Dieter Birnbacher, Analytische Einführung in die Ethik, 2. Aufl. Berlin: de Gruyter Verlag 2006.
- Simon Blackburn, Think. A Compelling Introduction to Philosophy, Oxford: University Press (=UP) 1999, chapters 3 und 8.
- Philippa Foot, <Virtues and Vices> in: diess., Virtues and Vices and Other Essays in Moral Philosophy, Oxford: UP 2002, and <Morality,
Action and Outcome>, in: dies., Moral Dilemmas and Other Topics in Moral Philosophy, Oxford: UP 2002.
- H.L.A. Hart, <Positivism and the Separation of Law and Morals, in: Harvard Law Review 71 (1958), pp. 593-629.
- Detlef Horster, Rechtsphilosophie zur Einführung, Hamburg: Junius Verlag 2002.
- Robert Kane, <Introduction: The Contours of the Contemporary Free Will Debates>, in: ders., (Hg.), The Oxford Handbook of Free Will,
Oxford 2002. 
 Thomas Nagel, The Limits of Objectivity, in:  The Tanner Lectures on Human Values 1980, Vol I., ed. Sterling McMurrin , Cambridge et al.:
UP 1980, pp. 75-139.
- Ulrich Pothast, <Einleitung> in: ders., (Hg.), Seminar: Freies Handeln und Determinismus, Frankfurt/M.: suhrkamp taschenbuch
wissenschaft 1978, pp. 7-31. 
- Bernard Williams, Morality. An Introduction to Ethics, Cambridge: UP (=Canto Series) 1976.
- Peter Winch, The Idea of a Social Science, 4.Aufl. London 1965, ch. II.

Prerequisites /
notice

The course will be a mixture of lecture and seminar. For getting credit points, essays on given or freely chosen subjects have to be written.

853-0726-00L History II: Global (Anti-Imperialism and
Decolonisation, 1919-1975)

W 3 credits 2V H. Fischer-Tiné

Abstract The lecture will give an insight into the formation of anticolonial nationalist movements  in Asia and Africa from the  beginning of  the 20th
century onwards and discuss the various dimensions of  dismantling of colonial empires.

Objective The lecture will give students an insight into the history of the non-European world, looking specifically into the political, economic, social
and cultural transformation on the backgrounds of colonial penetration strategies and the resistance of anti-colonial movements. The aim is
to show that societies in Asia and  Africa are not just the product of colonial penetration or anti-colonial resistance, but that both aspects
influenced the present political, economic, social and cultural perception of these parts of the world to a considerable extent. A nuanced
knowledge of the long and arduous process of decolonisation is hence important to understand today's geopolitical constellation, still
characterised by the struggle for a just post-imperial world order.

Literature Jansen, J.C. und Osterhammel, J., Dekolonisation: Das Ende der Imperien, München 2013.
Prerequisites /
notice

A detailed syllabus will be available in due course at http://www.gmw.ethz.ch/en/teaching/lehrveranstaltungen.html

851-0148-00L Introduction to Philosophy: Prophets, Judges, Fools,
and Healers
Does not take place this semester.

W 3 credits 2V M. Hampe

Abstract This lecture gives an overview of forms of philosophizing for students of the natural sciences and engineering. It is at the same time an
introduction to philosophy for beginners of this subjects.

Objective Students of the natural sciences and technology will be given an overview of the different forms of philosophizing. Beginners of this subject
will receive a general introduction to philosophy. In order to acquire credit points, a critical summary of one lesson of choice must be
submitted (about 5-7 pages).

Content Philosophy is done in different forms: as a diagnosis of a time, from which one can develop a prognosis, as an evaluation of action and
thinking, and as a commentary of a spectator, who detects contradictions and and tries to give a therapy to human acting and thinking. By
looking at texts from Plato, Kant, Morus, Nietzsche, Carnap, Wittgenstein and others the course will give an introduction into philosophical
thinking in general.

Lecture notes Das Skript der Vorlesung ist unter der folgenden internetadresse zu finden: www.phil.ethz.ch/fileadmin/phil/files/SkriptEinfuehrung.pdf
Literature Michael Hampe, Propheten, Richter, Ärzte, Narren: Eine Typologie von Philosophen und Intellektuellen, in: Martin Carrier und Johannes

Roggenhofer (Hg.) Wandel oder Niedergang? Die Rolle der Intellekturelln in der Wissengesellschaft, Tranbscript Verlag, Münster 2007
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Prerequisites /
notice

Credits are given for a critical summary of about six pages of one of the lectures. There will be a titorial to support the writing of this
summary.

851-0125-65L A Sampler of Histories and Philosophies of
Mathematics
Particularly suitable for students D-CHAB, D-INFK, D-
ITET,  D-MATH, D-PHYS

W 3 credits 2V R. Wagner

Abstract This course will review several case studies from the ancient, medieval and modern history of mathematics. The case studies will be
analyzed from various philosophical perspectives, while situating them in their historical and cultural contexts.

Objective The course aims are:
1. To introduce students to the historicity of mathematics
2. To make sense of mathematical practices that appear unreasonable from a contemporary point of view
3. To develop critical reflection concerning the nature of mathematical objects
4. To introduce various theoretical approaches to the philosophy and history of mathematics
5. To open the students' horizons to the plurality of mathematical cultures and practices

851-0157-84L Health and Disease
Particularly suitable for students of D-BIOL, D-HEST

W 3 credits 2V M. Hagner

Abstract Health and disease belong to the fundamental conditions of human life. Thus, human beings have conceived different ideas and theories
concerning health and disease in history. It is the aim of this lecture series to introduce this historical variety in transcultural perspective
from antiquity to the present.

Objective It is the aim of this lecture series to introduce this historical variety in transcultural perspective from antiquity to the present.

851-0004-00L Errors, Deception, Lies and Similar Phenomenons W 3 credits 2V M. Hampe, H. Fischer-Tiné,
D. Gugerli, M. Hagner, A. Kilcher,
R. Wagner, U. J. Wenzel

Abstract Errors, deceptions and lies are phenomena, which are part of science, its application and interpretation. This lecture-course of the lecturers
of Knowledge-section of DGESS discusses these phenomena in different scientific disciplines, and different times and in different political
contexts.

Objective Acquiring knowledge about the structure and history of epistemic blunders in different scientific disciplines.
Content Errors, deceptions and lies are phenomena, which are part of science, its application and interpretation. This lecture-course of the lecturers

of the Knowledge-section of DGESS discusses these phenomena in different scientific disciplines, and different times and in different
political contexts.

851-0521-00L Computer History. An Introduction W 3 credits 2V D. Gugerli
Abstract The lecture will explore the question of how the world got into the computer. The history of this great move in the second half of the 20th

century is told by focusing on bottlenecks, the overcoming of which has created new difficulties.
Objective The students learn to understand the effects of techno-historical narratives and arguments.
Lecture notes The exact programme will be presented at the beginning of the semester.

851-0100-00L What Is Truth? Philosophical Conceptions of a Crucial
Notion

W 3 credits 2G L. Wingert

Abstract Truths are strange entities. (1) they depend on us. For it is a sentence or a belief of human creatures which can be true or false. (2)Truths
are nothing like a modeling clay in our hands. It’s not up to us whether our beliefs are true or false. How do (1)and(2) go together? In
dealing with this question we will investigate the relation between the concepts of truth, facts, and objectivity.(396Z.)

Objective The attentive participant will probably achieve the following:

1. an acquaintance with influential philosophical answers to the question how to understand the concept of truth ( as correspondence
between belief and fact; as coherence between beliefs and experiences; as that belief, that survives all challenges);

2. a deeper understanding of the relation between truth and facts;

3. a knowledge of arguments backing the thesis that objectivity, understood as an attitude of X, needs an aiming of X at truths without
commiting X to the claim that one is infallible like the catholic pope.

Perhaps (dependent on available time):

4. overcomig the prejudice that we have facts and truth on the one side, and merely valuations and subjective standpoints on the other
side.

Literature 1. Thomas Grundmann, Philosophische Wahrheitstheorien, Stuttgart: Reclam 2019.

2. Bertrand Russell, Problems of Philosophy, Buffallo: Prometheus Books 1988, ch. 12: „Truth and Falsehood“.

3. Bede Rundle, Facts, London: Duckworth 1993, ch. 1: „Facts“.

4. Oliver Schlaudt, Was ist empirische Wahrheit?, Frankfurt/M.: Klostermann 2014, Kap. 6: „Wahrheit und Praxis“.

5. Frank Hoffmann, Die Metaphysik der Tatsachen, Paderborn: Mentis 2008, Kap. 1: Wahrheit; Kap. 5: Tatsachen.

6. Richard Evans, Facts in History, in: ders., In Defence of History, London: Granta Books 1997. 

7. Crispin Wright, , Truth: A Traditional Debate Revisited, in: Smon Blackburn/Keith Simmons (eds.), Truth, Oxford 1999. 

8. John Dupré, Tatsachen und Werte, in: Gerhard Schurz/Martin Carrier(Hg.), Werte in den Wissenschaften, Berlin: Suhrkamp 2013.

851-0317-00L Universal Knowledge. The Theory of the Encyclopedia
between Literature and Philosophy

W 3 credits 2V A. Kilcher

Abstract The encyclopedic form is essential to the history of knowledge and also constantly changed by it. The traditional claim of an encyclopedia
is to itemize all objects of knowledge, ultimately representing them as a tangible whole. To do so, however, aesthetic and poetic strategies
are employed that effectively produce such totality.

Objective The encyclopedic form is essential to the history of knowledge and also constantly changed by it. The traditional claim of an encyclopedia
is to itemize all objects of knowledge, ultimately representing them as a tangible whole. To do so, however, aesthetic and poetic strategies
are employed that effectively produce such totality. The course will survey the history as well as theory of the encyclopedia, highlighting
above all the aesthetic variety of encyclopedic forms.
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Content Die Form der Enzyklopädie ist in der Geschichte des Wissens ebenso prägend wie wandelbar. Sie beruht auf dem Anspruch, sämtliche
Gegenstände des Wissens zu erfassen und diese möglichst übersichtlich als Totalität darzustellen. Dieser Anspruch wird nicht nur medial,
sondern auch ästhetisch und poetologisch umgesetzt. Seit der  Antike und dem Mittelalter konkurrieren unterschiedliche Modelle, erst recht
in der Neuzeit, wo die Vorlesung hauptsächlich ansetzt: topische Ordnungssysteme wurden zunächst durch rationale, dann durch
kontingente Formen der Wissensorganisation abgelöst. So hatte im 18. und 19. Jahrhundert das alphabetische Wörterbuch seine grosse
Karriere. Die letzte grosse, wesentlich medientechnische Transformation der Enzyklopädie erfolgte im digitalen Zeitalter mit dem Internet
und den entsprechenden Enzyklopädien wie der Wikipedia. Der sich dergestalt vielfach wandelnde philosophische Anspruch greift auf eine
Vielzahl von ästhetischen Darstellungsformen zurück, die je die enzyklopädische Totalität erzeugen. Die Vorlesung gibt einen Überblick
über die Geschichte und Theorie der Enzyklopädie und legt dabei ein besonderes Augenmerk auf diese Vielfalt der Formen. Diese werden
nicht zuletzt auch in spezifischen literarischen Gattungen und Texten umgesetzt, insbesondere dem Roman.
 

851-0161-00L The Quarrel about Human Nature W 3 credits 2V M. Hampe
Abstract This lecture-course gives an overview over the quarrel about how "human nature" is to be determined -- a quarrel that started long before

the establishment of empirical research into humans by human-biology, psychology, sociology and cultural anthropology dominated many
debates in European philosophy.

Objective Acquiring critical knowledge of the history of the concept of "human nature", especially of its ideological and political misuse.
Content Die Vorlesung gibt einen Überblick über die Geschichte des Streites um die Bestimmung der so genannten "Natur des Menschen", de

lange vor der Etablierung der Erfahrungswissenschaften, die den Menschen erforschen wie Humanbiologie, Psychologie, Soziologie,
Ethnologie usw. die abendländische Philosophie bestimmt hat. Seit den 90er Jahren des letzten Jahrhunderts wird die Verwendung dieses
Begriffs zunehmend kritisiert. Feststellungen, was der rein spekulativ bestimmten Natur des Menschen vermeintlich entspricht oder
widerspricht, haben immer wieder zur Legitimation von normativen Setzungen gedient. Die Vorlesung verfolgt die Geschichte dieses
Konzepts von der antiken Metaphysik über die Philosophie der Aufklärung im 17. und 18. Jahrhundert bis hin zu den Streitigkeiten
zwischen der Philosophie, der Biologie, der Psychologie und Soziologie, die seit dem 19. Jahrhundert im Gange sind.

851-0002-00L Pastime, Disciplinary Tool, Mass Culture: A Global
History of Sports circa 1700-2000

W 3 credits 2V H. Fischer-Tiné

Abstract The course gives an overview of the historical trajectories of sports and games in various parts of the world since 1700. It seeks to
understand sports as leisure activity, method of physical (self-) optimization, political tool  and form of mass Entertainment and explores the
interrelation of games and sports with moving forces of modernity such as capitalism, colonialism and consumer culture. 

Objective On one level, the course aims to familiarise students with the historical development of an ubiquitous aspect of modern everyday culture,
namely leisure, sports and play. Each case study is used to deepen the participants' understanding of complex historical transformations by
telling the story of what has been termed "the ludic diffusion"  from a decidedly non-eurocentric, global perspective. 

851-0299-00L Literature, Art and Politics in Fin-de-siècle Paris,
Vienna, Prague, and Berlin

W 3 credits 2V S. S. Leuenberger

Abstract Literature and art in 1900 were characterised by the conflict between the perception of decline and the hope of renewal. Analysis of literary,
philosophical and critical theory texts illustrates that some authors were not merely passive observers of the crisis, they also experienced it
first-hand in their writing. This crisis subsequently became the model for a new form of linguistics.

Objective The lecture is part of the ‘Science in Perspective’ course programme: students will learn about literature, art and philosophy at the turn of
the 20th century with case studies featuring literary, epic, dramatic and discursive texts from around 1900 which are characterized by the
conflict between the perception of decadence, decay and death on the one hand, and hope of rebirth, renewal and rejuvenation on the
other hand. Analysis of these texts illustrates that several authors not only observed the language crisis, the increasing awareness of the
impossibility of representation through language, which was accompanied by a questioning of the self (I), but they also experienced it in
their writing. This crisis subsequently became the model for a new form of linguistics. These literary forays, and indeed other ideological
and political thinking and models of salvation and future at the time, including socialism, anarchy, psychoanalysis and Zionism will also be
addressed in the lecture.

Content The reading list includes literary texts and discursive texts, amongst others, from Stéphane Mallarmé, Stefan George, Hugo von
Hofmannsthal, Arthur Schopenhauer, Friedrich Nietzsche, Lou Andreas-Salomé, Ernst Mach, Hermann Bahr, Richard Dehmel, Christian
Morgenstern, Sigmund Freud, Bertha Pappenheim, Else Lasker-Schüler, Arthur Schnitzler, Theodor Herzl, Robert Walser and Thomas
Mann.

851-0110-00L The Frontier in Literature W 3 credits 2V M. Enard
Abstract In this course, I will develop a reflexion around borders, limits, and frontiers in literature.
Objective We will focus on subjects such as bilingualism, multilingualism, and the representation of the

front in the literature of war.
Content In this course, I will develop a reflexion around borders, limits, and frontiers in literature. We will focus on subjects such as bilingualism,

multilingualism, and the representation of the front in the literature of war. The teaching language is French, however, by definition, to be
interested in such subjects, implies also the exploration of texts and/or linguistic domains
outside of 'Francophonie'.

851-0109-00L Public Images of Science W 3 credits 2V M. Bucchi
Abstract The course will analize in a historical and sociological approach the public images of science and scientists and their major changes. 
Objective In particular, we will explore the following subjects: the role of the visual element in the communication of science and its public

representation; the role of ‘visible scientists’, with particular consideration of Nobel Prize winners; events and affairs that have shaped the
public perception of science and the relationship between science and society.  

Content The course will analize in a historical and sociological approach the public images of science and scientists and their major changes. 
In particular, we will explore the following subjects: the role of the visual element in the communication of science and its public
representation; the role of ‘visible scientists’, with particular consideration of Nobel Prize winners; events and affairs that have shaped the
public perception of science and the relationship between science and society.  
Various examples will be quoted and discussed, and will illustrate the Italian science and its relationship to society and to the various
cultural fields (literature, visual arts, gastronomy), with particular reference to the period from the second half of the 19th century until the
end of the 20th century.

851-0170-00L The Birth of Formal Sciences: History and Philosophy
of the Relation Between Logic and Mathematics

W 3 credits 2V J. L. Gastaldi

Abstract Formal knowledge, such as mathematics and logic, has a singular capacity to resist historical critique. But what if formality itself had a
history - a recent birth and a foreseeable decline? In this course, we will explore this hypothesis by critically assessing the novel
relationship between mathematics and logic that emerged in the 19th century, forging our notion of formal.

Objective During the course, students will be able to:
-Acquire a general perspective on the history of formal logic
-Review relevant aspects of the history of modern mathematics
-Obtain philosophical and historical tools for critically assessing the status of formal sciences
-Develop a critical understanding of the notion of formal
-Discuss the methodological capabilities of historical epistemology
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Content Knowledge reputed to be formal, such as mathematics and logic, has a singular capacity to resist historical critique. Indeed, from a
traditional perspective, a historical account of a purely formal statement, like a theorem, can hardly do more than show the inevitable path
that led to its evident and thenceforth everlasting truth. But what if formality itself had a history - a relative recent birth and a foreseeable
decline? In this course, we will explore this hypothesis by critically assessing the conditions, impact and limits of the novel relationship
between mathematics and logic that emerged in the 19th century, forging both the modern notion of formal and the subsequent
epistemological status of formal sciences. After discussing the difficulties of a historical (or archaeological, in the sense that M. Foucault
gives to this term) approach to formal knowledge, we will present the principal historical circumstances providing the conditions for an
unprecedented association between logic and mathematics. This will give us the means to undertake the detailed study of that association,
within the context of the most prominent attempts to provide formal deductive languages in the 19th century: those of George Boole and
Gottlob Frege. Finally, we will address the limitations manifested by those projects at the turn of the 20th century, putting them into
perspective to assess the transformation our notion of formal is experiencing as a result of the proliferation of computational practices.

 Seminars
Number Title Type ECTS Hours Lecturers

851-0147-01L Theories, Experiments, Causality
Does not take place this semester.
Particularly suitable for students of D-PHYS

W 3 credits 2G R. Wallny, M. Hampe

Abstract This course critically evaluates topics and approaches from physics against a broader historical and philosophical/systematic background.
Attention will be paid, amongst other things, to the role of experiments, to the concepts of matter and field, and to theory formation.

Objective Students should be able to critically evaluate different topics and approaches in physics. They should also be enabled to communicate their
insights to people from other disciplines and fields.

Prerequisites /
notice

This course is part of the ETH "Critical Thinking" initiative.

851-0158-13L Ecology and Environmentalism
Number of participants limited to 40

Particularly suitable for students of D-ERDW, D-HEST, D-
USYS, D-BIOL

W 3 credits 2S N. Guettler

Abstract The notion of „ecology“ refers to both, scientific research on environments as well as their protection. But how have academic ecology and
the environmental movements intersected throughout history?

Objective In the seminar, students will read and discuss key sources as well as secondary literature on the knowledge transfers between scientific
ecology and the environmental movements of the 19th and 20th century. Topics range from 19th-century homeland movement and the rise
of ecological awareness in colonial settings, to the rise of an environmental awareness during the Cold War, with a special focus on „green“
politics in Europe. Apart from scientists and „counter-scientists“ the seminar focuses on concepts and ideas that circulated between
academic ecology and different nature movements. 
The participants learn to engage historically with original texts as well as to handle independently the extensive historical literature on the
history of environmentalism. At the same time, they develop a critical understanding of different political agendas that have shaped
academic and popular ecology until the present day. Students also learn to communicate their findings by writing short (and fictive) blog
posts on different aspects of this history.

851-0125-67L Structuralist and Post-Structuralist Approaches to
Signs and Knowledge

W 3 credits 2S R. Wagner

Abstract This course will review some structuralist and post-structuralist approaches to signs and knowledge. It will start from the French
structuralist tradition, continue with the "1968 thinkers", and conclude with feminist and queer critiques of knowledge that rely on this
tradition. The theories studied in class will be evaluated in terms of their application to science studies.

Objective 1. To introduce the structuralist and post-structuralist tradition, as well as subsequent queer and feminist critiques of knowledge (the
thinkers taught in the course will most probably come from the following list: Ferdinand de Saussure, Jacques Lacan, Julia Kristeva, Michel
Foucault, Jean Baudrillard, Jacques Derrida, Judith Butler, and Donna Harraway). 
2. To apply the ideas of this tradition to the context of science studies

At the end of the course the students will be able to analyze scientific texts and practices in terms of structuralist, post-structuralist and
feminist critique of science.

851-0101-59L Science and Masculinities W 3 credits 2S B. Schär
Abstract Men have always been over-represented in the sciences. Why is this so? This seminar inquires how male supremacy in science evolved

and transformed historically in different places around the world. How was and is science linked to particular images of manliness? How did
and do women and non-conforming men around the world nonetheless succeed in doing science?

Objective Students will become familiarized with the history of science from the perspective of gender history. Gender Historians understand male
dominance in science not as natural phenomenon, but rather as feature in need of historical inquiry and explanation. 
The aim of this seminar is therefore to examine different ways historians analyse and explain historical and ongoing male
overrepresentation in the sciences. By reading case studies from different parts of the world, students will be able to evaluate firstly how
male overrepresentation was and remains linked to legacies of western and middle-class dominance in science. Secondly, they will also
explore how women and non-conforming men nevertheless succeed(ed) in science at different historical points in time. 
Students will have the opportunity to select a topic from the ETH Zurich's gendered history and write an essay on how masculinity and
gender operate(d)s in our university. 

Content This seminar treats male overrepresentation in the sciences as a phenomenon in need of historical explanation. Reading case studies from
around the world, students will be able to asses how male overrepresentation was and remains linked with legacies of western and middle-
class dominance in the sciences. Student will analyze aspects of this history in the case of ETH Zurich in a term paper.

851-0003-00L Science and Food in the Development of the Modern
World (1890s–1970s)

W 2 credits 1S S. G. Sujeet George

Abstract This seminar course aims to offer a historical perspective on the development of modern food systems, agrarian science and global
cultures of taste and eating.

Objective To understand the links between science and modern food cultures; evaluate the global connections in the formation of national cuisines;
analyze how science and the food industry have shaped people’s ideas of taste, nutrition and aesthetics.

Content Looking at specific food and non-food commodities cultivated, developed and consumed across different regions in the world through the
late 19th and 20th centuries, the course shall try to make sense of the aesthetic, economic and scientific assumptions inherent within the
varied food palettes of our modern world. The course shall introduce students to the interlinked and overlapping histories of the
development of modern agricultural science, the political economy of food production, distribution and consumption, and ideas of culinary
aesthetics and national cuisines.

Students shall engage with the histories and debates around agricultural research, ideas of nutrition and hunger, questions of race,
diversity and community belonging, and the troubled narratives of environment and sustainability in industrial agriculture. The course will
utilize a combination of historical pamphlets and advertisements, newspaper accounts, as well as contemporary documentary films to
engage with some of the core questions around the modern history of food cultures and agrarian science.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 820 of 1785

851-0006-00L Water in the Early Modern Period: A Material and
Environmental History

W 3 credits 2S T. Asmussen

Abstract The seminar deals with questions of how water was perceived, used and appropriated in medieval and early modern societies. We
examine water as a livelihood (drinking water, irrigation resource), energy source, transport medium, infrastructure and threat between
1400 and 1800.

Objective The students acquire historical knowledge of how pre-modern societies appropriated the natural substance water and how they themselves
were formed and changed by the interactions with the liquid element.  Students are expected to read original German, French and English
sources.

Content The seminar examines the history of the substance and uses of water from the late Middle Ages to the 18th century. Using text and image
sources, we will examine the physical, cultural, economic and scientific-technical implications of the relationship between man and water in
plenary sessions and groups.
We deal with (al-)chemical analyses of water in the context of medical treatises and spas, the expansion and challenges of the water
infrastructure ( fountains, sewage canals, irrigation canals, inland waterways), the associated changes of landscapes as well as with water
as a threat (floods). 

851-0107-00L Science and the Public: A Problem of Mediation that
the Media Have to Solve?

W 3 credits 2S U. J. Wenzel

Abstract What can, what should, what do "laymen" want to know and understand from scientific findings? How and what is "conveyed" in reporting
on science? Does science journalism have to follow scientific criteria? How do the natural sciences differ from the humanities and social
sciences in terms of "comprehensibility" and public visibility?

Objective Gaining insights into the relationship between the sciences, the public and the media, into their historical development and current
problems - with particular reference to the "Wissenschaftsfeuilleton".

Content The feuilleton of the «Frankfurter Allgemeine Zeitung» of 27 June 2000 has gone down in the annals of recent media history. The last
sequences of the fully mapped human genetic code were printed on six large-format pages: the letters A, G, C and T in various
combinations and sequences - a «readable » but incomprehensible jumble of letters. What at the time was astounding journalistic coup and
met with enthusiasm as well as head shaking can (also) be read as an allegory of the tense relationship between science and the public.
What can, what should, what do «laymen» want to know and understand from scientific findings? What role do the media play, does
science journalism play in this? How and what is «conveyed» in reporting on scientific findings? And does science journalism have to follow
scientific criteria in such reporting? How do the natural sciences, medicine and technology differ from the humanities and social sciences in
terms of «comprehensibility» and public awareness? Are we really dealing with two diverging «science cultures» - and two different ways of
presenting them  in the media?
These questions will be explored on some excursions into recent and also older media, scientific and cultural history.

851-0160-00L Texts About Wisdom
Number of participants limited to 30.

W 3 credits 2S M. Hampe

Abstract This seminar investigates texts that claim to be able to change the readers way of life in a decisive way, e.g. from the stoic tradition
(Epictetus, Seneca), the enlightenment (Spinoza), and from the 19th century (Kierkegaard, Marx)

Objective Acquiring of fundamental knowledge about the European literature on wisdom.
Content This seminar investigates texts that claim to be able to change the readers way of life in a decisive way, e.g. from the stoic tradition

(Epictetus, Seneca), the enlightenment (Spinoza), and from the 19th century (Kierkegaard, Marx)

862-0105-00L New Tendencies in the History of Knowledge
Master in Hystory and Philosophy of Knowledge-Students
only.

W 3 credits 2S M. Hagner

Abstract Students are invited to collect new publications of interest (books, articles, essays, blogs, etc.) in the topic history and philosophy of
knowledge and present them in the seminar for discussion.

Objective It is about getting an overview of current interesting and relevant trends in the history and philosophy of knowledge.
Content The content is based on the suggestions and ideas of the seminar participants.

851-0318-00L Law and Literature W 3 credits 2S A. Kilcher
Abstract Law and literature are in many ways connected. The law employs literary genres and partly embodies its humanistic potential, while

literature addresses the connections between laws, norms and justice on many levels, including their enactment, philosophical justification,
and societal critique. The course will explore this complex connection between law and literature both practically and theoretic

Objective 1) critical reflection on the historical differences in conceptualizing legality and justice in modernity as reflected in literary texts; 2)
theoretical understanding of different models of legality and justice; 3) aesthetic and poetic aspects underpinning the concepts of justice
and legality

Content Literatur und Recht sind auf komplexe Weise aufeinander bezogen und können sich wechselseitig erhellen. Das Recht verwendet
Verfahren der Literatur (etwa ihre rhetorischen, ästhetischen und poetologischen Darstellungs- und Überzeugungsmittel) und verkörpert
Elemente ihres humanen Potenzials. Die Literatur wiederum thematisiert und reflektiert die Zusammenhänge von Recht, Norm und Gesetz
auf unterschiedlichen Ebenen: erstens auf der Ebene praktischer Umsetzung, zweitens auf der Ebene philosophischer Begründung,
drittens auf der Ebene der wissenschaftlichen und technischen Anwendung, viertens  auf der Ebene gesellschaftlicher Kritik und utopischer
Gegenmodelle von Gerechtigkeit, oder aber dystopischer Fälle von Ungerechtigkeit. Das Seminar untersucht diese komplexen
Wechselwirkungen von Literatur und Recht sowohl theoretisch als auch an konkreten Beispielen aus der neueren deutschen und
europäischen Literatur (im Drama wie in Prosa) von Goethe und Kleist bis hin zu Kafka und Dürrenmatt.

851-0280-00L Beginnings W 3 credits 2S C. Jany
Abstract "All beginnings are difficult,” goes the saying, “but without them there wouldn't be endings." However, what makes beginnings so difficult?

What kind of action is that? Which knowledge does it presuppose? And what would a beginning say about the end? We will pursue these
questions by reading sacred, philosophical, literary, and scientific texts that, each in its own way, make a beginning.

Objective - thorough reading and critical analysis of the texts
- reflections on the historical and epistemological function of fictional origins such as cosmological myths, foundationalist philosophy, and
poetic incantations
- rhetorical analysis of foundational acts carried out in thought and writing
- introduction of the problem of justifying knowledge

851-0326-00L Nationalism and Postnationalism in Modern Judaism:
Historical Developments and Current Debates

W 2 credits 1S C. Wiese

Abstract Since the emergence of the Zionist movement in the 19th century multiple interpretations of the concept of nation and nationalism within
Judaism have been discussed. The course introduces these debates and discusses the continuing historical and political discourse on
Zionism, Post-Zionism and postnationalism.

Objective 1. To deepen the knowledge about inner-Jewish political debates about the goals and the nature of Jewish nationalism as well as
alternative self-conceptions.
2. To gain insights into the polyphony of historical and political discourse.
3. To strengthen the ability to understand historical and contemporary texts within the political context of the respective time period.

851-0522-00L Digital Statehood (1960-2000). Imaginaries,
Experiences, Trading Zones

W 3 credits 2S
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Does not take place this semester.
Abstract The seminar addresses the expectations, experiences and negotiations in which digital processes, legal regulations and administrative

routines are to be harmonized in the Swiss Federal Administration (1960-2000).
Objective Students should understand the interactions between technological processes, legal regulations and bureaucratic routines. In addition to

reading research literature and conceptual work, the main focus is on studying relevant sources.
Content Since the late 1950s, public administrations have been using computers to perform their tasks. Focusing on the use of computers in the

Swiss federal administration, the seminar aims to identify how digital processes, legal regulations and administrative routines should be
reconciled in public administrations. On the basis of IT projects of the Swiss Federal Administration, it will be investigated how computers
were made usable and which options for action were opened up to the computer-supported federal state as a result. Last but not least, we
want to ask how a (computer-) history of digital statehood can be written.

851-0090-00L The Philosophy of Complex Systems W 3 credits 2S O. Del Fabbro
Abstract Today complexity research has found an enormous expansiveness in heterogenous areas, such as physics, biology, medicine, urban

complexity, environment sustainability, public policy, economics, sociology, education, computer science, robotics, AI, etc. Furthermore, we
will look at historical advancements like cybernetics, and how complexity research influenced philosophical theories.

Objective Students should learn about the different types of argumentative texts and scientific theories. They should learn to understand the
descriptive and critical value of texts that operate at the boarder between philosophy and science.

 Semester Report
Course to be offered in autumn semester only

 Semester Paper
Number Title Type ECTS Hours Lecturers

862-0008-23L Term Paper History of Technology (FS 2020)
Term Paper in:
History of Technology in Late Modernity II

W 5 credits 11A Lecturers

Abstract Term paper that allows students to explore a topic of their choice in greater depth, applying the fundamental knowledge they have acquired
so far.

Objective Term paper that allows students to explore a topic of their choice in greater depth, applying the fundamental knowledge they have acquired
so far.

862-0009-22L Term Paper in Science of Knowledge (FS 2020) W 5 credits 11A Lecturers
Abstract Term paper that allows students to explore a topic of their choice in greater depth, applying the fundamental knowledge they have acquired

so far.
Objective Term paper that allows students to explore a topic of their choice in greater depth, applying the fundamental knowledge they have acquired

so far.

862-0010-22L Term Paper in Theoretical Philosophy (FS 2020) W 5 credits 11A Lecturers
Abstract Term paper that allows students to explore a topic of their choice in greater depth, applying the fundamental knowledge they have acquired

so far.
Objective Term paper that allows students to explore a topic of their choice in greater depth, applying the fundamental knowledge they have acquired

so far.

862-0011-21L Term Paper in Practical Philosophy (FS 2020) W 5 credits 11A Lecturers
Abstract Term paper that allows students to explore a topic of their choice in greater depth, applying the fundamental knowledge they have acquired

so far.
Objective Term paper that allows students to explore a topic of their choice in greater depth, applying the fundamental knowledge they have acquired

so far.

862-0012-22L Term Paper in Literature and Culture (FS 2020) W 5 credits 11A Lecturers
Abstract Term paper that allows students to explore a topic of their choice in greater depth, applying the fundamental knowledge they have acquired

so far.
Objective Term paper that allows students to explore a topic of their choice in greater depth, applying the fundamental knowledge they have acquired

so far.

862-0013-22L Term Paper History of the Modern World (FS 2020) W 5 credits 11A Lecturers
Abstract Term paper that allows students to explore a topic of their choice in greater depth, applying the fundamental knowledge they have acquired

so far.
Objective Term paper that allows students to explore a topic of their choice in greater depth, applying the fundamental knowledge they have acquired

so far.

862-0015-03L Term Paper in History and Philosophie of
Mathematical Sciences (FS 2020)

W 5 credits 11A Lecturers

Abstract Term paper that allows students to explore a topic of their choice in greater depth, applying the fundamental knowledge they have acquired
so far.

Objective The development of a research question, the careful handling of the secondary literature and an increased source-critical competence
form the learning objective.

 Major Courses
 Essays

In each subject of the master reading lists are handed out. The books on these lists are the subject of the tutorials one has to attend with the teachers
that are named in the Leitfaden. In three subjects essays are to be written about works on these lists.

Number Title Type ECTS Hours Lecturers

862-0021-01L Essay on Readings in History of Technology (FS) W  10 credits 21A Lecturers
Abstract One-to-one supervisions form the basis for an essay covering the paradigmatic texts studied over several semesters. This essay should

also take recent research into account. The instructor will work one-to-one with the student to hone the skills and fundamental topics that
are relevant for the Master's thesis.

Objective One-to-one supervisions form the basis for an essay covering the paradigmatic texts studied over several semesters. This essay should
also take recent research into account. The instructor will work one-to-one with the student to hone the skills and fundamental topics that
are relevant for the Master's thesis.

862-0023-01L Essay on Readings in Science Research (FS) W  10 credits 21A Lecturers
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Abstract One-to-one supervisions form the basis for an essay covering the paradigmatic texts studied over several semesters. This essay should
also take recent research into account. The instructor will work one-to-one with the student to hone the skills and fundamental topics that
are relevant for the Master's thesis.

Objective One-to-one supervisions form the basis for an essay covering the paradigmatic texts studied over several semesters. This essay should
also take recent research into account. The instructor will work one-to-one with the student to hone the skills and fundamental topics that
are relevant for the Master's thesis.

862-0025-01L Essay on Readings in Theoretical Philosophy (FS) W  10 credits 21A Lecturers
Abstract One-to-one supervisions form the basis for an essay covering the paradigmatic texts studied over several semesters. This essay should

also take recent research into account. The instructor will work one-to-one with the student to hone the skills and fundamental topics that
are relevant for the Master's thesis.

Objective One-to-one supervisions form the basis for an essay covering the paradigmatic texts studied over several semesters. This essay should
also take recent research into account. The instructor will work one-to-one with the student to hone the skills and fundamental topics that
are relevant for the Master's thesis.

862-0027-01L Essay on Readings in Practical Philosophy (FS) W  10 credits 21A Lecturers
Abstract One-to-one supervisions form the basis for an essay covering the paradigmatic texts studied over several semesters. This essay should

also take recent research into account. The instructor will work one-to-one with the student to hone the skills and fundamental topics that
are relevant for the Master's thesis.

Objective One-to-one supervisions form the basis for an essay covering the paradigmatic texts studied over several semesters. This essay should
also take recent research into account. The instructor will work one-to-one with the student to hone the skills and fundamental topics that
are relevant for the Master's thesis.

862-0029-01L Essay on Readings in Literature and Culture (FS) W  10 credits 21A Lecturers
Abstract One-to-one supervisions form the basis for an essay covering the paradigmatic texts studied over several semesters. This essay should

also take recent research into account. The instructor will work one-to-one with the student to hone the skills and fundamental topics that
are relevant for the Master's thesis.

Objective One-to-one supervisions form the basis for an essay covering the paradigmatic texts studied over several semesters. This essay should
also take recent research into account. The instructor will work one-to-one with the student to hone the skills and fundamental topics that
are relevant for the Master's thesis.

862-0031-01L Essay on Readings in History of the Modern World
(FS)

W  10 credits 21A Lecturers

Abstract One-to-one supervisions form the basis for an essay covering the paradigmatic texts studied over several semesters. This essay should
also take recent research into account. The instructor will work one-to-one with the student to hone the skills and fundamental topics that
are relevant for the Master's thesis.

Objective One-to-one supervisions form the basis for an essay covering the paradigmatic texts studied over several semesters. This essay should
also take recent research into account. The instructor will work one-to-one with the student to hone the skills and fundamental topics that
are relevant for the Master's thesis.

862-0035-01L Essay on Readings in History and Philosophie of
Mathematical Sciences

W 10 credits 21A Lecturers

Abstract One-to-one supervisions form the basis for an essay covering the paradigmatic texts studied over several semesters. This essay should
also take recent research into account. The instructor will work one-to-one with the student to hone the skills and fundamental topics that
are relevant for the Master's thesis.

Objective One-to-one supervisions form the basis for an essay covering the paradigmatic texts studied over several semesters. This essay should
also take recent research into account. The instructor will work one-to-one with the student to hone the skills and fundamental topics that
are relevant for the Master's thesis.

 Seminars
In the seminaries topics from the introductory courses are taught in more detail. Topics for essays are to be aranged with the teachers of the courses.

 Research Colloquium
Number Title Type ECTS Hours Lecturers

862-0004-10L Research Colloquium Philosophy for Master Students
and PhD (FS 2020)
For MAGPW and PhD students of D-GESS only. 
Personal registration required to Prof. Wingert.

W 2 credits 1K L. Wingert, M. Hampe, R. Wagner

Abstract Ph.D. students, post docs, members of staff, and senior colleagues from other philosophy departments will report on their work in progress.
Furthermore, promissing new philosophical articles and parts of new philosophical books will be studied.

Objective Ideas and arguments dealing with systematic problems especially in epistemology, ethics, political philosophy, and the philosophy of mind
will be scrutinized and elaborated.

862-0078-09L Research Colloquium. Extra-European History and
Global History (FS 2020)
For PhD students and postdoctoral researchers.
Masterstudents are welcome.

W 2 credits 1K H. Fischer-Tiné, M. Dusinberre

Abstract The fortnightly colloquium provides a forum for PhD students and postdoctoral researchers to present and discuss their current work. Half
of the slots are reserved for presentations by invited external scholars.

Objective PhD students will have an opportunity to improve their presentation skills and obtain an important chance to receive feedback both from
peers and more advanced scholars.

Prerequisites /
notice

The venue changes each semester alternately between UZH and ETH.


862-0088-06L Research Colloquium Science Studies (FS 2020)
For master students only with a personal invitation.

W 2 credits 1K M. Hagner

Abstract This colloquium is devoted to the introduction into the theory and practice of scientific work.
Objective This colloquium is devoted to the introduction into the theory and practice of scientific work.
Prerequisites /
notice

Lectures mey be held either in English or German. Students receive 2 credit points for submitting a brief, written commentary on one of the
presented topics (approx. 5 pages).

862-0089-06L Advanced Colloquium in Literary Studies (FS 2020)
Colloquium is designed for advanced and graduated
students.

W 2 credits 1K A. Kilcher
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Abstract The colloquium addresses advanced and graduate students. First, it offers participants the opportunity to present their own research
projects (work in progress); and, second, it provides a most fruitful space to discuss methodological, theoretical and systematic complex
issues.

Objective The colloquium addresses advanced and graduate students. First, it offers participants the opportunity to present their own research
projects (work in progress); and, second, it provides a most fruitful space to discuss methodological, theoretical and systematic complex
issues.

862-0106-00L Student Colloquium for Master's Thesis W 2 credits 2K R. Delucchi, C. Jany
Abstract Die Studierenden erhalten die Möglichkeit, Entwürfe der eigenen Masterarbeit vorzustellen und im Rahmen des Kolloquiums zu

diskutieren. Dabei spielt es keine Rolle, ob die Studierenden in der Vorbereitungsphase oder mitten im Schreibprozess sind. Im Zentrum
liegt dabei das gegenseitige studentische Feedback und nicht eine fachspezifische Rückmeldung von der Aufsichtsperson aus dem
Mittelbau. 

Objective Ziel des Kolloquiums ist es Konzepte, Kapitelauszüge, oder ähnliches der eigenen Masterarbeit vorzutragen und im Plenum zu diskutieren.
Gemeinsam können so eigene wie fremde Probleme oder theoretische Ansätze diskutiert werden. Pro Sitzung wird eine Masterarbeit
durch das Kollektiv besprochen.

851-0551-15L Colloquium for Master and Ph.D. Students History of
Technology  (FS 2020)

W 2 credits 1K D. Gugerli

Abstract Colloquium for master and doctoral students preparing a thesis in the history of technology.
Objective Goals: to identify, discuss, and resolve methodological problems that emerge while elaborating a master or doctoral thesis.
Prerequisites /
notice

Beginn 2. Semesterwoche, 25.02.2020 (alle 14 Tage). Anmeldung bei Rachele Delucchi (rachele.delucchi@history.gess.ethz.ch). Siehe
fürs Programm auch: www.tg.ethz.ch

 Master's Thesis
The work on the master thesis is supervised by one of the teachers that are allowed to offer tutorials for it, named in the Leitfaden.

Number Title Type ECTS Hours Lecturers

862-0500-00L Master's Thesis
A student is only permitted to commence the Master
thesis if
a.    the Bachelor degree programme has been completed
b.    any additional requirements for admission to the
degree programme have been fulfilled
c.    all credits have been acquired in the categories basic
courses and major courses and at least 6 credits have
been acquired in the category research colloquium

O  30 credits 64D Lecturers

Abstract The Master's thesis gives a thorough historical, philological or philosophical analysis of a topic related to the experimental or formal
sciences or to technology. It incorporates the relevant research literature on this topic as well as first attempts at original research. 

Objective The master thesis gives a thorough historical, philological or philosophical analysis of a topic related to the experimental or formal sciences
or to technology. It incorporates the relevant research literature on this topic as well as first attempts at original research. 

History and Philosophy of Knowledge Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Health Sciences and Technology Bachelor
 Bachelor Studies (Programme Regulations 2017)

 First Year Compulsory Subjects
 First Year Examinations

Number Title Type ECTS Hours Lecturers

551-1110-00L Infection and Immunology
Only for Health Sciences and Technology BSc and
Human Medicine BSc.

O  2 credits 2V W.-D. Hardt, A. B. Hehl, U. Karrer,
F. Sallusto

Abstract Structure and function of pathogenic bacteria, viruses, single- and multi-cellular parasites, and pathogen-specific defense mechanisms of
the immune system. The lecture is complemented by a learning platform. Some material is expected to be prepared in self-study

Objective - Students can describe the structural principles and mechanisms of infection of key pathogens.
- Students understand how these pathogens are detected and eliminated by the native and adaptive immune system.
- Students are able to explain how anti-infective agents work and how pathogens develop resistance. 

Content - Cellular structure of Gram-positive and Gram-negative bacteria
- Bacteria-host interactions and their effect on the host
- Antibiotics and antibiotic resistance
- Classification of pathogenic viruses
- Organization, classification and life cycle of eukaryotic pathogens 
- Organization of the native immune system
- Organization of the adaptive immune system

Prerequisites /
notice

The immunology section of the course can be taught in English.

551-1304-00L Biochemistry
Only for Health Sciences and Technology BSc and
Human Medicine BSc.

O  3 credits 3V U. K. Genick, W. Kovacs, M. Peter

Abstract The course introduces students to the central facts and concepts of biochemistry and covers topics ranging from the structure,
physicochemical properties and function of biomolecules; enzymes and their function; human metabolism and its regulation to signal
transduction and motor proteins.

Objective The detailed learning goals of the course can be viewed on the course's Moodle page.
Lecture notes There is no traditional script for this course. Instead the course is supported by a Moodle page through which students have access to all

necessary texts, exercises, videos and activities.
Literature The essential course material will be available on the course's Moodle Page in the form of scripts and lesson handouts. 

The course does not have an "official" textbook, but students may find a general reference book on the topic interesting. For this purpose,
the text "Löffler/Petrides Biochemie und Pathobiochemie" ISBN 978-3-642-17971-6 may be interesting.

Prerequisites /
notice

The course builds on the content of the courses "Chemie für Mediziner", "Pharmakologie für Mediziner" and "Molekulare Genetik und
Zellbiologie".

529-1012-00L Organic Chemistry II (for Students of Biology,
Pharmaceutical Sci., and Health Sci. & Tech.)

O  5 credits 5G C. Thilgen

Abstract The relationship between structure and reactivity of organic molecules is elaborated by studying the mechanisms of the fundamental types
of organic reactions. A basic synthesis repertoire is acquired.

Objective Understanding the mechanisms of the fundamental types of organic reactions. Particular emphasis is placed on the relationship between
structure and reactivity. A basic repertoire for the synthesis of small organic molecules is acquired. Weekly problem solving lessons provide
a deeper understanding of the concepts presented during the lecture.

Content The basic reactions of organic chemistry and their mechanisms. Chemistry of the most important functional groups, the carbonyl group in
particular.

For details, see German version.

Lecture notes Printed or electronic lecture notes are available. Problem sets, answer keys, and other course materials can be downloaded from the
Moodle course "Organic Chemistry II" of the current semester (https://moodle-app2.let.ethz.ch).

Literature No set textbooks. Optional texts will be proposed at the beginning of the class and in the lecture notes (cf. course 529-1011-00L Organic
Chemistry I).

Prerequisites /
notice

Attendance of the course 529-1011-00, "Organic Chemistry I for Biology/Pharmaceutical Sciences/HST".

376-0001-00L Biomechanics I O  5 credits 3V+2U J. G. Snedeker
Abstract Introduction to engineering mechanics with applications in biology and medicine: kinematics and statics of rigid bodies and systems. Basic

introduction to deformation and failure of materials under load.
Objective Students can solve problems of elementary engineering mechanics, and understand how these are relevant to biology and medicine.
Content Basic notions: position and velocitiy of particles, rigid bodies, planar motion, kinematics of rigid body, force, couple, power.

Statics: static equivalence, force-couple system, center of forces, centroid, principle of virtual power, equilibrium, constraints, statics,
friction.
Effects of mechanical load, and material stresses and deformation in tension, compression, bending, and torsion.

Lecture notes Yes
Literature M. B. Sayir, J. Dual, S. Kaufmann: Ingenieurmechanik 1, Grundlagen und Statik. Vieweg + Teubner, Wiesbaden, 2008.

M. B. Sayir, S. Kaufmann: Ingenieurmechanik 3, Dynamik. Teubner, Stuttgart, 2005.

401-0292-00L Mathematics II O  5 credits 3V+2U A. Caspar
Abstract Mathematics I/II is an introduction to one- and multidimensional calculus 

and linear algebra emphasizing on applications.
Objective Students understand mathematics as a language for modelling and as a tool for 

solving practical problems in natural sciences.
Students can analyze models, describe solutions qualitatively or calculate
them explicitly if need be. They can solve examples as well as their practical
applications manually and using computer algebra systems.
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Content ## Komplexe Zahlen ##
- Kartesische und Polar-Darstellung
- Rechnen mit komplexen Zahlen
- Lösungen algebraischer Gleichungen

## Lineare Algebra - Fortsetzung ##
- Komplexe Vektoren und Matrizen
- Weitere Arithmetische Aspekte
- LGS und Gauss-Verfahren

## Lineare DGL 2. Ordnung und Systeme 1. Ordnung ##
- Lösen mit Eigenwerten/-vektoren.
- Qualitative Lösungsverhalten
- Ebene und Räumliche (Lösungs-)Kurven

## Integral- und Differentialrechnung (II) ##
- Hauptsatz der Differential/Integralrechnung
- Uneigentliche Integrale
- Anwendungen
- Gebiets- und Volumenintegral
- - - - - - - - - - - - - - - - - - - - -
- Partielle Funktionen und Ableitungen
- Extrema
- Tangentialebene
- Verallgemeinerte Kettenregel

## Vektoranalysis ##
- Potentialtheorie
- Formel von Green
- Divergenz und Ebener Satz von Gauss
- Oberflächenintegral, Fluss
- Satz von Gauss im Raum.

Lecture notes In Ergänzung zu den Vorlesungskapiteln der Lehrveranstaltungen fassen wir
wichtige Sachverhalte, Formeln und weitere Ausführungen jeweils in einem
Vademecum zusammen.

Dabei gilt:

* Die Skripte ersetzen nicht die Vorlesung und/oder die Übungen!
* Ohne den Besuch der Lehrveranstaltungen verlieren die Ausführungen 
ihren Mehrwert.
* Details entwickeln wir in den Vorlesungen und den Übungen, um die hier
bestehenden Lücken zu schliessen.
* Prüfungsrelevant ist, was wir in der Vorlesung und in den Übungen behandeln.

Literature Siehe auch Lernmaterial > Literatur

**Th. Wihler** 
Mathematik für Naturwissenschaften, 2 Bände: 
Einführung in die Analysis, Einführung in die Lineare Algebra; 
Haupt-Verlag Bern, UTB.

**H. H. Storrer** 
Einführung in die mathematische Behandlung der Naturwissenschaften I; Birkhäuser.
Via ETHZ-Bibliothek:
<https://link.springer.com/book/10.1007/978-3-0348-8598-0>

**Ch. Blatter** 
Lineare Algebra; VDF 
auch als [pdf]<https://people.math.ethz.ch/~blatter/linalg.pdf>

Prerequisites /
notice

## Voraussetzungen ##
Mathematik I
<http://www.vvz.ethz.ch/Vorlesungsverzeichnis/lerneinheit.view?semkez=2019W&ansicht=KATALOGDATEN&lerneinheitId=132877&lang=
de>

## Übungen und Prüfungen ##
+ Die Übungsaufgaben (inkl. Multiple-Choice) sind ein wichtiger Bestandteil
der Lehrveranstaltung.
+ Es wird erwartet, dass Sie mindestens 75 % der wöchentlichen Serien bearbeiten
und zur Korrektur einreichen.
+ Der Prüfungsstoff ist eine Auswahl von Themen aus Vorlesung und Übungen. Für
eine erfolgreiche Prüfung ist die konzentrierte Bearbeitung der Aufgaben
unerlässlich.

## Einschreibung in die Übungen ##
Die Einschreibung in die Übungsgruppen erfolgt online. 

## Zugang Übungsserien ##
Erfolgt auch online.

401-0643-00L Statistics I O  3 credits 2V+1U M. Kalisch
Abstract Introduction to basic methods and fundamental concepts of statistics and probability theory for non-mathematicians. The concepts are

presented on the basis of some descriptive examples.
Objective Grundverständnis für die Gesetze des Zufalls und des Denkens in Wahrscheinlichkeiten. Kenntnis von Methoden zur Darstellung von

Daten und zu ihrer quantitativen Interpretation unter Berücksichtigung der statistischen Unsicherheit.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 826 of 1785

Content Modelle und Statistik für Zähldaten: Diskrete Wahrscheinlichkeitsmodelle, Binomial-Verteilung, Tests und Vertrauensintervalle für eine
Wahrscheinlichkeit, Poisson-Verteilung und deren Statistik, weitere Verteilungen.
Modelle und Statistik für Messdaten: Beschreibende Statistik, Zufallsvariablen mit Dichten, t-Test und Wilcoxon-Test und zugehörige
Vertrauensintervalle.
Regression: Das Modell der linearen Regression, Tests und Vertrauensintervalle, Residuenanalyse.

Lecture notes Es steht ein kurzes Skript zur Verfügung.
Literature - W.  A. Stahel, Statistische Datenanalyse: Eine Einführung für Naturwissenschaftler, 5. Aufl., Vieweg, Braunschweig/Wiesbaden, 2007
Prerequisites /
notice

Voraussetzungen: Grundlegende Mathematik-Kenntnisse wie sie im ersten Semester erworben werden.

376-0004-00L Introduction to Health Sciences and Technology II O  2 credits 2V R. Müller
Abstract Introduction to the five majors of the curriculum based on typical research questions: Human Movement Science and Sport, Medical

Technology, Molecular Health Sciences, Neurosciences, and Human Health, Nutrition and Environment. Outline of different job
opportunities in biomedical science, medical engineering, health promotion and other areas.

Objective Students will learn about real research processes and job opportunities in the area of Health Sciences and Technology.

 First Year Laboratory Courses
Number Title Type ECTS Hours Lecturers

376-0010-00L Laboratory Course in Chemistry O 2 credits 2P N. Kobert
Abstract Basic techniques of experimentak chemistry are learned. 

The experiments include analytical and preparative duties. Selected synthesis are carried out and chemical substances are analysed. The
handling of gaseous substances in the laboratory is practiced.

Objective Insight into experimental methods of chemistry: Behaviour in the laboratory, handling of chemical substances, observation and description
of basic chemical reactions.

Content - Analytik  - Nitratbestimmung
- Komplexe -  Löslichkeit
- Chemische Synthesen (Bsp. Aspirin)
- Protonenübertragung in wässriger Lösung
- Lebensmittelfarbstoffe
- Gaschromatographie

Lecture notes Das Skript zum Praktikum und die Versuchsanleitungen werden auf einer eigenen homepage zugänglich gemacht.
Literature Die genaue Vorbereitung anhand des Praktikumsskripts ist Voraussetzung für die Teilnahme am Praktikum.

376-0004-01L Lab Introduction to Health Sciences and Technology
Only for Health Sciences and Technology BSc.

O  2 credits 2P R. Müller, R. Riener, C. Wolfrum

Abstract Selected experiments in the area of health sciences and technology as introduction to scientific working.
Objective Students should understand the methods of scientific working which they will apply in various experiments.
Content Data collection, data presentation and discussion (partially including reporting) in the following experiments:

- Human vs. pneumatic muscle
- Muscle activity and strength
- Balance / sensorimotor function
- Stress-strain relation
- Molecular diagnosis
- Literature research

 Second Year Compulsary Courses
 Examination Blocks

 Examination Block 3
Number Title Type ECTS Hours Lecturers

376-0008-00L Advanced Physiology and Pathophysiology
Only for Health Sciences and Technology BSc.

O  4 credits 4V K. De Bock, O. Bar-Nur, M. Detmar,
G. A. Kuhn, M. Ristow, G. Schratt,
C. Spengler, C. Wolfrum, M. Zenobi-
Wong

Abstract In-depth theory to molecular and pathophysiological aspects of nerves, muscles, heart , circulatory , respiratory and sensory organs .
Objective In-depth knowledge of anatomy and physiology.
Content Molecular fundamentals of physiological processes, processes of disease development.
Prerequisites /
notice

Language of teaching in this course is German/English depending on the teacher

376-0153-00L Histology O  2 credits 2G D. P. Wolfer, I. Amrein,
L. Slomianka

Abstract Practical at the light microscope based on the lectures "Anatomie" 1+2 with an introduction in histological techniques. In the first part
participants study examples of epithelia, connective and supporting tissues, muscle and nervous tissue. The second part is devoted to the
microscopic anatomy of selected organs.

Objective By working with the microscope, participants gain a deeper understating of the lecture topics, in particular in microscopic anatomy. They
acquire the ability to examine tissue sections with the microscope, to recognize organ-typical structures and to identify the organ of origin.

Literature Suggested reading
Lüllmann-Rauch R, Asan E: Taschenlehrbuch Histologie
Kühnel W: Taschenatlas Histologie

Prerequisites /
notice

Based on:
376-0151-00 "Anatomie und Physiologie" I
376-0150-00 "Anatomie und Physiologie" II

402-0084-00L Physics II O  4 credits 3V+1U G. Dissertori
Abstract This course is an introduction to classical physics, with special focus on applications in medicine.
Objective Obtain an understanding of basic concepts in classical physics and their application (using mathematical pre-knowledge) to the solution of

simple problems, including certain applications in medicine.

Obtain an understanding of relevant quantities and of orders of magnitude.
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Content Electromagnetism;
Thermodynamics;
Optics.

Lecture notes Will be distributed at the start of the semester.
Literature "Physik für Mediziner, Biologen, Pharmazeuten", von Alfred Trautwein, Uwe Kreibig, Jürgen Hüttermann; De Gruyter Verlag.
Prerequisites /
notice

Voraussetzung Mathematik I+II und Physik I (Studiengänge Gesundheitswissenschaften und Technologie bzw. Humanmedizin) /
Mathematik-Lehrveranstaltungen des Basisjahres (Studiengänge Chemie, Chemieingenieurwissenschaften bzw. Interdisziplinäre
Naturwissenschaften)

 Examination Block 4
Number Title Type ECTS Hours Lecturers

376-0152-00L Anatomy and Physiology II O  5 credits 4V M. Ristow, K. De Bock, M. Kopf,
L. Slomianka, C. Spengler

Abstract Basic knowledge of the anatomy and physiology of the gastrointestinal tract, endocrine organs, urinary system and the reproductive
system. Knowlewdge of the basic mechanisms of pathobiology. Study of all human tissues and selected organs by examining slides under
the light microscope.

Objective Foundations of human anatomy and physiology and basics of clinical pathophysiology
Content Short overview of human anatomy, physiology and general pathology.

3rd semester:
Principles of histology and embryology.  Anatomy and physiology: nervous system, muscle, sensory organs, circulatory system, respiratory
system.
4rd semester:
Anatomy and physiology: gastrointestinal tract, endocrine system, metabolism and thermoregulation, integumentary system, blood and
immune system, urinary system, circadian rhythm, reproductive system, pregnancy and birth.

Literature Anatomie: Martini, Timmons, Tallitsch, "Anatomie", Pearson; oder Schiebler, Korf, "Anatomie", Steinkopff / Springer; oder Spornitz,
"Anatomie und Physiologie, Lehrbuch und Atlas für Pflege-und Gesundheitsfachberufe", Springer

Physiologie: Thews/Mutschler/Vaupel: Anatomie, Physiologie, Pathophysiologie des Menschen,
                  Wissenschaftliche Verlagsgesellschaft, Stuttgart

                                                             oder

                   Schmidt/Lang/Thews: Physiologie des Menschen, Springer-Verlag, Heidelberg

Prerequisites /
notice

Der Besuch der Anatomie und Physiologie I - Vorlesung ist Voraussetzung, da die Anatomie und Physiologie II - Vorlesung auf dem
Wissen der im vorangegangenen Semester gelesenen Anatomie und Physiologie I - Vorlesung aufbaut.    

376-0206-00L Biomechanics II O  4 credits 3G B. Taylor, P. Schütz, F. Vogl
Abstract Introduction in dynamics, kinetics and kinematic of rigid and elastic multi-body systems with examples in biology, medicine and especially

the human movement
Objective The students are able

- to analyse and describe dynamic systems
-  to explain the mechanical laws and use them in biology and medicine

Content The students can explain the fundamental concepts of the following topics and apply them to exercises from biomechanics and medicine.
- Kinematics of movement
- Kinetics of movement
- Energy, momentum, mechanics of collisions
- Angular momentum
- Coordinatesystems and -transforms
- Kinematics of multibody-systems
- Lagrange formalisms
- Kinetics of multibody-systems and energyflow
- Inverse dynamics
- Musclemechanics
- Muscle optimisations
- Gait models

376-1611-00L Biomedical Interfaces O  4 credits 2V+1U S. Lickert, V. Vogel, M. Aramesh,
E. Klotzsch

Abstract This class serves as an introduction into the design of materials for biomedical applications. Its focus lies on controlling interactions at the
interface between biomolecules or living cells and synthetic materials. Knowing some basic concepts allows us to define prototypical
requirements for material surfaces and to utilize molecular engineering principles for their realization.

Objective 1. The students will know basic rules that determine the interaction of biological molecules or cells with synthetic materials on the
nanoscale.
2. The students will be able to define essential requirements how to functionalize materials in the context of specific biomedical
applications.
3. The students will be able to predict the outcome of self-assembly processes and utilize these to achieve a desired function or biological
behavior at interfaces.

Content - protein-surface interactions
- anti-adhesive surface coatings
- biosensors
- bacteria-surface interactions
- cell-nanoparticle interactions
- drug delivery systems
- cell-matrix interactions
- soft tissue engineering

Lecture notes Handouts of the lecture can be accessed online.  All hand-outs  are in English.
Literature Selected chapters of

- Biomaterials Science: an Introduction to Materials in Medicine, by B. Ratner, 3rd Ed. Academic Press (2013).
- Biomimetic Materials and Design: Biointerfacial Strategies, Tissue Engineering and Targeted Drug Delivery, by A.K. Dillow and A.M.
Lowman, CRC Press (2002).
- Biomaterials: Principles and Practices, by J.Y. Wong et al., CRC Press (2013).
- Molecular Biology of the Cell, by B. Alberts et al., Taylor & Francis, 5th Ed. (2007).
Detailed literature references will be provided in the lectures.
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Prerequisites /
notice

This interdisciplinary class addresses students from all disciplines at the Bachelor level. Profound basic knowledge in cell biology and
biochemistry is required.

A few lectures will be held in english.

 Second Year Laboratory Courses
Number Title Type ECTS Hours Lecturers

376-0006-01L Laboratory Course in Physiology O 2 credits 1.5P C. Spengler
Abstract Experiments to evaluate nerve, muscle, heart, circulation, respiration, and sensory organ function in humans.
Objective Practical experience of physiology. Learning of fundamental assessments of physiological functions in humans and of correct

interpretations of measurement data.
Content Determination of nerve conduction time, recording of electromyogram (EMG; single stimuli and summatin) and mechanogram;

measurement of lung function and oxygen consumption; assessment of cardiovascular adjustments in response to orthostatic challenges
and exercise; computer simulation of the cardiovascular system under different conditions; determination of hearing threshold level, visual
acuity, accommodation and field of vision.

Lecture notes Scriptum of the Laboratory Experiments in Physiology on Moodle

376-0006-02L Laboratory Course in Molecular Biology O 2 credits 2P C. Wolfrum, K. De Bock, C. Ewald,
M. Ristow

Abstract Introduction to experimental molecular biology using physiological examples.
Objective Practical experience of molecular biology. Learning of fundamental research methods.
Content Protein analysis , cell culture, quantification of RNA. 
Lecture notes Ein Skript zum Praktikum wird abgegeben.
Prerequisites /
notice

Cell Biology 

 Focus Courses
 Human Movement Science and Sport

Number Title Type ECTS Hours Lecturers

376-0204-00L Exercise Sciences W  4 credits 3G E. de Bruin, P. Eggenberger
Abstract Evidence-based findings on the training of endurance, strength, and speed, planning and periodization of training, as well as motor learning

will be presented and discussed in relation to specific age groups (childhood to older age), and performance levels. The theoretical
knowledge will be applied in an annual training plan for an individually chosen sport/performance level.

Objective Understand and critically evaluate evidence-based training recommendations for specific groups (children/youth, adults, older adults,
recreational/high performance sport) and apply and evaluate this knowledge within a goal-oriented training plan.

Content Lecture:
- Evidence-based research in exercise sciences
- Endurance, strength, and speed training
- Training in childhood and youth
- Training in older age
- Analysis of a specific sport, planning and periodization models
- Motor learning in sports practice

Training sessions:
- Development of a goal-oriented annual training plan for an individually chosen sport/performance level, based on evidence from the
exercise sciences.

Practice in the gym:
- Practical examples for the training of strength and speed
- Motor learning experiments

Lecture notes Lecture slides and papers on the Moodle platform.
Literature G.G. Haff & N.T. Triplett (eds): Essentials of Strength Training and Conditioning. Human Kinetics, 4th edition, 2016.


W.E. Amonette, K.L. English, W.J. Kraemer: Evidence-Based Practice in Exercise Science. The Six-Step Approach. Human Kinetics, 2016.

376-0202-00L Neural Control of Movement and Motor Learning W  4 credits 3G N. Wenderoth
Abstract This course extends the students' knowledge regarding the neural control of movement and motor learning. Particular emphasis will be put

on those methods and experimental findings that have shaped current knowledge of this area.
Objective Knowledge of the physiological and anatomic basis underlying the neural control of movement and motor learning. One central element is

that students have first hands-on experience in the lab where small experiments are independently executed, analysed and interpreted.

376-0905-00L Functional Anatomy W  3 credits 2V D. P. Wolfer, I. Amrein
Abstract Introduction to the anatomy of the musculoskeletal with the goal to better understand movements and the mechanisms of injuries.
Objective - understanding the three-dimensional organization of the human musculoskeletal system

- correct use of anatomical nomenclature in the description of structure and function
- understanding the connections between morphology and normal function of the musculoskeletal system
- knowledge of selected mechanisms of injury in terms of the underlying anatomy

Content -  Allgemeine Anatomie des Bewegungsapparates (Bindegewebe, Knochen, Gelenke, Muskeln)
- Becken und freie untere Extremität (Skelett, Gelenke, Muskeln)
- Wirbelsäule, Brustkorb, Bauchwand (Skelett, Gelenke, Muskeln)
- Schulter und freie obere Extremität (Skelett, Gelenke, Muskeln)

Literature - Schünke M, Topographie und Funktion des Bewegungssystems
- Gehrke T, Sportanatomie, Rowohlt Taschenbuch Verlag
- Weineck J, Sportanatomie, Spitta-Verlag

 Medical Technology
Number Title Type ECTS Hours Lecturers

376-0210-00L Biomechatronics
Primarily designed for HSTstudents

The Biomechatronics lecture is not appropriate for

W  4 credits 3G R. Riener, R. Gassert
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students who already attended the lecture "Physical
Human-Robot Interaction"(376-1504-00L), because it
covers similar topics.

Matlab skills are beneficial-> online Tutorial
http://www.imrtweb.ethz.ch/matlab/

Abstract Development of mechatronic systems (i.e. mechanics, electronics, computer science and system integration) with inspiration from biology
and application in the living (human) organism.

Objective The objective of this course is to give an introduction to the fundamentals of biomechatronics, through lectures on the underlying
theoretical/mechatronics aspects and application fields. In the exercises, these concepts will be intensified and trained on the basis of
specific examples. The course will guide students through the design and evaluation process of such systems, and highlight a number of
applications.

By the end of this course, you should understand the critical elements of biomechatronics and their interaction with biological systems, both
in terms of engineering metrics and human factors. You will be able to apply the learned methods and principles to the design,
improvement and evaluation of safe and efficient biomechatronics systems.

Content The course will cover the interdisciplinary elements of biomechatronics, ranging from human factors to sensor and actuator technologies,
real-time signal processing, system kinematics and dynamics, modeling and simulation, controls and graphical rendering as well as
safety/ethical aspects, and provide an overview of the diverse applications of biomechatronics technology.

Lecture notes Slides will be distributed through moodle before the lectures.
Literature Brooker, G. (2012). Introduction to Biomechatronics. SciTech Publishing.

Riener, R., Harders, M. (2012) Virtual Reality in Medicine. Springer, London.
Prerequisites /
notice

None

376-0022-00L Imaging and Computing in Medicine W  4 credits 3G R. Müller, P. Christen, C. J. Collins
Abstract Imaging and computing methods are key to advances and innovation in medicine. This course introduces established fundamental as well

as modern techniques and methods of imaging and computing in medicine.
Objective 1.    Understanding and practical implementation of biosignal processes methods for imaging 

2.    Understanding of imaging techniques including radiation imaging, radiographic imaging systems, computed tomography imaging,
diagnostic ultrasound imaging, and magnetic resonance imaging
3.    Knowledge of computing, programming, modelling and simulation fundamentals
4.    Computational and systems thinking as well as scripting and programming skills
5.    Understanding and practical implementation of emerging computational methods and their application in medicine including artificial
intelligence, deep learning, big data, and complexity
6.    Understanding of the emerging concept of personalised and in silico medicine
7.    Encouragement of critical thinking and creating an environment for independent and self-directed studying

Content Imaging and computing methods are key to advances and innovation in medicine. This course introduces established fundamental as well
as modern techniques and methods of imaging and computing in medicine. For the imaging portion of the course, biosignal processing,
radiation imaging, radiographic imaging systems, computed tomography imaging, diagnostic ultrasound imaging, and magnetic resonance
imaging are covered. For the computing portion of the course, computing, programming, and modelling and simulation fundamentals are
covered as well as their application in artificial intelligence and deep learning; complexity and systems medicine; big data and personalised
medicine; and computational physiology and in silico medicine.
The course is structured as a seminar in three parts of 45 minutes with video lectures and a flipped classroom setup: in the first part
(TORQUEs: Tiny, Open-with-Restrictions courses focused on QUality and Effectiveness), students study the basic concepts in short video
lectures on the online learning platform Moodle. At the end of this first part, students must post a number of questions in the Moodle forum
that will be addressed in the second part of the lectures using a flipped classroom concept. First, the lecturers may prepare additional
teaching material to answer the posted questions and potentially discuss further questions (Q&A). Second, the students will form small
groups to acquire additional knowledge online or from additionally distributed material and to present their findings to the rest of the class.

Lecture notes Stored on Moodle.
Prerequisites /
notice

Lectures will be given in English.

 Molecular Health Sciences
Number Title Type ECTS Hours Lecturers

551-0318-00L Immunology II W  3 credits 2V A. Oxenius, M. Kopf,
S. R. Leibundgut, E. Wetter Slack,
further lecturers

Abstract Introduction into the cellular and molecular basis of the immune system and immune responses against diverse pathogens, tumors,
transplants, and self (autoimmunity)

Objective The lectures will provide a detailed understanding:
- how innate and adaptive immune responses interact at the cellular and molecular level.
- how the immune system recognizes and fights against pathogenic microorganisms including viruses, bacteria, and parasites.
- why lymphocytes tolerate self molecules.
- about function and dysfunction the intestinal immune system.
- immunopathology and inflammatory diseases.

Content The aim of lecture is to understand:
> How pathogens are recognized by the innate immune system
> Immune defense against various pathogens
> Immunology of the skin, lung and intestines
> Tumor immunology
> Migration and homing of immune cells
> tolerance and autoimmunity
> T cell memory

Lecture notes Presentations of the lecturers are available at the Moodle link
Literature Recommended: Kuby Immunology (Freeman)

551-0326-00L Cell Biology W  6 credits 4V S. Werner, M. Bordoli, W. Kovacs,
M. Schäfer, U. Suter, A. Wutz

Abstract This Course introduces principle concepts, techniques, and experimental strategies used in modern Cell Biology. Major topics include:
neuron-glia interactions in health and disease; mitochondrial dynamics; stem cell biology; growth factor action in development, tissue repair
and disease; cell metabolism, in particular sensing and signaling mechanisms, cell organelles, and lipid metabolism.
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Objective -To prepare the students for successful and efficient lab work by learning how to ask the right questions and to use the appropriate
techniques in a research project.
-To convey knowledge about neuron-glia interactions in health and disease.
- To provide information on different types of stem cells and their function in health and disease
-To provide information on growth factor signaling in development, repair and disease and on the use of growth factors or their receptors as
drug targets for major human diseases
-To convey knowledge on the mechanisms underlying repair of injured tissues
-To provide the students with an overview of mitochondrial dynamics.
-Providing an understanding of RNA processing reactions and their regulations.
-To provide a comprehensive understanding of metabolic sensing mechanisms occurring in different cell types and organelles in response
to glucose, hormones, oxygen, nutrients as well as lipids, and to discuss downstream signaling pathways and cellular responses.
-To provide models explaining how disturbances in complex metabolic control networks and bioenergetics can lead to disease and to
highlight latest experimental approaches to uncover the intricacies of metabolic control at the cellular and organismal level.
-Providing the background and context that foster cross-disciplinary scientific thinking.

376-0209-00L Molecular Disease Mechanisms W  6 credits 4V C. Wolfrum, H. Gahlon, M. Kopf
Abstract In this course the mechanisms of disease development will be studied. Main topics will be: 

1.    Influence of environmental factors with an emphasis on inflammation and the immune response.
2.    Mechanisms underlying disease progression in metabolic disorders, integrating genetic and environmental factors.
3.    Mechanisms underlying disease progression in cancer, integrating genetic and environment

Objective To understand the mechanisms governing disease development with a special emphasis on genetic and environmental associated
components

Lecture notes All information can be found at:

https://moodle-app2.let.ethz.ch/course/view.php?id=12627

The enrollment key will be provided by email

 Neurosciences
Number Title Type ECTS Hours Lecturers

376-1306-00L Clinical Neuroscience

More information
at:https://studentservices.uzh.ch/uzh/anonym/vvz/index.ht
ml#/details/2019/004/P/01106803


W  3 credits 3V G. Schratt, University lecturers

Abstract The lecture series "Clinical Neuroscience" presents  a comprehensive, condensed overview of the most important neurological diseases,
their clinical presentation, diagnosis, therapy options and possible causes. Patient demonstrations (Übungen) follow every lecture that is
dedicated to a particular disease.

Objective By the end of this module students should be able to: 
- demonstrate their understanding and deep knowledge concerning the main neurological diseases 
- identify and explain the different clinical presentation of these diseases, the methodology of diagnosis and the current therapies available 
- summarize and critically review scientific literature efficiently and effectively

376-1430-00L Modeling and Methods in Human Behavioural
Neuroscience

W  3 credits 2G G. Bertolini, F. Romano

Abstract The course presents models in human behavioral neuroscience and methods to:
1) Adapt the models to embed hypotheses; 
2) Make model-based predictions; 
3) Use models when designing data collections that verify/disprove predictions

Objective At the end of this module students should know:  
•    different types of models used in human behavioral neuroscience, their features and their limits
•    how to use models to estimate expected human behavioural outcomes or to interpret behavioural data 
•    how to implement models and methods via software (Matlab) 

Content 1.    Linear time-invariant model and their practical applications on neuroscience systems (e.g. sensory input, motor control). From
equations to block diagram representation.

2.    Psychophysical methods to test human perceptual response and statistical models of behaviour (e.g. Bayesian model). Examples from
tasks probing perceptual responses. 

3.    How the brain controls our body through internal models (feedforward and feedback). Examples from motor and balance tasks. The
optimal observer as a model of how the human brain interprets inputs, plans and compares actions and finally executes them.

The course will combine theoretical and practical knowledge on how to implement models and techniques via software on datasets
(Matlab)

376-0202-00L Neural Control of Movement and Motor Learning W  4 credits 3G N. Wenderoth
Abstract This course extends the students' knowledge regarding the neural control of movement and motor learning. Particular emphasis will be put

on those methods and experimental findings that have shaped current knowledge of this area.
Objective Knowledge of the physiological and anatomic basis underlying the neural control of movement and motor learning. One central element is

that students have first hands-on experience in the lab where small experiments are independently executed, analysed and interpreted.

551-0326-00L Cell Biology W  6 credits 4V S. Werner, M. Bordoli, W. Kovacs,
M. Schäfer, U. Suter, A. Wutz

Abstract This Course introduces principle concepts, techniques, and experimental strategies used in modern Cell Biology. Major topics include:
neuron-glia interactions in health and disease; mitochondrial dynamics; stem cell biology; growth factor action in development, tissue repair
and disease; cell metabolism, in particular sensing and signaling mechanisms, cell organelles, and lipid metabolism.
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Objective -To prepare the students for successful and efficient lab work by learning how to ask the right questions and to use the appropriate
techniques in a research project.
-To convey knowledge about neuron-glia interactions in health and disease.
- To provide information on different types of stem cells and their function in health and disease
-To provide information on growth factor signaling in development, repair and disease and on the use of growth factors or their receptors as
drug targets for major human diseases
-To convey knowledge on the mechanisms underlying repair of injured tissues
-To provide the students with an overview of mitochondrial dynamics.
-Providing an understanding of RNA processing reactions and their regulations.
-To provide a comprehensive understanding of metabolic sensing mechanisms occurring in different cell types and organelles in response
to glucose, hormones, oxygen, nutrients as well as lipids, and to discuss downstream signaling pathways and cellular responses.
-To provide models explaining how disturbances in complex metabolic control networks and bioenergetics can lead to disease and to
highlight latest experimental approaches to uncover the intricacies of metabolic control at the cellular and organismal level.
-Providing the background and context that foster cross-disciplinary scientific thinking.

 Bachelor Studies (Programme Regulations 2013)
 Second Year Compulsary Subjects

 Examination Blocks
 Examination Block 3

Number Title Type ECTS Hours Lecturers

376-0152-00L Anatomy and Physiology II O 5 credits 4V M. Ristow, K. De Bock, M. Kopf,
L. Slomianka, C. Spengler

Abstract Basic knowledge of the anatomy and physiology of the gastrointestinal tract, endocrine organs, urinary system and the reproductive
system. Knowlewdge of the basic mechanisms of pathobiology. Study of all human tissues and selected organs by examining slides under
the light microscope.

Objective Foundations of human anatomy and physiology and basics of clinical pathophysiology
Content Short overview of human anatomy, physiology and general pathology.

3rd semester:
Principles of histology and embryology.  Anatomy and physiology: nervous system, muscle, sensory organs, circulatory system, respiratory
system.
4rd semester:
Anatomy and physiology: gastrointestinal tract, endocrine system, metabolism and thermoregulation, integumentary system, blood and
immune system, urinary system, circadian rhythm, reproductive system, pregnancy and birth.

Literature Anatomie: Martini, Timmons, Tallitsch, "Anatomie", Pearson; oder Schiebler, Korf, "Anatomie", Steinkopff / Springer; oder Spornitz,
"Anatomie und Physiologie, Lehrbuch und Atlas für Pflege-und Gesundheitsfachberufe", Springer

Physiologie: Thews/Mutschler/Vaupel: Anatomie, Physiologie, Pathophysiologie des Menschen,
                  Wissenschaftliche Verlagsgesellschaft, Stuttgart

                                                             oder

                   Schmidt/Lang/Thews: Physiologie des Menschen, Springer-Verlag, Heidelberg

Prerequisites /
notice

Der Besuch der Anatomie und Physiologie I - Vorlesung ist Voraussetzung, da die Anatomie und Physiologie II - Vorlesung auf dem
Wissen der im vorangegangenen Semester gelesenen Anatomie und Physiologie I - Vorlesung aufbaut.    

376-0153-00L Histology O 2 credits 2G D. P. Wolfer, I. Amrein,
L. Slomianka

Abstract Practical at the light microscope based on the lectures "Anatomie" 1+2 with an introduction in histological techniques. In the first part
participants study examples of epithelia, connective and supporting tissues, muscle and nervous tissue. The second part is devoted to the
microscopic anatomy of selected organs.

Objective By working with the microscope, participants gain a deeper understating of the lecture topics, in particular in microscopic anatomy. They
acquire the ability to examine tissue sections with the microscope, to recognize organ-typical structures and to identify the organ of origin.

Literature Suggested reading
Lüllmann-Rauch R, Asan E: Taschenlehrbuch Histologie
Kühnel W: Taschenatlas Histologie

Prerequisites /
notice

Based on:
376-0151-00 "Anatomie und Physiologie" I
376-0150-00 "Anatomie und Physiologie" II

402-0084-00L Physics II O 4 credits 3V+1U G. Dissertori
Abstract This course is an introduction to classical physics, with special focus on applications in medicine.
Objective Obtain an understanding of basic concepts in classical physics and their application (using mathematical pre-knowledge) to the solution of

simple problems, including certain applications in medicine.

Obtain an understanding of relevant quantities and of orders of magnitude.

Content Electromagnetism;
Thermodynamics;
Optics.

Lecture notes Will be distributed at the start of the semester.
Literature "Physik für Mediziner, Biologen, Pharmazeuten", von Alfred Trautwein, Uwe Kreibig, Jürgen Hüttermann; De Gruyter Verlag.
Prerequisites /
notice

Voraussetzung Mathematik I+II und Physik I (Studiengänge Gesundheitswissenschaften und Technologie bzw. Humanmedizin) /
Mathematik-Lehrveranstaltungen des Basisjahres (Studiengänge Chemie, Chemieingenieurwissenschaften bzw. Interdisziplinäre
Naturwissenschaften)

 Examination Block 4
Number Title Type ECTS Hours Lecturers

376-0008-00L Advanced Physiology and Pathophysiology
Only for Health Sciences and Technology BSc.

O 4 credits 4V K. De Bock, O. Bar-Nur, M. Detmar,
G. A. Kuhn, M. Ristow, G. Schratt,
C. Spengler, C. Wolfrum, M. Zenobi-
Wong

Abstract In-depth theory to molecular and pathophysiological aspects of nerves, muscles, heart , circulatory , respiratory and sensory organs .
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Objective In-depth knowledge of anatomy and physiology.
Content Molecular fundamentals of physiological processes, processes of disease development.
Prerequisites /
notice

Language of teaching in this course is German/English depending on the teacher

376-0206-00L Biomechanics II O  4 credits 3G B. Taylor, P. Schütz, F. Vogl
Abstract Introduction in dynamics, kinetics and kinematic of rigid and elastic multi-body systems with examples in biology, medicine and especially

the human movement
Objective The students are able

- to analyse and describe dynamic systems
-  to explain the mechanical laws and use them in biology and medicine

Content The students can explain the fundamental concepts of the following topics and apply them to exercises from biomechanics and medicine.
- Kinematics of movement
- Kinetics of movement
- Energy, momentum, mechanics of collisions
- Angular momentum
- Coordinatesystems and -transforms
- Kinematics of multibody-systems
- Lagrange formalisms
- Kinetics of multibody-systems and energyflow
- Inverse dynamics
- Musclemechanics
- Muscle optimisations
- Gait models

376-1611-00L Biomedical Interfaces O 4 credits 2V+1U S. Lickert, V. Vogel, M. Aramesh,
E. Klotzsch

Abstract This class serves as an introduction into the design of materials for biomedical applications. Its focus lies on controlling interactions at the
interface between biomolecules or living cells and synthetic materials. Knowing some basic concepts allows us to define prototypical
requirements for material surfaces and to utilize molecular engineering principles for their realization.

Objective 1. The students will know basic rules that determine the interaction of biological molecules or cells with synthetic materials on the
nanoscale.
2. The students will be able to define essential requirements how to functionalize materials in the context of specific biomedical
applications.
3. The students will be able to predict the outcome of self-assembly processes and utilize these to achieve a desired function or biological
behavior at interfaces.

Content - protein-surface interactions
- anti-adhesive surface coatings
- biosensors
- bacteria-surface interactions
- cell-nanoparticle interactions
- drug delivery systems
- cell-matrix interactions
- soft tissue engineering

Lecture notes Handouts of the lecture can be accessed online.  All hand-outs  are in English.
Literature Selected chapters of

- Biomaterials Science: an Introduction to Materials in Medicine, by B. Ratner, 3rd Ed. Academic Press (2013).
- Biomimetic Materials and Design: Biointerfacial Strategies, Tissue Engineering and Targeted Drug Delivery, by A.K. Dillow and A.M.
Lowman, CRC Press (2002).
- Biomaterials: Principles and Practices, by J.Y. Wong et al., CRC Press (2013).
- Molecular Biology of the Cell, by B. Alberts et al., Taylor & Francis, 5th Ed. (2007).
Detailed literature references will be provided in the lectures.

Prerequisites /
notice

This interdisciplinary class addresses students from all disciplines at the Bachelor level. Profound basic knowledge in cell biology and
biochemistry is required.

A few lectures will be held in english.

 Third Year Focus Courses
 Focus Courses: Human Movement Science and Sport

Number Title Type ECTS Hours Lecturers

376-0204-00L Exercise Sciences W 4 credits 3G E. de Bruin, P. Eggenberger
Abstract Evidence-based findings on the training of endurance, strength, and speed, planning and periodization of training, as well as motor learning

will be presented and discussed in relation to specific age groups (childhood to older age), and performance levels. The theoretical
knowledge will be applied in an annual training plan for an individually chosen sport/performance level.

Objective Understand and critically evaluate evidence-based training recommendations for specific groups (children/youth, adults, older adults,
recreational/high performance sport) and apply and evaluate this knowledge within a goal-oriented training plan.

Content Lecture:
- Evidence-based research in exercise sciences
- Endurance, strength, and speed training
- Training in childhood and youth
- Training in older age
- Analysis of a specific sport, planning and periodization models
- Motor learning in sports practice

Training sessions:
- Development of a goal-oriented annual training plan for an individually chosen sport/performance level, based on evidence from the
exercise sciences.

Practice in the gym:
- Practical examples for the training of strength and speed
- Motor learning experiments

Lecture notes Lecture slides and papers on the Moodle platform.
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Literature G.G. Haff & N.T. Triplett (eds): Essentials of Strength Training and Conditioning. Human Kinetics, 4th edition, 2016.

W.E. Amonette, K.L. English, W.J. Kraemer: Evidence-Based Practice in Exercise Science. The Six-Step Approach. Human Kinetics, 2016.

376-0202-00L Neural Control of Movement and Motor Learning W 4 credits 3G N. Wenderoth
Abstract This course extends the students' knowledge regarding the neural control of movement and motor learning. Particular emphasis will be put

on those methods and experimental findings that have shaped current knowledge of this area.
Objective Knowledge of the physiological and anatomic basis underlying the neural control of movement and motor learning. One central element is

that students have first hands-on experience in the lab where small experiments are independently executed, analysed and interpreted.

 Focus Courses: Medical Technology
Number Title Type ECTS Hours Lecturers

376-0210-00L Biomechatronics
Primarily designed for HSTstudents

The Biomechatronics lecture is not appropriate for
students who already attended the lecture "Physical
Human-Robot Interaction"(376-1504-00L), because it
covers similar topics.

Matlab skills are beneficial-> online Tutorial
http://www.imrtweb.ethz.ch/matlab/

W 4 credits 3G R. Riener, R. Gassert

Abstract Development of mechatronic systems (i.e. mechanics, electronics, computer science and system integration) with inspiration from biology
and application in the living (human) organism.

Objective The objective of this course is to give an introduction to the fundamentals of biomechatronics, through lectures on the underlying
theoretical/mechatronics aspects and application fields. In the exercises, these concepts will be intensified and trained on the basis of
specific examples. The course will guide students through the design and evaluation process of such systems, and highlight a number of
applications.

By the end of this course, you should understand the critical elements of biomechatronics and their interaction with biological systems, both
in terms of engineering metrics and human factors. You will be able to apply the learned methods and principles to the design,
improvement and evaluation of safe and efficient biomechatronics systems.

Content The course will cover the interdisciplinary elements of biomechatronics, ranging from human factors to sensor and actuator technologies,
real-time signal processing, system kinematics and dynamics, modeling and simulation, controls and graphical rendering as well as
safety/ethical aspects, and provide an overview of the diverse applications of biomechatronics technology.

Lecture notes Slides will be distributed through moodle before the lectures.
Literature Brooker, G. (2012). Introduction to Biomechatronics. SciTech Publishing.

Riener, R., Harders, M. (2012) Virtual Reality in Medicine. Springer, London.
Prerequisites /
notice

None

376-0022-00L Imaging and Computing in Medicine W  4 credits 3G R. Müller, P. Christen, C. J. Collins
Abstract Imaging and computing methods are key to advances and innovation in medicine. This course introduces established fundamental as well

as modern techniques and methods of imaging and computing in medicine.
Objective 1.    Understanding and practical implementation of biosignal processes methods for imaging 

2.    Understanding of imaging techniques including radiation imaging, radiographic imaging systems, computed tomography imaging,
diagnostic ultrasound imaging, and magnetic resonance imaging
3.    Knowledge of computing, programming, modelling and simulation fundamentals
4.    Computational and systems thinking as well as scripting and programming skills
5.    Understanding and practical implementation of emerging computational methods and their application in medicine including artificial
intelligence, deep learning, big data, and complexity
6.    Understanding of the emerging concept of personalised and in silico medicine
7.    Encouragement of critical thinking and creating an environment for independent and self-directed studying

Content Imaging and computing methods are key to advances and innovation in medicine. This course introduces established fundamental as well
as modern techniques and methods of imaging and computing in medicine. For the imaging portion of the course, biosignal processing,
radiation imaging, radiographic imaging systems, computed tomography imaging, diagnostic ultrasound imaging, and magnetic resonance
imaging are covered. For the computing portion of the course, computing, programming, and modelling and simulation fundamentals are
covered as well as their application in artificial intelligence and deep learning; complexity and systems medicine; big data and personalised
medicine; and computational physiology and in silico medicine.
The course is structured as a seminar in three parts of 45 minutes with video lectures and a flipped classroom setup: in the first part
(TORQUEs: Tiny, Open-with-Restrictions courses focused on QUality and Effectiveness), students study the basic concepts in short video
lectures on the online learning platform Moodle. At the end of this first part, students must post a number of questions in the Moodle forum
that will be addressed in the second part of the lectures using a flipped classroom concept. First, the lecturers may prepare additional
teaching material to answer the posted questions and potentially discuss further questions (Q&A). Second, the students will form small
groups to acquire additional knowledge online or from additionally distributed material and to present their findings to the rest of the class.

Lecture notes Stored on Moodle.
Prerequisites /
notice

Lectures will be given in English.

 Focus Courses: Molecular Health Sciences
Number Title Type ECTS Hours Lecturers

551-0318-00L Immunology II W  3 credits 2V A. Oxenius, M. Kopf,
S. R. Leibundgut, E. Wetter Slack,
further lecturers

Abstract Introduction into the cellular and molecular basis of the immune system and immune responses against diverse pathogens, tumors,
transplants, and self (autoimmunity)

Objective The lectures will provide a detailed understanding:
- how innate and adaptive immune responses interact at the cellular and molecular level.
- how the immune system recognizes and fights against pathogenic microorganisms including viruses, bacteria, and parasites.
- why lymphocytes tolerate self molecules.
- about function and dysfunction the intestinal immune system.
- immunopathology and inflammatory diseases.
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Content The aim of lecture is to understand:
> How pathogens are recognized by the innate immune system
> Immune defense against various pathogens
> Immunology of the skin, lung and intestines
> Tumor immunology
> Migration and homing of immune cells
> tolerance and autoimmunity
> T cell memory

Lecture notes Presentations of the lecturers are available at the Moodle link
Literature Recommended: Kuby Immunology (Freeman)

551-0326-00L Cell Biology W  6 credits 4V S. Werner, M. Bordoli, W. Kovacs,
M. Schäfer, U. Suter, A. Wutz

Abstract This Course introduces principle concepts, techniques, and experimental strategies used in modern Cell Biology. Major topics include:
neuron-glia interactions in health and disease; mitochondrial dynamics; stem cell biology; growth factor action in development, tissue repair
and disease; cell metabolism, in particular sensing and signaling mechanisms, cell organelles, and lipid metabolism.

Objective -To prepare the students for successful and efficient lab work by learning how to ask the right questions and to use the appropriate
techniques in a research project.
-To convey knowledge about neuron-glia interactions in health and disease.
- To provide information on different types of stem cells and their function in health and disease
-To provide information on growth factor signaling in development, repair and disease and on the use of growth factors or their receptors as
drug targets for major human diseases
-To convey knowledge on the mechanisms underlying repair of injured tissues
-To provide the students with an overview of mitochondrial dynamics.
-Providing an understanding of RNA processing reactions and their regulations.
-To provide a comprehensive understanding of metabolic sensing mechanisms occurring in different cell types and organelles in response
to glucose, hormones, oxygen, nutrients as well as lipids, and to discuss downstream signaling pathways and cellular responses.
-To provide models explaining how disturbances in complex metabolic control networks and bioenergetics can lead to disease and to
highlight latest experimental approaches to uncover the intricacies of metabolic control at the cellular and organismal level.
-Providing the background and context that foster cross-disciplinary scientific thinking.

376-0209-00L Molecular Disease Mechanisms W  6 credits 4V C. Wolfrum, H. Gahlon, M. Kopf
Abstract In this course the mechanisms of disease development will be studied. Main topics will be: 

1.    Influence of environmental factors with an emphasis on inflammation and the immune response.
2.    Mechanisms underlying disease progression in metabolic disorders, integrating genetic and environmental factors.
3.    Mechanisms underlying disease progression in cancer, integrating genetic and environment

Objective To understand the mechanisms governing disease development with a special emphasis on genetic and environmental associated
components

Lecture notes All information can be found at:

https://moodle-app2.let.ethz.ch/course/view.php?id=12627

The enrollment key will be provided by email

 Focus Courses: Neurosciences
Number Title Type ECTS Hours Lecturers

376-1306-00L Clinical Neuroscience

More information
at:https://studentservices.uzh.ch/uzh/anonym/vvz/index.ht
ml#/details/2019/004/P/01106803


W 3 credits 3V G. Schratt, University lecturers

Abstract The lecture series "Clinical Neuroscience" presents  a comprehensive, condensed overview of the most important neurological diseases,
their clinical presentation, diagnosis, therapy options and possible causes. Patient demonstrations (Übungen) follow every lecture that is
dedicated to a particular disease.

Objective By the end of this module students should be able to: 
- demonstrate their understanding and deep knowledge concerning the main neurological diseases 
- identify and explain the different clinical presentation of these diseases, the methodology of diagnosis and the current therapies available 
- summarize and critically review scientific literature efficiently and effectively

376-1430-00L Modeling and Methods in Human Behavioural
Neuroscience

W 3 credits 2G G. Bertolini, F. Romano

Abstract The course presents models in human behavioral neuroscience and methods to:
1) Adapt the models to embed hypotheses; 
2) Make model-based predictions; 
3) Use models when designing data collections that verify/disprove predictions

Objective At the end of this module students should know:  
•    different types of models used in human behavioral neuroscience, their features and their limits
•    how to use models to estimate expected human behavioural outcomes or to interpret behavioural data 
•    how to implement models and methods via software (Matlab) 

Content 1.    Linear time-invariant model and their practical applications on neuroscience systems (e.g. sensory input, motor control). From
equations to block diagram representation.

2.    Psychophysical methods to test human perceptual response and statistical models of behaviour (e.g. Bayesian model). Examples from
tasks probing perceptual responses. 

3.    How the brain controls our body through internal models (feedforward and feedback). Examples from motor and balance tasks. The
optimal observer as a model of how the human brain interprets inputs, plans and compares actions and finally executes them.

The course will combine theoretical and practical knowledge on how to implement models and techniques via software on datasets
(Matlab)
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376-0202-00L Neural Control of Movement and Motor Learning W  4 credits 3G N. Wenderoth
Abstract This course extends the students' knowledge regarding the neural control of movement and motor learning. Particular emphasis will be put

on those methods and experimental findings that have shaped current knowledge of this area.
Objective Knowledge of the physiological and anatomic basis underlying the neural control of movement and motor learning. One central element is

that students have first hands-on experience in the lab where small experiments are independently executed, analysed and interpreted.

551-0326-00L Cell Biology W  6 credits 4V S. Werner, M. Bordoli, W. Kovacs,
M. Schäfer, U. Suter, A. Wutz

Abstract This Course introduces principle concepts, techniques, and experimental strategies used in modern Cell Biology. Major topics include:
neuron-glia interactions in health and disease; mitochondrial dynamics; stem cell biology; growth factor action in development, tissue repair
and disease; cell metabolism, in particular sensing and signaling mechanisms, cell organelles, and lipid metabolism.

Objective -To prepare the students for successful and efficient lab work by learning how to ask the right questions and to use the appropriate
techniques in a research project.
-To convey knowledge about neuron-glia interactions in health and disease.
- To provide information on different types of stem cells and their function in health and disease
-To provide information on growth factor signaling in development, repair and disease and on the use of growth factors or their receptors as
drug targets for major human diseases
-To convey knowledge on the mechanisms underlying repair of injured tissues
-To provide the students with an overview of mitochondrial dynamics.
-Providing an understanding of RNA processing reactions and their regulations.
-To provide a comprehensive understanding of metabolic sensing mechanisms occurring in different cell types and organelles in response
to glucose, hormones, oxygen, nutrients as well as lipids, and to discuss downstream signaling pathways and cellular responses.
-To provide models explaining how disturbances in complex metabolic control networks and bioenergetics can lead to disease and to
highlight latest experimental approaches to uncover the intricacies of metabolic control at the cellular and organismal level.
-Providing the background and context that foster cross-disciplinary scientific thinking.

 Electives
Number Title Type ECTS Hours Lecturers

151-0641-00L Introduction to Robotics and Mechatronics
Number of participants limited to 60.

Enrollment is only valid through registration on the MSRL
website (www.msrl.ethz.ch). Registrations per e-mail is no
longer accepted!

W  4 credits 2V+2U B. Nelson, N. Shamsudhin

Abstract The aim of this lecture is to expose students to the fundamentals of mechatronic and robotic systems. Over the course of these lectures,
topics will include how to interface a computer with the real world, different types of sensors and their use, different types of actuators and
their use.

Objective An ever-increasing number of mechatronic systems are finding their way into our daily lives. Mechatronic systems synergistically combine
computer science, electrical engineering, and mechanical engineering. Robotics systems can be viewed as a subset of mechatronics that
focuses on sophisticated control of moving devices. 

The aim of this course is to practically and theoretically expose students to the fundamentals of mechatronic and robotic systems. Over the
course of the semester, the lecture topics will include an overview of robotics, an introduction to different types of sensors and their use, the
programming of microcontrollers and interfacing these embedded computers with the real world, signal filtering and processing, an
introduction to different types of actuators and their use, an overview of computer vision, and forward and inverse kinematics. Throughout
the course, students will periodically attend laboratory sessions and implement lessons learned during lectures on real mechatronic
systems. By the end of the course, you will be able to independently choose, design and integrate these different building blocks into a
working mechatronic system.

Content The course consists of weekly lectures and lab sessions. The weekly topics are the following:
0. Course Introduction
1. C Programming
2. Sensors
3. Data Acquisition
4. Signal Processing
5. Digital Filtering
6. Actuators
7. Computer Vision and Kinematics
8. Modeling and Control
9. Review and Outlook

The lecture schedule can be found on our course page on the MSRL website (www.msrl.ethz.ch)

Prerequisites /
notice

The students are expected to be familiar with C programming.

252-0842-00L Introduction to Programming and Problem Solving
Number of participants limited to 80.

W  3 credits 2V+1U D. Komm

Abstract Core concepts of Computer Science and their implementation in Python.
Objective The goals of the course are consolidating the knowledge about the programming language Python on the one hand, and learning about

core concepts of computer science that are essential in algorithm design on the other hand.  The focus is on computational thinking, that is,
the ability to solve problems systematically by developing algorithms.  Different strategies are introduced, analyzed theoretically, and
implemented in Python.  The combination of theory and practice is central in this course.

Content - Repetition of basic programming concepts such as variables, lists, control structures, and loops
- Reading in and visualizing data
- Complexity theory
- Sorting and searching
- Dynamic programming
- Recursion
- Graph algorithms

Lecture notes Lecture website: http://lec.inf.ethz.ch/ppl
Prerequisites /
notice

Recommendation:
- Foundations of Computer Science (252-0852-00)
- Application Oriented Programming Using Python (252-0840-01)

376-0012-00L Practical Course in Motor Control W 2 credits 2G B. Mattli Baur, M.-M. Jäggi
Abstract Impact of the sensory systems for motor learning / self-awareness of the different coordinative competencies / strategies to optimize motor

actions / phase analysis of selected movements / motor quality / feedback
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Objective The students should be able to:
1. recognise the diverse causes and aspects which affect the motor action competency 
2. differentiate and classify the basic requirements of the muscular adaptive control with regard to its coordinative competences
3. recognise and oppose the various coordinative abilities to one another 
4. deeply experience and specifically improve their own coordinative competences in typical examples particularly in the area of auto
movement
5. get to know and implement different learning strategies into their own motor movements

Content Impact of the sensory systems for motor learning / self-awareness of the different coordinative competencies / strategies to optimize motor
actions / phase analysis of selected movements / motor quality / feedback

Lecture notes During the semester the documents, incl. references are steadily available electronically

376-0014-00L Practical Course in Motor Learning W 2 credits 2G A. Krebs, A. Sonderegger
Abstract Introduction to principles of workout theory / practical exercise experience in the fields of strength, endurance, speed, and motility /

undergoing a complete workout cycle / specific methods such as intermitted workouts etc. / training in different environments / workout
monitoring and performance tests

Objective The participants' practical experience of basic workout principles will enhance their competence in scheduling and structuring workout
sessions and programs.

Content Introduction to principles of workout theory / practical exercise experience in the fields of strength, endurance, speed, and motility /
undergoing a complete workout cycle / specific methods such as intermitted workouts etc. / training in different environments / workout
monitoring and performance tests

376-0905-00L Functional Anatomy W 3 credits 2V D. P. Wolfer, I. Amrein
Abstract Introduction to the anatomy of the musculoskeletal with the goal to better understand movements and the mechanisms of injuries.
Objective - understanding the three-dimensional organization of the human musculoskeletal system

- correct use of anatomical nomenclature in the description of structure and function
- understanding the connections between morphology and normal function of the musculoskeletal system
- knowledge of selected mechanisms of injury in terms of the underlying anatomy

Content -  Allgemeine Anatomie des Bewegungsapparates (Bindegewebe, Knochen, Gelenke, Muskeln)
- Becken und freie untere Extremität (Skelett, Gelenke, Muskeln)
- Wirbelsäule, Brustkorb, Bauchwand (Skelett, Gelenke, Muskeln)
- Schulter und freie obere Extremität (Skelett, Gelenke, Muskeln)

Literature - Schünke M, Topographie und Funktion des Bewegungssystems
- Gehrke T, Sportanatomie, Rowohlt Taschenbuch Verlag
- Weineck J, Sportanatomie, Spitta-Verlag

376-1120-00L Psychology and Epidemiology in Work and Health - an
Introduction

W 2 credits 2V O. Hämmig, S. T. Güntert

Abstract Insight and overview over the broad, interdisciplinary and applied research field of work and health. Focus mainly on psychosocial factors
(strains, stressors, resources) of paid work and their effects on psychological and physical health and on satisfaction and motivation of
employees.

Objective Participants are aware of the health-related relevance of (paid) work and know the involved disciplines and the most important research
topics, problem areas and associations in the field of work and health. In particular they are familiar with the most important work-related
health disorders and with the psychosocial factors (risk and protective factors) that influence health, and with the data sources and
research methods in this research field.

Content Die Lehrveranstaltung gibt eine Einführung in die arbeitsbezogene Gesundheitspsychologie (Occupational Health Psychology) und die
Sozialepidemiologie, zweier präventiv ausgerichteter wissenschaftlicher Subdisziplinen der (angewandten) Psychologie und der Medizin,
die sich mit dem Thema "Arbeit und Gesundheit" beschäftigen und dabei soziale und insbesondere psychosoziale Faktoren und
Stressoren bei der Arbeit in ihrer Wirkung auf die Gesundheit der Beschäftigten untersuchen. Auf der Suche nach sozialen und v.a.
arbeitsbezogenen Ursachen von gesundheitlicher Ungleichheit und von vielfältigen Gesundheitsproblemen oder Krankheiten wie Herz-
Kreislauf-Erkrankungen, muskuloskelettale Beschwerden oder Burnoutsymptome und andere psychische Störungen werden wichtige
arbeitspsychologische Konzepte und Konstrukte thematisiert. Dazu zählen gesundheitliche Risikofaktoren und Belastungen bei der Arbeit
wie etwa Stress, mangelnder Handlungs- und Entscheidungsspielraum, berufliche Gratifikationskrisen, Rollenkonflikte und
Vereinbarkeitsprobleme zwischen Erwerbs- und Privatleben usw. Zur Sprache kommen aber auch gesundheitliche Protektivfaktoren und
Ressourcen bei der Arbeit wie Zeitautonomie oder soziale Unterstützung am Arbeitsplatz sowie positive, potenziell gesundheitsförderliche
Aspekte und Formen der Arbeit wie Arbeitsengagement oder Freiwilligenarbeit.

376-1148-00L From Symptoms to the Diagnosis W  1 credit 1V W. O. Frey
Abstract This lecture addresses students who have to deal with medical problems, such as for example heart-pain during bicacle loading. Finding

the medical causes of the pain, defining its classification and the emergency aid are some of the aims of these lessons. Consolidated
knowledge in physiology and anatomy is required.

Objective This lecture addresses students who have to deal with medical problems, such as for example heart-pain during bicacle loading. Finding
the medical causes of the pain, defining its classification and the emergency aid are some of the aims of these lessons.

Content Finding the medical causes of the pain, defining its classification and the emergency aid are some of the aims of these lessons.
Literature Lebensqualität: Bewegung- Ernähurng- Erholung

ISBN 3-906466-22-1
Beiträge zur Gesundheitsförderung
v. Paolo C. Colombani, Walter O. Frey, Caspar Wenk

376-1175-00L Thermoregulation and Sportswear W 1 credit 1V R. M. Rossi
Abstract This lecture deals with fundamentals of human thermoregulation and treats different topics as the heat transfer of the body, hyper- and

hypothermia, acclimatisation as well as thermal comfort and clothing thermal physiology.
Objective The goal of this lecture is to show the thermoregulatory mechanisms to maintain the body in thermal balance, as well as to treat the

different heat exchange mechanisms with the environment and to demonstrate how state-of-the-art sports apparel can help maintaining the
performance of the athlete.

Content Als homöothermes Wesen muss der Mensch seine Körperkerntemperatur in engen Grenzen um 37°C halten. Die Wärmeproduktion muss
im Gleichgewicht zur Wärmeabgabe stehen. Der menschliche Körper besitzt verschiedene Mechanismen, um Temperaturschwankungen
der Umgebung zu kompensieren, wie z.B. die Vasodilatation und konstriktion, Schwitzen, oder Frostzittern. Zusätzlich kann die Wahl einer
adäquaten Kleidung die Klimaspanne, bei welcher ein Überleben möglich ist, fast beliebig vergrössern.
Zudem werden Grundlagen der Bekleidungsphysiologie präsentiert, und gezeigt, wie funktionelle Bekleidung bei unterschiedlichen
Sportarten die thermophysiologischen Funktionen des Körpers unterstützen kann.

Lecture notes wird jeweils vor der Vorlesung elektronisch zur Verfügung gestellt.

376-1582-00L Advances in Translational Cancer Research W  2 credits 2V H. Nägeli
Abstract The goal of this course is that students meet leading scientists in cancer research from the Zurich area and get the possibility to discuss

with them their current advances. The focus will be on translational cancer research with applications in diagnosis and therapy. Students
contribute to the course with own oral presentations.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 837 of 1785

Objective Students understand selected topic of translational cancer research. They gain insights into the methodology of leading cancer research
scientist from the Zurich area.

Content Selected topics of current translational cancer research at ETH, University, University Hospital and Childrens' Hospital Zurich. Examples:
molecular cancer biomarkers, clinical studies, diagnostic imaging, radiotherapy, immunotherapy, management of metastasis, cancer
viruses, new therapeutic strategies. The presentations are in English or German.

Lecture notes Lecturers provide their presentations in the form of handouts.
Literature The lecturers recommend specific publications for further reading.
Prerequisites /
notice

Previous attendance at the lecture 376-1581-00L, Krebs: Grundlagen, Ursachen und Therapie

376-1666-00L Training and Coaching  II
Number of participants limited to 30.

Can be attended independently of Training and Coaching I
(376-1665-00).

W  3 credits 2G O. Buholzer

Abstract Trainer/Coach as personality and Advisor/ Tutor:
Strengths and weaknesses are judged/ graded on the basis of the personality analysis (Integro model) and are done so by outside as well
as self- analysis.
Tools/ skills which can be utilised in Training and/ or Coaching are developed.

Objective To obtain a personal competency in training and coaching
To reflect and work on a personal profile of competency and elaborate on the formulation of aims
To reflect on your own personality as a trainer and to recognise your strengths and weaknesses
To widen the self-competency in relation to your trainer personality and self-guidance
To experience practical examples
To elaborate on your competencies in relation to subjects such as communication, motivation and guidance
To discuss a chosen subject area

Content Theorie: Persönlichkeitsprofil - Modelle
Selbst- und Fremdeinschätzung
Typologie und Flexibilität
Kompetenzfelder
Praxis:
Führungsphilosophie, Führen  und Coachen  im Training (Einzelathlet und Team)
Der Trainer und Coach im Wettkampf
Fallbeispiele erarbeiten und planen
Umsetzung an ausgewählten Beispielen
Konkrete Umsetzung an ausgewählten Beispielen

Lecture notes Die Unterlagen werden auf der Homepage zugänglich gemacht. Im Unterricht wird ein Skript abgegeben.
Prerequisites /
notice

Semesterstart     
Die Informationsveranstaltung findet zu Beginn des Semesters statt. Die genauen Daten (Zeit/Ort) werden per Mail zugestellt. Diese
Veranstaltung ist obligatorisch.

Zeit/Ort     
Der Unterricht findet im Normalunterricht und in Blockveranstaltungen statt.

Planung     
Die Planungsunterlagen werden zu Semesterbeginn abgegebenen, sind provisorisch und können vom Dozenten geändert werden.

Kosten
Für die abgebene Literatur, die Unterlagen und die Analyse wird ein Kostenbeitrag verrechnet.

Anwesenheit
Es wird während des Semesters vollständige Präsenz erwünscht. Einzelne Veranstaltungen sind obligatorsich.

376-1715-00L Introduction to Sports and Exercise Therapy
Prerequisite: Successful participation  in the course
Practical Course in Motor Learning (376-0014-00L).

W 2 credits 2V K. Marschall

Abstract The lecture provides a theoretical and practical introduction to sports and exercise therapy and forms the basis for a qualification as sports
and exercise therapist.

Objective The students are familiar with the profession Sports and Exercise Therapist. They are familiar with political and psychological aspects of
health in sports and exercise therapy and gain knowledge of basic quality management.
Students are able to apply models such as ICF and modification of health behavior in case studies.

Content The role of physical activity and exercise in the health care system of Switzerland; project management;
ICF International Classification of Functioning; indication, goal setting, assessments, evaluation, epidemiology, health models such as
salutogenesis, Rokeach; health psychology

Literature Schüle/Huber: Grundlagen der Sport- und Bewegungstherapie, Deutscher Ärzteverlag, Köln 2012;
H.Deimel et al.: Neue aktive Wege in Prävention und Rehabilitation, Deutscher Ärzte-Verlag, Köln 2007

Prerequisites /
notice

Requirement:"Introduction of Exercise Therapy" passed or during the first half of FS 2020.
The course forms the starting point for a qualification as exercise therapist. Together with the courses "Basics of Sports and Exercise
Therapy" and "Practical basics of Sports and Exercise Therapy" 3 it is recognised as basic level toward the certificate of advanced studies
in sports and exercise therapy (equivalent to "Basismodul").
At the last day will be an open-book-test.

529-0732-00L Proteins and Lipids
Note for BSc Biology students: Only one of the two
concept courses 529-0731-00 Nucleic Acids and
Carbohydrates (autumn semester) or 529-0732-00
Proteins and Lipids (spring semester) can be counted for
the Bachelor's degree.

W  6 credits 3G D. Hilvert

Abstract An overview of the relationship between protein sequence, conformation and function.
Objective Overview of the relationship between protein sequence, conformation and function.
Content Proteins, structures and properties, (bio)synthesis of polypeptides, protein folding and design, protein engineering, chemical modification of

proteins, proteomics.
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Literature General Literature:
- T.E. Creighton:  Proteins: Structures and Molecular Properties, 2nd Edition, H.W. Freeman and Company, New York, 1993.
- C. Branden, J. Tooze , Introduction to Protein Structure, Garland Publishing, New York, 1991.
- J. M. Berg, J. L. Tymoczko, L. Stryer:  Biochemistry, 5th edition, H.W. Freeman and Company, New York, 2002.
- G.A. Petsko, D. Ringe: Protein Structure and Function, New Science Press Ltd., London, 2004.

Original Literature:
Citations from the original literature relevant to the individual lectures will be assigned weekly.

529-1024-00L Physical Chemistry II (for Biology and Pharmacy) W  4 credits 2V+1U R. Riek
Abstract Kinetics of chemical and biochemical reactions, in particular catalyzed reactions. Surface- and transport-phenomena, characterization of

open systems.
Objective Knowledge on the basics of time dependent process in chemical and biological systems.
Content Grundbegriffe:  Stofftransport, Transport in kontinuierlichen Systemen, Wärmeleitung, Viskosität von Gasen, Laminare Strömung durch

Rohre, Ionenleitfähigkeit, Elektrisch geladene Grenzflächen, Elektrophorese, Sedimentation im Zentrifugalfeld, Eigenschaften der
Plasmamembran, Transport durch Membranen, Membranpotentiale Reaktionsgeschwindigkeitsgesetze, Elementarreaktionen und
zusammengesetzte Reaktionen, Molekularität, Reaktionsordnung, Experimentelle Methoden der Reaktionskinetik. Einfache Theorie
chemischer Reaktionen: Temperaturabhängigkeit der Gleichgewichtskonstante und Arrheniusgleichung, Stosstheorie,
Reaktionsquerschnitte, Theorie des Übergangszustandes. Zusammengesetzte Reaktionen: Reaktionsmechanismen und komplexe
kinetische Systeme, Näherungsverfahren. Enzymkinetik. Kinetik geladener Teilchen. Diffusion und diffusionskontrollierte Reaktionen.

Lecture notes Handouts werden in der Vorlesung verteilt
Literature Adam, G., Läuger, P., Stark, G., 2003: Physikalische Chemie und Biophysik, 4. Aufl., Springer Verlag, Berlin.
Prerequisites /
notice

Voraussetzungen: Physikalische Chemie I

535-0231-00L Medicinal Chemistry II W  2 credits 2V J. Hall
Abstract The lectures give an overview of selected drugs and the molecular mechanisms underlying their therapeutic effects in disease. The

historical and modern-day methods by which these drugs were discovered and developed are described. Structure-function relationships
and the biophysical rules underlying ligand-target interactions will be discussed and illustrated with examples.

Objective Basic understanding of therapeutic agents with respect to molecular, pharmacological and pharmaceutical properties.
Content Molecular mechanisms of action of drugs. Structure function and biophysical basis of ligand-target interactions.
Lecture notes Will be provided electronically in parts before each individual lecture.
Literature - G.L. Patrick, "An Introduction to Medicinal Chemistry", 5th edition, Oxford University Press (2013)

- D. Steinhilber, M. Schubert-Zsilavecz, H.J. Roth, "Medizinische Chemie", Deutscher Apotheker Verlag Stuttgart (2005)
- J.H. Block, J.M. Beale, "Organic Medicinal and Pharmaceutical Chemistry", 11th edition, Lippincott, Williams, Wilkins (2002)
- A. Gringauz, "How Drugs Act and Why", Wiley (1997)
- R. Silverman and M. Holladay, "The Organic Chemistry of Drug Design and Drug Action" 3rd Edition, Academic Press, (2014)

Prerequisites /
notice

Requirements: Knowledge of physical and organic chemistry, biochemistry and biology; Medicinal Chemistry I.

535-0241-03L Biopharmacy W  3 credits 3V S.-D. Krämer
Abstract Introduction to the Basics in Biopharmacy. Pharmacokinetic processes (absorption, distribution, metabolism and excretion, ADME), which

determine the fate of a drug in the body. Knowledge of the most important pharmacokinetic parameters. Interpretation of concentration-
time-profiles of drugs. Pharmacokinetic profiling of drugs in view of therapy optimization and analysis of interaction potential.

Objective Introduction to the Basics in Biopharmacy. Pharmacokinetic processes (absorption, distribution, metabolism and excretion, ADME), which
determine the fate of a drug in the body. Knowledge of the most important pharmacokinetic parameters. Interpretation of concentration-
time-profiles of drugs. Pharmacokinetic profiling of drugs in view of therapy optimization and analysis of interaction potential.

Content Introduction to pharmacokinetics; definition of the most important pharmacokinetic parameters and their calculation from clinical data
(compartment model, statistical model); kinetics of absorption (absorption profiles); distribution of drugs and role of protein binding; kinetics
of elimination: excretion and biotransformation (physiological model); pharmacokinetic profiling of drugs for therapy optimization and for the
analysis of the interaction potential; dosage regimen design.

Literature P. Langguth, G. Fricker, H. Wunderli-Allenspach "Biopharmazie", Wiley-VCH Verlag, Weinheim, 2004.

535-0422-00L Galenical Pharmacy II W  2 credits 2G J.-C. Leroux, E. Giger
Abstract Continues Galenical Pharmacy I. Powder technology. Tablets and tabletting. Coating technologies. Drug dissolution and release. Hard and

soft gelatin capsules. Suppositories. Introduction to drug delivery and targeting. Drug delivery systems for peroral, transdermal, parenteral
and mucosal administration.

Objective Introduction and overview of important fundamentals, principles and technologies for the development and manufacturing of dosage forms
and drug delivery systems. In continuation of Galenical Pharmacy I. The students dispose of knowledge of properties, function, quality and
application of dosage forms. The following topics will be covered: Powder technology. Tablets and tabletting. Coating technologies. Drug
dissolution and release. Hard and soft gelatin capsules. Suppositories. Introduction to drug delivery and targeting. Drug delivery systems
for peroral, transdermal, parenteral and mucosal administration. Formulation of biotechnology products.

Content Overview of important fundamentals, principles and technologies for the development and manufacturing of solid dosage forms and drug
delivery systems. Powder technology. Tablets and tabletting. Coating technologies. Drug dissolution and release. Hard and soft gelatin
capsules. Introduction to drug delivery and targeting. Drug delivery systems for peroral, transdermal, parenteral and mucosal
administration.

Lecture notes Scripts, documentations to the lectures and additional supporting materials can be either downloaded via the indicated link to the course ,
or they will be directly provided at each lecture.

Literature A.T. Florence - An introduction to clinical pharmaceutics. Pharmaceutical Press, London 2010.
L.V. Allen, N.G. Popovich, H.C. Ansel, Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems, 10th Ed, Lippincott Williams &
Wilkins, Baltimore 2014.
L. Felton, Remington - Essentials of Pharmaceutics, Pharmaceutical Press, London, 2013.
M.E. Aulton. Pharmaceutics - The design and manufacture of medicines. 5th Ed. Elsevier, Philadelphia, 2017.
Sinko P.J., Martin's Physical Pharmacy and Pharmaceutical Sciences, 7th ed, Wolters Kluwer, Philadelphia, 2017.

Prerequisites /
notice

Prior attendance of Galenical Pharmacy I is recommended.

535-0522-00L Pharmacology and Toxicology II W  2 credits 2V U. Quitterer
Abstract The two-semester lecture course will provide a basic understanding of mechanisms of drug action, pharmacological properties and

therapeutic uses of important classes of drugs. The lectures are intended for students of pharmacy and health sciences.
Objective The lectures will provide a comprehensive survey of pharmacology and toxicology. Special emphasis is placed on the interrelationship

between pharmacological, pathophysiological and clinical aspects.
Content Topics include disease-relevant macroscopic, microscopic, pathobiochemical and functional disturbances of specific organs and organ

systems. The lectures integrate disease pathology with mechanisms of drug action, usage, pharmacokinetics, side effects, toxicology,
contraindications and dosage of relevant drug classes. Basic principles of clinical pharmacology and pharmacotherapy will be covered.
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Lecture notes A script is provided for each lecture, which contains major contents of the lecture and defines exam-relevant topics. The scripts do not
replace the lectures.

Literature Klaus Aktories, Ulrich Förstermann, Franz Hofmann, Klaus Starke.
Allgemeine und spezielle Pharmakologie und Toxikologie.
12. Auflage, 1146 Seiten
2017
Urban & Fischer Verlag/Elsevier GmbH,
ISBN-10: 3437425250; ISBN-13: 978-3437425257


The classic textbook on pharmacology:
Goodman & Gilman`s The Pharmacological Basis of Therapeutics.
Laurence Brunton, Björn Knollmann, Randa Hilal-Dandan
13th edition, 1440 pages
2017; McGraw - Hill Education 
ISBN-10: 1259584739
ISBN-13: 978-1259584732

Prerequisites /
notice

Abschluss Grundstudium.

Gleichzeitiger oder vorgängiger Besuch des Seminars 535-0523-00 Aktuelle Themen aus Pharmakologie und Toxikologie ist dringend
empfohlen.

535-0534-00L Drug, Society and Public Health W  1 credit 1V J. Steurer, R. Heusser
Abstract Introduction of basic concepts and methods in Public Health, epidemiology, and Evidence Based Medicine. An overview on concepts and

principles of clinical trials on efficacy of drugs
Objective Students know the concepts and principles of epidemiological and clinical research, they are informed about the principles of evidence

based medicine and know how and where to search for evidence.
Content Einführung in Epidemiologie / Pharmakoepidemiologie / Evidence-based Medicine: Grundbegriffe, Studiendesigns, object-design,

statistische Grundlagen, Kausalität in der Pharmako-Epidemiologie, Methoden und Konzepte, Fallbeispiele.
Lecture notes Wird abgegeben
Literature - F. Gutzwiller/ F. Paccaud (Hrsg.): Sozial- und Präventivmedizin - Public Health. 4. Aufl. 2011, Verlag Hans Huber, Bern 

- R. Beaglehole, R. Bonita, T. Kjellström: Einführung in die Epidemiologie. 1997, Verlag Hans Huber, Bern
- L. Gordis: Epidemiology, 4 th Ed. 2009, W.B. Saunders Comp.
- K.J. Rothman, S. Greenland: Modern Epidemiology, 2. Ed. 1998, Lippincott Williams & Wilkins
- A.G. Hartzema, M. Porta, H.H. Tilson (Eds.): Pharmacoepidemiology - An Introduction. 3. Ed. Harvey Whitney Comp., Cincinnati
- R. Bonita, R. Beaglehole. Einführung in die Epidemiologie, 2. überarbeitete Auflage, 2008 Huber Verlag.
- B.L. Strom (Eds.): Pharmacoepidemiology. 3. Ed. 2000, Wiley & Sons Ltd., Chichester
- S.E. Straus, W.S. Richardson, P.Glasziou, R.B. Haynes: Evidence-based Medicine. 2005, Churchill Livingstone, London
- U. Jaehde, R.Radziwill, S. Mühlebach, W. Schnack (Hrsg): Lehrbuch der Klinischen Pharmazie
- L.M. Bachmann, M.A. Puhan, J.Steurer (Eds.): Patientenorientierte Forschung. EInführung in die Planung und Durchführung einer Studie.
Verlag Hans Huber, 2008

551-0318-00L Immunology II W  3 credits 2V A. Oxenius, M. Kopf,
S. R. Leibundgut, E. Wetter Slack,
further lecturers

Abstract Introduction into the cellular and molecular basis of the immune system and immune responses against diverse pathogens, tumors,
transplants, and self (autoimmunity)

Objective The lectures will provide a detailed understanding:
- how innate and adaptive immune responses interact at the cellular and molecular level.
- how the immune system recognizes and fights against pathogenic microorganisms including viruses, bacteria, and parasites.
- why lymphocytes tolerate self molecules.
- about function and dysfunction the intestinal immune system.
- immunopathology and inflammatory diseases.

Content The aim of lecture is to understand:
> How pathogens are recognized by the innate immune system
> Immune defense against various pathogens
> Immunology of the skin, lung and intestines
> Tumor immunology
> Migration and homing of immune cells
> tolerance and autoimmunity
> T cell memory

Lecture notes Presentations of the lecturers are available at the Moodle link
Literature Recommended: Kuby Immunology (Freeman)

551-0320-00L Cellular Biochemistry (Part II) W  3 credits 2V Y. Barral, R. Kroschewski,
A. E. Smith

Abstract This course will focus on molecular mechanisms and concepts underlying cellular biochemistry, providing advanced insights into the
structural and functional details of individual cell components, and the complex regulation of their interactions. Particular emphasis will be
on the spatial and temporal integration of different molecules and signaling pathways into global cellular processes.

Objective The full-year course (551-0319-00 & 551-0320-00) focuses on the molecular mechanisms and concepts underlying the biochemistry of
cellular physiology, investigating how these processes are integrated to carry out highly coordinated cellular functions. The molecular
characterization of complex cellular functions requires a combination of approaches such as biochemistry, but also cell biology and
genetics. This course is therefore the occasion to discuss these techniques and their integration in modern cellular biochemistry. 
The students will be able to describe the structural and functional details of individual cell components, and the spatial and temporal
regulation of their interactions. In particular, they will learn to explain how different molecules and signaling pathways can be integrated
during complex and highly dynamic cellular processes such as intracellular transport, cytoskeletal rearrangements, cell motility, and cell
division. In addition, they will be able to illustrate the relevance of particular signaling pathways for cellular pathologies such as cancer or
during cellular infection.

Content Spatial and temporal integration of different molecules and signaling pathways into global cellular processes, such as cell division, cell
infection and cell motility. Emphasis is also put on the understanding of pathologies associated with defective cell physiology, such as
cancer or during cellular infection.

Literature Recommended supplementary literature (review articles and selected primary literature) will be provided during the course.
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Prerequisites /
notice

To attend this course the students must have a solid basic knowledge in chemistry, biochemistry, cell biology and general biology. Biology
students have in general already attended the first part of the "Cellular Biochemistry" concept course (551-0319-00). The course will be
taught in English.
In addition, the course will be based on a blended-learning scenario, where frontal lectures will be complemented with carefully chosen
web-based teaching elements that students access through the ETH Moodle platform.

551-0324-00L Systems Biology W  6 credits 4V P. Picotti, M. Claassen, U. Sauer,
B. Snijder, B. Wollscheid

Abstract Introduction to experimental and computational methods of systems biology. By using bakers yeast as a thread through the series, we
focus on global methods for analysis of and interference with biological functions. Illustrative applications to other organisms will highlight
medical and biotechnological aspects.

Objective - obtain an overview of global analytical methods
- obtain an overview of computational methods in systems biology
- understand the concepts of systems biology

Content Overview of global analytical methods (e.g. DNA arrays, proteomics, metabolomics, fluxes etc), global interference methods (siRNA,
mutant libraries, synthetic lethality etc.) and imaging methods. Introduction to mass spectrometry and proteomics. Concepts of metabolism
in microbes and higher cells. Systems biology of developmental processes. Concepts of mathematical modeling and applications of
computational systems biology.

Lecture notes no script
Literature The course is not taught by a particular book, but some books are suggested for further reading:

 
- Systems biology in Practice by Klipp, Herwig, Kowald, Wierling und Lehrach. Wiley-VCH 2005

701-0614-00L Allergies and Environment W  1 credit 1V P. Schmid-Grendelmeier
Abstract Allergic diseases are common and of increasing importance. In this course symptoms and management of allergies such as hay fever,

asthma, eczema or food allergy are presesented. The importnat interactions between environmental factors such as air quality, climate,
nutrition and form and frequency of allergic diseases will be discussed.

Objective Knowledge of the basics of allergic diseases in humans, especially the so-called atopic diseases. Knowledge of the environmental
allergens and the possible mechanisms responsible for the increase in allergic reactions. Knowledge of the interactions between individual
genetic predisposition, environmental allergens and other environmental factors such as air pollutants.

Content Basic types of allergic diseases. Concept of atopy  and intolerances. 
Pathophysiology of IgE-mediated reactions including mechanisms of IgE regulation. Epidemiological data regarding the increase of
allergies as environmental diseases No. 1 and reasons for this increase. 
Discussion of the most important inhalant and nutritional allergens such as pollen, house dust mites, fungal spores, food and food
additives.

Lecture notes Scripts, leaflets and lecture notes are handed in.
Literature Scripts, leaflets and lecture notes are handed in. 

Suggested reading:
Axel Trautmann und Jörg Kleine-Tebbe:
Allergie-Diagnose/Allergie-Therapie
Thieme-Verlag. 2 Auflage (2013)
ISBN 978-3-13-142181-4

Leaflets:
www.ck-care.ch
https://www.ck-care.ch/en/information-sheets

Edcuatioal short videos:
https://www.ck-care.ch/online-campus 


http://eduf.com.br/the-allergy-handbook-a-doctors-guide-to-successful-treatment_2019_printable_file.pdf

Prerequisites /
notice

Basic knowledge in immunology (T /B cells, immunoglobulins)

Interest in clinical symptoms and correlation with Environment and Immune system
Possibilty of Master thesis in translational medecine

701-0662-00L Environmental Impacts, Threshold Levels and Health
Effects

W  3 credits 2V C.-T. Monn, M. Brink

Abstract Environmental impacts on human health and well-being will be discussed. Concepts and methods for exposure measurements and
assessments will be shown. In the first part of the semester, air pollutants (for example for ozone, and fine particles). 
In the second part, noise, its effects and control, will be covered.

Objective - to understand the basic concepts of an exposure assessment  (air, noise)
- to know methods used in health effect research
- to know criteria and methods for setting threshold levels

Content Air Pollutants
- sources of pollutants (indoors and outdoors)
- concepts of an exposure assessment
- measurement methods for gases and particles
- health effect of pollutants (methods, most important pollutants, such as fine particles and ozone)

Noise
- Introduction to acoustics, Measurement, Hearing
- Auditory processing
- Exposure assessment of noise
- Noise effects, Exposure-effect relationships
- Basics of noise control and abatement, exposure limits
- Noise abatement policy

Lecture notes Presentations (ppt, pdf) will uploaded to a server, previous to the lecture.
Literature see references in the scripts.

752-2121-00L Consumer Behaviour II W  2 credits 2G M. Siegrist, J. Ammann
Abstract This course examines important concepts and theories in order to describe and to explain consumer behavior. The focus is on decision

making processes, influencing consumer behavior, consumer research, and market segmentation. Selected topics are explained in some
depth.
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Objective This course examines important concepts and theories in order to describe and to explain consumer behavior. The course Consumer
Behavior I provides an overview, whereas in this course selected topics are explained and discussed in some depth. The focus is on
decision making processes, influencing consumer behavior, consumer research, and market segmentation.

752-0400-00L Microscopy
Does not take place this semester.
Number of participants limited to 50.

W  1 credit 2P

Abstract This course focuses on teaching the students the modern methods of food analysis by light microscopy. We will analyse and discuss
various components present in food. Examples of the investigated products are yoghurt, cheese, dried mushrooms and honey.
In addition, the theoretical background of light microscopy will be discussed.

Objective The Students know the range of application of light microscopy for the analysis of food products according to national and international
guidelines (e.g. ISO).
They can select and combine suitable preparation, contrasting and colouring procedures as well as use digital documentation techniques.
The microscopists can reset a completely misaligned microscope to its optimal working condition.
In their professional life the students should be able to oversee the acquisition of microscopes and supplies.

Content Köhler illumination
Image formation according to Abbe
Fundamentals of optical contrasting methods (phase contrast, dark field, polarisation, fluorescence)
Microorganisms in food (bacteria, yeast, moulds)
Staining techniques in food microbiology (e.g. Gram, spores, pianese)
Staining techniques for food components (starch, lipids, proteins)
Sample preparation and documentation (incl. digital microphotography)
Quantitative microscopy (size and number)
Applications in food microscopy (filth, pollen in honey)

Lecture notes Food Microscopy (G. Dasen)
Literature see German version
Prerequisites /
notice

Material: light- and stereo-microscopes

The course will be held in 2 groups (max. of 25 students per group)

If the number of participants is below 25, the course will be held only once (from 15:15 to 17:00)

752-1300-00L Introduction to Toxicology W  3 credits 2V R. Eggen, S. J. Sturla
Abstract Introduction to how chemical properties and biological interactions govern the disposition and influences of toxicants.
Objective The objectives are for the student to establish a framework for examining adverse effects resulting from exposures to toxicants by

understanding key mechanisms that give rise to toxic responses and disease processes.
Content This course will introduce mechanisms governing the chemical disposition and biological influences of toxicants.  The course is geared

toward advanced bachelors students in food science, environmental science, and related disciplines, such as chemistry, biology and
pharmaceutical sciences.  Examples of topics include: dose-response relationships and risk assessment, absorption, transport, and
biotransformation of xenobiotic chemicals; Carcinogenesis; DNA damage, repair, and mutation; Immunotoxicity; Neurotoxicity; and modern
toxicity testing strategies.  These fundamental concepts in Mechanistic Toxicology will be integrated with examples of toxicants relevant to
food, drugs and the environment.

Literature Casarett & Doull's Toxicology, The Basic Science of Poisons. Seventh Edition. Editor: Curtis D. Klaassen, 2008, McGraw-Hill. (available
on-line)

Prerequisites /
notice

Basic knowledge of organic chemistry and biochemistry is required.

752-4006-00L Food Microbiology II W  3 credits 2V M. Loessner, J. Klumpp
Abstract The lecture deals with basic (sometimes advanced) methods for detection and differentiation of (not only food-borne) microorganisms;

production of foods by microbial fermentation; different approaches for the preservation of foods; and a short overview on food legals
aspects and hygiene measures.

Objective The second part of this 1 year-lecture deals with basic (sometimes advanced) methods for detection and differentiation of (not only
foodborne) microorgansims; production of foods by microbial fermentations; different approaches for the preservation of foods; and a short
overview on legal aspects and hygiene control measures.

Content Detection and Differentiation of Microorganisms
Culture Methods, Microscopy, Enrichment and Separation, Detection of intracellular Metabolites and Enzymes, Immunological Methods,
Gene Probes and Microarrays, Nucleic Acid Amplification, Expression of Reportergenes, Typing Methods

Production of Foods with Microorganisms
Fermented Plant Products, Bread and Sour Dough, Fermented (alcoholic) Beverages, Fermented Milk Products, Fermented Meats,
Traditional Fermented Foods,  Coffee, Tea, Cacao, Tobacco, Fermentation Problems (Viruses, Antibiotics, Disinfectants)

Food Preservation I: Physical Methods
Low Water Activity, Low Temperature, Heat Treatment, High Pressure Treatment, Radiation

Food Preservation II: Chemical Methods
Natural Antimicrobial Substances, Smoking, Preservatives, Low pH, Modified Atmosphere Packaging

Food Preservation III: Biological Methods
Addition of Enzymes, Protective Cultures, Starter- and Ripening Cultures

Quality Assurance and Control
Legal Aspects and Regulations, Factory- and Personal Hygiene, Cleaning & Disinfection, GMP & HACCP

Lecture notes Electronic PDF copies of the presentation slides will be made available to all students.
Literature Suggestions in the first lecture
Prerequisites /
notice

The lecture "Food Microbiology I" (or an equivalent course) is a prerequisite

752-6002-00L Advanced Topics in Nutritional Science W  3 credits 2V M. B. Zimmermann, J. Rigutto,
J. M. Sych, C. Wolfrum

Abstract The course gives an introduction to selected topics relevant to nutrition science, such as dietary recommendations and nutrient
requirements, undernutrition and overnutrition, special diets, as well as important micronutrients and other biologically active dietary
components.
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Objective The course gives a brief introduction into different areas of human nutrition. The learning objectives are improved student understanding of:
1) dietary recommendations and the nutrient requirements at different stages of the life cycle, including pregnancy and lactation, childhood
and adolescence, adults and elderly; 2) the influence of undernutrition and overnutrition, as well as specific dietary patterns (e.g.
vegetarianism, veganism, weight loss diets) on health; 3) the metabolism of specific nutrients (e.g. vitamins, minerals -especially iron- and
biological active ingredients), their interactions and their effect on health.

Lecture notes The teaching slides used in the lectures will be made available weekly on moodle.

752-6302-00L Physiology of Eating W  3 credits 2V W. Langhans
Abstract Introduction to the basic knowledge necessary for an understanding of the physiology and pathology of hunger, satiety, and body weight

control, how this knowledge is generated, and how it helps improve nutritional advice for healthy people as well as nutritional guidelines for
patients.

Objective This course requires basic knowledge in physiology and is designed to build on course HE03 Selected Topics in Physiology Related to
Nutrition.   The course covers psychological and physiological determinants of food selection and amount eaten.  The aim is to introduce
the students to (a) the basic knowledge necessary for an understanding of the physiology and pathology of hunger, satiety, and body
weight control, (b) how new scientific knowledge in this area is generated, (c) how this basic knowledge helps improve nutritional advice for
healthy people as well as nutritional guidelines for patients.  Major topics are: Basic scientific concepts for the physiological study of eating
in animals and humans; the psychopharmacology of reward; endocrine and metabolic controls of eating; the neural control of eating;
psychological aspects of eating; eating behavior and energy balance; exercise, eating and body weight; popular diets and their evaluation;
epidemiology, clinical features and the treatment of psychiatric eating disorders; epidemiology, clinical features and the treatment of
obesity, including related aspects of non-insulin dependent diabetes; mechanisms of cachexia and anorexia during illness; exogenous
factors that influence eating, including pharmaceutical drugs, alcohol, coffee, etc.

Lecture notes Handouts will be provided
Literature Literature will be discussed in class

377-0666-00L Public Health is Everywhere W 1 credit 1.5K F. Gille, C. Brall, N. Künzli
Abstract This series of lectures and discussions introduces prime and controversial topics of public health sciences. 
Objective Students will be able to reflect on current challenges of public health and discuss them in the light of evidence and methods of public health

sciences. 
Content Each week, an expert talk (30 min) is followed by a moderated discussion. Presented topics include clean air, dementia, cancer

surveillance, public health and tobacco law, genetics, and other socially relevant health topics. Participating twice as a panel is required to
complete the course. E

 GESS Science in Perspective
 Science in Perspective

see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
HEST

 Language Courses
see Science in Perspective: Language Courses ETH/UZH

 Sport Practical
see Sport Teaching Diploma, Sport Practical Basic
Education

Health Sciences and Technology Bachelor - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Health Sciences and Technology TC
More information at: https://www.ethz.ch/de/studium/didaktische-ausbildung/studienangebot-zulassung/didaktik-zertifikat.html

 Educational Science
Number Title Type ECTS Hours Lecturers

851-0240-03L Introduction to Test Theory and Test Construction in
Educational Contexts (University of Zürich)
Does not take place this semester.
Enrolment only possible with Teaching Diploma or DC
matriculation.

No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: 200b800f

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  4 credits 2S University lecturers

Abstract The seminar will provide theoretical and applied knowledge in the construction of psychological questionnaires. The students will construct,
translate, and adapt instruments from different areas. Afterwards, data on these instruments will be gathered in an online survey. The
survey will be analyzed (under the guidance of the seminar leaders) and presented in a scientific report. 

Objective The learning outcomes are:
- Acquiring theoretical and applied knowledge in the construction, translation, and adaption of psychological instruments
- Conducting online surveys and statistical analyses
- Becoming more familiar with relevant statistical procedures (e.g., factor analysis, reliability, correlation, and regression analyses)
- Estimating and evaluating the psychometric properties of instruments
- Scientific description and communication of the results (using APA-style)

Content Die Lehrveranstaltung soll Studierenden theoretische und praktische Kenntnisse in der Konstruktion von Fragebogen vermitteln. Es werden
Instrumente aus verschiedenen Bereichen durch die Studierenden konstruiert, übersetzt und adaptiert. Danach erfolgt eine Online-
Erhebung dieser Instrumente, die anschliessend unter Anleitung ausgewertet und in einem wissenschaftlichen Bericht präsentiert wird.

Lecture notes Alle Unterlagen werden im OLAT-Kurs zur Verfügung gestellt
Voraussetzung für die Teilnahme ist ein eigener Laptop mit einem Statistikprogramm (z.B. SPSS) und einem Office-Paket.

Literature Alle Unterlagen werden zur Verfügung gestellt.
Prerequisites /
notice

Der Leistungsnachweis besteht aus einem schriftlichen Leistungsnachweis, der benotet wird, ausserdem werden die unten genannten
Aspekte von aktiver Teilnahme für das Bestehen des Moduls vorausgesetzt. Der schriftliche Leistungsnachweis besteht aus einem
wissenschaftlichen Bericht zur psychometrischen Prüfung einer im Rahmen des Seminars selbst adaptierten, konstruierten oder
übersetzten Skala. Die aktive Teilnahme besteht aus Vorbereitung auf die Sitzungen, Rekrutierung von Teilnehmenden für die
gemeinsame Datenerhebung, zwei kurzen Präsentationen zur praktischen Aufgabe sowie aktiver Teilnahme am Seminar.

Voraussetzung für die Teilnahme ist ein eigener Laptop mit einem Statistikprogramm (z.B. SPSS) und einem Office-Paket.

851-0240-17L Designing Learning Environments for School:
Educational Foundations (EW2 TC)
- Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".
- Addresses to students enrolled in "Teaching Certificate
in a non-college Discipline (TC)". 
- The simultaneous enrolment in course 851-0240-25
Designing Learning Environments for School: Vocational
Education  (EW2 TC)" is recommended, but not a
mandatory prerequisite.

O  2 credits 1V S. Peteranderl, P. Edelsbrunner,
U. Markwalder

Abstract Teaching is also a craft. In this lecture, students get to know and, wherever possible, also practice practical aspects of the teaching
profession within the framework of relevant theories rom the Learning Sciences. 

Objective Students acquire basic knowledge and skills needed for planning, preparing, and implementing effective instruction. They can reflect and
adapt these skills based on knowledge about findings from research in the learning sciences.  

Content We discuss characteristics of successful lessons and how to design such lessons by using curricula and lesson plans, teaching goals,
classroom management, and a variety of teaching methods.

Lecture notes The lecture comprises interactive parts where the participants  elaborate and extend their knowledge and skills. Thus, there is no
comprehensive written documentation of the lecture. The participants can download presentation slides, learning materials, and templates
from "Moodle".

Literature The necessary literature can be downloaded from "Moodle".
Prerequisites /
notice

The lecture EW2 can only be attended by students who already successfully completed the lecture Human Learning (EW1).
There will be two independent lectures for different groups of students. You will get further information in an email at the beginning of the
semester.

851-0240-25L Designing Learning Environments for School:
Vocational Education  (EW2 TC)
- Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".
- Addresses to students enrolled in "Teaching Certificate
in a non-college Discipline (TC)". 
- The simultaneous enrolment in course 851-0240-17L
Designing Learning Environments for School: Educational
Foundations (EW2 DZ)" is recommended, but not a
mandatory prerequisite.

O  2 credits 1V G. Kaufmann

Abstract Participants acquire knowledge in vocational training system and in theory and practice of vocational education. They get to know
characteristics of functions, tasks and roles in the professional world. They deduce consequences for the planning and execution of
learner-tailored and effective learning in vocational education taking into account the theory and practice of vocational education.

Objective Participants would be able to structure and execute learner-tailored and effective learning in vocational education taking into account the
theory and practice of vocational education.

851-0242-03L Introduction to General Pedagogy
Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate.


W  2 credits 2G L. Haag
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Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".

Abstract The basics of educational science and the field of activity of the school are conveyed in as much as they are of relevance to the field of
activity of the teachers. Basic knowledge is taught methodically by the lecturers which is further deepened by the reading of selected texts
and corresponding work assignments in individual and small groups.

Objective 1. Basics of educational science
1.1 Historical survey of education and school
1.2 Fundamental educational terms
- Education as field of activity of the school
- Education at school
- Socialization
2. Field of activity of the school
2.1 Theory of school
- Theory of school
- Curriculum theory
- School development
2.2 Theory of instruction
- Didactic analysis
- Principles of learning
- Handling of heterogeneity

851-0242-06L Cognitively Activating Instructions in MINT Subjects
Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

This course unit can only be enroled after successful
participation in, or during enrolment in the course 851-
0240-00L "Human Learning (EW 1)".

W  2 credits 2S R. Schumacher

Abstract This seminar focuses on teaching units in chemistry, physics and mathematics that have been developed at the MINT Learning Center of
the ETH Zurich. In the first meeting, the mission of the MINT Learning Center will be communicated. Furthermore, in groups of two, the
students will intensively work on, refine and optimize a teaching unit following a goal set in advance.

Objective - Get to know cognitively activating instructions in MINT subjects
- Get information about recent literature on learning and instruction

Prerequisites /
notice

Für eine reibungslose Semesterplanung wird um frühe Anmeldung und persönliches Erscheinen zum ersten Lehrveranstaltungstermin
ersucht.

851-0242-07L Human Intelligence
Number of participants limited to 30.

Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

This course unit can only be enroled after successful
participation in, or imultaneous enrolment in the course
851-0240-00L "Human Learning (EW 1)" .

W  1 credit 1S E. Stern

Abstract The focus will be on the book "Intelligenz: Grosse Unterschiede und ihre Folgen" by Stern and Neubauer. Participation at the first meeting
is obligatory. It is required that all participants read the complete book. Furthermore, in two meetings of 90 minutes, concept papers
developed in small groups (5 - 10 students) will be discussed.

Objective - Understanding of research methods used in the empirical human sciences
- Getting to know intelligence tests
- Understanding  findings relevant for education

851-0242-08L Research Methods in Educational Science
Number of participants limited to 30.

This course unit can only be enroled after successful
participation in, or imultaneous enrolment in the course
851-0240-00L "Human Learning (EW 1)" .

W  1 credit 1S P. Edelsbrunner, T. Braas,
C. M. Thurn

Abstract Literature from learning sciences will be read and discussed. Research methods will be in focus.
At the first meeting all participants will be allocated to working groups and two further meetings will be set up with the groups.
In the small groups students will write critical short essays about the read literature. The essays will be presented and discussed in the
plenum at the third meeting.

Objective - Understand research methods used in the empirical educational sciences
- Understand and critically examine information from scientific journals and media
- Understand pedagogically relevant findings from the empirical educational sciences

851-0242-11L Gender Issues In Education and STEM
Number of participants limited to 20.

Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

Prerequisite: students should be taking the course 851-
0240-00L Human Learning (EW1) in parallel, or to have
successfully completed it.

W  2 credits 2S M. Berkowitz Biran, T. Braas,
C. M. Thurn

Abstract In this seminar, we introduce some of the major gender-related  issues in the context of education and science learning, such as the under-
representation of girls and women in science, technology, engineering and mathematics (STEM). Different perspectives, controversies and
empirical evidence will be discussed.

Objective - To familiarize students with gender issues in the educational and STEM contexts and with controversies regarding these issues.
- To develop a critical view on existing perspectives. 
- To integrate this knowledge with teacher's work.
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Content Why do fewer women than men specialize in STEM (science, technology, engineering and mathematics)? Are girls better in language and
boys better in math? These and other questions about gender differences relevant to education and STEM learning have been occupying
researchers for decades. In this seminar, students will learn about major gender issues in the educational context and the different
perspectives for understanding them. 

Students will read and critically discuss selected publications on these topics and their implications for the classroom context. There will be
weekly (or bi-weekly) assignments as well as a final project in which students will integrate and elaborate on the topics learned in the
seminar.

Prerequisites /
notice

Recommended: Completion of the course 851-0240-00L Human Learning (EW1).

Active participation in the seminar.

see Educational Science TC

 Subject Didactics and Professional Training
Number Title Type ECTS Hours Lecturers

376-8008-00L Teaching Internship Including Examination Lessons
Health Sciences and Technologie
Only for Health Sciences and Technology TC students.

The teaching internship can just be visited if all other
courses of TC are completed.
Repetition of the teaching internship is excluded even if
the examination lessons are to be repeated.

O  6 credits 13P S. Maurer

Abstract Students apply the insights, abilities and skills they have acquired within the context of an educational institution. They observe 10 lessons
and teach 20 lessons independently. Two of them are as assessed as Examination Lessons.

Objective Students use their specialist-subject, educational-science and subject-didactics training to draw up concepts for teaching.
- They are able to assess the significance of tuition topics for their subject from different angles (including interdisciplinary angles) and
impart these to their pupils. 
- They learn the skills of the teaching trade. 
- They practise finding the balance between instruction and openness so that pupils can and, indeed, must make their own cognitive
contribution.
- They learn to assess pupils' work.
- Together with the teacher in charge of their teacher training, the students constantly evaluate their own performance.

 Further Subject Didactics
For students enrolled from HS 2019: The courses offered here are credited under the category «Subject Didactics and Professional Training».

Number Title Type ECTS Hours Lecturers

376-8011-00L Mentored Work Subject Didactics Health Sciences and
Technologie
Only for Health Sciences and Technology TC students.

O  2 credits 4A S. Maurer

Abstract The mentored paper is designed to bring together the findings from the FD1 and the FD2. By using various teaching techniques and
methods a semester plan, which is based on various curricula will be elaborated for a given topic.

Objective 1. The students have planned a curriculum for a semester course.

2. Students reflect on formative and summative ways such a teaching unit to examine and implement parts of it.

3. The students have implemented parts of the semester curriculum.

4. The students deal with the question to what extend teaching techniques, teaching methods but also sequences of self-study must be
involved in the planning.

376-8002-00L Didactics of Health Sciences and Technology II
Only for Health Sciences and Technology TC students.

O 4 credits 3G S. Maurer

Abstract Didactics of Human Movement Sciences II covers the planning, implementation and reflection of comprehensive teaching units. The major
focus will be put on an intensive discussion of the didactical analysis and the use of extensive teaching methods. The objective is a
selective and effective use.

Objective The students
- learn to make a detailed analysis of didactic lessons to learn a broad topic by different sources, they will review, procure materials and
reflect on the relevance of the topic of their choice and access to vocational, technical, didactic, and possibly social terms.
- make a semester plan autonomously.
- use and reflect on appropriate teaching methods in the context of various teaching-learning strategies within practice lessons.
- arrange the conditions of teaching for their target groups.

Content - Semesterplanung
- Unterrrichtseinheiten unter Berücksichtigung verschiedener Lehr-Lern-Strategien konzipieren.
- Prüfungen erstellen und durchführen

Prerequisites /
notice

Fachdidaktik I erfolgreich absolviert.

Health Sciences and Technology TC - Key for Type

Dr Suitable for doctorate
E- Recommended, not eligible for credits
O Compulsory

W Eligible for credits
W+ Eligible for credits and recommended
Z Courses outside the curriculum
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Health Sciences and Technology Master
 Major in Human Movement Science and Sport

 Compulsory Courses
Number Title Type ECTS Hours Lecturers

376-0302-00L Practicing Translational Science
Only for Health Sciences and Technology MSc.

O 2 credits 4A J. Goldhahn, S. Ben-Menahem,
C. Ewald, W. Karlen

Abstract Translational Science is a cross disciplinary scientific research that is motivated by the need for practical applications that help patients.
The students should apply knowledge they gained in the prior course during a team approach focused on one topic provided by the
supervisor. Each student has to take a role in the team and label clear responsibility and contribution.

Objective After completing this course, students will be able to apply:
a)    Principles of translational science (including project planning, ethics application, basics of resource management and interdisciplinary
communication)
b)    The use of a translational approach in project planning and management

Prerequisites /
notice

Prerequisite: lecture 376-0300-00 "Translational Science for Health and Medicine" passed.

 Electives
 Electives Courses I

Number Title Type ECTS Hours Lecturers

376-0224-00L Clinical Exercise Physiology W 3 credits 2V C. Spengler, C. Schmied, further
lecturers

Abstract This lecture series provides a comprehensive overview of  the most important aspects of clinical exercise testing for diagnosis and
assessment of functional status in different patient populations, e.g. patients with pulmonary, cardiac or neuro-muscular disease, with
obesity, young or old age. Also, special aspects in the context of training perscriptions in these populations will be discussed.

Objective By the end of this module, students:
- Have the theoretical basis for disease-specific exercise testing and interpretation in clinical settings
- Know important aspects for disease-specific exercise-training prescriptions and assessment of training progress  
- Are able to critically review and interpret scientific literature in the context of physical fitness, performance and training in different patient
populations

Lecture notes Handouts are provided via moodle.
Literature Handouts are provided via moodle.
Prerequisites /
notice

The courses "Anatomie & Physiologie I+II", as well as "Sportphysiologie" (or Anatomy, Physiology and Exercise Physiology - equivalents
for students without HST-BSc), are required.

376-1168-00L Sports Biomechanics W  3 credits 2V S. Lorenzetti
Abstract Various types of sport are studied from a mechanical point of view. Of particular interest are the key parameters of a sport as well as the

performance relevant indicators.
Objective The aim of this lecture is to enable the students to study a sport from a biomechanical viewpoint and to develop significant models for

which evaluations of the limitations and verifications can be carried out.
Content Sport biomechanics is concerned with the physical and mechanical basic principles of sports. The lecture requires an in-depth mechanical

understanding on the side of the student. In this respect, the pre-attendance of the lectures Biomechanics II and Movement and Sports
Biomechanics or an equivalent course is expected. The human body is treated as a mechanical system during sport. The interaction of the
active and passive movements and outside influences is analysed. Using sports such as ski-jumping, cycling, or weight training, applicable
models are created, analyzed and suitable measuring methods are introduced. In particular, the constraints as well as the limitations of the
models are of great relevance. The students develop their own models for different sport types, critically discuss the advantages and
disadvantages and evaluate applicable measurement methods.

Lecture notes Handout will be distributed.

376-1306-00L Clinical Neuroscience

More information
at:https://studentservices.uzh.ch/uzh/anonym/vvz/index.ht
ml#/details/2019/004/P/01106803


W  3 credits 3V G. Schratt, University lecturers

Abstract The lecture series "Clinical Neuroscience" presents  a comprehensive, condensed overview of the most important neurological diseases,
their clinical presentation, diagnosis, therapy options and possible causes. Patient demonstrations (Übungen) follow every lecture that is
dedicated to a particular disease.

Objective By the end of this module students should be able to: 
- demonstrate their understanding and deep knowledge concerning the main neurological diseases 
- identify and explain the different clinical presentation of these diseases, the methodology of diagnosis and the current therapies available 
- summarize and critically review scientific literature efficiently and effectively

376-1660-00L Scientific Writing, Reporting and Communication
Number of participants limited to 30.

Only for Health Sciences and Technology MSc 

W 3 credits 2V B. Taylor, S. H. Hosseini Nasab

Abstract This course aims to teach many of the unwritten rules on how to communicate effectively, from writing reports or manuscripts (or indeed
their Master thesis!) through to improving skills in oral presentations, and presenting themselves at interview.

Objective This course will teach students to communicate effectively in official environments, including:
-    writing manuscripts, theses, CVs, reports etc
-    presenting posters
-    oral presentations
-    critical reviews of literature

376-1719-00L Statistics for Experimental Research W  3 credits 2V R.  van de Langenberg
Abstract Students will learn the necessary statistical concepts and skills to independently (1) design experiments (2) analyse experimental data and

(3) report analyses and results in a scientifically appropriate manner.
Objective After successful completion of the course, students should be able to:

1. Determine appropriate experimental designs and choose, justify and perform the appropriate statistical analyses using R.
2. Report analyses and results in a scientifically appropriate manner, as laid out by the Publication Manual of the American Psychological
Association (APA, sixth edition).
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Content We will cover basic statistical concepts (e.g., central tendency, variability, data distribution), the t-test (dependent and independent),
ANOVA (univariate, factorial and repeated measures), correlation, multiple regression, nonparametric techniques, validity and reliability
tests, effect size, data transformation, power and sample size estimation.

Lecture notes Lecture notes will be delivered in the form of commented presentations in Microsoft Powerpoint (i.e. pptx) format. R practical session
assignments will be delivered in pdf-format.

Literature Both in the lectures and in the tutorials and practical sessions, we will refer students to the following publication:

 Field A, Miles J, Field Z (2013) Discovering Statistics Using R. Sage Publications Ltd, London, UK

 Elective Courses II
Number Title Type ECTS Hours Lecturers

227-0384-00L Ultrasound Fundamentals, Imaging, and Medical
Applications
Course is offered for the last time in Spring Semester
2020.

W  4 credits 3G O. Göksel

Abstract Ultrasound is the only imaging modality that is nonionizing (safe), real-time, cost-effective, and portable, with many medical uses in
diagnosis, intervention guidance, surgical navigation, and as a therapeutic option. In this course, we introduce conventional and
prospective applications of ultrasound, starting with the fundamentals of ultrasound physics and imaging.

Objective Students can use the fundamentals of ultrasound, to analyze and evaluate ultrasound imaging techniques and applications, in particular in
the field of medicine, as well as to design and implement basic applications.

Content Ultrasound is used in wide range of products, from car parking sensors, to assessing fault lines in tram wheels. Medical imaging is the eye
of the doctor into body; and ultrasound is the only imaging modality that is nonionizing (safe), real-time, cheap, and portable. Some of its
medical uses include diagnosing breast and prostate cancer, guiding needle insertions/biopsies, screening for fetal anomalies, and
monitoring cardiac arrhythmias. Ultrasound physically interacts with the tissue, and thus can also be used therapeutically, e.g., to deliver
heat to treat tumors, break kidney stones, and targeted drug delivery. Recent years have seen several novel ultrasound techniques and
applications – with many more waiting in the horizon to be discovered.

This course covers ultrasonic equipment, physics of wave propagation, numerical methods for its simulation, image generation,
beamforming (basic delay-and-sum and advanced methods), transducers (phased-, linear-, convex-arrays), near- and far-field effect,
imaging modes (e.g., A-, M-, B-mode), Doppler and harmonic imaging, ultrasound signal processing techniques (e.g., filtering, time-
gain-compensation, displacement tracking), image analysis techniques (deconvolution, real-time processing, tracking, segmentation,
computer-assisted interventions), acoustic-radiation force, plane-wave imaging, contrast agents, micro-bubbles, elastography,
biomechanical characterization, high-intensity focused ultrasound and therapy, lithotripsy, histotripsy, photo-acoustics phenomenon and
opto-acoustic imaging, as well as sample non-medical applications such as the basics of non-destructive testing (NDT).

Hands-on exercises: These will help to apply the concepts learned in the course, using simulation environments (such as Matlab k-Wave
and FieldII toolboxes).  The exercises will involve a mix of design, implementation, and evaluation examples commonly encountered in
practical applications.

Project: Current and relevant applications in the field of ultrasound are offered as project topics. Projects will be carried out throughout the
course, where the project reporting and presentations will be due towards the end of the semester. These will be part of the assessment in
grading.

Prerequisites /
notice

Prerequisites: Familiarity with basic numerical methods.
Basic programming skills in Matlab.

327-2125-00L Microscopy Training SEM I - Introduction to SEM
Limited number of participants.

Master students will have priority over PhD students. PhD
students may still enroll, but will be asked for a fee.
(http://www.scopem.ethz.ch/education/MTP.html).

Registration form:
(https://docs.google.com/forms/d/1JGcwHxx6pobT7RBRa
KnCEsgzK75O8y-ODQ7euxq5CzQ/edit)

W  2 credits 3P P. Zeng, A. G. Bittermann, S. Gerstl,
L. Grafulha Morales, K. Kunze,
J. Reuteler

Abstract The introductory course on Scanning Electron Microscopy (SEM) emphasizes hands-on learning. Using 2 SEM instruments, students have
the opportunity to study their own samples, or standard test samples, as well as solving exercises provided by ScopeM scientists.

Objective - Set-up, align and operate a SEM successfully and safely.
- Accomplish imaging tasks successfully and optimize microscope performances.
- Master the operation of a low-vacuum and field-emission SEM and EDX instrument.
- Perform sample preparation with corresponding techniques and equipment for imaging and analysis
- Acquire techniques in obtaining secondary electron and backscatter electron micrographs
- Perform EDX qualitative and semi-quantitative analysis

Content During the course, students learn through lectures, demonstrations, and hands-on sessions how to setup and operate SEM instruments,
including low-vacuum and low-voltage applications. 
This course gives basic skills for students new to SEM. At the end of the course, students with no prior experience are able to align a SEM,
to obtain secondary electron (SE) and backscatter electron (BSE) micrographs and to perform energy dispersive X-ray spectroscopy (EDX)
qualitative and semi-quantitative analysis. The procedures to better utilize SEM to solve practical problems and to optimize SEM analysis
for a wide range of materials will be emphasized.

- Discussion of students' sample/interest
- Introduction and discussion on Electron Microscopy and instrumentation
- Lectures on electron sources, electron lenses and probe formation 
- Lectures on beam/specimen interaction, image formation, image contrast and imaging modes.
- Lectures on sample preparation techniques for EM
- Brief description and demonstration of the SEM microscope
- Practice on beam/specimen interaction, image formation, image contrast (and image processing)
- Student participation on sample preparation techniques
- Scanning Electron Microscopy lab exercises: setup and operate the instrument under various imaging modalities
- Lecture and demonstrations on X-ray micro-analysis (theory and detection), qualitative and semi-quantitative EDX and point analysis,
linescans and spectral mapping
- Practice on real-world samples and report results

Literature - Detailed course manual
- Williams, Carter: Transmission Electron Microscopy, Plenum Press, 1996
- Hawkes, Valdre: Biophysical Electron Microscopy, Academic Press, 1990
- Egerton: Physical Principles of Electron Microscopy: an introduction to TEM, SEM and AEM, Springer Verlag, 2007
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Prerequisites /
notice

No mandatory prerequisites. Please consider the prior attendance to EM Basic lectures (551- 1618-00V; 227-0390-00L; 327-0703-00L) as
suggested prerequisite.

327-2126-00L Microscopy Training TEM I - Introduction to TEM
Number of participants limited to 6. 
Master students will have priority over PhD students. PhD
students may still enroll, but will be asked for a fee
(http://www.scopem.ethz.ch/education/MTP.html).

TEM 1 registration form:
(https://scopem.ethz.ch/education/MTP/2019-
10-28-transmission-electron-microscopy-1--tem1-1.html)

W  2 credits 3P P. Zeng, E. J. Barthazy Meier,
A. G. Bittermann, F. Gramm,
A. Sologubenko, M. Willinger

Abstract The introductory course on Transmission Electron Microscopy (TEM) provides theoretical and hands-on learning for new operators, utilizing
lectures, demonstrations, and hands-on sessions.

Objective - Overview of TEM theory, instrumentation, operation and applications.
- Alignment and operation of a TEM, as well as acquisition and interpretation of images, diffraction patterns, accomplishing basic tasks
successfully.
- Knowledge of electron imaging modes (including Scanning Transmission Electron Microscopy), magnification calibration, and image
acquisition using CCD cameras.
- To set up the TEM to acquire diffraction patterns, perform camera length calibration, as well as measure and interpret diffraction patterns.
- Overview of techniques for specimen preparation.

Content Using two Transmission Electron Microscopes the students learn how to align a TEM, select parameters for acquisition of images in bright
field (BF) and dark field (DF), perform scanning transmission electron microscopy (STEM) imaging, phase contrast imaging, and acquire
electron diffraction patterns. The participants will also learn basic and advanced use of digital cameras and digital imaging methods.

- Introduction and discussion on Electron Microscopy and instrumentation.
- Lectures on electron sources, electron lenses and probe formation.
- Lectures on beam/specimen interaction, image formation, image contrast and imaging modes.
- Lectures on sample preparation techniques for EM.
- Brief description and demonstration of the TEM microscope.
- Practice on beam/specimen interaction, image formation, Image contrast (and image processing).
- Demonstration of Transmission Electron Microscopes and imaging modes (Phase contrast, BF, DF, STEM).
- Student participation on sample preparation techniques.
- Transmission Electron Microscopy lab exercises: setup and operate the instrument under various imaging modalities.
- TEM alignment, calibration, correction to improve image contrast and quality.
- Electron diffraction.
- Practice on real-world samples and report results.

Literature - Detailed course manual
- Williams, Carter: Transmission Electron Microscopy, Plenum Press, 1996
- Hawkes, Valdre: Biophysical Electron Microscopy, Academic Press, 1990
- Egerton: Physical Principles of Electron Microscopy: an introduction to TEM, SEM and AEM, Springer Verlag, 2007

Prerequisites /
notice

No mandatory prerequisites. Please consider the prior attendance to EM Basic lectures (551- 1618-00V; 227-0390-00L; 327-0703-00L) as
suggested prerequisite.

363-1066-00L Designing Effective Projects for Promoting
Health@Work
Number of participants limited to 30.

W  3 credits 2G G. Bauer, R. Brauchli, G. J. Jenny

Abstract The fast-changing high-performance economy is highly dependent on healthy employees – and at the same time is putting their health at
risk. Expectations of employees regarding health@work are rising. In a workshop format, students learn how to develop effective,
exemplary projects to promote good working conditions, work-life balance or healthy lifestyles in companies.

Objective After active participation in the course, students will
•    Know the key individual, team-level, and organizational factors influencing health@work 
•    Be familiar with health-related challenges and opportunities of a changing world of work
•    Know intervention strategies for improving working conditions, work-life balance and health behaviors in companies
•    Be able to design an exemplary intervention project– based on key principles and a systematic planning cycle

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 850 of 1785

Content The globalization and the digital transformation of our economy leads to fast changes in organizations and of working conditions. Work
becomes more flexible regarding time, location and employment contracts. Employees become more demanding regarding their autonomy,
the quality of working life and their work-life balance. In this dynamic context, offering standardized health promotion programs in
companies is not sufficient any more. Employers and employees need to jointly develop tailored approaches how to continuously assess
and improve health@work. Thus, we want to enable you to support companies in this process.
The course consists of four parts. The first part with four sessions provides an introduction into approaches to promote health@work. The
lectures will present and discuss these approaches using practical examples and discuss them with the students.
Session 1: Course overview; dynamic, challenging context of our economy; intervention approaches; core principles and planning steps of
a project for promoting health@work
Session 2: Promoting Health @ Work: Improving working conditions
Session 3: Promoting Health @ Work: Lifestyle interventions at work
Session 4: Promoting Health @ Work: Work-Life-Balance and Leisure crafting interventions

The second part aims to identify and sharpen the project ideas developed by students in groups of two. We offer a short version of a design
thinking workshop to help students generate innovative ideas. The pitch presentations help to focus on the essence of the own idea and to
trigger constructive feedback for improving it.
Session 5: Design thinking workshop: Find your own project idea
Session 6: Pitch: Presentations of the project idea in plenary incl. feedback

The third part has a workshop format. We introduce all students how to practically plan a health@work project. Then the two-person project
teams are assigned to four tutors. These tutors support the teams in their systematic, detailed planning of the own project idea. Particularly,
students will consider the four principles of successful health promotion projects: systematic planning, participation of stakeholders,
combined individual- and environmental-level actions, integration into company routines.
Session 7: Introduction to practical project planning in-a-nutshell 
Sessions 8-11: Tutored workshop

In the fourth part, the two-person project teams present their project plan in the plenary, discuss it with all students, and obtain feedback by
the course leader.
Sessions 12-13: Presentations & discussions of projects

Given the hands-on workshop character of this lecture, students are required to actively participate in all sessions. Besides raising
knowledge on promoting health@work, the students generally improve their project development skills. Also, as the course has students
from D-MTEC, D-HEST and D-USYS, it facilitates their transdisciplinary exchange. Transdisciplinary skills are increasingly needed for
addressing complex needs in our society.

Prerequisites /
notice

A course for students dedicated to applied learning through projects. As the whole course is designed as a hands-on workshop for the
students, active participation in all lectures is required. Class size limited to 30 students.

363-1130-00L Digital Health W  3 credits 2V T. Kowatsch
Abstract Today, we face the challenge of chronic conditions. Personal coaching approaches are neither scalable nor financially sustainable. The

question arises therefore to which degree Digital Health applications are appropriate to address this challenge. In this lecture, students will
learn about the need, design and assessment of digital health interventions.

Objective NHS teams up with Amazon to bring Alexa to patients (The Guardian, July 2019), Contactless cardiac arrest detection using smart devices
(Nature Digital Medicine, June 2019), Apple Heart Study demonstrates ability of wearable technology to detect atrial fibrillation (Standford
Medicine News, March 2019), Digital health companies raised a total of $4.2B across 180 deals through the first half of 2019. If this pace
holds steady, the sector is on track for an $8.4B year in 2019 - and may even top 2018's record-breaking annual funding total. Sean Day,
Rocket Health, 2019 Midyear Digital Health Market Update

What are the rationale and implications behind the recent developments in the field of digital health?

Digital Health is the use of information and communication technology for the prevention and treatment of diseases in the everyday life of
individuals. It is thus linked to topics such as digital health interventions, digital biomarker, digital coaches and healthcare chatbots,
telemedicine, mobile and wearable computing, self-tracking, personalized medicine, connected health, smart homes or smart cars.

In the 20th century, healthcare systems specialized in acute care. In the 21st century, we now face the challenge of dealing with the
specific characteristics of chronic conditions. These are now responsible for around 70% of all deaths worldwide and 85% of all deaths in
Europe  and are associated with an estimated economic loss of $7 trillion between 2011 and 2025. Chronic diseases are characterized in
particular by the fact that they require an intervention paradigm that focuses on prevention and lifestyle change. Lifestyle (e.g., diet,
physical activity, tobacco or alcohol consumption) can reduce the risk of suffering from a chronic condition or, if already present, can
reduce its burden. A corresponding change in lifestyle is, however, only implemented by a fraction of those affected, partly because of
missing or inadequate interventions or health literacy, partly due to socio-cultural influences. Individual personal coaching of these
individuals is neither scalable nor financially sustainable.

Against this background, the question arises on how to develop evidence-based digital health interventions (DHIs) that allow medical
doctors and other caregivers to scale and tailor long-term treatments to individuals in need at sustainable costs. At the intersection of
health economics, information systems research, computer science, and behavioral medicine, this lecture has the objective to help
students and upcoming healthcare executives interested in the multi-disciplinary field of digital health to better understand the need, design
and assessment of DHIs.

After the course, students will be able to...

1. understand the importance of DHIs for the management of chronic conditions
2. understand the anatomy of DHIs
3. know frameworks for the design of DHIs
4. know evaluation criteria for DHIs
5. know technologies for DHIs
6. assess DHIs
7. discuss the advantages and disadvantages of DHIs
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Content To reach these learning objectives, the following topics are covered in the lecture and will be discussed based on concrete national and
international examples including DHIs from the Center for Digital Health Interventions (www.c4dhi.org), a joint initiative of the Department
of Management, Technology and Economics at ETH Zurich and the Institute of Technology Management at the University of St.Gallen:

1. Motivation for Digital Health
- The rise of chronic diseases in developed countries
- The discrepancy of acute care and care of chronic diseases
- Lifestyle as medicine and prevention
- From excellence of care in healthcare institutions to excellence of care in everyday life

2. Anatomy of Digital Health Interventions
- Just-in-time adaptive interventions
- Digital biomarker for predicting states of vulnerability
- Digital biomarker for predicting states of receptivity
- Digital coaching and healthcare chatbots

3. Design & Evaluation of Digital Health Interventions
- Overview of design frameworks
- Preparation of DHIs
- Optimization of  DHIs
- Evaluation of DHIs
- Implementation of DHIs

4. Digital Health Technologies
- Technologies for telemedicine
- Mobile medical devices
- Virtual, augmented and mixed reality applications incl. live demonstrations
- Privacy and regulatory considerations

The Digital Health lecture is structured in two parts and follows the concept of a hybrid therapy consisting of on-site sessions and
complementary online lessons. In the first part, students will learn and discuss the topics of the four learning modules in weekly on-site
sessions. Complementary learning material (e.g., video and audio clips), multiple-choice questions and exercises are provided online.

In the second part, students work in teams and will use their knowledge from the first part of the lecture to critically assess DHIs. Each
team will then present and discuss the findings of the assessment with their fellow students who will provide peer-reviews. Additional on-
site coaching sessions are offered to support the teams with the preparation of their presentations.

Literature 1.Chaix, B. (2018) Mobile Sensing in Environmental Health and Neighborhood Research Annual Review of Public Health (39), 367-384.
2.Collins, L. M. (2018) Optimization of Behavioral, Biobehavioral, and Biomedical Interventions: The Multiphase Optimization Strategy
(MOST) New York: Springer.
3.Corneta, V. P., and Holden, R. J. (2018) Systematic Review of Smartphone-Based Passive Sensing for Health and Wellbeing Journal of
Biomedical Informatics (77:January), 120-132.
4.Coravos, A., Khozin, S., and K. D. Mandl (2019) Developing and Adopting Safe and Effective Digital Biomarkers to Improve Patient
Outcomes Nature Digital Medicine 2 Paper 14.
5.Katz, D. L., E. P. Frates, J. P. Bonnet, S. K. Gupta, E. Vartiainen and R. H. Carmona (2018) Lifestyle as Medicine: The Case for a True
Health Initiative American Journal of Health Promotion 32 (6), 1452-1458.
6.Kvedar, J. C., A. L. Fogel, E. Elenko and D. Zohar (2016) Digital medicine's march on chronic disease Nature Biotechnology 34 (3), 239-
246
7.Nahum-Shani, I., S. N. Smith, B. J. Spring, L. M. Collins, K. Witkiewitz, A. Tewari and S. A. Murphy (2018) Just-in-Time Adaptive
Interventions (JITAIs) in Mobile Health: Key Components and Design Principles for Ongoing Health Behavior Support Annals of Behavioral
Medicine 52 (6), 446-462.
8. Sim, I. (2019). Mobile Devices and Health. The New England Journal of Medicine, 381(10), 956-968.

376-0131-00L Laboratory Course in Movement Biomechanics
Only for Health Sciences and Technology MSc.

W  3 credits 3P B. Postolka, R. List, M. Plüss

Abstract Selected experiments in Biomechanics. The practical course includes basic experiments to learn measurement methods and practical
applications in Biomechanics.

Objective Students can gain their first experience in the practical application of measurement methods  in Biomechanics by means of basic
experimentation. They also learn how to keep records in the laboratory journal.

Content Various experiments are offered in the field of Biomechanics.
Lecture notes Texts and further handouts will be provided.

376-0202-00L Neural Control of Movement and Motor Learning W  4 credits 3G N. Wenderoth
Abstract This course extends the students' knowledge regarding the neural control of movement and motor learning. Particular emphasis will be put

on those methods and experimental findings that have shaped current knowledge of this area.
Objective Knowledge of the physiological and anatomic basis underlying the neural control of movement and motor learning. One central element is

that students have first hands-on experience in the lab where small experiments are independently executed, analysed and interpreted.

376-0204-00L Exercise Sciences W  4 credits 3G E. de Bruin, P. Eggenberger
Abstract Evidence-based findings on the training of endurance, strength, and speed, planning and periodization of training, as well as motor learning

will be presented and discussed in relation to specific age groups (childhood to older age), and performance levels. The theoretical
knowledge will be applied in an annual training plan for an individually chosen sport/performance level.

Objective Understand and critically evaluate evidence-based training recommendations for specific groups (children/youth, adults, older adults,
recreational/high performance sport) and apply and evaluate this knowledge within a goal-oriented training plan.

Content Lecture:
- Evidence-based research in exercise sciences
- Endurance, strength, and speed training
- Training in childhood and youth
- Training in older age
- Analysis of a specific sport, planning and periodization models
- Motor learning in sports practice

Training sessions:
- Development of a goal-oriented annual training plan for an individually chosen sport/performance level, based on evidence from the
exercise sciences.

Practice in the gym:
- Practical examples for the training of strength and speed
- Motor learning experiments
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Lecture notes Lecture slides and papers on the Moodle platform.
Literature G.G. Haff & N.T. Triplett (eds): Essentials of Strength Training and Conditioning. Human Kinetics, 4th edition, 2016.


W.E. Amonette, K.L. English, W.J. Kraemer: Evidence-Based Practice in Exercise Science. The Six-Step Approach. Human Kinetics, 2016.

376-0206-00L Biomechanics II W  4 credits 3G B. Taylor, P. Schütz, F. Vogl
Abstract Introduction in dynamics, kinetics and kinematic of rigid and elastic multi-body systems with examples in biology, medicine and especially

the human movement
Objective The students are able

- to analyse and describe dynamic systems
-  to explain the mechanical laws and use them in biology and medicine

Content The students can explain the fundamental concepts of the following topics and apply them to exercises from biomechanics and medicine.
- Kinematics of movement
- Kinetics of movement
- Energy, momentum, mechanics of collisions
- Angular momentum
- Coordinatesystems and -transforms
- Kinematics of multibody-systems
- Lagrange formalisms
- Kinetics of multibody-systems and energyflow
- Inverse dynamics
- Musclemechanics
- Muscle optimisations
- Gait models

376-0905-00L Functional Anatomy W  3 credits 2V D. P. Wolfer, I. Amrein
Abstract Introduction to the anatomy of the musculoskeletal with the goal to better understand movements and the mechanisms of injuries.
Objective - understanding the three-dimensional organization of the human musculoskeletal system

- correct use of anatomical nomenclature in the description of structure and function
- understanding the connections between morphology and normal function of the musculoskeletal system
- knowledge of selected mechanisms of injury in terms of the underlying anatomy

Content -  Allgemeine Anatomie des Bewegungsapparates (Bindegewebe, Knochen, Gelenke, Muskeln)
- Becken und freie untere Extremität (Skelett, Gelenke, Muskeln)
- Wirbelsäule, Brustkorb, Bauchwand (Skelett, Gelenke, Muskeln)
- Schulter und freie obere Extremität (Skelett, Gelenke, Muskeln)

Literature - Schünke M, Topographie und Funktion des Bewegungssystems
- Gehrke T, Sportanatomie, Rowohlt Taschenbuch Verlag
- Weineck J, Sportanatomie, Spitta-Verlag

376-1150-00L Clinical Challenges in Musculoskeletal Disorders W  2 credits 2G M. Leunig, S. J. Ferguson, A. Müller
Abstract This course reviews musculoskeletal disorders focusing on the clinical presentation, current treatment approaches and future challenges

and opportunities to overcome failures. 
Objective Appreciation of the surgical and technical challenges, and future perspectives offered through advances in surgical technique, new

biomaterials and advanced medical device construction methods.
Content Foot deformities, knee injuries, knee OA, hip disorders in the child and adolescent, hip OA, spine deformities, degenerative spine disease,

shoulder in-stability, hand, rheumatoid diseases, neuromuscular diseases, sport injuries and prevention

376-1178-00L Human Factors II W  3 credits 2V M. Menozzi Jäckli, R. Huang,
M. Siegrist

Abstract Strategies, abilities and needs of human at work as well as properties of products and systems are factors controlling quality and
performance in everyday interactions. In Human Factors II (HF II), cognitive aspects are in focus therefore complementing the more
physical oriented approach in HF I. A basic scientific approach is adopted and relevant links to practice are illustrated.

Objective The goal of the lecture is to empower students in designing products and systems enabling an efficient and qualitatively high standing
interaction between human and the environment, considering costs, benefits, health, well-being,  and safety as well. The goal is achieved
in addressing a broad variety of topics and embedding the discussion in macroscopic factors such as the behavior of consumers and
objectives of economy.

Content Cognitive factors in perception, information processing and action.  Experimental techniques in assessing human performance and well-
being, human factors and ergonomics in development of products and complex systems, innovation, decision taking, consumer behavior.

Literature Salvendy G. (ed), Handbook of Human Factors, Wiley & Sons, 2012

376-1217-00L Rehabilitation Engineering I: Motor Functions W  4 credits 2V+1U R. Riener, E. Wilhelm
Abstract Rehabilitation engineering is the application of science and technology to ameliorate the handicaps of individuals with disabilities in order to

reintegrate them into society. The goal of this lecture is to present classical and new rehabilitation engineering principles and examples
applied to compensate or enhance especially motor deficits.

Objective Provide theoretical and practical knowledge of principles and applications used to rehabilitate individuals with motor disabilities.
Content Rehabilitation is the (re)integration of an individual with a disability into society. Rehabilitation engineering is the application of science and

technology to ameliorate the handicaps of individuals with disability. Such handicaps can be classified into motor, sensor, and cognitive
(also communicational) disabilities. In general, one can distinguish orthotic and prosthetic methods to overcome these disabilities. Orthoses
support existing but affected body functions (e.g., glasses, crutches), while prostheses compensate for lost body functions (e.g., cochlea
implant, artificial limbs). In case of sensory disorders, the lost function can also be substituted by other modalities (e.g. tactile Braille display
for vision impaired persons). 

The goal of this lecture is to present classical and new technical principles as well as specific examples applied to compensate or enhance
mainly motor deficits. Modern methods rely more and more on the application of multi-modal and interactive techniques. Multi-modal
means that visual, acoustical, tactile, and kinaesthetic sensor channels are exploited by displaying the patient with a maximum amount of
information in order to compensate his/her impairment. Interaction means that the exchange of information and energy occurs bi-
directionally between the rehabilitation device and the human being. Thus, the device cooperates with the patient rather than imposing an
inflexible strategy (e.g., movement) upon the patient. Multi-modality and interactivity have the potential to increase the therapeutical
outcome compared to classical rehabilitation strategies.
In the 1 h exercise the students will learn how to solve representative problems with computational methods applied to exoprosthetics,
wheelchair dynamics, rehabilitation robotics and neuroprosthetics.
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Literature Introductory Books

Neural prostheses - replacing motor function after desease or disability. Eds.: R. Stein, H. Peckham, D. Popovic. New York and Oxford:
Oxford University Press.

Advances in Rehabilitation Robotics  Human-Friendly Technologies on Movement Assistance and Restoration for People with Disabilities.
Eds: Z.Z. Bien, D. Stefanov (Lecture Notes in Control and Information Science, No. 306). Springer Verlag Berlin 2004.

Intelligent Systems and Technologies in Rehabilitation Engineering. Eds: H.N.L. Teodorescu, L.C. Jain (International Series on
Computational Intelligence). CRC Press Boca Raton, 2001.

Control of Movement for the Physically Disabled. Eds.: D. Popovic, T. Sinkjaer. Springer Verlag London, 2000.

Interaktive und autonome Systeme der Medizintechnik - Funktionswiederherstellung und Organersatz. Herausgeber: J. Werner,
Oldenbourg Wissenschaftsverlag 2005. 

Biomechanics and Neural Control of Posture and Movement. Eds.: J.M. Winters, P.E. Crago. Springer New York, 2000.

Selected Journal Articles

Abbas, J., Riener, R. (2001) Using mathematical models and advanced control systems techniques to enhance neuroprosthesis function.
Neuromodulation 4, pp. 187-195. 

Burdea, G., Popescu, V., Hentz, V., and Colbert, K. (2000): Virtual reality-based orthopedic telerehabilitation, IEEE Trans. Rehab. Eng., 8,
pp. 430-432

Colombo, G., Jörg, M., Schreier, R., Dietz, V. (2000) Treadmill training of paraplegic patients using a robotic orthosis. Journal of
Rehabilitation Research and Development, vol. 37, pp. 693-700.

Colombo, G., Jörg, M., Jezernik, S. (2002) Automatisiertes Lokomotionstraining auf dem Laufband. Automatisierungstechnik at, vol. 50, pp.
287-295.

Cooper, R. (1993) Stability of a wheelchair controlled by a human. IEEE Transactions on Rehabilitation Engineering 1, pp. 193-206. 

Krebs, H.I., Hogan, N., Aisen, M.L., Volpe, B.T. (1998): Robot-aided neurorehabilitation, IEEE Trans. Rehab. Eng., 6, pp. 75-87

Leifer, L. (1981): Rehabilitive robotics, Robot Age, pp. 4-11

Platz, T. (2003): Evidenzbasierte Armrehabilitation: Eine systematische Literaturübersicht, Nervenarzt, 74, pp. 841-849

Quintern, J. (1998) Application of functional electrical stimulation in paraplegic patients. NeuroRehabilitation 10, pp. 205-250.

Riener, R., Nef, T., Colombo, G. (2005) Robot-aided neurorehabilitation for the upper extremities. Medical & Biological Engineering &
Computing 43(1), pp. 2-10.

Riener, R., Fuhr, T., Schneider, J. (2002) On the complexity of biomechanical models used for neuroprosthesis development. International
Journal of Mechanics in Medicine and Biology 2, pp. 389-404.

Riener, R. (1999) Model-based development of neuroprostheses for paraplegic patients. Royal Philosophical Transactions: Biological
Sciences 354, pp. 877-894.

Prerequisites /
notice

Target Group: 
Students of higher semesters and PhD students of 
- D-MAVT, D-ITET, D-INFK
- Biomedical Engineering 
- Medical Faculty, University of Zurich 
Students of other departments, faculties, courses are also welcome

376-1308-00L Development Strategies for Medical Implants
Number of participants limited to 25 until 30.
Assignments will be considered chronological.

W  3 credits 2V+1U J. Mayer-Spetzler, M. Rubert

Abstract Introduction to development strategies for implantable devices considering the interdependecies of biocompatibility, clinical and economical
requirements ; discussion of the state of the art and actual trends in in orthopedics, sports medicine, traumatology and cardio-vascular
surgery as well as regenerative medicine (tissue engineering).

Objective Basic considerations in implant development
Concept of structural and surface biocompatiblity and its relevance for the design of implant and surgical technique
Understanding of conflicting factors, e.g. clinical need, economics and regulatory requirements
Concepts of tissue engineering, its strengths and weaknesses as current and future clinical solution

Content Biocompatibility as bionic guide line for the development of medical implants; implant and implantation related tissue reactions,
biocompatible materials and material processing technologies; implant testing and regulatory procedures; discussion of the state of the art
and actual trends in implant development in orthopedics, sports medicine, traumatology, spinal and cardio-vascular surgery; introduction to
tissue engineering. Selected topics will be further illustrated by commented movies from surgeries. 

Seminar: 
Group seminars on selected controversial topics in implant development. Participation is mandatory

Planned excursions (limited availability, not mandatory, to be confirmed): 
1. Participation (as visitor) on a life surgery  (travel at own expense)

Lecture notes Scribt (electronically available): 
- presented slides
- selected scientific papers for further reading

Literature Reference to key papers will be provided during the lectures
Prerequisites /
notice

Only Master students, achieved Bachelor degree is a pre-condition

The number of participants in the course is limited to 30 students in total.

Students will be exposed to surgical movies which may cause emotional reactions. The viewing of the surgical movies is voluntary and is
on the student's own responsability.
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376-1392-00L Mechanobiology: Implications for Development,
Regeneration and Tissue Engineering

W  3 credits 2G A. Ferrari, G. Shivashankar,
M. Zenobi-Wong

Abstract This course will emphasize the importance of mechanobiology to cell determination and behavior. Its importance to regenerative medicine
and tissue engineering will also be addressed. Finally, this course will discuss how age and disease adversely alter major
mechanosensitive developmental programs.

Objective This course is designed to illuminate the importance of mechanobiological processes to life as well as to teach good experimental
strategies to investigate mechanobiological phenomena.

Content Typically, cell differentiation is studied under static conditions (cells grown on rigid plastic tissue culture dishes in two-dimensions), an
experimental approach that, while simplifying the requirements considerably, is short-sighted in scope. It is becoming increasingly apparent
that many tissues modulate their developmental programs to specifically match the mechanical stresses that they will encounter in later life.
Examples of known mechanosensitive developmental programs include osteogenesis (bones), chondrogenesis (cartilage), and
tendogenesis (tendons). Furthermore, general forms of cell behavior such as migration, extracellular matrix deposition, and complex tissue
differentiation are also regulated by mechanical stimuli.  Mechanically-regulated cellular processes are thus ubiquitous, ongoing and of
great clinical importance.

The overall importance of mechanobiology to humankind is illustrated by the fact that nearly 80% of our entire body mass arises from
tissues originating from mechanosensitive developmental programs, principally bones and muscles. Unfortunately, our ability to regenerate
mechanosensitive tissue diminishes in later life. As it is estimated that the fraction of the western world population over 65 years of age will
double in the next 25 years, an urgency in the global biomedical arena exists to better understand how to optimize complex tissue
development under physiologically-relevant mechanical environments for purposes of regenerative medicine and tissue engineering.

Lecture notes n/a
Literature Topical Scientific Manuscripts

376-1397-00L Orthopaedic Biomechanics
Number of participants limited to 48.

W  3 credits 2G R. Müller, P. Atkins, J. Schwiedrzik

Abstract This course is aimed at studying the mechanical and structural engineering of the musculoskeletal system alongside the analysis and
design of orthopaedic solutions to musculoskeletal failure.

Objective To apply engineering and design principles to orthopaedic biomechanics, to quantitatively assess the musculoskeletal system and model it,
and to review rigid-body dynamics in an interesting context.

Content Engineering principles are very important in the development and application of quantitative approaches in biology and medicine. This
course includes a general introduction to structure and function of the musculoskeletal system: anatomy and physiology of musculoskeletal
tissues and joints; biomechanical methods to assess and quantify tissues and large joint systems. These methods will also be applied to
musculoskeletal failure, joint replacement and reconstruction; implants; biomaterials and tissue engineering.

Lecture notes Stored on Moodle.
Literature Orthopaedic Biomechanics:

Mechanics and Design in Musculoskeletal Systems 
 
Authors: Donald L. Bartel, Dwight T. Davy, Tony M. Keaveny
Publisher: Prentice Hall; Copyright: 2007
ISBN-10: 0130089095; ISBN-13: 9780130089090

Prerequisites /
notice

Lectures will be given in English.

376-1400-00L Transfer of Technologies into Neurorehabilitation W 3 credits 2V C. Müller, R. Gassert, R. Riener,
H. Van Hedel, N. Wenderoth

Abstract The course focuses on clinical as well as industrial aspects of advanced technologies and their transfer into neurorehabilitation from both
theoretical and practical perspectives. The students will learn the basics of neurorehabilitation and the linkage to technologies, gain insight
into the development within the medtech field and learn applications of technologies in clinical settings.

Objective The students will:
-  Learn basics and principles of clinical neuroscience and neurorehabilitation.
 - Gain insight into the technical basics of advanced technologies and the transfer into product development processes.
- Gain insight into the application, the development and integration of advanced technologies in clinical settings. This includes the
advantages and limitations according to different pathologies and therapy goals.
-  Get the opportunity to test advanced technologies in practical settings.
- Learn how to transfer theoretical concepts to actual settings in different working fields.

Content Main focus:
- Neurobiological principles applied to the field of neurorehabilitation.
- Clinical applications of advanced rehabilitation technologies.
- Visit medical technology companies, rehabilitation centers and labs to gain deeper insight into the development, application and
evaluation of advanced technologie

Lecture notes Teaching materials will be provided for the individual events and lectures.
- Slides (pdf files)
- Information sheets and flyers of the visited companies, labs and clinics

376-1620-00L Skeletal Repair
Number of participants limited to 42.

Only for Health Sciences and Technology MSc and
Biomedical Engineering MSc.

W 3 credits 3G S. Grad, M. D'Este, F. Moriarty,
M. Stoddart

Abstract The course gives an introduction into traumatic and degenerative pathologies of skeletal tissues. Emphasis is put on bone, cartilage and
intervertebral disc. Established and new treatments are described, including cell, gene and molecular therapy, biomaterials, tissue
engineering and infection prevention. In vitro/in vivo models are explained.

Objective The objectives of this course are to acquire a basic understanding of
(1) important pathologies of skeletal tissues and their consequences for the patient and the public health
(2) current surgical approaches for skeletal repair, their advantages and drawbacks
(3) recent advances in biological strategies for skeletal repair, such as (stem) cell therapy, gene therapy, biomaterials and tissue
engineering
(4) pathology, prevention and treatment of implant associated infections
(5) in vitro and in vivo models for basic, translational and pre-clinical studies
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Content According to the expected background knowledge, the cellular and extracellular composition and the structure of the skeletal tissues,
including bone, cartilage, intervertebral disc, ligament and tendon will briefly be recapitulated. The functions of the healthy tissues and the
impact of acute injury (e.g. bone fracture) or progressive degenerative failure (e.g. osteoarthritis) will be demonstrated. Physiological self-
repair mechanisms, their limitations, and current (surgical) treatment options will be outlined. Particular emphasis will be put on novel
approaches for biological repair or regeneration of critical bone defects, damaged hyaline cartilage of major articulating joints, and
degenerative intervertebral disc tissues. These new treatment options include autologous cell therapies, stem cell applications, bioactive
factors, gene therapy, biomaterials or biopolymers; while tissue engineering / regenerative medicine is considered as a combination of
some of these factors. In vitro bioreactor systems and in vivo animal models will be described for preclinical testing of newly developed
materials and techniques. Bacterial infection as a major complication of invasive treatment will be explained, covering also established and
new methods for its effective inhibition. Finally, the translation of new therapies for skeletal repair from the laboratory to the clinical
application will be illustrated by recent developments.

Prerequisites /
notice

Basic knowledge in the cellular and molecular composition, structure and function of healthy skeletal tissues, especially bone, cartilage and
intervertebral disc are required; furthermore, basic understanding of biomaterial properties, cell-surface interactions, and bacterial infection
are necessary to follow this course.

376-1624-00L Practical Methods in Biofabrication
Number of participants limited to 12.

W  5 credits 4P M. Zenobi-Wong, S. J. Ferguson,
S. Schürle-Finke

Abstract Biofabrication involves the assembly of materials, cells, and biological building blocks into grafts for tissue engineering and in vitro models.
The student learns techniques involving the fabrication and characterization of tissue engineered scaffolds and the design of 3D models
based on medical imaging data.  They apply this knowledge to design, manufacture and evaluate a biofabricated graft.

Objective The objective of this course is to give students hands-on experience with the tools required to fabricate tissue engineered grafts. During the
first part of this course, students will gain practical knowledge in hydrogel synthesis and characterization, fuse deposition modelling and
stereolithography, bioprinting and bioink design, electrospinning, and cell culture and viability testing.  They will also learn the properties of
common biocompatible materials used in fabrication and how to select materials based on the application requirements.   The students
learn principles for design of 3D models.    Finally the students will apply their knowledge to a problem-based Project in the second half of
the Semester.  The Project requires significant time outside of class Hours, strong commitment and ability to work independently.

Prerequisites /
notice

Not recommended if passed 376-1622-00 Practical Methods in Tissue Engineering

376-1721-00L Bone Biology and Consequences for Human Health W  2 credits 2V G. A. Kuhn, J. Goldhahn, E. Wehrle
Abstract Bone is a complex tissue that continuously adapts to mechanical and metabolic demands. Failure of this remodeling results in reduced

mechanic stability ot the skeleton. This course will provide the basic knowledge to understand the biology and pathophysiology of bone
necessary for engineering of bone tissue and design of implants.

Objective After completing this course, students will be able to understand:
a) the biological and mechanical aspects of normal bone remodeling
b) pathological changes and their consequences for the musculoskeletal system
c) the consequences for implant design, tissue engineering and treatment interventions.

Content Bone adapts continuously to mechanical and metabolic demands by complex remodeling processes. This course will deal with biological
processes in bone tissue from cell to tissue level. This lecture will cover mechanisms of bone building (anabolic side), bone resorption
(catabolic side), their coupling, and regulation mechanisms. It will also cover pathological changes and typical diseases like osteoporosis.
Consequences for musculoskeletal health and their clinical relevance will be discussed. Requirements for tissue engineering as well as
implant modification will be presented. Actual examples from research and development will be utilized for illustration.

376-1724-00L Appropriate Health System Design
Number of participants limited to 42.

W  3 credits 2V W. Karlen

Abstract This course elaborates upon relevant aspects in the conception, implementation and distribution of health devices and systems that
effectively meet peoples and societies' needs in a local context. Four key elements of appropriateness (usage, cost, durability and
performance) that are integral to the engineering design process are extensively discussed and applied.

Objective The main goals are to
> Evaluate the appropriateness of health systems to the cultural, financial, environmental and medical context in which they will be applied
and
> Design health systems from a user's perspective for a specific context

At the end of the course, students can
> name, understand and describe the 4 main principles that define appropriate technology
> apply these principles to critically analyze and assess health systems and technology
> project him/herself into a unfamiliar person and context  and create hypotheses as to that person's needs, requirements, and priorities
> modify specifications of existing systems to improve appropriateness
> discuss the challenges and illustrate the the ethical and societal consequences of proposed design modifications
> communicate effectively the results of his/her system analysis and implementation strategies to non-specialists

Content The course will be interactive and involve roleplay. Please do not sign up for this course if you are not ready to leave your comfort zone in
class. The lectures are divided in two parts:
The first part elaborates upon the important concepts of the design of health care devices and systems, and discusses implementation and
dissemination strategies. We focus on communities such as low income households, the elderly, and patients with chronic illnesses that
have special needs. Topics covered include point-of-care diagnostics, information and communication technologies, mobile health, user
interactions, and also the social-cultural considerations.
The second part consists of elaboration of an appropriate device conducted by student groups. Each group will analyse an existing product
or solution, critically assess its appropriateness according to the criteria learned in class, and provide explanations as to why the system
succeeds or fails. The students will also present design improvements. Grading will be based on a written case report due in the middle of
the semester and a final seminar presentation in form of a poster discussion and demo.

Literature WHO, "Medical Devices: Managing the Mismatch", 2010.
http://www.who.int/medical_devices/publications/med_dev_man-mismatch/en/

PATH, "The IC2030 report. Reimagining Global Health," 2015. http://ic2030.org/report/

R. Malkin and K. Von Oldenburg Beer, "Diffusion of novel healthcare technologies to resource poor settings," Annals of Biomedical
Engineering, vol. 41, no. 9, pp. 1841:50, 2013.

Prerequisites /
notice

Target Group: 
Students of higher semesters and doctoral students of 
- D-MAVT, D-ITET, D-INFK, D-HEST
- Biomedical Engineering, Robotics, Systems and Control
- Medical Faculty, University of Zurich 
Students of other departments, faculties, courses are also welcome

376-1974-00L Colloquium in Biomechanics W  2 credits 2K B. Helgason, S. J. Ferguson,
R. Müller, J. G. Snedeker, B. Taylor,
M. Zenobi-Wong
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Abstract Current topics in biomechanics presented by speakers from academia and industry.
Objective Getting insight into actual areas and problems of biomechanics.

376-1986-00L Bayesian Data Analysis on Models of Behavior
(University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: DOEC0829

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W 3 credits 2S R. Polania, University lecturers

Abstract Making sense of the data acquired via experiments is fundamental in many fields of sciences. This course is designed for
students/researchers who want to gain practical experience with data analysis based on Bayesian inference. Coursework involves practical
demonstrations and discussion of solutions for data analysis problems. No advanced knowledge of statistics and probability is required.

Objective The overall goal of this course it that the students are able to develop both analytic and problem-solving skills that will serve to draw
reasonable inferences from observations. The first objective is to make the participants familiar with the conceptual framework of Bayesian
data analysis. The second goal is to introduce the ideas of modern Bayesian data analysis, including techniques such as Markov chain
Monte Carlo (MCMC) techniques, alongside the introduction of programming tools that facilitate the creation of any Bayesian inference
model. Throughout the course, this will involve practical demonstrations with example datasets, homework, and discussions that should
convince the participants of this course that it is possible to make inference and understand the data acquired from the experiments that
they usually obtain in their own research (starting from simple linear regressions all the way up to more complex models with hierarchical
structures and dependencies). After working through this course, the participants should be able to build their own inference models in
order to interpret meaningfully their own data.

Prerequisites /
notice

The very basics (or at least intuition) of programming in either Matlab or R

402-0673-00L Physics in Medical Research: From Humans to Cells W  6 credits 2V+1U B. K. R. Müller
Abstract The aim of this lecture series is to introduce the role of physics in state-of-the-art medical research and clinical practice. Topics to be

covered range from applications of physics in medical implant technology and tissue engineering, through imaging technology, to its role in
interventional and non-interventional therapies.

Objective The lecture series is focused on applying knowledge from physics in diagnosis, planning, and therapy close to clinical practice and
fundamental medical research. Beside a general overview, the lectures give a deep insight into a very few selected techniques, which will
help the students to apply the knowledge to a broad range of related techniques.

In particular, the lectures will elucidate the physics behind the X-ray imaging currently used in clinical environment and contemporary high-
resolution developments. It is the goal to visualize and quantify (sub-)microstructures of human tissues and implants as well as their
interface.

Ultrasound is not only used for diagnostic purposes but includes therapeutic approaches such as the control of the blood-brain barrier
under MR-guidance.

Physicists in medicine are working on modeling and simulation. Based on the vascular structure in cancerous and healthy tissues, the
characteristic approaches in computational physics to develop strategies against cancer are presented. In order to deliberately destroy
cancerous tissue, heat can be supplied or extracted in different manner: cryotherapy (heat conductivity in anisotropic, viscoelastic
environment), radiofrequency treatment (single and multi-probe), laser application, and proton therapy.

Medical implants play an important role to take over well-defined tasks within the human body. Although biocompatibility is here of crucial
importance, the term is insufficiently understood. The aim of the lectures is the understanding of biocompatibility performing well-defined
experiments in vitro and in vivo. Dealing with different classes of materials (metals, ceramics, polymers) the influence of surface
modifications (morphology and surface coatings) are key issues for implant developments, which might be bio-inspired.

Mechanical stimuli can drastically influence soft and hard tissue behavior. The students should realize that a physiological window exists,
where a positive tissue response is expected and how the related parameter including strain, frequency, and resting periods can be
selected and optimized for selected tissues such as bone.

For the treatment of severe incontinence, we are developing artificial smart muscles. The students should have a critical look at promising
solutions and the selection procedure as well as realize the time-consuming and complex way to clinical practice.

The course will be completed by relating the numerous examples and a common round of questions.

Content This lecture series will cover the following topics:
Introduction: Imaging the human body down to individual cells and beyond
Development of artificial muscles for incontinence treatment
X-ray-based computed tomography in clinics and related medical research
High-resolution micro computed tomography
Phase tomography using hard X-rays in biomedical research
Metal-based implants and scaffolds
Natural and synthetic ceramics for implants and regenerative medicine
Biomedical simulations
Polymers for medical implants
From open surgery to non-invasive interventions - Physical approaches in medical imaging
Dental research
Focused Ultrasound and its clinical use
Applying physics in medicine: Benefitting patients

Lecture notes http://www.bmc.unibas.ch/education/ETH_Zurich.phtml

login and password to be provided during the lecture

Prerequisites /
notice

Students from other departments are very welcome to join and gain insight into a variety of sophisticated techniques for the benefit of
patients.
No special knowledge is required. Nevertheless, gaps in basic physical knowledge will require additional efforts.

535-0534-00L Drug, Society and Public Health W  1 credit 1V J. Steurer, R. Heusser
Abstract Introduction of basic concepts and methods in Public Health, epidemiology, and Evidence Based Medicine. An overview on concepts and

principles of clinical trials on efficacy of drugs
Objective Students know the concepts and principles of epidemiological and clinical research, they are informed about the principles of evidence

based medicine and know how and where to search for evidence.
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Content Einführung in Epidemiologie / Pharmakoepidemiologie / Evidence-based Medicine: Grundbegriffe, Studiendesigns, object-design,
statistische Grundlagen, Kausalität in der Pharmako-Epidemiologie, Methoden und Konzepte, Fallbeispiele.

Lecture notes Wird abgegeben
Literature - F. Gutzwiller/ F. Paccaud (Hrsg.): Sozial- und Präventivmedizin - Public Health. 4. Aufl. 2011, Verlag Hans Huber, Bern 

- R. Beaglehole, R. Bonita, T. Kjellström: Einführung in die Epidemiologie. 1997, Verlag Hans Huber, Bern
- L. Gordis: Epidemiology, 4 th Ed. 2009, W.B. Saunders Comp.
- K.J. Rothman, S. Greenland: Modern Epidemiology, 2. Ed. 1998, Lippincott Williams & Wilkins
- A.G. Hartzema, M. Porta, H.H. Tilson (Eds.): Pharmacoepidemiology - An Introduction. 3. Ed. Harvey Whitney Comp., Cincinnati
- R. Bonita, R. Beaglehole. Einführung in die Epidemiologie, 2. überarbeitete Auflage, 2008 Huber Verlag.
- B.L. Strom (Eds.): Pharmacoepidemiology. 3. Ed. 2000, Wiley & Sons Ltd., Chichester
- S.E. Straus, W.S. Richardson, P.Glasziou, R.B. Haynes: Evidence-based Medicine. 2005, Churchill Livingstone, London
- U. Jaehde, R.Radziwill, S. Mühlebach, W. Schnack (Hrsg): Lehrbuch der Klinischen Pharmazie
- L.M. Bachmann, M.A. Puhan, J.Steurer (Eds.): Patientenorientierte Forschung. EInführung in die Planung und Durchführung einer Studie.
Verlag Hans Huber, 2008

701-1704-01L Health Impact Assessment: Concepts and Case
Studies

W  3 credits 2V M. Winkler, C. Guéladio, M. Röösli,
J. M. Utzinger

Abstract This course introduces the concept of health impact assessment (HIA) and discusses a suite of case studies in industrialised and
developing countries. HIA pursues an inter- and multidisciplinary approach, employs qualitative and quantitative methods with the
overarching goal to influence decision-making.

Objective After successful completion of the course, students should be able to:
o critically reflect on the concept of HIA and the different steps from screening to implementation and monitoring; and
o apply specific tools and methodologies for HIA of policies, programmes and projects in different social, ecological and epidemiological
settings.

Content The course will present a broad set of tools and methods for the systematic and evidence-based judgment of potential health effects
related to policies, programmes and projects. Methodological features will be introduced and applied to a variety of case studies in the
public sector (e.g. traffic-related air pollution, passive smoking and waste water management) and private sector (e.g. water resource
developments and extractive industries) all over the world.

Lecture notes Handouts will be distributed.
Literature Whenever possible, at least one peer-reviewed paper will be made available for each session.

 Major in Human Health, Nutrition and Environment
 Compulsory Courses

Number Title Type ECTS Hours Lecturers

376-0302-00L Practicing Translational Science
Only for Health Sciences and Technology MSc.

O 2 credits 4A J. Goldhahn, S. Ben-Menahem,
C. Ewald, W. Karlen

Abstract Translational Science is a cross disciplinary scientific research that is motivated by the need for practical applications that help patients.
The students should apply knowledge they gained in the prior course during a team approach focused on one topic provided by the
supervisor. Each student has to take a role in the team and label clear responsibility and contribution.

Objective After completing this course, students will be able to apply:
a)    Principles of translational science (including project planning, ethics application, basics of resource management and interdisciplinary
communication)
b)    The use of a translational approach in project planning and management

Prerequisites /
notice

Prerequisite: lecture 376-0300-00 "Translational Science for Health and Medicine" passed.

 Electives
 Electives Courses I

Number Title Type ECTS Hours Lecturers

376-1724-00L Appropriate Health System Design
Number of participants limited to 42.

W  3 credits 2V W. Karlen

Abstract This course elaborates upon relevant aspects in the conception, implementation and distribution of health devices and systems that
effectively meet peoples and societies' needs in a local context. Four key elements of appropriateness (usage, cost, durability and
performance) that are integral to the engineering design process are extensively discussed and applied.

Objective The main goals are to
> Evaluate the appropriateness of health systems to the cultural, financial, environmental and medical context in which they will be applied
and
> Design health systems from a user's perspective for a specific context

At the end of the course, students can
> name, understand and describe the 4 main principles that define appropriate technology
> apply these principles to critically analyze and assess health systems and technology
> project him/herself into a unfamiliar person and context  and create hypotheses as to that person's needs, requirements, and priorities
> modify specifications of existing systems to improve appropriateness
> discuss the challenges and illustrate the the ethical and societal consequences of proposed design modifications
> communicate effectively the results of his/her system analysis and implementation strategies to non-specialists

Content The course will be interactive and involve roleplay. Please do not sign up for this course if you are not ready to leave your comfort zone in
class. The lectures are divided in two parts:
The first part elaborates upon the important concepts of the design of health care devices and systems, and discusses implementation and
dissemination strategies. We focus on communities such as low income households, the elderly, and patients with chronic illnesses that
have special needs. Topics covered include point-of-care diagnostics, information and communication technologies, mobile health, user
interactions, and also the social-cultural considerations.
The second part consists of elaboration of an appropriate device conducted by student groups. Each group will analyse an existing product
or solution, critically assess its appropriateness according to the criteria learned in class, and provide explanations as to why the system
succeeds or fails. The students will also present design improvements. Grading will be based on a written case report due in the middle of
the semester and a final seminar presentation in form of a poster discussion and demo.
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Literature WHO, "Medical Devices: Managing the Mismatch", 2010.
http://www.who.int/medical_devices/publications/med_dev_man-mismatch/en/

PATH, "The IC2030 report. Reimagining Global Health," 2015. http://ic2030.org/report/

R. Malkin and K. Von Oldenburg Beer, "Diffusion of novel healthcare technologies to resource poor settings," Annals of Biomedical
Engineering, vol. 41, no. 9, pp. 1841:50, 2013.

Prerequisites /
notice

Target Group: 
Students of higher semesters and doctoral students of 
- D-MAVT, D-ITET, D-INFK, D-HEST
- Biomedical Engineering, Robotics, Systems and Control
- Medical Faculty, University of Zurich 
Students of other departments, faculties, courses are also welcome

363-1066-00L Designing Effective Projects for Promoting
Health@Work
Number of participants limited to 30.

W  3 credits 2G G. Bauer, R. Brauchli, G. J. Jenny

Abstract The fast-changing high-performance economy is highly dependent on healthy employees – and at the same time is putting their health at
risk. Expectations of employees regarding health@work are rising. In a workshop format, students learn how to develop effective,
exemplary projects to promote good working conditions, work-life balance or healthy lifestyles in companies.

Objective After active participation in the course, students will
•    Know the key individual, team-level, and organizational factors influencing health@work 
•    Be familiar with health-related challenges and opportunities of a changing world of work
•    Know intervention strategies for improving working conditions, work-life balance and health behaviors in companies
•    Be able to design an exemplary intervention project– based on key principles and a systematic planning cycle

Content The globalization and the digital transformation of our economy leads to fast changes in organizations and of working conditions. Work
becomes more flexible regarding time, location and employment contracts. Employees become more demanding regarding their autonomy,
the quality of working life and their work-life balance. In this dynamic context, offering standardized health promotion programs in
companies is not sufficient any more. Employers and employees need to jointly develop tailored approaches how to continuously assess
and improve health@work. Thus, we want to enable you to support companies in this process.
The course consists of four parts. The first part with four sessions provides an introduction into approaches to promote health@work. The
lectures will present and discuss these approaches using practical examples and discuss them with the students.
Session 1: Course overview; dynamic, challenging context of our economy; intervention approaches; core principles and planning steps of
a project for promoting health@work
Session 2: Promoting Health @ Work: Improving working conditions
Session 3: Promoting Health @ Work: Lifestyle interventions at work
Session 4: Promoting Health @ Work: Work-Life-Balance and Leisure crafting interventions

The second part aims to identify and sharpen the project ideas developed by students in groups of two. We offer a short version of a design
thinking workshop to help students generate innovative ideas. The pitch presentations help to focus on the essence of the own idea and to
trigger constructive feedback for improving it.
Session 5: Design thinking workshop: Find your own project idea
Session 6: Pitch: Presentations of the project idea in plenary incl. feedback

The third part has a workshop format. We introduce all students how to practically plan a health@work project. Then the two-person project
teams are assigned to four tutors. These tutors support the teams in their systematic, detailed planning of the own project idea. Particularly,
students will consider the four principles of successful health promotion projects: systematic planning, participation of stakeholders,
combined individual- and environmental-level actions, integration into company routines.
Session 7: Introduction to practical project planning in-a-nutshell 
Sessions 8-11: Tutored workshop

In the fourth part, the two-person project teams present their project plan in the plenary, discuss it with all students, and obtain feedback by
the course leader.
Sessions 12-13: Presentations & discussions of projects

Given the hands-on workshop character of this lecture, students are required to actively participate in all sessions. Besides raising
knowledge on promoting health@work, the students generally improve their project development skills. Also, as the course has students
from D-MTEC, D-HEST and D-USYS, it facilitates their transdisciplinary exchange. Transdisciplinary skills are increasingly needed for
addressing complex needs in our society.

Prerequisites /
notice

A course for students dedicated to applied learning through projects. As the whole course is designed as a hands-on workshop for the
students, active participation in all lectures is required. Class size limited to 30 students.

752-6104-00L Nutrition for Health and Development W  2 credits 2V M. B. Zimmermann
Abstract The course presents nutrition and health issues with a special focus on developing countries. Micronutrient deficiencies including

assessment and prevalence and food fortification with micronutrients.
Objective Knowing commonly used nutrition and health indicators to evaluate the nutritional status of populations. Knowing and evaluating nutritional

problems in developing countries. Understanding the problem of micronutrient deficiencies and the principles of food fortification with
micronutrients.

Content The course presents regional and global aspects and status of food security and commonly used nutrition and health indicators. Child
growth, childhood malnutrition and the interaction of nutrition and infectious diseases in developing countries. Specific nutritional problems
in emergencies. The assessment methods and the prevalence of micronutrient deficiencies at regional and global level. The principles of
food fortification with micronutrients and examples fortification programs.

Lecture notes The lecture details are available.
Literature Leathers and Foster, The world food problem, Tackling the causes of undernutrition in the third world. 3rd ed., 2004. Semba and Bloem,

Nutrition and health in developing countries, 2nd edition, Humana Press, 2008. WHO, FAO, Guidelines on food fortification with
micronutrients, WHO, 2006.

 Elective Courses II
 Module: Infectious Diseases

Number Title Type ECTS Hours Lecturers

701-1708-00L Infectious Disease Dynamics W  4 credits 2V S. Bonhoeffer, R. D. Kouyos,
R. R. Regös, T. Stadler

Abstract This course introduces into current research on the population biology of infectious diseases. The course discusses the most important
mathematical tools and their application to relevant diseases of human, natural or managed populations.
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Objective Attendees will learn about:
* the impact of important infectious pathogens and their evolution on human, natural and managed populations
* the population biological impact of interventions such as treatment or vaccination
* the impact of population structure on disease transmission

Attendees will learn how:
* the emergence spread of infectious diseases is described mathematically
* the impact of interventions can be predicted and optimized with mathematical models
* population biological models are parameterized from empirical data
* genetic information can be used to infer the population biology of the infectious disease

The course will focus on how the formal methods ("how") can be used to derive biological insights about the host-pathogen system
("about").

Content After an introduction into the history of infectious diseases and epidemiology the course will discuss basic epidemiological models and the
mathematical methods of their analysis. We will then discuss the population dynamical effects of intervention strategies such as vaccination
and treatment. In the second part of the course we will introduce into more advanced topics such as the effect of spatial population
structure, explicit contact structure, host heterogeneity, and stochasticity. In the final part of the course we will introduce basic concepts of
phylogenetic analysis in the context of infectious diseases.

Lecture notes Slides and script of the lecture will be available online.
Literature The course is not based on any of the textbooks below, but they are excellent choices as accompanying material:

* Keeling & Rohani, Modeling Infectious Diseases in Humans and Animals, Princeton Univ Press 2008
* Anderson & May, Infectious Diseases in Humans, Oxford Univ Press 1990
* Murray, Mathematical Biology, Springer 2002/3
* Nowak & May, Virus Dynamics, Oxford Univ Press 2000
* Holmes, The Evolution and Emergence of RNA Viruses, Oxford Univ Press 2009

Prerequisites /
notice

Basic knowledge of population dynamics and population genetics as well as linear algebra and analysis will be an advantage.

 Module: Nutrition and Health
Number Title Type ECTS Hours Lecturers

752-1300-00L Introduction to Toxicology W  3 credits 2V R. Eggen, S. J. Sturla
Abstract Introduction to how chemical properties and biological interactions govern the disposition and influences of toxicants.
Objective The objectives are for the student to establish a framework for examining adverse effects resulting from exposures to toxicants by

understanding key mechanisms that give rise to toxic responses and disease processes.
Content This course will introduce mechanisms governing the chemical disposition and biological influences of toxicants.  The course is geared

toward advanced bachelors students in food science, environmental science, and related disciplines, such as chemistry, biology and
pharmaceutical sciences.  Examples of topics include: dose-response relationships and risk assessment, absorption, transport, and
biotransformation of xenobiotic chemicals; Carcinogenesis; DNA damage, repair, and mutation; Immunotoxicity; Neurotoxicity; and modern
toxicity testing strategies.  These fundamental concepts in Mechanistic Toxicology will be integrated with examples of toxicants relevant to
food, drugs and the environment.

Literature Casarett & Doull's Toxicology, The Basic Science of Poisons. Seventh Edition. Editor: Curtis D. Klaassen, 2008, McGraw-Hill. (available
on-line)

Prerequisites /
notice

Basic knowledge of organic chemistry and biochemistry is required.

752-1300-01L Food Toxicology W  2 credits 1V S. J. Sturla, N. Antczak
Abstract Builds on a foundation in Toxicology fundamentals to address situations and toxins relevant to Food Science, Nutrition, and Food Safety &

Quality.
Objective Course objectives are for the student to have a broad awareness of toxicant classes and toxicants relevant to food, and to know their

identities (i.e. chemical structure or biological nature), origins, relevance of human exposures, general mode of biological action, and
potential mitigation strategies.

Content Builds on a foundation in Toxicology fundamentals to address situations relevant to Food Science, Nutrition, and Food Safety & Quality.
Representative topics: Toxic Phytochemicals and Mycotoxins, Industrial Contaminants and Packaging Materials, Toxicants formed During
Food Processing, Alcohol and Tobacco.  The class is comprised of bi-weekly lectures, independent reading, and preparation of an
independent evaluation of a food-related toxin.

Literature Reading from the primary literature will be referenced in class and posted to the course website.
Prerequisites /
notice

The course "Introduction to Toxicology" (752-1300-00V) is a prerequisite for the students who want to take this course. Equivalent course
may be accepted; contact the instructor.

752-6102-00L The Role of Food and Nutrition for Disease Prevention W  3 credits 2V J. Baumgartner, M. Andersson
Abstract The course teaches the links between the diet and the etiology and progression of chronic diseases.
Objective To examine and understand the protective effects of foods and food ingredients in the maintenance of health and the prevention of chronic

disease, as well as the progression of complications of chronic diseases.
Content The course evaluates food and nutrition in relation to primary and secondary prevention of chronic diseases.
Lecture notes There is no script. Powerpoint presentations and relevant literature will be made available online to students.
Literature Obligatory course literature to be provided by the responsible lecturer and the individual invited lecturers.
Prerequisites /
notice

No compulsory prerequisites, but prior completion of Introduction to Nutritional Science (752-6001-00L) and Advanced Topics in Nutritional
Science (752-6002-00L) is strongly adviced.

752-6302-00L Physiology of Eating W  3 credits 2V W. Langhans
Abstract Introduction to the basic knowledge necessary for an understanding of the physiology and pathology of hunger, satiety, and body weight

control, how this knowledge is generated, and how it helps improve nutritional advice for healthy people as well as nutritional guidelines for
patients.

Objective This course requires basic knowledge in physiology and is designed to build on course HE03 Selected Topics in Physiology Related to
Nutrition.   The course covers psychological and physiological determinants of food selection and amount eaten.  The aim is to introduce
the students to (a) the basic knowledge necessary for an understanding of the physiology and pathology of hunger, satiety, and body
weight control, (b) how new scientific knowledge in this area is generated, (c) how this basic knowledge helps improve nutritional advice for
healthy people as well as nutritional guidelines for patients.  Major topics are: Basic scientific concepts for the physiological study of eating
in animals and humans; the psychopharmacology of reward; endocrine and metabolic controls of eating; the neural control of eating;
psychological aspects of eating; eating behavior and energy balance; exercise, eating and body weight; popular diets and their evaluation;
epidemiology, clinical features and the treatment of psychiatric eating disorders; epidemiology, clinical features and the treatment of
obesity, including related aspects of non-insulin dependent diabetes; mechanisms of cachexia and anorexia during illness; exogenous
factors that influence eating, including pharmaceutical drugs, alcohol, coffee, etc.
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Lecture notes Handouts will be provided
Literature Literature will be discussed in class

 Module: Environment and Health
Number Title Type ECTS Hours Lecturers

701-0662-00L Environmental Impacts, Threshold Levels and Health
Effects

W  3 credits 2V C.-T. Monn, M. Brink

Abstract Environmental impacts on human health and well-being will be discussed. Concepts and methods for exposure measurements and
assessments will be shown. In the first part of the semester, air pollutants (for example for ozone, and fine particles). 
In the second part, noise, its effects and control, will be covered.

Objective - to understand the basic concepts of an exposure assessment  (air, noise)
- to know methods used in health effect research
- to know criteria and methods for setting threshold levels

Content Air Pollutants
- sources of pollutants (indoors and outdoors)
- concepts of an exposure assessment
- measurement methods for gases and particles
- health effect of pollutants (methods, most important pollutants, such as fine particles and ozone)

Noise
- Introduction to acoustics, Measurement, Hearing
- Auditory processing
- Exposure assessment of noise
- Noise effects, Exposure-effect relationships
- Basics of noise control and abatement, exposure limits
- Noise abatement policy

Lecture notes Presentations (ppt, pdf) will uploaded to a server, previous to the lecture.
Literature see references in the scripts.

701-1312-00L Advanced Ecotoxicology W  3 credits 2V R. Eggen, E. Janssen, K. Schirmer,
M. Suter

Abstract This course will take up the principles of environmental chemistry and ecotoxicology from the bachelor courses and deepen the
understanding on selected topics. Linkages will be made between i) bioavailability and effects, ii) structures of compounds and modes of
toxic action, iii) effects over various biological levels, moderated by environmental factors, iv) chemical and biological assessments

Objective - Understanding the key processes involved in fate, behavior and the bioaccumulation of (mainly) organic contaminants 
- Overview on and understanding of mechanisms of toxicity
- linking structures and characteristics of compounds with effects
- processes in hazard assessment and risk assessment
- get insight in integrative approaches in ecotoxicology

Content Units 1-3: Fate of contaminants, dynamic interactions with  the (a)biotic environment, toxikokinetics
-    physico-chemical properties
-    partitioning processes in environmental compartments
-    partitioning to biota
-    bioavailability and bioaccumulation concepts
-       partitioning in biota

Units 4-6: Toxicodynamics (effect of contaminants on biota)
-    internal concentrations; dose-response concept
-    molecular mechanisms of toxic actions - classification
-    Exercise: databases and estimation of toxicity

Unit 7-10: Toxic effects: from molecular to ecosystems
-    complex mechanisms and feedback loops
-       mixtures and multiple stressors
-    stress- and adaptive responses
-       dynamic exposures
-       confounding factors, food web interactions
-    Exercise: linking compounds with modes of toxic action

Unit 11: metal ecotoxicology

Unit 12-14: integrative approaches and case studies
-    bioassays, -omics, systems ecotoxicology, phenotypic anchoring
-    in vivo versus in vitro biotesting
-    linking chemical with biological analytics
-    bioassay-directed fractionation and identification
-       (inter) national case studies and linkage of learned with approaches in practice

Lecture notes Material will be in the form of copies of overheads, selected publications and exercise material.
Literature R.P. Schwarzenbach, P.M. Gschwend, D.M. Imboden, Environmental Organic Chemistry, third edition, Wiley, 2005


C.J. van Leeuwen, J.L.M. Hermens (Editoren), Risk Assessment of Chemicals: An Introduction, Kluwer, 1995

Principles of ecotoxicology, CH Walker, RM Sibly, SP Hopkin, DB Peakall, fourth edition, CRC Press, 2012

Prerequisites /
notice

Required:

1. Basics in environmental chemistry

2. Basics in environmental toxicology

701-1350-00L Case Studies in Environment and Health W  4 credits 2V K. McNeill, N. Borduas-Dedekind,
T. Julian

Abstract This course will focus on a few individual chemicals and pathogens from different standpoints: their basic chemistry or biology, their
environmental behavior, (eco)toxicology, and human health impacts.  The course will draw out the common points in each chemical or
pathogen's history.
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Objective This course aims to illustrate how the individual properties of chemicals and pathogens along with societal pressures lead to environmental
and human health crises. The ultimate goal of the course is to identify common aspects that will improve prediction of environmental crises
before they occur.  Students are expected to participate actively in the course, which includes the critical reading of the pertinent literature
and class presentations.

Content Each class will feature the case study of a different chemical or pathogen that have had a profound effect on human health and the
environment. The instructors will present eight to ten of these and the students will present a poster on their own pollutant or pathogen in
groups of two. Students will be expected to contribute to the in class discussions and, on their selected topics, to lead the discussion.

Lecture notes Handouts will be provided as needed.
Literature Handouts will be provided as needed.

701-1704-01L Health Impact Assessment: Concepts and Case
Studies

W  3 credits 2V M. Winkler, C. Guéladio, M. Röösli,
J. M. Utzinger

Abstract This course introduces the concept of health impact assessment (HIA) and discusses a suite of case studies in industrialised and
developing countries. HIA pursues an inter- and multidisciplinary approach, employs qualitative and quantitative methods with the
overarching goal to influence decision-making.

Objective After successful completion of the course, students should be able to:
o critically reflect on the concept of HIA and the different steps from screening to implementation and monitoring; and
o apply specific tools and methodologies for HIA of policies, programmes and projects in different social, ecological and epidemiological
settings.

Content The course will present a broad set of tools and methods for the systematic and evidence-based judgment of potential health effects
related to policies, programmes and projects. Methodological features will be introduced and applied to a variety of case studies in the
public sector (e.g. traffic-related air pollution, passive smoking and waste water management) and private sector (e.g. water resource
developments and extractive industries) all over the world.

Lecture notes Handouts will be distributed.
Literature Whenever possible, at least one peer-reviewed paper will be made available for each session.

 Major in Medical Technology
 Compulsory Courses

Number Title Type ECTS Hours Lecturers

376-0302-00L Practicing Translational Science
Only for Health Sciences and Technology MSc.

O 2 credits 4A J. Goldhahn, S. Ben-Menahem,
C. Ewald, W. Karlen

Abstract Translational Science is a cross disciplinary scientific research that is motivated by the need for practical applications that help patients.
The students should apply knowledge they gained in the prior course during a team approach focused on one topic provided by the
supervisor. Each student has to take a role in the team and label clear responsibility and contribution.

Objective After completing this course, students will be able to apply:
a)    Principles of translational science (including project planning, ethics application, basics of resource management and interdisciplinary
communication)
b)    The use of a translational approach in project planning and management

Prerequisites /
notice

Prerequisite: lecture 376-0300-00 "Translational Science for Health and Medicine" passed.

 Electives
 Electives Courses I

Number Title Type ECTS Hours Lecturers

376-0022-00L Imaging and Computing in Medicine W  4 credits 3G R. Müller, P. Christen, C. J. Collins
Abstract Imaging and computing methods are key to advances and innovation in medicine. This course introduces established fundamental as well

as modern techniques and methods of imaging and computing in medicine.
Objective 1.    Understanding and practical implementation of biosignal processes methods for imaging 

2.    Understanding of imaging techniques including radiation imaging, radiographic imaging systems, computed tomography imaging,
diagnostic ultrasound imaging, and magnetic resonance imaging
3.    Knowledge of computing, programming, modelling and simulation fundamentals
4.    Computational and systems thinking as well as scripting and programming skills
5.    Understanding and practical implementation of emerging computational methods and their application in medicine including artificial
intelligence, deep learning, big data, and complexity
6.    Understanding of the emerging concept of personalised and in silico medicine
7.    Encouragement of critical thinking and creating an environment for independent and self-directed studying

Content Imaging and computing methods are key to advances and innovation in medicine. This course introduces established fundamental as well
as modern techniques and methods of imaging and computing in medicine. For the imaging portion of the course, biosignal processing,
radiation imaging, radiographic imaging systems, computed tomography imaging, diagnostic ultrasound imaging, and magnetic resonance
imaging are covered. For the computing portion of the course, computing, programming, and modelling and simulation fundamentals are
covered as well as their application in artificial intelligence and deep learning; complexity and systems medicine; big data and personalised
medicine; and computational physiology and in silico medicine.
The course is structured as a seminar in three parts of 45 minutes with video lectures and a flipped classroom setup: in the first part
(TORQUEs: Tiny, Open-with-Restrictions courses focused on QUality and Effectiveness), students study the basic concepts in short video
lectures on the online learning platform Moodle. At the end of this first part, students must post a number of questions in the Moodle forum
that will be addressed in the second part of the lectures using a flipped classroom concept. First, the lecturers may prepare additional
teaching material to answer the posted questions and potentially discuss further questions (Q&A). Second, the students will form small
groups to acquire additional knowledge online or from additionally distributed material and to present their findings to the rest of the class.

Lecture notes Stored on Moodle.
Prerequisites /
notice

Lectures will be given in English.

376-0210-00L Biomechatronics
Primarily designed for HSTstudents

The Biomechatronics lecture is not appropriate for
students who already attended the lecture "Physical
Human-Robot Interaction"(376-1504-00L), because it
covers similar topics.

Matlab skills are beneficial-> online Tutorial
http://www.imrtweb.ethz.ch/matlab/

W  4 credits 3G R. Riener, R. Gassert
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Abstract Development of mechatronic systems (i.e. mechanics, electronics, computer science and system integration) with inspiration from biology
and application in the living (human) organism.

Objective The objective of this course is to give an introduction to the fundamentals of biomechatronics, through lectures on the underlying
theoretical/mechatronics aspects and application fields. In the exercises, these concepts will be intensified and trained on the basis of
specific examples. The course will guide students through the design and evaluation process of such systems, and highlight a number of
applications.

By the end of this course, you should understand the critical elements of biomechatronics and their interaction with biological systems, both
in terms of engineering metrics and human factors. You will be able to apply the learned methods and principles to the design,
improvement and evaluation of safe and efficient biomechatronics systems.

Content The course will cover the interdisciplinary elements of biomechatronics, ranging from human factors to sensor and actuator technologies,
real-time signal processing, system kinematics and dynamics, modeling and simulation, controls and graphical rendering as well as
safety/ethical aspects, and provide an overview of the diverse applications of biomechatronics technology.

Lecture notes Slides will be distributed through moodle before the lectures.
Literature Brooker, G. (2012). Introduction to Biomechatronics. SciTech Publishing.

Riener, R., Harders, M. (2012) Virtual Reality in Medicine. Springer, London.
Prerequisites /
notice

None

 Elective Courses II
Number Title Type ECTS Hours Lecturers

151-0630-00L Nanorobotics W  4 credits 2V+1U S. Pané Vidal
Abstract Nanorobotics is an interdisciplinary field that includes topics from nanotechnology and robotics. The aim of this course is to expose

students to the fundamental and essential aspects of this emerging field.
Objective The aim of this course is to expose students to the fundamental and essential aspects of this emerging field. These topics include basic

principles of nanorobotics, building parts for nanorobotic systems, powering and locomotion of nanorobots, manipulation, assembly and
sensing using nanorobots, molecular motors, and nanorobotics for nanomedicine.

151-0980-00L Biofluiddynamics W  4 credits 2V+1U D. Obrist, P. Jenny
Abstract Introduction to the fluid dynamics of the human body and the modeling of physiological flow processes (biomedical fluid dynamics).
Objective A basic understanding of fluid dynamical processes in the human body. Knowledge of the basic concepts of fluid dynamics and the ability

to apply these concepts appropriately.
Content This lecture is an introduction to the fluid dynamics of the human body (biomedical fluid dynamics). For selected topics of human

physiology, we introduce fundamental concepts of fluid dynamics (e.g., creeping flow, incompressible flow, flow in porous media, flow with
particles, fluid-structure interaction) and use them to model physiological flow processes. The list of studied topics includes the
cardiovascular system and related diseases,  blood rheology, microcirculation, respiratory fluid dynamics and fluid dynamics of the inner
ear.

Lecture notes Lecture notes are provided electronically.
Literature A list of books on selected topics of biofluiddynamics can be found on the course web page.

227-0384-00L Ultrasound Fundamentals, Imaging, and Medical
Applications
Course is offered for the last time in Spring Semester
2020.

W  4 credits 3G O. Göksel

Abstract Ultrasound is the only imaging modality that is nonionizing (safe), real-time, cost-effective, and portable, with many medical uses in
diagnosis, intervention guidance, surgical navigation, and as a therapeutic option. In this course, we introduce conventional and
prospective applications of ultrasound, starting with the fundamentals of ultrasound physics and imaging.

Objective Students can use the fundamentals of ultrasound, to analyze and evaluate ultrasound imaging techniques and applications, in particular in
the field of medicine, as well as to design and implement basic applications.

Content Ultrasound is used in wide range of products, from car parking sensors, to assessing fault lines in tram wheels. Medical imaging is the eye
of the doctor into body; and ultrasound is the only imaging modality that is nonionizing (safe), real-time, cheap, and portable. Some of its
medical uses include diagnosing breast and prostate cancer, guiding needle insertions/biopsies, screening for fetal anomalies, and
monitoring cardiac arrhythmias. Ultrasound physically interacts with the tissue, and thus can also be used therapeutically, e.g., to deliver
heat to treat tumors, break kidney stones, and targeted drug delivery. Recent years have seen several novel ultrasound techniques and
applications – with many more waiting in the horizon to be discovered.

This course covers ultrasonic equipment, physics of wave propagation, numerical methods for its simulation, image generation,
beamforming (basic delay-and-sum and advanced methods), transducers (phased-, linear-, convex-arrays), near- and far-field effect,
imaging modes (e.g., A-, M-, B-mode), Doppler and harmonic imaging, ultrasound signal processing techniques (e.g., filtering, time-
gain-compensation, displacement tracking), image analysis techniques (deconvolution, real-time processing, tracking, segmentation,
computer-assisted interventions), acoustic-radiation force, plane-wave imaging, contrast agents, micro-bubbles, elastography,
biomechanical characterization, high-intensity focused ultrasound and therapy, lithotripsy, histotripsy, photo-acoustics phenomenon and
opto-acoustic imaging, as well as sample non-medical applications such as the basics of non-destructive testing (NDT).

Hands-on exercises: These will help to apply the concepts learned in the course, using simulation environments (such as Matlab k-Wave
and FieldII toolboxes).  The exercises will involve a mix of design, implementation, and evaluation examples commonly encountered in
practical applications.

Project: Current and relevant applications in the field of ultrasound are offered as project topics. Projects will be carried out throughout the
course, where the project reporting and presentations will be due towards the end of the semester. These will be part of the assessment in
grading.

Prerequisites /
notice

Prerequisites: Familiarity with basic numerical methods.
Basic programming skills in Matlab.

227-0391-00L Medical Image Analysis
Basic knowledge of computer vision would be helpful.

W  3 credits 2G E. Konukoglu, M. A. Reyes Aguirre

Abstract It is the objective of this lecture to introduce the basic concepts used 
in Medical Image Analysis. In particular the lecture focuses on shape 
representation schemes, segmentation techniques, machine learning based predictive models and various image registration methods
commonly used in Medical Image Analysis applications.

Objective This lecture aims to give an overview of the basic concepts of Medical Image Analysis and its application areas.
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Prerequisites /
notice

Prerequisites: 
Basic concepts of mathematical analysis and linear algebra.

Preferred:
Basic knowledge of computer vision and machine learning would be helpful.

The course will be held in English.

227-0946-00L Molecular Imaging - Basic Principles and Biomedical
Applications

W  2 credits 2V M. Rudin

Abstract Concept: What is molecular imaging.
Discussion/comparison of the various imaging modalities used in molecular imaging.
Design of target specific probes: specificity, delivery, amplification strategies.
Biomedical Applications.

Objective Molecular Imaging is a rapidly emerging discipline that translates concepts developed in molecular biology and cellular imaging to in vivo
imaging in animals and ultimatly in humans. Molecular imaging techniques allow the study of molecular events in the full biological context
of an intact organism and will therefore become an indispensable tool for biomedical research.

Content Concept: What is molecular imaging.
Discussion/comparison of the various imaging modalities used in molecular imaging.
Design of target specific probes: specificity, delivery, amplification strategies.
Biomedical Applications.

227-0948-00L Magnetic Resonance Imaging in Medicine W  4 credits 3G S. Kozerke, M. Weiger Senften
Abstract Introduction to magnetic resonance imaging and spectroscopy, encoding and contrast mechanisms and their application in medicine.
Objective Understand the basic principles of signal generation, image encoding and decoding, contrast manipulation and the application thereof to

assess anatomical and functional information in-vivo.
Content Introduction to magnetic resonance imaging including basic phenomena of nuclear magnetic resonance; 2- and 3-dimensional imaging

procedures; fast and parallel imaging techniques; image reconstruction; pulse sequences and image contrast manipulation; equipment;
advanced techniques for identifying activated brain areas; perfusion and flow; diffusion tensor imaging and fiber tracking; contrast agents;
localized magnetic resonance spectroscopy and spectroscopic imaging; diagnostic applications and applications in research.

Lecture notes D. Meier, P. Boesiger, S. Kozerke
Magnetic Resonance Imaging and Spectroscopy

327-2125-00L Microscopy Training SEM I - Introduction to SEM
Limited number of participants.

Master students will have priority over PhD students. PhD
students may still enroll, but will be asked for a fee.
(http://www.scopem.ethz.ch/education/MTP.html).

Registration form:
(https://docs.google.com/forms/d/1JGcwHxx6pobT7RBRa
KnCEsgzK75O8y-ODQ7euxq5CzQ/edit)

W  2 credits 3P P. Zeng, A. G. Bittermann, S. Gerstl,
L. Grafulha Morales, K. Kunze,
J. Reuteler

Abstract The introductory course on Scanning Electron Microscopy (SEM) emphasizes hands-on learning. Using 2 SEM instruments, students have
the opportunity to study their own samples, or standard test samples, as well as solving exercises provided by ScopeM scientists.

Objective - Set-up, align and operate a SEM successfully and safely.
- Accomplish imaging tasks successfully and optimize microscope performances.
- Master the operation of a low-vacuum and field-emission SEM and EDX instrument.
- Perform sample preparation with corresponding techniques and equipment for imaging and analysis
- Acquire techniques in obtaining secondary electron and backscatter electron micrographs
- Perform EDX qualitative and semi-quantitative analysis

Content During the course, students learn through lectures, demonstrations, and hands-on sessions how to setup and operate SEM instruments,
including low-vacuum and low-voltage applications. 
This course gives basic skills for students new to SEM. At the end of the course, students with no prior experience are able to align a SEM,
to obtain secondary electron (SE) and backscatter electron (BSE) micrographs and to perform energy dispersive X-ray spectroscopy (EDX)
qualitative and semi-quantitative analysis. The procedures to better utilize SEM to solve practical problems and to optimize SEM analysis
for a wide range of materials will be emphasized.

- Discussion of students' sample/interest
- Introduction and discussion on Electron Microscopy and instrumentation
- Lectures on electron sources, electron lenses and probe formation 
- Lectures on beam/specimen interaction, image formation, image contrast and imaging modes.
- Lectures on sample preparation techniques for EM
- Brief description and demonstration of the SEM microscope
- Practice on beam/specimen interaction, image formation, image contrast (and image processing)
- Student participation on sample preparation techniques
- Scanning Electron Microscopy lab exercises: setup and operate the instrument under various imaging modalities
- Lecture and demonstrations on X-ray micro-analysis (theory and detection), qualitative and semi-quantitative EDX and point analysis,
linescans and spectral mapping
- Practice on real-world samples and report results

Literature - Detailed course manual
- Williams, Carter: Transmission Electron Microscopy, Plenum Press, 1996
- Hawkes, Valdre: Biophysical Electron Microscopy, Academic Press, 1990
- Egerton: Physical Principles of Electron Microscopy: an introduction to TEM, SEM and AEM, Springer Verlag, 2007

Prerequisites /
notice

No mandatory prerequisites. Please consider the prior attendance to EM Basic lectures (551- 1618-00V; 227-0390-00L; 327-0703-00L) as
suggested prerequisite.

327-2126-00L Microscopy Training TEM I - Introduction to TEM
Number of participants limited to 6. 
Master students will have priority over PhD students. PhD
students may still enroll, but will be asked for a fee
(http://www.scopem.ethz.ch/education/MTP.html).

TEM 1 registration form:
(https://scopem.ethz.ch/education/MTP/2019-
10-28-transmission-electron-microscopy-1--tem1-1.html)

W  2 credits 3P P. Zeng, E. J. Barthazy Meier,
A. G. Bittermann, F. Gramm,
A. Sologubenko, M. Willinger
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Abstract The introductory course on Transmission Electron Microscopy (TEM) provides theoretical and hands-on learning for new operators, utilizing
lectures, demonstrations, and hands-on sessions.

Objective - Overview of TEM theory, instrumentation, operation and applications.
- Alignment and operation of a TEM, as well as acquisition and interpretation of images, diffraction patterns, accomplishing basic tasks
successfully.
- Knowledge of electron imaging modes (including Scanning Transmission Electron Microscopy), magnification calibration, and image
acquisition using CCD cameras.
- To set up the TEM to acquire diffraction patterns, perform camera length calibration, as well as measure and interpret diffraction patterns.
- Overview of techniques for specimen preparation.

Content Using two Transmission Electron Microscopes the students learn how to align a TEM, select parameters for acquisition of images in bright
field (BF) and dark field (DF), perform scanning transmission electron microscopy (STEM) imaging, phase contrast imaging, and acquire
electron diffraction patterns. The participants will also learn basic and advanced use of digital cameras and digital imaging methods.

- Introduction and discussion on Electron Microscopy and instrumentation.
- Lectures on electron sources, electron lenses and probe formation.
- Lectures on beam/specimen interaction, image formation, image contrast and imaging modes.
- Lectures on sample preparation techniques for EM.
- Brief description and demonstration of the TEM microscope.
- Practice on beam/specimen interaction, image formation, Image contrast (and image processing).
- Demonstration of Transmission Electron Microscopes and imaging modes (Phase contrast, BF, DF, STEM).
- Student participation on sample preparation techniques.
- Transmission Electron Microscopy lab exercises: setup and operate the instrument under various imaging modalities.
- TEM alignment, calibration, correction to improve image contrast and quality.
- Electron diffraction.
- Practice on real-world samples and report results.

Literature - Detailed course manual
- Williams, Carter: Transmission Electron Microscopy, Plenum Press, 1996
- Hawkes, Valdre: Biophysical Electron Microscopy, Academic Press, 1990
- Egerton: Physical Principles of Electron Microscopy: an introduction to TEM, SEM and AEM, Springer Verlag, 2007

Prerequisites /
notice

No mandatory prerequisites. Please consider the prior attendance to EM Basic lectures (551- 1618-00V; 227-0390-00L; 327-0703-00L) as
suggested prerequisite.

363-1130-00L Digital Health W  3 credits 2V T. Kowatsch
Abstract Today, we face the challenge of chronic conditions. Personal coaching approaches are neither scalable nor financially sustainable. The

question arises therefore to which degree Digital Health applications are appropriate to address this challenge. In this lecture, students will
learn about the need, design and assessment of digital health interventions.

Objective NHS teams up with Amazon to bring Alexa to patients (The Guardian, July 2019), Contactless cardiac arrest detection using smart devices
(Nature Digital Medicine, June 2019), Apple Heart Study demonstrates ability of wearable technology to detect atrial fibrillation (Standford
Medicine News, March 2019), Digital health companies raised a total of $4.2B across 180 deals through the first half of 2019. If this pace
holds steady, the sector is on track for an $8.4B year in 2019 - and may even top 2018's record-breaking annual funding total. Sean Day,
Rocket Health, 2019 Midyear Digital Health Market Update

What are the rationale and implications behind the recent developments in the field of digital health?

Digital Health is the use of information and communication technology for the prevention and treatment of diseases in the everyday life of
individuals. It is thus linked to topics such as digital health interventions, digital biomarker, digital coaches and healthcare chatbots,
telemedicine, mobile and wearable computing, self-tracking, personalized medicine, connected health, smart homes or smart cars.

In the 20th century, healthcare systems specialized in acute care. In the 21st century, we now face the challenge of dealing with the
specific characteristics of chronic conditions. These are now responsible for around 70% of all deaths worldwide and 85% of all deaths in
Europe  and are associated with an estimated economic loss of $7 trillion between 2011 and 2025. Chronic diseases are characterized in
particular by the fact that they require an intervention paradigm that focuses on prevention and lifestyle change. Lifestyle (e.g., diet,
physical activity, tobacco or alcohol consumption) can reduce the risk of suffering from a chronic condition or, if already present, can
reduce its burden. A corresponding change in lifestyle is, however, only implemented by a fraction of those affected, partly because of
missing or inadequate interventions or health literacy, partly due to socio-cultural influences. Individual personal coaching of these
individuals is neither scalable nor financially sustainable.

Against this background, the question arises on how to develop evidence-based digital health interventions (DHIs) that allow medical
doctors and other caregivers to scale and tailor long-term treatments to individuals in need at sustainable costs. At the intersection of
health economics, information systems research, computer science, and behavioral medicine, this lecture has the objective to help
students and upcoming healthcare executives interested in the multi-disciplinary field of digital health to better understand the need, design
and assessment of DHIs.

After the course, students will be able to...

1. understand the importance of DHIs for the management of chronic conditions
2. understand the anatomy of DHIs
3. know frameworks for the design of DHIs
4. know evaluation criteria for DHIs
5. know technologies for DHIs
6. assess DHIs
7. discuss the advantages and disadvantages of DHIs
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Content To reach these learning objectives, the following topics are covered in the lecture and will be discussed based on concrete national and
international examples including DHIs from the Center for Digital Health Interventions (www.c4dhi.org), a joint initiative of the Department
of Management, Technology and Economics at ETH Zurich and the Institute of Technology Management at the University of St.Gallen:

1. Motivation for Digital Health
- The rise of chronic diseases in developed countries
- The discrepancy of acute care and care of chronic diseases
- Lifestyle as medicine and prevention
- From excellence of care in healthcare institutions to excellence of care in everyday life

2. Anatomy of Digital Health Interventions
- Just-in-time adaptive interventions
- Digital biomarker for predicting states of vulnerability
- Digital biomarker for predicting states of receptivity
- Digital coaching and healthcare chatbots

3. Design & Evaluation of Digital Health Interventions
- Overview of design frameworks
- Preparation of DHIs
- Optimization of  DHIs
- Evaluation of DHIs
- Implementation of DHIs

4. Digital Health Technologies
- Technologies for telemedicine
- Mobile medical devices
- Virtual, augmented and mixed reality applications incl. live demonstrations
- Privacy and regulatory considerations

The Digital Health lecture is structured in two parts and follows the concept of a hybrid therapy consisting of on-site sessions and
complementary online lessons. In the first part, students will learn and discuss the topics of the four learning modules in weekly on-site
sessions. Complementary learning material (e.g., video and audio clips), multiple-choice questions and exercises are provided online.

In the second part, students work in teams and will use their knowledge from the first part of the lecture to critically assess DHIs. Each
team will then present and discuss the findings of the assessment with their fellow students who will provide peer-reviews. Additional on-
site coaching sessions are offered to support the teams with the preparation of their presentations.

Literature 1.Chaix, B. (2018) Mobile Sensing in Environmental Health and Neighborhood Research Annual Review of Public Health (39), 367-384.
2.Collins, L. M. (2018) Optimization of Behavioral, Biobehavioral, and Biomedical Interventions: The Multiphase Optimization Strategy
(MOST) New York: Springer.
3.Corneta, V. P., and Holden, R. J. (2018) Systematic Review of Smartphone-Based Passive Sensing for Health and Wellbeing Journal of
Biomedical Informatics (77:January), 120-132.
4.Coravos, A., Khozin, S., and K. D. Mandl (2019) Developing and Adopting Safe and Effective Digital Biomarkers to Improve Patient
Outcomes Nature Digital Medicine 2 Paper 14.
5.Katz, D. L., E. P. Frates, J. P. Bonnet, S. K. Gupta, E. Vartiainen and R. H. Carmona (2018) Lifestyle as Medicine: The Case for a True
Health Initiative American Journal of Health Promotion 32 (6), 1452-1458.
6.Kvedar, J. C., A. L. Fogel, E. Elenko and D. Zohar (2016) Digital medicine's march on chronic disease Nature Biotechnology 34 (3), 239-
246
7.Nahum-Shani, I., S. N. Smith, B. J. Spring, L. M. Collins, K. Witkiewitz, A. Tewari and S. A. Murphy (2018) Just-in-Time Adaptive
Interventions (JITAIs) in Mobile Health: Key Components and Design Principles for Ongoing Health Behavior Support Annals of Behavioral
Medicine 52 (6), 446-462.
8. Sim, I. (2019). Mobile Devices and Health. The New England Journal of Medicine, 381(10), 956-968.

376-0131-00L Laboratory Course in Movement Biomechanics
Only for Health Sciences and Technology MSc.

W  3 credits 3P B. Postolka, R. List, M. Plüss

Abstract Selected experiments in Biomechanics. The practical course includes basic experiments to learn measurement methods and practical
applications in Biomechanics.

Objective Students can gain their first experience in the practical application of measurement methods  in Biomechanics by means of basic
experimentation. They also learn how to keep records in the laboratory journal.

Content Various experiments are offered in the field of Biomechanics.
Lecture notes Texts and further handouts will be provided.

376-1150-00L Clinical Challenges in Musculoskeletal Disorders W  2 credits 2G M. Leunig, S. J. Ferguson, A. Müller
Abstract This course reviews musculoskeletal disorders focusing on the clinical presentation, current treatment approaches and future challenges

and opportunities to overcome failures. 
Objective Appreciation of the surgical and technical challenges, and future perspectives offered through advances in surgical technique, new

biomaterials and advanced medical device construction methods.
Content Foot deformities, knee injuries, knee OA, hip disorders in the child and adolescent, hip OA, spine deformities, degenerative spine disease,

shoulder in-stability, hand, rheumatoid diseases, neuromuscular diseases, sport injuries and prevention

376-1178-00L Human Factors II W  3 credits 2V M. Menozzi Jäckli, R. Huang,
M. Siegrist

Abstract Strategies, abilities and needs of human at work as well as properties of products and systems are factors controlling quality and
performance in everyday interactions. In Human Factors II (HF II), cognitive aspects are in focus therefore complementing the more
physical oriented approach in HF I. A basic scientific approach is adopted and relevant links to practice are illustrated.

Objective The goal of the lecture is to empower students in designing products and systems enabling an efficient and qualitatively high standing
interaction between human and the environment, considering costs, benefits, health, well-being,  and safety as well. The goal is achieved
in addressing a broad variety of topics and embedding the discussion in macroscopic factors such as the behavior of consumers and
objectives of economy.

Content Cognitive factors in perception, information processing and action.  Experimental techniques in assessing human performance and well-
being, human factors and ergonomics in development of products and complex systems, innovation, decision taking, consumer behavior.

Literature Salvendy G. (ed), Handbook of Human Factors, Wiley & Sons, 2012

376-1217-00L Rehabilitation Engineering I: Motor Functions W  4 credits 2V+1U R. Riener, E. Wilhelm
Abstract Rehabilitation engineering is the application of science and technology to ameliorate the handicaps of individuals with disabilities in order to

reintegrate them into society. The goal of this lecture is to present classical and new rehabilitation engineering principles and examples
applied to compensate or enhance especially motor deficits.

Objective Provide theoretical and practical knowledge of principles and applications used to rehabilitate individuals with motor disabilities.
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Content Rehabilitation is the (re)integration of an individual with a disability into society. Rehabilitation engineering is the application of science and
technology to ameliorate the handicaps of individuals with disability. Such handicaps can be classified into motor, sensor, and cognitive
(also communicational) disabilities. In general, one can distinguish orthotic and prosthetic methods to overcome these disabilities. Orthoses
support existing but affected body functions (e.g., glasses, crutches), while prostheses compensate for lost body functions (e.g., cochlea
implant, artificial limbs). In case of sensory disorders, the lost function can also be substituted by other modalities (e.g. tactile Braille display
for vision impaired persons). 

The goal of this lecture is to present classical and new technical principles as well as specific examples applied to compensate or enhance
mainly motor deficits. Modern methods rely more and more on the application of multi-modal and interactive techniques. Multi-modal
means that visual, acoustical, tactile, and kinaesthetic sensor channels are exploited by displaying the patient with a maximum amount of
information in order to compensate his/her impairment. Interaction means that the exchange of information and energy occurs bi-
directionally between the rehabilitation device and the human being. Thus, the device cooperates with the patient rather than imposing an
inflexible strategy (e.g., movement) upon the patient. Multi-modality and interactivity have the potential to increase the therapeutical
outcome compared to classical rehabilitation strategies.
In the 1 h exercise the students will learn how to solve representative problems with computational methods applied to exoprosthetics,
wheelchair dynamics, rehabilitation robotics and neuroprosthetics.

Literature Introductory Books

Neural prostheses - replacing motor function after desease or disability. Eds.: R. Stein, H. Peckham, D. Popovic. New York and Oxford:
Oxford University Press.

Advances in Rehabilitation Robotics  Human-Friendly Technologies on Movement Assistance and Restoration for People with Disabilities.
Eds: Z.Z. Bien, D. Stefanov (Lecture Notes in Control and Information Science, No. 306). Springer Verlag Berlin 2004.

Intelligent Systems and Technologies in Rehabilitation Engineering. Eds: H.N.L. Teodorescu, L.C. Jain (International Series on
Computational Intelligence). CRC Press Boca Raton, 2001.

Control of Movement for the Physically Disabled. Eds.: D. Popovic, T. Sinkjaer. Springer Verlag London, 2000.

Interaktive und autonome Systeme der Medizintechnik - Funktionswiederherstellung und Organersatz. Herausgeber: J. Werner,
Oldenbourg Wissenschaftsverlag 2005. 

Biomechanics and Neural Control of Posture and Movement. Eds.: J.M. Winters, P.E. Crago. Springer New York, 2000.

Selected Journal Articles

Abbas, J., Riener, R. (2001) Using mathematical models and advanced control systems techniques to enhance neuroprosthesis function.
Neuromodulation 4, pp. 187-195. 

Burdea, G., Popescu, V., Hentz, V., and Colbert, K. (2000): Virtual reality-based orthopedic telerehabilitation, IEEE Trans. Rehab. Eng., 8,
pp. 430-432

Colombo, G., Jörg, M., Schreier, R., Dietz, V. (2000) Treadmill training of paraplegic patients using a robotic orthosis. Journal of
Rehabilitation Research and Development, vol. 37, pp. 693-700.

Colombo, G., Jörg, M., Jezernik, S. (2002) Automatisiertes Lokomotionstraining auf dem Laufband. Automatisierungstechnik at, vol. 50, pp.
287-295.

Cooper, R. (1993) Stability of a wheelchair controlled by a human. IEEE Transactions on Rehabilitation Engineering 1, pp. 193-206. 

Krebs, H.I., Hogan, N., Aisen, M.L., Volpe, B.T. (1998): Robot-aided neurorehabilitation, IEEE Trans. Rehab. Eng., 6, pp. 75-87

Leifer, L. (1981): Rehabilitive robotics, Robot Age, pp. 4-11

Platz, T. (2003): Evidenzbasierte Armrehabilitation: Eine systematische Literaturübersicht, Nervenarzt, 74, pp. 841-849

Quintern, J. (1998) Application of functional electrical stimulation in paraplegic patients. NeuroRehabilitation 10, pp. 205-250.

Riener, R., Nef, T., Colombo, G. (2005) Robot-aided neurorehabilitation for the upper extremities. Medical & Biological Engineering &
Computing 43(1), pp. 2-10.

Riener, R., Fuhr, T., Schneider, J. (2002) On the complexity of biomechanical models used for neuroprosthesis development. International
Journal of Mechanics in Medicine and Biology 2, pp. 389-404.

Riener, R. (1999) Model-based development of neuroprostheses for paraplegic patients. Royal Philosophical Transactions: Biological
Sciences 354, pp. 877-894.

Prerequisites /
notice

Target Group: 
Students of higher semesters and PhD students of 
- D-MAVT, D-ITET, D-INFK
- Biomedical Engineering 
- Medical Faculty, University of Zurich 
Students of other departments, faculties, courses are also welcome

376-1308-00L Development Strategies for Medical Implants
Number of participants limited to 25 until 30.
Assignments will be considered chronological.

W  3 credits 2V+1U J. Mayer-Spetzler, M. Rubert

Abstract Introduction to development strategies for implantable devices considering the interdependecies of biocompatibility, clinical and economical
requirements ; discussion of the state of the art and actual trends in in orthopedics, sports medicine, traumatology and cardio-vascular
surgery as well as regenerative medicine (tissue engineering).

Objective Basic considerations in implant development
Concept of structural and surface biocompatiblity and its relevance for the design of implant and surgical technique
Understanding of conflicting factors, e.g. clinical need, economics and regulatory requirements
Concepts of tissue engineering, its strengths and weaknesses as current and future clinical solution
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Content Biocompatibility as bionic guide line for the development of medical implants; implant and implantation related tissue reactions,
biocompatible materials and material processing technologies; implant testing and regulatory procedures; discussion of the state of the art
and actual trends in implant development in orthopedics, sports medicine, traumatology, spinal and cardio-vascular surgery; introduction to
tissue engineering. Selected topics will be further illustrated by commented movies from surgeries. 

Seminar: 
Group seminars on selected controversial topics in implant development. Participation is mandatory

Planned excursions (limited availability, not mandatory, to be confirmed): 
1. Participation (as visitor) on a life surgery  (travel at own expense)

Lecture notes Scribt (electronically available): 
- presented slides
- selected scientific papers for further reading

Literature Reference to key papers will be provided during the lectures
Prerequisites /
notice

Only Master students, achieved Bachelor degree is a pre-condition

The number of participants in the course is limited to 30 students in total.

Students will be exposed to surgical movies which may cause emotional reactions. The viewing of the surgical movies is voluntary and is
on the student's own responsability.

376-1392-00L Mechanobiology: Implications for Development,
Regeneration and Tissue Engineering

W  3 credits 2G A. Ferrari, G. Shivashankar,
M. Zenobi-Wong

Abstract This course will emphasize the importance of mechanobiology to cell determination and behavior. Its importance to regenerative medicine
and tissue engineering will also be addressed. Finally, this course will discuss how age and disease adversely alter major
mechanosensitive developmental programs.

Objective This course is designed to illuminate the importance of mechanobiological processes to life as well as to teach good experimental
strategies to investigate mechanobiological phenomena.

Content Typically, cell differentiation is studied under static conditions (cells grown on rigid plastic tissue culture dishes in two-dimensions), an
experimental approach that, while simplifying the requirements considerably, is short-sighted in scope. It is becoming increasingly apparent
that many tissues modulate their developmental programs to specifically match the mechanical stresses that they will encounter in later life.
Examples of known mechanosensitive developmental programs include osteogenesis (bones), chondrogenesis (cartilage), and
tendogenesis (tendons). Furthermore, general forms of cell behavior such as migration, extracellular matrix deposition, and complex tissue
differentiation are also regulated by mechanical stimuli.  Mechanically-regulated cellular processes are thus ubiquitous, ongoing and of
great clinical importance.

The overall importance of mechanobiology to humankind is illustrated by the fact that nearly 80% of our entire body mass arises from
tissues originating from mechanosensitive developmental programs, principally bones and muscles. Unfortunately, our ability to regenerate
mechanosensitive tissue diminishes in later life. As it is estimated that the fraction of the western world population over 65 years of age will
double in the next 25 years, an urgency in the global biomedical arena exists to better understand how to optimize complex tissue
development under physiologically-relevant mechanical environments for purposes of regenerative medicine and tissue engineering.

Lecture notes n/a
Literature Topical Scientific Manuscripts

376-1397-00L Orthopaedic Biomechanics
Number of participants limited to 48.

W  3 credits 2G R. Müller, P. Atkins, J. Schwiedrzik

Abstract This course is aimed at studying the mechanical and structural engineering of the musculoskeletal system alongside the analysis and
design of orthopaedic solutions to musculoskeletal failure.

Objective To apply engineering and design principles to orthopaedic biomechanics, to quantitatively assess the musculoskeletal system and model it,
and to review rigid-body dynamics in an interesting context.

Content Engineering principles are very important in the development and application of quantitative approaches in biology and medicine. This
course includes a general introduction to structure and function of the musculoskeletal system: anatomy and physiology of musculoskeletal
tissues and joints; biomechanical methods to assess and quantify tissues and large joint systems. These methods will also be applied to
musculoskeletal failure, joint replacement and reconstruction; implants; biomaterials and tissue engineering.

Lecture notes Stored on Moodle.
Literature Orthopaedic Biomechanics:

Mechanics and Design in Musculoskeletal Systems 
 
Authors: Donald L. Bartel, Dwight T. Davy, Tony M. Keaveny
Publisher: Prentice Hall; Copyright: 2007
ISBN-10: 0130089095; ISBN-13: 9780130089090

Prerequisites /
notice

Lectures will be given in English.

376-1400-00L Transfer of Technologies into Neurorehabilitation W  3 credits 2V C. Müller, R. Gassert, R. Riener,
H. Van Hedel, N. Wenderoth

Abstract The course focuses on clinical as well as industrial aspects of advanced technologies and their transfer into neurorehabilitation from both
theoretical and practical perspectives. The students will learn the basics of neurorehabilitation and the linkage to technologies, gain insight
into the development within the medtech field and learn applications of technologies in clinical settings.

Objective The students will:
-  Learn basics and principles of clinical neuroscience and neurorehabilitation.
 - Gain insight into the technical basics of advanced technologies and the transfer into product development processes.
- Gain insight into the application, the development and integration of advanced technologies in clinical settings. This includes the
advantages and limitations according to different pathologies and therapy goals.
-  Get the opportunity to test advanced technologies in practical settings.
- Learn how to transfer theoretical concepts to actual settings in different working fields.

Content Main focus:
- Neurobiological principles applied to the field of neurorehabilitation.
- Clinical applications of advanced rehabilitation technologies.
- Visit medical technology companies, rehabilitation centers and labs to gain deeper insight into the development, application and
evaluation of advanced technologie

Lecture notes Teaching materials will be provided for the individual events and lectures.
- Slides (pdf files)
- Information sheets and flyers of the visited companies, labs and clinics

376-1614-00L Principles in Tissue Engineering W  3 credits 2V K. Maniura, M. Rottmar, M. Zenobi-
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Wong
Abstract Fundamentals in blood coagulation; thrombosis, blood rheology, immune system, inflammation, foreign body reaction on the molecular

level and the entire body are discussed. Applications of biomaterials for tissue engineering in different tissues are introduced.
Fundamentals in medical implantology, in situ drug release, cell transplantation and stem cell biology are discussed.

Objective Understanding of molecular aspects for the application of biodegradable and biocompatible Materials. Fundamentals of tissue reactions
(eg. immune responses) against implants and possible clinical consequences will be discussed.

Content This class continues with applications of biomaterials and devices introduced in Biocompatible Materials I. Fundamentals in blood
coagulation; thrombosis, blood rheology; immune system, inflammation, foreign body reaction on the level of the entire body and on the
molecular level are introduced. Applications of biomaterials for tissue engineering in the vascular system, skeletal muscle, heart muscle,
tendons and ligaments, bone, teeth, nerve and brain, and drug delivery systems are introduced. Fundamentals in medical implantology, in
situ drug release, cell transplantation and stem cell biology are discussed.

Lecture notes Handouts provided during the classes and references therin.
Literature The molecular Biology of the Cell, Alberts et al.,  5th Edition, 2009.

Principles in Tissue Engineering, Langer et al., 2nd Edition, 2002

376-1620-00L Skeletal Repair
Number of participants limited to 42.

Only for Health Sciences and Technology MSc and
Biomedical Engineering MSc.

W  3 credits 3G S. Grad, M. D'Este, F. Moriarty,
M. Stoddart

Abstract The course gives an introduction into traumatic and degenerative pathologies of skeletal tissues. Emphasis is put on bone, cartilage and
intervertebral disc. Established and new treatments are described, including cell, gene and molecular therapy, biomaterials, tissue
engineering and infection prevention. In vitro/in vivo models are explained.

Objective The objectives of this course are to acquire a basic understanding of
(1) important pathologies of skeletal tissues and their consequences for the patient and the public health
(2) current surgical approaches for skeletal repair, their advantages and drawbacks
(3) recent advances in biological strategies for skeletal repair, such as (stem) cell therapy, gene therapy, biomaterials and tissue
engineering
(4) pathology, prevention and treatment of implant associated infections
(5) in vitro and in vivo models for basic, translational and pre-clinical studies

Content According to the expected background knowledge, the cellular and extracellular composition and the structure of the skeletal tissues,
including bone, cartilage, intervertebral disc, ligament and tendon will briefly be recapitulated. The functions of the healthy tissues and the
impact of acute injury (e.g. bone fracture) or progressive degenerative failure (e.g. osteoarthritis) will be demonstrated. Physiological self-
repair mechanisms, their limitations, and current (surgical) treatment options will be outlined. Particular emphasis will be put on novel
approaches for biological repair or regeneration of critical bone defects, damaged hyaline cartilage of major articulating joints, and
degenerative intervertebral disc tissues. These new treatment options include autologous cell therapies, stem cell applications, bioactive
factors, gene therapy, biomaterials or biopolymers; while tissue engineering / regenerative medicine is considered as a combination of
some of these factors. In vitro bioreactor systems and in vivo animal models will be described for preclinical testing of newly developed
materials and techniques. Bacterial infection as a major complication of invasive treatment will be explained, covering also established and
new methods for its effective inhibition. Finally, the translation of new therapies for skeletal repair from the laboratory to the clinical
application will be illustrated by recent developments.

Prerequisites /
notice

Basic knowledge in the cellular and molecular composition, structure and function of healthy skeletal tissues, especially bone, cartilage and
intervertebral disc are required; furthermore, basic understanding of biomaterial properties, cell-surface interactions, and bacterial infection
are necessary to follow this course.

376-1624-00L Practical Methods in Biofabrication
Number of participants limited to 12.

W  5 credits 4P M. Zenobi-Wong, S. J. Ferguson,
S. Schürle-Finke

Abstract Biofabrication involves the assembly of materials, cells, and biological building blocks into grafts for tissue engineering and in vitro models.
The student learns techniques involving the fabrication and characterization of tissue engineered scaffolds and the design of 3D models
based on medical imaging data.  They apply this knowledge to design, manufacture and evaluate a biofabricated graft.

Objective The objective of this course is to give students hands-on experience with the tools required to fabricate tissue engineered grafts. During the
first part of this course, students will gain practical knowledge in hydrogel synthesis and characterization, fuse deposition modelling and
stereolithography, bioprinting and bioink design, electrospinning, and cell culture and viability testing.  They will also learn the properties of
common biocompatible materials used in fabrication and how to select materials based on the application requirements.   The students
learn principles for design of 3D models.    Finally the students will apply their knowledge to a problem-based Project in the second half of
the Semester.  The Project requires significant time outside of class Hours, strong commitment and ability to work independently.

Prerequisites /
notice

Not recommended if passed 376-1622-00 Practical Methods in Tissue Engineering

376-1660-00L Scientific Writing, Reporting and Communication
Number of participants limited to 30.

Only for Health Sciences and Technology MSc 

W 3 credits 2V B. Taylor, S. H. Hosseini Nasab

Abstract This course aims to teach many of the unwritten rules on how to communicate effectively, from writing reports or manuscripts (or indeed
their Master thesis!) through to improving skills in oral presentations, and presenting themselves at interview.

Objective This course will teach students to communicate effectively in official environments, including:
-    writing manuscripts, theses, CVs, reports etc
-    presenting posters
-    oral presentations
-    critical reviews of literature

376-1712-00L Finite Element Analysis in Biomedical Engineering W  3 credits 2V S. J. Ferguson, B. Helgason
Abstract This course provides an introduction to finite element analysis, with a specific focus on problems and applications from biomedical

engineering.
Objective Finite element analysis is a powerful simulation method for the (approximate) solution of boundary value problems. While its traditional

roots are in the realm of structural engineering, the methods have found wide use in the biomedical engineering domain for the simulation
of the mechanical response of the human body and medical devices. This course provides an introduction to finite element analysis, with a
specific focus on problems and applications from biomedical engineering. This domain offers many unique challenges, including multi-scale
problems, multi-physics simulation, complex and non-linear material behaviour, rate-dependent response, dynamic processes and fluid-
solid interactions. Theories taught are reinforced through practical applications in self-programmed and commercial simulation software,
using e.g. MATLAB, ANSYS, FEBIO.
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Content (Theory) The Finite Element and Finite Difference methods 
Gallerkin, weighted residuals, discretization

(Theory) Mechanical analysis of structures 
Trusses, beams, solids and shells, DOFs, hand calculations of simple FE problems, underlying PDEs

(Application) Mechanical analysis of structures 
Truss systems, beam systems, 2D solids, meshing, organ level analysis of bones

(Theory and Application) Mechanical analysis of structures 
Micro- and multi-scale analysis, voxel models, solver limitations, large scale solvers

(Theory) Non-linear mechanical analysis of structures 
Large strain, Newton-Rhapson, plasticity

(Application) Non-linear mechanical analysis of structures 
Plasticity (bone), hyperelasticity, viscoelasticity

(Theory and Application) Contact analysis 
Friction, bonding, rough contact, implants, bone-cement composites, pushout tests

(Theory) Flow in Porous Media
Potential problems, Terzhagi's consolidation

(Application) Flow in Porous Media
Confined and unconfined compression of cartilage

(Theory) Heat Transfer and Mass Transport
Diffusion, conduction and convection, equivalency of equations

(Application) Heat Transfer and Mass Transport
Sequentially-coupled poroelastic and transport models for solute transport

(Theory) Computational Biofluid Dynamics
Newtonian vs. Non-Newtonian fluid, potential flow

(Application) Computational Biofluid Dynamics
Flow between micro-rough parallel plates

Lecture notes Handouts consisting of (i) lecturers' script, (ii) selected excerpts from relevant textbooks, (iii) selected excerpts from theory manuals of
commercial simulation software, (iv) relevant scientific publications.

Prerequisites /
notice

Familiarity with basic numerical methods.
Programming experience with MATLAB.

376-1721-00L Bone Biology and Consequences for Human Health W  2 credits 2V G. A. Kuhn, J. Goldhahn, E. Wehrle
Abstract Bone is a complex tissue that continuously adapts to mechanical and metabolic demands. Failure of this remodeling results in reduced

mechanic stability ot the skeleton. This course will provide the basic knowledge to understand the biology and pathophysiology of bone
necessary for engineering of bone tissue and design of implants.

Objective After completing this course, students will be able to understand:
a) the biological and mechanical aspects of normal bone remodeling
b) pathological changes and their consequences for the musculoskeletal system
c) the consequences for implant design, tissue engineering and treatment interventions.

Content Bone adapts continuously to mechanical and metabolic demands by complex remodeling processes. This course will deal with biological
processes in bone tissue from cell to tissue level. This lecture will cover mechanisms of bone building (anabolic side), bone resorption
(catabolic side), their coupling, and regulation mechanisms. It will also cover pathological changes and typical diseases like osteoporosis.
Consequences for musculoskeletal health and their clinical relevance will be discussed. Requirements for tissue engineering as well as
implant modification will be presented. Actual examples from research and development will be utilized for illustration.

376-1724-00L Appropriate Health System Design
Number of participants limited to 42.

W  3 credits 2V W. Karlen

Abstract This course elaborates upon relevant aspects in the conception, implementation and distribution of health devices and systems that
effectively meet peoples and societies' needs in a local context. Four key elements of appropriateness (usage, cost, durability and
performance) that are integral to the engineering design process are extensively discussed and applied.

Objective The main goals are to
> Evaluate the appropriateness of health systems to the cultural, financial, environmental and medical context in which they will be applied
and
> Design health systems from a user's perspective for a specific context

At the end of the course, students can
> name, understand and describe the 4 main principles that define appropriate technology
> apply these principles to critically analyze and assess health systems and technology
> project him/herself into a unfamiliar person and context  and create hypotheses as to that person's needs, requirements, and priorities
> modify specifications of existing systems to improve appropriateness
> discuss the challenges and illustrate the the ethical and societal consequences of proposed design modifications
> communicate effectively the results of his/her system analysis and implementation strategies to non-specialists

Content The course will be interactive and involve roleplay. Please do not sign up for this course if you are not ready to leave your comfort zone in
class. The lectures are divided in two parts:
The first part elaborates upon the important concepts of the design of health care devices and systems, and discusses implementation and
dissemination strategies. We focus on communities such as low income households, the elderly, and patients with chronic illnesses that
have special needs. Topics covered include point-of-care diagnostics, information and communication technologies, mobile health, user
interactions, and also the social-cultural considerations.
The second part consists of elaboration of an appropriate device conducted by student groups. Each group will analyse an existing product
or solution, critically assess its appropriateness according to the criteria learned in class, and provide explanations as to why the system
succeeds or fails. The students will also present design improvements. Grading will be based on a written case report due in the middle of
the semester and a final seminar presentation in form of a poster discussion and demo.
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Literature WHO, "Medical Devices: Managing the Mismatch", 2010.
http://www.who.int/medical_devices/publications/med_dev_man-mismatch/en/

PATH, "The IC2030 report. Reimagining Global Health," 2015. http://ic2030.org/report/

R. Malkin and K. Von Oldenburg Beer, "Diffusion of novel healthcare technologies to resource poor settings," Annals of Biomedical
Engineering, vol. 41, no. 9, pp. 1841:50, 2013.

Prerequisites /
notice

Target Group: 
Students of higher semesters and doctoral students of 
- D-MAVT, D-ITET, D-INFK, D-HEST
- Biomedical Engineering, Robotics, Systems and Control
- Medical Faculty, University of Zurich 
Students of other departments, faculties, courses are also welcome

376-1974-00L Colloquium in Biomechanics W  2 credits 2K B. Helgason, S. J. Ferguson,
R. Müller, J. G. Snedeker, B. Taylor,
M. Zenobi-Wong

Abstract Current topics in biomechanics presented by speakers from academia and industry.
Objective Getting insight into actual areas and problems of biomechanics.

376-1986-00L Bayesian Data Analysis on Models of Behavior
(University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: DOEC0829

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W 3 credits 2S R. Polania, University lecturers

Abstract Making sense of the data acquired via experiments is fundamental in many fields of sciences. This course is designed for
students/researchers who want to gain practical experience with data analysis based on Bayesian inference. Coursework involves practical
demonstrations and discussion of solutions for data analysis problems. No advanced knowledge of statistics and probability is required.

Objective The overall goal of this course it that the students are able to develop both analytic and problem-solving skills that will serve to draw
reasonable inferences from observations. The first objective is to make the participants familiar with the conceptual framework of Bayesian
data analysis. The second goal is to introduce the ideas of modern Bayesian data analysis, including techniques such as Markov chain
Monte Carlo (MCMC) techniques, alongside the introduction of programming tools that facilitate the creation of any Bayesian inference
model. Throughout the course, this will involve practical demonstrations with example datasets, homework, and discussions that should
convince the participants of this course that it is possible to make inference and understand the data acquired from the experiments that
they usually obtain in their own research (starting from simple linear regressions all the way up to more complex models with hierarchical
structures and dependencies). After working through this course, the participants should be able to build their own inference models in
order to interpret meaningfully their own data.

Prerequisites /
notice

The very basics (or at least intuition) of programming in either Matlab or R

402-0673-00L Physics in Medical Research: From Humans to Cells W  6 credits 2V+1U B. K. R. Müller
Abstract The aim of this lecture series is to introduce the role of physics in state-of-the-art medical research and clinical practice. Topics to be

covered range from applications of physics in medical implant technology and tissue engineering, through imaging technology, to its role in
interventional and non-interventional therapies.

Objective The lecture series is focused on applying knowledge from physics in diagnosis, planning, and therapy close to clinical practice and
fundamental medical research. Beside a general overview, the lectures give a deep insight into a very few selected techniques, which will
help the students to apply the knowledge to a broad range of related techniques.

In particular, the lectures will elucidate the physics behind the X-ray imaging currently used in clinical environment and contemporary high-
resolution developments. It is the goal to visualize and quantify (sub-)microstructures of human tissues and implants as well as their
interface.

Ultrasound is not only used for diagnostic purposes but includes therapeutic approaches such as the control of the blood-brain barrier
under MR-guidance.

Physicists in medicine are working on modeling and simulation. Based on the vascular structure in cancerous and healthy tissues, the
characteristic approaches in computational physics to develop strategies against cancer are presented. In order to deliberately destroy
cancerous tissue, heat can be supplied or extracted in different manner: cryotherapy (heat conductivity in anisotropic, viscoelastic
environment), radiofrequency treatment (single and multi-probe), laser application, and proton therapy.

Medical implants play an important role to take over well-defined tasks within the human body. Although biocompatibility is here of crucial
importance, the term is insufficiently understood. The aim of the lectures is the understanding of biocompatibility performing well-defined
experiments in vitro and in vivo. Dealing with different classes of materials (metals, ceramics, polymers) the influence of surface
modifications (morphology and surface coatings) are key issues for implant developments, which might be bio-inspired.

Mechanical stimuli can drastically influence soft and hard tissue behavior. The students should realize that a physiological window exists,
where a positive tissue response is expected and how the related parameter including strain, frequency, and resting periods can be
selected and optimized for selected tissues such as bone.

For the treatment of severe incontinence, we are developing artificial smart muscles. The students should have a critical look at promising
solutions and the selection procedure as well as realize the time-consuming and complex way to clinical practice.

The course will be completed by relating the numerous examples and a common round of questions.
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Content This lecture series will cover the following topics:
Introduction: Imaging the human body down to individual cells and beyond
Development of artificial muscles for incontinence treatment
X-ray-based computed tomography in clinics and related medical research
High-resolution micro computed tomography
Phase tomography using hard X-rays in biomedical research
Metal-based implants and scaffolds
Natural and synthetic ceramics for implants and regenerative medicine
Biomedical simulations
Polymers for medical implants
From open surgery to non-invasive interventions - Physical approaches in medical imaging
Dental research
Focused Ultrasound and its clinical use
Applying physics in medicine: Benefitting patients

Lecture notes http://www.bmc.unibas.ch/education/ETH_Zurich.phtml

login and password to be provided during the lecture

Prerequisites /
notice

Students from other departments are very welcome to join and gain insight into a variety of sophisticated techniques for the benefit of
patients.
No special knowledge is required. Nevertheless, gaps in basic physical knowledge will require additional efforts.

551-0320-00L Cellular Biochemistry (Part II) W  3 credits 2V Y. Barral, R. Kroschewski,
A. E. Smith

Abstract This course will focus on molecular mechanisms and concepts underlying cellular biochemistry, providing advanced insights into the
structural and functional details of individual cell components, and the complex regulation of their interactions. Particular emphasis will be
on the spatial and temporal integration of different molecules and signaling pathways into global cellular processes.

Objective The full-year course (551-0319-00 & 551-0320-00) focuses on the molecular mechanisms and concepts underlying the biochemistry of
cellular physiology, investigating how these processes are integrated to carry out highly coordinated cellular functions. The molecular
characterization of complex cellular functions requires a combination of approaches such as biochemistry, but also cell biology and
genetics. This course is therefore the occasion to discuss these techniques and their integration in modern cellular biochemistry. 
The students will be able to describe the structural and functional details of individual cell components, and the spatial and temporal
regulation of their interactions. In particular, they will learn to explain how different molecules and signaling pathways can be integrated
during complex and highly dynamic cellular processes such as intracellular transport, cytoskeletal rearrangements, cell motility, and cell
division. In addition, they will be able to illustrate the relevance of particular signaling pathways for cellular pathologies such as cancer or
during cellular infection.

Content Spatial and temporal integration of different molecules and signaling pathways into global cellular processes, such as cell division, cell
infection and cell motility. Emphasis is also put on the understanding of pathologies associated with defective cell physiology, such as
cancer or during cellular infection.

Literature Recommended supplementary literature (review articles and selected primary literature) will be provided during the course.
Prerequisites /
notice

To attend this course the students must have a solid basic knowledge in chemistry, biochemistry, cell biology and general biology. Biology
students have in general already attended the first part of the "Cellular Biochemistry" concept course (551-0319-00). The course will be
taught in English.
In addition, the course will be based on a blended-learning scenario, where frontal lectures will be complemented with carefully chosen
web-based teaching elements that students access through the ETH Moodle platform.

551-0318-00L Immunology II W  3 credits 2V A. Oxenius, M. Kopf,
S. R. Leibundgut, E. Wetter Slack,
further lecturers

Abstract Introduction into the cellular and molecular basis of the immune system and immune responses against diverse pathogens, tumors,
transplants, and self (autoimmunity)

Objective The lectures will provide a detailed understanding:
- how innate and adaptive immune responses interact at the cellular and molecular level.
- how the immune system recognizes and fights against pathogenic microorganisms including viruses, bacteria, and parasites.
- why lymphocytes tolerate self molecules.
- about function and dysfunction the intestinal immune system.
- immunopathology and inflammatory diseases.

Content The aim of lecture is to understand:
> How pathogens are recognized by the innate immune system
> Immune defense against various pathogens
> Immunology of the skin, lung and intestines
> Tumor immunology
> Migration and homing of immune cells
> tolerance and autoimmunity
> T cell memory

Lecture notes Presentations of the lecturers are available at the Moodle link
Literature Recommended: Kuby Immunology (Freeman)

 Major in Molecular Health Sciences
 Compulsory Courses

Number Title Type ECTS Hours Lecturers

376-0302-00L Practicing Translational Science
Only for Health Sciences and Technology MSc.

O 2 credits 4A J. Goldhahn, S. Ben-Menahem,
C. Ewald, W. Karlen

Abstract Translational Science is a cross disciplinary scientific research that is motivated by the need for practical applications that help patients.
The students should apply knowledge they gained in the prior course during a team approach focused on one topic provided by the
supervisor. Each student has to take a role in the team and label clear responsibility and contribution.

Objective After completing this course, students will be able to apply:
a)    Principles of translational science (including project planning, ethics application, basics of resource management and interdisciplinary
communication)
b)    The use of a translational approach in project planning and management

Prerequisites /
notice

Prerequisite: lecture 376-0300-00 "Translational Science for Health and Medicine" passed.

 Electives
 Electives Courses I
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Number Title Type ECTS Hours Lecturers

551-0326-00L Cell Biology W  6 credits 4V S. Werner, M. Bordoli, W. Kovacs,
M. Schäfer, U. Suter, A. Wutz

Abstract This Course introduces principle concepts, techniques, and experimental strategies used in modern Cell Biology. Major topics include:
neuron-glia interactions in health and disease; mitochondrial dynamics; stem cell biology; growth factor action in development, tissue repair
and disease; cell metabolism, in particular sensing and signaling mechanisms, cell organelles, and lipid metabolism.

Objective -To prepare the students for successful and efficient lab work by learning how to ask the right questions and to use the appropriate
techniques in a research project.
-To convey knowledge about neuron-glia interactions in health and disease.
- To provide information on different types of stem cells and their function in health and disease
-To provide information on growth factor signaling in development, repair and disease and on the use of growth factors or their receptors as
drug targets for major human diseases
-To convey knowledge on the mechanisms underlying repair of injured tissues
-To provide the students with an overview of mitochondrial dynamics.
-Providing an understanding of RNA processing reactions and their regulations.
-To provide a comprehensive understanding of metabolic sensing mechanisms occurring in different cell types and organelles in response
to glucose, hormones, oxygen, nutrients as well as lipids, and to discuss downstream signaling pathways and cellular responses.
-To provide models explaining how disturbances in complex metabolic control networks and bioenergetics can lead to disease and to
highlight latest experimental approaches to uncover the intricacies of metabolic control at the cellular and organismal level.
-Providing the background and context that foster cross-disciplinary scientific thinking.

376-0209-00L Molecular Disease Mechanisms W  6 credits 4V C. Wolfrum, H. Gahlon, M. Kopf
Abstract In this course the mechanisms of disease development will be studied. Main topics will be: 

1.    Influence of environmental factors with an emphasis on inflammation and the immune response.
2.    Mechanisms underlying disease progression in metabolic disorders, integrating genetic and environmental factors.
3.    Mechanisms underlying disease progression in cancer, integrating genetic and environment

Objective To understand the mechanisms governing disease development with a special emphasis on genetic and environmental associated
components

Lecture notes All information can be found at:

https://moodle-app2.let.ethz.ch/course/view.php?id=12627

The enrollment key will be provided by email

551-0318-00L Immunology II W  3 credits 2V A. Oxenius, M. Kopf,
S. R. Leibundgut, E. Wetter Slack,
further lecturers

Abstract Introduction into the cellular and molecular basis of the immune system and immune responses against diverse pathogens, tumors,
transplants, and self (autoimmunity)

Objective The lectures will provide a detailed understanding:
- how innate and adaptive immune responses interact at the cellular and molecular level.
- how the immune system recognizes and fights against pathogenic microorganisms including viruses, bacteria, and parasites.
- why lymphocytes tolerate self molecules.
- about function and dysfunction the intestinal immune system.
- immunopathology and inflammatory diseases.

Content The aim of lecture is to understand:
> How pathogens are recognized by the innate immune system
> Immune defense against various pathogens
> Immunology of the skin, lung and intestines
> Tumor immunology
> Migration and homing of immune cells
> tolerance and autoimmunity
> T cell memory

Lecture notes Presentations of the lecturers are available at the Moodle link
Literature Recommended: Kuby Immunology (Freeman)

 Elective Courses II
Number Title Type ECTS Hours Lecturers

227-0396-00L EXCITE Interdisciplinary Summer School on Bio-
Medical Imaging
The school admits 60 MSc or PhD students with
backgrounds in biology, chemistry, mathematics, physics,
computer science or engineering based on a selection
process.
 
Students have to apply for acceptance by April 20, 2020.
To apply a curriculum vitae and an application letter need
to be submitted. The notification of acceptance will be
given by May 22, 2020. Further information can be found
at: www.excite.ethz.ch.

W  4 credits 6G S. Kozerke, G. Csúcs, J. Klohs-
Füchtemeier, S. F. Noerrelykke,
M. P. Wolf

Abstract Two-week summer school organized by EXCITE (Center for EXperimental & Clinical Imaging TEchnologies Zurich) on biological and
medical imaging. The course covers X-ray imaging, magnetic resonance imaging, nuclear imaging, ultrasound imaging, infrared and optical
microscopy, electron microscopy, image processing and analysis.

Objective Students understand basic concepts and implementations of biological and medical imaging. Based on relative advantages and limitations
of each method they can identify preferred procedures and applications. Common foundations and conceptual differences of the methods
can be explained.

Content Two-week summer school on biological and medical imaging. The course covers concepts and implementations of X-ray imaging,
magnetic resonance imaging, nuclear imaging, ultrasound imaging, infrared and optical microscopy and electron microscopy. Multi-modal
and multi-scale imaging and supporting technologies such as image analysis and modeling are discussed. Dedicated modules for physical
and life scientists taking into account the various backgrounds are offered.

Lecture notes Hand-outs, Web links
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Prerequisites /
notice

The school admits 60 MSc or PhD students with backgrounds in biology, chemistry, mathematics, physics, computer science or
engineering based on a selection process. To apply a curriculum vitae, a statement of purpose and applicants references need to be
submitted. Further information can be found at: http://www.excite.ethz.ch/education/summer-school.html

227-0946-00L Molecular Imaging - Basic Principles and Biomedical
Applications

W  2 credits 2V M. Rudin

Abstract Concept: What is molecular imaging.
Discussion/comparison of the various imaging modalities used in molecular imaging.
Design of target specific probes: specificity, delivery, amplification strategies.
Biomedical Applications.

Objective Molecular Imaging is a rapidly emerging discipline that translates concepts developed in molecular biology and cellular imaging to in vivo
imaging in animals and ultimatly in humans. Molecular imaging techniques allow the study of molecular events in the full biological context
of an intact organism and will therefore become an indispensable tool for biomedical research.

Content Concept: What is molecular imaging.
Discussion/comparison of the various imaging modalities used in molecular imaging.
Design of target specific probes: specificity, delivery, amplification strategies.
Biomedical Applications.

327-2125-00L Microscopy Training SEM I - Introduction to SEM
Limited number of participants.

Master students will have priority over PhD students. PhD
students may still enroll, but will be asked for a fee.
(http://www.scopem.ethz.ch/education/MTP.html).

Registration form:
(https://docs.google.com/forms/d/1JGcwHxx6pobT7RBRa
KnCEsgzK75O8y-ODQ7euxq5CzQ/edit)

W  2 credits 3P P. Zeng, A. G. Bittermann, S. Gerstl,
L. Grafulha Morales, K. Kunze,
J. Reuteler

Abstract The introductory course on Scanning Electron Microscopy (SEM) emphasizes hands-on learning. Using 2 SEM instruments, students have
the opportunity to study their own samples, or standard test samples, as well as solving exercises provided by ScopeM scientists.

Objective - Set-up, align and operate a SEM successfully and safely.
- Accomplish imaging tasks successfully and optimize microscope performances.
- Master the operation of a low-vacuum and field-emission SEM and EDX instrument.
- Perform sample preparation with corresponding techniques and equipment for imaging and analysis
- Acquire techniques in obtaining secondary electron and backscatter electron micrographs
- Perform EDX qualitative and semi-quantitative analysis

Content During the course, students learn through lectures, demonstrations, and hands-on sessions how to setup and operate SEM instruments,
including low-vacuum and low-voltage applications. 
This course gives basic skills for students new to SEM. At the end of the course, students with no prior experience are able to align a SEM,
to obtain secondary electron (SE) and backscatter electron (BSE) micrographs and to perform energy dispersive X-ray spectroscopy (EDX)
qualitative and semi-quantitative analysis. The procedures to better utilize SEM to solve practical problems and to optimize SEM analysis
for a wide range of materials will be emphasized.

- Discussion of students' sample/interest
- Introduction and discussion on Electron Microscopy and instrumentation
- Lectures on electron sources, electron lenses and probe formation 
- Lectures on beam/specimen interaction, image formation, image contrast and imaging modes.
- Lectures on sample preparation techniques for EM
- Brief description and demonstration of the SEM microscope
- Practice on beam/specimen interaction, image formation, image contrast (and image processing)
- Student participation on sample preparation techniques
- Scanning Electron Microscopy lab exercises: setup and operate the instrument under various imaging modalities
- Lecture and demonstrations on X-ray micro-analysis (theory and detection), qualitative and semi-quantitative EDX and point analysis,
linescans and spectral mapping
- Practice on real-world samples and report results

Literature - Detailed course manual
- Williams, Carter: Transmission Electron Microscopy, Plenum Press, 1996
- Hawkes, Valdre: Biophysical Electron Microscopy, Academic Press, 1990
- Egerton: Physical Principles of Electron Microscopy: an introduction to TEM, SEM and AEM, Springer Verlag, 2007

Prerequisites /
notice

No mandatory prerequisites. Please consider the prior attendance to EM Basic lectures (551- 1618-00V; 227-0390-00L; 327-0703-00L) as
suggested prerequisite.

327-2126-00L Microscopy Training TEM I - Introduction to TEM
Number of participants limited to 6. 
Master students will have priority over PhD students. PhD
students may still enroll, but will be asked for a fee
(http://www.scopem.ethz.ch/education/MTP.html).

TEM 1 registration form:
(https://scopem.ethz.ch/education/MTP/2019-
10-28-transmission-electron-microscopy-1--tem1-1.html)

W  2 credits 3P P. Zeng, E. J. Barthazy Meier,
A. G. Bittermann, F. Gramm,
A. Sologubenko, M. Willinger

Abstract The introductory course on Transmission Electron Microscopy (TEM) provides theoretical and hands-on learning for new operators, utilizing
lectures, demonstrations, and hands-on sessions.

Objective - Overview of TEM theory, instrumentation, operation and applications.
- Alignment and operation of a TEM, as well as acquisition and interpretation of images, diffraction patterns, accomplishing basic tasks
successfully.
- Knowledge of electron imaging modes (including Scanning Transmission Electron Microscopy), magnification calibration, and image
acquisition using CCD cameras.
- To set up the TEM to acquire diffraction patterns, perform camera length calibration, as well as measure and interpret diffraction patterns.
- Overview of techniques for specimen preparation.
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Content Using two Transmission Electron Microscopes the students learn how to align a TEM, select parameters for acquisition of images in bright
field (BF) and dark field (DF), perform scanning transmission electron microscopy (STEM) imaging, phase contrast imaging, and acquire
electron diffraction patterns. The participants will also learn basic and advanced use of digital cameras and digital imaging methods.

- Introduction and discussion on Electron Microscopy and instrumentation.
- Lectures on electron sources, electron lenses and probe formation.
- Lectures on beam/specimen interaction, image formation, image contrast and imaging modes.
- Lectures on sample preparation techniques for EM.
- Brief description and demonstration of the TEM microscope.
- Practice on beam/specimen interaction, image formation, Image contrast (and image processing).
- Demonstration of Transmission Electron Microscopes and imaging modes (Phase contrast, BF, DF, STEM).
- Student participation on sample preparation techniques.
- Transmission Electron Microscopy lab exercises: setup and operate the instrument under various imaging modalities.
- TEM alignment, calibration, correction to improve image contrast and quality.
- Electron diffraction.
- Practice on real-world samples and report results.

Literature - Detailed course manual
- Williams, Carter: Transmission Electron Microscopy, Plenum Press, 1996
- Hawkes, Valdre: Biophysical Electron Microscopy, Academic Press, 1990
- Egerton: Physical Principles of Electron Microscopy: an introduction to TEM, SEM and AEM, Springer Verlag, 2007

Prerequisites /
notice

No mandatory prerequisites. Please consider the prior attendance to EM Basic lectures (551- 1618-00V; 227-0390-00L; 327-0703-00L) as
suggested prerequisite.

363-1130-00L Digital Health W  3 credits 2V T. Kowatsch
Abstract Today, we face the challenge of chronic conditions. Personal coaching approaches are neither scalable nor financially sustainable. The

question arises therefore to which degree Digital Health applications are appropriate to address this challenge. In this lecture, students will
learn about the need, design and assessment of digital health interventions.

Objective NHS teams up with Amazon to bring Alexa to patients (The Guardian, July 2019), Contactless cardiac arrest detection using smart devices
(Nature Digital Medicine, June 2019), Apple Heart Study demonstrates ability of wearable technology to detect atrial fibrillation (Standford
Medicine News, March 2019), Digital health companies raised a total of $4.2B across 180 deals through the first half of 2019. If this pace
holds steady, the sector is on track for an $8.4B year in 2019 - and may even top 2018's record-breaking annual funding total. Sean Day,
Rocket Health, 2019 Midyear Digital Health Market Update

What are the rationale and implications behind the recent developments in the field of digital health?

Digital Health is the use of information and communication technology for the prevention and treatment of diseases in the everyday life of
individuals. It is thus linked to topics such as digital health interventions, digital biomarker, digital coaches and healthcare chatbots,
telemedicine, mobile and wearable computing, self-tracking, personalized medicine, connected health, smart homes or smart cars.

In the 20th century, healthcare systems specialized in acute care. In the 21st century, we now face the challenge of dealing with the
specific characteristics of chronic conditions. These are now responsible for around 70% of all deaths worldwide and 85% of all deaths in
Europe  and are associated with an estimated economic loss of $7 trillion between 2011 and 2025. Chronic diseases are characterized in
particular by the fact that they require an intervention paradigm that focuses on prevention and lifestyle change. Lifestyle (e.g., diet,
physical activity, tobacco or alcohol consumption) can reduce the risk of suffering from a chronic condition or, if already present, can
reduce its burden. A corresponding change in lifestyle is, however, only implemented by a fraction of those affected, partly because of
missing or inadequate interventions or health literacy, partly due to socio-cultural influences. Individual personal coaching of these
individuals is neither scalable nor financially sustainable.

Against this background, the question arises on how to develop evidence-based digital health interventions (DHIs) that allow medical
doctors and other caregivers to scale and tailor long-term treatments to individuals in need at sustainable costs. At the intersection of
health economics, information systems research, computer science, and behavioral medicine, this lecture has the objective to help
students and upcoming healthcare executives interested in the multi-disciplinary field of digital health to better understand the need, design
and assessment of DHIs.

After the course, students will be able to...

1. understand the importance of DHIs for the management of chronic conditions
2. understand the anatomy of DHIs
3. know frameworks for the design of DHIs
4. know evaluation criteria for DHIs
5. know technologies for DHIs
6. assess DHIs
7. discuss the advantages and disadvantages of DHIs
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Content To reach these learning objectives, the following topics are covered in the lecture and will be discussed based on concrete national and
international examples including DHIs from the Center for Digital Health Interventions (www.c4dhi.org), a joint initiative of the Department
of Management, Technology and Economics at ETH Zurich and the Institute of Technology Management at the University of St.Gallen:

1. Motivation for Digital Health
- The rise of chronic diseases in developed countries
- The discrepancy of acute care and care of chronic diseases
- Lifestyle as medicine and prevention
- From excellence of care in healthcare institutions to excellence of care in everyday life

2. Anatomy of Digital Health Interventions
- Just-in-time adaptive interventions
- Digital biomarker for predicting states of vulnerability
- Digital biomarker for predicting states of receptivity
- Digital coaching and healthcare chatbots

3. Design & Evaluation of Digital Health Interventions
- Overview of design frameworks
- Preparation of DHIs
- Optimization of  DHIs
- Evaluation of DHIs
- Implementation of DHIs

4. Digital Health Technologies
- Technologies for telemedicine
- Mobile medical devices
- Virtual, augmented and mixed reality applications incl. live demonstrations
- Privacy and regulatory considerations

The Digital Health lecture is structured in two parts and follows the concept of a hybrid therapy consisting of on-site sessions and
complementary online lessons. In the first part, students will learn and discuss the topics of the four learning modules in weekly on-site
sessions. Complementary learning material (e.g., video and audio clips), multiple-choice questions and exercises are provided online.

In the second part, students work in teams and will use their knowledge from the first part of the lecture to critically assess DHIs. Each
team will then present and discuss the findings of the assessment with their fellow students who will provide peer-reviews. Additional on-
site coaching sessions are offered to support the teams with the preparation of their presentations.

Literature 1.Chaix, B. (2018) Mobile Sensing in Environmental Health and Neighborhood Research Annual Review of Public Health (39), 367-384.
2.Collins, L. M. (2018) Optimization of Behavioral, Biobehavioral, and Biomedical Interventions: The Multiphase Optimization Strategy
(MOST) New York: Springer.
3.Corneta, V. P., and Holden, R. J. (2018) Systematic Review of Smartphone-Based Passive Sensing for Health and Wellbeing Journal of
Biomedical Informatics (77:January), 120-132.
4.Coravos, A., Khozin, S., and K. D. Mandl (2019) Developing and Adopting Safe and Effective Digital Biomarkers to Improve Patient
Outcomes Nature Digital Medicine 2 Paper 14.
5.Katz, D. L., E. P. Frates, J. P. Bonnet, S. K. Gupta, E. Vartiainen and R. H. Carmona (2018) Lifestyle as Medicine: The Case for a True
Health Initiative American Journal of Health Promotion 32 (6), 1452-1458.
6.Kvedar, J. C., A. L. Fogel, E. Elenko and D. Zohar (2016) Digital medicine's march on chronic disease Nature Biotechnology 34 (3), 239-
246
7.Nahum-Shani, I., S. N. Smith, B. J. Spring, L. M. Collins, K. Witkiewitz, A. Tewari and S. A. Murphy (2018) Just-in-Time Adaptive
Interventions (JITAIs) in Mobile Health: Key Components and Design Principles for Ongoing Health Behavior Support Annals of Behavioral
Medicine 52 (6), 446-462.
8. Sim, I. (2019). Mobile Devices and Health. The New England Journal of Medicine, 381(10), 956-968.

376-1306-00L Clinical Neuroscience

More information
at:https://studentservices.uzh.ch/uzh/anonym/vvz/index.ht
ml#/details/2019/004/P/01106803


W  3 credits 3V G. Schratt, University lecturers

Abstract The lecture series "Clinical Neuroscience" presents  a comprehensive, condensed overview of the most important neurological diseases,
their clinical presentation, diagnosis, therapy options and possible causes. Patient demonstrations (Übungen) follow every lecture that is
dedicated to a particular disease.

Objective By the end of this module students should be able to: 
- demonstrate their understanding and deep knowledge concerning the main neurological diseases 
- identify and explain the different clinical presentation of these diseases, the methodology of diagnosis and the current therapies available 
- summarize and critically review scientific literature efficiently and effectively

376-1392-00L Mechanobiology: Implications for Development,
Regeneration and Tissue Engineering

W  3 credits 2G A. Ferrari, G. Shivashankar,
M. Zenobi-Wong

Abstract This course will emphasize the importance of mechanobiology to cell determination and behavior. Its importance to regenerative medicine
and tissue engineering will also be addressed. Finally, this course will discuss how age and disease adversely alter major
mechanosensitive developmental programs.

Objective This course is designed to illuminate the importance of mechanobiological processes to life as well as to teach good experimental
strategies to investigate mechanobiological phenomena.

Content Typically, cell differentiation is studied under static conditions (cells grown on rigid plastic tissue culture dishes in two-dimensions), an
experimental approach that, while simplifying the requirements considerably, is short-sighted in scope. It is becoming increasingly apparent
that many tissues modulate their developmental programs to specifically match the mechanical stresses that they will encounter in later life.
Examples of known mechanosensitive developmental programs include osteogenesis (bones), chondrogenesis (cartilage), and
tendogenesis (tendons). Furthermore, general forms of cell behavior such as migration, extracellular matrix deposition, and complex tissue
differentiation are also regulated by mechanical stimuli.  Mechanically-regulated cellular processes are thus ubiquitous, ongoing and of
great clinical importance.

The overall importance of mechanobiology to humankind is illustrated by the fact that nearly 80% of our entire body mass arises from
tissues originating from mechanosensitive developmental programs, principally bones and muscles. Unfortunately, our ability to regenerate
mechanosensitive tissue diminishes in later life. As it is estimated that the fraction of the western world population over 65 years of age will
double in the next 25 years, an urgency in the global biomedical arena exists to better understand how to optimize complex tissue
development under physiologically-relevant mechanical environments for purposes of regenerative medicine and tissue engineering.

Lecture notes n/a
Literature Topical Scientific Manuscripts
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376-1624-00L Practical Methods in Biofabrication
Number of participants limited to 12.

W  5 credits 4P M. Zenobi-Wong, S. J. Ferguson,
S. Schürle-Finke

Abstract Biofabrication involves the assembly of materials, cells, and biological building blocks into grafts for tissue engineering and in vitro models.
The student learns techniques involving the fabrication and characterization of tissue engineered scaffolds and the design of 3D models
based on medical imaging data.  They apply this knowledge to design, manufacture and evaluate a biofabricated graft.

Objective The objective of this course is to give students hands-on experience with the tools required to fabricate tissue engineered grafts. During the
first part of this course, students will gain practical knowledge in hydrogel synthesis and characterization, fuse deposition modelling and
stereolithography, bioprinting and bioink design, electrospinning, and cell culture and viability testing.  They will also learn the properties of
common biocompatible materials used in fabrication and how to select materials based on the application requirements.   The students
learn principles for design of 3D models.    Finally the students will apply their knowledge to a problem-based Project in the second half of
the Semester.  The Project requires significant time outside of class Hours, strong commitment and ability to work independently.

Prerequisites /
notice

Not recommended if passed 376-1622-00 Practical Methods in Tissue Engineering

376-1660-00L Scientific Writing, Reporting and Communication
Number of participants limited to 30.

Only for Health Sciences and Technology MSc 

W  3 credits 2V B. Taylor, S. H. Hosseini Nasab

Abstract This course aims to teach many of the unwritten rules on how to communicate effectively, from writing reports or manuscripts (or indeed
their Master thesis!) through to improving skills in oral presentations, and presenting themselves at interview.

Objective This course will teach students to communicate effectively in official environments, including:
-    writing manuscripts, theses, CVs, reports etc
-    presenting posters
-    oral presentations
-    critical reviews of literature

376-1724-00L Appropriate Health System Design
Number of participants limited to 42.

W  3 credits 2V W. Karlen

Abstract This course elaborates upon relevant aspects in the conception, implementation and distribution of health devices and systems that
effectively meet peoples and societies' needs in a local context. Four key elements of appropriateness (usage, cost, durability and
performance) that are integral to the engineering design process are extensively discussed and applied.

Objective The main goals are to
> Evaluate the appropriateness of health systems to the cultural, financial, environmental and medical context in which they will be applied
and
> Design health systems from a user's perspective for a specific context

At the end of the course, students can
> name, understand and describe the 4 main principles that define appropriate technology
> apply these principles to critically analyze and assess health systems and technology
> project him/herself into a unfamiliar person and context  and create hypotheses as to that person's needs, requirements, and priorities
> modify specifications of existing systems to improve appropriateness
> discuss the challenges and illustrate the the ethical and societal consequences of proposed design modifications
> communicate effectively the results of his/her system analysis and implementation strategies to non-specialists

Content The course will be interactive and involve roleplay. Please do not sign up for this course if you are not ready to leave your comfort zone in
class. The lectures are divided in two parts:
The first part elaborates upon the important concepts of the design of health care devices and systems, and discusses implementation and
dissemination strategies. We focus on communities such as low income households, the elderly, and patients with chronic illnesses that
have special needs. Topics covered include point-of-care diagnostics, information and communication technologies, mobile health, user
interactions, and also the social-cultural considerations.
The second part consists of elaboration of an appropriate device conducted by student groups. Each group will analyse an existing product
or solution, critically assess its appropriateness according to the criteria learned in class, and provide explanations as to why the system
succeeds or fails. The students will also present design improvements. Grading will be based on a written case report due in the middle of
the semester and a final seminar presentation in form of a poster discussion and demo.

Literature WHO, "Medical Devices: Managing the Mismatch", 2010.
http://www.who.int/medical_devices/publications/med_dev_man-mismatch/en/

PATH, "The IC2030 report. Reimagining Global Health," 2015. http://ic2030.org/report/

R. Malkin and K. Von Oldenburg Beer, "Diffusion of novel healthcare technologies to resource poor settings," Annals of Biomedical
Engineering, vol. 41, no. 9, pp. 1841:50, 2013.

Prerequisites /
notice

Target Group: 
Students of higher semesters and doctoral students of 
- D-MAVT, D-ITET, D-INFK, D-HEST
- Biomedical Engineering, Robotics, Systems and Control
- Medical Faculty, University of Zurich 
Students of other departments, faculties, courses are also welcome

376-1986-00L Bayesian Data Analysis on Models of Behavior
(University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: DOEC0829

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W 3 credits 2S R. Polania, University lecturers

Abstract Making sense of the data acquired via experiments is fundamental in many fields of sciences. This course is designed for
students/researchers who want to gain practical experience with data analysis based on Bayesian inference. Coursework involves practical
demonstrations and discussion of solutions for data analysis problems. No advanced knowledge of statistics and probability is required.
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Objective The overall goal of this course it that the students are able to develop both analytic and problem-solving skills that will serve to draw
reasonable inferences from observations. The first objective is to make the participants familiar with the conceptual framework of Bayesian
data analysis. The second goal is to introduce the ideas of modern Bayesian data analysis, including techniques such as Markov chain
Monte Carlo (MCMC) techniques, alongside the introduction of programming tools that facilitate the creation of any Bayesian inference
model. Throughout the course, this will involve practical demonstrations with example datasets, homework, and discussions that should
convince the participants of this course that it is possible to make inference and understand the data acquired from the experiments that
they usually obtain in their own research (starting from simple linear regressions all the way up to more complex models with hierarchical
structures and dependencies). After working through this course, the participants should be able to build their own inference models in
order to interpret meaningfully their own data.

Prerequisites /
notice

The very basics (or at least intuition) of programming in either Matlab or R

551-0140-00L Epigenetics W  4 credits 2V A. Wutz, U. Grossniklaus, R. Paro,
R. Santoro

Abstract Epigenetics studies the inheritance of traits that cannot be attributed to changes in the DNA sequence. The lecture will present an overview
of different epigenetic phenomena and provide detailed insight into the underlying molecular mechanisms. The role of epigenetic processes
in the development of cancer and other disorders will be discussed.

Objective The aim of the course is to gain an understanding of epigenetic mechanisms and their impact on the development of organisms,
regenerative processes or manifestation of disease.

Content Topics
- historical overview, concepts and comparison Genetics vs. Epigenetics
- Biology of chromatin: structure and function, organization in the nucleus and the role of histone modifications in processes like
transcription and replication
- DNA methylation as an epigenetic modification
- Inheritance of epigenetic modifications during cell division: cellular memory
- Stability and reversibility of epigenetic modifications: cellular plasticity and stem cells
- Genomic imprinting in plants and mammals
- X chromosome inactivation and dosis compensation
- position effects, paramutations and transvection
- RNA-induced gene silencing
- The role of epigenetic processes in cancer development or cell aging

551-0364-00L Functional Genomics
Information for UZH students:
Enrolment to this course unit only possible at ETH. No
enrolment to module BIO 254 at UZH. 

Please mind the ETH enrolment deadlines for UZH
students: https://www.ethz.ch/en/studies/non-
degree-
courses/special-
students/special-students-university-of-zurich.html

W  3 credits 2V C. von Mering, C. Beyer,
B. Bodenmiller, M. Gstaiger,
H. Rehrauer, R. Schlapbach,
K. Shimizu, N. Zamboni, further
lecturers

Abstract Functional genomics is key to understanding the dynamic aspects of genome function and regulation. Functional genomics approaches
use the wealth of data produced by large-scale DNA sequencing, gene expression profiling, proteomics and metabolomics. Today
functional genomics is becoming increasingly important for the generation and interpretation of quantitative biological data.

Objective Functional genomics is key to understanding the dynamic aspects of genome function and regulation.  Functional genomics approaches
use the wealth of data produced by large-scale DNA sequencing, gene expression profiling, proteomics and metabolomics.  Today
functional genomics is becoming increasingly important for the generation and interpretation of quantitative biological data.  Such data
provide the basis for systems biology efforts to elucidate the structure, dynamics and regulation of cellular networks.

Content The curriculum of the Functional Genomics course emphasizes an in depth understanding of new technology platforms for modern
genomics and advanced genetics, including the application of functional genomics approaches such as advanced sequencing, proteomics,
metabolomics, clustering and classification.  Students will learn quality controls and standards (benchmarking) that apply to the generation
of quantitative data and will be able to analyze and interpret these data. The training obtained in the Functional Genomics course will be
immediately applicable to experimental research and design of systems biology projects.

Prerequisites /
notice

The Functional Genomics course will be taught in English.

551-0512-00L Current Topics in Molecular and Cellular
Neurobiology
Does not take place this semester.
Number of participants limited to 8

W  2 credits 1S U. Suter

Abstract The course is a literature seminar or "journal club". Each Friday a student, or a member of the Suter Lab in the Institute of Molecular Health
Sciences, will present a paper from the recent literature.

Objective The course introduces you to recent developments in the fields of cellular and molecular neurobiology. It also supports you to develop your
skills in critically reading the scientific literature. You should be able to grasp what the authors wanted to learn e.g. their goals, why the
authors chose the experimental approach they used, the strengths and weaknesses of the experiments and the data presented, and how
the work fits into the wider literature in the field. You will present one paper yourself, which provides you with practice in public speaking.

Content You will present one paper yourself. Give an introduction to the field of the paper, then show and comment on the main results (all the
papers we present are available online, so you can show original figures with a beamer). Finish with a summary of the main points and a
discussion of their significance.
You are expected to take part in the discussion and to ask questions. To prepare for this you should read all the papers beforehand (they
will be announced a week in advance of the presentation).

Lecture notes Presentations will be made available after the seminars.
Literature We cover a range of themes related to development and neurobiology. Before starting your preparations, you are required to check with

Laura Montani (laura.montani@biol.ethz.ch), who helps you with finding an appropriate paper.
Prerequisites /
notice

You must attend at least 80% of the journal clubs, and give a presentation of your own. At the end of the semester there will be a 30 minute
oral exam on the material presented during the semester. The grade will be based on the exam (45%), your presentation (45%), and a
contribution based on your active participation in discussion of other presentations (10%).

551-1100-00L Infectious Agents: From Molecular Biology to Disease
Number of participants limited to 22.

Requires application until 2 weeks before the start of the
semester; selected applicants will be notified one week
before the first week of lectures. 
(if you missed the deadline, please come to the first date
to see, if there are any slots left)

W  4 credits 2S W.-D. Hardt, L. Eberl, U. F. Greber,
A. B. Hehl, M. Kopf,
S. R. Leibundgut, C. Münz,
A. Oxenius, P. Sander
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Abstract Literature seminar for students at the masters level and PhD students. Introduction to the current research topics in infectious diseases;
Introduction to key pathogens which are studied as model organisms in this field; Overview over key research groups in the field of
infectious diseases in Zürich.

Objective Working with the current research literature. Getting to know the key pathogens serving as model organisms and the research technologies
currently used in infection biology.

Content for each model pathogen (or key technology):
1. introduction to the pathogen
2. Discussion of one current research paper.
The paper will be provided by the respective supervisor. He/she will give advice (if required) and guide the respective literature discussion.

Lecture notes Teachers will provide the research papers to be discussed.
Students will prepare handouts for the rest of the group for their assigned seminar.

Literature Teachers will provide the research papers to be discussed.
Prerequisites /
notice

Restricted to max 22 students. Please sign up until two weeks before the beginning of the semester via e-mail to
micro_secr@micro.biol.ethz.ch and include the following information: 551-1100-00L; your name, your e-mail address, university/eth,
students (specialization, semester), PhD students (research group, member of a PhD program? which program?). The 22  students
admitted to this seminar will be selected and informed by e-mail in the week befor the beginning of the semester  by W.-D. Hardt.
The first seminar date will serve to form groups of students and assign a paper to each group.

551-1132-00L Basic Virology
Does not take place this semester.

W  2 credits 1V

Abstract Introduction into the basics of virology, including characterization of viruses, virus-cell interactions, virus-host interactions, virus-host
population interactions, basics of prevention and prophylaxis as well as diagnostics.

Objective Introduction into the basics of virology.
Content Basics in virology. Characterization of viruses, virus-cell interactions, virus-host interactions, virus-host population interactions, basics of

prevention and prophylaxis as well as diagnostics.
Lecture notes The lecture uses  the lecturer's 'Allgemeine Virologie' as a basis.

The lecturer's slides as well as selected primary literature will be provided 24-48 hrs prior to the lecture in pdf format.
Literature Flint et al., 2009. Principles of Virology, 3rd Edition. 

ASM Press, Washington, DC, USA. 
Vol I. ISBN 978-1-55581-479-3
Vol II. ISBN 978-1-55581-480-9

Prerequisites /
notice

Basic knowledge in molecular biology, cell biology, immunology.

551-1310-00L A Problem-Based Approach to Cellular Biochemistry
Number of participants limited to 15.

W  6 credits 2G M. Peter, V. Korkhov, A. Kralt,
V. Panse, T. Peskett, A. E. Smith,
F. van Drogen

Abstract Independent, guided acquisition of an overview over a defined area of research, identification of important open questions, development of
an experimental strategy to address a defined question, and formulation of this strategy within the framework of a research grant.

Objective The students will learn to acquire independently an overview over a defined area of research, and to identify important open questions. In
addition, they will learn to develop an experimental strategy to address a defined question, and to formulate this strategy within the
framework of a research grant.

Content The students will work in groups of two to three, in close contact with a tutor (ETH Prof or senior scientist). A research overview with open
questions and a  research grant will be developed independently by the students, with guidance from the tutor through regular mandatory
meetings. The students will write both the research overview with open questions and the grant in short reports, and present them to their
colleagues.

Literature The identification of appropriate literature is a component of the course.
Prerequisites /
notice

This course will be taught in english, and requires extensive independent work.

636-0111-00L Synthetic Biology I
Attention: This course was offered in previous semesters
with the number: 636-0002-00L "Synthetic Biology I".
Students that already passed course 636-0002-00L
cannot receive credits for course 636-0111-00L.

W  4 credits 3G S. Panke, J. Stelling

Abstract         Theoretical & practical introduction into the design of dynamic biological systems at different levels of abstraction, ranging from
biological fundamentals of systems design (introduction to bacterial gene regulation, elements of transcriptional & translational control,
advanced genetic engineering) to engineering design principles (standards, abstractions) mathematical modelling & systems desig

Objective         After the course, students will be able to theoretically master the biological and engineering fundamentals required for biological design
to be able to participate in the international iGEM competition (see www.igem.ethz.ch).

Content         The overall goal of the course is to familiarize the students with the potential, the requirements and the problems of designing dynamic
biological elements that are of central importance for manipulating biological systems, primarily (but not exclusively) prokaryotic systems.
Next, the students will be taken through a number of successful examples of biological design, such as toggle switches, pulse generators,
and oscillating systems, and apply the biological and engineering fundamentals to these examples, so that they get hands-on experience
on how to integrate the various disciplines on their way to designing biological systems.

Lecture notes         Handouts during classes.
Literature         Mark Ptashne, A Genetic Switch (3rd ed), Cold Spring Haror Laboratory Press

Uri Alon, An Introduction to Systems Biology, Chapman & Hall
Prerequisites /
notice

        1) Though we do not place a formal requirement for previous participation in particular courses, we expect all participants to be familiar
with a certain level of biology and of mathematics. Specifically, there will be material for self study available on
https://bsse.ethz.ch/bpl/education/lectures/synthetic-biology-i/download.html as of mid January, and everybody is expected to be fully
familiar with this material BEFORE THE CLASS BEGINS to be able to follow the different lectures. Please contact
sven.panke@bsse.ethz.ch for access to material
2) The course is also thought as a preparation for the participation in the international iGEM synthetic biology summer competition
(www.syntheticbiology.ethz.ch, http://www.igem.org). This competition is also the contents of the course Synthetic Biology II.
https://bsse.ethz.ch/bpl/education/lectures/synthetic-biology-i/download.html

701-1350-00L Case Studies in Environment and Health W  4 credits 2V K. McNeill, N. Borduas-Dedekind,
T. Julian

Abstract This course will focus on a few individual chemicals and pathogens from different standpoints: their basic chemistry or biology, their
environmental behavior, (eco)toxicology, and human health impacts.  The course will draw out the common points in each chemical or
pathogen's history.
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Objective This course aims to illustrate how the individual properties of chemicals and pathogens along with societal pressures lead to environmental
and human health crises. The ultimate goal of the course is to identify common aspects that will improve prediction of environmental crises
before they occur.  Students are expected to participate actively in the course, which includes the critical reading of the pertinent literature
and class presentations.

Content Each class will feature the case study of a different chemical or pathogen that have had a profound effect on human health and the
environment. The instructors will present eight to ten of these and the students will present a poster on their own pollutant or pathogen in
groups of two. Students will be expected to contribute to the in class discussions and, on their selected topics, to lead the discussion.

Lecture notes Handouts will be provided as needed.
Literature Handouts will be provided as needed.

752-1300-00L Introduction to Toxicology W  3 credits 2V R. Eggen, S. J. Sturla
Abstract Introduction to how chemical properties and biological interactions govern the disposition and influences of toxicants.
Objective The objectives are for the student to establish a framework for examining adverse effects resulting from exposures to toxicants by

understanding key mechanisms that give rise to toxic responses and disease processes.
Content This course will introduce mechanisms governing the chemical disposition and biological influences of toxicants.  The course is geared

toward advanced bachelors students in food science, environmental science, and related disciplines, such as chemistry, biology and
pharmaceutical sciences.  Examples of topics include: dose-response relationships and risk assessment, absorption, transport, and
biotransformation of xenobiotic chemicals; Carcinogenesis; DNA damage, repair, and mutation; Immunotoxicity; Neurotoxicity; and modern
toxicity testing strategies.  These fundamental concepts in Mechanistic Toxicology will be integrated with examples of toxicants relevant to
food, drugs and the environment.

Literature Casarett & Doull's Toxicology, The Basic Science of Poisons. Seventh Edition. Editor: Curtis D. Klaassen, 2008, McGraw-Hill. (available
on-line)

Prerequisites /
notice

Basic knowledge of organic chemistry and biochemistry is required.

 Major in Neurosciences
 Compulsory Courses

Number Title Type ECTS Hours Lecturers

376-0302-00L Practicing Translational Science
Only for Health Sciences and Technology MSc.

O 2 credits 4A J. Goldhahn, S. Ben-Menahem,
C. Ewald, W. Karlen

Abstract Translational Science is a cross disciplinary scientific research that is motivated by the need for practical applications that help patients.
The students should apply knowledge they gained in the prior course during a team approach focused on one topic provided by the
supervisor. Each student has to take a role in the team and label clear responsibility and contribution.

Objective After completing this course, students will be able to apply:
a)    Principles of translational science (including project planning, ethics application, basics of resource management and interdisciplinary
communication)
b)    The use of a translational approach in project planning and management

Prerequisites /
notice

Prerequisite: lecture 376-0300-00 "Translational Science for Health and Medicine" passed.

 Electives
 Electives Courses I

Number Title Type ECTS Hours Lecturers

376-0202-00L Neural Control of Movement and Motor Learning W  4 credits 3G N. Wenderoth
Abstract This course extends the students' knowledge regarding the neural control of movement and motor learning. Particular emphasis will be put

on those methods and experimental findings that have shaped current knowledge of this area.
Objective Knowledge of the physiological and anatomic basis underlying the neural control of movement and motor learning. One central element is

that students have first hands-on experience in the lab where small experiments are independently executed, analysed and interpreted.

376-1306-00L Clinical Neuroscience

More information
at:https://studentservices.uzh.ch/uzh/anonym/vvz/index.ht
ml#/details/2019/004/P/01106803


W  3 credits 3V G. Schratt, University lecturers

Abstract The lecture series "Clinical Neuroscience" presents  a comprehensive, condensed overview of the most important neurological diseases,
their clinical presentation, diagnosis, therapy options and possible causes. Patient demonstrations (Übungen) follow every lecture that is
dedicated to a particular disease.

Objective By the end of this module students should be able to: 
- demonstrate their understanding and deep knowledge concerning the main neurological diseases 
- identify and explain the different clinical presentation of these diseases, the methodology of diagnosis and the current therapies available 
- summarize and critically review scientific literature efficiently and effectively

376-1430-00L Modeling and Methods in Human Behavioural
Neuroscience

3 credits 2G G. Bertolini, F. Romano

Abstract The course presents models in human behavioral neuroscience and methods to:
1) Adapt the models to embed hypotheses; 
2) Make model-based predictions; 
3) Use models when designing data collections that verify/disprove predictions

Objective At the end of this module students should know:  
•    different types of models used in human behavioral neuroscience, their features and their limits
•    how to use models to estimate expected human behavioural outcomes or to interpret behavioural data 
•    how to implement models and methods via software (Matlab) 
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Content 1.    Linear time-invariant model and their practical applications on neuroscience systems (e.g. sensory input, motor control). From
equations to block diagram representation.

2.    Psychophysical methods to test human perceptual response and statistical models of behaviour (e.g. Bayesian model). Examples from
tasks probing perceptual responses. 

3.    How the brain controls our body through internal models (feedforward and feedback). Examples from motor and balance tasks. The
optimal observer as a model of how the human brain interprets inputs, plans and compares actions and finally executes them.

The course will combine theoretical and practical knowledge on how to implement models and techniques via software on datasets
(Matlab)

551-0326-00L Cell Biology W  6 credits 4V S. Werner, M. Bordoli, W. Kovacs,
M. Schäfer, U. Suter, A. Wutz

Abstract This Course introduces principle concepts, techniques, and experimental strategies used in modern Cell Biology. Major topics include:
neuron-glia interactions in health and disease; mitochondrial dynamics; stem cell biology; growth factor action in development, tissue repair
and disease; cell metabolism, in particular sensing and signaling mechanisms, cell organelles, and lipid metabolism.

Objective -To prepare the students for successful and efficient lab work by learning how to ask the right questions and to use the appropriate
techniques in a research project.
-To convey knowledge about neuron-glia interactions in health and disease.
- To provide information on different types of stem cells and their function in health and disease
-To provide information on growth factor signaling in development, repair and disease and on the use of growth factors or their receptors as
drug targets for major human diseases
-To convey knowledge on the mechanisms underlying repair of injured tissues
-To provide the students with an overview of mitochondrial dynamics.
-Providing an understanding of RNA processing reactions and their regulations.
-To provide a comprehensive understanding of metabolic sensing mechanisms occurring in different cell types and organelles in response
to glucose, hormones, oxygen, nutrients as well as lipids, and to discuss downstream signaling pathways and cellular responses.
-To provide models explaining how disturbances in complex metabolic control networks and bioenergetics can lead to disease and to
highlight latest experimental approaches to uncover the intricacies of metabolic control at the cellular and organismal level.
-Providing the background and context that foster cross-disciplinary scientific thinking.

 Elective Courses II
Number Title Type ECTS Hours Lecturers

227-0390-00L Elements of Microscopy W  4 credits 3G M. Stampanoni, G. Csúcs,
A. Sologubenko

Abstract The lecture reviews the basics of microscopy by discussing wave propagation, diffraction phenomena and aberrations. It gives the basics
of light microscopy, introducing fluorescence, wide-field, confocal and multiphoton imaging. It further covers 3D electron microscopy and
3D X-ray tomographic micro and nanoimaging.

Objective Solid introduction to the basics of microscopy, either with visible light, electrons or X-rays.
Content It would be impossible to imagine any scientific activities without the help of microscopy.  Nowadays, scientists can count on very powerful

instruments that allow investigating sample down to the atomic level.
The lecture includes a general introduction to the principles of microscopy, from wave physics to image formation. It provides the physical
and engineering basics to understand visible light, electron and X-ray microscopy. 
During selected exercises in the lab, several sophisticated instrument will be explained and their capabilities demonstrated.

Literature Available Online.

227-0395-00L Neural Systems W  6 credits 2V+1U+1A R. Hahnloser, M. F. Yanik,
B. Grewe

Abstract This course introduces principles of information processing in neural systems. It covers basic neuroscience for engineering students,
experiment techniques used in animal research and methods for inferring neural mechanisms. Students learn about neural information
processing and basic principles of natural intelligence and their impact on artificially intelligent systems.

Objective This course introduces 
- Basic neurophysiology and mathematical descriptions of neurons
- Methods for dissecting animal behavior 
- Neural recordings in intact nervous systems and information decoding principles
- Methods for manipulating the state and activity in selective neuron types  
- Neuromodulatory systems and their computational roles
- Reward circuits and reinforcement learning
- Imaging methods for reconstructing the synaptic networks among neurons  
- Birdsong and language 
- Neurobiological principles for machine learning.

Content From active membranes to propagation of action potentials. From synaptic physiology to synaptic learning rules. From receptive fields to
neural population decoding. From fluorescence imaging to connectomics.  Methods for reading and manipulation neural ensembles. From
classical  conditioning to reinforcement learning. From the visual system to deep convolutional networks. Brain architectures for learning
and memory. From birdsong to computational linguistics.

Prerequisites /
notice

Before taking this course, students are encouraged to complete "Bioelectronics and Biosensors" (227-0393-10L).

As part of the exercises for this class, students are expected to complete a programming or literature review project to be defined at the
beginning of the semester.

227-1034-00L Computational Vision (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: INI402

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  6 credits 2V+1U D. Kiper

Abstract This course focuses on neural computations that underlie visual perception. We study how visual signals are processed in the retina, LGN
and visual cortex. We study the morpholgy and functional architecture of cortical circuits responsible for pattern, motion, color, and three-
dimensional vision.
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Objective This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Content This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Literature Books: (recommended references, not required)
1. An Introduction to Natural Computation, D. Ballard (Bradford Books, MIT Press) 1997.
2. The Handbook of Brain Theorie and Neural Networks, M. Arbib (editor), (MIT Press) 1995.

227-1046-00L Computer Simulations of Sensory Systems
Does not take place this semester.

W  3 credits 3G

Abstract This course deals with computer simulations of the human auditory, visual, and balance system. The lecture will cover the physiological
and mechanical mechanisms of these sensory systems. And in the exercises, the simulations will be implemented with Python. The
simulations will be such that their output could be used as input for actual neuro-sensory prostheses.

Objective Our sensory systems provide us with information about what is happening in the world surrounding us. Thereby they transform incoming
mechanical, electromagnetic, and chemical signals into action potentials, the language of the central nervous system.
The main goal of this lecture is to describe how our sensors achieve these transformations, how they can be reproduced with
computational tools. For example, our auditory system performs approximately a Fourier transformation of the incoming sound waves; our
early visual system is optimized for finding edges in images that are projected onto our retina; and our balance system can be well
described with a control system that transforms linear and rotational movements into nerve impulses.
In the exercises that go with this lecture, we will use Python to reproduce the transformations achieved by our sensory systems. The goal is
to write programs whose output could be used as input for actual neurosensory prostheses: such prostheses have become commonplace
for the auditory system, and are under development for the visual and the balance system. For the corresponding exercises, at least some
basic programing experience is required!!

Content The following topics will be covered:
 Introduction into the signal processing in nerve cells.
 Introduction into Python.
 Simplified simulation of nerve cells (Hodgkins-Huxley model).
 Description of the auditory system, including the application of Fourier transforms on recorded sounds.
 Description of the visual system, including the retina and the information processing in the visual cortex. The corresponding exercises will
provide an introduction to digital image processing.
 Description of the mechanics of our balance system, and the Control System-language that can be used for an efficient description of the
corresponding signal processing (essentially Laplace transforms and control systems).

Lecture notes For each module additional material will be provided on the e-learning platform "moodle". The main content of the lecture is also available
as a wikibook, under http://en.wikibooks.org/wiki/Sensory_Systems

Literature Open source information is available as wikibook http://en.wikibooks.org/wiki/Sensory_Systems

For good overviews I recommend:

 Principles of Neural Science (5th Ed, 2012), by Eric Kandel, James Schwartz, Thomas Jessell, Steven Siegelbaum, A.J. Hudspeth     
ISBN 0071390111 / 9780071390118
THE standard textbook on neuroscience.

 L. R. Squire, D. Berg, F. E. Bloom, Lac S. du, A. Ghosh, and N. C. Spitzer. Fundamental Neuroscience, Academic Press - Elsevier, 2012
[ISBN: 9780123858702].
This book covers the biological components, from the functioning of an individual ion channels through the various senses, all the way to
consciousness. And while it does not cover the computational aspects, it nevertheless provides an excellent overview of the underlying
neural processes of sensory systems. 

 G. Mather. Foundations of Sensation and Perception, 2nd Ed Psychology Press, 2009 [ISBN: 978-1-84169-698-0 (hardcover), oder 978-
1-84169-699-7 (paperback)]
A coherent, up-to-date introduction to the basic facts and theories concerning human sensory perception.

 The best place to get started with Python programming are the https://scipy-lectures.org/
Prerequisites /
notice

 Since I have to gravel from Linz, Austria, to Zurich to give this lecture, I plan to hold this lecture in blocks (every 2nd week).
 In addition to the lectures, this course includes external lab visits to institutes actively involved in research on the relevant sensory
systems.

327-2125-00L Microscopy Training SEM I - Introduction to SEM
Limited number of participants.

Master students will have priority over PhD students. PhD
students may still enroll, but will be asked for a fee.
(http://www.scopem.ethz.ch/education/MTP.html).

Registration form:
(https://docs.google.com/forms/d/1JGcwHxx6pobT7RBRa
KnCEsgzK75O8y-ODQ7euxq5CzQ/edit)

W  2 credits 3P P. Zeng, A. G. Bittermann, S. Gerstl,
L. Grafulha Morales, K. Kunze,
J. Reuteler

Abstract The introductory course on Scanning Electron Microscopy (SEM) emphasizes hands-on learning. Using 2 SEM instruments, students have
the opportunity to study their own samples, or standard test samples, as well as solving exercises provided by ScopeM scientists.
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Objective - Set-up, align and operate a SEM successfully and safely.
- Accomplish imaging tasks successfully and optimize microscope performances.
- Master the operation of a low-vacuum and field-emission SEM and EDX instrument.
- Perform sample preparation with corresponding techniques and equipment for imaging and analysis
- Acquire techniques in obtaining secondary electron and backscatter electron micrographs
- Perform EDX qualitative and semi-quantitative analysis

Content During the course, students learn through lectures, demonstrations, and hands-on sessions how to setup and operate SEM instruments,
including low-vacuum and low-voltage applications. 
This course gives basic skills for students new to SEM. At the end of the course, students with no prior experience are able to align a SEM,
to obtain secondary electron (SE) and backscatter electron (BSE) micrographs and to perform energy dispersive X-ray spectroscopy (EDX)
qualitative and semi-quantitative analysis. The procedures to better utilize SEM to solve practical problems and to optimize SEM analysis
for a wide range of materials will be emphasized.

- Discussion of students' sample/interest
- Introduction and discussion on Electron Microscopy and instrumentation
- Lectures on electron sources, electron lenses and probe formation 
- Lectures on beam/specimen interaction, image formation, image contrast and imaging modes.
- Lectures on sample preparation techniques for EM
- Brief description and demonstration of the SEM microscope
- Practice on beam/specimen interaction, image formation, image contrast (and image processing)
- Student participation on sample preparation techniques
- Scanning Electron Microscopy lab exercises: setup and operate the instrument under various imaging modalities
- Lecture and demonstrations on X-ray micro-analysis (theory and detection), qualitative and semi-quantitative EDX and point analysis,
linescans and spectral mapping
- Practice on real-world samples and report results

Literature - Detailed course manual
- Williams, Carter: Transmission Electron Microscopy, Plenum Press, 1996
- Hawkes, Valdre: Biophysical Electron Microscopy, Academic Press, 1990
- Egerton: Physical Principles of Electron Microscopy: an introduction to TEM, SEM and AEM, Springer Verlag, 2007

Prerequisites /
notice

No mandatory prerequisites. Please consider the prior attendance to EM Basic lectures (551- 1618-00V; 227-0390-00L; 327-0703-00L) as
suggested prerequisite.

327-2126-00L Microscopy Training TEM I - Introduction to TEM
Number of participants limited to 6. 
Master students will have priority over PhD students. PhD
students may still enroll, but will be asked for a fee
(http://www.scopem.ethz.ch/education/MTP.html).

TEM 1 registration form:
(https://scopem.ethz.ch/education/MTP/2019-
10-28-transmission-electron-microscopy-1--tem1-1.html)

W  2 credits 3P P. Zeng, E. J. Barthazy Meier,
A. G. Bittermann, F. Gramm,
A. Sologubenko, M. Willinger

Abstract The introductory course on Transmission Electron Microscopy (TEM) provides theoretical and hands-on learning for new operators, utilizing
lectures, demonstrations, and hands-on sessions.

Objective - Overview of TEM theory, instrumentation, operation and applications.
- Alignment and operation of a TEM, as well as acquisition and interpretation of images, diffraction patterns, accomplishing basic tasks
successfully.
- Knowledge of electron imaging modes (including Scanning Transmission Electron Microscopy), magnification calibration, and image
acquisition using CCD cameras.
- To set up the TEM to acquire diffraction patterns, perform camera length calibration, as well as measure and interpret diffraction patterns.
- Overview of techniques for specimen preparation.

Content Using two Transmission Electron Microscopes the students learn how to align a TEM, select parameters for acquisition of images in bright
field (BF) and dark field (DF), perform scanning transmission electron microscopy (STEM) imaging, phase contrast imaging, and acquire
electron diffraction patterns. The participants will also learn basic and advanced use of digital cameras and digital imaging methods.

- Introduction and discussion on Electron Microscopy and instrumentation.
- Lectures on electron sources, electron lenses and probe formation.
- Lectures on beam/specimen interaction, image formation, image contrast and imaging modes.
- Lectures on sample preparation techniques for EM.
- Brief description and demonstration of the TEM microscope.
- Practice on beam/specimen interaction, image formation, Image contrast (and image processing).
- Demonstration of Transmission Electron Microscopes and imaging modes (Phase contrast, BF, DF, STEM).
- Student participation on sample preparation techniques.
- Transmission Electron Microscopy lab exercises: setup and operate the instrument under various imaging modalities.
- TEM alignment, calibration, correction to improve image contrast and quality.
- Electron diffraction.
- Practice on real-world samples and report results.

Literature - Detailed course manual
- Williams, Carter: Transmission Electron Microscopy, Plenum Press, 1996
- Hawkes, Valdre: Biophysical Electron Microscopy, Academic Press, 1990
- Egerton: Physical Principles of Electron Microscopy: an introduction to TEM, SEM and AEM, Springer Verlag, 2007

Prerequisites /
notice

No mandatory prerequisites. Please consider the prior attendance to EM Basic lectures (551- 1618-00V; 227-0390-00L; 327-0703-00L) as
suggested prerequisite.

363-1130-00L Digital Health W  3 credits 2V T. Kowatsch
Abstract Today, we face the challenge of chronic conditions. Personal coaching approaches are neither scalable nor financially sustainable. The

question arises therefore to which degree Digital Health applications are appropriate to address this challenge. In this lecture, students will
learn about the need, design and assessment of digital health interventions.
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Objective NHS teams up with Amazon to bring Alexa to patients (The Guardian, July 2019), Contactless cardiac arrest detection using smart devices
(Nature Digital Medicine, June 2019), Apple Heart Study demonstrates ability of wearable technology to detect atrial fibrillation (Standford
Medicine News, March 2019), Digital health companies raised a total of $4.2B across 180 deals through the first half of 2019. If this pace
holds steady, the sector is on track for an $8.4B year in 2019 - and may even top 2018's record-breaking annual funding total. Sean Day,
Rocket Health, 2019 Midyear Digital Health Market Update

What are the rationale and implications behind the recent developments in the field of digital health?

Digital Health is the use of information and communication technology for the prevention and treatment of diseases in the everyday life of
individuals. It is thus linked to topics such as digital health interventions, digital biomarker, digital coaches and healthcare chatbots,
telemedicine, mobile and wearable computing, self-tracking, personalized medicine, connected health, smart homes or smart cars.

In the 20th century, healthcare systems specialized in acute care. In the 21st century, we now face the challenge of dealing with the
specific characteristics of chronic conditions. These are now responsible for around 70% of all deaths worldwide and 85% of all deaths in
Europe  and are associated with an estimated economic loss of $7 trillion between 2011 and 2025. Chronic diseases are characterized in
particular by the fact that they require an intervention paradigm that focuses on prevention and lifestyle change. Lifestyle (e.g., diet,
physical activity, tobacco or alcohol consumption) can reduce the risk of suffering from a chronic condition or, if already present, can
reduce its burden. A corresponding change in lifestyle is, however, only implemented by a fraction of those affected, partly because of
missing or inadequate interventions or health literacy, partly due to socio-cultural influences. Individual personal coaching of these
individuals is neither scalable nor financially sustainable.

Against this background, the question arises on how to develop evidence-based digital health interventions (DHIs) that allow medical
doctors and other caregivers to scale and tailor long-term treatments to individuals in need at sustainable costs. At the intersection of
health economics, information systems research, computer science, and behavioral medicine, this lecture has the objective to help
students and upcoming healthcare executives interested in the multi-disciplinary field of digital health to better understand the need, design
and assessment of DHIs.

After the course, students will be able to...

1. understand the importance of DHIs for the management of chronic conditions
2. understand the anatomy of DHIs
3. know frameworks for the design of DHIs
4. know evaluation criteria for DHIs
5. know technologies for DHIs
6. assess DHIs
7. discuss the advantages and disadvantages of DHIs

Content To reach these learning objectives, the following topics are covered in the lecture and will be discussed based on concrete national and
international examples including DHIs from the Center for Digital Health Interventions (www.c4dhi.org), a joint initiative of the Department
of Management, Technology and Economics at ETH Zurich and the Institute of Technology Management at the University of St.Gallen:

1. Motivation for Digital Health
- The rise of chronic diseases in developed countries
- The discrepancy of acute care and care of chronic diseases
- Lifestyle as medicine and prevention
- From excellence of care in healthcare institutions to excellence of care in everyday life

2. Anatomy of Digital Health Interventions
- Just-in-time adaptive interventions
- Digital biomarker for predicting states of vulnerability
- Digital biomarker for predicting states of receptivity
- Digital coaching and healthcare chatbots

3. Design & Evaluation of Digital Health Interventions
- Overview of design frameworks
- Preparation of DHIs
- Optimization of  DHIs
- Evaluation of DHIs
- Implementation of DHIs

4. Digital Health Technologies
- Technologies for telemedicine
- Mobile medical devices
- Virtual, augmented and mixed reality applications incl. live demonstrations
- Privacy and regulatory considerations

The Digital Health lecture is structured in two parts and follows the concept of a hybrid therapy consisting of on-site sessions and
complementary online lessons. In the first part, students will learn and discuss the topics of the four learning modules in weekly on-site
sessions. Complementary learning material (e.g., video and audio clips), multiple-choice questions and exercises are provided online.

In the second part, students work in teams and will use their knowledge from the first part of the lecture to critically assess DHIs. Each
team will then present and discuss the findings of the assessment with their fellow students who will provide peer-reviews. Additional on-
site coaching sessions are offered to support the teams with the preparation of their presentations.

Literature 1.Chaix, B. (2018) Mobile Sensing in Environmental Health and Neighborhood Research Annual Review of Public Health (39), 367-384.
2.Collins, L. M. (2018) Optimization of Behavioral, Biobehavioral, and Biomedical Interventions: The Multiphase Optimization Strategy
(MOST) New York: Springer.
3.Corneta, V. P., and Holden, R. J. (2018) Systematic Review of Smartphone-Based Passive Sensing for Health and Wellbeing Journal of
Biomedical Informatics (77:January), 120-132.
4.Coravos, A., Khozin, S., and K. D. Mandl (2019) Developing and Adopting Safe and Effective Digital Biomarkers to Improve Patient
Outcomes Nature Digital Medicine 2 Paper 14.
5.Katz, D. L., E. P. Frates, J. P. Bonnet, S. K. Gupta, E. Vartiainen and R. H. Carmona (2018) Lifestyle as Medicine: The Case for a True
Health Initiative American Journal of Health Promotion 32 (6), 1452-1458.
6.Kvedar, J. C., A. L. Fogel, E. Elenko and D. Zohar (2016) Digital medicine's march on chronic disease Nature Biotechnology 34 (3), 239-
246
7.Nahum-Shani, I., S. N. Smith, B. J. Spring, L. M. Collins, K. Witkiewitz, A. Tewari and S. A. Murphy (2018) Just-in-Time Adaptive
Interventions (JITAIs) in Mobile Health: Key Components and Design Principles for Ongoing Health Behavior Support Annals of Behavioral
Medicine 52 (6), 446-462.
8. Sim, I. (2019). Mobile Devices and Health. The New England Journal of Medicine, 381(10), 956-968.

376-1150-00L Clinical Challenges in Musculoskeletal Disorders W  2 credits 2G M. Leunig, S. J. Ferguson, A. Müller
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Abstract This course reviews musculoskeletal disorders focusing on the clinical presentation, current treatment approaches and future challenges
and opportunities to overcome failures. 

Objective Appreciation of the surgical and technical challenges, and future perspectives offered through advances in surgical technique, new
biomaterials and advanced medical device construction methods.

Content Foot deformities, knee injuries, knee OA, hip disorders in the child and adolescent, hip OA, spine deformities, degenerative spine disease,
shoulder in-stability, hand, rheumatoid diseases, neuromuscular diseases, sport injuries and prevention

376-1178-00L Human Factors II W  3 credits 2V M. Menozzi Jäckli, R. Huang,
M. Siegrist

Abstract Strategies, abilities and needs of human at work as well as properties of products and systems are factors controlling quality and
performance in everyday interactions. In Human Factors II (HF II), cognitive aspects are in focus therefore complementing the more
physical oriented approach in HF I. A basic scientific approach is adopted and relevant links to practice are illustrated.

Objective The goal of the lecture is to empower students in designing products and systems enabling an efficient and qualitatively high standing
interaction between human and the environment, considering costs, benefits, health, well-being,  and safety as well. The goal is achieved
in addressing a broad variety of topics and embedding the discussion in macroscopic factors such as the behavior of consumers and
objectives of economy.

Content Cognitive factors in perception, information processing and action.  Experimental techniques in assessing human performance and well-
being, human factors and ergonomics in development of products and complex systems, innovation, decision taking, consumer behavior.

Literature Salvendy G. (ed), Handbook of Human Factors, Wiley & Sons, 2012

376-1400-00L Transfer of Technologies into Neurorehabilitation W  3 credits 2V C. Müller, R. Gassert, R. Riener,
H. Van Hedel, N. Wenderoth

Abstract The course focuses on clinical as well as industrial aspects of advanced technologies and their transfer into neurorehabilitation from both
theoretical and practical perspectives. The students will learn the basics of neurorehabilitation and the linkage to technologies, gain insight
into the development within the medtech field and learn applications of technologies in clinical settings.

Objective The students will:
-  Learn basics and principles of clinical neuroscience and neurorehabilitation.
 - Gain insight into the technical basics of advanced technologies and the transfer into product development processes.
- Gain insight into the application, the development and integration of advanced technologies in clinical settings. This includes the
advantages and limitations according to different pathologies and therapy goals.
-  Get the opportunity to test advanced technologies in practical settings.
- Learn how to transfer theoretical concepts to actual settings in different working fields.

Content Main focus:
- Neurobiological principles applied to the field of neurorehabilitation.
- Clinical applications of advanced rehabilitation technologies.
- Visit medical technology companies, rehabilitation centers and labs to gain deeper insight into the development, application and
evaluation of advanced technologie

Lecture notes Teaching materials will be provided for the individual events and lectures.
- Slides (pdf files)
- Information sheets and flyers of the visited companies, labs and clinics

376-1414-01L Current Topics in Brain Research (FS) W 1 credit 1.5K I. Mansuy, F. Helmchen, further
lecturers

Abstract Different national and international scientific guests are invited to present and discuss their most recent scientific results.
Objective The aim is to exchange scientific knowledge and data as well as to promote communication and collaboration among researchers.

Students taking the course participate in all seminars within one semester and write a critical report about one seminar of their choice. Prof.
Isabelle / Dr. Alberto Corcoba will send instructions for this report to students who have registered for the course one week before the start
of the semester.

Content Various scientific guests from the fields of neuroepigenetics, neurochemistry, neuromorphology and neurophysiology will report on their
latest scientific findings.

Lecture notes no handout
Literature no literature

376-1624-00L Practical Methods in Biofabrication
Number of participants limited to 12.

W  5 credits 4P M. Zenobi-Wong, S. J. Ferguson,
S. Schürle-Finke

Abstract Biofabrication involves the assembly of materials, cells, and biological building blocks into grafts for tissue engineering and in vitro models.
The student learns techniques involving the fabrication and characterization of tissue engineered scaffolds and the design of 3D models
based on medical imaging data.  They apply this knowledge to design, manufacture and evaluate a biofabricated graft.

Objective The objective of this course is to give students hands-on experience with the tools required to fabricate tissue engineered grafts. During the
first part of this course, students will gain practical knowledge in hydrogel synthesis and characterization, fuse deposition modelling and
stereolithography, bioprinting and bioink design, electrospinning, and cell culture and viability testing.  They will also learn the properties of
common biocompatible materials used in fabrication and how to select materials based on the application requirements.   The students
learn principles for design of 3D models.    Finally the students will apply their knowledge to a problem-based Project in the second half of
the Semester.  The Project requires significant time outside of class Hours, strong commitment and ability to work independently.

Prerequisites /
notice

Not recommended if passed 376-1622-00 Practical Methods in Tissue Engineering

376-1660-00L Scientific Writing, Reporting and Communication
Number of participants limited to 30.

Only for Health Sciences and Technology MSc 

W  3 credits 2V B. Taylor, S. H. Hosseini Nasab

Abstract This course aims to teach many of the unwritten rules on how to communicate effectively, from writing reports or manuscripts (or indeed
their Master thesis!) through to improving skills in oral presentations, and presenting themselves at interview.

Objective This course will teach students to communicate effectively in official environments, including:
-    writing manuscripts, theses, CVs, reports etc
-    presenting posters
-    oral presentations
-    critical reviews of literature

376-1724-00L Appropriate Health System Design
Number of participants limited to 42.

W  3 credits 2V W. Karlen

Abstract This course elaborates upon relevant aspects in the conception, implementation and distribution of health devices and systems that
effectively meet peoples and societies' needs in a local context. Four key elements of appropriateness (usage, cost, durability and
performance) that are integral to the engineering design process are extensively discussed and applied.
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Objective The main goals are to
> Evaluate the appropriateness of health systems to the cultural, financial, environmental and medical context in which they will be applied
and
> Design health systems from a user's perspective for a specific context

At the end of the course, students can
> name, understand and describe the 4 main principles that define appropriate technology
> apply these principles to critically analyze and assess health systems and technology
> project him/herself into a unfamiliar person and context  and create hypotheses as to that person's needs, requirements, and priorities
> modify specifications of existing systems to improve appropriateness
> discuss the challenges and illustrate the the ethical and societal consequences of proposed design modifications
> communicate effectively the results of his/her system analysis and implementation strategies to non-specialists

Content The course will be interactive and involve roleplay. Please do not sign up for this course if you are not ready to leave your comfort zone in
class. The lectures are divided in two parts:
The first part elaborates upon the important concepts of the design of health care devices and systems, and discusses implementation and
dissemination strategies. We focus on communities such as low income households, the elderly, and patients with chronic illnesses that
have special needs. Topics covered include point-of-care diagnostics, information and communication technologies, mobile health, user
interactions, and also the social-cultural considerations.
The second part consists of elaboration of an appropriate device conducted by student groups. Each group will analyse an existing product
or solution, critically assess its appropriateness according to the criteria learned in class, and provide explanations as to why the system
succeeds or fails. The students will also present design improvements. Grading will be based on a written case report due in the middle of
the semester and a final seminar presentation in form of a poster discussion and demo.

Literature WHO, "Medical Devices: Managing the Mismatch", 2010.
http://www.who.int/medical_devices/publications/med_dev_man-mismatch/en/

PATH, "The IC2030 report. Reimagining Global Health," 2015. http://ic2030.org/report/

R. Malkin and K. Von Oldenburg Beer, "Diffusion of novel healthcare technologies to resource poor settings," Annals of Biomedical
Engineering, vol. 41, no. 9, pp. 1841:50, 2013.

Prerequisites /
notice

Target Group: 
Students of higher semesters and doctoral students of 
- D-MAVT, D-ITET, D-INFK, D-HEST
- Biomedical Engineering, Robotics, Systems and Control
- Medical Faculty, University of Zurich 
Students of other departments, faculties, courses are also welcome

376-1986-00L Bayesian Data Analysis on Models of Behavior
(University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: DOEC0829

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W 3 credits 2S R. Polania, University lecturers

Abstract Making sense of the data acquired via experiments is fundamental in many fields of sciences. This course is designed for
students/researchers who want to gain practical experience with data analysis based on Bayesian inference. Coursework involves practical
demonstrations and discussion of solutions for data analysis problems. No advanced knowledge of statistics and probability is required.

Objective The overall goal of this course it that the students are able to develop both analytic and problem-solving skills that will serve to draw
reasonable inferences from observations. The first objective is to make the participants familiar with the conceptual framework of Bayesian
data analysis. The second goal is to introduce the ideas of modern Bayesian data analysis, including techniques such as Markov chain
Monte Carlo (MCMC) techniques, alongside the introduction of programming tools that facilitate the creation of any Bayesian inference
model. Throughout the course, this will involve practical demonstrations with example datasets, homework, and discussions that should
convince the participants of this course that it is possible to make inference and understand the data acquired from the experiments that
they usually obtain in their own research (starting from simple linear regressions all the way up to more complex models with hierarchical
structures and dependencies). After working through this course, the participants should be able to build their own inference models in
order to interpret meaningfully their own data.

Prerequisites /
notice

The very basics (or at least intuition) of programming in either Matlab or R

535-0534-00L Drug, Society and Public Health W  1 credit 1V J. Steurer, R. Heusser
Abstract Introduction of basic concepts and methods in Public Health, epidemiology, and Evidence Based Medicine. An overview on concepts and

principles of clinical trials on efficacy of drugs
Objective Students know the concepts and principles of epidemiological and clinical research, they are informed about the principles of evidence

based medicine and know how and where to search for evidence.
Content Einführung in Epidemiologie / Pharmakoepidemiologie / Evidence-based Medicine: Grundbegriffe, Studiendesigns, object-design,

statistische Grundlagen, Kausalität in der Pharmako-Epidemiologie, Methoden und Konzepte, Fallbeispiele.
Lecture notes Wird abgegeben
Literature - F. Gutzwiller/ F. Paccaud (Hrsg.): Sozial- und Präventivmedizin - Public Health. 4. Aufl. 2011, Verlag Hans Huber, Bern 

- R. Beaglehole, R. Bonita, T. Kjellström: Einführung in die Epidemiologie. 1997, Verlag Hans Huber, Bern
- L. Gordis: Epidemiology, 4 th Ed. 2009, W.B. Saunders Comp.
- K.J. Rothman, S. Greenland: Modern Epidemiology, 2. Ed. 1998, Lippincott Williams & Wilkins
- A.G. Hartzema, M. Porta, H.H. Tilson (Eds.): Pharmacoepidemiology - An Introduction. 3. Ed. Harvey Whitney Comp., Cincinnati
- R. Bonita, R. Beaglehole. Einführung in die Epidemiologie, 2. überarbeitete Auflage, 2008 Huber Verlag.
- B.L. Strom (Eds.): Pharmacoepidemiology. 3. Ed. 2000, Wiley & Sons Ltd., Chichester
- S.E. Straus, W.S. Richardson, P.Glasziou, R.B. Haynes: Evidence-based Medicine. 2005, Churchill Livingstone, London
- U. Jaehde, R.Radziwill, S. Mühlebach, W. Schnack (Hrsg): Lehrbuch der Klinischen Pharmazie
- L.M. Bachmann, M.A. Puhan, J.Steurer (Eds.): Patientenorientierte Forschung. EInführung in die Planung und Durchführung einer Studie.
Verlag Hans Huber, 2008

551-0318-00L Immunology II W  3 credits 2V A. Oxenius, M. Kopf,
S. R. Leibundgut, E. Wetter Slack,
further lecturers

Abstract Introduction into the cellular and molecular basis of the immune system and immune responses against diverse pathogens, tumors,
transplants, and self (autoimmunity)
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Objective The lectures will provide a detailed understanding:
- how innate and adaptive immune responses interact at the cellular and molecular level.
- how the immune system recognizes and fights against pathogenic microorganisms including viruses, bacteria, and parasites.
- why lymphocytes tolerate self molecules.
- about function and dysfunction the intestinal immune system.
- immunopathology and inflammatory diseases.

Content The aim of lecture is to understand:
> How pathogens are recognized by the innate immune system
> Immune defense against various pathogens
> Immunology of the skin, lung and intestines
> Tumor immunology
> Migration and homing of immune cells
> tolerance and autoimmunity
> T cell memory

Lecture notes Presentations of the lecturers are available at the Moodle link
Literature Recommended: Kuby Immunology (Freeman)

551-0320-00L Cellular Biochemistry (Part II) W  3 credits 2V Y. Barral, R. Kroschewski,
A. E. Smith

Abstract This course will focus on molecular mechanisms and concepts underlying cellular biochemistry, providing advanced insights into the
structural and functional details of individual cell components, and the complex regulation of their interactions. Particular emphasis will be
on the spatial and temporal integration of different molecules and signaling pathways into global cellular processes.

Objective The full-year course (551-0319-00 & 551-0320-00) focuses on the molecular mechanisms and concepts underlying the biochemistry of
cellular physiology, investigating how these processes are integrated to carry out highly coordinated cellular functions. The molecular
characterization of complex cellular functions requires a combination of approaches such as biochemistry, but also cell biology and
genetics. This course is therefore the occasion to discuss these techniques and their integration in modern cellular biochemistry. 
The students will be able to describe the structural and functional details of individual cell components, and the spatial and temporal
regulation of their interactions. In particular, they will learn to explain how different molecules and signaling pathways can be integrated
during complex and highly dynamic cellular processes such as intracellular transport, cytoskeletal rearrangements, cell motility, and cell
division. In addition, they will be able to illustrate the relevance of particular signaling pathways for cellular pathologies such as cancer or
during cellular infection.

Content Spatial and temporal integration of different molecules and signaling pathways into global cellular processes, such as cell division, cell
infection and cell motility. Emphasis is also put on the understanding of pathologies associated with defective cell physiology, such as
cancer or during cellular infection.

Literature Recommended supplementary literature (review articles and selected primary literature) will be provided during the course.
Prerequisites /
notice

To attend this course the students must have a solid basic knowledge in chemistry, biochemistry, cell biology and general biology. Biology
students have in general already attended the first part of the "Cellular Biochemistry" concept course (551-0319-00). The course will be
taught in English.
In addition, the course will be based on a blended-learning scenario, where frontal lectures will be complemented with carefully chosen
web-based teaching elements that students access through the ETH Moodle platform.

701-1704-01L Health Impact Assessment: Concepts and Case
Studies

W  3 credits 2V M. Winkler, C. Guéladio, M. Röösli,
J. M. Utzinger

Abstract This course introduces the concept of health impact assessment (HIA) and discusses a suite of case studies in industrialised and
developing countries. HIA pursues an inter- and multidisciplinary approach, employs qualitative and quantitative methods with the
overarching goal to influence decision-making.

Objective After successful completion of the course, students should be able to:
o critically reflect on the concept of HIA and the different steps from screening to implementation and monitoring; and
o apply specific tools and methodologies for HIA of policies, programmes and projects in different social, ecological and epidemiological
settings.

Content The course will present a broad set of tools and methods for the systematic and evidence-based judgment of potential health effects
related to policies, programmes and projects. Methodological features will be introduced and applied to a variety of case studies in the
public sector (e.g. traffic-related air pollution, passive smoking and waste water management) and private sector (e.g. water resource
developments and extractive industries) all over the world.

Lecture notes Handouts will be distributed.
Literature Whenever possible, at least one peer-reviewed paper will be made available for each session.

701-1708-00L Infectious Disease Dynamics W  4 credits 2V S. Bonhoeffer, R. D. Kouyos,
R. R. Regös, T. Stadler

Abstract This course introduces into current research on the population biology of infectious diseases. The course discusses the most important
mathematical tools and their application to relevant diseases of human, natural or managed populations.

Objective Attendees will learn about:
* the impact of important infectious pathogens and their evolution on human, natural and managed populations
* the population biological impact of interventions such as treatment or vaccination
* the impact of population structure on disease transmission

Attendees will learn how:
* the emergence spread of infectious diseases is described mathematically
* the impact of interventions can be predicted and optimized with mathematical models
* population biological models are parameterized from empirical data
* genetic information can be used to infer the population biology of the infectious disease

The course will focus on how the formal methods ("how") can be used to derive biological insights about the host-pathogen system
("about").

Content After an introduction into the history of infectious diseases and epidemiology the course will discuss basic epidemiological models and the
mathematical methods of their analysis. We will then discuss the population dynamical effects of intervention strategies such as vaccination
and treatment. In the second part of the course we will introduce into more advanced topics such as the effect of spatial population
structure, explicit contact structure, host heterogeneity, and stochasticity. In the final part of the course we will introduce basic concepts of
phylogenetic analysis in the context of infectious diseases.

Lecture notes Slides and script of the lecture will be available online.
Literature The course is not based on any of the textbooks below, but they are excellent choices as accompanying material:

* Keeling & Rohani, Modeling Infectious Diseases in Humans and Animals, Princeton Univ Press 2008
* Anderson & May, Infectious Diseases in Humans, Oxford Univ Press 1990
* Murray, Mathematical Biology, Springer 2002/3
* Nowak & May, Virus Dynamics, Oxford Univ Press 2000
* Holmes, The Evolution and Emergence of RNA Viruses, Oxford Univ Press 2009
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Prerequisites /
notice

Basic knowledge of population dynamics and population genetics as well as linear algebra and analysis will be an advantage.

 Practical Training and Semester Project
Practical Training and Semesterproject only for majors below-mentioned:
-Human Movement Science and Sport
-Health Technologies
-Molecular Health Sciences
-Neurosciences

Number Title Type ECTS Hours Lecturers

376-2110-00L Internship 12 Weeks (Research or Job Oriented) W  15 credits 34P Supervisors
Abstract Practical Training Internships are either research-oriented for exercising scientific (laboratory) methods or job-related for giving insight into

the future world of work (industry, services, school).
Objective Students should exercise scientific working and/or get realistic insights into future jobs.
Prerequisites /
notice

This version of internships lasts for at least 12 weeks full time equivalent.

376-2111-00L Internship 8 Weeks (Research or Job Oriented) W  10 credits 23P Supervisors
Abstract Practical Training Internships are either research-oriented for exercising scientific (laboratory) methods or job-related for giving insight into

the future world of work (industry, services, school).
Objective Students should exercise scientific working and/or get realistic insights into future jobs.
Prerequisites /
notice

This version of internships lasts for at least 8 weeks full time equivalent.

376-2112-00L Internship 4 Weeks (Research or Job Oriented) W  5 credits 11P Supervisors
Abstract Practical Training Internships are either research-oriented for exercising scientific (laboratory) methods or job-related for giving insight into

the future world of work (industry, services, school).
Objective Students should exercise scientific working and/or get realistic insights into future jobs.
Prerequisites /
notice

This version of internships lasts for at least 4 weeks full time equivalent.

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
HEST

see Science in Perspective: Language Courses ETH/UZH

 Research Internship
Number Title Type ECTS Hours Lecturers

376-2100-00L Research Internship O  15 credits 36A Supervisors
Abstract 12-week internship intended for exercising (independent) scientific working. 
Objective Students shall exercise scientific working as preparation for their master thesis.
Prerequisites /
notice

The Research Internship lasts for at least 12 weeks full time equivalent. It can be combined with the Master Thesis.

 Master's Thesis
Number Title Type ECTS Hours Lecturers

376-2000-00L Master's Thesis
Only students fulfilling the following criteria can start with
their master thesis:
a. successful completion of the bachelor programme;
b. fulfillment of any additional requirements necessary to
gain admission to the master programme. 

O  30 credits 71D Supervisors

Abstract 6-months research study with topics from the chosen major within the field of Health Sciences and Technology. In general, it includes the
study of existing literature, the specification of the research question, the choice of the methodological approach, the collection, analysis
and interpretation of data, and the written and oral reporting of the findings.

Objective The students shall demonstrate their ability to carry out a structured, scientific piece of work independently.
Prerequisites /
notice

The Master Thesis can only be started after the Bachelor Degree was obtained and/or master admission requirements have been fulfilled.

 Course Units for Additional Admission Requirements
The courses below are only for MSc students with additional admission requirements

Number Title Type ECTS Hours Lecturers

406-0253-AAL Mathematics I & II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  13 credits 28R A. Cannas da Silva

Abstract Mathematics I covers mathematical concepts and techniques necessary to model, solve and discuss scientific problems - notably through
ordinary differential equations.
Main focus of Mathematics II: multivariable calculus and partial differential equations.

Objective Mathematics is of ever increasing importance to the Natural Sciences and Engineering. The key is the so-called mathematical modelling
cycle, i.e. the translation of problems from outside of mathematics into mathematics, the study of the mathematical problems (often with the
help of high level mathematical software packages) and the interpretation of the results in the original environment.

The goal of Mathematics I and II is to provide the mathematical foundations relevant for this paradigm. Differential equations are by far the
most important tool for modelling and are therefore a main focus of both of these courses.
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Content 1. Linear Algebra and Complex Numbers:
systems of linear equations, Gauss-Jordan elimination, matrices, determinants, eigenvalues and eigenvectors, cartesian and polar forms
for complex numbers, complex powers, complex roots, fundamental theorem of algebra.

2. Single-Variable Calculus:
review of differentiation, linearisation, Taylor polynomials, maxima and minima, fundamental theorem of calculus, antiderivative, integration
methods, improper integrals.

3. Ordinary Differential Equations:
variation of parameters, separable equations, integration by substitution, systems of linear equations with constant coefficients, 1st and
higher order equations, introduction to dynamical systems.

4. Multivariable Differential Calculus:
functions of several variables, partial differentiation, curves and surfaces in space, scalar and vector fields, gradient, curl and divergence.

5. Multivariable Integral Calculus:
multiple integrals, line and surface integrals, work and flow, Gauss and Stokes theorems, applications.

6. Partial Differential Equations:
separation of variables, Fourier series, heat equation, wave equation, Laplace equation, Fourier transform.

Literature - Bretscher, O.: Linear Algebra with Applications, Pearson Prentice Hall.
- Thomas, G. B.: Thomas' Calculus, Part 1, Pearson Addison-Wesley.
- Thomas, G. B.: Thomas' Calculus, Part 2, Pearson Addison-Wesley.
- Kreyszig, E.: Advanced Engineering Mathematics, John Wiley & Sons.

376-1714-AAL Biocompatible Materials
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  4 credits 9R K. Maniura, M. Zenobi-Wong

Abstract Introduction to molecules used for biomaterials, molecular interactions between different materials and biological systems (molecules, cells,
tissues). The concept of biocompatibility is discussed and important techniques from biomaterials research and development are
introduced.

Objective The course covers the follwing topics: 
1. Introdcution into molecular characteristics of molecules involved in the materials-to-biology interface. Molecular design of biomaterials. 
2. The concept of biocompatibility.
3. Introduction into methodology used in biomaterials research and application.
4. Introduction to different material classes in use for medical applications.

Content Introduction into natural and polymeric biomaterials used for medical applications. The concepts of biocompatibility, biodegradation and the
consequences of degradation products are discussed on the molecular level. Different classes of materials with respect to potential
applications in tissue engineering, drug delivery and for medical devices are introduced. Strong focus lies on the molecular interactions
between materials having very different bulk and/or surface chemistry with living cells, tissues and organs. In particular the interface
between the materials surfaces and the eukaryotic cell surface and possible reactions of the cells with an implant material are elucidated.
Techniques to design, produce and characterize materials in vitro as well as in vivo analysis of implanted and explanted materials are
discussed.
A link between academic research and industrial entrepreneurship is demonstrated by external guest speakers, who present their current
research topics.

Lecture notes Handouts are deposited online (moodle).
Literature Literature:

- Biomaterials Science: An Introduction to Materials in Medicine, Ratner B.D. et al, 3rd Edition, 2013
- Comprehensive Biomaterials, Ducheyne P. et al., 1st Edition, 2011 

(available online via ETH library)

Handouts and references therin.

376-0203-AAL Movement and Sport Biomechanics
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course.

E-  4 credits 3R N. Singh, B. Taylor

Abstract Learning to view the human body as a (bio-) mechanical system. Making the connections between everyday movements and sports activity
with injury, discomfort, prevention and rehabilitation.

Objective "Students are able to describe the human body as a mechanical system.
They analyse and describe human movement according to the laws of mechanics."

Content Movement- and sports biomechanics deals with the attributes of the human body and their link to mechanics. The course includes topics
such as functional anatomy, biomechanics of daily activities (gait, running, etc.) and looks at movement in sport from a mechanical point of
view. Furthermore, simple reflections on the loading analysis of joints in various situations are discussed. Additionally, questions covering
the statics and dynamics of rigid bodies, and inverse dynamics, relevant to biomechanics are investigated.

406-0063-AAL Physics II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  5 credits 11R A. Vaterlaus

Abstract Introduction to the "way of thinking" and the methodology in Physics. The Chapters treated are Magnetism, Refraction and Diffraction of
Waves, Elements of Quantum Mechanics with applications to Spectroscopy, Thermodynamics, Phase Transitions, Transport Phenomena.

Objective Introduction to the scientific methodology. The student should develop his/her capability to turn physical observations into mathematical
models, and to solve the latter.
The student should acquire an overview over the basic concepts used in the theory of heat and electricity.
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Content Book: 
Physics for Scientists and Engineers, Douglas C. Giancoli, Pearson Education (2009), ISBN: 978-0-13-157849-4

Chapters:
17 (without 17-5, 17-10), 18 (without 18-5, 18-6, 18-7), 19, 20 (without 20-7, 20-8, 20-9, 20-10, 20-11), 21 (without 21-12), 23, 25 (without
25-9, 25-10), 26 (without 26-4, 26-5, 26-7), 27, 28 (without 28-4, 28-5, 28-8. 28-9, 28-10), 29 (without 29-5, 29-8), 32 (without 32-8), 33
(without 33-4, 33-5, 33-9, 33-10), 34 (without 34-4, 34-6, 34-7), 35 (without 35-2, 35-3, 35-9, 35-11, 35-12, 35-13).

Literature see "Content"

Friedhelm Kuypers
Physik für Ingenieure und Naturwissenschaftler
Band 2 Elektrizität, Optik, Wellen
Verlag Wiley-VCH, 2003, Fr. 77.-

Health Sciences and Technology Master - Key for Type

Dr Suitable for doctorate
E- Recommended, not eligible for credits
O Compulsory

W Eligible for credits
W+ Eligible for credits and recommended
Z Courses outside the curriculum

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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High-Energy Physics (Joint Master with EP Paris)
 Core Subjects

 Core Courses in Theoretical Physics
Number Title Type ECTS Hours Lecturers

402-0844-00L Quantum Field Theory II
UZH students are not allowed to register this course unit
at ETH. They must book the corresponding module
directly at UZH.

W  10 credits 3V+2U G. Isidori

Abstract The subject of the course is modern applications of quantum field theory with emphasis on the quantization of non-abelian gauge theories.
Objective The goal of this course is to lay down the path integral formulation of quantum field theories and in particular to provide a solid basis for the

study of non-abelian gauge theories and of the Standard Model
Content The following topics will be covered:

- path integral quantization
- non-abelian gauge theories and their quantization
- systematics of renormalization, including BRST symmetries,
  Slavnov-Taylor Identities and the Callan Symanzik equation 
- the Goldstone theorem and the Higgs mechanism
- gauge theories with spontaneous symmetry breaking and
  their quantization
- renormalization of spontaneously broken gauge theories and 
  quantum effective actions

Literature M.E. Peskin and D.V. Schroeder, "An introduction to Quantum Field Theory", Perseus (1995).
S. Pokorski, "Gauge Field Theories" (2nd Edition), Cambridge Univ. Press (2000)
P. Ramond, "Field Theory: A Modern Primer" (2nd Edition), Westview Press (1990)
S. Weinberg, "The Quantum Theory of Fields" (Volume 2), CUP (1996).

 Core Courses in Experimental Physics
Number Title Type ECTS Hours Lecturers

402-0702-00L Phenomenology of Particle Physics II W  10 credits 3V+2U A. Rubbia, P. Crivelli
Abstract In PPP II the standard model of particle physics will be developed from the point of view of gauge invariance. The example of QED will

introduce the essential concepts. Then we will treat both strong and electroweak interactions. Important examples like deep inelastic
lepton-hadron scattering, e+e- -> fermion antifermion, and weak particle decays will be calculated in detail.

 Electives
 Optional Subjects in Physics

Number Title Type ECTS Hours Lecturers

402-0714-00L Astro-Particle Physics II W  6 credits 2V+1U A. Biland
Abstract This lecture focuses on the neutral components of the cosmic rays as well as on several aspects of Dark Matter.  Main topics will be very-

high energy astronomy and neutrino astronomy.
Objective Students know experimental methods to measure neutrinos as well as high energy and very high energy photons from extraterrestrial

sources. They are aware of the historical development and the current state of the field, including major theories. Additionally, they
understand experimental evidences about the existence of Dark Matter and selected Dark Matter theories.

Content a) short repetition about 'charged cosmic rays'  (1st semester)
b) High Energy (HE) and Very-High Energy (VHE) Astronomy:
    - ongoing and near-future detectors for (V)HE gamma-rays
    - possible production mechanisms for (V)HE gamma-rays
    - galactic sources: supernova remnants, pulsar-wind nebulae, micro-quasars, etc.
    - extragalactic sources: active galactic nuclei, gamma-ray bursts, galaxy clusters, etc.
    - the gamma-ray horizon and it's cosmological relevance 
c) Neutrino Astronomy:
    - atmospheric, solar, extrasolar and cosmological neutrinos
    - actual results and near-future experiments
d) Dark Matter:
    - evidence for existence of non-barionic matter
    - Dark Matter models (mainly Supersymmetry)
    - actual and near-future experiments for direct and indirect Dark Matter searches

Lecture notes See: http://ihp-lx2.ethz.ch/AstroTeilchen/
Literature See: http://ihp-lx2.ethz.ch/AstroTeilchen/
Prerequisites /
notice

This course can be attended independent of Astro-Particle Physics I.

402-0738-00L Statistical Methods and Analysis Techniques in
Experimental Physics

W  10 credits 5G M. Donegà, C. Grab

Abstract This lecture gives an introduction to the statistical methods and the various analysis techniques applied in experimental particle physics.
The exercises treat problems of general statistical topics; they also include hands-on analysis projects, where students perform
independent analyses on their computer, based on real data from actual particle physics experiments.

Objective Students will learn the most important statistical methods used in experimental particle physics. They will acquire the necessary skills to
analyse large data records in a statistically correct manner. Learning how to present scientific results in a professional manner and how to
discuss them.
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Content Topics include:
- modern methods of statistical data analysis
- probability distributions, error analysis, simulation methos, hypothesis testing, confidence intervals, setting limits and introduction to
multivariate methods.
- most examples are taken from particle physics.

Methodology:
- lectures about the statistical topics;
- common discussions of examples;
- exercises: specific exercises to practise the topics of the lectures;
- all students perform statistical calculations on (their) computers;
- students complete a full data analysis in teams (of two) over the second half of the course, using real data taken from particle physics
experiments;
- at the end of the course, the students present their analysis results in a scientific presentation;
- all students are directly tutored by assistants in the classroom.

Lecture notes - Copies of all lectures are available on the web-site of the course.
- A scriptum of the lectures is also available to all students of the course.

Literature 1) Statistics: A guide to the use of statistical medhods in the Physical Sciences, R.J.Barlow; Wiley Verlag  . 
2) J Statistical data analysis, G. Cowan,                             Oxford University Press; ISBN: 0198501552. 
3) Statistische und numerische Methoden der Datenanalyse, V.Blobel und E.Lohrmann,  Teubner Studienbuecher Verlag.
4) Data Analysis, a Bayesian Tutorial,  D.S.Sivia with J.Skilling, 
Oxford Science Publications.

Prerequisites /
notice

Basic knowlege of nuclear and particle physics are prerequisites.

402-0895-00L The Standard Model of Electroweak Interactions
Special Students UZH must book the module PHY563
directly at UZH.

W  6 credits 2V+1U A. Lazopoulos

Abstract Topics to be covered: 
A) Electroweak Theory 
- Spontaneous symmetry breaking and the Higgs mechanism
- The electroweak Standard Model Lagrangian 
- The role of the Higgs and the Goldstone bosons 
B) Flavour Physics 
-The flavour sector of the Standard Model 
-The neutral kaon system and CP violation 
C) Neutrino oscillations  
D) Precision tests of the electroweak Standard Model

Objective An introduction to modern theoretical particle physics
Literature As described in the entity: Lernmaterialien
Prerequisites /
notice

Knowledge of Quantum Field Theory I is required.
Parallel following of Quantum Field Theory II is recommended.

402-0886-00L Introduction to Quantum Chromodynamics
Special Students UZH must book the module PHY564
directly at UZH.

W  6 credits 2V+1U V. Del Duca

Abstract Introduction to the theoretical aspects of Quantum Chromodynamics, the theory of strong interactions.
Objective Students that complete the course will be able to understand the fundamentals of QCD, to quantitatively discuss the ultraviolet and infrared

behaviour of the theory, to perform simple calculations and to understand modern publications on this research field.
Content The following topics will be covered:

- QCD Lagrangian and gauge invariance
- Ultraviolet behaviour of QCD: renormalisation, the beta function, running coupling and asymptotic freedom
- Infrared behaviour of QCD: soft and collinear divergences, coherence, jets
- Parton Model, factorisation and Deeply Inelastic Scattering
- Parton evolution in QCD: the DGLAP equations
- QCD at hadron colliders

Literature Will be provided at the Moodle site for the course.
Prerequisites /
notice

QFT I : A working knowledge of Quantum Field Theory I, at the level of easily performing tree-level computations with Feynman diagrams
given the Feynman rules, is assumed.

402-0703-00L Phenomenology of Physics Beyond the Standard
Model

W  6 credits 2V+1U M. Spira, M. G. Ratti

Abstract After a short introduction to the theoretical foundations and experimental tests of the standard model, supersymmetry, leptoquarks, and
extra dimensions will be treated among other topics. Thereby the phenomenological aspect, i. e., the search for new particles and
interactions at existing and future particle accelerators will play a significant role.

Objective The goal of the lecture is the introduction into several theoretical concepts that provide solutions for the open questions of the Standard
Model of particle physics and thus lead to physics beyond the Standard Model.

Besides the theoretical concepts the phenomenological aspect plays a role, i.e. the search for new particles and interactions at the existing
and future particle accelerators plays a crucial role.

Content see home page: http://ihp-lx2.ethz.ch/JenseitsSM/
Lecture notes see home page: http://ihp-lx2.ethz.ch/JenseitsSM/
Prerequisites /
notice

Will be taught in German only if all students understand German.

402-0394-00L Theoretical Cosmology
UZH students are not allowed to register this course unit
at ETH. They must book the corresponding module
directly at UZH.

W  10 credits 4V+2U L. M. Mayer, J. Yoo

Abstract This is the second of a two course series which starts with "General Relativity" and continues in the spring with "Theoretical Astrophysics
and Cosmology", where the focus will be on applying general relativity to cosmology as well as developing the modern theory of structure
formation in a cold dark matter Universe.
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Objective Learning the fundamentals of modern physical cosmology. This
entails understanding the physical principles behind the description
of the homogeneous Universe on large scales in the first part of the
course, and moving on to the inhomogeneous Universe model where
perturbation theory is used to study the development of structure
through gravitational instability in the second part of the course.
Modern notions of dark matter and dark energy will also be introduced and discussed.

Content The course will cover the following topics:
- Homogeneous cosmology
- Thermal history of the universe, recombination, baryogenesis and nucleosynthesis
- Dark matter and Dark Energy
- Inflation
- Perturbation theory: Relativistic and Newtonian
- Model of structure formation and initial conditions from Inflation
- Cosmic microwave background anisotropies
- Spherical collapse and galaxy formation
- Large scale structure and cosmological probes

Literature Suggested textbooks:
H.Mo, F. Van den Bosch, S. White: Galaxy Formation and Evolution
S. Carroll: Space-Time and Geometry: An Introduction to General Relativity
S. Dodelson: Modern Cosmology
Secondary textbooks: 
S. Weinberg: Gravitation and Cosmology
V. Mukhanov: Physical Foundations of Cosmology
E. W. Kolb and M. S. Turner: The Early Universe
N. Straumann: General relativity with applications to astrophysics
A. Liddle and D. Lyth: Cosmological Inflation and Large Scale Structure

Prerequisites /
notice

Knowledge of General Relativity is recommended.

402-0883-63L Symmetries in Physics W  6 credits 2V+1U N. Beisert
Abstract The course gives an introduction to symmetry groups in physics. It explains the relevant mathematical background (finite groups, Lie

groups and algebras as well as their representations), and illustrates their important role in modern physics.
Objective The aim of the course is to give a self-contained introduction into finite group theory as well as Lie theory from a physicists point of view.

Abstract mathematical constructions will be illustrated with examples from physics.
Content symmetries in two and three dimensions, groups and representations, finite group theory, point and space groups, structure of simple Lie

algebras, finite-dimensional representations; advanced topics such as: representations of SU(N), classification of simple Lie algebras,
conformal symmetry

402-0848-00L Advanced Field Theory
Special Students UZH must book the module PHY572
directly at UZH.

W  6 credits 2V+1U R. Chitra

Abstract This course will introduce students to concepts and methods in field theory
which are  used to study topics both in high energy physics and quantum condensed matter theory.

Objective The course aims to illustrate  the  deep similarities in the field theory methodologies used in both fields.  The students will learn techniques
commonly used  to study interacting quantum systems and see corresponding applications
both in high energy and condensed matter physics.

The course will show how continuum field theories  can be used to describe a wide variety of collective phenomena in condensed matter
systems, like magnetism and spin-charge separation in one dimensional electronic systems. The same field theory techniques are used in
high energy physics to treat light bound states in quantum chromodynamics (pions), to describe non-perturbative contributions to the
vacuum state of quantum chromodynamics, or quantum tunneling effects that might have catalyzed baryogenesis in the early universe.

Prerequisites /
notice

Prerequisite: Quantum Field Theory I
Recommended:  Statistical Physics 

We will use a light version of  the Euclidean  path integrals in this course and will strive to keep this course accessible independently of
QFTII.

Students interested in more in-depth formulations of  the path integral formalism and related topics can also attend QFT II in parallel.

402-0778-00L Particle Accelerator Physics and Modeling II W  6 credits 2V+1U A. Adelmann
Abstract The effect of nonlinearities on the beam dynamics of charged particles will be discussed. For the nonlinear beam transport, Lie-Methods in

combination with differential algebra (DA) and truncated power series (TPS) will be introduced. In the second part we will discuss surrogate
model construction for such non-linear dynamical systems using neural networks and polynomial chaos expansion.

Objective Models for nonlinear beam dynamics can be applied to new or existing particle accelerators. 
You create Python based surrogate models of dynamical systems, such as charged particle accelerators using Keras and Tensorflow.

Content - Symplectic Maps and Higher Order Beam Dynamics
- Taylor Modells and Differential Algebra
- Lie Methods
- Normal Forms
- Surrogate Models for dynamical systems
- Surrogate model based neural networks 
- Surrogate model based polynomial chaos 
- Uncertanty quantification of dynamical systems

Lecture notes Lecture notes
Literature * Modern Map Methods in Particle Beam Physics

M. Berz (http://bt.pa.msu.edu/pub/papers/AIEP108book/AIEP108book.pdf)
Prerequisites /
notice

Ideally Particle Accelerator Physics and Modelling 1 (PAM-1), however at the beginning of the semester, a crash course is offered
introducing the minimum level of particle accelerator modeling needed to follow. This lecture is also suited for PhD. Students.

402-0726-12L Physics of Exotic Atoms W  6 credits 2V+1U P. Crivelli, A. Soter
Abstract In this course, we will review the status of physics with exotic atoms including the new exciting advances such as anti-hydrogen 1S-2S

spectroscopy and measurements of the hyperfine splitting and the puzzling results of the muonic-hydrogen experiment for the
determination of the proton charge radius.
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Objective The course will give an introduction on the physics of exotic atoms covering both theoretical and experimental aspects. The focus will be
set on the systems which are currently a subject of research in Switzerland: positronium at ETHZ, anti-hydrogen at CERN and muonium,
muonic-H and muonic-He at PSI. The course will enable the students to follow recent publications in this field.

Content Review of the theory of hydrogen and hydrogen-like atoms
Interaction of atoms with radiation
Hyperfine splitting theory and experiments: Positronium (Ps),
Muonium (Mu) and anti-hydrogen (Hbar)
High precision spectroscopy: Ps, Mu and Hbar
Lamb shift in muonic-H and muonic-He- the proton radius puzzle
Weak and strong interaction tests with exotic atoms
Anti-matter and gravitation
Applications of antimatter

Lecture notes script
Literature Precision physics of simple atoms and molecules, Savely G. Karshenboim, Springer 2008


Proceedings of the International Conference on Exotic Atoms (EXA 2008) and the 9th International Conference on Low Energy Antiproton
Physics (LEAP 2008) held in Vienna, Austria, 15-19 September 2008 (PART I/II), Hyperfine Interactions, Volume 193, Numbers 1-3 /
September 2009  

Laser Spectroscopy: Vol. 1 Basic Principles Vol. 2 Experimental Techniques von Wolfgang Demtröder von Springer Berlin Heidelberg 2008

 Optional Subjects in Mathematics
Number Title Type ECTS Hours Lecturers

401-3532-08L Differential Geometry II W  10 credits 4V+1U U. Lang
Abstract Introduction to Riemannian geometry in combination with some elements of modern metric geometry. Contents: Riemannian manifolds,

Levi-Civita connection, geodesics, Hopf-Rinow Theorem, curvature, second fundamental form, Riemannian submersions and coverings,
Hadamard-Cartan Theorem, triangle and volume comparison, relations between curvature and topology, spaces of Riemannian manifolds.

Objective Learn the basics of Riemannian geometry and some elements of modern metric geometry.
Literature - M. P. do Carmo, Riemannian Geometry, Birkhäuser 1992

- S. Gallot, D. Hulin, J. Lafontaine, Riemannian Geometry, Springer 2004
- B. O'Neill, Semi-Riemannian Geometry, With Applications to Relativity, Academic Press 1983

Prerequisites /
notice

Prerequisite is a working knowledge of elementary differential geometry (curves and surfaces in Euclidean space), differentiable manifolds,
and differential forms.

401-3462-00L Functional Analysis II W  10 credits 4V+1U M. Struwe
Abstract Sobolev spaces, weak solutions of elliptic boundary value problems, elliptic regularity
Objective Acquiring the methods for solving elliptic boundary value problems, Sobolev spaces, Schauder estimates
Lecture notes Funktionalanalysis II, Michael Struwe
Literature Funktionalanalysis II, Michael Struwe 


Functional Analysis, Spectral Theory and Applications.
Manfred Einsiedler and Thomas Ward, GTM Springer 2017

Prerequisites /
notice

Functional Analysis I and a solid background in measure theory, Lebesgue integration and L^p spaces.

 Proseminars and Semester Papers
To organise a semester project take contact with one of the instructors.

Number Title Type ECTS Hours Lecturers

402-0717-MSL Particle Physics at CERN W  9 credits 18P F. Nessi-Tedaldi, W. Lustermann
Abstract During the semester break participating students stay for 4 weeks at CERN and perform experimental work relevant to our particle physics

projects. Dates to be agreed upon.
Objective Students learn the needed skills to, and perform a small particle physics experiment: setup, problem solving, data taking, analysis,

interpretation and presentation in a written report of publication quality.
Content Detailed information in: https://nessif.web.cern.ch/ETHTeilchenpraktikumCERNen.html
Prerequisites /
notice

Language of instruction: English or German

402-0719-MSL Particle Physics at PSI (Paul Scherrer Institute) W  9 credits 18P C. Grab
Abstract During semester breaks in Summer 6-12 students stay for 3 weeks at PSI and participate in a hands-on course on experimental particle

physics. A small real experiment is performed in common, including apparatus design, construction, running and data analysis. The course
includes some lectures, but the focus lies on the practical aspects of experimenting.

Objective Students learn all the different steps it takes to perform a complete particle physics experiment in a small team. They acquire skills to do
this themselves in the team, including design, construction, data taking and data analysis.

402-0210-MSL Proseminar Theoretical Physics
Limited number of participants.

W  9 credits 4S Supervisors

Abstract A guided self-study of original papers and of advanced textbooks in theoretical physics. Within the general topic, determined each
semester, participants give a presentation on a particular subject and deliver a written report.

402-0217-MSL Semester Project in Theoretical Physics W  9 credits 18A Supervisors
Abstract This course unit is an alternative if no suitable "Proseminar Theoretical Physics" is available of if the proseminar is already overbooked.

402-0215-MSL Experimental Semester Project in Physics W  9 credits 18A Supervisors
Abstract The aim of the project is to give the student experience in working in a research environment, carrying out physics experiments, analysing

and interpreting the resulting data.

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
PHYS

see Science in Perspective: Language Courses ETH/UZH
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 Master's Thesis
Number Title Type ECTS Hours Lecturers

402-2000-00L Scientific Works in Physics
Target audience:
Master students who cannot document to have received
an adequate training in working scientifically.

Directive
https://www.ethz.ch/content/dam/ethz/common/docs/weis
ungssammlung/files-en/declaration-of-originality.pdf

O  0 credits C. Grab

Abstract Literature Review: ETH-Library, Journals in Physics, Google Scholar; Thesis Structure: The IMRAD Model; Document Processing: LaTeX
and BibTeX, Mathematical Writing, AVETH Survival Guide; ETH Guidelines for Integrity; Authorship Guidelines; ETH Citation Etiquettes;
Declaration of Originality.

Objective Basic standards for scientific works in physics: How to write a Master Thesis. What to know about research integrity.

462-0900-00L Master's Thesis
Further information:
www.phys.ethz.ch/phys/education/master/msc-theses

O  30 credits 57D Supervisors

Abstract The Master's thesis is normally conducted in the fourth semester and concludes the degree programme. With the Master's thesis students
verify their ability to undertake independent and scientifically structured work in the area of high energy physics.

Prerequisites /
notice

The time limit for completing the Master's thesis is six months.

High-Energy Physics (Joint Master with EP Paris) - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Human Medicine Bachelor
 First Year Examinations

 First Year Examination Block 1
Offered in the autumn semester.

 First Year Examination Block 2
Number Title Type ECTS Hours Lecturers

377-0201-00L Cardiovascular System
Only for Human Medicine BSc

O  5 credits 5V C. Spengler, J. Loffing, further
lecturers

Abstract After successful completion of this modul, students shall be able to explain structure and function of the cardiovascular system and it’s
interaction with the respiratory system. They shall know pathophysiologal and clinical aspects, diagnostics and therapy of the most
important cardiovascular diseases as well as the respective preventive measures. 

Objective Die Studierenden sollen nach erfolgreichem Abschluss dieses Moduls zu Folgendem befähigt sein:
1.    Systematik des Kreislaufs erklären.
2.    Aufbau des Herzens und des Herzbeutels, Erregungsbildung und -leitung des Herzens, sowie Funktion und Regulation des Herzens
(als Pumpe) und der grossen Gefässe erklären.
3.    Prinzipien und Regulation des Blutkreislaufs erklären.
4.    Die wichtigsten Krankheitsbilder, deren Entstehung, Klinik, Diagnostik und Therapie kennen. 
5.    Die wichtigsten Massnahmen zur Prävention von Herz-Kreislauf-Erkrankungen und die zugrunde liegenden Mechanismen kennen. 

Content Die Studierenden lernen in diesem Modul Anatomie, Physiologie, und Pathophysiologie des Herz-Kreislauf-Systems, sowie die Klinik,
Diagnostik, Therapie und Prävention der wichtigsten Krankheitsbilder des Herz-Kreislauf-Systems kennen. Dies beinhaltet:
•    Systematik des Kreislaufs: Aufbau und Vorkommen der verschiedenen Blut- und Lymphgefässtypen; Körper-, Lungen- und portale
Kreisläufe, Versorgungsgebiete der Herzkranzgefässe, sowie die wichtigsten pathophysiologische Veränderungen, daraus folgende Klinik,
Diagnostik und Therapie. 
•    Aufbau und funktionelle Konsequenzen von Herz und Herzbeutel: Besonderheiten der Lage und Funktion des Herzens und seiner
Binnenräume im Herzbeutel und im Thorax, sowie assoziierte Veränderungen der Funktion im pathophysiologischen Kontext, Öffnungs-
und Schliessmechanismen der Herzklappentypen, pathophysiologische Veränderungen der Klappen und deren Auswirkungen auf die
Herz-Kreislauf-Regulation und die Klinik von assoziierten Krankheitsbildern, Aufbau der Erregungsbildungs- und Leitungssysteme, sowie
der Zellen der Arbeitsmuskulatur.
•    Mechanismen der Aktionspotentialentstehung, Erregungsbildung und –rückbildung, sowie zellspezifische Unterschiede innerhalb des
Herzens, Mechanismen der Herzfrequenzregulation, sowie der Erregungsleitung, die Entstehung des normalen Elektrokardiogramms,
sowie dessen wichtigste pathophysiologischen Veränderungen im Kontext von Erkrankungen des Herz-Kreislauf-Systems.
•    Funktion und Regulation des Herzens als Pumpe, sowie Funktion der grossen Gefässe: Mechanismen der Kraftentwicklung und
Regulation, Phasen der Herzaktion und der relevanten Änderungen von Druck und Volumen, Mechanismen der Anpassung der
Herzfunktion (autonomes Nervensystem, Belastung; Veränderung von Vor- und Nachlast), Besonderheiten der Energieversorgung des
Herzens. Klinische Folgen pathophysiologischer Veränderungen, Diagnostik und Therapie ausgewählter Krankheitsbilder.
•    Regulation des Blutkreislaufs: Wichtige Aspekte der Strömungslehre, Regulation des zirkulierenden Volumens, Prinzipien und
Mechanismen der Regulation des arteriellen, sowie des venösen Blutdrucks, Regulation und Besonderheiten der Durchblutung
unterschiedlicher Organe, die Rolle des Niederdrucksystems des Kreislaufs und des zirkulierenden Volumens, Prinzipien der
Mikrozirkulation und der Rolle des Endothels, Stoffaustausch und assoziierte Prozesse, Anpassung der Sauerstoffversorgung bei
Belastung. Klinische Folgen pathophysiologischer 
•    Therapie ausgewählter Krankheitsbilder.
•    Physiologische Grundlage der wichtigsten Massnahmen zur Prävention von Herz-Kreislauf-Erkrankungen. 

Prerequisites /
notice

Voraussetzung: 
LE 377-0100-00L Grundbausteine Mensch

377-0203-00L Respiratory System
Only for Human Medicine BSc

O  5 credits 5V C. Spengler, J. Loffing,
S. Ulrich Somaini

Abstract After successful completion of this modul, students shall be able to explain structure and function of the respiratory system and it’s
interaction with the cardiovascular system. They shall know pathophysiologal and clinical aspects, diagnostics and therapy of the most
important respiratory diseases as well as the respective preventive measures. 

Objective Die Studierenden sollen nach erfolgreichem Abschluss dieses Moduls zu Folgendem befähigt sein:
1.    Aufbau und Funktion des Atmungs-Systems erklären.
2.    Prinzipien der Atmungsregulation, inklusive Adaptation an den Bedarf des Organismus, erklären. 
3.    Interaktion des Atmungs- mit dem Herz-Kreislauf-System erklären.
4.    Die wichtigsten Krankheitsbilder, deren Entstehung, Klinik, Diagnostik und Therapie kennen. 
5.    Die wichtigsten Massnahmen zur Prävention von Atemwegserkrankungen und die zugrunde liegenden Mechanismen kennen. 

Content Die Studierenden lernen in diesem Modul Anatomie, Physiologie, und Pathophysiologie des Atmungs-Systems, wichtige Interaktionen
zwischen Atmungs- und Herz-Kreislaufsystem, sowie Klinik, Diagnostik, Therapie und Prävention der wichtigsten Krankheitsbilder des
Atmungs-Systems kennen. Dies beinhaltet:
•    Aufbau des Atmungs-Systems: Aufbau der oberen Atemwege, der assoziierten Höhlen und deren Verbindung; Aufbau der Abschnitte
der unteren Atemwege, der Lunge, der Pleura sowie der für die Atemmechanik relevanten Strukturen.
•    Funktion des Atmungs-Systems: Funktion spezifischer Zelltypen und Epithelien des Atmungs-Systems, Mechanismen zur Reinigung,
Erwärmung und Befeuchtung der Atemluft, Mechanismen der Lageveränderung, Öffnung/Schliessung des Larynx beim Atmen, Husten und
Pressen, Prinzipien der Atmungsmechanik, Bedeutung der Lungen-Volumina und –kapazitäten, der alveolären und Totraum-Ventilation,
Einstellung der alveolären Partialdrücke der Atemgase, alveolo-kapillärer Gasaustausch, sowie zwischen Kapillaren und Gewebe,
strukturelle Komponenten und Prinzipien des Lungenkreislaufs und seiner Regulation. Klinische Folgen pathophysiologischer
Veränderungen, Diagnostik und Therapie ausgewählter Krankheitsbilder.
•    Regulation der Atmung: Entstehung und Modulation des Atemrhythmus, Einfluss rückgekoppelter (z.B. über Chemorezeptoren), sowie
nicht-rückgekoppelter (z.B. zentralnervöse) Atemreize auf die Atmung, Mechanismen der Regulation von Ventilation und Perfusion
einzelner Lungenabschnitte, Regulation der Atemwegswiderstände und der alveolären Belüftung durch Sympathikus und
Parasympathikus, Rolle der Lunge im Säure-Basen-Haushalt, sowie Interkation von psychischen Faktoren mit der Atmung. Klinische
Folgen pathophysiologischer Veränderungen, Diagnostik und Therapie ausgewählter Krankheitsbilder.
•    Interaktion von Atmungs- und Herzkreislauf-System anhand klinischer Fälle.
•    Physiologische Grundlage der wichtigsten Massnahmen zur Prävention von Erkrankungen des Atmungs-Systems. 

Prerequisites /
notice

Voraussetzung: 
LE 377-0201-00L Herz-Kreislauf-System 

377-0205-00L Kidney and Homeostasis
Only for Human Medicine BSc

O  5 credits 5V A. Hall, O. Devuyst
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Abstract Development, anatomy and function of the kidneys and urinary tract, regulation of blood pressure and fluid/electrolyte/minerals/acid-base
homeostasis, including clinical vignettes.

Objective Following successful completion of this course the students should be able:
1. to understand basic principles in membrane transport and biology.
2. to describe the developmental origins of the kidney and urinary tract. 
3. to understand the anatomy and function of the renal vasculature, glomeruli, tubules and interstitium.
4. to understand the homeostatic regulation of water, electrolyte, minerals  and acid-base balance.
5. to recognize basic patterns of kidney diseases and how they present clinically

Content In this module the following themes will be covered:
1. Basic principles of solute transport and hormonal regulation in epithelial cells.
2. Embryological development of the kidney and urinary tract.
3. Structure and specialized function of different nephron segments.
4. Hormonal regulation of water, salt and electrolyte homeostasis and osmolarity. 
5. Structure and function of the lower urinary tract and micturition.
6. Structure and function of renal vasculature, glomeruli and interstitium. Regulation of renal blood flow and blood pressure. Measurement
of glomerular function and proteinuria.
7. Regulation of acid-base and mineral homeostasis.

Prerequisites /
notice

Voraussetzung: 
LE 377-0201-00L Herz-Kreislauf-System 

535-6000-00L Pharmacology for Medical Students
Only for Human Medicine BSc

O  2 credits 2V J. Abd Alla

Abstract This lecture provides an overview of basic principles in pharmacology, mechanisms of drug action and clinical uses of important classes of
drugs.

Objective After the successful completion of this course, students have understood basic principles of pharmacology, learned mechanisms of drug
action and know clinical uses of important classes of drugs.

Content This lecture provides a short overview about basic and clinical pharmacology topics of selected classes of drugs.
Lecture notes A script is provided for each lecture. Scripts define important and exam-relevant course contents but do not replace the lectures.
Literature Klaus Aktories, Ulrich Förstermann, Franz Hofmann, Klaus Starke.

Allgemeine und spezielle Pharmakologie und Toxikologie.
12th edition (2017)
Urban & Fischer (Elsevier, München)
ISBN-13: 978-3-437-42527-7

or
The classic textbook on Pharmacology:
Goodman & Gilman`s The Pharmacological Basis of Therapeutics.
Laurence Brunton, Björn Knollmann, Randa Hilal-Dandan
13th edition, 1440 pages
2017; McGraw - Hill Education 
ISBN-10: 1259584739
ISBN-13: 978-1259584732

551-1110-00L Infection and Immunology
Only for Health Sciences and Technology BSc and
Human Medicine BSc.

O  2 credits 2V W.-D. Hardt, A. B. Hehl, U. Karrer,
F. Sallusto

Abstract Structure and function of pathogenic bacteria, viruses, single- and multi-cellular parasites, and pathogen-specific defense mechanisms of
the immune system. The lecture is complemented by a learning platform. Some material is expected to be prepared in self-study

Objective - Students can describe the structural principles and mechanisms of infection of key pathogens.
- Students understand how these pathogens are detected and eliminated by the native and adaptive immune system.
- Students are able to explain how anti-infective agents work and how pathogens develop resistance. 

Content - Cellular structure of Gram-positive and Gram-negative bacteria
- Bacteria-host interactions and their effect on the host
- Antibiotics and antibiotic resistance
- Classification of pathogenic viruses
- Organization, classification and life cycle of eukaryotic pathogens 
- Organization of the native immune system
- Organization of the adaptive immune system

Prerequisites /
notice

The immunology section of the course can be taught in English.

551-1304-00L Biochemistry
Only for Health Sciences and Technology BSc and
Human Medicine BSc.

O  3 credits 3V U. K. Genick, W. Kovacs, M. Peter

Abstract The course introduces students to the central facts and concepts of biochemistry and covers topics ranging from the structure,
physicochemical properties and function of biomolecules; enzymes and their function; human metabolism and its regulation to signal
transduction and motor proteins.

Objective The detailed learning goals of the course can be viewed on the course's Moodle page.
Lecture notes There is no traditional script for this course. Instead the course is supported by a Moodle page through which students have access to all

necessary texts, exercises, videos and activities.
Literature The essential course material will be available on the course's Moodle Page in the form of scripts and lesson handouts. 

The course does not have an "official" textbook, but students may find a general reference book on the topic interesting. For this purpose,
the text "Löffler/Petrides Biochemie und Pathobiochemie" ISBN 978-3-642-17971-6 may be interesting.

Prerequisites /
notice

The course builds on the content of the courses "Chemie für Mediziner", "Pharmakologie für Mediziner" and "Molekulare Genetik und
Zellbiologie".

401-0282-00L Mathematics II
Only for Human Medicine BSc.

O  4 credits 3V+1U L. Kobel-Keller

Abstract Consolidation and extension of mathematics as the universal language for scientific facts:
The lecture aims on one hand at learning and exercising the mathematical trade and in the other hand at applying the learnt concept to
medical, biological, chemical and mechanical problems.

Objective Simple and complex facts can be described and analysed using mathematical tools. 
Know and apply tools to discuss and solve (systems of) differential equations, basics of calculus in several variables and of linear algebra.
Used concepts: Euler method, (in-)stability, linear maps, matrix calculus, eigenvalues and eigenvectors, parametrizations, calculus in
several variables.
Applications e.g. to modelling infectious diseases.
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Content Euler method, (in-)stability, linear maps, matrix calculus, eigenvalues and eigenvectors, parametrizations, calculus in several variables, line
integrals

Literature G. B. Thomas, M. D. Weir, J. Hass: Analysis 2, Lehr- und Übungsbuch, Pearson-Verlag
further reading suggestions will be indicated during the lecture

401-0643-00L Statistics I O  3 credits 2V+1U M. Kalisch
Abstract Introduction to basic methods and fundamental concepts of statistics and probability theory for non-mathematicians. The concepts are

presented on the basis of some descriptive examples.
Objective Grundverständnis für die Gesetze des Zufalls und des Denkens in Wahrscheinlichkeiten. Kenntnis von Methoden zur Darstellung von

Daten und zu ihrer quantitativen Interpretation unter Berücksichtigung der statistischen Unsicherheit.
Content Modelle und Statistik für Zähldaten: Diskrete Wahrscheinlichkeitsmodelle, Binomial-Verteilung, Tests und Vertrauensintervalle für eine

Wahrscheinlichkeit, Poisson-Verteilung und deren Statistik, weitere Verteilungen.
Modelle und Statistik für Messdaten: Beschreibende Statistik, Zufallsvariablen mit Dichten, t-Test und Wilcoxon-Test und zugehörige
Vertrauensintervalle.
Regression: Das Modell der linearen Regression, Tests und Vertrauensintervalle, Residuenanalyse.

Lecture notes Es steht ein kurzes Skript zur Verfügung.
Literature - W.  A. Stahel, Statistische Datenanalyse: Eine Einführung für Naturwissenschaftler, 5. Aufl., Vieweg, Braunschweig/Wiesbaden, 2007
Prerequisites /
notice

Voraussetzungen: Grundlegende Mathematik-Kenntnisse wie sie im ersten Semester erworben werden.

 Additional First Year Courses
Number Title Type ECTS Hours Lecturers

377-0211-00L Physical Examination: Musculoskeletal and
Neurological System
Only for Human Medicine BSc

O  2 credits 2P M. Leunig, T. F. Fekete,
M. Glanzmann, Z.-M. Manjaly,
A. Müller, H. A. Rüdiger

Abstract Clinical examination of the musculoskeletal and nervous systems
Objective Die Studierenden können die aktive und passive Untersuchung der peripheren Gelenke, der Wirbelsäule und des zentralen und peripheren

Nervensystems am gesunden Menschen durchführen. Das bedeutet:
•    Die Studierenden kennen den Ablauf der Untersuchungen.
•    Sie kennen die gängigen Tests und können sie praktisch durchführen. 
•    Sie kennen die Normalbefunde der Tests bzw. sie erkennen pathologische Befunde.

Content In diesem Kurs werden die Grundlagen der aktiven und passiven klinischen Untersuchung (insbesondere Inspektion, Palpation,
Durchführung der Neutral-Null-Methode und der Funktionstest für die Gelenke, Muskeln, Sehnen und Nerven) am gesunden Menschen in
folgenden Themenbereichen vermittelt: 
•    Untere Extremität: Hüft-, Knie- und Gelenke des Fusses  inkl. Beinachse und Bewegungsanalyse
•    Obere Extremität: Schulter- Ellbogen- und Gelenke der Hand
•    Hals-, Brust-, Lendenwirbelsäule und Iliosakralgelenk
•    Zentrales und peripheres Nervensystem (insbesondere Prüfung der sensiblen, motorischen, koordinativen und vegetativen Funktion)

Prerequisites /
notice

Voraussetzungen:
LE 377-0105-00L Bewegungsapparat     
LE 377-0107-00L Nervensystem

551-1304-01L Pathobiochemistry
Only for Human Medicine BSc.

O  2 credits 2G U. K. Genick, R. C. Dechant,
W. Kovacs

Abstract The course accompanies the “Biochemie” course and covers similar topics (properties of biomolecules, metabolism, signal transduction,
motor proteins etc.). However, in this course these topics will be covered from the perspective of the pathological consequences that arise
when these molecules and process do not function properly.

Objective The course's detailed learning goals are available on the course's Moodle page.
Lecture notes There is no traditional script for this course. Instead the course is supported by a Moodle page through which students have access to all

necessary texts, exercises, videos and activities.
Literature The essential course material will be available on the course's Moodle Page in the form of scripts and lesson handouts. 

The course does not have an "official" textbook, but students may find a general reference book on the topic interesting. For this purpose
the text "Löffler/Petrides Biochemie und Pathobiochemie" ISBN 978-3-642-17971-6 may be interesting.

Prerequisites /
notice

The course builds on the content of the "Biochemie" course, which runs parallel to this course as well as on the courses "Chemie für
Mediziner", "Pharmakologie für Mediziner" and "Molekulare Genetik und Zellbiologie" from the fall semester.

377-0303-00L Physiology Lab
Only for Human Medicine BSc

O  3 credits 3P C. Spengler

Abstract Experiments to evaluate nerve, muscle, heart, circulation, respiration, and sensory organ function in humans.
Objective Practical experience of physiology. Learning of fundamental assessments of physiological functions in humans and of correct

interpretations of measurement data.
Content Determination of nerve conduction time, recording of electromyogram (EMG; single stimuli and summatin) and mechanogram;

measurement of lung function and oxygen consumption; assessment of cardiovascular adjustments in response to orthostatic challenges
and exercise; computer simulation of the cardiovascular system under different conditions; determination of hearing threshold level, visual
acuity, accommodation and field of vision.

Lecture notes Scriptum of the Laboratory Experiments in Physiology on Moodle
Prerequisites /
notice

Voraussetzungen:
LE 377-0105-00L Bewegungsapparat     
LE 377-0107-00L Nervensystem
LE 377-0201-00L Herz-Kreislauf-System
LE 377-0203-00L Atmungs-System

 Courses in Organ Systems and Clinical Practice
 Examination Block A

Offered in the Autumn Semester

 Examination Block B
Number Title Type ECTS Hours Lecturers

377-0401-00L Sensory Organs
Only for Human Medicine BSc.

O  4 credits 5V D. Bleisch, S. Hegemann,
C. Maake, O. Ullrich, further
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lecturers
Abstract Structure and function of the sensory organs including their fundamental physical and biochemical background. Insight into major

disorders, research fields and selected applications of medical technology.
Objective  Upon successful completion of the module, students should be able to

1.    correctly describe the structure of sensory organs and link it with the knowledge about the fundamental function of the respective
organ.
2.    denote a selection of diseases in order to explain the loss of function of certain sensory organ structures and to understand the mode
of action of common therapies.
3.    put applications of medical technology in context to structure, function and functional impairments and be aware of the diagnostic and
therapeutic benefits.
4.    describe examples of basic research on sensory organs and quote some possible applications.

Content • Anatomie, Histologie und Embryologie Auge
• Physiologie Auge
- Das Auge als optisches System
- Funktionelle Einheiten des anterioren Segments
- Ausgewählte klinische Aspekte und Medizintechnik des anterioren Segments
- Funktionelle Einheiten des posterioren Segments
- Ausgewählte klinische Aspekte und Medizintechnik des posterioren Segments
- Okulomotorik
- Ausgewählte klinische Aspekte der Neuroophthalmologie
- Grundlagenforschung Sehsystem
• Anatomie und Histologie Gehör
• Physiologie des vestibulären Systems
- Ausgewählte klinische Aspekte und Medizintechnik zu Gleichgewicht und Gehör
• Physiologie des auditiven Systems
• Anatomie und Histologie des olfaktorischen- und gustatorischen Systems
• Physiologie Riechen und Schmecken

Prerequisites /
notice

Voraussetzung:
LE 377-0107-00L Nervensystem

377-0403-00L Skin
Only for Human Medicine BSc.

O  2 credits 2V A. Navarini, J. Loffing, further
lecturers

Abstract Structure and function of the skin and its appendages as well as important skin changes and diseases.
Objective Upon successful completion of this module, students should be able to

1. to differentiate important cell types of the skin and its appendages due to their characteristics and function
2. Recognize and correctly describe common skin changes
3. to correctly describe physiological and pathological aspects of wound healing
4. Understanding basic mechanisms of inflammation and defense
5. Understand and correctly describe important clinical pictures
6. Understand important principles of galenics.

Content In this module students get an overview of the structure (anatomy) and the function (physiology) of the skin and its appendages as well as
selected dermatological diseases (pathophysiology) as well as basic principles of external therapy of skin diseases.
The module is subdivided into a total of six topics:
1. Structure and function of the skin, efflorescent doctrine with exercises in the moulagenmuseum
2. Basics, clarification and treatment of hypersensitivity reactions and drug allergies
3. Physiology and disorders of wound healing, fabrication of skin replacement, physiology and disorders of the lymphatic system
4. Basics of cutaneous defense and inflammation, microbiology of the skin, autoimmunity and fibrosis
5. Benign and malignant neoplasias of the skin
6. Galenics / basic principles of external therapy of skin diseases

Prerequisites /
notice

Voraussetzung:
LE 377-0301-11L Blut, Immunsystem

377-0415-00L Infectious Diseases
Only for Human Medicine BSc

O  2 credits 2V E. Wetter Slack, U. Karrer,
A. Zinkernagel Schüpbach

Abstract This course will introduce students to the main pillars of clinical infectiology.
Objective This course will achieve the following learning objectives:

1. Evaluating and understanding the basic biology of microorganisms and infection
2. Evaluating and understanding the diagnosis of infectious disease
3. Evaluating and understanding the treatment of infectious disease
4. Evaluating and understanding the prevention of infectious disease
5. Applying knowledge to clinically relevant challenges

Content Three-week interactive course covering revision of microbiology, pharmacokinetics of antimicrobials, current and future diagnostics, and
management of viral, bacterial and parasitic diseases.

Literature Lecture notes and learning material will be provided shortly before the course start date.
Prerequisites /
notice

Voraussetzungen:
LE 551-1110-00L Infektion & Immunologie
LE 377-0301-11L Blut, Immunsystem

402-0084-00L Physics II O  4 credits 3V+1U G. Dissertori
Abstract This course is an introduction to classical physics, with special focus on applications in medicine.
Objective Obtain an understanding of basic concepts in classical physics and their application (using mathematical pre-knowledge) to the solution of

simple problems, including certain applications in medicine.

Obtain an understanding of relevant quantities and of orders of magnitude.

Content Electromagnetism;
Thermodynamics;
Optics.

Lecture notes Will be distributed at the start of the semester.
Literature "Physik für Mediziner, Biologen, Pharmazeuten", von Alfred Trautwein, Uwe Kreibig, Jürgen Hüttermann; De Gruyter Verlag.
Prerequisites /
notice

Voraussetzung Mathematik I+II und Physik I (Studiengänge Gesundheitswissenschaften und Technologie bzw. Humanmedizin) /
Mathematik-Lehrveranstaltungen des Basisjahres (Studiengänge Chemie, Chemieingenieurwissenschaften bzw. Interdisziplinäre
Naturwissenschaften)

377-0401-01L Sensory Organs
Only for Human Medicine BSc.

5 credits 5V D. Bleisch, S. Hegemann,
C. Maake, O. Ullrich, further
lecturers
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Abstract Structure and function of the sensory organs including their fundamental physical and biochemical background. Insight into major
disorders, research fields and selected applications of medical technology.

Objective  Upon successful completion of the module, students should be able to
1.    correctly describe the structure of sensory organs and link it with the knowledge about the fundamental function of the respective
organ.
2.    denote a selection of diseases in order to explain the loss of function of certain sensory organ structures and to understand the mode
of action of common therapies.
3.    put applications of medical technology in context to structure, function and functional impairments and be aware of the diagnostic and
therapeutic benefits.
4.    describe examples of basic research on sensory organs and quote some possible applications.

Content • Anatomie, Histologie und Embryologie Auge
• Physiologie Auge
- Das Auge als optisches System
- Funktionelle Einheiten des anterioren Segments
- Ausgewählte klinische Aspekte und Medizintechnik des anterioren Segments
- Funktionelle Einheiten des posterioren Segments
- Ausgewählte klinische Aspekte und Medizintechnik des posterioren Segments
- Okulomotorik
- Ausgewählte klinische Aspekte der Neuroophthalmologie
- Grundlagenforschung Sehsystem
• Anatomie und Histologie Gehör
• Physiologie des vestibulären Systems
- Ausgewählte klinische Aspekte und Medizintechnik zu Gleichgewicht und Gehör
• Physiologie des auditiven Systems
• Anatomie und Histologie des olfaktorischen- und gustatorischen Systems
• Physiologie Riechen und Schmecken

Prerequisites /
notice

Voraussetzung:
LE 377-0107-00L Nervensystem

 Additional Courses 2nd Year
Number Title Type ECTS Hours Lecturers

377-0411-00L Internal Clinical Examination
Only for Human Medicine BSc.

O 2 credits 2P M. Menke, S. Bodis, P. Hasler,
P. Schütz

Abstract With this course (physical exam for internists) the basics of examination including inspection, palpation, auscultation, measurements with
simple clinical tools and application of additional instruments are delivered for eight „organ-groups“ (metabolism, respiration, digestion,
lymphatic system, neuro-system, urogenital tract Kopf und circulation).


Objective The students will learn to examine in active and passive ways the following  organ-systems: lymph, blood, heart, circulation, lungs, GI-tract,
skin, ear-throat-nose, lungs and chest, nerves, brain, hormones and metabolism. 
-    They know the flow and order of the physical exam
-    They know the reference and normal values and significant deviations
-    They know additional examination tests and supportive tools and their interpretation

Content 8 different examination courses:
- Cardiovascular system
- Thorax / lung
- Digestion
- Nerves
- ORL / eyes
- Blood / lymph / skin
- General internal status with glands and metabolism
- Urogenital

Prerequisites /
notice

Voraussetzungen:
LE 377-0105-00L Bewegungsapparat
LE 377-0107-00L Nervensystem
LE 377-0201-00L Herz-Kreislauf-System
LE 377-0203-00L Atmungs-System
LE 377-0205-00L Nieren und Homöostase 
LE 377-0301-01L Blut, Immunsystem
LE 377-0301-02L Ernährung und Verdauung
LE 377-0301-03L Endokrinologie, Stoffwechsel

377-0413-00L From Symptoms to Diagnosis
Only for Human Medicine BSc.

O 5 credits 5V E. Osto, M. Farshad, J. Gubler,
L. Käser, C. Schmied

Abstract Clinical cases are used to link specific symptoms to the most important differential diagnoses. Symptoms are related to the most relevant
and common underlying causes of disease. Students use clinical reasoning to justify and explain the selection of the appropriate diagnostic
procedure and investigation to achieve state of the art clinical diagnosis based on evidence (working diagnosis). 

Objective 1.    Students will be able to correctly define the main symptoms described during the course and associate them with the respective
disease.
2.    Students will be able to define the main differential diagnoses of the symptoms described during the course and explain respective
diagnostic approach.
3.    Students will be able to evaluate and compare pros and cons of different diagnostic algorithms based on symptom(s) presented during
each session of the course
a.    Compare and define the most appropriate approach based on the physiopathologic mechanism
b.    Compare and define the most appropriate approach based on the sensibility and specificity of the investigation proposed
c.    Compare and define the most appropriate approach based on the cost and benefit of the investigation proposed
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Prerequisites /
notice

Voraussetzungen:
LE 377-0105-00L Bewegungsapparat
LE 377-0107-00L Nervensystem
LE 377-0201-00L Herz-Kreislauf-System
LE 377-0203-00L Atmungs-System
LE 377-0205-00L Nieren und Homöostase 
LE 377-0301-01L Blut, Immunsystem
LE 377-0301-02L Ernährung und Verdauung
LE 377-0301-03L Endokrinologie, Stoffwechsel
LE 377-0211-00L Körperliche Untersuchung
LE 377-0411-00L Internistische Untersuchung

 Additional Courses 3rd Year
Number Title Type ECTS Hours Lecturers

377-0601-00L Psychiatry & Computational Psychiatry
Only for Human Medicine BSc

O 2 credits 2G K. Stephan, A.-S. Petrescu,
H. Schmidt, J. Siemerkus

Abstract The module Psychiatrie & Computational Psychiatry introduces the most common psychiatric disorders, including etiology, diagnostics and
therapy. In addition, under the guidance of a clinician, the students will acquire practical skills for assessing psychopathology in patients.
The module concludes with an introduction to concepts and practical applications of Computational Psychiatry. 

Objective After completing the module “Psychiatrie & Computational Psychiatry”, the students are expected to show proficiency in:
1.    Taking a complete psychiatric history 
2.    Conducting a psychiatric interview based on methods of clinical communication 
3.    Developing a trustful and unbiased physician-patient contact 
4.    Conducting a psychopathological assessment according to the AMPD system 
5.    Knowing the diagnosis criteria according to ICD-10 for common psychiatric disorders
6.    Identifying and explaining disorder specific symptoms
7.    Knowing disorder specific treatments 
8.    Knowing the effects, indications and side-effects of psychiatric medications 
9.    Knowing the basic concepts of psychotherapeutic methods 
10.    Dealing with one’s own emotions during difficult patient interviews
11.    Knowing the basic concepts and methods of Computational Psychiatry

Content The module “Psychiatrie & Computational Psychiatry” introduces the most common psychiatric disorders, including their epidemiology,
etiology, pathogenesis, symptoms, diagnosis, and treatment. This applies to the following disorders: 
-    Depressive disorders and bipolar disorders
-    schizophrenia spectrum disorders
-    autism spectrum disorder
-    addiction
-    anxiety disorders
-    obsessive-compulsive disorder
-    dementia
-    personality disorders

Additionally, the course conveys knowledge about the most common psychiatric emergencies and their treatments.

Further topics of the module include: 
-    Introduction to the concepts of ICD and DSM
-    Communication and interaction with people with mental disorders 
-    Psychiatric history 
-    General and disorder-specific introduction to psychopathology
-    Psychopathological assessment (according to AMDP) with focus on:
disorders of consciousness, disturbances of orientation, disturbances of attention and memory, formal thought disorders, worries and
compulsions, delusions, disorders of perception, Ego (boundary) disturbances, disturbances of affect, disorders of drive and psychomotor
activity, circadian disturbances
-    Introduction to Computational Psychiatry, including general concepts and methods (e.g. Bayesian brain theory, mathematical models of
brain activity measurements) and computational theories of schizophrenia, autism, psychosomatics, depression, fatigue and mindfulness 

Prerequisites /
notice

Voraussetzung:
alle medizinischen und klinischen Module der 1. - 5. Semester

377-0602-00L Psychosomatic and Psychosocial Medicine
Only for Human Medicine BSc

O 2 credits 2V M. Sabbioni, further lecturers

Abstract Professional physician-patient communication is a key requirement for a successful medical practice. Those who are proficient in the
practice of medical interviewing have an excellent diagnostic tool in each discipline, and have much better conditions for patient guidance
and a lower likelihood of prosecution for malpractice. 

Objective Medical history taking (how can a physician quickly get a reliable information about the disease). Communicative techniques for the
professional exploration of psychosocial circumstances: gain the patient's trust through empathy, professional communication skills, and
professional and social skills. The psychosocial contextualization of a disease to capture the patient's actual suffering. Exemplary
background information on important psychosocial factors and mechanisms that can lead to health disorders: e.g. Stress-related diseases,
diseases that lead to a permanent loss of function in everyday life or disorders due to significant experience (for example, trauma). 
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Content Background knowledge for psychosocial medicine: 
• Individual as a unity of body, psyche and social. 
• development, bonding 
• Mechanisms for the development of «psychosomatic disorders». 
• Interplay of genetics, life history and the environment. 
• Coping with illnesses. 
• Psychophysiology; stress 
• pain 
• addiction 
• migration 
• gender 

Anamnesis skills and patient-physician communication: 
• The structural elements of an anamnesis 
• The technique of patient-centered interviewing: the art of listening and asking questions (question types); the empathic attitude; wait,
repeat, summarize, mirror. 
• The systematic analysis of a symptom: the 8 dimensions of a symptom • The importance of psychosocial history; Areas of application of
psychosocial medical history; Components of Psychosocial Anamnesis 
• The disease model of the patient 
• To foster the doctor-patient interaction: attachment, transmission and countertransference, collusion 
• Dealing with diversity: specific additions to the psychosocial history of migration background • Informing the patient about diagnosis,
planned investigations and treatment. How to break bad news 


Prerequisites /
notice

Voraussetzung:
alle medizinischen und klinischen Module der 1. - 5. Semester

377-0603-00L Teamwork, Interprofessionality and own Career
Only for Human Medicine BSc

O 2 credits 2V B. Grande, M. Kolbe

Abstract Students will develop concepts and strategies for working effectively and respectfully in interprofessional healthcare teams. They will learn
how  important communication and teamwork are for quality and safety of patient care. Simulations will provide students with possibilities to
reflect on own actions within the context of clinical work. 

Objective Learning objective 1: Students are able to describe the importance of colleagues’ knowledge and experience. 
Learning objective 2: Students develop strategies for using colleagues’ knowledge and experience in clinical situations and are able to
apply these strategies.  
Learning objective 3: Students are able to team up spontaneously and effectively and clarify roles and responsibilities. 
Learning objective 4: Students can describe the importance of respect and appreciation for collaboration and performance. 
Learning objective 5: Students are able to communicate respectfully and in an appreciative manner. 
Learning objective 6: Students are able to describe benefits and risks of diverse opinions and conflicts in interprofessional teams and can
apply strategies for managing them effectively. 
Learning objective 7: Students can identify success factors of teamwork and adapt their own interests accordingly. 
Learning objective 8: Students are able to recognize situations which require speaking up. 
Learning objective 9: Students develop strategies for speaking up effectively.
Learning objective 10: Students are able to realize when they are stretched to their limits with respect to knowledge, skills, attitude. 
Learning objective 11: Students are able to apply strategies managing their own subject-specific limits.  
Learning objective 12: Students use self-reflection as a tool to reflect on their actions and related consequences for patients and team
members and to develop learning opportunities. 

Content The module «interprofessional teamwork and career” will provide students with the possibility to learn principles of working together
efficiently, effectively and safely in interprofessional healthcare teams. Consequences of teamwork for patient care & safety and
implications for career management will be discussed. Applying experience-based learning, in simulations of clinical situation with varying
degrees of complexity students will learn, which competencies are required in addition to clinical knowledge and skills. Teamwork and
communication will be centerstage. Students will encounter simulated clinical situations (e.g., deteriorating patient in ward; trauma;
resuscitation; board/colloquium) and reflect on their shared experience in structured debriefings. Particularly essential skills such as
handover communication and speaking up will be deliberately practiced. Short lectures will present background and research findings. 

Prerequisites /
notice

Voraussetzung:
LE 377-0515-00L Interprofessionelle Versorgungsketten

377-0604-00L Bedside Teaching
Only for Human Medicine BSc

O 2 credits 2P M. Lepori

Abstract During the clinical week, students will have the opportunity to see patients from the internal medicine and surgery department and discuss
these cases in detail. In addition, a BLS Refresh, an injection and a suture course will be held and radiology and dermatology cases will be
discussed.

Prerequisites /
notice

Voraussetzung:
alle medizinischen und klinischen Module der 1. - 5. Semester

377-0605-00L Differential Diagnostics
Only for Human Medicine BSc

O 2 credits 2G C. Schmied, G. A. Spinas

Abstract This module gives a broad overview of the differential diagnostic of diseases and shall assess the diagnostic skills of the medical students.
For this purpose, the students will practice different situations to simulate upcoming requirements in daily clinical practice as realistic as
possible.

Objective The students know the most important differential diagnostics of all organic systems.

The students know advantages and drawbacks of the most important diagnostic tools. 

The students are able to perform an accurate clinical examination (incl. patient’s personal and systemic history, physical examination) and
to name the adequate differential diagnostic.

The students are able to create a first diagnostic approach on the base of the patient’s health record, recognize lacking information and add
this to complete their assessment.

Content At the end of the bachelor studies the aim of this module is to give a broad and thorough overview of the differential diagnostic of diseases
and to assess the diagnostic skills of the medical students. For this purpose, the students will practice different situations to simulate
upcoming requirements in daily clinical practice as realistic as possible. As such, patients will be assessed in a hospital setting.
Furthermore, the students have to conclude on patient’s health records and interesting case-based discussions will be held in the lecture
hall. 

Prerequisites /
notice

Voraussetzung:
alle medizinischen und klinischen Module der 1. - 5. Semester

 Courses in Medical Sciences
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 Core Courses 2nd Year (Programme Regulations 2018)
Number Title Type ECTS Hours Lecturers

227-0383-00L Medical Imaging I
Only for Human Medicine BSc

O  3 credits 3G S. Kozerke, O. Göksel, R. Schibli,
M. P. Wolf

Abstract The course introduces the foundations of noninvasive imaging including X-ray imaging, Computed Tomography, Magnetic Resonance
Imaging, Single Photon and Positron Emission Tomography, Ultrasound and Optical Imaging. Besides the physical and technical
methodology, the assessment of imaging performance is covered to enable students to identify relative advantages and limitations.

Objective The course enables students to:

* explain physical and technical foundations of medical imaging
* characterise imaging performance
* interpret and analyse image content
* make an informed choice of modalities for clinical question

Content Introduction + example cases of:

* X-ray and Computed Tomography
* Magnetic Resonance Imaging
* Nuclear Imaging
* Ultrasound Imaging
* Optical Imaging
* Hybrid Imaging

377-0405-10L Ethics in Medicine and Health Care
nur für BSc Humanmedizin

O 2 credits 2V E. Vayena, J. Amann, A. Blasimme,
C. Brall, F. Gille, M. Ienca, further
lecturers

Abstract In this module, methods of personalized medicine and related ethical issues in medical and biomedical research are discussed.
Objective This module is intended to enable students to recognize and analyze ethically controversial situations in everyday medical practice.
Content This module contains the following ethical issues:

- Doctor-patient relationship
- End-of-life decision making
- Reproductive self-determination
- Techniques such as genetic testing, genome sequencing, Big Data, Artificial Intelligence

Prerequisites /
notice

Voraussetzungen:
LE 377-0105-00L Bewegungsapparat
LE 377-0107-00L Nervensystem
LE 377-0201-00L Herz-Kreislauf-System
LE 377-0203-00L Atmungs-System
LE 377-0205-00L Nieren und Homöostase 
LE 377-0301-01L Blut, Immunsystem
LE 377-0301-02L Ernährung und Verdauung
LE 377-0301-03L Endokrinologie, Stoffwechsel

377-0405-11L Clinical Research
nur für BSc Humanmedizin

O 3 credits 2V H. C. Bucher

Abstract This module provides basic knowledge for a critical study of literature closely related to clinical decision making and the basics of clinical
research methodology.

Objective This module is intended to enable students to critically appreciate scientific literature and to plan clinical trials themselves.
Content The module 'Clinical Research' contains the following aspects:

- Basic principles of evidence assessment (validity, clinical relevance and external validity of evidence) on the basis of clinical case
vignettes (diagnostics, therapy, screening).
- Development and presentation of a clinical trial protocol.

Prerequisites /
notice

Voraussetzung:
LE 401-0683-00L Statistik II

377-0407-00L Precision Medicine: Theory and Hands-on Exercises
Only for Human Medicine BSc.

O 5 credits 1V+4P C. Wolfrum, S. Modica,
L. Poveda Mozolowski, further
lecturers

Abstract Precision Medicine is a new approach in health care aiming to deliver personalized prevention and treatment for human diseases, by taking
into account individual differences in lifestyle, environment, and biology. This course consists of a series of theoretical lectures integrated
with a final two-week practical part. 

Objective The goal is to obtain the knowledge to conduct genetic analyzes to be able to carry out genetic analyses both experimentally as well as
computationally using standardized tools.

Content The theory section introduces precision medicine:
- Concepts
- Epigenetics
- Genetic variations
- Screening and diagnosis
- Case studies and therapies
- Genom Editing and modulation
- Big data analysis and interpretation
In the practical part, genome DNA analysis is practically applied.

Prerequisites /
notice

Voraussetzung:
LE 401-0683-00L Statistik II

 Core Courses 3rd Year
Number Title Type ECTS Hours Lecturers

227-0383-10L Medical Imaging II
Only for Human Medicine BSc

O  2 credits 4G S. Kozerke

Abstract This block course is dedicated to assess diagnostic imaging information in order to derive or support a patient's diagnosis. Example cases
will be presented and discussed in a flipped classroom setting. Applications of the various medical imaging modalities introduced during the
Medical Imaging I course will be covered.
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Objective The course enables students to:

* interpret and analyse medical image content 
* assess diagnostic yield in medical images
* derive diagnosis in conjunction with other clinical data
* make an informed request for additional exams if necessary

Content Clinical case examples including data from:

* X-ray and Computed Tomography
* Magnetic Resonance Imaging
* Nuclear Imaging
* Ultrasound Imaging

Prerequisites /
notice

Attendance/exam of Medical Imaging I

252-0868-00L Digital Medicine II
Only for Human Medicine BSc

O 4 credits 4V J. Vogt, N. Davidson, G. Rätsch

Abstract Machine Learning (ML) methods have shown to have a profound impact in medical applications, where the great variety of tasks and data
types enables us to get benefit of ML algorithms in many different ways. In this course we will review the most relevant methods and
applications of ML in medicine, and work on practical projects to solve medical problems with the help of ML.

Objective The course will start with a general introduction to ML, where we will cover supervised and unsupervised learning techniques, as for
example classification and regression models, feature selection and preprocessing of data, clustering and dimensionality reduction
techniques. After the introduction of the basic methodologies, we will continue with the most relevant applications of ML in medicine, as for
example dealing with time series, medical notes and medical images. 



Content During the last few years, we have observed a rapid growth of Machine Learning (ML) in Medicine. ML methods have shown to have a
profound impact in medical applications, where the great variety of tasks and data types enables us to get benefit of ML algorithms in many
different ways. In this course we will review the most relevant methods and applications of ML in medicine, discuss the main challenges
they present and their current technical solutions, and work on practical projects to solve medical problems with the help of ML.


377-0606-00L Refresher Week
nur für BSc Humanmedizin

O 2 credits 2G J. Goldhahn, further lecturers

Abstract This module will selectively take up, repeat and expand on numerous contents from previous semesters.
The students should have deepened or newly acquired basic histological, anatomical and pharmacological knowledge. They should also
consolidate and deepen their knowledge of emergency care and be familiar with clinical pictures frequently encountered in emergency
care.

Objective The student should, among other things…

Histology:
- name the 4 basic tissue types, their subdivisions and histological characteristics and recognize them in the histological specimen.
- reproduce the normal histological structure of the organs most frequently examined in pathology, and recognize them in the histological
preparation. 
- recognize and distinguish basic structures that are present in almost all organs, such as epithelia (incl. basal membrane), free and
localized connective tissue cells, blood and lymph vessels and nerve fiber bundles. 

Anatomy (pelvic floor):
The student should reproduce... 
-    the division of the pelvic space. 
-    the fibromuscular structure of the pelvic floor. 
-    the functions of the pelvic floor.

Respiration and respiratory tract: 
- identify the most common causes of impaired breathing and vulnerable airway.
- explain the system for assessing the respiration and airways. 
- describe the application possibilities of O2 and explain basic techniques of airway management. 
- perform mouth-to-mouth or mouth-to-nose resuscitation for 3 minutes. 
- perform a basic treatment of an open pneumothorax. 
- apply airway skills: Esmarch’s maneuver, head tilt-chin lift maneuver, remove foreign bodies and demonstrate enoral suctioning. In
addition, perform the Heimlich maneuver as a simulation in adults and discuss its use in children. 

Blood circulation:
- reproduce the most frequent causes of shock and circulatory arrest as well as the principle of recapillarisation. 
- recognize and determine different forms of shock and demonstrate shock positioning in simulation. 
- apply a wound compression-compression bandage tourniquet  (stop the bleed concept).

Emergency care and wound care:
- explain the ABCDE concept of emergency medicine 
- explain the causes of acute clouding of consciousness. 
- Explain the Glasglow Coma Scale (GCS) and perform a neurological assessment using GCS. 
- Demonstrate immobilization and rescue techniques, including positioning of unconscious patients and log-roll maneuvers 
- perform a preclinical immobilization of limb fractures.
- explain and apply the technique of single-button suturing and demonstrate the correct preparation of wound care 
-apply and demonstrate the technique of infiltration anesthesia

 
Pharmacology:
- list important groups of antibiotics and explain the problem of problem germs (VRE)  
- explain pharmacological properties, adverse effects and important differences between penicillin, DNA gyrase inhibitors, cephalosporins
and aminoglycosides. 
- explain an empirical therapy of meningitis in adults.
- explain the optimal target blood pressure in arterial hypertension using the SPRINT Trial. This also includes the classification of
hypertension into degrees of severity and its therapy. 
- Explain therapeutic goals of stable CAD (chronically stable CAD), describe the 3 pillars of therapy for stable CAD and overview the
subsequent cardioprotective pharmacotherapy.
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Content -    repetition and deepening of the histological knowledge of organ systems and tissues which is required for understanding the sampler of
general and special pathology; introduction to the histology of the prostate and uterus
-    repetition and deepening of the anatomy, especially of the pelvic floor
-    repetition and deepening of pharmacological knowledge (antibiotics, DNA gyrase inhibitors, therapy of hypertension)
-    repetition of the BLS course with AED
-    repetition and deepening of the theory of emergency medicine, with a focus on respiration and the respiratory tract, blood circulation,
emergency care and wound car

377-0607-00L Medical Engineering II
Only for Human Medicine BSc

O 2 credits 2G R. Gassert, O. Lambercy

Abstract In this one-week block course, students will apply the learnings of Medical Engineering I in the context of a specific challenge. In groups of
three, the design and control of the FLEXO elbow exoskeleton will be improved to, and the solutions will be compared in a competition.
Student will present and defend the gained insights in a poster presentation.

Objective - structure and plan a development process in a group of three
- apply the learnings of medical engineering I to a specific challenge
- characterize the performance of the developed solution using evaluation metrics from both engineering and human factors
- compare the solution against that of other groups in a competition
- convey and defend the gained insights in a technical poster presentation

Content This block course will allow students to integrate, apply and expand the learnings of the Medical Engineering I course, by adapting the
sensing, signal processing and control as well as the design of the FLEXO elbow exoskeleton to a specific challenge. The developed
solution will be compared to those of the other groups in the context of a competition and a technical poster presentation on the last day of
the week. The course will further promote student’s skills in structuring a design process, problem-solving, prototyping, design, testing and
trouble-shooting of software and hardware.

Literature Slides, exercises and LabVIEW code of the Medical Engineering I course.
Prerequisites /
notice

Voraussetzung:
LE 377-0523-00L Medizintechnik I

377-0608-00L Translational Research Internship
Only for Human Medicine BSc

O 8 credits 17P J. Goldhahn, C. Wolfrum

Abstract Within the Bachelor’s in Human Medicine, the Translational Research Internship is the final step before transferring into the master at a
partner university. It is intended to give insight into the transfer “from bench to bedside”, i.e. the translation of research findings to the
clinical application, and to prepare for the master thesis.

Objective The students should…

- present practical examples for the transfer of medical research into practice in a clinical context.
- gain practical clinical skills in a scientific/clinical context.
- learn how to write a short scientific report and how to critically reflect on your own work.

Content The Translational Research Internship (TRI) provides an insight into the development process of 'Bench to Bedside'. This should give
students the opportunity to put their theoretical knowledge into practice. The TRI is designed to offer students the possibility to acquire
skills and experience in a safe and realistic working environment. The TRI is designed for 6 weeks and must be completed by mid August
at the latest.

Prerequisites /
notice

Voraussetzung:
LE 377-0405-11L Klinische Forschung

 Compensatory Courses
Number Title Type ECTS Hours Lecturers

102-0516-01L Environmental Impact Assessment W  3 credits 2G S.-E. Rabe
Abstract Focus of the course are the method, the process and content of the Environmental Impact Assessment (EIA) as well as the legal bases

and methods for compiling an environmental impact study (EIS).
Using examples, a comprehensive view of the EIA is made possible by means of excursions.
In the frame of a project the process of am EIA will be workt out by the students.

Objective - Understanding the context of spatial planning and environmental protection
- Ability to use central planning instruments and procedures for assessing the environmental impacts and risks of projects
- Ability to apply quantitative methods to assess the environmental impacts and risks of projects
- Knowledge about the process and content of an EIA
- a capacity for critical review of environmental impact assessments

Content - Nominal and functional environmental protection in Switzerland
- Instruments of environmental protection
- Need for coordination between environmental protection and spatial planning
- Environmental Protection and environmental impact assessment
- Legal basis of the EIA
- Procedure of EIA
- Content of the EIA
- Content and structure of the EIS
- Application of the impact analysis
- Monitoring and Controlling
- View regarding the strategic environmental assessment (SEA)
- Excursions projects obligated under the EEA

Lecture notes No script. The documents for the lecture can be found for download on the homepage of the Chair of Planning of Landscape and Urban
Systems.

Download: http://irl.ethz.ch/de/education/vorlesungen/bsc/environmental_impact.html

Literature - Bundesamt für Umwelt 2009: UVP-Handbuch. Richtlinie des Bundes
für die Umweltverträglichkeitsprüfung. Umwelt-Vollzug Nr. 0923,
Bern. 156 S.
- Leitfäden zur UVP (werden in der Vorlesung bekannt gegben)

Prerequisites /
notice

Additional information on mode of examination:
No calculators allowed

376-0022-00L Imaging and Computing in Medicine W  4 credits 3G R. Müller, P. Christen, C. J. Collins
Abstract Imaging and computing methods are key to advances and innovation in medicine. This course introduces established fundamental as well

as modern techniques and methods of imaging and computing in medicine.
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Objective 1.    Understanding and practical implementation of biosignal processes methods for imaging 
2.    Understanding of imaging techniques including radiation imaging, radiographic imaging systems, computed tomography imaging,
diagnostic ultrasound imaging, and magnetic resonance imaging
3.    Knowledge of computing, programming, modelling and simulation fundamentals
4.    Computational and systems thinking as well as scripting and programming skills
5.    Understanding and practical implementation of emerging computational methods and their application in medicine including artificial
intelligence, deep learning, big data, and complexity
6.    Understanding of the emerging concept of personalised and in silico medicine
7.    Encouragement of critical thinking and creating an environment for independent and self-directed studying

Content Imaging and computing methods are key to advances and innovation in medicine. This course introduces established fundamental as well
as modern techniques and methods of imaging and computing in medicine. For the imaging portion of the course, biosignal processing,
radiation imaging, radiographic imaging systems, computed tomography imaging, diagnostic ultrasound imaging, and magnetic resonance
imaging are covered. For the computing portion of the course, computing, programming, and modelling and simulation fundamentals are
covered as well as their application in artificial intelligence and deep learning; complexity and systems medicine; big data and personalised
medicine; and computational physiology and in silico medicine.
The course is structured as a seminar in three parts of 45 minutes with video lectures and a flipped classroom setup: in the first part
(TORQUEs: Tiny, Open-with-Restrictions courses focused on QUality and Effectiveness), students study the basic concepts in short video
lectures on the online learning platform Moodle. At the end of this first part, students must post a number of questions in the Moodle forum
that will be addressed in the second part of the lectures using a flipped classroom concept. First, the lecturers may prepare additional
teaching material to answer the posted questions and potentially discuss further questions (Q&A). Second, the students will form small
groups to acquire additional knowledge online or from additionally distributed material and to present their findings to the rest of the class.

Lecture notes Stored on Moodle.
Prerequisites /
notice

Lectures will be given in English.

376-0204-00L Exercise Sciences W  4 credits 3G E. de Bruin, P. Eggenberger
Abstract Evidence-based findings on the training of endurance, strength, and speed, planning and periodization of training, as well as motor learning

will be presented and discussed in relation to specific age groups (childhood to older age), and performance levels. The theoretical
knowledge will be applied in an annual training plan for an individually chosen sport/performance level.

Objective Understand and critically evaluate evidence-based training recommendations for specific groups (children/youth, adults, older adults,
recreational/high performance sport) and apply and evaluate this knowledge within a goal-oriented training plan.

Content Lecture:
- Evidence-based research in exercise sciences
- Endurance, strength, and speed training
- Training in childhood and youth
- Training in older age
- Analysis of a specific sport, planning and periodization models
- Motor learning in sports practice

Training sessions:
- Development of a goal-oriented annual training plan for an individually chosen sport/performance level, based on evidence from the
exercise sciences.

Practice in the gym:
- Practical examples for the training of strength and speed
- Motor learning experiments

Lecture notes Lecture slides and papers on the Moodle platform.
Literature G.G. Haff & N.T. Triplett (eds): Essentials of Strength Training and Conditioning. Human Kinetics, 4th edition, 2016.


W.E. Amonette, K.L. English, W.J. Kraemer: Evidence-Based Practice in Exercise Science. The Six-Step Approach. Human Kinetics, 2016.

376-0209-00L Molecular Disease Mechanisms W  6 credits 4V C. Wolfrum, H. Gahlon, M. Kopf
Abstract In this course the mechanisms of disease development will be studied. Main topics will be: 

1.    Influence of environmental factors with an emphasis on inflammation and the immune response.
2.    Mechanisms underlying disease progression in metabolic disorders, integrating genetic and environmental factors.
3.    Mechanisms underlying disease progression in cancer, integrating genetic and environment

Objective To understand the mechanisms governing disease development with a special emphasis on genetic and environmental associated
components

Lecture notes All information can be found at:

https://moodle-app2.let.ethz.ch/course/view.php?id=12627

The enrollment key will be provided by email

376-0210-00L Biomechatronics
Primarily designed for HSTstudents

The Biomechatronics lecture is not appropriate for
students who already attended the lecture "Physical
Human-Robot Interaction"(376-1504-00L), because it
covers similar topics.

Matlab skills are beneficial-> online Tutorial
http://www.imrtweb.ethz.ch/matlab/

W  4 credits 3G R. Riener, R. Gassert

Abstract Development of mechatronic systems (i.e. mechanics, electronics, computer science and system integration) with inspiration from biology
and application in the living (human) organism.

Objective The objective of this course is to give an introduction to the fundamentals of biomechatronics, through lectures on the underlying
theoretical/mechatronics aspects and application fields. In the exercises, these concepts will be intensified and trained on the basis of
specific examples. The course will guide students through the design and evaluation process of such systems, and highlight a number of
applications.

By the end of this course, you should understand the critical elements of biomechatronics and their interaction with biological systems, both
in terms of engineering metrics and human factors. You will be able to apply the learned methods and principles to the design,
improvement and evaluation of safe and efficient biomechatronics systems.
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Content The course will cover the interdisciplinary elements of biomechatronics, ranging from human factors to sensor and actuator technologies,
real-time signal processing, system kinematics and dynamics, modeling and simulation, controls and graphical rendering as well as
safety/ethical aspects, and provide an overview of the diverse applications of biomechatronics technology.

Lecture notes Slides will be distributed through moodle before the lectures.
Literature Brooker, G. (2012). Introduction to Biomechatronics. SciTech Publishing.

Riener, R., Harders, M. (2012) Virtual Reality in Medicine. Springer, London.
Prerequisites /
notice

None

376-1392-00L Mechanobiology: Implications for Development,
Regeneration and Tissue Engineering

W  3 credits 2G A. Ferrari, G. Shivashankar,
M. Zenobi-Wong

Abstract This course will emphasize the importance of mechanobiology to cell determination and behavior. Its importance to regenerative medicine
and tissue engineering will also be addressed. Finally, this course will discuss how age and disease adversely alter major
mechanosensitive developmental programs.

Objective This course is designed to illuminate the importance of mechanobiological processes to life as well as to teach good experimental
strategies to investigate mechanobiological phenomena.

Content Typically, cell differentiation is studied under static conditions (cells grown on rigid plastic tissue culture dishes in two-dimensions), an
experimental approach that, while simplifying the requirements considerably, is short-sighted in scope. It is becoming increasingly apparent
that many tissues modulate their developmental programs to specifically match the mechanical stresses that they will encounter in later life.
Examples of known mechanosensitive developmental programs include osteogenesis (bones), chondrogenesis (cartilage), and
tendogenesis (tendons). Furthermore, general forms of cell behavior such as migration, extracellular matrix deposition, and complex tissue
differentiation are also regulated by mechanical stimuli.  Mechanically-regulated cellular processes are thus ubiquitous, ongoing and of
great clinical importance.

The overall importance of mechanobiology to humankind is illustrated by the fact that nearly 80% of our entire body mass arises from
tissues originating from mechanosensitive developmental programs, principally bones and muscles. Unfortunately, our ability to regenerate
mechanosensitive tissue diminishes in later life. As it is estimated that the fraction of the western world population over 65 years of age will
double in the next 25 years, an urgency in the global biomedical arena exists to better understand how to optimize complex tissue
development under physiologically-relevant mechanical environments for purposes of regenerative medicine and tissue engineering.

Lecture notes n/a
Literature Topical Scientific Manuscripts

376-1397-00L Orthopaedic Biomechanics
Number of participants limited to 48.

W  3 credits 2G R. Müller, P. Atkins, J. Schwiedrzik

Abstract This course is aimed at studying the mechanical and structural engineering of the musculoskeletal system alongside the analysis and
design of orthopaedic solutions to musculoskeletal failure.

Objective To apply engineering and design principles to orthopaedic biomechanics, to quantitatively assess the musculoskeletal system and model it,
and to review rigid-body dynamics in an interesting context.

Content Engineering principles are very important in the development and application of quantitative approaches in biology and medicine. This
course includes a general introduction to structure and function of the musculoskeletal system: anatomy and physiology of musculoskeletal
tissues and joints; biomechanical methods to assess and quantify tissues and large joint systems. These methods will also be applied to
musculoskeletal failure, joint replacement and reconstruction; implants; biomaterials and tissue engineering.

Lecture notes Stored on Moodle.
Literature Orthopaedic Biomechanics:

Mechanics and Design in Musculoskeletal Systems 
 
Authors: Donald L. Bartel, Dwight T. Davy, Tony M. Keaveny
Publisher: Prentice Hall; Copyright: 2007
ISBN-10: 0130089095; ISBN-13: 9780130089090

Prerequisites /
notice

Lectures will be given in English.

376-1614-00L Principles in Tissue Engineering W  3 credits 2V K. Maniura, M. Rottmar, M. Zenobi-
Wong

Abstract Fundamentals in blood coagulation; thrombosis, blood rheology, immune system, inflammation, foreign body reaction on the molecular
level and the entire body are discussed. Applications of biomaterials for tissue engineering in different tissues are introduced.
Fundamentals in medical implantology, in situ drug release, cell transplantation and stem cell biology are discussed.

Objective Understanding of molecular aspects for the application of biodegradable and biocompatible Materials. Fundamentals of tissue reactions
(eg. immune responses) against implants and possible clinical consequences will be discussed.

Content This class continues with applications of biomaterials and devices introduced in Biocompatible Materials I. Fundamentals in blood
coagulation; thrombosis, blood rheology; immune system, inflammation, foreign body reaction on the level of the entire body and on the
molecular level are introduced. Applications of biomaterials for tissue engineering in the vascular system, skeletal muscle, heart muscle,
tendons and ligaments, bone, teeth, nerve and brain, and drug delivery systems are introduced. Fundamentals in medical implantology, in
situ drug release, cell transplantation and stem cell biology are discussed.

Lecture notes Handouts provided during the classes and references therin.
Literature The molecular Biology of the Cell, Alberts et al.,  5th Edition, 2009.

Principles in Tissue Engineering, Langer et al., 2nd Edition, 2002

376-1721-00L Bone Biology and Consequences for Human Health W  2 credits 2V G. A. Kuhn, J. Goldhahn, E. Wehrle
Abstract Bone is a complex tissue that continuously adapts to mechanical and metabolic demands. Failure of this remodeling results in reduced

mechanic stability ot the skeleton. This course will provide the basic knowledge to understand the biology and pathophysiology of bone
necessary for engineering of bone tissue and design of implants.

Objective After completing this course, students will be able to understand:
a) the biological and mechanical aspects of normal bone remodeling
b) pathological changes and their consequences for the musculoskeletal system
c) the consequences for implant design, tissue engineering and treatment interventions.

Content Bone adapts continuously to mechanical and metabolic demands by complex remodeling processes. This course will deal with biological
processes in bone tissue from cell to tissue level. This lecture will cover mechanisms of bone building (anabolic side), bone resorption
(catabolic side), their coupling, and regulation mechanisms. It will also cover pathological changes and typical diseases like osteoporosis.
Consequences for musculoskeletal health and their clinical relevance will be discussed. Requirements for tissue engineering as well as
implant modification will be presented. Actual examples from research and development will be utilized for illustration.

377-0666-00L Public Health is Everywhere W  1 credit 1.5K F. Gille, C. Brall, N. Künzli
Abstract This series of lectures and discussions introduces prime and controversial topics of public health sciences. 
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Objective Students will be able to reflect on current challenges of public health and discuss them in the light of evidence and methods of public health
sciences. 

Content Each week, an expert talk (30 min) is followed by a moderated discussion. Presented topics include clean air, dementia, cancer
surveillance, public health and tobacco law, genetics, and other socially relevant health topics. Participating twice as a panel is required to
complete the course. E

465-0952-00L Biomedical Photonics
Does not take place this semester.

W  3 credits 2V

Abstract The lecture introduces the principles of generation, propagation and detection of light and its therapeutic and diagnostic application in
medicine.

Objective The lecture provides knowledge about light sources and light delivery systems, optical biomedical imaging techniques, optical
measurement technologies and their specific applications in medicine. Fundamental principles will be accompanied by practical and
contemporary examples. Different selected optical systems used in diagnostics and therapy will be discussed.

Content Optics always was strongly connected to the observation and interpretation of physiological phenomenon. The basic knowledge of optics
for example was initially gained by studying the function of the human eye. Nowadays, biomedical optics is an independent research field
that is no longer restricted to the observation of physiological processes but studies diagnostic and therapeutic problems in medicine. A
basic prerequisite for applying optical techniques in medicine is the understanding of the physical properties of light, the light propagation in
and its interaction with tissue. The lecture gives inside into the generation, propagation and detection of light, its propagation in tissue and
into selected optical applications in medicine. Various optical imaging techniques (optical coherence tomography or optoacoustics) as well
as therapeutic laser applications (refractive surgery, photodynamic therapy or nanosurgery) will be discussed.

Lecture notes will be provided via Internet (Ilias)
Literature - M. Born, E. Wolf, "Principles of Optics", Pergamon Press

- B.E.A. Saleh, M.C. Teich, "Fundamentals of Photonics", John Wiley and Sons, Inc.
- O. Svelto, "Principles of Lasers", Plenum Press
- J. Eichler, T. Seiler, "Lasertechnik in der Medizin", Springer Verlag
- M.H. Niemz, "Laser-Tissue Interaction", Springer Verlag
- A.J. Welch, M.J.C. van Gemert, "Optical-thermal response of laser-irradiated tissue", Plenum Press

Prerequisites /
notice

Language of instruction: English
This is the same course unit (465-0952-00L) with former course title "Medical Optics".

551-0307-01L Molecular and Structural Biology II: Molecular
Machines and Cellular Assemblies
D-BIOL  students are obliged to take part I and part II as a
two-semester course.

W  3 credits 2V N. Ban, F. Allain, S. Jonas,
M. Pilhofer

Abstract This course on advanced topics in Molecular Biology and Biochemistry will cover the structure and function of cellular assemblies. General
topics in basic biochemistry will be further developed with examples of the function of large cellular machines involved in DNA packaging,
translation, virus architecture, RNA processing, cell-cell interactions, and the molecular basis of CRISPER systems.

Objective Students will gain a deep understanding of large cellular assemblies and the structure-function relationships governing their function in
fundamental cellular processes. The lectures throughout the course will be complemented by exercises and discussions of original
research examples to provide students with a deeper understanding of the subjects and to encourage active student participation.

Content Advanced class covering the state of the research in structural molecular biology of basic cellular processes with emphasis on the function
of large cellular assemblies.

Lecture notes Updated handouts will be provided during the class.
Literature The lecture will be based on the latest literature. Additional suggested

literature:
Branden, C., and J. Tooze, Introduction to Protein Structure, 2nd ed. 
(1995). Garland, New York.

551-0314-00L Microbiology (Part II) W  3 credits 2V W.-D. Hardt, L. Eberl, H.-
M. Fischer, J. Piel, J. Vorholt-
Zambelli

Abstract Advanced lecture class providing a broad overview on bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Objective This concept class will be based on common concepts and introduce to the enormous diversity among bacteria and archaea. It will cover

the current research on bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Content Advanced class covering the state of the research in bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Lecture notes Updated handouts will be provided during the class.
Literature Current literature references will be provided during the lectures.
Prerequisites /
notice

English

551-0320-00L Cellular Biochemistry (Part II) W  3 credits 2V Y. Barral, R. Kroschewski,
A. E. Smith

Abstract This course will focus on molecular mechanisms and concepts underlying cellular biochemistry, providing advanced insights into the
structural and functional details of individual cell components, and the complex regulation of their interactions. Particular emphasis will be
on the spatial and temporal integration of different molecules and signaling pathways into global cellular processes.

Objective The full-year course (551-0319-00 & 551-0320-00) focuses on the molecular mechanisms and concepts underlying the biochemistry of
cellular physiology, investigating how these processes are integrated to carry out highly coordinated cellular functions. The molecular
characterization of complex cellular functions requires a combination of approaches such as biochemistry, but also cell biology and
genetics. This course is therefore the occasion to discuss these techniques and their integration in modern cellular biochemistry. 
The students will be able to describe the structural and functional details of individual cell components, and the spatial and temporal
regulation of their interactions. In particular, they will learn to explain how different molecules and signaling pathways can be integrated
during complex and highly dynamic cellular processes such as intracellular transport, cytoskeletal rearrangements, cell motility, and cell
division. In addition, they will be able to illustrate the relevance of particular signaling pathways for cellular pathologies such as cancer or
during cellular infection.

Content Spatial and temporal integration of different molecules and signaling pathways into global cellular processes, such as cell division, cell
infection and cell motility. Emphasis is also put on the understanding of pathologies associated with defective cell physiology, such as
cancer or during cellular infection.

Literature Recommended supplementary literature (review articles and selected primary literature) will be provided during the course.
Prerequisites /
notice

To attend this course the students must have a solid basic knowledge in chemistry, biochemistry, cell biology and general biology. Biology
students have in general already attended the first part of the "Cellular Biochemistry" concept course (551-0319-00). The course will be
taught in English.
In addition, the course will be based on a blended-learning scenario, where frontal lectures will be complemented with carefully chosen
web-based teaching elements that students access through the ETH Moodle platform.

551-0326-00L Cell Biology W  6 credits 4V S. Werner, M. Bordoli, W. Kovacs,
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M. Schäfer, U. Suter, A. Wutz
Abstract This Course introduces principle concepts, techniques, and experimental strategies used in modern Cell Biology. Major topics include:

neuron-glia interactions in health and disease; mitochondrial dynamics; stem cell biology; growth factor action in development, tissue repair
and disease; cell metabolism, in particular sensing and signaling mechanisms, cell organelles, and lipid metabolism.

Objective -To prepare the students for successful and efficient lab work by learning how to ask the right questions and to use the appropriate
techniques in a research project.
-To convey knowledge about neuron-glia interactions in health and disease.
- To provide information on different types of stem cells and their function in health and disease
-To provide information on growth factor signaling in development, repair and disease and on the use of growth factors or their receptors as
drug targets for major human diseases
-To convey knowledge on the mechanisms underlying repair of injured tissues
-To provide the students with an overview of mitochondrial dynamics.
-Providing an understanding of RNA processing reactions and their regulations.
-To provide a comprehensive understanding of metabolic sensing mechanisms occurring in different cell types and organelles in response
to glucose, hormones, oxygen, nutrients as well as lipids, and to discuss downstream signaling pathways and cellular responses.
-To provide models explaining how disturbances in complex metabolic control networks and bioenergetics can lead to disease and to
highlight latest experimental approaches to uncover the intricacies of metabolic control at the cellular and organismal level.
-Providing the background and context that foster cross-disciplinary scientific thinking.

701-0614-00L Allergies and Environment W  1 credit 1V P. Schmid-Grendelmeier
Abstract Allergic diseases are common and of increasing importance. In this course symptoms and management of allergies such as hay fever,

asthma, eczema or food allergy are presesented. The importnat interactions between environmental factors such as air quality, climate,
nutrition and form and frequency of allergic diseases will be discussed.

Objective Knowledge of the basics of allergic diseases in humans, especially the so-called atopic diseases. Knowledge of the environmental
allergens and the possible mechanisms responsible for the increase in allergic reactions. Knowledge of the interactions between individual
genetic predisposition, environmental allergens and other environmental factors such as air pollutants.

Content Basic types of allergic diseases. Concept of atopy  and intolerances. 
Pathophysiology of IgE-mediated reactions including mechanisms of IgE regulation. Epidemiological data regarding the increase of
allergies as environmental diseases No. 1 and reasons for this increase. 
Discussion of the most important inhalant and nutritional allergens such as pollen, house dust mites, fungal spores, food and food
additives.

Lecture notes Scripts, leaflets and lecture notes are handed in.
Literature Scripts, leaflets and lecture notes are handed in. 

Suggested reading:
Axel Trautmann und Jörg Kleine-Tebbe:
Allergie-Diagnose/Allergie-Therapie
Thieme-Verlag. 2 Auflage (2013)
ISBN 978-3-13-142181-4

Leaflets:
www.ck-care.ch
https://www.ck-care.ch/en/information-sheets

Edcuatioal short videos:
https://www.ck-care.ch/online-campus 


http://eduf.com.br/the-allergy-handbook-a-doctors-guide-to-successful-treatment_2019_printable_file.pdf

Prerequisites /
notice

Basic knowledge in immunology (T /B cells, immunoglobulins)

Interest in clinical symptoms and correlation with Environment and Immune system
Possibilty of Master thesis in translational medecine

701-0662-00L Environmental Impacts, Threshold Levels and Health
Effects

W  3 credits 2V C.-T. Monn, M. Brink

Abstract Environmental impacts on human health and well-being will be discussed. Concepts and methods for exposure measurements and
assessments will be shown. In the first part of the semester, air pollutants (for example for ozone, and fine particles). 
In the second part, noise, its effects and control, will be covered.

Objective - to understand the basic concepts of an exposure assessment  (air, noise)
- to know methods used in health effect research
- to know criteria and methods for setting threshold levels

Content Air Pollutants
- sources of pollutants (indoors and outdoors)
- concepts of an exposure assessment
- measurement methods for gases and particles
- health effect of pollutants (methods, most important pollutants, such as fine particles and ozone)

Noise
- Introduction to acoustics, Measurement, Hearing
- Auditory processing
- Exposure assessment of noise
- Noise effects, Exposure-effect relationships
- Basics of noise control and abatement, exposure limits
- Noise abatement policy

Lecture notes Presentations (ppt, pdf) will uploaded to a server, previous to the lecture.
Literature see references in the scripts.

701-1704-01L Health Impact Assessment: Concepts and Case
Studies

W  3 credits 2V M. Winkler, C. Guéladio, M. Röösli,
J. M. Utzinger

Abstract This course introduces the concept of health impact assessment (HIA) and discusses a suite of case studies in industrialised and
developing countries. HIA pursues an inter- and multidisciplinary approach, employs qualitative and quantitative methods with the
overarching goal to influence decision-making.

Objective After successful completion of the course, students should be able to:
o critically reflect on the concept of HIA and the different steps from screening to implementation and monitoring; and
o apply specific tools and methodologies for HIA of policies, programmes and projects in different social, ecological and epidemiological
settings.
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Content The course will present a broad set of tools and methods for the systematic and evidence-based judgment of potential health effects
related to policies, programmes and projects. Methodological features will be introduced and applied to a variety of case studies in the
public sector (e.g. traffic-related air pollution, passive smoking and waste water management) and private sector (e.g. water resource
developments and extractive industries) all over the world.

Lecture notes Handouts will be distributed.
Literature Whenever possible, at least one peer-reviewed paper will be made available for each session.

752-1300-00L Introduction to Toxicology W  3 credits 2V R. Eggen, S. J. Sturla
Abstract Introduction to how chemical properties and biological interactions govern the disposition and influences of toxicants.
Objective The objectives are for the student to establish a framework for examining adverse effects resulting from exposures to toxicants by

understanding key mechanisms that give rise to toxic responses and disease processes.
Content This course will introduce mechanisms governing the chemical disposition and biological influences of toxicants.  The course is geared

toward advanced bachelors students in food science, environmental science, and related disciplines, such as chemistry, biology and
pharmaceutical sciences.  Examples of topics include: dose-response relationships and risk assessment, absorption, transport, and
biotransformation of xenobiotic chemicals; Carcinogenesis; DNA damage, repair, and mutation; Immunotoxicity; Neurotoxicity; and modern
toxicity testing strategies.  These fundamental concepts in Mechanistic Toxicology will be integrated with examples of toxicants relevant to
food, drugs and the environment.

Literature Casarett & Doull's Toxicology, The Basic Science of Poisons. Seventh Edition. Editor: Curtis D. Klaassen, 2008, McGraw-Hill. (available
on-line)

Prerequisites /
notice

Basic knowledge of organic chemistry and biochemistry is required.

752-2001-00L Food Technology
Die Vorlesung wird neu grösstenteils auf Deutsch gelesen.

W  3 credits 3G R. Perren, S. Bolisetty,
V. Lutz Bueno

Abstract This course will introduce the basic concepts in Food Safety as well as  in product quality considering  technological processing steps.
Selected groups of food serve as examples to discuss the technology applied to converse raw material to final product as well as quality
and materials science aspects of these products.

Objective With this course, the student will be able to handle and gain an understanding of the general concepts and tools available in Food
Technology.

752-2121-00L Consumer Behaviour II W  2 credits 2G M. Siegrist, J. Ammann
Abstract This course examines important concepts and theories in order to describe and to explain consumer behavior. The focus is on decision

making processes, influencing consumer behavior, consumer research, and market segmentation. Selected topics are explained in some
depth.

Objective This course examines important concepts and theories in order to describe and to explain consumer behavior. The course Consumer
Behavior I provides an overview, whereas in this course selected topics are explained and discussed in some depth. The focus is on
decision making processes, influencing consumer behavior, consumer research, and market segmentation.

752-6002-00L Advanced Topics in Nutritional Science W  3 credits 2V M. B. Zimmermann, J. Rigutto,
J. M. Sych, C. Wolfrum

Abstract The course gives an introduction to selected topics relevant to nutrition science, such as dietary recommendations and nutrient
requirements, undernutrition and overnutrition, special diets, as well as important micronutrients and other biologically active dietary
components.

Objective The course gives a brief introduction into different areas of human nutrition. The learning objectives are improved student understanding of:
1) dietary recommendations and the nutrient requirements at different stages of the life cycle, including pregnancy and lactation, childhood
and adolescence, adults and elderly; 2) the influence of undernutrition and overnutrition, as well as specific dietary patterns (e.g.
vegetarianism, veganism, weight loss diets) on health; 3) the metabolism of specific nutrients (e.g. vitamins, minerals -especially iron- and
biological active ingredients), their interactions and their effect on health.

Lecture notes The teaching slides used in the lectures will be made available weekly on moodle.

752-6302-00L Physiology of Eating W  3 credits 2V W. Langhans
Abstract Introduction to the basic knowledge necessary for an understanding of the physiology and pathology of hunger, satiety, and body weight

control, how this knowledge is generated, and how it helps improve nutritional advice for healthy people as well as nutritional guidelines for
patients.

Objective This course requires basic knowledge in physiology and is designed to build on course HE03 Selected Topics in Physiology Related to
Nutrition.   The course covers psychological and physiological determinants of food selection and amount eaten.  The aim is to introduce
the students to (a) the basic knowledge necessary for an understanding of the physiology and pathology of hunger, satiety, and body
weight control, (b) how new scientific knowledge in this area is generated, (c) how this basic knowledge helps improve nutritional advice for
healthy people as well as nutritional guidelines for patients.  Major topics are: Basic scientific concepts for the physiological study of eating
in animals and humans; the psychopharmacology of reward; endocrine and metabolic controls of eating; the neural control of eating;
psychological aspects of eating; eating behavior and energy balance; exercise, eating and body weight; popular diets and their evaluation;
epidemiology, clinical features and the treatment of psychiatric eating disorders; epidemiology, clinical features and the treatment of
obesity, including related aspects of non-insulin dependent diabetes; mechanisms of cachexia and anorexia during illness; exogenous
factors that influence eating, including pharmaceutical drugs, alcohol, coffee, etc.

Lecture notes Handouts will be provided
Literature Literature will be discussed in class

Human Medicine Bachelor - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Computer Science (General Courses)
 Generally Accessible Seminars and Colloquia

Number Title Type ECTS Hours Lecturers

251-0100-00L Computer Science Colloquium Z 0 credits 2K Lecturers
Abstract Invited talks on the entire spectrum of Computer Science. External guests are welcome. A detailed program is published at the beginning of

every semester.
Content Eingeladene Vorträge aus dem gesamten Bereich der Informatik, zu denen auch Auswärtige kostenlos eingeladen sind. Zu

Semesterbeginn erscheint jeweils ein ausführliches Programm.

 Computer Science for Non-Computer Scientists
Number Title Type ECTS Hours Lecturers

252-0002-00L Data Structures and Algorithms Z 8 credits 4V+2U F. Friedrich Wicker
Abstract This course is about fundamental algorithm design paradigms (such as induction, divide-and-conquer, backtracking, dynamic

programming), classic algorithmic problems (such as sorting and searching), and data structures (such as lists, hashing, search trees).
Moreover, an introduction to parallel programming is provided. The programming model of C++ will be discussed in some depth.

Objective An understanding of the design and analysis of fundamental algorithms and data structures. Knowledge regarding chances, problems and
limits of parallel and concurrent programming. Deeper insight into a modern programming model by means of the programming language
C++.

Content Fundamental algorithms and data structures are presented and analyzed. Firstly, this comprises design paradigms for the development of
algorithms such as induction, divide-and-conquer, backtracking and dynamic programming and classical algorithmic problems such as
searching and sorting. Secondly, data structures for different purposes are presented, such as linked lists, hash tables, balanced search
trees, heaps and union-find structures. The relationship and tight coupling between algorithms and data structures is illustrated with
geometric problems and graph algorithms.

In the part about parallel programming, parallel architectures are discussed conceptually (multicore, vectorization, pipelining). Parallel
programming concepts are presented (Amdahl's and Gustavson's laws, task/data parallelism, scheduling). Problems of concurrency are
analyzed (Data races, bad interleavings, memory reordering). Process synchronisation and communication in a shared memory system is
explained (mutual exclusion, semaphores, monitors, condition variables). Progress conditions are analysed (freedom from deadlock,
starvation, lock- and wait-freedom). The concepts are underpinned with examples of concurrent and parallel programs and with parallel
algorithms.

The programming model of C++ is discussed in some depth. The RAII (Resource Allocation is Initialization) principle will be explained.
Exception handling, functors and lambda expression and generic prorgamming with templates are further examples of this part. The
implementation of parallel and concurrent algorithm with C++ is also part of the exercises (e.g. threads, tasks, mutexes, condition variables,
promises and futures).

Literature Cormen, Leiserson, Rivest, and Stein: Introduction to Algorithms, 3rd ed., MIT Press, 2009. ISBN 978-0-262-03384-8 (recommended text)

Maurice Herlihy, Nir Shavit, The Art of Multiprocessor Programming, Elsevier, 2012.

B. Stroustrup, The C++ Programming Language (4th Edition) Addison-Wesley, 2013.

Prerequisites /
notice

Prerequisites:
Lecture Series 252-0835-00L Informatik I or equivalent knowledge in programming with C++.

252-0232-00L Software Engineering Z 6 credits 2V+1U F. Friedrich Wicker, H. Lehner
Abstract This course introduces both theoretical and applied aspects of software engineering. It covers:


- Software Architecture
- Informal and formal Modeling
- Design Patterns
- Software Engineering Principles
- Code Refactoring
- Program Testing

Objective The course has two main objectives:

- Obtain an end-to-end (both, theoretical and practical) understanding of the core techniques used for building quality software.
- Be able to apply these techniques in practice.

Content While the lecture will provide the theoretical foundations for the various aspects of software engineering, the students will apply those
techniques in project work that will span over the whole semester - involving all aspects of software engineering, from understanding
requirements over design and implementation to deployment and change requests.

Lecture notes no lecture notes
Literature Will be announced in the lecture

252-0832-00L Computer Science Z 4 credits 2V+2U H. Lehner, M. Schwerhoff
Abstract The course covers the fundamental concepts of computer programming with a focus on systematic algorithmic problem solving. Taught

language is C++. No programming experience is required.
Objective Primary educational objective is to learn programming with C++. When successfully attended the course, students have a good command

of the mechanisms to construct a program. They know the fundamental control and data structures and understand how an algorithmic
problem is mapped to a computer program. They have an idea of what happens "behind the scenes" when a program is translated and
executed.
Secondary goals are an algorithmic computational thinking, understanding the possibilities and limits of programming and to impart the way
of thinking of a computer scientist.

Content The course covers fundamental data types, expressions and statements, (Limits of) computer arithmetic, control statements, functions,
arrays, structural types and pointers. The part on object orientation deals with classes, inheritance and polymorphy, simple dynamic data
types are introduced as examples. 
In general, the concepts provided in the course are motivated and illustrated with algorithms and applications.

Lecture notes A script written in English will be provided during the semester. The script and slides will be made available for download on the course
web page.

Literature Bjarne Stroustrup: Einführung in die Programmierung mit C++, Pearson Studium, 2010
Stephen Prata, C++ Primer Plus, Sixth Edition, Addison Wesley, 2012
Andrew Koenig and Barbara E. Moo: Accelerated C++, Addison-Wesley, 2000.

252-0834-00L Information Systems for Engineers Z 4 credits 2V+1U G. Fourny
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Wird ab HS20 nur in Herbstsemester angeboten.
Abstract This course provides the basics of relational databases from the perspective of the user.


We will discover why tables are so incredibly powerful to express relations, learn the SQL query language, and how to make the most of it.
The course also covers support for data cubes (analytics).

Objective This lesson is complementary with Big Data for Engineers as they cover different time periods of database history and practices -- you can
even take both lectures at the same time.

After visiting this course, you will be capable to:

1. Explain, in the big picture, how a relational database works and what it can do in your own words.

2. Explain the relational data model (tables, rows, attributes, primary keys, foreign keys), formally and informally, including the relational
algebra operators (select, project, rename, all kinds of joins, division, cartesian product, union, intersection, etc).

3. Perform non-trivial reading SQL queries on existing relational databases, as well as insert new data, update and delete existing data.

4. Design new schemas to store data in accordance to the real world's constraints, such as relationship cardinality

5. Explain what bad design is and why it matters.

6. Adapt and improve an existing schema to make it more robust against anomalies, thanks to a very good theoretical knowledge of what is
called "normal forms".

7. Understand how indices work (hash indices, B-trees), how they are implemented, and how to use them to make queries faster.

8. Access an existing relational database from a host language such as Java, using bridges such as JDBC.

9. Explain what data independence is all about and didn't age a bit since the 1970s.

10. Explain, in the big picture, how a relational database is physically implemented.

11. Know and deal with the natural syntax for relational data, CSV.

12. Explain the data cube model including slicing and dicing.

13. Store data cubes in a relational database.

14. Map cube queries to SQL.

15. Slice and dice cubes in a UI.

And of course, you will think that tables are the most wonderful object in the world.

Content Using a relational database
=================
1. Introduction
2. The relational model
3. Data definition with SQL
4. The relational algebra
5. Queries with SQL

Taking a relational database to the next level
=================
6. Database design theory
7. Databases and host languages
8. Databases and host languages
9. Indices and optimization
10. Database architecture and storage

Analytics on top of a relational database
=================
12. Data cubes

Outlook
=================
13. Outlook

Literature - Lecture material (slides).

- Book: "Database Systems: The Complete Book", H. Garcia-Molina, J.D. Ullman, J. Widom
(It is not required to buy the book, as the library has it)

Prerequisites /
notice

For non-CS/DS students only, BSc and MSc
Elementary knowledge of set theory and logics
Knowledge as well as basic experience with a programming language such as Pascal, C, C++, Java, Haskell, Python

252-0840-02L Application-Oriented Programming Z 2 credits 2G L. E. Fässler, M. Dahinden
Abstract This course provides important basic concepts for interdisciplinary programming projects. The programming language is Python and

Matlab.
Objective Students learn


- how to encode a problem into a program, test the program, and correct errors.
- to understand and improve existing code.
- to implement models from the natural sciences as a simulation.
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Content The following programming concepts are introduced in the lecture:

1. Variables, data types
2. Condition check, Loops, logics
3. Arrays
4. Functions
5. Matrices
6. Random

In the practical part of the course, students work on small programming projects with a context from natural sciences. Electronic tutorials
are available as preparation.

Literature L. Fässler, M. Dahinden, D. Komm, and D. Sichau: Einführung in die Programmierung mit Python und Matlab. Begleitunterlagen zum
Onlinekurs und zur Vorlesung, 2016. ISBN: 978-3741250842.

Prerequisites /
notice

No prior knowledge is required for this course.It is based on application-oriented learning. The students spend most of their time working
through programming projects with data from natural science and discussing their results with teaching assistants. To learn the
programming basics there are electronic tutorials available.

252-0842-00L Introduction to Programming and Problem Solving
Number of participants limited to 80.

Z 3 credits 2V+1U D. Komm

Abstract Core concepts of Computer Science and their implementation in Python.
Objective The goals of the course are consolidating the knowledge about the programming language Python on the one hand, and learning about

core concepts of computer science that are essential in algorithm design on the other hand.  The focus is on computational thinking, that is,
the ability to solve problems systematically by developing algorithms.  Different strategies are introduced, analyzed theoretically, and
implemented in Python.  The combination of theory and practice is central in this course.

Content - Repetition of basic programming concepts such as variables, lists, control structures, and loops
- Reading in and visualizing data
- Complexity theory
- Sorting and searching
- Dynamic programming
- Recursion
- Graph algorithms

Lecture notes Lecture website: http://lec.inf.ethz.ch/ppl
Prerequisites /
notice

Recommendation:
- Foundations of Computer Science (252-0852-00)
- Application Oriented Programming Using Python (252-0840-01)

252-0846-00L Computer Science II Z 4 credits 2V+2U F. Friedrich Wicker, H. Lehner
Abstract Together with the introductory course Informatics I this course provides the foundations of programming. This course particularly covers

algorithms and data structures. Programming languages used in this course are Java and Python.
Objective Basing on the knowledge covered by lecture Informatics I, the primary educational objectives of this course are constructive knowledge of

data structures and algorithms.

When successfully attended the course, students have a good command of the mechanisms to construct an object oriented program. They
know the typically used control and data structures and understand how an algorithmic problem is mapped to a sufficiently efficient
computer program.

Secondary goals are an algorithmic computational thinking, undestanding the possibilities and limits of programming and to impart the way
of thinking of a computer scientist.

Content We discuss typical data structures and algorithms.

More generally, formal thinking and the need for abstraction and importance of appropriate modeling capabilities will be motivated.
Concrete topics are complexity of algorithms, divide and conquer-principles, recursion, sort- and search-algorithms,  elementary dynamic
data structures, algorithms on graphs.

The concepts of the lectures will be motivated with applications. The programming languages used in the lectures and the practical
exercises are Java and Python.

For the exercises an online-compiler and online-submission system is used.

Lecture notes The slides will be available for download on the course home page.
Literature Robert Sedgewick, Kevin Wayne, Introduction to Programming in Java: An Interdisciplinary Approach, Addison-Wesley, 2008


T. Cormen, C. Leiserson, R. Rivest, C. Stein, Introduction to Algorithms , 3rd ed., MIT Press, 2009

Prerequisites /
notice

Prerequisites are knowledge and programming experience according to course 252-0845-00 Computer Science I (D-BAUG).

252-0848-00L Computer Science I Z 4 credits 2V+2U M. Schwerhoff, H. Lehner
Abstract The course covers the fundamental concepts of computer programming with a focus on systematic algorithmic problem solving. Taught

language is C++. No programming experience is required.
Objective Primary educational objective is to learn programming with C++. When successfully attended the course, students have a good command

of the mechanisms to construct a program. They know the fundamental control and data structures and understand how an algorithmic
problem is mapped to a computer program. They have an idea of what happens "behind the scenes" when a program is translated and
executed.
Secondary goals are an algorithmic computational thinking, understanding the possibilities and limits of programming and to impart the way
of thinking of a computer scientist.

Content The course covers fundamental data types, expressions and statements, (Limits of) computer arithmetic, control statements, functions,
arrays, structural types and pointers. The part on object orientation deals with classes, inheritance and polymorphy, simple dynamic data
types are introduced as examples.
In general, the concepts provided in the course are motivated and illustrated with algorithms and applications.

Lecture notes A script written in English will be provided during the semester. The script and slides will be made available for download on the course
web page.

Literature Bjarne Stroustrup: Einführung in die Programmierung mit C++, Pearson Studium, 2010
Stephen Prata, C++ Primer Plus, Sixth Edition, Addison Wesley, 2012
Andrew Koenig and Barbara E. Moo: Accelerated C++, Addison-Wesley, 2000.

252-3900-00L Big Data for Engineers
This course is not intended for Computer Science and

Z 6 credits 2V+2U+1A G. Fourny
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Data Science MSc students! 
Abstract This course is part of the series of database lectures offered to all ETH departments, together with Information Systems for Engineers. It

introduces the most recent advances in the database field: how do we scale storage and querying to Petabytes of data, with trillions of
records? How do we deal with heterogeneous data sets? How do we deal with alternate data shapes like trees and graphs?

Objective This lesson is complementary with Information Systems for Engineers as they cover different time periods of database history and
practices -- you can even take both lectures at the same time.

The key challenge of the information society is to turn data into information, information into knowledge, knowledge into value. This has
become increasingly complex. Data comes in larger volumes, diverse shapes, from different sources. Data is more heterogeneous and less
structured than forty years ago. Nevertheless, it still needs to be processed fast, with support for complex operations.

This combination of requirements, together with  the technologies that have emerged in order to address them, is typically referred to as
"Big Data." This revolution has led to a completely new way to do business, e.g., develop new products and business models, but also to
do science -- which is sometimes referred to as data-driven science or the "fourth paradigm".

Unfortunately, the quantity of data produced and available -- now in the Zettabyte range (that's 21 zeros) per year -- keeps growing faster
than our ability to process it. Hence, new architectures and approaches for processing it were and are still needed. Harnessing them must
involve a deep understanding of data not only in the large, but also in the small.

The field of databases evolves at a fast pace. In order to be prepared, to the extent possible, to the (r)evolutions that will take place in the
next few decades, the emphasis of the lecture will be on the paradigms and core design ideas, while today's technologies will serve as
supporting illustrations thereof.

After visiting this lecture, you should have gained an overview and understanding of the Big Data landscape, which is the basis on which
one can make informed decisions, i.e., pick and orchestrate the relevant technologies together for addressing each business use case
efficiently and consistently.

Content This course gives an overview of database technologies and of the most important database design principles that lay the foundations of
the Big Data universe. 

It targets specifically students with a scientific or Engineering, but not Computer Science, background.

We take the monolithic, one-machine relational stack from the 1970s, smash it down and rebuild it on top of large clusters: starting with
distributed storage, and all the way up to syntax, models, validation, processing, indexing, and querying. A broad range of aspects is
covered with a focus on how they fit all together in the big picture of the Big Data ecosystem.

No data is harmed during this course, however, please be psychologically prepared that our data may not always be in normal form.

- physical storage: distributed file systems (HDFS), object storage(S3), key-value stores

- logical storage: document stores (MongoDB), column stores (HBase)

- data formats and syntaxes (XML, JSON, RDF, CSV, YAML, protocol buffers, Avro)

- data shapes and models (tables, trees)

- type systems and schemas: atomic types, structured types (arrays, maps), set-based type systems (?, *, +)

- an overview of functional, declarative programming languages across data shapes (SQL, JSONiq)

- the most important query paradigms (selection, projection, joining, grouping, ordering, windowing)

- paradigms for parallel processing, two-stage (MapReduce) and DAG-based (Spark)

- resource management (YARN)

- what a data center is made of and why it matters (racks, nodes, ...)

- underlying architectures (internal machinery of HDFS, HBase, Spark)

- optimization techniques (functional and declarative paradigms, query plans, rewrites, indexing)

- applications.

Large scale analytics and machine learning are outside of the scope of this course.

Literature Papers from scientific conferences and journals. References will be given as part of the course material during the semester.
Prerequisites /
notice

This course is not intended for Computer Science and Data Science students. Computer Science and Data Science students interested in
Big Data MUST attend the Master's level Big Data lecture, offered in Fall.

Requirements: programming knowledge (Java, C++, Python, PHP, ...) as well as basic knowledge on databases (SQL). If you have already
built your own website with a backend SQL database, this is perfect.

Attendance is especially recommended to those who attended Information Systems for Engineers last Fall, which introduced the "good old
databases of the 1970s" (SQL, tables and cubes). However, this is not a strict requirement, and it is also possible to take the lectures in
reverse order.

Computer Science (General Courses) - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Computer Science Bachelor
 First Year Examinations

 First Year Examination Block 1
Offered in the autumn semester.

 First Year Examination Block 2
Number Title Type ECTS Hours Lecturers

401-0212-16L Analysis I O 7 credits 4V+2U Ö. Imamoglu
Abstract Real and complex numbers, vectors, functions, limits, sequences, series, power series, differentiation and integration in one variable
Objective Real and complex numbers, vectors, functions, limits, sequences, series, power series, differentiation and integration in one variable
Content Real and complex numbers, vectors, functions, limits, sequences, series, power series, differentiation and integration in one variable
Literature Michael Struwe: Analysis für Informatik

Christian Blatter: Ingenieur-analysis
Tom Apostol: Mathematical Analysis
Teaching materials and further information is available through the course website (https://metaphor.ethz.ch/x/2018/fs/401-0212-16L/)

252-0028-00L Digital Design and Computer Architecture O 7 credits 4V+2U O. Mutlu, F. K. Gürkaynak
Abstract The class provides a first introduction to the design of digital circuits and computer architecture. It covers technical foundations of how a

computing platform is designed from the bottom up. It introduces various execution paradigms, hardware description languages, and
principles in digital design and computer architecture.

Objective This class provides a first approach to Computer Architecture. The students learn the design of digital circuits in order to:
- understand the basics, 
- understand the principles (of design), 
- understand the precedents (in computer architecture). 
Based on such understanding, the students are expected to:
- learn how a modern computer works underneath, from the bottom up, 
- evaluate tradeoffs of different designs and ideas, 
- implement a principled design (a simple microprocessor), 
- learn to systematically debug increasingly complex systems, 
- hopefully be prepared to develop novel, out-of-the-box designs.
The focus is on basics, principles, precedents, and how to use them to create/implement good designs.

Content The class consists of the following major blocks of contents:
- Major Current Issues in Computer Architecture: Principles, Mysteries, Motivational Case Studies and Examples
- Digital Logic Design: Combinational Logic, Sequential Logic, Hardware Description Languages, FPGAs, Timing and Verification.
- Basics of Computer Architecture: Von Neumann Model of Computing, Instruction Set Architecture, Assembly Programming,
Microarchitecture, Microprogramming.
- Basics of Processor Design: Pipelining, Out-of-Order Execution, Branch Prediction.
- Execution Paradigms: Out-of-order Execution, Dataflow, Superscalar Execution, VLIW, SIMD Processors, GPUs, Systolic Arrays,
Multithreading.
- Memory System: Memory Organization, Memory Technologies, Memory Hierarchy, Caches, Virtual Memory.

Lecture notes All the materials (including lecture slides) will be provided on the course website: 
http://safari.ethz.ch/digitaltechnik/
The video recordings of the lectures are likely to be made available after lectures, but there may be delays associated with the posting of
online videos.

Literature Patt and Patel's "Introduction to Computing Systems" and Harris and Harris's "Digital Design and Computer Architecture" are the official
textbooks of the course.
We will provide required and recommended readings in every lecture since the course is cutting-edge and there is no textbook that covers
what the course covers. They will be mostly chapters of the two textbooks, and important articles that are essential for understanding the
material.

252-0029-00L Parallel Programming O 7 credits 4V+2U T. Hoefler, H. Lehner,
M. Schwerhoff

Abstract Introduction to parallel programming:  deterministic and non-deterministic programs, models for parallel computation, synchronization,
communication, and fairness.  

Objective The student should learn how to write a correct parallel program, how to measure its efficiency, and how to reason about a parallel
program.  Student should become familiar with issues, problems, pitfalls, and solutions related to the construction of parallel programs.
Labs  provide  an opportunity to gain experience with threads, libraries for thread management in modern programming lanugages (e.g.,
Java, C#) and with the execution of parallel programs on multi-processor/multi-core computers.

252-0030-00L Algorithms and Probability O 7 credits 4V+2U A. Steger, E. Welzl
Abstract Es werden klassische Algorithmen aus verschiedenen Anwendungsbereichen vorgestellt. In die diskrete Wahrscheinlichkeitstheorie wird

eingeführt und das Konzept randomisierter Algorithmen an verschiedenen Beispielen vorgestellt.
Objective Verständnis des Entwurfs und der Analyse von Algorithmen. Grundlagen der diskreten Wahrscheinlichkeitstheorie und ihrer Anwendung in

der Algorithmik.
Content Fortsetzung der Vorlesung Algorithmen und Datenstrukturen des ersten Semesters.

 Basic Courses
Number Title Type ECTS Hours Lecturers

252-0058-00L Formal Methods and Functional Programming O  7 credits 4V+2U P. Müller, D. Traytel
Abstract In this course, participants will learn about new ways of specifying, reasoning about, and developing programs and computer systems. The

first half will focus on using functional programs to express and reason about computation. The second half presents methods for
developing and verifying programs represented as discrete transition systems.

Objective In this course, participants will learn about new ways of specifying,
reasoning about, and developing programs and computer systems.  Our objective is to help students raise their level of abstraction in
modeling and implementing systems.
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Content The first part of the course will focus on designing and reasoning
about functional programs.  Functional programs are mathematical
expressions that are evaluated and reasoned about much like ordinary
mathematical functions.  As a result, these expressions are simple to
analyze and compose to implement large-scale programs.  We will cover the mathematical foundations of functional programming, the
lambda calculus, as well as higher-order programming, typing, and proofs of correctness.

The second part of the course will focus on deductive and algorithmic validation of programs modeled as transition systems. As an
example of deductive verification, students will learn how to formalize the semantics of imperative programming languages and how to use
a formal semantics to prove properties of languages and programs. As an example of algorithmic validation, the course will introduce
model checking and apply it to programs and program designs.

252-0063-00L Data Modelling and Databases O 7 credits 4V+2U C. Zhang
Abstract Data modelling (Entity Relationship), relational data model, relational design theory (normal forms), SQL, database integrity, transactions

and advanced database engines
Objective Introduction to relational databases and data management. Basics of SQL programming and transaction management.
Content The course covers the basic aspects of the design and implementation of databases and information systems. The courses focuses on

relational databases as a starting point but will also cover data management issues beyond databases such as: transactional consistency,
replication, data warehousing, other data models, as well as SQL.

Literature Kemper, Eickler: Datenbanksysteme: Eine Einführung. Oldenbourg Verlag, 7. Auflage, 2009.

Garcia-Molina, Ullman, Widom: Database Systems: The Complete Book. Pearson, 2. Auflage, 2008.

252-0064-00L Computer Networks O  7 credits 4V+2U A. Perrig, A. Singla
Abstract This introductory course on computer networking takes a top-down view from networked applications all through the physical layer.
Objective Students will get a comprehensive overview of the key protocols and the architecture of the Internet, as one example of more general

principles in network design. Students will also acquire hands-on experience in programming different aspects of a computer networks.
Apart from the state-of-the-art in networking practice, students will explore the rationale for the design choices that networks in the past
have made, and where applicable, why these choices may no longer be ideal.

Lecture notes The slides for each lecture will be made available through the course Web page, along with additional reference material.
Literature Computer Networking: A Top-Down Approach, James F. Kurose and Keith W. Ross. Pearson; 7th edition (May 6, 2016)
Prerequisites /
notice

The bonus projects use C programming. ETH courses in the Bachelor track before this course already cover this. For other students, e.g.,
exchange, please take note of this requirement: you can still take the course and get a good (even 6/6) grade, but you are disadvantaged
compared to others who can get the bonus points, if you don't fulfill this prerequisite.

401-0614-00L Probability and Statistics O  5 credits 2V+2U J. Teichmann
Abstract Einführung in die Wahrscheinlichkeitstheorie und Statistik
Objective a) Fähigkeit, die behandelten wahrscheinlichkeitstheoretischen Methoden zu verstehen und anzuwenden


b) Probabilistisches Denken und stochastische Modellierung

c) Fähigkeit, einfache statistische Tests selbst durchzuführen und die Resultate zu interpretieren

Content Wahrscheinlichkeitsraum, Wahrscheinlichkeitsmass, Zufallsvariablen, Verteilungen, Dichten, Unabhängigkeit, bedingte
Wahrscheinlichkeiten, Erwartungswert, Varianz, Kovarianz, Gesetz der grossen Zahlen, Zentraler Grenzwertsatz, grosse Abweichungen,
Chernoff-Schranken, Maximum-Likelihood-Schätzer, Momentenschätzer, Tests, Neyman-Pearson Lemma, Konfidenzintervalle

Lecture notes Lernmaterialien sind erhältlich auf https://metaphor.ethz.ch/x/2019/fs/401-0614-00L/

 Core Courses
 Major: Systems and Software Engineering

Number Title Type ECTS Hours Lecturers

252-0216-00L Rigorous Software Engineering O 8 credits 4V+2U+1A F. Friedrich Wicker, H. Lehner,
M. Schwerhoff

Abstract This course introduces both theoretical and applied aspects of software engineering and analysis. It covers:

- Software Architecture
- Informal and formal Modeling
- Design Patterns
- Code Refactoring
- Program Testing
- Dynamic Program Analysis
- Static Program Analysis

Objective The course has two main objectives:

- Understand, end-to-end (theoretical and practical), the core techniques for building quality software

- Understand how to apply these techniques in practice

Content Some of the core technical topics covered will be:

- modeling and mapping of models to code
- common code design patterns
- functional and structural testing
- dynamic and static analysis

Literature Will be announced in the lecture.

 Major: Information and Data Processing
Number Title Type ECTS Hours Lecturers

252-0220-00L Introduction to Machine Learning
Limited number of participants. Preference is given to
students in programmes in which the course is being
offered. All other students will be waitlisted. Please do not
contact Prof. Krause for any questions in this regard. If
necessary, please contact studiensekretariat@inf.ethz.ch 

O 8 credits 4V+2U+1A A. Krause

Abstract The course introduces the foundations of learning and making predictions based on data.
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Objective The course will introduce the foundations of learning and making predictions from data. We will study basic concepts such as trading
goodness of fit and model complexitiy. We will discuss important machine learning algorithms used in practice, and provide hands-on
experience in a course project.

Content - Linear regression (overfitting, cross-validation/bootstrap, model selection, regularization, [stochastic] gradient descent)
- Linear classification: Logistic regression (feature selection, sparsity, multi-class)
- Kernels and the kernel trick (Properties of kernels; applications to linear and logistic regression); k-nearest neighbor
- Neural networks (backpropagation, regularization, convolutional neural networks)
- Unsupervised learning (k-means, PCA, neural network autoencoders)
- The statistical perspective (regularization as prior; loss as likelihood; learning as MAP inference)
- Statistical decision theory (decision making based on statistical models and utility functions)
- Discriminative vs. generative modeling (benefits and challenges in modeling joint vy. conditional distributions)
- Bayes' classifiers (Naive Bayes, Gaussian Bayes; MLE)
- Bayesian approaches to unsupervised learning (Gaussian mixtures, EM)

Literature Textbook: Kevin Murphy, Machine Learning: A Probabilistic Perspective, MIT Press
Prerequisites /
notice

Designed to provide a basis for following courses:
- Advanced Machine Learning
- Deep Learning
- Probabilistic Artificial Intelligence 
- Seminar "Advanced Topics in Machine Learning"

 Major: Theoretical Computer Science
Number Title Type ECTS Hours Lecturers

252-0211-00L Information Security O 8 credits 4V+3U D. Basin, S. Capkun, R. Sasse
Abstract This course provides an introduction to Information Security. The focus

is on fundamental concepts and models, basic cryptography, protocols and system security, and privacy and data protection.  While the
emphasis is on foundations, case studies will be given that examine different realizations of these ideas in practice.

Objective Master fundamental concepts in Information Security and their
application to system building.   (See objectives listed below for more details).

Content 1. Introduction and Motivation (OBJECTIVE: Broad conceptual overview of information security) Motivation: implications of IT on
society/economy, Classical security problems, Approaches to 
defining security and security goals, Abstractions, assumptions, and trust, Risk management and the  human factor, Course verview.
2. Foundations of Cryptography (OBJECTIVE: Understand basic 
cryptographic mechanisms and applications) Introduction, Basic concepts in cryptography: Overview, Types of Security, computational
hardness, Abstraction of channel security properties, Symmetric 
encryption, Hash functions, Message authentication codes, Public-key distribution, Public-key cryptosystems, Digital signatures,
Application case studies, Comparison of encryption at different layers, VPN, SSL, Digital payment systems, blind signatures, e-cash, Time
stamping        3. Key Management and Public-key Infrastructures (OBJECTIVE: Understand the basic mechanisms relevant in an Internet
context) Key management in distributed systems, Exact characterization of requirements, the role of trust, Public-key Certificates, Public-
key Infrastructures, Digital evidence and non-repudiation, Application case studies, Kerberos, X.509, PGP.
4. Security Protocols (OBJECTIVE: Understand network-oriented security, i.e..  how to employ building blocks to secure applications in
(open) networks) Introduction, Requirements/properties, Establishing shared secrets, Principal and message origin authentication,
Environmental assumptions, Dolev-Yao intruder model and 
variants, Illustrative examples, Formal models and reasoning, Trace-based interleaving semantics,  Inductive verification, or model-
checking for falsification, Techniques for protocol design, 
Application case study 1: from Needham-Schroeder Shared-Key to Kerberos, Application case study 2: from DH to IKE.                            5.
Access Control and Security Policies (OBJECTIVES: Study system-oriented security, i.e., policies, models, and  mechanisms) Motivation
(relationship to CIA, relationship to Crypto) and examples Concepts: policies versus models versus mechanisms, DAC and MAC, Modeling
formalism, Access Control Matrix Model, Roll Based Access Control, Bell-LaPadula, Harrison-Ruzzo-Ullmann, Information flow, Chinese
Wall, Biba, Clark-Wilson, System mechanisms: Operating Systems, Hardware Security Features, Reference Monitors, File-system
protection,  Application case studies                                                    6. Anonymity and Privacy (OBJECTIVE: examine protection goals
beyond standard CIA and corresponding mechanisms) Motivation and Definitions, Privacy, policies and policy languages, mechanisms,
problems, Anonymity: simple mechanisms (pseudonyms, proxies), Application case studies:  mix networks and crowds.                           7.
Larger application case study: GSM, mobility

 Electives
Students may also choose courses from the Master's program in Computer Science. It is their responsibility to make sure that they meet the
requirements and conditions for these courses.

Number Title Type ECTS Hours Lecturers

252-0055-00L Information Theory W 4 credits 2V+1U L. Haug, J. M. Buhmann
Abstract The course covers the fundamental concepts of Shannon's information theory. 

The most important topics are: Entropy, information, data compression, channel coding, codes.
Objective The goal of the course is to familiarize with the theoretical fundamentals of information theory and to illustrate the practical use of the theory

with the help of selected examples of data compression and coding.
Content Introduction and motivation, basics of probability theory, entropy and information, Kraft inequality, bounds on expected length of source

codes, Huffman coding, asymptotic equipartition property and typical sequences, Shannon's source coding theorem, channel capacity and
channel coding, Shannon's noisy channel coding theorem, examples

Literature T. Cover, J. Thomas: Elements of Information Theory, John Wiley, 1991.

D. MacKay, Information Theory, Inference and Learning Algorithms, Cambridge University Press, 2003.

C. Shannon, The Mathematical Theory of Communication, 1948.

252-0820-00L Case Studies from Practice W 4 credits 2V+1U M. Brandis
Abstract The course is designed to provide students with an understanding of "real-life" computer science challenges in business settings and teach

them how to address these.
Objective By using case studies that are based on actual IT projects, students will learn how to deal with complex, not straightforward problems. It will

help them to apply their theoretical Computer Science background in practice and will teach them fundamental principles of IT
management and challenges with IT in practice.
A particular focus is to make the often imprecise and fuzzy problems in practice accessible to factual analysis and reasoning, and to
challenge "common wisdom" and hearsay.
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Content The course consists of multiple lectures on methods to systematically analyze problems in a business setting and communicate about them
as well as about IT management and IT economics, presented by the lecturer, and a number of case studies provided by guest lecturers
from either IT companies or IT departments of a diverse range of companies. Students will obtain insights into both established and startup
companies, small and big, and different industries.
Presenting companies have included avaloq, Accenture, AdNovum, Bank Julius Bär, Credit Suisse, Deloitte, HP, Hotelcard, IBM Research,
McKinsey & Company, Open Web Technology, SAP Research, Selfnation, SIX Group, Teralytics, 28msec, Zühlke and dormakaba, and
Marc Brandis Strategic Consulting. The participating companies in spring 2019 will be announced at course start.

Prerequisites /
notice

Participants should be aware that the provided documents supporting the cases are usually taken directly from the projects and companies
being addressed, and thus differ very much in terms of presentation style, terminology, and explicitly provided contextual information.
Earlier participants have found it difficult to solve the exercises completely and to fully grasp the contents taught in the cases, if they were
not able to attend the case presentation, and were just relying on the provided documents.

151-0116-10L High Performance Computing for Science and
Engineering (HPCSE) for Engineers II

W 4 credits 4G P. Koumoutsakos, S. M. Martin

Abstract This course focuses on programming methods and tools for parallel computing on multi and many-core architectures. Emphasis will be
placed on practical and computational aspects of Uncertainty Quantification and Propagation including the implementation of relevant
algorithms on HPC architectures.

Objective The course will teach 
- programming models and tools for multi and many-core architectures
- fundamental concepts of Uncertainty Quantification and Propagation (UQ+P) for computational models of systems in Engineering and Life
Sciences

Content High Performance Computing:
- Advanced topics in shared-memory programming
- Advanced topics in MPI
- GPU architectures and CUDA programming

Uncertainty Quantification:
- Uncertainty quantification under parametric and non-parametric modeling uncertainty
- Bayesian inference with model class assessment
- Markov Chain Monte Carlo simulation

Lecture notes https://www.cse-lab.ethz.ch/teaching/hpcse-ii_fs20/
Class notes, handouts

Literature - Class notes
- Introduction to High Performance Computing for Scientists and Engineers, G. Hager and G. Wellein
- CUDA by example, J. Sanders and E. Kandrot
- Data Analysis: A Bayesian Tutorial, D. Sivia and J. Skilling
- An introduction to Bayesian Analysis - Theory and Methods, J. Gosh, N. Delampady and S. Tapas 
- Bayesian Data Analysis, A. Gelman, J. Carlin, H. Stern, D. Dunson, A. Vehtari and D. Rubin
- Machine Learning: A Bayesian and Optimization Perspective, S. Theodorides

Prerequisites /
notice

Students must be familiar with the content of High Performance Computing for Science and Engineering I (151-0107-20L)

401-0674-00L Numerical Methods for Partial Differential Equations
Not meant for BSc/MSc students of mathematics.

W 10 credits 2G+2U+2P+4A R. Hiptmair

Abstract Derivation, properties, and implementation of fundamental numerical methods for a few key partial differential equations: convection-
diffusion, heat equation, wave equation, conservation laws. Implementation in C++ based on a finite element library.

Objective Main skills to be acquired in this course:
* Ability to implement fundamental numerical methods for the solution of partial differential equations efficiently.
* Ability to modify and adapt numerical algorithms guided by awareness of their mathematical foundations.
* Ability to select and assess numerical methods in light of the predictions of theory
* Ability to identify features of a PDE (= partial differential equation) based model that are relevant for the selection and performance of a
numerical algorithm.
* Ability to understand research publications on theoretical and practical aspects of numerical methods for partial differential equations.
* Skills in the efficient implementation of finite element methods on unstructured meshes.

This course is neither a course on the mathematical foundations and numerical analysis of methods nor an course that merely teaches
recipes and how to apply software packages.
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Content 1 Second-Order Scalar Elliptic Boundary Value Problems
1.2 Equilibrium Models: Examples 
1.3 Sobolev spaces
1.4 Linear Variational Problems
1.5 Equilibrium Models: Boundary Value Problems
1.6 Diffusion Models (Stationary Heat Conduction)
1.7 Boundary Conditions
1.8 Second-Order Elliptic Variational Problems
1.9 Essential and Natural Boundary Conditions
2 Finite Element Methods (FEM)
2.2 Principles of Galerkin Discretization
2.3 Case Study: Linear FEM for Two-Point Boundary Value Problems
2.4 Case Study: Triangular Linear FEM in Two Dimensions
2.5 Building Blocks of General Finite Element Methods
2.6 Lagrangian Finite Element Methods
2.7 Implementation of Finite Element Methods
2.7.1 Mesh Generation and Mesh File Format
2.7.2 Mesh Information and Mesh Data Structures
2.7.2.1 L EHR FEM++ Mesh: Container Layer
2.7.2.2 L EHR FEM++ Mesh: Topology Layer
2.7.2.3 L EHR FEM++ Mesh: Geometry Layer
2.7.3 Vectors and Matrices
2.7.4 Assembly Algorithms
2.7.4.1 Assembly: Localization
2.7.4.2 Assembly: Index Mappings
2.7.4.3 Distribute Assembly Schemes
2.7.4.4 Assembly: Linear Algebra Perspective
2.7.5 Local Computations
2.7.5.1 Analytic Formulas for Entries of Element Matrices
2.7.5.2 Local Quadrature
2.7.6 Treatment of Essential Boundary Conditions
2.8 Parametric Finite Element Methods
3 FEM: Convergence and Accuracy
3.1 Abstract Galerkin Error Estimates
3.2 Empirical (Asymptotic) Convergence of Lagrangian FEM
3.3 A Priori (Asymptotic) Finite Element Error Estimates
3.4 Elliptic Regularity Theory
3.5 Variational Crimes
3.6 FEM: Duality Techniques for Error Estimation
3.7 Discrete Maximum Principle
3.8 Validation and Debugging of Finite Element Codes
4 Beyond FEM: Alternative Discretizations [dropped]
5 Non-Linear Elliptic Boundary Value Problems [dropped]
6 Second-Order Linear Evolution Problems
6.1 Time-Dependent Boundary Value Problems
6.2 Parabolic Initial-Boundary Value Problems
6.3 Linear Wave Equations
7 Convection-Diffusion Problems [dropped]
8 Numerical Methods for Conservation Laws
8.1 Conservation Laws: Examples
8.2 Scalar Conservation Laws in 1D
8.3 Conservative Finite Volume (FV) Discretization
8.4 Timestepping for Finite-Volume Methods
8.5 Higher-Order Conservative Finite-Volume Schemes

Lecture notes The lecture will be taught in flipped classroom format:
- Video tutorials for all thematic units will be published online.
- Tablet notes accompanying the videos will be made available to the audience as PDF.
- A comprehensive lecture document will cover all aspects of the course.

Literature Chapters of the following books provide supplementary reading
(detailed references in course material):

* D. Braess: Finite Elemente,
Theorie, schnelle Löser und Anwendungen in der Elastizitätstheorie, Springer 2007 (available online).
* S. Brenner and R. Scott. Mathematical theory of finite element methods, Springer 2008 (available online).
* A. Ern and J.-L. Guermond. Theory and Practice of Finite Elements, volume 159 of Applied Mathematical Sciences. Springer, New York,
2004.
* Ch. Großmann and H.-G. Roos: Numerical Treatment of Partial Differential Equations, Springer 2007.
* W. Hackbusch. Elliptic Differential Equations. Theory and Numerical Treatment, volume 18 of Springer Series in Computational
Mathematics. Springer, Berlin, 1992.
* P. Knabner and L. Angermann. Numerical Methods for Elliptic and Parabolic Partial Differential Equations, volume 44 of Texts in Applied
Mathematics. Springer, Heidelberg, 2003.
* S. Larsson and V. Thomée. Partial Differential Equations with Numerical Methods, volume 45 of Texts in Applied Mathematics. Springer,
Heidelberg, 2003.
* R. LeVeque. Finite Volume Methods for Hyperbolic Problems. Cambridge Texts in Applied Mathematics. Cambridge University Press,
Cambridge, UK, 2002.

However, study of supplementary literature is not important for for following the course.

Prerequisites /
notice

Mastery of basic calculus and linear algebra is taken for granted.
Familiarity with fundamental numerical methods (solution methods for linear systems of equations, interpolation, approximation, numerical
quadrature, numerical integration of ODEs) is essential.

Important: Coding skills and experience in C++ are essential.

Homework assignments involve substantial coding, partly based on a C++ finite element library. The written examination will be computer
based and will comprise coding tasks.

 Minor Courses
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Number Title Type ECTS Hours Lecturers

151-0854-00L Autonomous Mobile Robots W 5 credits 4G R. Siegwart, M. Chli, N. Lawrance
Abstract The objective of this course is to provide the basics required to develop autonomous mobile robots and systems. Main emphasis is put on

mobile robot locomotion and kinematics, environment perception, and probabilistic environment modeling, localizatoin, mapping and
navigation. Theory will be deepened by exercises with small mobile robots and discussed accross application examples.

Objective The objective of this course is to provide the basics required to develop autonomous mobile robots and systems. Main emphasis is put on
mobile robot locomotion and kinematics, environment perception, and probabilistic environment modeling, localizatoin, mapping and
navigation.

Lecture notes This lecture is enhanced by around 30 small videos introducing the core topics, and multiple-choice questions for continuous self-
evaluation.   It is developed along the TORQUE (Tiny, Open-with-Restrictions courses focused on QUality and Effectiveness) concept,
which is ETH's response to the popular MOOC (Massive Open Online Course) concept.

Literature This lecture is based on the Textbook: 
Introduction to Autonomous Mobile Robots
Roland Siegwart, Illah Nourbakhsh, Davide Scaramuzza, The MIT Press, Second Edition 2011, ISBN: 978-0262015356

227-0075-00L Electrical Engineering I W 3 credits 2V+2U J. Leuthold
Abstract Basic course in electrical engineering with the following topics: Concepts of voltage and currents; Analyses of dc and ac networks; Series

and parallel resistive circuits, circuits including capacitors and inductors; Kirchhoff's laws and other network theorems; Transient responses;
Basics of electrical and magnetic fields;

Objective Understanding of the basic concepts in electrical engineering with focus on network theory. The successful student knows the basic
components of electrical circuits and the network theorems after attending the course.

Content Diese Vorlesung vermittelt Grundlagenkenntnisse im Fachgebiet Elektrotechnik. Ausgehend von den grundlegenden Konzepten der
Spannung und des Stroms wird die Analyse von Netzwerken bei Gleich- und Wechselstrom behandelt. Dabie werden folgende Themen
behandelt:
Kapitel 1 Das elektrostatische Feld 
Kapitel 2 Das stationäre elektrische Strömungsfeld 
Kapitel 3 Einfache elektrische Netzwerke 
Kapitel 4 Halbleiterbauelemente (Dioden, der Transistor)  
Kapitel 5 Das stationäre Magnetfeld 
Kapitel 6 Das zeitlich veränderliche elektromagnetische Feld
Kapitel 7 Der Übergang zu den zeitabhängigen Strom- und Spannungsformen  
Kapitel 8 Wechselspannung und Wechselstrom

Lecture notes Die Vorlesungsfolien werden auf Moodle bereitgestellt.
Als ausführliches Skript wird das Buch "Manfred Albach. Elektrotechnik, Person Verlag, Ausgabe vom 1.8.2011" empfohlen.

Literature Für das weitergehende Studium werden in der Vorlesung verschiedene Bücher vorgestellt.

227-0123-00L Mechatronics W 6 credits 4G T. M. Gempp
Abstract Introduction into mechatronics.  Sensors and actors. Electronic and hydraulic power amplifiers. Data processing and basics of real-time

programming, multitasking, and multiprocessing. Modeling of mechatronical systems. Geometric, kinematical, and dynamic elements.
Fundamentals of the systems theory. Examples from industrial applications.

Objective Introduction into the basics and technology of mechatronical devices. Theoretical and practical know-how of the basic elements of a
mechatronical system.

Content Introduction into mechatronics.  Sensors and actors. Electronic and hydraulic power amplifiers. Data processing and basics of real-time
programming, multitasking, and multiprocessing. Modeling of mechatronical systems. Geometric, kinematical, and dynamic elements.
Fundamentals of the systems theory. Examples from industrial applications.

Lecture notes Recommendation of  textbook. Additional documentation to the individual topics. Documentation from industrial companies.

227-0707-00L Optimization Methods for Engineers W 3 credits 2G P. Leuchtmann
Abstract First half of the semester: Introduction to the main methods of numerical optimization with focus on stochastic methods such as genetic

algorithms, evolutionary strategies, etc.
Second half of the semester: Each participant implements a selected optimizer and applies it on a problem of practical interest.

Objective Numerical optimization is of increasing importance for the development of devices and for the design of numerical methods. The students
shall learn to select, improve, and combine appropriate procedures for efficiently solving practical problems.

Content Typical optimization problems and their difficulties are outlined. Well-known deterministic search strategies, combinatorial minimization, and
evolutionary algorithms are presented and compared. In engineering, optimization problems are often very complex. Therefore, new
techniques based on the generalization and combination of known methods are discussed. To illustrate the procedure, various problems of
practical interest are presented and solved with different optimization codes.

Lecture notes PDF of a short skript (39 pages) plus the view graphs are provided
Prerequisites /
notice

Lecture only in the first half of the semester, exercises in form of small projects in the second half, presentation of the results in the last
week of the semester.

227-0803-00L Energy, Resources, Environment: Risks and
Prospects

W 6 credits 4G O. Zenklusen, T. Flüeler

Abstract Multidisciplinary, interactive course focussing on current debates around environmental and energy issues. Topics include: energy
transition, nuclear energy and climate change, 2000-Watt-Society. Concepts such as risk, sustainable development and eco-efficiency are
applied to case studies. The course is designed for a pluridisciplinary audience and provides a training ground for critical thinking.

Objective Develop capacities for explicating environmental problems, for scrutinising proposed solutions and for contributing to debates. Analyse
complex issues from different perspectives and using a variety of analytical concepts. Understand interactions between the environment,
science and technology, society and the economy. Develop skills in critical thinking, scientific writing and presenting.

Content Following a multidisciplinary outline of current issues in environmental and energy policy, the course introduces theoretical and analytical
approaches including "risk", "sustainability", "resource management", "messy problems" as well as concepts from institutional design and
environmental economics. Large parts of the course are dedicated to case studies and contributions from participants. These serve for
applying concepts to concrete challenges and debates. Topics may include: energy transition, innovation, carbon markets, the future of
nuclear energy, climate change and development policy, dealing with disaster risk, the use of non-renewable resources, as well as visions
such as 2000-watt society.

Lecture notes Presentations and reader provided in electronic formats.
Literature Reader provided in electronic formats.
Prerequisites /
notice

-

227-0945-10L Cell and Molecular Biology for Engineers II
This course is part II of a two-semester course.
Knowledge of part I is required.

W 3 credits 2G C. Frei
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Abstract The course gives an introduction into cellular and molecular biology, specifically for students with a background in engineering. The focus
will be on the basic organization of eukaryotic cells, molecular mechanisms and cellular functions. Textbook knowledge will be combined
with results from recent research and technological innovations in biology.

Objective After completing this course, engineering students will be able to apply their previous training in the quantitative and physical sciences to
modern biology. Students will also learn the principles how biological models are established, and how these models can be tested.

Content Lectures will include the following topics: DNA, chromosomes, RNA, protein, genetics, gene expression, membrane structure and function,
vesicular traffic, cellular communication, energy conversion, cytoskeleton, cell cycle, cellular growth, apoptosis, autophagy, cancer,
development and stem cells.

In addition, 4 journal clubs will be held, where recent publications will be discussed (2 journal clubs in part I and 2 journal clubs in part II).
For each journal club, students (alone or in groups of up to three students) have to write a summary and discussion of the publication.
These written documents will be graded and count as 40% for the final grade.

Lecture notes Scripts of all lectures will be available.
Literature "Molecular Biology of the Cell" (6th edition) by Alberts, Johnson, Lewis, Morgan, Raff, Roberts, and Walter.

227-1046-00L Computer Simulations of Sensory Systems
Does not take place this semester.

W 3 credits 3G

Abstract This course deals with computer simulations of the human auditory, visual, and balance system. The lecture will cover the physiological
and mechanical mechanisms of these sensory systems. And in the exercises, the simulations will be implemented with Python. The
simulations will be such that their output could be used as input for actual neuro-sensory prostheses.

Objective Our sensory systems provide us with information about what is happening in the world surrounding us. Thereby they transform incoming
mechanical, electromagnetic, and chemical signals into action potentials, the language of the central nervous system.
The main goal of this lecture is to describe how our sensors achieve these transformations, how they can be reproduced with
computational tools. For example, our auditory system performs approximately a Fourier transformation of the incoming sound waves; our
early visual system is optimized for finding edges in images that are projected onto our retina; and our balance system can be well
described with a control system that transforms linear and rotational movements into nerve impulses.
In the exercises that go with this lecture, we will use Python to reproduce the transformations achieved by our sensory systems. The goal is
to write programs whose output could be used as input for actual neurosensory prostheses: such prostheses have become commonplace
for the auditory system, and are under development for the visual and the balance system. For the corresponding exercises, at least some
basic programing experience is required!!

Content The following topics will be covered:
 Introduction into the signal processing in nerve cells.
 Introduction into Python.
 Simplified simulation of nerve cells (Hodgkins-Huxley model).
 Description of the auditory system, including the application of Fourier transforms on recorded sounds.
 Description of the visual system, including the retina and the information processing in the visual cortex. The corresponding exercises will
provide an introduction to digital image processing.
 Description of the mechanics of our balance system, and the Control System-language that can be used for an efficient description of the
corresponding signal processing (essentially Laplace transforms and control systems).

Lecture notes For each module additional material will be provided on the e-learning platform "moodle". The main content of the lecture is also available
as a wikibook, under http://en.wikibooks.org/wiki/Sensory_Systems

Literature Open source information is available as wikibook http://en.wikibooks.org/wiki/Sensory_Systems

For good overviews I recommend:

 Principles of Neural Science (5th Ed, 2012), by Eric Kandel, James Schwartz, Thomas Jessell, Steven Siegelbaum, A.J. Hudspeth     
ISBN 0071390111 / 9780071390118
THE standard textbook on neuroscience.

 L. R. Squire, D. Berg, F. E. Bloom, Lac S. du, A. Ghosh, and N. C. Spitzer. Fundamental Neuroscience, Academic Press - Elsevier, 2012
[ISBN: 9780123858702].
This book covers the biological components, from the functioning of an individual ion channels through the various senses, all the way to
consciousness. And while it does not cover the computational aspects, it nevertheless provides an excellent overview of the underlying
neural processes of sensory systems. 

 G. Mather. Foundations of Sensation and Perception, 2nd Ed Psychology Press, 2009 [ISBN: 978-1-84169-698-0 (hardcover), oder 978-
1-84169-699-7 (paperback)]
A coherent, up-to-date introduction to the basic facts and theories concerning human sensory perception.

 The best place to get started with Python programming are the https://scipy-lectures.org/
Prerequisites /
notice

 Since I have to gravel from Linz, Austria, to Zurich to give this lecture, I plan to hold this lecture in blocks (every 2nd week).
 In addition to the lectures, this course includes external lab visits to institutes actively involved in research on the relevant sensory
systems.

252-4900-00L Didactic Basics for Student Teaching Assistants @
ETH

W 1 credit G. Serafini

Abstract Didaktische Ausbildung für Hilfsassistierende
Objective Die Lehrassistierenden… 


- geben sich gegenseitig Feedback auf ihre Lehre und reflektieren ihre Unterrichtspraxis.

- verstehen die Grundlagen von Lehre und Lernen im Kontext ihres Unterrichtsfachs.

- fühlen sich sicher, aktivierende Lehrmethoden in ihrer Unterrichtspraxis anzuwenden.

Content - Theoretische Grundlagen

- Peerhospitation - Kollegialer Unterrichtsbesuch mit Feedback

- Transferveranstaltung - Was nehme ich aus der Ausbildung, der Peerhospitation und der konkreten Unterrichtserfahrung mit?

351-0578-00L Introduction to Economic Policy
Does not take place this semester.

W 2 credits 2V

Abstract First approach to the theory of economic policy.
Objective First approach to the theory of economic policy.
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Content Wirtschaftspolitik ist die Gesamtheit aller Massnahmen von staatlichen Institutionen mit denen das Wirtschaftsgeschehen geregelt und
gestaltet wird. Die Vorlesung bietet einen ersten Zugang zur Theorie der Wirtschaftspolitik. 

Gliederung der Vorlesung:

1.) Wohlfahrtsökonomische Grundlagen: Wohlfahrtsfunktion, Pareto-Optimalität, Wirtschaftspolitik als Mittel-Zweck-Analyse u.a.

2.) Wirtschaftsordnungen: Geplante und ungeplante Ordnung
3.) Wettbewerb und Effizienz: Hauptsätze der Wohlfahrtsökonomik, Effizienz von Wettbewerbsmärkten
4.) Wettbewerbspolitik: Sicherstellung einer wettbewerblichen Ordnung

Gründe für Marktversagen:
5.) Externe Effekte 
6.) Öffentliche Güter 
7.) Natürliche Monopole 
8.) Informationsasymmetrien
9.) Anpassungskosten
10.) Irrationalität

11.) Wirtschaftspolitik und Politische Ökonomie

Die Vorlesung beinhaltet Anwendungsbeispiele und Exkurse, um eine Verbindung zwischen Theorie und Praxis der Wirtschaftspolitik
herzustellen. Z. B. Verteilungseffekte von wirtschaftspolitischen Massnahmen, Kartellpolitik am Ölmarkt, Internalisierung externer Effekte
durch Emissionshandel, moralisches Risiko am Finanzmarkt, Nudging, zeitinkonsistente Präferenzen im Bereich der Gesundheitspolitik

Lecture notes Nein.

351-0778-00L Discovering Management
Entry level course in management for BSc, MSc and PHD
students at all levels not belonging to D-MTEC. 
This course can be complemented with Discovering
Management (Excercises) 351-0778-01L.

W 3 credits 3G L. De Cuyper, S. Brusoni,
B. Clarysse, S. Feuerriegel,
V. Hoffmann, T. Netland,
G. von Krogh

Abstract Discovering Management offers an introduction to the field of business management and entrepreneurship for engineers and natural
scientists. The module provides an overview of the principles of management, teaches knowledge about management that is highly
complementary to the students' technical knowledge, and provides a basis for advancing the knowledge of the various subjects offered at
D-MTEC.

Objective The objective of this course is to introduce the students to the relevant topics of the management literature and give them a good
introduction in entrepreneurship topics too. The course is a series of lectures on the topics of strategy, innovation, marketing, corporate
social responsibility, and productions and operations management. These different lectures provide the theoretical and conceptual
foundations of management. In addition, students are required to work in teams on a project. The purpose of this project is to analyse the
innovative needs of a large multinational company and develop a business case for the company to grow.

Content Discovering Management aims to broaden the students' understanding of the principles of business management, emphasizing the
interdependence of various topics in the development and management of a firm. The lectures introduce students not only to topics
relevant for managing large corporations, but also touch upon the different aspects of starting up your own venture. The lectures will be
presented by the respective area specialists at D-MTEC.
The course broadens the view and understanding of technology by linking it with its commercial applications and with society. The lectures
are designed to introduce students to topics related to strategy, corporate innovation,  corporate social responsibility, and business model
innovation. Practical examples from industry will stimulate the students to critically assess these issues.

Prerequisites /
notice

Discovering Management is designed to suit the needs and expectations of Bachelor students at all levels as well as Master and PhD
students not belonging to D-MTEC. By providing an overview of Business Management, this course is an ideal enrichment of the standard
curriculum at ETH Zurich.
No prior knowledge of business or economics is required to successfully complete this course.

351-0778-01L Discovering Management (Exercises)
Complementary exercises for the module Discovering
Managment.

Prerequisite: Participation and successful completion of
the module Discovering Management (351-0778-00L) is
mandatory.

W 1 credit 1U B. Clarysse

Abstract This course is offered complementary to the basis course 351-0778-00L, "Discovering Management". The course offers an additional
exercise in the form of a project conducted in team.

Objective This course is offered to complement the course 351-0778-00L. The course offers an additional exercise to the more theoretical and
conceptual content of Discovering Management. 

While Discovering Management offers an introduction to various management topics, in this course, creative skills will be trained by the
business game exercise. It is a participant-centered, team-based learning activity, which provides students with the opportunity to place
themselves in the role of Chief Innovation Officer of a large multinational company.

Content As the students learn more about the specific case and identify the challenge they are faced with, they will have to develop an innovative
business case for this multinational corporation. Doing so, this exercise will provide an insight into the context of managerial problem-
solving and corporate innovation, and enhance the students' appreciation for the complex tasks companies and managers deal with. The
exercise presents a realistic model of a company and provides a valuable learning platform to integrate the increasingly important
development of the skills and competences required to identify entrepreneurial opportunities, analyse the future business environment and
successfully respond to it by taking systematic decisions, e.g. critical assessment of technological possibilities.

363-1038-00L Sustainability Start-Up Seminar
Number of participants limited to 30.

W 3 credits 2G A.-K. Zobel, A. H. Sägesser

Abstract Experts lead participants through a venturing process inspired by Lean and Design Thinking methodologies. The course contains problem
identification, idea generation and evaluation, team formation, and the development of one entrepreneurial idea per team. A special focus
is put on sustainability, in particular on climate change and renewable energy technologies specifically.

Objective 1.    Students have experienced and know how to take the first steps towards co-creating a venture and potentially company
2.    Students reflect deeply on sustainability issues (with a focus on climate change & energy) and can formulate a problem statement
3.    Students believe in their ability to bring change to the world with their own ideas
4.    Students are able to apply entrepreneurial practices such as the lean startup approach
5.    Students have built a first network and know how to proceed and who to approach in case they would like to take their ventures further.
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Content This course is aimed at people with a keen interest to address sustainability issues (with a focus on climate change and renewable energy),
with a curious mindset, and potentially first entrepreneurial ideas!

The seminar consists of a mix of lectures, workshops, individual working sessions, teamwork, and student presentations/pitches. This class
will be co-taught by an academic expert (studying innovation, entrepreneurship, and sustainability) and an entrepreneurship and
sustainability “practitioner”. Real-world climate entrepreneurs and experts from the Swiss start-up and sustainability community will be
invited to support individual sessions.

All course content is based on latest international entrepreneurship practices. 
 
The seminar starts with an introduction to sustainability (with a special focus on climate change & energy) and entrepreneurship. Students
are asked to self-select into an area of their interest in which they will develop entrepreneurial ideas throughout the course. 
 
The first part of the course then focuses on deeply understanding sustainability problems within the area of interest. Through workshops
and self-study, students will identify key design challenges, generate ideas, as well as provide systematic and constructive feedback to
their peers. 
 
In the second part of the course, students will form teams around their generated ideas. In these teams they will develop a business model
and, following the lean start-up process, conduct real-life testing, as well as pivoting of these business models. 
 
In the final part of the course, students present their insights gained from the lean start-up process, as well as pitch their entrepreneurial
ideas and business models to an expert jury. The course will conclude with a session that provides students with a network and resources
to further pursue their entrepreneurial journey.

Lecture notes All material will be made available to the participants.
Prerequisites /
notice

Prerequisite:
Interest in sustainability & entrepreneurship.

Notes: 
1. It is not required that participants already have a business idea at the beginning of the course. 
2. No legal entities (e.g. GmbH, Association, AG) need to be founded for this course.

Target participants:
PhD students, Msc students and MAS students from all departments. The number of participants is limited to max.30.

Waiting list:
After subscribing you will be added to the waiting list.
The lecturers will contact you a few weeks before the start of the seminar to confirm your interest and to ensure a good mixture of study
backgrounds, only then you're accepted to the course.

363-1122-00L From Entrepreneurial Thinking to Market Relevance  -
How Startups Scale
Number of participants limited to 40.

W 3 credits 2G A. Sethi

Abstract This elective is relevant if you’re planning to join or start a startup in the near future. It will help you recognise how value is created and
captured. This includes go-to market, marketing & visibility across verticals & across the supply chain for sustained value capture &
business model sustainability.

In short, it’s the journey of how to create a billion dollar startup.

Objective At the conclusion of the course, the students are able to:

1. The difference between technology and market relevance
2. Recognise challenges that startups face when they move from technology to commercialisation
3. Addressing the failures of startups in scaling, and how early decisions limit scaling and value capture
4. How recognising market need can help startups to create value and strengthen valuation with investors

Content Technology startups face challenges in identifying market relevance in the course of commercialisation. Additionally, once they have
matched their offering with market needs, they face additional challenges when scaling up since they get locked in early. Due to this,
technology startups plateau off as niche. 

Platform startups, on the other hand, struggle with retaining relevance. Due to these aspects, failure rates are very high. 

This course addresses students who want to become entrepreneurs or want to join startups. They may come from business or science &
technology backgrounds. The course will enable the students to identify the relevance of seeing the technology from an early stage startup
from the market relevance perspective and use this to help the company drive revenue and relevance. The students will also get an
overview of how platform startups can retain relevance. The students will have exposure to investors and entrepreneurs (with a focus on
ETH spin-offs) through the course, to gain insight to commercialisation and subsequent scaling up of the technology. 

Topics cover idea validation, technology and market size validation and assessment of market relevance, assessing time-to-market,
customer focus, perceived value for customers, and finally, opportunities of maximising relevance of technology idea into sustained market
traction. There is a particular emphasis on market validation on each step of the journey, to ensure relevance.

The course comprises lectures and talks from invited investors / entrepreneurs regarding the aforementioned elements. Additionally,
students will form teams and will support an existing startup over the course of the semester. This will allow them to gain first-hand
experience and insights into the dynamics of a early stage company. By having such real-life exposure, the course content will be
transferred from theory to practice. 

Grading of the course will be based on in-class presentations as well as the student teams' performance and support of their selected
startups.

Literature “From Science to Startup” by A. Sethi

376-0210-00L Biomechatronics
Primarily designed for HSTstudents

The Biomechatronics lecture is not appropriate for
students who already attended the lecture "Physical
Human-Robot Interaction"(376-1504-00L), because it
covers similar topics.

Matlab skills are beneficial-> online Tutorial
http://www.imrtweb.ethz.ch/matlab/

W 4 credits 3G R. Riener, R. Gassert
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Abstract Development of mechatronic systems (i.e. mechanics, electronics, computer science and system integration) with inspiration from biology
and application in the living (human) organism.

Objective The objective of this course is to give an introduction to the fundamentals of biomechatronics, through lectures on the underlying
theoretical/mechatronics aspects and application fields. In the exercises, these concepts will be intensified and trained on the basis of
specific examples. The course will guide students through the design and evaluation process of such systems, and highlight a number of
applications.

By the end of this course, you should understand the critical elements of biomechatronics and their interaction with biological systems, both
in terms of engineering metrics and human factors. You will be able to apply the learned methods and principles to the design,
improvement and evaluation of safe and efficient biomechatronics systems.

Content The course will cover the interdisciplinary elements of biomechatronics, ranging from human factors to sensor and actuator technologies,
real-time signal processing, system kinematics and dynamics, modeling and simulation, controls and graphical rendering as well as
safety/ethical aspects, and provide an overview of the diverse applications of biomechatronics technology.

Lecture notes Slides will be distributed through moodle before the lectures.
Literature Brooker, G. (2012). Introduction to Biomechatronics. SciTech Publishing.

Riener, R., Harders, M. (2012) Virtual Reality in Medicine. Springer, London.
Prerequisites /
notice

None

401-0302-10L Complex Analysis
as of 4 March 2020: The lecturer and many students are
in the lecture hall, but some students are absent. The
lecture is recorded.

W 4 credits 3V+1U A. Iozzi

Abstract Basics of complex analysis in theory and applications, in particular the global properties of analytic functions. Introduction to the integral
transforms and description of some applications

Objective Erwerb von einigen grundlegenden Werkzeuge der komplexen Analysis.
Content Examples of analytic functions,   Cauchys theorem, Taylor and Laurent series, singularities of analytic functions, residues. Fourier series

and Fourier integral, Laplace transform.
Literature J. Brown, R. Churchill:  "Complex Analysis and Applications", McGraw-Hill 1995


T. Needham. Visual complex analysis. Clarendon Press, Oxford. 2004.

M. Ablowitz, A. Fokas: "Complex variables: introduction and applications", Cambridge Text in Applied Mathematics, Cambridge University
Press 1997

E. Kreyszig: "Advanced Engineering Analysis", Wiley 1999

J. Marsden, M. Hoffman: "Basic complex analysis", W. H. Freeman 1999

P. P. G. Dyke: "An Introduction to Laplace Transforms and Fourier Series", Springer 2004

A. Oppenheim, A. Willsky: "Signals & Systems", Prentice Hall 1997

M. Spiegel: "Laplace Transforms", Schaum's Outlines,  Mc Graw Hill

Prerequisites /
notice

Prerequisites: Analysis I and II

402-0810-00L Computational Quantum Physics
Special Students UZH must book the module PHY522
directly at UZH.

W 8 credits 2V+2U T. Neupert, M. H. Fischer

Abstract This course provides an introduction to simulation methods for quantum systems, starting with the one-body problem and finishing with
quantum field theory, with special emphasis on quantum many-body systems. Both approximate methods (Hartree-Fock, density functional
theory) and exact methods (exact diagonalization, quantum Monte Carlo) are covered.

Objective The goal is to become familiar with computer simulation techniques for quantum physics, through lectures and practical programming
exercises.

402-0812-00L Computational Statistical Physics W 8 credits 2V+2U O. Zilberberg
Abstract Computer simulation methods in statistical physics. Classical Monte-Carlo-simulations: finite-size scaling, cluster algorithms, histogram-

methods, renormalization group. Application to Boltzmann machines. Simulation of non-equilibrium systems.

Molecular dynamics simulations: long range interactions, Ewald summation, discrete elements, parallelization.

Objective The lecture will give a deeper insight into computer simulation methods in statistical physics. Thus, it is an ideal continuation of the lecture
"Introduction to Computational Physics" of the autumn semester. In the first part students learn to apply the following methods: Classical
Monte Carlo-simulations, finite-size scaling, cluster algorithms, histogram-methods, renormalization group. Moreover, students learn about
the application of statistical physics methods to Boltzmann machines and how to simulate non-equilibrium systems.

In the second part, students apply molecular dynamics simulation methods. This part includes long range interactions, Ewald summation
and discrete elements.

Content Computer simulation methods in statistical physics. Classical Monte-Carlo-simulations: finite-size scaling, cluster algorithms, histogram-
methods, renormalization group. Application to Boltzmann machines. Simulation of non-equilibrium systems. Molecular dynamics
simulations: long range interactions, Ewald summation, discrete elements, parallelization.

Lecture notes Lecture notes and slides are available online and will be distributed if desired.
Literature Literature recommendations and references are included in the lecture notes.
Prerequisites /
notice

Some basic knowledge about statistical physics, classical mechanics and computational methods is recommended.

402-1782-00L Physics II
Accompanying the lecture course "Physics II", among
GESS Science in Perspective is offered: 851-0147-01L
Philosophical Reflections on Physics II

W 7 credits 4V+2U R. Wallny

Abstract Introduction to theory of waves, electricity and magnetism. This is the continuation of Physics I which introduced the fundamentals of
mechanics.

Objective basic knowledge of mechanics and electricity and magnetism as well as the capability to solve physics problems related to these subjects.

636-0702-00L Statistical Models in Computational Biology W 6 credits 2V+1U+2A N. Beerenwinkel
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Abstract The course offers an introduction to graphical models and their application to complex biological systems. Graphical models combine a
statistical methodology with efficient algorithms for inference in settings of high dimension and uncertainty. The unifying graphical model
framework is developed and used to examine several classical and topical computational biology methods.

Objective The goal of this course is to establish the common language of graphical models for applications in computational biology and to see this
methodology at work for several real-world data sets.

Content Graphical models are a marriage between probability theory and graph theory. They combine the notion of probabilities with efficient
algorithms for inference among many random variables. Graphical models play an important role in computational biology, because they
explicitly address two features that are inherent to biological systems: complexity and uncertainty. We will develop the basic theory and the
common underlying formalism of graphical models and discuss several computational biology applications. Topics covered include
conditional independence, Bayesian networks, Markov random fields, Gaussian graphical models, EM algorithm, junction tree algorithm,
model selection, Dirichlet process mixture, causality, the pair hidden Markov model for sequence alignment, probabilistic phylogenetic
models, phylo-HMMs, microarray experiments and gene regulatory networks, protein interaction networks, learning from perturbation
experiments, time series data and dynamic Bayesian networks. Some of the biological applications will be explored in small data analysis
problems as part of the exercises.

Lecture notes no
Literature - Airoldi EM (2007) Getting started in probabilistic graphical models. PLoS Comput Biol 3(12): e252. doi:10.1371/journal.pcbi.0030252

- Bishop CM. Pattern Recognition and Machine Learning. Springer, 2007.
- Durbin R, Eddy S, Krogh A, Mitchinson G. Biological Sequence Analysis. Cambridge university Press, 2004

 Seminar
Students may also choose a seminar  from the Master's program in Computer Science. It is their responsibility to make sure that they meet the
requirements and conditions for this seminar.

Number Title Type ECTS Hours Lecturers

252-3510-00L Computing Platforms
The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S G. Alonso, M. J. Giardino, I. Müller,
C. Zhang

Abstract The seminar covers core concepts and ideas in the general area of computer systems, ranging from software and hardware architectures
to system design for operating systems, data processing systems, and distributed systems. 

Objective The seminar will cover core concepts and ideas in the general area of computer systems, ranging from software and hardware
architectures to system design for operating systems, data processing systems, and distributed systems. The focus will be on fundamental
ideas that apply across systems and application areas but with an emphasis on those ideas that apply to cloud platforms and hardware
acceler

Content The seminar will consist on student presentations based on a list of papers that will be provided at the beginning of the course.
Presentations will be done in teams.  Presentations will be arranged in slots of 30 minutes talk plus 15 minutes questions. Grades will be
assigned based on quality of the presentation, coverage of the topic including material not in the original papers, participation during the
seminar, and ability to understand, present, and criticize the underlying technology. 

252-3800-00L Advanced Topics in Technical Human-Computer
Interaction
Number of participants limited to 24.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S C. Holz

Abstract We will discuss the latest topics in HCI and related communities: interactive devices, wearable and mobile sensing, applied computer vision
for gesture, hand, and body pose input, machine learning-based processing. assistive and accessible technologies, biometrics &
authentication, fabrication, haptic feedback, Augmented Reality, Virtual Reality, projection-based systems, affective computing.

Objective The objective of the seminar is for participants to collectively learn about the state-of-the-art research in Human-Computer Interaction and
closely related areas. Another objective is to collectively discuss open issues in the field, necessary follow-up work for the latest presented
results in the field, and developing a feeling for what constitutes research questions and outcomes in the field of technical Human-
Computer Interaction.

Content The seminar format is as follows: attendees individually read one recent full-paper publication, working through its content in detail and
possibly covering some of the background if necessary, and present the approach, methodology, research question and implementation as
well as the evaluation and discussion in a 20–25 min talk in front of the others. Each presenter will then lead a short discussion about the
paper, which is guided by questions posed to the audience in advance.

Literature 24 papers will be provided by the lecturer and distributed in the first seminar on a first-come, first-served basis according to participants'
preferences. The lecturer will also give a brief run-down across all 24 papers in a fast-forward style, covering each paper in a single-minute
presentation, and outline the difficulties of each project. The schedule is fixed throughout the term with easier papers being presented
earlier and more comprehensive papers presented later in the term.

Prerequisites /
notice

All students are welcome in the first seminar to see the overview over the papers we will discuss. After assigning papers, the seminar will
be limited to 24 attendees, i.e., those students that sign up for papers first.

252-3810-00L Datacenter Network Monitoring and Management
The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S D. Wagenknecht-Dimitrova

Abstract The seminar  focus on network monitoring, with focus on datacenters. 
Objective The seminar will focus on network monitoring, with focus on datacenters. Both distributed control planes and SDNs will be discussed.

Students will look at both passive and active monitoring solutions as well as novel proposals driven by recent programmable dataplanes
The seminar will discuss the design of monitoring solutions, data collection challenges and also the data processing and objectives of
monitoring.

Content The seminar will include an intial background reading, and then cover three types of papers (1) recent publications in top tier conferences,
(2) key publications in the field albeit older, and (3) whitepapers by industry (a small portion).  It will attempt to strike a balance between
understanding the fundamentals and keeping up with novel developments.

252-4225-00L Presenting Theoretical Computer Science
Number of participants limited to 24.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,

W 2 credits 2S B. Gärtner, M. Ghaffari, R. Kyng,
A. Steger, D. Steurer, E. Welzl
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will officially fail the seminar.
Abstract Students present current or classical results from theoretical computer science.
Objective Students learn to read, understand and present results from theoretical computer science. The main focus and deliverable is a good

presentation of 45 minutes that can easily be followed and understood by the audience.
Content Students present current or classical results from theoretical computer science.
Prerequisites /
notice

The seminar takes place as a block seminar on two Saturdays in April and/or May. Each presentation is jointly prepared and given by two
students (procedure according to the seminar website).
All students must attend all presentations.

252-4303-00L Topics at the Intersection between Theoretical
Computer Science and other Disciplines
Number of participants limited to 22.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.


W 2 credits 2S P. Penna

Abstract Students present papers in Theoretical Computer Science which have also some "interdisciplinary flavor". Methods in classical theory of
computing are used to better understand some fundamental questions in other fields (biology, social science, economics, etc.). The talks
give a first outlook of these type of results which typically provide rigorous analysis of algorithms ("prove theorems").

Objective Learn how to understand and present the key ideas and mathematical concepts in theory papers; Develop a critical attitude to evaluate the
importance of a theoretical result and its practical relevance.

Content In this seminar students will present papers in Theoretical Computer Science which have also some "interdisciplinary flavor". For example,
they use methods in classical theory of computing to advance our understanding of some fundamental question in other fields (biology,
social science, economics, etc.).

The talks will give us a first outlook of these type of results which provide rigorous analysis of algorithms ("prove theorems"). In their
presentations, students should put the results into context, isolate the "computer science" or "computational" aspect, and its relation to the
practical question.

252-4910-00L Algorithmics for Hard Problems
The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

Number of participants limited to 24.

W 2 credits 2S H.-J. Böckenhauer, R. Kralovic

Abstract This seminar looks into modern algorithmic approaches for solving computationally hard problems; e.g., approximation algorithms,
moderately exponential-time algorithms, parameterized algorithms and combinations thereof. The focus will be on approaches with
provable performance guarantees.

Objective To systematically acquire an overview of the methods for solving hard problems with provable performance guarantees. To get deeper
knowledge of both approximation algorithms and exact and parameterized algorithms.

Content In this seminar, we will discuss algorithmic approaches for solving computationally hard problems.  In the kick-off meeting, we will give a
brief overview of these approaches, including approximation algorithms and parameterizations. 

Then, each participant will study one aspect of this topic, following a specific scientific publication, and will give a presentation about this
topic. The topics will include basic design techniques for  approximation algorithms as well as exponential and parameterized algorithms,
and some modern approaches of combining these techniques. We will focus on techniques for which certain worst-case performance
guarantees can be proven. 

Literature The literature will consist of textbook chapters and original research papers and will be provided during the kick-off meeting.
Prerequisites /
notice

The participants should be familiar with the content of the lectures "Algorithmen und Datenstrukturen" (252-0026-00) and "Theoretische
Informatik"  (252-0057-00).

The presentations will be given in the form of a block course in the first week of June 2020.

The language can be mixed in German and English in the following sense: The teaching material will be in English, but it will be possible
for at least half of the participants to give their presentations and hand in their written summaries in German.

263-2211-00L Seminar in Computer Architecture
Number of participants limited to 22.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S O. Mutlu, M. H. K. Alser,
J. Gómez Luna

Abstract This seminar course covers fundamental and cutting-edge research papers in computer architecture. It has multiple components that are
aimed at improving students' (1) technical skills in computer architecture, (2) critical thinking and analysis abilities on computer architecture
concepts, as well as (3) technical presentation of concepts and papers in both spoken and written forms.

Objective The main objective is to learn how to rigorously analyze and present papers and ideas on computer architecture. We will have rigorous
presentation and discussion of selected papers during lectures and a written report delivered by each student at the end of the semester.

This course is for those interested in computer architecture. Registered students are expected to attend every meeting, participate in the
discussion, and create a synthesis report at the end of the course.

Content Topics will center around computer architecture. We will, for example, discuss papers on hardware security; accelerators for key
applications like machine learning, graph processing and bioinformatics; memory systems; interconnects; processing in memory; various
fundamental and emerging paradigms in computer architecture; hardware/software co-design and cooperation; fault tolerance; energy
efficiency; heterogeneous and parallel systems; new execution models; predictable computing, etc.

Lecture notes All materials will be posted on the course website: https://safari.ethz.ch/architecture_seminar/
Past course materials, including the synthesis report assignment, can be found in the Fall 2019 website for the course:
https://safari.ethz.ch/architecture_seminar/fall2019/doku.php

Literature Key papers and articles, on both fundamentals and cutting-edge topics in computer architecture will be provided and discussed. These will
be posted on the course website.

Prerequisites /
notice

Design of Digital Circuits.
Students should (1) have done very well in Design of Digital Circuits and (2) show a genuine interest in Computer Architecture.
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 GESS Science in Perspective
 Science in Perspective

see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
INFK

 Language Courses
see Science in Perspective: Language Courses ETH/UZH

 Bachelor's Thesis
Number Title Type ECTS Hours Lecturers

252-0500-00L Bachelor's Thesis O 10 credits 21D Professors
Abstract The Bachelor Programme concludes with the Bachelor Thesis. This project is supervised by a professor. Writing up the Bachelor Thesis

encourages students to show independence and to produce structured work.
Objective Encourages students to show independence, to produce scientifically structured work and to apply engineering working methods.

Computer Science Bachelor - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Computer Science TC
Detailed information on the programme at: www.didaktischeausbildung.ethz.ch

 Educational Science
General course offerings in the category Educational Science are listed under "Programme: Educational Science for Teaching Diploma and TC".

Number Title Type ECTS Hours Lecturers

851-0240-01L Designing Learning Environments for School  (EW2
TD)
Prerequisites: successful participation in 851-0240-00L
"Human Learning (EW1)".

Adresses to students enrolled either in Teaching Diploma*
(TD) or Teaching Certificate (TC) in Computer Science,
Mathematics or Physics.
*Except for students of Sport Teaching Diploma, who
complete the sport-specific course unit EW2.

O  3 credits 2V E. Stern, P. Greutmann, J. Maue

Abstract Teaching is a complex skill. The lecture comprises (a) presentations about the theoretical background of this skill, (b) discussions of
practical aspects, and (c) practical exercises.

Objective The participants have the conceptual und procedural knowledge, and skills necessary for long-term planning, preparing, and implementing
good lessons. They can apply this knowledge on different topics of their scientific STEM-background.

Content We discuss characteristics of successful lessons and how to design such lessons by using curricula and lesson plans, teaching goals and a
variety of teaching methods.

Lecture notes The lecture comprises interactive parts where the participants  elaborate and extend their knowledge and skills. Thus, there is no
comprehensive written documentation of the lecture. The participants can download presentation slides, learning materials, and templates
from "Moodle".

Literature The necessary literature can be downloaded from "Moodle".
Prerequisites /
notice

The lecture EW2 can only be attended by students who already successfully completed the lecture Human Learning (EW1).
There will be two independent lectures for different groups of students. You will get further information in an email at the beginning of the
semester.
To get the Credits you have to
- regularly attend to the lecture
- have the grade 4 or higher in the final written exam.

851-0240-03L Introduction to Test Theory and Test Construction in
Educational Contexts (University of Zürich)
Does not take place this semester.
Enrolment only possible with Teaching Diploma or DC
matriculation.

No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: 200b800f

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  4 credits 2S University lecturers

Abstract The seminar will provide theoretical and applied knowledge in the construction of psychological questionnaires. The students will construct,
translate, and adapt instruments from different areas. Afterwards, data on these instruments will be gathered in an online survey. The
survey will be analyzed (under the guidance of the seminar leaders) and presented in a scientific report. 

Objective The learning outcomes are:
- Acquiring theoretical and applied knowledge in the construction, translation, and adaption of psychological instruments
- Conducting online surveys and statistical analyses
- Becoming more familiar with relevant statistical procedures (e.g., factor analysis, reliability, correlation, and regression analyses)
- Estimating and evaluating the psychometric properties of instruments
- Scientific description and communication of the results (using APA-style)

Content Die Lehrveranstaltung soll Studierenden theoretische und praktische Kenntnisse in der Konstruktion von Fragebogen vermitteln. Es werden
Instrumente aus verschiedenen Bereichen durch die Studierenden konstruiert, übersetzt und adaptiert. Danach erfolgt eine Online-
Erhebung dieser Instrumente, die anschliessend unter Anleitung ausgewertet und in einem wissenschaftlichen Bericht präsentiert wird.

Lecture notes Alle Unterlagen werden im OLAT-Kurs zur Verfügung gestellt
Voraussetzung für die Teilnahme ist ein eigener Laptop mit einem Statistikprogramm (z.B. SPSS) und einem Office-Paket.

Literature Alle Unterlagen werden zur Verfügung gestellt.
Prerequisites /
notice

Der Leistungsnachweis besteht aus einem schriftlichen Leistungsnachweis, der benotet wird, ausserdem werden die unten genannten
Aspekte von aktiver Teilnahme für das Bestehen des Moduls vorausgesetzt. Der schriftliche Leistungsnachweis besteht aus einem
wissenschaftlichen Bericht zur psychometrischen Prüfung einer im Rahmen des Seminars selbst adaptierten, konstruierten oder
übersetzten Skala. Die aktive Teilnahme besteht aus Vorbereitung auf die Sitzungen, Rekrutierung von Teilnehmenden für die
gemeinsame Datenerhebung, zwei kurzen Präsentationen zur praktischen Aufgabe sowie aktiver Teilnahme am Seminar.

Voraussetzung für die Teilnahme ist ein eigener Laptop mit einem Statistikprogramm (z.B. SPSS) und einem Office-Paket.

851-0240-24L Designing Learning Environments for Schools (EW2
LD) - Portfolio
- Enrolment only possible with simultaneous enrolment in
course 851-0240-01L Designing Learning Environments
for School (EW2 LD)!

- Prerequisites: successful participation in 851-0240-00L
"Human Learning (EW1)".

- Adresses to students enrolled either in Teaching
Diploma* (TD) or Teaching Certificate (TC) in Computer
Science, Mathematics or Physics.
*Except for students of Sport Teaching Diploma, who
complete the sport-specific course unit EW2. 

O  1 credit 2U P. Greutmann, J. Maue
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Abstract In this lecture, you design a portfolio, i.e. a complete and elaborated teaching enviroment for schools, based on your scientific STEM-
background

Objective This lecture is an implementation and transfer of the theoretical inputs provided by the lecture "Designing Learning Environments for
School" (EW2).

851-0242-03L Introduction to General Pedagogy
Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate.

Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".

W  2 credits 2G L. Haag

Abstract The basics of educational science and the field of activity of the school are conveyed in as much as they are of relevance to the field of
activity of the teachers. Basic knowledge is taught methodically by the lecturers which is further deepened by the reading of selected texts
and corresponding work assignments in individual and small groups.

Objective 1. Basics of educational science
1.1 Historical survey of education and school
1.2 Fundamental educational terms
- Education as field of activity of the school
- Education at school
- Socialization
2. Field of activity of the school
2.1 Theory of school
- Theory of school
- Curriculum theory
- School development
2.2 Theory of instruction
- Didactic analysis
- Principles of learning
- Handling of heterogeneity

851-0242-06L Cognitively Activating Instructions in MINT Subjects
Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

This course unit can only be enroled after successful
participation in, or during enrolment in the course 851-
0240-00L "Human Learning (EW 1)".

W  2 credits 2S R. Schumacher

Abstract This seminar focuses on teaching units in chemistry, physics and mathematics that have been developed at the MINT Learning Center of
the ETH Zurich. In the first meeting, the mission of the MINT Learning Center will be communicated. Furthermore, in groups of two, the
students will intensively work on, refine and optimize a teaching unit following a goal set in advance.

Objective - Get to know cognitively activating instructions in MINT subjects
- Get information about recent literature on learning and instruction

Prerequisites /
notice

Für eine reibungslose Semesterplanung wird um frühe Anmeldung und persönliches Erscheinen zum ersten Lehrveranstaltungstermin
ersucht.

851-0242-07L Human Intelligence
Number of participants limited to 30.

Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

This course unit can only be enroled after successful
participation in, or imultaneous enrolment in the course
851-0240-00L "Human Learning (EW 1)" .

W  1 credit 1S E. Stern

Abstract The focus will be on the book "Intelligenz: Grosse Unterschiede und ihre Folgen" by Stern and Neubauer. Participation at the first meeting
is obligatory. It is required that all participants read the complete book. Furthermore, in two meetings of 90 minutes, concept papers
developed in small groups (5 - 10 students) will be discussed.

Objective - Understanding of research methods used in the empirical human sciences
- Getting to know intelligence tests
- Understanding  findings relevant for education

851-0242-08L Research Methods in Educational Science
Number of participants limited to 30.

This course unit can only be enroled after successful
participation in, or imultaneous enrolment in the course
851-0240-00L "Human Learning (EW 1)" .

W  1 credit 1S P. Edelsbrunner, T. Braas,
C. M. Thurn

Abstract Literature from learning sciences will be read and discussed. Research methods will be in focus.
At the first meeting all participants will be allocated to working groups and two further meetings will be set up with the groups.
In the small groups students will write critical short essays about the read literature. The essays will be presented and discussed in the
plenum at the third meeting.

Objective - Understand research methods used in the empirical educational sciences
- Understand and critically examine information from scientific journals and media
- Understand pedagogically relevant findings from the empirical educational sciences

851-0242-11L Gender Issues In Education and STEM
Number of participants limited to 20.

Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

Prerequisite: students should be taking the course 851-
0240-00L Human Learning (EW1) in parallel, or to have
successfully completed it.

W  2 credits 2S M. Berkowitz Biran, T. Braas,
C. M. Thurn
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Abstract In this seminar, we introduce some of the major gender-related  issues in the context of education and science learning, such as the under-
representation of girls and women in science, technology, engineering and mathematics (STEM). Different perspectives, controversies and
empirical evidence will be discussed.

Objective - To familiarize students with gender issues in the educational and STEM contexts and with controversies regarding these issues.
- To develop a critical view on existing perspectives. 
- To integrate this knowledge with teacher's work.

Content Why do fewer women than men specialize in STEM (science, technology, engineering and mathematics)? Are girls better in language and
boys better in math? These and other questions about gender differences relevant to education and STEM learning have been occupying
researchers for decades. In this seminar, students will learn about major gender issues in the educational context and the different
perspectives for understanding them. 

Students will read and critically discuss selected publications on these topics and their implications for the classroom context. There will be
weekly (or bi-weekly) assignments as well as a final project in which students will integrate and elaborate on the topics learned in the
seminar.

Prerequisites /
notice

Recommended: Completion of the course 851-0240-00L Human Learning (EW1).

Active participation in the seminar.

 Subject Didactics and Professional Training
Important: You can only enrole in the courses of this category if you have not more than 12 CP left for possible additional requirements.

Number Title Type ECTS Hours Lecturers

271-0102-00L Teaching Internship Including Examination Lessons
in Computer Science
Teaching Internship Computer Science for TC.

Repetition of the Teaching Internship is excluded even if
Examination Lessons are to be repeated.

O  4 credits 9P J. Hromkovic, G. Serafini

Abstract Students apply the insights, abilities and skills they have acquired within the context of an educational institution. They observe 10 lessons
and teach 20 lessons independently. Two of them are as assessed as Examination Lessons.

Objective - Students use their specialist-subject, educational-science and subject-didactics training to draw up concepts for teaching.
- They are able to assess the significance of tuition topics for their subject from different angles (including interdisciplinary angles) and
impart these to their pupils. 
- They learn the skills of the teaching trade. 
- They practise finding the balance between instruction and openness so that pupils can and, indeed, must make their own cognitive
contribution.
- They learn to assess pupils' work.
- Together with the teacher in charge of their teacher training, the students constantly evaluate their own performance.

Content Die Studierenden sammeln Erfahrungen in der Unterrichtsführung, der Auseinandersetzung mit Lernenden, der Klassenbetreuung und der
Leistungsbeurteilung. Zu Beginn des Praktikums plant die Praktikumslehrperson gemeinsam mit dem/der Studierenden das Praktikum und
die Arbeitsaufträge. Die schriftlich dokumentierten Ergebnisse der Arbeitsaufträge sind Bestandteil des Portfolios der Studierenden.
Anlässlich der Hospitationen erläutert die Praktikumslehrperson ihre fachlichen, fachdidaktischen und pädagogischen Überlegungen, auf
deren Basis sie den Unterricht geplant hat und tauscht sich mit dem/der Studierenden aus. Die von dem/der Studierenden gehaltenen
Lektionen werden vor- und nachbesprochen. 
Die Themen für die beiden Prüfungslektionen am Schluss des Praktikums erfahren die Studierenden in der Regel eine Woche vor dem
Prüfungstermin. Sie erstellen eine Vorbereitung gemäss Anleitung und reichen sie bis am Vortrag um 12 Uhr den beiden Prüfungsexperten
(Fachdidaktiker/-in, Departementsvertreter/-in) ein. Die gehaltenen Lektionen werden kriteriumsbasiert beurteilt. Die Beurteilung umfasst
auch die schriftliche Vorbereitung und eine mündliche Reflexion des Kandidaten/der Kandidatin über die gehaltenen Lektionen im Rahmen
eines kurzen Kolloquiums.

Lecture notes Dokument: schriftliche Vorbereitung für Prüfungslektionen.
Literature Wird von der Praktikumslehrperson bestimmt.

272-0103-00L Mentored Work Subject Didactics Computer Science
A
Mentored Work Subject Didactics in Computer Science for
TC andTeaching Diploma.

O  2 credits 4A J. Hromkovic, G. Serafini

Abstract In their mentored work on subject didactics, students put into practice the contents of the subject-didactics lectures and go into these in
greater depth. Under supervision, they compile tuition materials that are conducive to learning and/or analyse and reflect on certain topics
from a subject-based and pedagogical angle.

Objective The objective is for the students: 
- to be able to familiarise themselves with a tuition topic by consulting different sources,  acquiring materials and reflecting on the relevance
of the topic and the access they have selected to this topic from a specialist, subject-didactics and pedagogical angle and potentially from a
social angle too.
- to show that they can independently compile a tuition sequence that is conducive to learning and develop this to the point where it is
ready for use.

Content Thematische Schwerpunkte
Die Gegenstände der mentorierten Arbeit in Fachdidaktik stammen in der Regel aus dem gymnasialen Unterricht.

Lernformen
Alle Studierenden erhalten ein individuelles Thema und erstellen dazu eine eigenständige Arbeit. Sie werden dabei von ihrer
Betreuungsperson begleitet. Gegebenenfalls stellen sie ihre Arbeit oder Aspekte daraus in einem Kurzvortrag vor. Die mentorierte Arbeit ist
Teil des Portfolios der Studierenden.

Lecture notes Eine kurze Anleitung zur mentorierten Arbeit in Fachdidaktik wird zur Verfügung gestellt.
Literature Die Literatur ist themenspezifisch. Die Studierenden beschaffen sie sich in der Regel selber (siehe Lernziele). In besonderen Fällen wird

sie vom Betreuer zur Verfügung gestellt.
Prerequisites /
notice

Die Arbeit sollte vor Beginn des Praktikums abgeschlossen werden.

 Specialized Courses in Respective Subject with Educational Focus
Number Title Type ECTS Hours Lecturers

272-0300-00L Algorithmics for Hard Problems
Does not take place this semester.
This course  d o e s  n o t  include the Mentored Work
Specialised Courses with an Educational Focus in

W 5 credits 2V+1U+1A
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Computer Science A.

Abstract This course unit looks into algorithmic approaches to the solving of hard problems, particularly with moderately exponential-time algorithms
and parameterized algorithms.

The seminar is accompanied by a comprehensive reflection upon the significance of the approaches presented for computer science tuition
at high schools.

Objective To systematically acquire an overview of the methods for solving hard problems. To get deeper knowledge of exact and parameterized
algorithms.

Content First, the concept of hardness of computation is introduced (repeated for the computer science students). Then some methods for solving
hard problems are treated in a systematic way. For each algorithm design method, it is discussed what guarantees it can give and how we
pay for the improved efficiency. A special focus lies on moderately exponential-time algorithms and parameterized algorithms.

Lecture notes Unterlagen und Folien werden zur Verfügung gestellt.
Literature J. Hromkovic: Algorithmics for Hard Problems, Springer 2004.


R. Niedermeier: Invitation to Fixed-Parameter Algorithms, 2006.

M. Cygan et al.: Parameterized Algorithms, 2015.

F. Fomin, D. Kratsch: Exact Exponential Algorithms, 2010.

272-0302-00L Approximation and Online Algorithms W 5 credits 2V+1U+1A H.-J. Böckenhauer, D. Komm
Abstract This lecture deals with approximative algorithms for hard optimization problems and algorithmic approaches for solving online problems as

well as the limits of these approaches.
Objective Get a systematic overview of different methods for designing approximative algorithms for hard optimization problems and online problems.

Get to know methods for showing the limitations of these approaches.
Content Approximation algorithms are one of the most succesful techniques to attack hard optimization problems. Here, we study the so-called

approximation ratio, i.e., the ratio of the cost of the computed approximating solution and an optimal one (which is not computable
efficiently). 
For an online problem, the whole instance is not known in advance, but it arrives pieceweise and for every such piece a corresponding part
of the definite output must be given. The quality of an algorithm for such an online problem is measured by the competitive ratio, i.e., the
ratio of the cost of the computed solution and the cost of an optimal solution that could be given if the whole input was known in advance.

The contents of this lecture are
- the classification of optimization problems by the reachable approximation ratio, 
- systematic methods to design approximation algorithms (e.g., greedy strategies, dynamic programming, linear programming relaxation),
- methods to show non-approximability,
- classic online problem like paging or scheduling problems and corresponding algorithms,
- randomized online algorithms,
- the design and analysis principles for online algorithms, and
- limits of the competitive ratio and the advice complexity as a way to do a deeper analysis of the complexity of online problems.

Literature The lecture is based on the following books:

J. Hromkovic: Algorithmics for Hard Problems, Springer, 2004

D. Komm:  An Introduction to Online Computation: Determinism, Randomization, Advice, Springer, 2016

Additional literature: 

A. Borodin, R. El-Yaniv: Online Computation and Competitive Analysis, Cambridge University Press, 1998

272-0400-00L Mentored Work Specialised Courses in the Respective
Subject with Educational Focus Computer Sc A

W+ 2 credits 4A J. Hromkovic, G. Serafini

Abstract In the mentored work on their subject specialisation, students link high-school and university aspects of the subject, thus strengthening
their teaching competence with regard to curriculum decisions and the future development of the tuition. They compile texts under
supervision that are directly comprehensible to the targeted readers - generally specialist-subject teachers at high-school level.

Objective The aim is for the students
- to familiarise themselves with a new topic by obtaining material and studying the sources, so that they can selectively extend their
specialist competence in this way.
- to independently develop a text on the topic, with special focus on its mathematical comprehensibility in respect of the level of knowledge
of the targeted readership.
- To try out different options for specialist further training in their profession.

Content Thematische Schwerpunkte:
Die mentorierte Arbeit in FV besteht in der Regel in einer Literaturarbeit über ein Thema, das einen Bezug zum gymnasialem Unterricht
oder seiner Weiterentwicklung hat. Die Studierenden setzen darin Erkenntnisse aus den Vorlesungen in FV praktisch um.

Lernformen:
Alle Studierenden erhalten ein individuelles Thema und erstellen dazu eine eigenständige Arbeit. Sie werden dabei von ihrer
Betreuungsperson begleitet. Gegebenenfalls stellen sie ihre Arbeit oder Aspekte daraus in einem Kurzvortrag vor. Die mentorierte
Arbeit ist Teil des Portfolios der Studierenden.

Lecture notes Eine Anleitung zur mentorierten Arbeit in FV wird zur Verfügung gestellt.
Literature Die Literatur ist themenspezifisch. Sie muss je nach Situation selber beschafft werden oder wird zur Verfügung gestellt.
Prerequisites /
notice

Die Arbeit sollte vor Beginn des Praktikums abgeschlossen werden.

252-0408-00L Cryptographic Protocols W 6 credits 2V+2U+1A M. Hirt, U. Maurer
Abstract The course presents a selection of hot research topics in cryptography. The choice of topics varies and may include provable security,

interactive proofs, zero-knowledge protocols, secret sharing, secure multi-party computation, e-voting, etc.
Objective Indroduction to a very active research area with many gems and paradoxical

results. Spark interest in fundamental problems.
Content The course presents a selection of hot research topics in cryptography. The choice of topics varies and may include provable security,

interactive proofs, zero-knowledge protocols, secret sharing, secure multi-party computation, e-voting, etc.
Lecture notes the lecture notes are in German, but they are not required as the entire

course material is documented also in other course material (in english).
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Prerequisites /
notice

A basic understanding of fundamental cryptographic concepts 
(as taught for example in the course Information Security or
in the course Cryptography Foundations) is useful, but not required.

263-0007-00L Advanced Systems Lab
Only for master students, otherwise a special permission
by the study administration of D-INFK is required.

W 8 credits 3V+2U+2A M. Püschel, C. Zhang

Abstract This course introduces the student to the foundations and state-of-the-art techniques in developing high performance software for
mathematical functionality occurring in various fields in computer science. The focus is on optimizing for a single core and includes
optimizing for the memory hierarchy, for special instruction sets, and the possible use of automatic performance tuning.

Objective Software performance (i.e., runtime) arises through the complex interaction of algorithm, its implementation, the compiler used, and the
microarchitecture the program is run on. The first goal of the course is to provide the student with an understanding of this "vertical"
interaction, and hence software performance, for mathematical functionality. The second goal is to teach a systematic strategy how to use
this knowledge to write fast software for numerical problems. This strategy will be trained in several homeworks and a semester-long group
project.

Content The fast evolution and increasing complexity of computing platforms pose a major challenge for developers of high performance software
for engineering, science, and consumer applications: it becomes increasingly harder to harness the available computing power.
Straightforward implementations may lose as much as one or two orders of magnitude in performance. On the other hand, creating optimal
implementations requires the developer to have an understanding of algorithms, capabilities and limitations of compilers, and the target
platform's architecture and microarchitecture.

This interdisciplinary course introduces the student to the foundations and state-of-the-art techniques in high performance mathematical
software development using important functionality such as matrix operations, transforms, filters, and others as examples. The course will
explain how to optimize for the memory hierarchy, take advantage of special instruction sets, and other details of current processors that
require optimization. The concept of automatic performance tuning is introduced. The focus is on optimization for a single core; thus, the
course complements others on parallel and distributed computing.

Finally a general strategy for performance analysis and optimization is introduced that the students will apply in group projects that
accompany the course.

Prerequisites /
notice

Solid knowledge of the C programming language and matrix algebra.

Computer Science TC - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Computer Science Teaching Diploma
More informations at : https://www.ethz.ch/de/studium/didaktische-ausbildung/studienangebot-zulassung/lehrdiplom-fuer-maturitaetsschulen.html

 Educational Science
Course offerings in the category Educational Science are listed under "Programme: Educational Science for Teaching Diploma and TC".

Number Title Type ECTS Hours Lecturers

851-0240-01L Designing Learning Environments for School  (EW2
TD)
Prerequisites: successful participation in 851-0240-00L
"Human Learning (EW1)".

Adresses to students enrolled either in Teaching Diploma*
(TD) or Teaching Certificate (TC) in Computer Science,
Mathematics or Physics.
*Except for students of Sport Teaching Diploma, who
complete the sport-specific course unit EW2.

O  3 credits 2V E. Stern, P. Greutmann, J. Maue

Abstract Teaching is a complex skill. The lecture comprises (a) presentations about the theoretical background of this skill, (b) discussions of
practical aspects, and (c) practical exercises.

Objective The participants have the conceptual und procedural knowledge, and skills necessary for long-term planning, preparing, and implementing
good lessons. They can apply this knowledge on different topics of their scientific STEM-background.

Content We discuss characteristics of successful lessons and how to design such lessons by using curricula and lesson plans, teaching goals and a
variety of teaching methods.

Lecture notes The lecture comprises interactive parts where the participants  elaborate and extend their knowledge and skills. Thus, there is no
comprehensive written documentation of the lecture. The participants can download presentation slides, learning materials, and templates
from "Moodle".

Literature The necessary literature can be downloaded from "Moodle".
Prerequisites /
notice

The lecture EW2 can only be attended by students who already successfully completed the lecture Human Learning (EW1).
There will be two independent lectures for different groups of students. You will get further information in an email at the beginning of the
semester.
To get the Credits you have to
- regularly attend to the lecture
- have the grade 4 or higher in the final written exam.

851-0240-24L Designing Learning Environments for Schools (EW2
LD) - Portfolio
- Enrolment only possible with simultaneous enrolment in
course 851-0240-01L Designing Learning Environments
for School (EW2 LD)!

- Prerequisites: successful participation in 851-0240-00L
"Human Learning (EW1)".

- Adresses to students enrolled either in Teaching
Diploma* (TD) or Teaching Certificate (TC) in Computer
Science, Mathematics or Physics.
*Except for students of Sport Teaching Diploma, who
complete the sport-specific course unit EW2. 

O  1 credit 2U P. Greutmann, J. Maue

Abstract In this lecture, you design a portfolio, i.e. a complete and elaborated teaching enviroment for schools, based on your scientific STEM-
background

Objective This lecture is an implementation and transfer of the theoretical inputs provided by the lecture "Designing Learning Environments for
School" (EW2).

851-0242-08L Research Methods in Educational Science
Number of participants limited to 30.

This course unit can only be enroled after successful
participation in, or imultaneous enrolment in the course
851-0240-00L "Human Learning (EW 1)" .

W  1 credit 1S P. Edelsbrunner, T. Braas,
C. M. Thurn

Abstract Literature from learning sciences will be read and discussed. Research methods will be in focus.
At the first meeting all participants will be allocated to working groups and two further meetings will be set up with the groups.
In the small groups students will write critical short essays about the read literature. The essays will be presented and discussed in the
plenum at the third meeting.

Objective - Understand research methods used in the empirical educational sciences
- Understand and critically examine information from scientific journals and media
- Understand pedagogically relevant findings from the empirical educational sciences

851-0242-11L Gender Issues In Education and STEM
Number of participants limited to 20.

Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

Prerequisite: students should be taking the course 851-
0240-00L Human Learning (EW1) in parallel, or to have
successfully completed it.

W  2 credits 2S M. Berkowitz Biran, T. Braas,
C. M. Thurn

Abstract In this seminar, we introduce some of the major gender-related  issues in the context of education and science learning, such as the under-
representation of girls and women in science, technology, engineering and mathematics (STEM). Different perspectives, controversies and
empirical evidence will be discussed.

Objective - To familiarize students with gender issues in the educational and STEM contexts and with controversies regarding these issues.
- To develop a critical view on existing perspectives. 
- To integrate this knowledge with teacher's work.
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Content Why do fewer women than men specialize in STEM (science, technology, engineering and mathematics)? Are girls better in language and
boys better in math? These and other questions about gender differences relevant to education and STEM learning have been occupying
researchers for decades. In this seminar, students will learn about major gender issues in the educational context and the different
perspectives for understanding them. 

Students will read and critically discuss selected publications on these topics and their implications for the classroom context. There will be
weekly (or bi-weekly) assignments as well as a final project in which students will integrate and elaborate on the topics learned in the
seminar.

Prerequisites /
notice

Recommended: Completion of the course 851-0240-00L Human Learning (EW1).

Active participation in the seminar.

see Educational Science Teaching Diploma

 Subject Didactics in Computer Science
Important: You can only enrole in the courses of this category if you have not more than 12 CP left for possible additional requirements.

Number Title Type ECTS Hours Lecturers

272-0102-00L Subject Didactics of Computer Science II
Prerequisite: Subject Didactics of Computer Science I

O 4 credits 3G J. Hromkovic, G. Serafini

Abstract This course deals primarily with didactic aspects of computer science and its key contributions to general education nurturing the youths'
development of a unique and indispensable way of thinking while at the same time leading to their understanding of our world and to higher
education entrance qualifications.

Objective This course deals primarily with didactic aspects of computer science and its key contributions to general education nurturing the youths'
development of a unique and indispensable way of thinking while at the same time leading to their understanding of our world and to higher
education entrance qualifications.

Subject Didactics in Computer Science II deals with the adequate choice of educational content for computer science, taking in account its
comprehensibility for different age groups and the didactic methods suitable for a succesful knowledge transfer.

Within the scope of a semester exercise the students develop and document an adaptive teaching unit for computer science. They improve
their practical knowledge of the teaching methods and techniques introduced in Subject Didactics in Computer Science I.

The aim of the course is to combine the mathematical and algorithmic way of thinking with the approaches adopted by engineering
disciplines.

The students understand the basic concepts of computer science in the context of a broad and deep knowledge. Through this
understanding, they manage to prepare teaching materials for a successful knowledge transfer and to pass their passion for the subject on
to their pupils. 

The students know various teaching methods including their advantages and disadvantages. They can handle unequal levels of the
learners' prior knowledge. Besides of holding classes the students do care about the individual pupil support. They encourage the
autonomy of the learners. They manage to work with diverse target groups and to establish a positive climate for learning.

The students are able to express themselves using a comprehensible and refined professional language, both spoken and written, and
they master the basic terms of computer science. Besides of the English terminology they are familiar with the german expressions. The
students are able to produce detailed, matured, linguistically correct and design-wise appealing teaching materials.

Content The main themes of Subject Didactics of Computer Science II are Cryptology and Computability. The unit focuses on the content of
computer science that conveys general educational values. this aims at the understanding of basic concepts of the science, such as
- Algorithm
- Complexity
- Determinism
- Nondeterminism
- Probability
- Computation

Lecture notes Unterlagen und Folien werden zur Verfügung gestellt.
Literature J. Hromkovic: Sieben Wunder der Informatik: Eine Reise an die Grenze des Machbaren, mit Aufgaben und Lösungen. Vieweg+Teubner;

Auflage: 2 (2008).

K. Freiermuth, J. Hromkovic, L. Keller und B. Steffen: Einfuehrung in die Kryptologie: Lehrbuch für Unterricht und Selbststudium. Springer
Vieweg; Auflage: 2 (2014).

J. Hromkovic: Berechenbarkeit: Logik, Argumentation, Rechner und Assembler, Unendlichkeit, Grenzen der Automatisierbarkeit.
Vieweg+Teubner; Auflage: 1 (2011).

H.-J. Böckenhauer, J. Hromkovic: Formale Sprachen: Endliche Automaten, Grammatiken, lexikalische und syntaktische Analyse. Springer
Vieweg; Auflage: 1 (Januar 2013).

Prerequisites /
notice

Bewilligung der Dozierenden für alle Studierenden notwendig

272-0103-00L Mentored Work Subject Didactics Computer Science
A
Mentored Work Subject Didactics in Computer Science for
TC andTeaching Diploma.

O  2 credits 4A J. Hromkovic, G. Serafini

Abstract In their mentored work on subject didactics, students put into practice the contents of the subject-didactics lectures and go into these in
greater depth. Under supervision, they compile tuition materials that are conducive to learning and/or analyse and reflect on certain topics
from a subject-based and pedagogical angle.

Objective The objective is for the students: 
- to be able to familiarise themselves with a tuition topic by consulting different sources,  acquiring materials and reflecting on the relevance
of the topic and the access they have selected to this topic from a specialist, subject-didactics and pedagogical angle and potentially from a
social angle too.
- to show that they can independently compile a tuition sequence that is conducive to learning and develop this to the point where it is
ready for use.
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Content Thematische Schwerpunkte
Die Gegenstände der mentorierten Arbeit in Fachdidaktik stammen in der Regel aus dem gymnasialen Unterricht.

Lernformen
Alle Studierenden erhalten ein individuelles Thema und erstellen dazu eine eigenständige Arbeit. Sie werden dabei von ihrer
Betreuungsperson begleitet. Gegebenenfalls stellen sie ihre Arbeit oder Aspekte daraus in einem Kurzvortrag vor. Die mentorierte Arbeit ist
Teil des Portfolios der Studierenden.

Lecture notes Eine kurze Anleitung zur mentorierten Arbeit in Fachdidaktik wird zur Verfügung gestellt.
Literature Die Literatur ist themenspezifisch. Die Studierenden beschaffen sie sich in der Regel selber (siehe Lernziele). In besonderen Fällen wird

sie vom Betreuer zur Verfügung gestellt.
Prerequisites /
notice

Die Arbeit sollte vor Beginn des Praktikums abgeschlossen werden.

272-0104-00L Mentored Work Subject Didactics Computer Science
B
Mentored Work Subject Didactics in Computer Science for
Teaching Diploma and for students upgrading TC to
Teaching Diploma.

O  2 credits 4A J. Hromkovic, G. Serafini

Abstract In their mentored work on subject didactics, students put into practice the contents of the subject-didactics lectures and go into these in
greater depth. Under supervision, they compile tuition materials that are conducive to learning and/or analyse and reflect on certain topics
from a subject-based and pedagogical angle.

Objective The objective is for the students: 
- to be able to familiarise themselves with a tuition topic by consulting different sources,  acquiring materials and reflecting on the relevance
of the topic and the access they have selected to this topic from a specialist, subject-didactics and pedagogical angle and potentially from a
social angle too.
- to show that they can independently compile a tuition sequence that is conducive to learning and develop this to the point where it is
ready for use.

Content Thematische Schwerpunkte
Die Gegenstände der mentorierten Arbeit in Fachdidaktik stammen in der Regel aus dem gymnasialen Unterricht.

Lernformen
Alle Studierenden erhalten ein individuelles Thema und erstellen dazu eine eigenständige Arbeit. Sie werden dabei von ihrer
Betreuungsperson begleitet. Gegebenenfalls stellen sie ihre Arbeit oder Aspekte daraus in einem Kurzvortrag vor. Die mentorierte Arbeit ist
Teil des Portfolios der Studierenden.

Lecture notes Eine kurze Anleitung zur mentorierten Arbeit in Fachdidaktik wird zur Verfügung gestellt.
Literature Die Literatur ist themenspezifisch. Die Studierenden beschaffen sie sich in der Regel selber (siehe Lernziele). In besonderen Fällen wird

sie vom Betreuer zur Verfügung gestellt.
Prerequisites /
notice

Die Arbeit sollte vor Beginn des Praktikums abgeschlossen werden.

 Professional Training
Important: You can only enrole in the courses of this category if you have not more than 12 CP left for possible additional requirements.

Number Title Type ECTS Hours Lecturers

272-0202-00L Professional Exercises O 2 credits 4U G. Serafini, J. Hromkovic
Abstract In the course Professional Exercises the students achieve additional school-relevant experiences. The students carry out individually

specified, practice related projects, in which they support, document or reflect on learning processes.
Objective Achievement of additional school-relevant experiences. The students carry out individually specified, practice related projects, in which they

support, document or reflect on learning processes.
Content The course Professional Exercises offers the opportunity for additional school-relevant activities related to practice. 

The students are supported by the lecturers or by experienced teachers. They assist teachers at school, they create training systems and
tests, correct the written homework of pupils and evaluate the progress of a class. The students create explanations and detailed solutions
to exercises with respect to the actual knowledge of the pupils. A written assignment states the exact scope of the activity.

272-0203-00L Teaching Internship in Computer Science O  8 credits 17P J. Hromkovic, G. Serafini
Abstract The teaching practice takes in 50 lessons: 30 are taught by the students, and the students sit in on 20 lessons. The teaching practice lasts

4-6 weeks. It gives students the opportunity to implement the contents of their specialist-subject, educational science and subject-didactics
training in the classroom. Students also conduct work assignments in parallel to their teaching practice.

Objective - Students use their specialist-subject, educational-science and subject-didactics training to draw up concepts for teaching.
- They are able to assess the significance of tuition topics in their subject from different angles (including interdisciplinary angles) and
impart these to their pupils.
- They acquire the skills of the teaching trade. 
- They practise finding the balance between instruction and openness so that pupils can and, indeed, must make their own cognitive
contribution.
- They learn to assess pupils' work.
- Together with the teacher in charge of their teacher training, the students constantly evaluate their own performance.

Content Die Studierenden sammeln Erfahrungen in der Unterrichtsführung, der Auseinandersetzung mit Lernenden, der Klassenbetreuung und der
Leistungsbeurteilung. Zu Beginn des Praktikums plant die Praktikumslehrperson gemeinsam mit dem/der Studierenden das Praktikum und
die Arbeitsaufträge. Die schriftlich dokumentierten Ergebnisse der Arbeitsaufträge sind Bestandteil des Portfolios der Studierenden.
Anlässlich der Hospitationen erläutert die Praktikumslehrperson ihre fachlichen, fachdidaktischen und pädagogischen Überlegungen, auf
deren Basis sie den Unterricht geplant hat und tauscht sich mit dem/der Studierenden aus. Die von dem/der Studierenden gehaltenen
Lektionen werden vor- und nachbesprochen. Die Praktikumslehrperson sorgt ausserdem dafür, dass der/die Studierende Einblick in den
schulischen Alltag erhält und die vielfältigen Verpflichtungen einer Lehrperson kennen lernt.

Literature Wird von der Praktikumslehrperson bestimmt.
Prerequisites /
notice

Findet in der Regel am Schluss der Ausbildung, vor Ablegung der Prüfungslektionen und vor der Lerneinheit „Lernwirksam unterrichten“
statt.

272-0204-00L Teaching Internship in Computer Science II
Teaching Internship for students upgrading TC to
Teaching Diploma.

W  4 credits 9P J. Hromkovic, G. Serafini

Abstract This is a supplement to the Teaching Internship required to obtain a Teaching Diploma in the corresponding subject. It is aimed at
enlarging the already acquired teaching experience. Students observe 10 lessons and teach 15 lessons independently.
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Objective Die Studierenden können die Bedeutung von Unterrichtsthemen in ihrem Fach unter verschiedenen Blickwinkeln einschätzen. Sie kennen
und beherrschen das unterrichtliche Handwerk. Sie können ein gegebenes Unterrichtsthema für eine Gruppe von Lernenden fachlich und
didaktisch korrekt strukturieren und in eine adäquate Lernumgebung umsetzen. Es gelingt ihnen, die Balance zwischen Anleitung und
Offenheit zu finden, sodass die Lernenden sowohl über den nötigen Freiraum wie über ausreichend Orientierung verfügen, um aktiv und
effektiv flexibel nutzbares (Fach-)Wissen zu erwerben.

Content Das Aufbaupraktikum richtet sich an Studierende, die bereits das Didaktik-Zertifikat in ihrem Fach erworben haben und nun eine
Aufbauausbildung zum Lehrdiplom für Maturitätsschulen absolvieren. In diesem zusätzlichen Praktikum sollen die Studierenden vertiefte
unterrichtliche Erfahrungen machen. Auf der Grundlage der zusätzlich erworbenen Kenntnisse und mit Hilfe der ihnen jetzt zu Verfügung
stehenden Instrumente analysieren sie verschiedene Aspekte des hospitierten Unterrichts. In dem von ihnen selbst gestalteten Unterricht
nutzen sie beim Entwurf, bei der Durchführung und der Beurteilung ihrer Arbeit insbesondere die zusätzlich gewonnen Erkenntnisse aus
der allgemeinen und fachdidaktischen Lehr- und Lernforschung.

Literature Wird von der Praktikumslehrperson bestimmt.
Prerequisites /
notice

Findet in der Regel am Schluss der Ausbildung, vor Ablegung der Prüfungslektionen und vor der Lerneinheit „Lernwirksam unterrichten“
statt.

272-0205-01L Examination Lesson I in Computer Science
Simultaneous enrolment in "Examination Lesson II in
Computer Science" (272-0205-02L) is compulsory.

O  1 credit 2P J. Hromkovic, G. Serafini

Abstract In the context of an examination lesson conducted and graded at a high school, the candidates provide evidence of the subject-
matter-based and didactic skills they have acquired in the course of their training.

Objective On the basis of a specified topic, the candidate shows that they are in a position
- to develop and conduct teaching that is conducive to learning at high school level, substantiating it in terms of the subject-matter and from
the didactic angle 
- to analyze the tuition they have given with regard to its strengths and weaknesses, and outline improvements.

Content Die Studierenden erfahren das Lektionsthema in der Regel eine Woche vor dem Prüfungstermin. Von der zuständigen Lehrperson erhalten
sie Informationen über den Wissensstand der zu unterrichtenden Klasse und können sie vor dem Prüfungstermin besuchen.
Sie erstellen eine Vorbereitung gemäss Anleitung und reichen sie bis am Vortrag um 12 Uhr den beiden Prüfungsexperten ein.
Die gehaltene Lektion wird kriteriumsbasiert beurteilt. Die Beurteilung umfasst auch die schriftliche Vorbereitung und eine mündliche
Reflexion des Kandidaten/der Kandidatin über die gehaltene Lektion im Rahmen eines kurzen Kolloquiums.

Lecture notes Dokument: Schriftliche Vorbereitung für Prüfungslektionen.
Prerequisites /
notice

Nach Abschluss der übrigen Ausbildung, vor der Lerneinheit „Lernwirksam unterrichten“.

272-0205-02L Examination Lesson II in Computer Science
Simultaneous enrolment in "Examination Lesson I in
Computer Science" (272-0205-01L) is compulsory.

O  1 credit 2P J. Hromkovic, G. Serafini

Abstract In the context of an examination lesson conducted and graded at a high school, the candidates provide evidence of the subject-
matter-based and didactic skills they have acquired in the course of their training.

Objective On the basis of a specified topic, the candidate shows that they are in a position
- to develop and conduct teaching that is conducive to learning at high school level, substantiating it in terms of the subject-matter and from
the didactic angle 
- to analyze the tuition they have given with regard to its strengths and weaknesses, and outline improvements.

Content Die Studierenden erfahren das Lektionsthema in der Regel eine Woche vor dem Prüfungstermin. Von der zuständigen Lehrperson erhalten
sie Informationen über den Wissensstand der zu unterrichtenden Klasse und können sie vor dem Prüfungstermin besuchen.
Sie erstellen eine Vorbereitung gemäss Anleitung und reichen sie bis am Vortag um 12 Uhr den beiden Prüfungsexperten ein.
Die gehaltene Lektion wird kriteriumsbasiert beurteilt. Die Beurteilung umfasst auch die schriftliche Vorbereitung und eine mündliche
Reflexion des Kandidaten/ der Kandidatin über die gehaltene Lektion im Rahmen eines kurzen Kolloquiums.

Lecture notes Dokument: Schriftliche Vorbereitung für Prüfungslektionen.
Prerequisites /
notice

Nach Abschluss der übrigen Ausbildung, vor der Lerneinheit „Lernwirksam unterrichten“.

 Spec. Courses in Resp. Subj. w/ Educ. Focus & Further Subj. Didactics
Number Title Type ECTS Hours Lecturers

252-0408-00L Cryptographic Protocols W 6 credits 2V+2U+1A M. Hirt, U. Maurer
Abstract The course presents a selection of hot research topics in cryptography. The choice of topics varies and may include provable security,

interactive proofs, zero-knowledge protocols, secret sharing, secure multi-party computation, e-voting, etc.
Objective Indroduction to a very active research area with many gems and paradoxical

results. Spark interest in fundamental problems.
Content The course presents a selection of hot research topics in cryptography. The choice of topics varies and may include provable security,

interactive proofs, zero-knowledge protocols, secret sharing, secure multi-party computation, e-voting, etc.
Lecture notes the lecture notes are in German, but they are not required as the entire

course material is documented also in other course material (in english).
Prerequisites /
notice

A basic understanding of fundamental cryptographic concepts 
(as taught for example in the course Information Security or
in the course Cryptography Foundations) is useful, but not required.

272-0300-00L Algorithmics for Hard Problems
Does not take place this semester.
This course  d o e s  n o t  include the Mentored Work
Specialised Courses with an Educational Focus in
Computer Science A.

W 5 credits 2V+1U+1A

Abstract This course unit looks into algorithmic approaches to the solving of hard problems, particularly with moderately exponential-time algorithms
and parameterized algorithms.

The seminar is accompanied by a comprehensive reflection upon the significance of the approaches presented for computer science tuition
at high schools.

Objective To systematically acquire an overview of the methods for solving hard problems. To get deeper knowledge of exact and parameterized
algorithms.

Content First, the concept of hardness of computation is introduced (repeated for the computer science students). Then some methods for solving
hard problems are treated in a systematic way. For each algorithm design method, it is discussed what guarantees it can give and how we
pay for the improved efficiency. A special focus lies on moderately exponential-time algorithms and parameterized algorithms.

Lecture notes Unterlagen und Folien werden zur Verfügung gestellt.
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Literature J. Hromkovic: Algorithmics for Hard Problems, Springer 2004.

R. Niedermeier: Invitation to Fixed-Parameter Algorithms, 2006.

M. Cygan et al.: Parameterized Algorithms, 2015.

F. Fomin, D. Kratsch: Exact Exponential Algorithms, 2010.

272-0302-00L Approximation and Online Algorithms W 5 credits 2V+1U+1A H.-J. Böckenhauer, D. Komm
Abstract This lecture deals with approximative algorithms for hard optimization problems and algorithmic approaches for solving online problems as

well as the limits of these approaches.
Objective Get a systematic overview of different methods for designing approximative algorithms for hard optimization problems and online problems.

Get to know methods for showing the limitations of these approaches.
Content Approximation algorithms are one of the most succesful techniques to attack hard optimization problems. Here, we study the so-called

approximation ratio, i.e., the ratio of the cost of the computed approximating solution and an optimal one (which is not computable
efficiently). 
For an online problem, the whole instance is not known in advance, but it arrives pieceweise and for every such piece a corresponding part
of the definite output must be given. The quality of an algorithm for such an online problem is measured by the competitive ratio, i.e., the
ratio of the cost of the computed solution and the cost of an optimal solution that could be given if the whole input was known in advance.

The contents of this lecture are
- the classification of optimization problems by the reachable approximation ratio, 
- systematic methods to design approximation algorithms (e.g., greedy strategies, dynamic programming, linear programming relaxation),
- methods to show non-approximability,
- classic online problem like paging or scheduling problems and corresponding algorithms,
- randomized online algorithms,
- the design and analysis principles for online algorithms, and
- limits of the competitive ratio and the advice complexity as a way to do a deeper analysis of the complexity of online problems.

Literature The lecture is based on the following books:

J. Hromkovic: Algorithmics for Hard Problems, Springer, 2004

D. Komm:  An Introduction to Online Computation: Determinism, Randomization, Advice, Springer, 2016

Additional literature: 

A. Borodin, R. El-Yaniv: Online Computation and Competitive Analysis, Cambridge University Press, 1998

272-0400-00L Mentored Work Specialised Courses in the Respective
Subject with Educational Focus Computer Sc A

O 2 credits 4A J. Hromkovic, G. Serafini

Abstract In the mentored work on their subject specialisation, students link high-school and university aspects of the subject, thus strengthening
their teaching competence with regard to curriculum decisions and the future development of the tuition. They compile texts under
supervision that are directly comprehensible to the targeted readers - generally specialist-subject teachers at high-school level.

Objective The aim is for the students
- to familiarise themselves with a new topic by obtaining material and studying the sources, so that they can selectively extend their
specialist competence in this way.
- to independently develop a text on the topic, with special focus on its mathematical comprehensibility in respect of the level of knowledge
of the targeted readership.
- To try out different options for specialist further training in their profession.

Content Thematische Schwerpunkte:
Die mentorierte Arbeit in FV besteht in der Regel in einer Literaturarbeit über ein Thema, das einen Bezug zum gymnasialem Unterricht
oder seiner Weiterentwicklung hat. Die Studierenden setzen darin Erkenntnisse aus den Vorlesungen in FV praktisch um.

Lernformen:
Alle Studierenden erhalten ein individuelles Thema und erstellen dazu eine eigenständige Arbeit. Sie werden dabei von ihrer
Betreuungsperson begleitet. Gegebenenfalls stellen sie ihre Arbeit oder Aspekte daraus in einem Kurzvortrag vor. Die mentorierte
Arbeit ist Teil des Portfolios der Studierenden.

Lecture notes Eine Anleitung zur mentorierten Arbeit in FV wird zur Verfügung gestellt.
Literature Die Literatur ist themenspezifisch. Sie muss je nach Situation selber beschafft werden oder wird zur Verfügung gestellt.
Prerequisites /
notice

Die Arbeit sollte vor Beginn des Praktikums abgeschlossen werden.

272-0401-00L Mentored Work Specialised Courses in the Respective
Subject with Educational Focus Computer Sc B

O 2 credits 4A J. Hromkovic, G. Serafini

Abstract In the mentored work on their subject specialisation, students link high-school and university aspects of the subject, thus strengthening
their teaching competence with regard to curriculum decisions and the future development of the tuition. They compile texts under
supervision that are directly comprehensible to the targeted readers - generally specialist-subject teachers at high-school level.

Objective The aim is for the students
- to familiarise themselves with a new topic by obtaining material and studying the sources, so that they can selectively extend their
specialist competence in this way.
- to independently develop a text on the topic, with special focus on its mathematical comprehensibility in respect of the level of knowledge
of the targeted readership.
- To try out different options for specialist further training in their profession.

Content Thematische Schwerpunkte:
Die mentorierte Arbeit in FV besteht in der Regel in einer Literaturarbeit über ein Thema, das einen Bezug zum gymnasialem Unterricht
oder seiner Weiterentwicklung hat. Die Studierenden setzen darin Erkenntnisse aus den Vorlesungen in FV praktisch um.

Lernformen:
Alle Studierenden erhalten ein individuelles Thema und erstellen dazu eine eigenständige Arbeit. Sie werden dabei von ihrer
Betreuungsperson begleitet. Gegebenenfalls stellen sie ihre Arbeit oder Aspekte daraus in einem Kurzvortrag vor. Die mentorierte
Arbeit ist Teil des Portfolios der Studierenden.

Lecture notes Eine Anleitung zur mentorierten Arbeit in FV wird zur Verfügung gestellt.
Literature Die Literatur ist themenspezifisch. Sie muss je nach Situation selber beschafft werden oder wird zur Verfügung gestellt.
Prerequisites /
notice

Die Arbeit sollte vor Beginn des Praktikums abgeschlossen werden.

263-0007-00L Advanced Systems Lab W 8 credits 3V+2U+2A M. Püschel, C. Zhang
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Only for master students, otherwise a special permission
by the study administration of D-INFK is required.

Abstract This course introduces the student to the foundations and state-of-the-art techniques in developing high performance software for
mathematical functionality occurring in various fields in computer science. The focus is on optimizing for a single core and includes
optimizing for the memory hierarchy, for special instruction sets, and the possible use of automatic performance tuning.

Objective Software performance (i.e., runtime) arises through the complex interaction of algorithm, its implementation, the compiler used, and the
microarchitecture the program is run on. The first goal of the course is to provide the student with an understanding of this "vertical"
interaction, and hence software performance, for mathematical functionality. The second goal is to teach a systematic strategy how to use
this knowledge to write fast software for numerical problems. This strategy will be trained in several homeworks and a semester-long group
project.

Content The fast evolution and increasing complexity of computing platforms pose a major challenge for developers of high performance software
for engineering, science, and consumer applications: it becomes increasingly harder to harness the available computing power.
Straightforward implementations may lose as much as one or two orders of magnitude in performance. On the other hand, creating optimal
implementations requires the developer to have an understanding of algorithms, capabilities and limitations of compilers, and the target
platform's architecture and microarchitecture.

This interdisciplinary course introduces the student to the foundations and state-of-the-art techniques in high performance mathematical
software development using important functionality such as matrix operations, transforms, filters, and others as examples. The course will
explain how to optimize for the memory hierarchy, take advantage of special instruction sets, and other details of current processors that
require optimization. The concept of automatic performance tuning is introduced. The focus is on optimization for a single core; thus, the
course complements others on parallel and distributed computing.

Finally a general strategy for performance analysis and optimization is introduced that the students will apply in group projects that
accompany the course.

Prerequisites /
notice

Solid knowledge of the C programming language and matrix algebra.

 Compulsory Elective Courses
Further course offerings from the category Educational Science are listed under "Programme: Educational Science for Teaching Diploma and TC".

see Compulsory Elective Courses Teaching Diploma

 Additional Requirements (ETH-Masterstudents in PHYS/MATH/CSE)
 Part 1

Number Title Type ECTS Hours Lecturers

252-0002-00L Data Structures and Algorithms O  8 credits 4V+2U F. Friedrich Wicker
Abstract This course is about fundamental algorithm design paradigms (such as induction, divide-and-conquer, backtracking, dynamic

programming), classic algorithmic problems (such as sorting and searching), and data structures (such as lists, hashing, search trees).
Moreover, an introduction to parallel programming is provided. The programming model of C++ will be discussed in some depth.

Objective An understanding of the design and analysis of fundamental algorithms and data structures. Knowledge regarding chances, problems and
limits of parallel and concurrent programming. Deeper insight into a modern programming model by means of the programming language
C++.

Content Fundamental algorithms and data structures are presented and analyzed. Firstly, this comprises design paradigms for the development of
algorithms such as induction, divide-and-conquer, backtracking and dynamic programming and classical algorithmic problems such as
searching and sorting. Secondly, data structures for different purposes are presented, such as linked lists, hash tables, balanced search
trees, heaps and union-find structures. The relationship and tight coupling between algorithms and data structures is illustrated with
geometric problems and graph algorithms.

In the part about parallel programming, parallel architectures are discussed conceptually (multicore, vectorization, pipelining). Parallel
programming concepts are presented (Amdahl's and Gustavson's laws, task/data parallelism, scheduling). Problems of concurrency are
analyzed (Data races, bad interleavings, memory reordering). Process synchronisation and communication in a shared memory system is
explained (mutual exclusion, semaphores, monitors, condition variables). Progress conditions are analysed (freedom from deadlock,
starvation, lock- and wait-freedom). The concepts are underpinned with examples of concurrent and parallel programs and with parallel
algorithms.

The programming model of C++ is discussed in some depth. The RAII (Resource Allocation is Initialization) principle will be explained.
Exception handling, functors and lambda expression and generic prorgamming with templates are further examples of this part. The
implementation of parallel and concurrent algorithm with C++ is also part of the exercises (e.g. threads, tasks, mutexes, condition variables,
promises and futures).

Literature Cormen, Leiserson, Rivest, and Stein: Introduction to Algorithms, 3rd ed., MIT Press, 2009. ISBN 978-0-262-03384-8 (recommended text)

Maurice Herlihy, Nir Shavit, The Art of Multiprocessor Programming, Elsevier, 2012.

B. Stroustrup, The C++ Programming Language (4th Edition) Addison-Wesley, 2013.

Prerequisites /
notice

Prerequisites:
Lecture Series 252-0835-00L Informatik I or equivalent knowledge in programming with C++.

252-0063-00L Data Modelling and Databases O  7 credits 4V+2U C. Zhang
Abstract Data modelling (Entity Relationship), relational data model, relational design theory (normal forms), SQL, database integrity, transactions

and advanced database engines
Objective Introduction to relational databases and data management. Basics of SQL programming and transaction management.
Content The course covers the basic aspects of the design and implementation of databases and information systems. The courses focuses on

relational databases as a starting point but will also cover data management issues beyond databases such as: transactional consistency,
replication, data warehousing, other data models, as well as SQL.

Literature Kemper, Eickler: Datenbanksysteme: Eine Einführung. Oldenbourg Verlag, 7. Auflage, 2009.

Garcia-Molina, Ullman, Widom: Database Systems: The Complete Book. Pearson, 2. Auflage, 2008.

 Part 2
Number Title Type ECTS Hours Lecturers

252-0211-00L Information Security W  8 credits 4V+3U D. Basin, S. Capkun, R. Sasse
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Abstract This course provides an introduction to Information Security. The focus
is on fundamental concepts and models, basic cryptography, protocols and system security, and privacy and data protection.  While the
emphasis is on foundations, case studies will be given that examine different realizations of these ideas in practice.

Objective Master fundamental concepts in Information Security and their
application to system building.   (See objectives listed below for more details).

Content 1. Introduction and Motivation (OBJECTIVE: Broad conceptual overview of information security) Motivation: implications of IT on
society/economy, Classical security problems, Approaches to 
defining security and security goals, Abstractions, assumptions, and trust, Risk management and the  human factor, Course verview.
2. Foundations of Cryptography (OBJECTIVE: Understand basic 
cryptographic mechanisms and applications) Introduction, Basic concepts in cryptography: Overview, Types of Security, computational
hardness, Abstraction of channel security properties, Symmetric 
encryption, Hash functions, Message authentication codes, Public-key distribution, Public-key cryptosystems, Digital signatures,
Application case studies, Comparison of encryption at different layers, VPN, SSL, Digital payment systems, blind signatures, e-cash, Time
stamping        3. Key Management and Public-key Infrastructures (OBJECTIVE: Understand the basic mechanisms relevant in an Internet
context) Key management in distributed systems, Exact characterization of requirements, the role of trust, Public-key Certificates, Public-
key Infrastructures, Digital evidence and non-repudiation, Application case studies, Kerberos, X.509, PGP.
4. Security Protocols (OBJECTIVE: Understand network-oriented security, i.e..  how to employ building blocks to secure applications in
(open) networks) Introduction, Requirements/properties, Establishing shared secrets, Principal and message origin authentication,
Environmental assumptions, Dolev-Yao intruder model and 
variants, Illustrative examples, Formal models and reasoning, Trace-based interleaving semantics,  Inductive verification, or model-
checking for falsification, Techniques for protocol design, 
Application case study 1: from Needham-Schroeder Shared-Key to Kerberos, Application case study 2: from DH to IKE.                            5.
Access Control and Security Policies (OBJECTIVES: Study system-oriented security, i.e., policies, models, and  mechanisms) Motivation
(relationship to CIA, relationship to Crypto) and examples Concepts: policies versus models versus mechanisms, DAC and MAC, Modeling
formalism, Access Control Matrix Model, Roll Based Access Control, Bell-LaPadula, Harrison-Ruzzo-Ullmann, Information flow, Chinese
Wall, Biba, Clark-Wilson, System mechanisms: Operating Systems, Hardware Security Features, Reference Monitors, File-system
protection,  Application case studies                                                    6. Anonymity and Privacy (OBJECTIVE: examine protection goals
beyond standard CIA and corresponding mechanisms) Motivation and Definitions, Privacy, policies and policy languages, mechanisms,
problems, Anonymity: simple mechanisms (pseudonyms, proxies), Application case studies:  mix networks and crowds.                           7.
Larger application case study: GSM, mobility

Computer Science Teaching Diploma - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Computer Science Master
 Interfocus Courses

Number Title Type ECTS Hours Lecturers

263-0008-00L Computational Intelligence Lab
Only for master students, otherwise a special permission
by the study administration of D-INFK is required.

O 8 credits 2V+2U+3A T. Hofmann

Abstract This laboratory course teaches fundamental concepts in computational science and machine learning with a special emphasis on matrix
factorization and  representation learning. The class covers techniques like dimension reduction, data clustering, sparse coding, and deep
learning as well as a wide spectrum of related use cases and applications.

Objective Students acquire fundamental theoretical concepts and methodologies from machine learning and how to apply these techniques to build
intelligent systems that solve real-world problems. They learn to successfully develop solutions to application problems by following the key
steps of modeling, algorithm design, implementation and experimental validation. 

This lab course has a strong focus on practical assignments. Students work in groups of three to four people, to develop solutions to three
application problems: 1. Collaborative filtering and recommender systems, 2. Text sentiment classification, and 3. Road segmentation in
aerial imagery. 

For each of these problems, students submit their solutions to an online evaluation and ranking system, and get feedback in terms of
numerical accuracy and computational speed. In the final part of the course, students combine and extend one of their previous promising
solutions, and write up their findings in an extended abstract in the style of a conference paper.

(Disclaimer: The offered projects may be subject to change from year to year.)

Content see course description

263-0007-00L Advanced Systems Lab
Only for master students, otherwise a special permission
by the study administration of D-INFK is required.

O 8 credits 3V+2U+2A M. Püschel, C. Zhang

Abstract This course introduces the student to the foundations and state-of-the-art techniques in developing high performance software for
mathematical functionality occurring in various fields in computer science. The focus is on optimizing for a single core and includes
optimizing for the memory hierarchy, for special instruction sets, and the possible use of automatic performance tuning.

Objective Software performance (i.e., runtime) arises through the complex interaction of algorithm, its implementation, the compiler used, and the
microarchitecture the program is run on. The first goal of the course is to provide the student with an understanding of this "vertical"
interaction, and hence software performance, for mathematical functionality. The second goal is to teach a systematic strategy how to use
this knowledge to write fast software for numerical problems. This strategy will be trained in several homeworks and a semester-long group
project.

Content The fast evolution and increasing complexity of computing platforms pose a major challenge for developers of high performance software
for engineering, science, and consumer applications: it becomes increasingly harder to harness the available computing power.
Straightforward implementations may lose as much as one or two orders of magnitude in performance. On the other hand, creating optimal
implementations requires the developer to have an understanding of algorithms, capabilities and limitations of compilers, and the target
platform's architecture and microarchitecture.

This interdisciplinary course introduces the student to the foundations and state-of-the-art techniques in high performance mathematical
software development using important functionality such as matrix operations, transforms, filters, and others as examples. The course will
explain how to optimize for the memory hierarchy, take advantage of special instruction sets, and other details of current processors that
require optimization. The concept of automatic performance tuning is introduced. The focus is on optimization for a single core; thus, the
course complements others on parallel and distributed computing.

Finally a general strategy for performance analysis and optimization is introduced that the students will apply in group projects that
accompany the course.

Prerequisites /
notice

Solid knowledge of the C programming language and matrix algebra.

 Focus Courses
 Focus Courses in Computational Science

 Focus Core Courses Computational Science
Number Title Type ECTS Hours Lecturers

401-3632-00L Computational Statistics W 8 credits 3V+1U M. H. Maathuis
Abstract We discuss modern statistical methods for data analysis, including methods for data exploration, prediction and inference. We pay attention

to algorithmic aspects, theoretical properties and practical considerations. The class is hands-on and methods are applied using the
statistical programming language R.

Objective The student obtains an overview of modern statistical methods for data analysis, including their algorithmic aspects and theoretical
properties. The methods are applied using the statistical programming language R.

Content See the class website
Prerequisites /
notice

At least one semester of (basic) probability and statistics.

Programming experience is helpful but not required.

 Focus Elective Courses Computational Science
Number Title Type ECTS Hours Lecturers

252-0526-00L Statistical Learning Theory W 7 credits 3V+2U+1A J. M. Buhmann, C. Cotrini Jimenez
Abstract The course covers advanced methods of statistical learning: 


- Variational methods and optimization.
- Deterministic annealing. 
- Clustering for diverse types of data.
- Model validation by information theory.

Objective The course surveys recent methods of statistical learning. The fundamentals of machine learning, as presented in the courses "Introduction
to Machine Learning" and "Advanced Machine Learning", are expanded from the perspective of statistical learning.
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Content - Variational methods and optimization. We consider optimization approaches for problems where the optimizer is a probability distribution.
We will discuss concepts like maximum entropy, information bottleneck, and deterministic annealing.

- Clustering. This is the problem of sorting data into groups without using training samples. We discuss alternative notions of "similarity"
between data points and adequate optimization procedures.

- Model selection and validation. This refers to the question of how complex the chosen model should be. In particular, we present an
information theoretic approach for model validation.

- Statistical physics models. We discuss approaches for approximately optimizing large systems, which originate in statistical physics (free
energy minimization applied to spin glasses and other models). We also study sampling methods based on these models.

Lecture notes A draft of a script will be provided. Lecture slides will be made available.
Literature Hastie, Tibshirani, Friedman: The Elements of Statistical Learning, Springer, 2001.


L. Devroye, L. Gyorfi, and G. Lugosi: A probabilistic theory of pattern recognition. Springer, New York, 1996

Prerequisites /
notice

Knowledge of machine learning (introduction to machine learning and/or advanced machine learning)
Basic knowledge of statistics.

261-5120-00L Machine Learning for Health Care
Number of participants limited to 150.


W 5 credits 3P+1A G. Rätsch, J. Vogt, V. Boeva

Abstract The course will review the most relevant methods and applications of Machine Learning in Biomedicine, discuss the main challenges they
present and their current technical problems. 

Objective During the last years, we have observed a rapid growth in the field of Machine Learning (ML), mainly due to improvements in ML
algorithms, the increase of data availability and a reduction in computing costs. This growth is having a profound impact in biomedical
applications, where the great variety of tasks and data types enables us to get benefit of ML algorithms in many different ways. In this
course we will review the most relevant methods and applications of ML in biomedicine, discuss the main challenges they present and their
current technical solutions. 

Content The course will consist of four topic clusters that will cover the most relevant applications of ML in Biomedicine: 
1) Structured time series: Temporal time series of structured data often appear in biomedical datasets, presenting challenges as containing
variables with different periodicities, being conditioned by static data, etc.
2) Medical notes: Vast amount of medical observations are stored in the form of free text, we will analyze stategies for extracting
knowledge from them. 
3) Medical images: Images are a fundamental piece of information in many medical disciplines. We will study how to train ML algorithms
with them. 
4) Genomics data: ML in genomics is still an emerging subfield, but given that genomics data are arguably the most extensive and complex
datasets that can be found in biomedicine, it is expected that many relevant ML applications will arise in the near future. We will review and
discuss current applications and challenges.   

Prerequisites /
notice

Data Structures & Algorithms, Introduction to Machine Learning, Statistics/Probability, Programming in Python, Unix Command Line

Relation to Course 261-5100-00 Computational Biomedicine: This course is a continuation of the previous course with new topics related to
medical data and machine learning. The format of Computational Biomedicine II will also be different. It is helpful but not essential to attend
Computational Biomedicine before attending Computational Biomedicine II.

263-5300-00L Guarantees for Machine Learning W 5 credits 2V+2A F. Yang
Abstract This course teaches classical and recent methods in statistics and optimization commonly used to prove theoretical guarantees for

machine learning algorithms. The knowledge is then applied in project work that focuses on understanding phenomena in modern machine
learning.

Objective This course is aimed at advanced master and doctorate students who want to understand and/or conduct independent research on theory
for modern machine learning. For this purpose, students will learn common mathematical techniques from statistical learning theory. In
independent project work, they then apply their knowledge and go through the process of critically questioning recently published work,
finding relevant research questions and learning how to effectively present research ideas to a professional audience.

Content This course teaches some classical and recent methods in statistical learning theory aimed at proving theoretical guarantees for machine
learning algorithms, including topics in

- concentration bounds, uniform convergence
- high-dimensional statistics (e.g. Lasso)
- prediction error bounds for non-parametric statistics (e.g. in kernel spaces)
- minimax lower bounds
- regularization via optimization

The project work focuses on active theoretical ML research that aims to understand modern phenomena in machine learning, including but
not limited to

- how overparameterization could help generalization ( interpolating models, linearized NN )
- how overparameterization could help optimization ( non-convex optimization, loss landscape )
- complexity measures and approximation theoretic properties of randomly initialized and
trained NN
- generalization of robust learning ( adversarial robustness, standard and robust error tradeoff )
- prediction with calibrated confidence ( conformal prediction, calibration )

Prerequisites /
notice

It’s absolutely necessary for students to have a strong mathematical background (basic real analysis, probability theory, linear algebra) and
good knowledge of core concepts in machine learning taught in courses such as “Introduction to Machine Learning”, “Regression”/
“Statistical Modelling”. It's also helpful to have heard an optimization course or approximation theoretic course. In addition to these
prerequisites, this class requires a certain degree of mathematical maturity—including abstract thinking and the ability to understand and
write proofs.

 Seminar in Computational Science
Number Title Type ECTS Hours Lecturers

252-5704-00L Advanced Methods in Computer Graphics
Number of participants limited to 24.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S O. Sorkine Hornung
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Abstract This seminar covers advanced topics in computer graphics with a focus on the latest research results. Topics include modeling, rendering,
visualization,
animation, physical simulation, computational photography, and others.

Objective The goal is to obtain an in-depth understanding of actual problems and 
research topics in the field of computer graphics as well as improve              
presentation and critical analysis skills.

261-5113-00L Computational Challenges in Medical Genomics
Number of participants limited to 20.

W 2 credits 2S A. Kahles, G. Rätsch

Abstract This seminar discusses recent relevant contributions to the fields of computational genomics, algorithmic bioinformatics, statistical genetics
and related areas. Each participant will hold a presentation and lead the subsequent discussion.

Objective Preparing and holding a scientific presentation in front of peers is a central part of working in the scientific domain. In this seminar, the
participants will learn how to efficiently summarize the relevant parts of a scientific publication, critically reflect its contents, and summarize
it for presentation to an audience. The necessary skills to succesfully present the key points of existing research work are the same as
needed to communicate own research ideas. 
In addition to holding a presentation, each student will both contribute to as well as lead a discussion section on the topics presented in the
class.

Content The topics covered in the seminar are related to recent computational challenges that arise from the fields of genomics and biomedicine,
including but not limited to genomic variant interpretation, genomic sequence analysis, compressive genomics tasks, single-cell
approaches, privacy considerations, statistical frameworks, etc.
Both recently  published works contributing novel ideas to the areas mentioned above as well as seminal contributions from the past are
amongst the list of selected papers.

Prerequisites /
notice

Knowledge of algorithms and data structures and interest in applications in genomics and computational biomedicine.

 Focus Courses in Distributed Systems
 Focus Core Courses Distributed Systems

Number Title Type ECTS Hours Lecturers

227-0558-00L Principles of Distributed Computing W 7 credits 2V+2U+2A R. Wattenhofer, M. Ghaffari
Abstract We study the fundamental issues underlying the design of distributed systems: communication, coordination, fault-tolerance, locality,

parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential algorithmic ideas and lower bound
techniques.

Objective Distributed computing is essential in modern computing and communications systems. Examples are on the one hand large-scale networks
such as the Internet, and on the other hand multiprocessors such as your new multi-core laptop. This course introduces the principles of
distributed computing, emphasizing the fundamental issues underlying the design of distributed systems and networks: communication,
coordination, fault-tolerance, locality, parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential
algorithmic ideas and lower bound techniques, basically the "pearls" of distributed computing. We will cover a fresh topic every week.

Content Distributed computing models and paradigms, e.g. message passing, shared memory, synchronous vs. asynchronous systems, time and
message complexity, peer-to-peer systems, small-world networks, social networks, sorting networks, wireless communication, and self-
organizing systems.

Distributed algorithms, e.g. leader election, coloring, covering, packing, decomposition, spanning trees, mutual exclusion, store and collect,
arrow, ivy, synchronizers, diameter, all-pairs-shortest-path, wake-up, and lower bounds

Lecture notes Available. Our course script is used at dozens of other universities around the world.
Literature Lecture Notes By Roger Wattenhofer. These lecture notes are taught at about a dozen different universities through the world.


Distributed Computing: Fundamentals, Simulations and Advanced Topics
Hagit Attiya, Jennifer Welch.
McGraw-Hill Publishing, 1998, ISBN 0-07-709352 6

Introduction to Algorithms
Thomas Cormen, Charles Leiserson, Ronald Rivest.
The MIT Press, 1998, ISBN 0-262-53091-0 oder 0-262-03141-8

Disseminatin of Information in Communication Networks
Juraj Hromkovic, Ralf Klasing, Andrzej Pelc, Peter Ruzicka, Walter Unger.
Springer-Verlag, Berlin Heidelberg, 2005, ISBN 3-540-00846-2

Introduction to Parallel Algorithms and Architectures: Arrays, Trees, Hypercubes
Frank Thomson Leighton.
Morgan Kaufmann Publishers Inc., San Francisco, CA, 1991, ISBN 1-55860-117-1

Distributed Computing: A Locality-Sensitive Approach
David Peleg.
Society for Industrial and Applied Mathematics (SIAM), 2000, ISBN 0-89871-464-8

Prerequisites /
notice

Course pre-requisites: Interest in algorithmic problems. (No particular course needed.)

263-3800-00L Advanced Operating Systems W  7 credits 2V+2U+2A D. Cock, T. Roscoe
Abstract This course is intended to give students a thorough understanding of design and implementation issues for modern operating systems, with

a particular emphasis on the challenges of modern hardware features. We will cover key design issues in implementing an operating
system, such as memory management, scheduling, protection, inter-process communication, device drivers, and file systems.

Objective The goals of the course are, firstly, to give students:

1. A broader perspective on OS design than that provided by knowledge of Unix or Windows, building on the material in a standard
undergraduate operating systems class

2. Practical experience in dealing directly with the concurrency, resource management, and abstraction problems confronting OS designers
and implementers

3. A glimpse into future directions for the evolution of OS and computer hardware design
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Content The course is based on practical implementation work, in C and assembly language, and requires solid knowledge of both.  The work is
mostly carried out in teams of 3-4, using real hardware, and is a mixture of team milestones and individual projects which fit together into a
complete system at the end.  Emphasis is also placed on a final report which details the complete finished artifact, evaluates its
performance, and discusses the choices the team made while building it.

Prerequisites /
notice

The course is based around a milestone-oriented project, where students work in small groups to implement major components of a
microkernel-based operating system. The final assessment will be a combination grades awarded for milestones during the course of the
project, a final written report on the work, and a set of test cases run on the final code.

 Focus Elective Courses Distributed Systems
Number Title Type ECTS Hours Lecturers

252-0312-00L Ubiquitous Computing W 4 credits 2V+1A C. Holz, F. Mattern, S. Mayer
Abstract Unlike desktop computing, ubiquitous computing occurs anytime and everywhere, using any device, in any location, and in any format.

Computers exist in different forms, from watches and phones to refrigerators or pairs of glasses. 
Main topics: Smart environments, IoT, mobiles & wearables, context & location, sensing & tracking, computer vision on embedded
systems, health monitoring, fabrication.

Objective Unlike desktop computing, ubiquitous computing occurs anytime and everywhere, using any device, in any location, and in any format.
Computers exist in different forms, from watches and phones to refrigerators or pairs of glasses. 
Main topics: Smart environments, IoT, mobiles & wearables, context & location, sensing & tracking, computer vision on embedded
systems, health monitoring, fabrication.

Lecture notes Copies of slides will be made available
Literature Will be provided in the lecture. To put you in the mood:

Mark Weiser: The Computer for the 21st Century. Scientific American, September 1991, pp. 94-104

252-0437-00L Distributed Algorithms W  5 credits 3V+1A F. Mattern
Abstract Models of distributed computations, time space diagrams, virtual time, logical clocks and causality, wave algorithms, parallel and distributed

graph traversal, consistent snapshots, mutual exclusion, election and symmetry breaking, distributed termination detection, garbage
collection in distributed systems, monitoring distributed systems, global predicates.

Objective Become acquainted with models and algorithms for distributed systems.
Content Verteilte Algorithmen sind Verfahren, die dadurch charakterisiert sind, dass mehrere autonome Prozesse gleichzeitig Teile eines

gemeinsamen Problems in kooperativer Weise bearbeiten und der dabei erforderliche Informationsaustausch ausschliesslich über
Nachrichten erfolgt. Derartige Algorithmen kommen im Rahmen verteilter Systeme zum Einsatz, bei denen kein gemeinsamer Speicher
existiert und die Übertragungszeit von Nachrichten i.a. nicht vernachlässigt werden kann. Da dabei kein Prozess eine aktuelle konsistente
Sicht des globalen Zustands besitzt, führt dies zu interessanten Problemen.
Im einzelnen werden u.a. folgende Themen behandelt: 
Modelle verteilter Berechnungen; Raum-Zeit Diagramme; Virtuelle Zeit; Logische Uhren und Kausalität; Wellenalgorithmen; Verteilte und
parallele Graphtraversierung; Berechnung konsistenter Schnappschüsse; Wechselseitiger Ausschluss; Election und Symmetriebrechung;
Verteilte Terminierung; Garbage-Collection in verteilten Systemen; Beobachten verteilter Systeme; Berechnung globaler Prädikate.

Literature - F. Mattern: Verteilte Basisalgorithmen, Springer-Verlag
- G. Tel: Topics in Distributed Algorithms, Cambridge University Press
- G. Tel: Introduction to Distributed Algorithms, Cambridge University Press, 2nd edition
- A.D. Kshemkalyani, M. Singhal: Distributed Computing, Cambridge University Press
- N. Lynch: Distributed Algorithms, Morgan Kaufmann Publ

252-0817-00L Distributed Systems Laboratory
In the Master Programme max. 10 credits can be
accounted by Labs
on top of the Interfocus Courses. Additional Labs will be
listed on the Addendum.

W 10 credits 9P G. Alonso, T. Hoefler, F. Mattern,
A. Singla, R. Wattenhofer,
C. Zhang

Abstract This course involves the participation in a substantial development and/or evaluation project involving distributed systems technology.
There are projects available in a wide range of areas: from web services to ubiquitous computing including as well wireless networks, ad-
hoc networks, and distributed application on mobile phones.

Objective Students acquire practical knowledge about technologies from the area of distributed systems.
Content This course involves the participation in a substantial development and/or evaluation project involving distributed systems technology.

There are projects available in a wide range of areas: from web services to ubiquitous computing including as well wireless networks, ad-
hoc networks, and distributed application on mobile phones. The objecte of the project is for the students to gain hands-on-experience with
real products and the latest technology in distributed systems. There is no lecture associated to the course.
For information of the course or projects available, please contact Prof. Mattern, Prof. Wattenhofer, Prof. Roscoe or Prof. G. Alonso.

263-3501-00L Future Internet W 6 credits 1V+1U+3A A. Singla
Abstract This course will discuss recent advances in networking, with a focus on the Internet, with topics ranging from the algorithmic design of

applications like video streaming to the likely near-future of satellite-based networking.
Objective The goals of the course are to build on basic undergraduate-level networking, and provide an understanding of the tradeoffs and existing

technology in the design of large, complex networked systems, together with concrete experience of the challenges through a series of lab
exercises.

Content The focus of the course is on principles, architectures, protocols, and applications used in modern networked systems. Example topics
include:

- How video streaming services like Netflix work, and research on improving their performance.
- How Web browsing could be made faster
- How the Internet's protocols are improving
- Exciting developments in satellite-based networking (ala SpaceX)
- The role of data centers in powering Internet services

A series of programming assignments will form a substantial part of the course grade.

Lecture notes Lecture slides will be made available at the course Web site: https://ndal.ethz.ch/courses/fi.html
Literature No textbook is required, but there will be regularly assigned readings from research literature, liked to the course Web site:

https://ndal.ethz.ch/courses/fi.html.
Prerequisites /
notice

An undergraduate class covering the basics of networking, such as Internet routing and TCP. At ETH, Computer Networks (252-0064-00L)
and Communication Networks (227-0120-00L) suffice. Similar courses from other universities are acceptable too.

263-3710-00L Machine Perception
Number of participants limited to 200.

W 5 credits 2V+1U+1A O. Hilliges

Abstract Recent developments in neural networks (aka “deep learning”) have drastically advanced the performance of machine perception systems
in a variety of areas including computer vision, robotics,  and intelligent UIs. This course is a deep dive into deep learning algorithms and
architectures with applications to a variety of perceptual tasks.
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Objective Students will learn about fundamental aspects of modern deep learning approaches for perception. Students will learn to implement, train
and debug their own neural networks and gain a detailed understanding of cutting-edge research in learning-based computer vision,
robotics and HCI. The final project assignment will involve training a complex neural network architecture and applying it on a real-world
dataset of human activity.

The core competency acquired through this course is a solid foundation in deep-learning algorithms to process and interpret human input
into computing systems. In particular, students should be able to develop systems that deal with the problem of recognizing people in
images, detecting and describing body parts, inferring their spatial configuration, performing action/gesture recognition from still images or
image sequences, also considering multi-modal data, among others.

Content We will focus on teaching: how to set up the problem of machine perception, the learning algorithms, network architectures and advanced
deep learning concepts in particular probabilistic deep learning models 

The course covers the following main areas:
    I) Foundations of deep-learning.
    II) Probabilistic deep-learning for generative modelling of data (latent variable models, generative adversarial networks and auto-
regressive models). 
    III) Deep learning in computer vision, human-computer interaction and robotics.   

Specific topics include: 
    I) Deep learning basics:
        a) Neural Networks and training (i.e., backpropagation)
        b) Feedforward Networks
        c) Timeseries modelling (RNN, GRU, LSTM)
        d) Convolutional Neural Networks for classification
    II) Probabilistic Deep Learning:
        a) Latent variable models (VAEs)
        b) Generative adversarial networks (GANs)
        c) Autoregressive models (PixelCNN, PixelRNN, TCNs)
    III) Deep Learning techniques for machine perception:
        a) Fully Convolutional architectures for dense per-pixel tasks (i.e., instance segmentation)
        b) Pose estimation and other tasks involving human activity
                c) Deep reinforcement learning 
    IV) Case studies from research in computer vision, HCI, robotics and signal processing

Literature Deep Learning
Book by Ian Goodfellow and Yoshua Bengio

Prerequisites /
notice

This is an advanced grad-level course that requires a background in machine learning. Students are expected to have a solid mathematical
foundation, in particular in linear algebra, multivariate calculus, and probability. The course will focus on state-of-the-art research in deep-
learning and will not repeat basics of machine learning

Please take note of the following conditions:
    1) The number of participants is limited to 200 students (MSc and PhDs).
    2) Students must have taken the exam in Machine Learning (252-0535-00) or have acquired equivalent knowledge
    3) All practical exercises will require basic knowledge of Python and will use libraries such as TensorFlow, scikit-learn and scikit-image.
We will provide introductions to TensorFlow and other libraries that are needed but will not provide introductions to basic programming or
Python. 

The following courses are strongly recommended as prerequisite:
 * "Visual Computing" or "Computer Vision" 
 
The course will be assessed by a final written examination in English. No course materials or electronic devices can be used during the
examination. Note that the examination will be based on the contents of the lectures, the associated reading materials and the exercises.

 Seminar in Distributed Systems
Number Title Type ECTS Hours Lecturers

263-2211-00L Seminar in Computer Architecture
Number of participants limited to 22.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S O. Mutlu, M. H. K. Alser,
J. Gómez Luna

Abstract This seminar course covers fundamental and cutting-edge research papers in computer architecture. It has multiple components that are
aimed at improving students' (1) technical skills in computer architecture, (2) critical thinking and analysis abilities on computer architecture
concepts, as well as (3) technical presentation of concepts and papers in both spoken and written forms.

Objective The main objective is to learn how to rigorously analyze and present papers and ideas on computer architecture. We will have rigorous
presentation and discussion of selected papers during lectures and a written report delivered by each student at the end of the semester.

This course is for those interested in computer architecture. Registered students are expected to attend every meeting, participate in the
discussion, and create a synthesis report at the end of the course.

Content Topics will center around computer architecture. We will, for example, discuss papers on hardware security; accelerators for key
applications like machine learning, graph processing and bioinformatics; memory systems; interconnects; processing in memory; various
fundamental and emerging paradigms in computer architecture; hardware/software co-design and cooperation; fault tolerance; energy
efficiency; heterogeneous and parallel systems; new execution models; predictable computing, etc.

Lecture notes All materials will be posted on the course website: https://safari.ethz.ch/architecture_seminar/
Past course materials, including the synthesis report assignment, can be found in the Fall 2019 website for the course:
https://safari.ethz.ch/architecture_seminar/fall2019/doku.php

Literature Key papers and articles, on both fundamentals and cutting-edge topics in computer architecture will be provided and discussed. These will
be posted on the course website.

Prerequisites /
notice

Design of Digital Circuits.
Students should (1) have done very well in Design of Digital Circuits and (2) show a genuine interest in Computer Architecture.

263-3712-00L Seminar on Computational Interaction
Number of participants limited to 14.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still

W 2 credits 2S O. Hilliges
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registered after that date, but do not attend the seminar,
will officially fail the seminar.

Abstract Computational Interaction focuses on the use of algorithms to enhance the interaction with a computing system. Papers from scientific
venues such as CHI, UIST & SIGGRAPH will be examined in-depth. Student present and discuss the papers to extract techniques and
insights that can be applied to software & hardware projects. Topics include user modeling, computational design, and input & output.

Objective The goal of the seminar is to familiarize students with exciting new research topics in this important area, but also to teach basic scientific
writing and oral presentation skills.

Content The seminar will have a different structure from regular seminars to encourage more discussion and a deeper learning experience. We will
use a case-study format where all students read the same paper each week but fulfill different roles and hence prepare with different
viewpoints in mind (e.g. "presenter", "historian", "student", etc).

The seminar will cover multiple topics of computational interaction, including:
1) User- and context modeling for UI adaptation
 Intent modeling, activity and emotion recognition, and user perception.

2) Computational design
 Design mining, design exploration, UI optimization.

3) Computer supported input
 Text entry, pointing, gestural input, physiological sensing, eye tracking, and sketching.

4) Computer supported output
 Information retrieval, fabrication, mixed reality interfaces, haptics, and gaze contingency

For each topic, a paper will be chosen that represents the state of the art of research or seminal work that inspired and fostered future
work. Student will learn how to incorporate computational methods into system that involve software, hardware, and, very importantly,
users.

Seminar website: https://ait.ethz.ch/teaching/courses/2020-SS-Seminar-Computational-Interaction/

263-3840-00L Hardware Architectures for Machine Learning
The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S G. Alonso, T. Hoefler, C. Zhang

Abstract The seminar covers recent results in the increasingly important field of hardware acceleration for data science and machine learning, both
in dedicated machines or in data centers.

Objective The seminar aims at students interested in the system aspects of machine learning, who are willing to bridge the gap across traditional
disciplines: machine learning, databases, systems, and computer architecture.

Content The seminar is intended to cover recent results in the increasingly important field of hardware acceleration for data science and machine
learning, both in dedicated machines or in data centers. 

Prerequisites /
notice

The seminar should be of special interest to students intending to complete a master's thesis or a doctoral dissertation in related topics.

227-0126-00L Advanced Topics in Networked Embedded Systems W 2 credits 1S L. Thiele, J. Beutel
Abstract The seminar will cover advanced topics in networked embedded systems. A particular focus are cyber-physical systems, internet of things,

and sensor networks in various application domains.
Objective The goal is to get a deeper understanding on leading edge technologies in the discipline, on classes of applications, and on current as well

as future research directions. In addition, participants will improve their presentation, reading and reviewing skills.
Content The seminar enables Master students, PhDs and Postdocs to learn about latest breakthroughs in wireless sensor networks, networked

embedded systems and devices, and energy-harvesting in several application domains, including environmental monitoring, tracking, smart
buildings and control. Participants are requested to actively participate in the organization and preparation of the seminar. In particular, they
review all presented papers using a standard scientific reviewing system, they present one of the papers orally and they lead the
corresponding discussion session.

227-0559-00L Seminar in Deep Reinforcement Learning
Number of participants limited to 25.

W 2 credits 2S R. Wattenhofer, O. Richter

Abstract In this seminar participating students present and discuss recent research papers in the area of deep reinforcement learning. The seminar
starts with two introductory lessons introducing the basic concepts. Alongside the seminar a programming challenge is posed in which
students can take part to improve their grade.

Objective Since Google Deepmind presented the Deep Q-Network (DQN) algorithm in 2015 that could play Atari-2600 games at a superhuman level,
the field of deep reinforcement learning gained a lot of traction. It sparked media attention with AlphaGo and AlphaZero and is one of the
most prominent research areas. Yet many research papers in the area come from one of two sources: Google Deepmind or OpenAI. In this
seminar we aim at giving the students an in depth view on the current advances in the area by discussing recent papers as well as
discussing current issues and difficulties surrounding deep reinforcement learning.

Content Two introductory courses introducing Q-learning and policy gradient methods. Afterwards participating students present recent papers. For
details see: www.disco.ethz.ch/courses.html

Lecture notes Slides of presentations will be made available.
Literature OpenAI course (https://spinningup.openai.com/en/latest/) plus selected papers.

The paper selection can be found on www.disco.ethz.ch/courses.html.
Prerequisites /
notice

It is expected that student have prior knowledge and interest in machine and deep learning, for instance by having attended appropriate
courses.

851-0740-00L Big Data, Law, and Policy
Number of participants limited to 35

Students will be informed by 1.3.2020 at the latest.

W 3 credits 2S S. Bechtold

Abstract This course introduces students to societal perspectives on the big data revolution. Discussing important contributions from machine
learning and data science, the course explores their legal, economic, ethical, and political implications in the past, present, and future.

Objective This course is intended both for students of machine learning and data science who want to reflect on the societal implications of their field,
and for students from other disciplines who want to explore the societal impact of data sciences. The course will first discuss some of the
methodological foundations of machine learning, followed by a discussion of research papers and real-world applications where big data
and societal values may clash. Potential topics include the implications of big data for privacy, liability, insurance, health systems, voting,
and democratic institutions, as well as the use of predictive algorithms for price discrimination and the criminal justice system. Guest
speakers, weekly readings and reaction papers ensure a lively debate among participants from various backgrounds.

227-0559-10L Seminar in Communication Networks: Learning, W 2 credits 2S L. Vanbever, A. Singla
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Reasoning and Control
Does not take place this semester.
Number of participants limited to 24.

Abstract In this seminar participating students review, present, and discuss (mostly recent) research papers in the area of computer networks. This
semester the seminar will focus on topics blending networks with machine learning and control theory.

Objective The two main goals of this seminar are: 1) learning how to read and review scientific papers; and 2) learning how to present and discuss
technical topics with an audience of peers.

Students are required to attend the entire seminar, choose a paper to present from a given list, prepare and give a presentation on that
topic, and lead the follow-up discussion. To ensure the talks' quality, each student will be mentored by a teaching assistant. In addition to
presenting one paper, every student is also required to submit one (short) review for one of the two papers presented every week in-class
(12 reviews in total).

The students will be evaluated based on their submitted reviews, their presentation, their leadership in animating the discussion for their
own paper, and their participation in the discussions of other papers.

Content The seminar will start with two introductory lectures in week 1 and week 2. Starting from week 3, participating students will start reviewing,
presenting, and discussing research papers. Each week will see two presentations, for a total of 24 papers.

The course content will vary from semester to semester. This semester, the seminar will focus on topics blending networks with machine
learning and control theory. For details, please see: https://seminar-net.ethz.ch

Lecture notes The slides of each presentation will be made available on the website.
Literature The paper selection will be made available on the course website: https://seminar-net.ethz.ch
Prerequisites /
notice

Communication Networks (227-0120-00L) or equivalents. It is expected that students have prior knowledge in machine learning and control
theory, for instance by having attended appropriate courses.

 Focus Courses in Information Security
 Focus Core Courses Information Security

Number Title Type ECTS Hours Lecturers

263-4660-00L Applied Cryptography
Number of participants limited to 150.

W 8 credits 3V+2U+2P K. Paterson

Abstract This course will introduce the basic primitives of cryptography, using rigorous syntax and game-based security definitions. The course will
show how these primitives can be combined to build cryptographic protocols and systems.

Objective The goal of the course is to put students' understanding of cryptography on sound foundations, to enable them to start to build well-
designed cryptographic systems, and to expose them to some of the pitfalls that arise when doing so.

Content Basic symmetric primitives (block ciphers, modes, hash functions); generic composition; AEAD; basic secure channels; basic public key
primitives (encryption,signature, DH key exchange); ECC; randomness; applications.

Literature Textbook: Boneh and Shoup, “A Graduate Course in Applied Cryptography”,
https://crypto.stanford.edu/~dabo/cryptobook/BonehShoup_0_4.pdf.

Prerequisites /
notice

Ideally, students will have taken the D-INFK Bachelors course “Information Security" or an equivalent course at Bachelors level.

 Focus Elective Courses Information Security
Number Title Type ECTS Hours Lecturers

252-0408-00L Cryptographic Protocols W 6 credits 2V+2U+1A M. Hirt, U. Maurer
Abstract The course presents a selection of hot research topics in cryptography. The choice of topics varies and may include provable security,

interactive proofs, zero-knowledge protocols, secret sharing, secure multi-party computation, e-voting, etc.
Objective Indroduction to a very active research area with many gems and paradoxical

results. Spark interest in fundamental problems.
Content The course presents a selection of hot research topics in cryptography. The choice of topics varies and may include provable security,

interactive proofs, zero-knowledge protocols, secret sharing, secure multi-party computation, e-voting, etc.
Lecture notes the lecture notes are in German, but they are not required as the entire

course material is documented also in other course material (in english).
Prerequisites /
notice

A basic understanding of fundamental cryptographic concepts 
(as taught for example in the course Information Security or
in the course Cryptography Foundations) is useful, but not required.

263-2925-00L Program Analysis for System Security and Reliability W 6 credits 2V+1U+2A P. Tsankov
Abstract Security issues in modern systems (blockchains, datacenters, AI) result in billions of losses due to hacks. This course introduces the

security issues in modern systems and state-of-the-art automated techniques for building secure and reliable systems. The course has a
practical focus and covers systems built by successful ETH spin-offs.


Objective * Learn about security issues in modern systems -- blockchains, smart contracts, AI-based systems (e.g., autonomous cars), data centers -
- and why they are challenging to address.

* Understand how the latest automated analysis techniques work, both discrete and probabilistic.

* Understand how these techniques combine with machine-learning methods, both supervised and unsupervised.

* Understand how to use these methods to build reliable and secure modern systems.

* Learn about new open problems that if solved can lead to research and commercial impact.
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Content Part I: Security of Blockchains

- We will cover existing blockchains (e.g., Ethereum, Bitcoin), how they work, what the core security issues are, and how these have led to
massive financial losses.
- We will show how to extract useful information about smart contracts and transactions using interactive analysis frameworks for querying
blockchains (e.g. Google's Ethereum BigQuery).
- We will discuss the state-of-the-art security tools (e.g., https://securify.ch) for ensuring that smart contracts are free of security
vulnerabilities.
- We will study the latest automated reasoning systems (e.g., https://verx.ch) for checking custom (temporal) properties of smart contracts
and illustrate their operation on real-world use cases.
- We will study the underlying methods for automated reasoning and testing (e.g., abstract interpretation, symbolic execution, fuzzing) are
used to build such tools.


Part II: Security of Datacenters and Networks

- We will show how to ensure that datacenters and ISPs are secured using declarative reasoning methods (e.g., Datalog). We will also see
how to automatically synthesize secure configurations (e.g. using SyNET and NetComplete) which lead to desirable behaviors, thus
automating the job of the network operator and avoiding critical errors.
- We will discuss how to apply modern discrete probabilistic inference (e.g., PSI and Bayonet) so to reason about probabilistic network
properties (e.g., the probability of a packet reaching a destination if links fail).


Part III: Machine Learning for Security

- We will discuss how machine learning models for structured prediction are used to address security tasks, including de-obfuscation of
binaries (Debin: https://debin.ai), Android APKs (DeGuard: http://apk-deguard.com) and JavaScript (JSNice: http://jsnice.org).
- We will study to leverage program abstractions in combination with clustering techniques to learn security rules for cryptography APIs
from large codebases.
- We will study how to automatically learn to identify security vulnerabilities related to the handling of untrusted inputs (cross-Site scripting,
SQL injection, path traversal, remote code execution) from large codebases.


To gain a deeper understanding, the course will involve a hands-on programming project where the methods studied in the class will be
applied.

263-4600-00L Formal Methods for Information Security W  5 credits 2V+1U+1A R. Sasse, C. Sprenger
Abstract The course focuses on formal methods for the modelling and analysis of security protocols for critical systems, ranging from authentication

protocols for network security to electronic voting protocols and online banking.
Objective The students will learn the key ideas and theoretical foundations of formal modelling and analysis of security protocols. The students will

complement their theoretical knowledge by solving practical exercises, completing a small project, and using state-of-the-art tools.
Content The course treats formal methods mainly for the modelling and analysis of security protocols. Cryptographic protocols (such as SSL/TLS,

SSH, Kerberos, SAML single-sign on, and IPSec) form the basis for secure communication and business processes. Numerous attacks on
published protocols show that the design of cryptographic protocols is extremely error-prone. A rigorous analysis of these protocols is
therefore indispensable, and manual analysis is insufficient. The lectures cover the theoretical basis for the (tool-supported) formal
modeling and analysis of such protocols. Specifically, we discuss their operational semantics, the formalization of security properties, and
techniques and algorithms for their verification.

In addition to the classical security properties for confidentiality and authentication, we will study strong secrecy and privacy properties. We
will discuss electronic voting protocols, and RFID protocols (a staple of the Internet of Things), where these properties are central. The
accompanying tutorials provide an opportunity to apply the theory and tools to concrete protocols. Moreover, we will discuss methods to
abstract and refine security protocols and the link between symbolic protocol models and cryptographic models. 

Furthermore, we will also present a security notion for general systems based on non-interference as well as language-based information
flow security where non-interference is enforced via a type system.

263-4656-00L Digital Signatures W 4 credits 2V+1A D. Hofheinz
Abstract Digital signatures as one central cryptographic building block. Different security goals and security definitions for digital signatures, followed

by a variety of popular and fundamental signature schemes with their security analyses. 
Objective The student knows a variety of techniques to construct and analyze the security of digital signature schemes. This includes modularity as a

central tool of constructing secure schemes, and reductions as a central tool to proving the security of schemes.
Content We will start with several definitions of security for signature schemes, and investigate the relations among them. We will proceed to

generic (but inefficient) constructions of secure signatures, and then move on to a number of efficient schemes based on concrete
computational hardness assumptions. On the way, we will get to know paradigms such as hash-then-sign, one-time signatures, and
chameleon hashing as central tools to construct secure signatures.

Literature Jonathan Katz, "Digital Signatures."
Prerequisites /
notice

Ideally, students will have taken the D-INFK Bachelors course "Information Security" or an equivalent course at Bachelors level.

 Seminar in Information Security
Number Title Type ECTS Hours Lecturers

263-4651-00L Current Topics in Cryptography
Number of participants limited to 24.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S D. Hofheinz, U. Maurer,
K. Paterson

Abstract In this seminar course, students present and discuss a variety of recent research papers in Cryptography.
Objective Independent study of scientific literature and assessment of its contributions as well as learning and practicing presentation techniques.
Content The course lecturers will provide a list of papers from which students will select.
Literature The reading list will be published on the course website.
Prerequisites /
notice

Ideally, students will have taken the D-INFK Bachelors course “Information Security" or an equivalent course at Bachelors level. Ideally,
they will have attended or will attend in parallel the Masters course in "Applied Cryptography”.
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 Focus Courses in Information Systems
 Focus Core Courses Information Systems

Number Title Type ECTS Hours Lecturers

263-2925-00L Program Analysis for System Security and Reliability W 6 credits 2V+1U+2A P. Tsankov
Abstract Security issues in modern systems (blockchains, datacenters, AI) result in billions of losses due to hacks. This course introduces the

security issues in modern systems and state-of-the-art automated techniques for building secure and reliable systems. The course has a
practical focus and covers systems built by successful ETH spin-offs.


Objective * Learn about security issues in modern systems -- blockchains, smart contracts, AI-based systems (e.g., autonomous cars), data centers -
- and why they are challenging to address.

* Understand how the latest automated analysis techniques work, both discrete and probabilistic.

* Understand how these techniques combine with machine-learning methods, both supervised and unsupervised.

* Understand how to use these methods to build reliable and secure modern systems.

* Learn about new open problems that if solved can lead to research and commercial impact.

Content Part I: Security of Blockchains

- We will cover existing blockchains (e.g., Ethereum, Bitcoin), how they work, what the core security issues are, and how these have led to
massive financial losses.
- We will show how to extract useful information about smart contracts and transactions using interactive analysis frameworks for querying
blockchains (e.g. Google's Ethereum BigQuery).
- We will discuss the state-of-the-art security tools (e.g., https://securify.ch) for ensuring that smart contracts are free of security
vulnerabilities.
- We will study the latest automated reasoning systems (e.g., https://verx.ch) for checking custom (temporal) properties of smart contracts
and illustrate their operation on real-world use cases.
- We will study the underlying methods for automated reasoning and testing (e.g., abstract interpretation, symbolic execution, fuzzing) are
used to build such tools.


Part II: Security of Datacenters and Networks

- We will show how to ensure that datacenters and ISPs are secured using declarative reasoning methods (e.g., Datalog). We will also see
how to automatically synthesize secure configurations (e.g. using SyNET and NetComplete) which lead to desirable behaviors, thus
automating the job of the network operator and avoiding critical errors.
- We will discuss how to apply modern discrete probabilistic inference (e.g., PSI and Bayonet) so to reason about probabilistic network
properties (e.g., the probability of a packet reaching a destination if links fail).


Part III: Machine Learning for Security

- We will discuss how machine learning models for structured prediction are used to address security tasks, including de-obfuscation of
binaries (Debin: https://debin.ai), Android APKs (DeGuard: http://apk-deguard.com) and JavaScript (JSNice: http://jsnice.org).
- We will study to leverage program abstractions in combination with clustering techniques to learn security rules for cryptography APIs
from large codebases.
- We will study how to automatically learn to identify security vulnerabilities related to the handling of untrusted inputs (cross-Site scripting,
SQL injection, path traversal, remote code execution) from large codebases.


To gain a deeper understanding, the course will involve a hands-on programming project where the methods studied in the class will be
applied.

 Focus Elective Courses Information Systems
Number Title Type ECTS Hours Lecturers

252-0312-00L Ubiquitous Computing W 4 credits 2V+1A C. Holz, F. Mattern, S. Mayer
Abstract Unlike desktop computing, ubiquitous computing occurs anytime and everywhere, using any device, in any location, and in any format.

Computers exist in different forms, from watches and phones to refrigerators or pairs of glasses. 
Main topics: Smart environments, IoT, mobiles & wearables, context & location, sensing & tracking, computer vision on embedded
systems, health monitoring, fabrication.

Objective Unlike desktop computing, ubiquitous computing occurs anytime and everywhere, using any device, in any location, and in any format.
Computers exist in different forms, from watches and phones to refrigerators or pairs of glasses. 
Main topics: Smart environments, IoT, mobiles & wearables, context & location, sensing & tracking, computer vision on embedded
systems, health monitoring, fabrication.

Lecture notes Copies of slides will be made available
Literature Will be provided in the lecture. To put you in the mood:

Mark Weiser: The Computer for the 21st Century. Scientific American, September 1991, pp. 94-104

252-0526-00L Statistical Learning Theory W 7 credits 3V+2U+1A J. M. Buhmann, C. Cotrini Jimenez
Abstract The course covers advanced methods of statistical learning: 


- Variational methods and optimization.
- Deterministic annealing. 
- Clustering for diverse types of data.
- Model validation by information theory.

Objective The course surveys recent methods of statistical learning. The fundamentals of machine learning, as presented in the courses "Introduction
to Machine Learning" and "Advanced Machine Learning", are expanded from the perspective of statistical learning.
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Content - Variational methods and optimization. We consider optimization approaches for problems where the optimizer is a probability distribution.
We will discuss concepts like maximum entropy, information bottleneck, and deterministic annealing.

- Clustering. This is the problem of sorting data into groups without using training samples. We discuss alternative notions of "similarity"
between data points and adequate optimization procedures.

- Model selection and validation. This refers to the question of how complex the chosen model should be. In particular, we present an
information theoretic approach for model validation.

- Statistical physics models. We discuss approaches for approximately optimizing large systems, which originate in statistical physics (free
energy minimization applied to spin glasses and other models). We also study sampling methods based on these models.

Lecture notes A draft of a script will be provided. Lecture slides will be made available.
Literature Hastie, Tibshirani, Friedman: The Elements of Statistical Learning, Springer, 2001.


L. Devroye, L. Gyorfi, and G. Lugosi: A probabilistic theory of pattern recognition. Springer, New York, 1996

Prerequisites /
notice

Knowledge of machine learning (introduction to machine learning and/or advanced machine learning)
Basic knowledge of statistics.

252-3005-00L Natural Language Understanding
Does not take place this semester.
Takes place in HS20.

W 5 credits 2V+1U+1A to be announced

Abstract This course presents topics in natural language processing with an emphasis on modern techniques, primarily focusing on statistical and
deep learning approaches. The course provides an overview of the primary areas of research in language processing as well as a detailed
exploration of the models and techniques used both in research and in commercial natural language systems.

Objective The objective of the course is to learn the basic concepts in the statistical processing of natural languages. The course will be project-
oriented so that the students can also gain hands-on experience with state-of-the-art tools and techniques.

Content This course presents an introduction to general topics and techniques used in natural language processing today, primarily focusing on
statistical approaches. The course provides an overview of the primary areas of research in language processing as well as a detailed
exploration of the models and techniques used both in research and in commercial natural language systems.

Literature Lectures will make use of textbooks such as the one by Jurafsky and Martin where appropriate, but will also make use of original research
and survey papers.

263-5300-00L Guarantees for Machine Learning W 5 credits 2V+2A F. Yang
Abstract This course teaches classical and recent methods in statistics and optimization commonly used to prove theoretical guarantees for

machine learning algorithms. The knowledge is then applied in project work that focuses on understanding phenomena in modern machine
learning.

Objective This course is aimed at advanced master and doctorate students who want to understand and/or conduct independent research on theory
for modern machine learning. For this purpose, students will learn common mathematical techniques from statistical learning theory. In
independent project work, they then apply their knowledge and go through the process of critically questioning recently published work,
finding relevant research questions and learning how to effectively present research ideas to a professional audience.

Content This course teaches some classical and recent methods in statistical learning theory aimed at proving theoretical guarantees for machine
learning algorithms, including topics in

- concentration bounds, uniform convergence
- high-dimensional statistics (e.g. Lasso)
- prediction error bounds for non-parametric statistics (e.g. in kernel spaces)
- minimax lower bounds
- regularization via optimization

The project work focuses on active theoretical ML research that aims to understand modern phenomena in machine learning, including but
not limited to

- how overparameterization could help generalization ( interpolating models, linearized NN )
- how overparameterization could help optimization ( non-convex optimization, loss landscape )
- complexity measures and approximation theoretic properties of randomly initialized and
trained NN
- generalization of robust learning ( adversarial robustness, standard and robust error tradeoff )
- prediction with calibrated confidence ( conformal prediction, calibration )

Prerequisites /
notice

It’s absolutely necessary for students to have a strong mathematical background (basic real analysis, probability theory, linear algebra) and
good knowledge of core concepts in machine learning taught in courses such as “Introduction to Machine Learning”, “Regression”/
“Statistical Modelling”. It's also helpful to have heard an optimization course or approximation theoretic course. In addition to these
prerequisites, this class requires a certain degree of mathematical maturity—including abstract thinking and the ability to understand and
write proofs.

 Seminar in Information Systems
Number Title Type ECTS Hours Lecturers

252-3002-00L Algorithms for Database Systems
Number of participants limited to 15.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.


W 2 credits 2S P. Penna

Abstract Query processing, optimization, stream-based systems, distributed and parallel databases, non-standard databases.
Objective Develop an understanding of selected problems of current interest in the area of algorithms for database systems.

263-5225-00L Advanced Topics in Machine Learning and Data
Science
Number of participants limited to 20.

The deadline for deregistering expires at the end of the
fourth week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S F. Perez Cruz
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Abstract In this seminar, recent papers of the machine learning and data science literature are presented and discussed. Possible topics cover
statistical models, machine learning algorithms and its applications.

Objective The seminar “Advanced Topics in Machine Learning and Data Science” familiarizes students with recent developments in machine learning
and data science. Recently published articles, as well as influential papers, have to be presented and critically reviewed. The students will
learn how to structure a scientific presentation, which covers the motivation, key ideas and main results of a scientific paper. An important
goal of the seminar presentation is to summarize the essential ideas of the paper in sufficient depth for the audience to be able to follow its
main conclusion, especially why the article is (or is not) worth attention. The presentation style will play an important role and should reach
the level of professional scientific presentations.

Content The seminar will cover a number of recent papers which have emerged as important contributions to the machine learning and data
science literatures. The topics will vary from year to year but they are centered on methodological issues in machine learning and its
application, not only to text or images, but other scientific
domains like medicine, climate or physics.

Literature The papers will be presented in the first session of the seminar.

263-3840-00L Hardware Architectures for Machine Learning
The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S G. Alonso, T. Hoefler, C. Zhang

Abstract The seminar covers recent results in the increasingly important field of hardware acceleration for data science and machine learning, both
in dedicated machines or in data centers.

Objective The seminar aims at students interested in the system aspects of machine learning, who are willing to bridge the gap across traditional
disciplines: machine learning, databases, systems, and computer architecture.

Content The seminar is intended to cover recent results in the increasingly important field of hardware acceleration for data science and machine
learning, both in dedicated machines or in data centers. 

Prerequisites /
notice

The seminar should be of special interest to students intending to complete a master's thesis or a doctoral dissertation in related topics.

 Focus Courses in Software Engineering
 Focus Core Courses Software Engineering

Number Title Type ECTS Hours Lecturers

263-2925-00L Program Analysis for System Security and Reliability W 6 credits 2V+1U+2A P. Tsankov
Abstract Security issues in modern systems (blockchains, datacenters, AI) result in billions of losses due to hacks. This course introduces the

security issues in modern systems and state-of-the-art automated techniques for building secure and reliable systems. The course has a
practical focus and covers systems built by successful ETH spin-offs.


Objective * Learn about security issues in modern systems -- blockchains, smart contracts, AI-based systems (e.g., autonomous cars), data centers -
- and why they are challenging to address.

* Understand how the latest automated analysis techniques work, both discrete and probabilistic.

* Understand how these techniques combine with machine-learning methods, both supervised and unsupervised.

* Understand how to use these methods to build reliable and secure modern systems.

* Learn about new open problems that if solved can lead to research and commercial impact.

Content Part I: Security of Blockchains

- We will cover existing blockchains (e.g., Ethereum, Bitcoin), how they work, what the core security issues are, and how these have led to
massive financial losses.
- We will show how to extract useful information about smart contracts and transactions using interactive analysis frameworks for querying
blockchains (e.g. Google's Ethereum BigQuery).
- We will discuss the state-of-the-art security tools (e.g., https://securify.ch) for ensuring that smart contracts are free of security
vulnerabilities.
- We will study the latest automated reasoning systems (e.g., https://verx.ch) for checking custom (temporal) properties of smart contracts
and illustrate their operation on real-world use cases.
- We will study the underlying methods for automated reasoning and testing (e.g., abstract interpretation, symbolic execution, fuzzing) are
used to build such tools.


Part II: Security of Datacenters and Networks

- We will show how to ensure that datacenters and ISPs are secured using declarative reasoning methods (e.g., Datalog). We will also see
how to automatically synthesize secure configurations (e.g. using SyNET and NetComplete) which lead to desirable behaviors, thus
automating the job of the network operator and avoiding critical errors.
- We will discuss how to apply modern discrete probabilistic inference (e.g., PSI and Bayonet) so to reason about probabilistic network
properties (e.g., the probability of a packet reaching a destination if links fail).


Part III: Machine Learning for Security

- We will discuss how machine learning models for structured prediction are used to address security tasks, including de-obfuscation of
binaries (Debin: https://debin.ai), Android APKs (DeGuard: http://apk-deguard.com) and JavaScript (JSNice: http://jsnice.org).
- We will study to leverage program abstractions in combination with clustering techniques to learn security rules for cryptography APIs
from large codebases.
- We will study how to automatically learn to identify security vulnerabilities related to the handling of untrusted inputs (cross-Site scripting,
SQL injection, path traversal, remote code execution) from large codebases.


To gain a deeper understanding, the course will involve a hands-on programming project where the methods studied in the class will be
applied.

 Focus Elective Courses Software Engineering
In spring 2020 there will be no course offered in this category.
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 Seminar in Software Engineering
Number Title Type ECTS Hours Lecturers

263-2100-00L Research Topics in Software Engineering
Number of participants limited to 22.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S Z. Su, P. He, M. Rigger, T. Su

Abstract This seminar is an opportunity to become familiar with current research in software engineering and more generally with the methods and
challenges of scientific research.

Objective Each student will be asked to study some papers from the recent software engineering literature and review them. This is an exercise in
critical review and analysis. Active participation is required (a presentation of a paper as well as participation in discussions).

Content The aim of this seminar is to introduce students to recent research results in the area of programming languages and software engineering.
To accomplish that, students will study and present research papers in the area as well as participate in paper discussions. The papers will
span topics in both theory and practice, including papers on program verification, program analysis, testing, programming language design,
and development tools.

Literature The publications to be presented will be announced on the seminar home page at least one week before the first session.
Prerequisites /
notice

Papers will be distributed during the first lecture.

263-2926-00L Deep Learning for Big Code
Number of participants limited to 24.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S V. Raychev

Abstract The seminar covers some of the latest and most exciting developments (industrial and research) in the field of Deep Learning for Code,
including new methods and latest systems, as well as open challenges and opportunities.


Objective The objective of the seminar is to:

- Introduce students to the field of Deep Learning for Big Code. 

- Learn how machine learning models can be used to solve practical challenges in software engineering and programming beyond
traditional methods.

- Highlight the latest research and work opportunities in industry and academia available on this topic.

Content The last 5 years have seen increased interest in applying advanced machine learning techniques such as deep learning to new kind of
data: program code. As the size of open source code increases dramatically (over 980 billion lines of code written by humans), so comes
the opportunity for new kind of deep probabilistic methods and commercial systems that leverage this data to revolutionize software
creation and address hard problems not previously possible. Examples include: machines writing code, program de-obfuscation for
security, code search, and many more.   

Interestingly, this new type of data, unlike natural language and images, introduces technical challenges not typically encountered when
working with standard datasets (e.g., images, videos, natural language), for instance, finding the right representation over which deep
learning operates. This in turn has the potential to drive new kinds of machine learning models with broad applicability.

Because of this, there has been substantial interest over the last few years in both industry (e.g., companies such as Facebook starting,
various start-ups in the space such as http://deepcode.ai), academia (e.g., http://plml.ethz.ch) and government agencies (e.g., DARPA) on
using machine learning to automate various programming tasks.

In this seminar, we will cover some of the latest and most exciting developments in the field of Deep Learning for Code, including new
methods and latest systems, as well as open challenges and opportunities. 

The seminar is carried out as a set of presentations chosen from a list of available papers. The grade is determined as a function of the
presentation, handling questions and answers, and participation.

Prerequisites /
notice

The seminar is carried out as a set of presentations chosen from a list of available papers. The grade is determined as a function of the
presentation, handling questions and answers, and participation.

The seminar is ideally suited for M.Sc. students in Computer Science.

 Focus Courses in Theoretical Computer Science
 Focus Core Courses Theoretical Computer Science

Number Title Type ECTS Hours Lecturers

261-5110-00L Optimization for Data Science W 8 credits 3V+2U+2A B. Gärtner, D. Steurer
Abstract This course provides an in-depth theoretical treatment of optimization methods that are particularly relevant in data science.
Objective Understanding the theoretical guarantees (and their limits) of relevant optimization methods used in data science. Learning general

paradigms to deal with optimization problems arising in data science.
Content This course provides an in-depth theoretical treatment of optimization methods that are particularly relevant in machine learning and data

science.

In the first part of the course, we will first give a brief introduction to convex optimization, with some basic motivating examples from
machine learning. Then we will analyse classical and more recent first and second order methods for convex optimization: gradient
descent, projected gradient descent, subgradient descent, stochastic gradient descent, Nesterov's accelerated method, Newton's method,
and Quasi-Newton methods. The emphasis will be on analysis techniques that occur repeatedly in convergence analyses for various
classes of convex functions. We will also discuss some classical and recent theoretical results for nonconvex optimization. 

In the second part, we discuss convex programming relaxations as a powerful and versatile paradigm for designing efficient algorithms to
solve computational problems arising in data science. We will learn about this paradigm and develop a unified perspective on it through the
lens of the sum-of-squares semidefinite programming hierarchy. As applications, we are discussing non-negative matrix factorization,
compressed sensing and sparse linear regression, matrix completion and phase retrieval, as well as robust estimation.
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Prerequisites /
notice

As background, we require material taught in the course "252-0209-00L Algorithms, Probability, and Computing". It is not necessary that
participants have actually taken the course, but they should be prepared to catch up if necessary.

263-4660-00L Applied Cryptography
Number of participants limited to 150.

W 8 credits 3V+2U+2P K. Paterson

Abstract This course will introduce the basic primitives of cryptography, using rigorous syntax and game-based security definitions. The course will
show how these primitives can be combined to build cryptographic protocols and systems.

Objective The goal of the course is to put students' understanding of cryptography on sound foundations, to enable them to start to build well-
designed cryptographic systems, and to expose them to some of the pitfalls that arise when doing so.

Content Basic symmetric primitives (block ciphers, modes, hash functions); generic composition; AEAD; basic secure channels; basic public key
primitives (encryption,signature, DH key exchange); ECC; randomness; applications.

Literature Textbook: Boneh and Shoup, “A Graduate Course in Applied Cryptography”,
https://crypto.stanford.edu/~dabo/cryptobook/BonehShoup_0_4.pdf.

Prerequisites /
notice

Ideally, students will have taken the D-INFK Bachelors course “Information Security" or an equivalent course at Bachelors level.

 Focus Elective Courses Theoretical Computer Science
Number Title Type ECTS Hours Lecturers

252-0408-00L Cryptographic Protocols W 6 credits 2V+2U+1A M. Hirt, U. Maurer
Abstract The course presents a selection of hot research topics in cryptography. The choice of topics varies and may include provable security,

interactive proofs, zero-knowledge protocols, secret sharing, secure multi-party computation, e-voting, etc.
Objective Indroduction to a very active research area with many gems and paradoxical

results. Spark interest in fundamental problems.
Content The course presents a selection of hot research topics in cryptography. The choice of topics varies and may include provable security,

interactive proofs, zero-knowledge protocols, secret sharing, secure multi-party computation, e-voting, etc.
Lecture notes the lecture notes are in German, but they are not required as the entire

course material is documented also in other course material (in english).
Prerequisites /
notice

A basic understanding of fundamental cryptographic concepts 
(as taught for example in the course Information Security or
in the course Cryptography Foundations) is useful, but not required.

252-1424-00L Models of Computation W 6 credits 2V+2U+1A M. Cook
Abstract This course surveys many different models of computation: Turing Machines, Cellular Automata, Finite State Machines, Graph Automata,

Circuits, Tilings, Lambda Calculus, Fractran, Chemical Reaction Networks, Hopfield Networks, String Rewriting Systems, Tag Systems,
Diophantine Equations, Register Machines, Primitive Recursive Functions, and more.

Objective The goal of this course is to become acquainted with a wide variety of models of computation, to understand how models help us to
understand the modeled systems, and to be able to develop and analyze models appropriate for new systems.

Content This course surveys many different models of computation: Turing Machines, Cellular Automata, Finite State Machines, Graph Automata,
Circuits, Tilings, Lambda Calculus, Fractran, Chemical Reaction Networks, Hopfield Networks, String Rewriting Systems, Tag Systems,
Diophantine Equations, Register Machines, Primitive Recursive Functions, and more.

263-4400-00L Advanced Graph Algorithms and Optimization
Number of participants limited to 30.

W 5 credits 3G+1A R. Kyng

Abstract This course will cover a number of advanced topics in optimization and graph algorithms.
Objective The course will take students on a deep dive into modern approaches to

 graph algorithms using convex optimization techniques. 

 By studying convex optimization through the lens of graph algorithms,
 students should develop a deeper understanding of fundamental
 phenomena in optimization.

 The course will cover some traditional discrete approaches to various graph
 problems, especially flow problems, and then contrast these approaches
 with modern, asymptotically faster methods based on combining convex
 optimization with spectral and combinatorial graph theory.

Content Students should leave the course understanding key
 concepts in optimization such as first and second-order optimization,
 convex duality, multiplicative weights and dual-based methods,
 acceleration, preconditioning, and non-Euclidean optimization.

 Students will also be familiarized with central techniques in the
 development of graph algorithms in the past 15 years, including graph
 decomposition techniques, sparsification, oblivious routing, and
 spectral and combinatorial preconditioning.

Prerequisites /
notice

This course is targeted toward masters and doctoral students with an
 interest in theoretical computer science. 

 Students should be comfortable with design and analysis of algorithms, probability, and linear algebra. 

 Having passed the course Algorithms, Probability, and Computing (APC)  is highly recommended, but not formally required. If you are not
 sure whether you're ready for this class or not, please consult the
 instructor.

263-4507-00L Advances in Distributed Graph Algorithms
Does not take place this semester.

W 6 credits 3V+1U+1A M. Ghaffari

Abstract How can a network of computers solve the graph problems needed for running that network?
Objective This course will familiarize the students with the algorithmic tools and techniques in local distributed graph algorithms, and overview the

recent highlights in the field. This will also prepare the students for independent research at the frontier of this area.

This is a special‐topics course in algorithm design. It should be accessible to any student with sufficient theoretical/algorithmic background.
In particular, it assumes no familiarity with distributed computing. We only expect that the students are comfortable with the basics of
algorithm design and analysis, as well as probability theory. It is possible to take this course simultaneously with the course “Principles of
Distributed Computing”. If you are not sure whether you are ready for this class or not, please consult the instructor.
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Content How can a network of computers solve the graph problems needed for running that network?

Answering this and similar questions is the underlying motivation of the area of Distributed Graph Algorithms. The area focuses on the
foundational algorithmic aspects in these questions and provides methods for various distributed systems --- e.g., the Internet, a wireless
network, a multi-processor computer, etc --- to solve computational problems that can be abstracted as graph problems. For instance, think
about shortest path computation in routing, or about coloring and independent set computation in contention resolution.

Over the past decade, we have witnessed a renaissance in the area of Distributed Graph Algorithms, with tremendous progress in many
directions and solutions for a number of decades-old central problems. This course overviews the highlights of these results. The course
will mainly focus on one half of the field, which revolves around locality and local problems. The other half, which relates to the issue of
congestion and dealing with limited bandwidth in global problems, will not be addressed in this offering of the course.

The course will cover a sampling of the recent developments (and open questions) at the frontier of research of distributed graph
algorithms. The material will be based on a compilation of recent papers in this area, which will be provided throughout the semester. The
tentative list of topics includes:
-    The shattering technique for local graph problems and its necessity
-    Lovasz Local Lemma algorithms, their distributed variants, and distributed applications
-               Distributed Derandomization
-    Distributed Lower bounds 
-    Graph Coloring
-    Complexity Hierarchy and Gaps
-    Primal-Dual Techniques

Prerequisites /
notice

The class assumes no knowledge in distributed algorithms/computing. Our only prerequisite is the undergraduate class Algorithms,
Probability, and Computing (APC) or any other course that can be seen as the equivalent. In particular, much of what we will discuss uses
randomized algorithms and therefore, we will assume that the students are familiar with the tools and techniques in randomized algorithms
and analysis (to the extent covered in the APC class).

263-4656-00L Digital Signatures W 4 credits 2V+1A D. Hofheinz
Abstract Digital signatures as one central cryptographic building block. Different security goals and security definitions for digital signatures, followed

by a variety of popular and fundamental signature schemes with their security analyses. 
Objective The student knows a variety of techniques to construct and analyze the security of digital signature schemes. This includes modularity as a

central tool of constructing secure schemes, and reductions as a central tool to proving the security of schemes.
Content We will start with several definitions of security for signature schemes, and investigate the relations among them. We will proceed to

generic (but inefficient) constructions of secure signatures, and then move on to a number of efficient schemes based on concrete
computational hardness assumptions. On the way, we will get to know paradigms such as hash-then-sign, one-time signatures, and
chameleon hashing as central tools to construct secure signatures.

Literature Jonathan Katz, "Digital Signatures."
Prerequisites /
notice

Ideally, students will have taken the D-INFK Bachelors course "Information Security" or an equivalent course at Bachelors level.

272-0302-00L Approximation and Online Algorithms W 5 credits 2V+1U+1A H.-J. Böckenhauer, D. Komm
Abstract This lecture deals with approximative algorithms for hard optimization problems and algorithmic approaches for solving online problems as

well as the limits of these approaches.
Objective Get a systematic overview of different methods for designing approximative algorithms for hard optimization problems and online problems.

Get to know methods for showing the limitations of these approaches.
Content Approximation algorithms are one of the most succesful techniques to attack hard optimization problems. Here, we study the so-called

approximation ratio, i.e., the ratio of the cost of the computed approximating solution and an optimal one (which is not computable
efficiently). 
For an online problem, the whole instance is not known in advance, but it arrives pieceweise and for every such piece a corresponding part
of the definite output must be given. The quality of an algorithm for such an online problem is measured by the competitive ratio, i.e., the
ratio of the cost of the computed solution and the cost of an optimal solution that could be given if the whole input was known in advance.

The contents of this lecture are
- the classification of optimization problems by the reachable approximation ratio, 
- systematic methods to design approximation algorithms (e.g., greedy strategies, dynamic programming, linear programming relaxation),
- methods to show non-approximability,
- classic online problem like paging or scheduling problems and corresponding algorithms,
- randomized online algorithms,
- the design and analysis principles for online algorithms, and
- limits of the competitive ratio and the advice complexity as a way to do a deeper analysis of the complexity of online problems.

Literature The lecture is based on the following books:

J. Hromkovic: Algorithmics for Hard Problems, Springer, 2004

D. Komm:  An Introduction to Online Computation: Determinism, Randomization, Advice, Springer, 2016

Additional literature: 

A. Borodin, R. El-Yaniv: Online Computation and Competitive Analysis, Cambridge University Press, 1998

401-3052-05L Graph Theory W 5 credits 2V+1U B. Sudakov
Abstract Basic notions, trees, spanning trees, Caley's formula, vertex and edge connectivity, 2-connectivity, Mader's theorem, Menger's theorem,

Eulerian graphs, Hamilton cycles, Dirac's theorem, matchings, theorems of Hall, König and Tutte, planar graphs, Euler's formula, basic
non-planar graphs, graph colorings, greedy colorings, Brooks' theorem, 5-colorings of planar graphs

Objective The students will get an overview over the most fundamental questions concerning graph theory. We expect them to understand the proof
techniques and to use them autonomously on related problems.

Lecture notes Lecture will be only at the blackboard.
Literature West, D.: "Introduction to Graph Theory"

Diestel, R.: "Graph Theory"

Further literature links will be provided in the lecture.

Prerequisites /
notice

Students are expected to have a mathematical background and should be able to write rigorous proofs.


NOTICE: This course unit was previously offered as 252-1408-00L Graphs and Algorithms.

401-3903-11L Geometric Integer Programming W 6 credits 2V+1U J. Paat
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Abstract Integer programming is the task of minimizing a linear function over all the integer points in a polyhedron. This lecture introduces the key
concepts of an algorithmic theory for solving such problems.

Objective The purpose of the lecture is to provide a geometric treatment of the theory of integer optimization.
Content Key topics are:


- Lattice theory and the polynomial time solvability of integer optimization problems in fixed dimension.

- Structural properties of integer sets that reveal other parameters affecting the complexity of integer problems

- Duality theory for integer optimization problems from the vantage point of lattice free sets.

Lecture notes not available, blackboard presentation
Literature Lecture notes will be provided. 


Other helpful materials include 

Bertsimas, Weismantel: Optimization over Integers, 2005

and

Schrijver: Theory of linear and integer programming, 1986.

Prerequisites /
notice

"Mathematical Optimization" (401-3901-00L)

272-0300-00L Algorithmics for Hard Problems
Does not take place this semester.
This course  d o e s  n o t  include the Mentored Work
Specialised Courses with an Educational Focus in
Computer Science A.

W 5 credits 2V+1U+1A

Abstract This course unit looks into algorithmic approaches to the solving of hard problems, particularly with moderately exponential-time algorithms
and parameterized algorithms.

The seminar is accompanied by a comprehensive reflection upon the significance of the approaches presented for computer science tuition
at high schools.

Objective To systematically acquire an overview of the methods for solving hard problems. To get deeper knowledge of exact and parameterized
algorithms.

Content First, the concept of hardness of computation is introduced (repeated for the computer science students). Then some methods for solving
hard problems are treated in a systematic way. For each algorithm design method, it is discussed what guarantees it can give and how we
pay for the improved efficiency. A special focus lies on moderately exponential-time algorithms and parameterized algorithms.

Lecture notes Unterlagen und Folien werden zur Verfügung gestellt.
Literature J. Hromkovic: Algorithmics for Hard Problems, Springer 2004.


R. Niedermeier: Invitation to Fixed-Parameter Algorithms, 2006.

M. Cygan et al.: Parameterized Algorithms, 2015.

F. Fomin, D. Kratsch: Exact Exponential Algorithms, 2010.

 Seminar in Theoretical Computer Science
Number Title Type ECTS Hours Lecturers

252-4102-00L Seminar on Randomized Algorithms and Probabilistic
Methods
The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

Number of participants limited to 24.

W 2 credits 2S A. Steger

Abstract The aim of the seminar is to study papers which bring the students to the forefront of today's research topics. This semester we will study
selected papers of the conference Symposium on Discrete Algorithms (SODA18).

Objective Read papers from the forefront of today's research; learn how to give a scientific talk.
Prerequisites /
notice

The seminar is open for both students from mathematics and students from computer science. As prerequisite we require that you passed
the course Randomized Algorithms and Probabilistic Methods (or equivalent, if you come from abroad).

252-4202-00L Seminar in Theoretical Computer Science W 2 credits 2S E. Welzl, B. Gärtner, M. Ghaffari,
M. Hoffmann, J. Lengler, A. Steger,
D. Steurer, B. Sudakov

Abstract Presentation of recent publications in theoretical computer science, including results by diploma, masters and doctoral candidates.
Objective To get an overview of current research in the areas covered by the involved research groups. To present results from the literature.
Prerequisites /
notice

This seminar takes place as part of the joint research seminar of several theory groups. Intended participation is for students with excellent
performance only. Formal restriction is: prior successful participation in a master level seminar in theoretical computer science.

263-4203-00L Geometry: Combinatorics and Algorithms
The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S B. Gärtner, M. Hoffmann, E. Welzl,
M. Wettstein

Abstract This seminar complements the course Geometry: Combinatorics & Algorithms. Students of the seminar will present original research
papers, some classic and some of them very recent. 
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Objective Each student is expected to read, understand, and elaborate on a selected research paper. To this end, (s)he should give a 45-min.
presentation about the paper. The process includes

* getting an overview of the related literature;
* understanding and working out the background/motivation:
why and where are the questions addressed relevant?
* understanding the contents of the paper in all details;
* selecting parts suitable for the presentation;
* presenting the selected parts in such a way that an audience
with some basic background in geometry and graph theory can easily understand and appreciate it.

Content This seminar is held once a year and complements the course Geometry: Combinatorics & Algorithms. Students of the seminar will present
original research papers, some classic and some of them very recent. The seminar is a good preparation for a master, diploma, or
semester thesis in the area.

Prerequisites /
notice

Prerequisite: Successful participation in the course "Geometry: Combinatorics & Algorithms" (takes place every HS) is required.

263-4651-00L Current Topics in Cryptography
Number of participants limited to 24.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S D. Hofheinz, U. Maurer,
K. Paterson

Abstract In this seminar course, students present and discuss a variety of recent research papers in Cryptography.
Objective Independent study of scientific literature and assessment of its contributions as well as learning and practicing presentation techniques.
Content The course lecturers will provide a list of papers from which students will select.
Literature The reading list will be published on the course website.
Prerequisites /
notice

Ideally, students will have taken the D-INFK Bachelors course “Information Security" or an equivalent course at Bachelors level. Ideally,
they will have attended or will attend in parallel the Masters course in "Applied Cryptography”.

 Focus Courses in Visual Computing
 Focus Core Courses Visual Computing

Number Title Type ECTS Hours Lecturers

252-0538-00L Shape Modeling and Geometry Processing W 6 credits 2V+1U+2A O. Sorkine Hornung
Abstract This course covers the fundamentals and some of the latest developments in geometric modeling and geometry processing. Topics include

surface modeling based on point clouds and polygonal meshes, mesh generation, surface reconstruction, mesh fairing and
parameterization, discrete differential geometry, interactive shape editing, topics in digital shape fabrication.

Objective The students will learn how to design, program and analyze algorithms and systems for interactive 3D shape modeling and geometry
processing.

Content Recent advances in 3D geometry processing have created a plenitude of novel concepts for the mathematical representation and
interactive manipulation of geometric models. This course covers the fundamentals and some of the latest developments in geometric
modeling and geometry processing. Topics include surface modeling based on point clouds and triangle meshes, mesh generation, surface
reconstruction, mesh fairing and parameterization, discrete differential geometry, interactive shape editing and digital shape fabrication.

Lecture notes Slides and course notes
Prerequisites /
notice

Prerequisites:
Visual Computing, Computer Graphics or an equivalent class. Experience with C++ programming. Solid background in linear algebra and
analysis. Some knowledge of differential geometry, computational geometry and numerical methods is helpful but not a strict requirement.

 Focus Elective Courses Visual Computing
Number Title Type ECTS Hours Lecturers

252-0526-00L Statistical Learning Theory W 7 credits 3V+2U+1A J. M. Buhmann, C. Cotrini Jimenez
Abstract The course covers advanced methods of statistical learning: 


- Variational methods and optimization.
- Deterministic annealing. 
- Clustering for diverse types of data.
- Model validation by information theory.

Objective The course surveys recent methods of statistical learning. The fundamentals of machine learning, as presented in the courses "Introduction
to Machine Learning" and "Advanced Machine Learning", are expanded from the perspective of statistical learning.

Content - Variational methods and optimization. We consider optimization approaches for problems where the optimizer is a probability distribution.
We will discuss concepts like maximum entropy, information bottleneck, and deterministic annealing.

- Clustering. This is the problem of sorting data into groups without using training samples. We discuss alternative notions of "similarity"
between data points and adequate optimization procedures.

- Model selection and validation. This refers to the question of how complex the chosen model should be. In particular, we present an
information theoretic approach for model validation.

- Statistical physics models. We discuss approaches for approximately optimizing large systems, which originate in statistical physics (free
energy minimization applied to spin glasses and other models). We also study sampling methods based on these models.

Lecture notes A draft of a script will be provided. Lecture slides will be made available.
Literature Hastie, Tibshirani, Friedman: The Elements of Statistical Learning, Springer, 2001.


L. Devroye, L. Gyorfi, and G. Lugosi: A probabilistic theory of pattern recognition. Springer, New York, 1996

Prerequisites /
notice

Knowledge of machine learning (introduction to machine learning and/or advanced machine learning)
Basic knowledge of statistics.

252-0570-00L Game Programming Laboratory
In the Master Programme max. 10 credits can be
accounted by Labs on top of the Interfocus Courses.
Additional Labs will be listed on the Addendum.

W 10 credits 9P B. Sumner
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Abstract The goal of this course is the in-depth understanding of the technology and programming underlying computer games. Students gradually
design and develop a computer game in small groups and get acquainted with the art of game programming.

Objective The goal of this new course is to acquaint students with the
technology and art of programming modern three-dimensional computer
games.

Content This course addresses modern three-dimensional computer game technology.  During the course, small groups of students will design and
develop a computer game.  Focus will be put on technical aspects of game development, such as rendering, cinematography, interaction,
physics, animation, and AI.  In addition, we will cultivate creative thinking for advanced gameplay and visual effects. 

The "laboratory" format involves a practical, hands-on approach with traditional lectures.  We will meet once a week to discuss technical
issues and to track progress.  For development we use MonoGames, which is a collection of libraries and tools that facilitate game
development. While development will take place on PCs, we will ultimately deployour games on the Xbox One console.

At the end of the course we will present our results to the public.

Lecture notes Game Design Workshop: A Playcentric Approach to Creating Innovative Games by Tracy Fullerton
Prerequisites /
notice

The number of participants is limited.

Prerequisites include:

- Good programming skills (Java, C++, C#, etc.)

- CG experience: Students should have taken, at a minimum, Visual
Computing.  Higher level courses are recommended, such as Introduction
to Computer Graphics, Surface Representations and Geometric Modeling,
and Physically-based Simulation in Computer Graphics.

252-0579-00L 3D Vision W 5 credits 3G+1A M. Pollefeys, V. Larsson
Abstract The course covers camera models and calibration, feature tracking and matching, camera motion estimation via simultaneous localization

and mapping (SLAM) and visual odometry (VO), epipolar and mult-view geometry, structure-from-motion, (multi-view) stereo, augmented
reality, and image-based (re-)localization.

Objective After attending this course, students will:
   1. understand the core concepts for recovering 3D shape of objects and scenes from images and video.
   2. be able to implement basic systems for vision-based robotics and simple virtual/augmented reality applications.
   3. have a good overview over the current state-of-the art in 3D vision.
   4. be able to critically analyze and asses current research in this area.

Content The goal of this course is to teach the core techniques required for robotic and augmented reality applications: How to determine the
motion of a camera and how to estimate the absolute position and orientation of a camera in the real world. This course will introduce the
basic concepts of 3D Vision in the form of short lectures, followed by student presentations discussing the current state-of-the-art. The
main focus of this course are student projects on 3D Vision topics, with an emphasis on robotic vision and virtual and augmented reality
applications.

252-5706-00L Mathematical Foundations of Computer Graphics and
Vision

W 5 credits 2V+1U+1A M. R. Oswald, C. Öztireli

Abstract This course presents the fundamental mathematical tools and concepts used in computer graphics and vision. Each theoretical topic is
introduced in the context of practical vision or graphic problems, showcasing its importance in real-world applications.

Objective The main goal is to equip the students with the key mathematical tools necessary to understand state-of-the-art algorithms in vision and
graphics. In addition to the theoretical part, the students will learn how to use these mathematical tools to solve a wide range of practical
problems in visual computing. After successfully completing this course, the students will be able to apply these mathematical concepts
and tools to practical industrial and academic projects in visual computing.

Content The theory behind various mathematical concepts and tools will be introduced, and their practical utility will be showcased in diverse
applications in computer graphics and vision. The course will cover topics in sampling, reconstruction, approximation, optimization, robust
fitting, differentiation, quadrature and spectral methods. Applications will include 3D surface reconstruction, camera pose estimation, image
editing, data projection, character animation, structure-aware geometry processing, and rendering.

263-3710-00L Machine Perception
Number of participants limited to 200.

W 5 credits 2V+1U+1A O. Hilliges

Abstract Recent developments in neural networks (aka “deep learning”) have drastically advanced the performance of machine perception systems
in a variety of areas including computer vision, robotics,  and intelligent UIs. This course is a deep dive into deep learning algorithms and
architectures with applications to a variety of perceptual tasks.

Objective Students will learn about fundamental aspects of modern deep learning approaches for perception. Students will learn to implement, train
and debug their own neural networks and gain a detailed understanding of cutting-edge research in learning-based computer vision,
robotics and HCI. The final project assignment will involve training a complex neural network architecture and applying it on a real-world
dataset of human activity.

The core competency acquired through this course is a solid foundation in deep-learning algorithms to process and interpret human input
into computing systems. In particular, students should be able to develop systems that deal with the problem of recognizing people in
images, detecting and describing body parts, inferring their spatial configuration, performing action/gesture recognition from still images or
image sequences, also considering multi-modal data, among others.
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Content We will focus on teaching: how to set up the problem of machine perception, the learning algorithms, network architectures and advanced
deep learning concepts in particular probabilistic deep learning models 

The course covers the following main areas:
    I) Foundations of deep-learning.
    II) Probabilistic deep-learning for generative modelling of data (latent variable models, generative adversarial networks and auto-
regressive models). 
    III) Deep learning in computer vision, human-computer interaction and robotics.   

Specific topics include: 
    I) Deep learning basics:
        a) Neural Networks and training (i.e., backpropagation)
        b) Feedforward Networks
        c) Timeseries modelling (RNN, GRU, LSTM)
        d) Convolutional Neural Networks for classification
    II) Probabilistic Deep Learning:
        a) Latent variable models (VAEs)
        b) Generative adversarial networks (GANs)
        c) Autoregressive models (PixelCNN, PixelRNN, TCNs)
    III) Deep Learning techniques for machine perception:
        a) Fully Convolutional architectures for dense per-pixel tasks (i.e., instance segmentation)
        b) Pose estimation and other tasks involving human activity
                c) Deep reinforcement learning 
    IV) Case studies from research in computer vision, HCI, robotics and signal processing

Literature Deep Learning
Book by Ian Goodfellow and Yoshua Bengio

Prerequisites /
notice

This is an advanced grad-level course that requires a background in machine learning. Students are expected to have a solid mathematical
foundation, in particular in linear algebra, multivariate calculus, and probability. The course will focus on state-of-the-art research in deep-
learning and will not repeat basics of machine learning

Please take note of the following conditions:
    1) The number of participants is limited to 200 students (MSc and PhDs).
    2) Students must have taken the exam in Machine Learning (252-0535-00) or have acquired equivalent knowledge
    3) All practical exercises will require basic knowledge of Python and will use libraries such as TensorFlow, scikit-learn and scikit-image.
We will provide introductions to TensorFlow and other libraries that are needed but will not provide introductions to basic programming or
Python. 

The following courses are strongly recommended as prerequisite:
 * "Visual Computing" or "Computer Vision" 
 
The course will be assessed by a final written examination in English. No course materials or electronic devices can be used during the
examination. Note that the examination will be based on the contents of the lectures, the associated reading materials and the exercises.

263-5806-00L Computational Models of Motion for Character
Animation and Robotics

W 6 credits 2V+2U+1A S. Coros, M. Bächer,
B. Thomaszewski

Abstract This course covers fundamentals of physics-based modelling and numerical optimization from the perspective of character animation and
robotics applications. The methods discussed in class derive their theoretical underpinnings from applied mathematics, control theory and
computational mechanics, and they will be richly illustrated using examples ranging from locomotion controllers and crowd simula

Objective Students will learn how to represent, model and algorithmically control the behavior of animated characters and real-life robots. The
lectures are accompanied by programming assignments (written in C++) and a capstone project.

Content Optimal control and trajectory optimization; multibody systems; kinematics; forward and inverse dynamics; constrained and unconstrained
numerical optimization; mass-spring models for crowd simulation; FEM; compliant systems; sim-to-real; robotic manipulation of elastically-
deforming objects. 

Prerequisites /
notice

Experience with C++ programming, numerical linear algebra and multivariate calculus. Some background in physics-based modeling,
kinematics and dynamics is helpful, but not necessary.


227-0560-00L Deep Learning for Autonomous Driving
Registration in this class requires the permission of the
instructors. Class size will be limited to 80 students.
Preference is given to EEIT, INF and RSC students.

W 6 credits 3V+2P D. Dai, A. Liniger

Abstract Autonomous driving has moved from the realm of science fiction to a very real possibility during the past twenty years, largely due to rapid
developments of deep learning approaches, automotive sensors, and microprocessor capacity. This course covers the core techniques
required for building a self-driving car, especially the practical use of deep learning through this theme.

Objective Students will learn about the fundamental aspects of a self-driving car. They will also learn to use modern automotive sensors and HD
navigational maps, and to implement, train and debug their own deep neural networks in order to gain a deep understanding of cutting-
edge research in autonomous driving tasks, including perception, localization and control.

After attending this course, students will:
1) understand the core technologies of building a self-driving car;
2) have a good overview over the current state of the art in self-driving cars;
3) be able to critically analyze and evaluate current research in this area;
4) be able to implement basic systems for multiple autonomous driving tasks.
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Content We will focus on teaching the following topics centered on autonomous driving: deep learning, automotive sensors, multimodal driving
datasets, road scene perception, ego-vehicle localization, path planning, and control.

The course covers the following main areas: 

I) Foundation
a) Fundamentals of a self-driving car
b) Fundamentals of deep-learning 


II) Perception
a) Semantic segmentation and lane detection
b) Depth estimation with images and sparse LiDAR data 
c) 3D object detection with images and LiDAR data 
d) Object tracking and motion prediction 

III) Localization 
a) GPS-based and Vision-based Localization
b) Visual Odometry and Lidar Odometry

IV) Path Planning and Control
a) Path planning for autonomous driving
b) Motion planning and vehicle control
c) Imitation learning and reinforcement learning for self driving cars

The exercise projects will involve training complex neural networks and applying them on real-world, multimodal driving datasets. In
particular, students should be able to develop systems that deal with the following problems:
- Sensor calibration and synchronization to obtain multimodal driving data;
- Semantic segmentation and depth estimation with deep neural networks ;
- Learning to drive with images and map data directly (a.k.a. end-to-end driving)

Lecture notes The lecture slides will be provided as a PDF.
Prerequisites /
notice

This is an advanced grad-level course. Students must have taken courses on machine learning and computer vision or have acquired
equivalent knowledge. Students are expected to have a solid mathematical foundation, in particular in linear algebra, multivariate calculus,
and probability. All practical exercises will require basic knowledge of Python and will use libraries such as PyTorch, scikit-learn and scikit-
image.

227-1034-00L Computational Vision (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: INI402

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W 6 credits 2V+1U D. Kiper

Abstract This course focuses on neural computations that underlie visual perception. We study how visual signals are processed in the retina, LGN
and visual cortex. We study the morpholgy and functional architecture of cortical circuits responsible for pattern, motion, color, and three-
dimensional vision.

Objective This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Content This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Literature Books: (recommended references, not required)
1. An Introduction to Natural Computation, D. Ballard (Bradford Books, MIT Press) 1997.
2. The Handbook of Brain Theorie and Neural Networks, M. Arbib (editor), (MIT Press) 1995.

 Seminar in Visual Computing
Number Title Type ECTS Hours Lecturers

252-5704-00L Advanced Methods in Computer Graphics
Number of participants limited to 24.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S O. Sorkine Hornung

Abstract This seminar covers advanced topics in computer graphics with a focus on the latest research results. Topics include modeling, rendering,
visualization,
animation, physical simulation, computational photography, and others.

Objective The goal is to obtain an in-depth understanding of actual problems and 
research topics in the field of computer graphics as well as improve              
presentation and critical analysis skills.

263-5904-00L Deep Learning for Computer Vision: Seminal Work
Number of participants limited to 24.

W 2 credits 2S M. R. Oswald, Z. Cui
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The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

Abstract This seminar covers seminal papers on the topic of deep learning for computer vision. The students will present and discuss the papers
and gain an understanding of the most influential research in this area - both past and present.

Objective The objectives of this seminar are two-fold. Firstly, the aim is to provide a solid understanding of key contributions to the field of deep
learning for vision (including a historical perspective as well as recent work). Secondly, the students will learn to critically read and analyse
original research papers and judge their impact, as well as how to give a scientific presentation and lead a discussion on their topic.  

Content The seminar will start with introductory lectures to provide (1) a compact overview of challenges and relevant machine learning and deep
learning research, and (2) a tutorial on critical analysis and presentation of research papers. Each student then chooses one paper from
the provided collection to present during the remainder of the seminar. The students will be supported in the preparation of their
presentation by the seminar assistants.

Lecture notes The selection of research papers will be presented at the beginning of the semester. 
Literature The course "Machine Learning" is recommended. 

263-5225-00L Advanced Topics in Machine Learning and Data
Science
Number of participants limited to 20.

The deadline for deregistering expires at the end of the
fourth week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S F. Perez Cruz

Abstract In this seminar, recent papers of the machine learning and data science literature are presented and discussed. Possible topics cover
statistical models, machine learning algorithms and its applications.

Objective The seminar “Advanced Topics in Machine Learning and Data Science” familiarizes students with recent developments in machine learning
and data science. Recently published articles, as well as influential papers, have to be presented and critically reviewed. The students will
learn how to structure a scientific presentation, which covers the motivation, key ideas and main results of a scientific paper. An important
goal of the seminar presentation is to summarize the essential ideas of the paper in sufficient depth for the audience to be able to follow its
main conclusion, especially why the article is (or is not) worth attention. The presentation style will play an important role and should reach
the level of professional scientific presentations.

Content The seminar will cover a number of recent papers which have emerged as important contributions to the machine learning and data
science literatures. The topics will vary from year to year but they are centered on methodological issues in machine learning and its
application, not only to text or images, but other scientific
domains like medicine, climate or physics.

Literature The papers will be presented in the first session of the seminar.

 Focus Courses General Studies
 Core Focus Courses General Studies

Number Title Type ECTS Hours Lecturers

252-0538-00L Shape Modeling and Geometry Processing W 6 credits 2V+1U+2A O. Sorkine Hornung
Abstract This course covers the fundamentals and some of the latest developments in geometric modeling and geometry processing. Topics include

surface modeling based on point clouds and polygonal meshes, mesh generation, surface reconstruction, mesh fairing and
parameterization, discrete differential geometry, interactive shape editing, topics in digital shape fabrication.

Objective The students will learn how to design, program and analyze algorithms and systems for interactive 3D shape modeling and geometry
processing.

Content Recent advances in 3D geometry processing have created a plenitude of novel concepts for the mathematical representation and
interactive manipulation of geometric models. This course covers the fundamentals and some of the latest developments in geometric
modeling and geometry processing. Topics include surface modeling based on point clouds and triangle meshes, mesh generation, surface
reconstruction, mesh fairing and parameterization, discrete differential geometry, interactive shape editing and digital shape fabrication.

Lecture notes Slides and course notes
Prerequisites /
notice

Prerequisites:
Visual Computing, Computer Graphics or an equivalent class. Experience with C++ programming. Solid background in linear algebra and
analysis. Some knowledge of differential geometry, computational geometry and numerical methods is helpful but not a strict requirement.

261-5110-00L Optimization for Data Science W 8 credits 3V+2U+2A B. Gärtner, D. Steurer
Abstract This course provides an in-depth theoretical treatment of optimization methods that are particularly relevant in data science.
Objective Understanding the theoretical guarantees (and their limits) of relevant optimization methods used in data science. Learning general

paradigms to deal with optimization problems arising in data science.
Content This course provides an in-depth theoretical treatment of optimization methods that are particularly relevant in machine learning and data

science.

In the first part of the course, we will first give a brief introduction to convex optimization, with some basic motivating examples from
machine learning. Then we will analyse classical and more recent first and second order methods for convex optimization: gradient
descent, projected gradient descent, subgradient descent, stochastic gradient descent, Nesterov's accelerated method, Newton's method,
and Quasi-Newton methods. The emphasis will be on analysis techniques that occur repeatedly in convergence analyses for various
classes of convex functions. We will also discuss some classical and recent theoretical results for nonconvex optimization. 

In the second part, we discuss convex programming relaxations as a powerful and versatile paradigm for designing efficient algorithms to
solve computational problems arising in data science. We will learn about this paradigm and develop a unified perspective on it through the
lens of the sum-of-squares semidefinite programming hierarchy. As applications, we are discussing non-negative matrix factorization,
compressed sensing and sparse linear regression, matrix completion and phase retrieval, as well as robust estimation.

Prerequisites /
notice

As background, we require material taught in the course "252-0209-00L Algorithms, Probability, and Computing". It is not necessary that
participants have actually taken the course, but they should be prepared to catch up if necessary.

263-2925-00L Program Analysis for System Security and Reliability W 6 credits 2V+1U+2A P. Tsankov
Abstract Security issues in modern systems (blockchains, datacenters, AI) result in billions of losses due to hacks. This course introduces the

security issues in modern systems and state-of-the-art automated techniques for building secure and reliable systems. The course has a
practical focus and covers systems built by successful ETH spin-offs.
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Objective * Learn about security issues in modern systems -- blockchains, smart contracts, AI-based systems (e.g., autonomous cars), data centers -
- and why they are challenging to address.

* Understand how the latest automated analysis techniques work, both discrete and probabilistic.

* Understand how these techniques combine with machine-learning methods, both supervised and unsupervised.

* Understand how to use these methods to build reliable and secure modern systems.

* Learn about new open problems that if solved can lead to research and commercial impact.

Content Part I: Security of Blockchains

- We will cover existing blockchains (e.g., Ethereum, Bitcoin), how they work, what the core security issues are, and how these have led to
massive financial losses.
- We will show how to extract useful information about smart contracts and transactions using interactive analysis frameworks for querying
blockchains (e.g. Google's Ethereum BigQuery).
- We will discuss the state-of-the-art security tools (e.g., https://securify.ch) for ensuring that smart contracts are free of security
vulnerabilities.
- We will study the latest automated reasoning systems (e.g., https://verx.ch) for checking custom (temporal) properties of smart contracts
and illustrate their operation on real-world use cases.
- We will study the underlying methods for automated reasoning and testing (e.g., abstract interpretation, symbolic execution, fuzzing) are
used to build such tools.


Part II: Security of Datacenters and Networks

- We will show how to ensure that datacenters and ISPs are secured using declarative reasoning methods (e.g., Datalog). We will also see
how to automatically synthesize secure configurations (e.g. using SyNET and NetComplete) which lead to desirable behaviors, thus
automating the job of the network operator and avoiding critical errors.
- We will discuss how to apply modern discrete probabilistic inference (e.g., PSI and Bayonet) so to reason about probabilistic network
properties (e.g., the probability of a packet reaching a destination if links fail).


Part III: Machine Learning for Security

- We will discuss how machine learning models for structured prediction are used to address security tasks, including de-obfuscation of
binaries (Debin: https://debin.ai), Android APKs (DeGuard: http://apk-deguard.com) and JavaScript (JSNice: http://jsnice.org).
- We will study to leverage program abstractions in combination with clustering techniques to learn security rules for cryptography APIs
from large codebases.
- We will study how to automatically learn to identify security vulnerabilities related to the handling of untrusted inputs (cross-Site scripting,
SQL injection, path traversal, remote code execution) from large codebases.


To gain a deeper understanding, the course will involve a hands-on programming project where the methods studied in the class will be
applied.

263-3800-00L Advanced Operating Systems W  7 credits 2V+2U+2A D. Cock, T. Roscoe
Abstract This course is intended to give students a thorough understanding of design and implementation issues for modern operating systems, with

a particular emphasis on the challenges of modern hardware features. We will cover key design issues in implementing an operating
system, such as memory management, scheduling, protection, inter-process communication, device drivers, and file systems.

Objective The goals of the course are, firstly, to give students:

1. A broader perspective on OS design than that provided by knowledge of Unix or Windows, building on the material in a standard
undergraduate operating systems class

2. Practical experience in dealing directly with the concurrency, resource management, and abstraction problems confronting OS designers
and implementers

3. A glimpse into future directions for the evolution of OS and computer hardware design

Content The course is based on practical implementation work, in C and assembly language, and requires solid knowledge of both.  The work is
mostly carried out in teams of 3-4, using real hardware, and is a mixture of team milestones and individual projects which fit together into a
complete system at the end.  Emphasis is also placed on a final report which details the complete finished artifact, evaluates its
performance, and discusses the choices the team made while building it.

Prerequisites /
notice

The course is based around a milestone-oriented project, where students work in small groups to implement major components of a
microkernel-based operating system. The final assessment will be a combination grades awarded for milestones during the course of the
project, a final written report on the work, and a set of test cases run on the final code.

263-4660-00L Applied Cryptography
Number of participants limited to 150.

W 8 credits 3V+2U+2P K. Paterson

Abstract This course will introduce the basic primitives of cryptography, using rigorous syntax and game-based security definitions. The course will
show how these primitives can be combined to build cryptographic protocols and systems.

Objective The goal of the course is to put students' understanding of cryptography on sound foundations, to enable them to start to build well-
designed cryptographic systems, and to expose them to some of the pitfalls that arise when doing so.

Content Basic symmetric primitives (block ciphers, modes, hash functions); generic composition; AEAD; basic secure channels; basic public key
primitives (encryption,signature, DH key exchange); ECC; randomness; applications.

Literature Textbook: Boneh and Shoup, “A Graduate Course in Applied Cryptography”,
https://crypto.stanford.edu/~dabo/cryptobook/BonehShoup_0_4.pdf.

Prerequisites /
notice

Ideally, students will have taken the D-INFK Bachelors course “Information Security" or an equivalent course at Bachelors level.

227-0558-00L Principles of Distributed Computing W 7 credits 2V+2U+2A R. Wattenhofer, M. Ghaffari
Abstract We study the fundamental issues underlying the design of distributed systems: communication, coordination, fault-tolerance, locality,

parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential algorithmic ideas and lower bound
techniques.
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Objective Distributed computing is essential in modern computing and communications systems. Examples are on the one hand large-scale networks
such as the Internet, and on the other hand multiprocessors such as your new multi-core laptop. This course introduces the principles of
distributed computing, emphasizing the fundamental issues underlying the design of distributed systems and networks: communication,
coordination, fault-tolerance, locality, parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential
algorithmic ideas and lower bound techniques, basically the "pearls" of distributed computing. We will cover a fresh topic every week.

Content Distributed computing models and paradigms, e.g. message passing, shared memory, synchronous vs. asynchronous systems, time and
message complexity, peer-to-peer systems, small-world networks, social networks, sorting networks, wireless communication, and self-
organizing systems.

Distributed algorithms, e.g. leader election, coloring, covering, packing, decomposition, spanning trees, mutual exclusion, store and collect,
arrow, ivy, synchronizers, diameter, all-pairs-shortest-path, wake-up, and lower bounds

Lecture notes Available. Our course script is used at dozens of other universities around the world.
Literature Lecture Notes By Roger Wattenhofer. These lecture notes are taught at about a dozen different universities through the world.


Distributed Computing: Fundamentals, Simulations and Advanced Topics
Hagit Attiya, Jennifer Welch.
McGraw-Hill Publishing, 1998, ISBN 0-07-709352 6

Introduction to Algorithms
Thomas Cormen, Charles Leiserson, Ronald Rivest.
The MIT Press, 1998, ISBN 0-262-53091-0 oder 0-262-03141-8

Disseminatin of Information in Communication Networks
Juraj Hromkovic, Ralf Klasing, Andrzej Pelc, Peter Ruzicka, Walter Unger.
Springer-Verlag, Berlin Heidelberg, 2005, ISBN 3-540-00846-2

Introduction to Parallel Algorithms and Architectures: Arrays, Trees, Hypercubes
Frank Thomson Leighton.
Morgan Kaufmann Publishers Inc., San Francisco, CA, 1991, ISBN 1-55860-117-1

Distributed Computing: A Locality-Sensitive Approach
David Peleg.
Society for Industrial and Applied Mathematics (SIAM), 2000, ISBN 0-89871-464-8

Prerequisites /
notice

Course pre-requisites: Interest in algorithmic problems. (No particular course needed.)

401-3632-00L Computational Statistics W 8 credits 3V+1U M. H. Maathuis
Abstract We discuss modern statistical methods for data analysis, including methods for data exploration, prediction and inference. We pay attention

to algorithmic aspects, theoretical properties and practical considerations. The class is hands-on and methods are applied using the
statistical programming language R.

Objective The student obtains an overview of modern statistical methods for data analysis, including their algorithmic aspects and theoretical
properties. The methods are applied using the statistical programming language R.

Content See the class website
Prerequisites /
notice

At least one semester of (basic) probability and statistics.

Programming experience is helpful but not required.

 Elective Focus Courses General Studies
Number Title Type ECTS Hours Lecturers

252-0312-00L Ubiquitous Computing W 4 credits 2V+1A C. Holz, F. Mattern, S. Mayer
Abstract Unlike desktop computing, ubiquitous computing occurs anytime and everywhere, using any device, in any location, and in any format.

Computers exist in different forms, from watches and phones to refrigerators or pairs of glasses. 
Main topics: Smart environments, IoT, mobiles & wearables, context & location, sensing & tracking, computer vision on embedded
systems, health monitoring, fabrication.

Objective Unlike desktop computing, ubiquitous computing occurs anytime and everywhere, using any device, in any location, and in any format.
Computers exist in different forms, from watches and phones to refrigerators or pairs of glasses. 
Main topics: Smart environments, IoT, mobiles & wearables, context & location, sensing & tracking, computer vision on embedded
systems, health monitoring, fabrication.

Lecture notes Copies of slides will be made available
Literature Will be provided in the lecture. To put you in the mood:

Mark Weiser: The Computer for the 21st Century. Scientific American, September 1991, pp. 94-104

252-0408-00L Cryptographic Protocols W 6 credits 2V+2U+1A M. Hirt, U. Maurer
Abstract The course presents a selection of hot research topics in cryptography. The choice of topics varies and may include provable security,

interactive proofs, zero-knowledge protocols, secret sharing, secure multi-party computation, e-voting, etc.
Objective Indroduction to a very active research area with many gems and paradoxical

results. Spark interest in fundamental problems.
Content The course presents a selection of hot research topics in cryptography. The choice of topics varies and may include provable security,

interactive proofs, zero-knowledge protocols, secret sharing, secure multi-party computation, e-voting, etc.
Lecture notes the lecture notes are in German, but they are not required as the entire

course material is documented also in other course material (in english).
Prerequisites /
notice

A basic understanding of fundamental cryptographic concepts 
(as taught for example in the course Information Security or
in the course Cryptography Foundations) is useful, but not required.

252-0437-00L Distributed Algorithms W  5 credits 3V+1A F. Mattern
Abstract Models of distributed computations, time space diagrams, virtual time, logical clocks and causality, wave algorithms, parallel and distributed

graph traversal, consistent snapshots, mutual exclusion, election and symmetry breaking, distributed termination detection, garbage
collection in distributed systems, monitoring distributed systems, global predicates.

Objective Become acquainted with models and algorithms for distributed systems.
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Content Verteilte Algorithmen sind Verfahren, die dadurch charakterisiert sind, dass mehrere autonome Prozesse gleichzeitig Teile eines
gemeinsamen Problems in kooperativer Weise bearbeiten und der dabei erforderliche Informationsaustausch ausschliesslich über
Nachrichten erfolgt. Derartige Algorithmen kommen im Rahmen verteilter Systeme zum Einsatz, bei denen kein gemeinsamer Speicher
existiert und die Übertragungszeit von Nachrichten i.a. nicht vernachlässigt werden kann. Da dabei kein Prozess eine aktuelle konsistente
Sicht des globalen Zustands besitzt, führt dies zu interessanten Problemen.
Im einzelnen werden u.a. folgende Themen behandelt: 
Modelle verteilter Berechnungen; Raum-Zeit Diagramme; Virtuelle Zeit; Logische Uhren und Kausalität; Wellenalgorithmen; Verteilte und
parallele Graphtraversierung; Berechnung konsistenter Schnappschüsse; Wechselseitiger Ausschluss; Election und Symmetriebrechung;
Verteilte Terminierung; Garbage-Collection in verteilten Systemen; Beobachten verteilter Systeme; Berechnung globaler Prädikate.

Literature - F. Mattern: Verteilte Basisalgorithmen, Springer-Verlag
- G. Tel: Topics in Distributed Algorithms, Cambridge University Press
- G. Tel: Introduction to Distributed Algorithms, Cambridge University Press, 2nd edition
- A.D. Kshemkalyani, M. Singhal: Distributed Computing, Cambridge University Press
- N. Lynch: Distributed Algorithms, Morgan Kaufmann Publ

252-0526-00L Statistical Learning Theory W 7 credits 3V+2U+1A J. M. Buhmann, C. Cotrini Jimenez
Abstract The course covers advanced methods of statistical learning: 


- Variational methods and optimization.
- Deterministic annealing. 
- Clustering for diverse types of data.
- Model validation by information theory.

Objective The course surveys recent methods of statistical learning. The fundamentals of machine learning, as presented in the courses "Introduction
to Machine Learning" and "Advanced Machine Learning", are expanded from the perspective of statistical learning.

Content - Variational methods and optimization. We consider optimization approaches for problems where the optimizer is a probability distribution.
We will discuss concepts like maximum entropy, information bottleneck, and deterministic annealing.

- Clustering. This is the problem of sorting data into groups without using training samples. We discuss alternative notions of "similarity"
between data points and adequate optimization procedures.

- Model selection and validation. This refers to the question of how complex the chosen model should be. In particular, we present an
information theoretic approach for model validation.

- Statistical physics models. We discuss approaches for approximately optimizing large systems, which originate in statistical physics (free
energy minimization applied to spin glasses and other models). We also study sampling methods based on these models.

Lecture notes A draft of a script will be provided. Lecture slides will be made available.
Literature Hastie, Tibshirani, Friedman: The Elements of Statistical Learning, Springer, 2001.


L. Devroye, L. Gyorfi, and G. Lugosi: A probabilistic theory of pattern recognition. Springer, New York, 1996

Prerequisites /
notice

Knowledge of machine learning (introduction to machine learning and/or advanced machine learning)
Basic knowledge of statistics.

252-0570-00L Game Programming Laboratory
In the Master Programme max. 10 credits can be
accounted by Labs on top of the Interfocus Courses.
Additional Labs will be listed on the Addendum.

W 10 credits 9P B. Sumner

Abstract The goal of this course is the in-depth understanding of the technology and programming underlying computer games. Students gradually
design and develop a computer game in small groups and get acquainted with the art of game programming.

Objective The goal of this new course is to acquaint students with the
technology and art of programming modern three-dimensional computer
games.

Content This course addresses modern three-dimensional computer game technology.  During the course, small groups of students will design and
develop a computer game.  Focus will be put on technical aspects of game development, such as rendering, cinematography, interaction,
physics, animation, and AI.  In addition, we will cultivate creative thinking for advanced gameplay and visual effects. 

The "laboratory" format involves a practical, hands-on approach with traditional lectures.  We will meet once a week to discuss technical
issues and to track progress.  For development we use MonoGames, which is a collection of libraries and tools that facilitate game
development. While development will take place on PCs, we will ultimately deployour games on the Xbox One console.

At the end of the course we will present our results to the public.

Lecture notes Game Design Workshop: A Playcentric Approach to Creating Innovative Games by Tracy Fullerton
Prerequisites /
notice

The number of participants is limited.

Prerequisites include:

- Good programming skills (Java, C++, C#, etc.)

- CG experience: Students should have taken, at a minimum, Visual
Computing.  Higher level courses are recommended, such as Introduction
to Computer Graphics, Surface Representations and Geometric Modeling,
and Physically-based Simulation in Computer Graphics.

252-0579-00L 3D Vision W 5 credits 3G+1A M. Pollefeys, V. Larsson
Abstract The course covers camera models and calibration, feature tracking and matching, camera motion estimation via simultaneous localization

and mapping (SLAM) and visual odometry (VO), epipolar and mult-view geometry, structure-from-motion, (multi-view) stereo, augmented
reality, and image-based (re-)localization.

Objective After attending this course, students will:
   1. understand the core concepts for recovering 3D shape of objects and scenes from images and video.
   2. be able to implement basic systems for vision-based robotics and simple virtual/augmented reality applications.
   3. have a good overview over the current state-of-the art in 3D vision.
   4. be able to critically analyze and asses current research in this area.

Content The goal of this course is to teach the core techniques required for robotic and augmented reality applications: How to determine the
motion of a camera and how to estimate the absolute position and orientation of a camera in the real world. This course will introduce the
basic concepts of 3D Vision in the form of short lectures, followed by student presentations discussing the current state-of-the-art. The
main focus of this course are student projects on 3D Vision topics, with an emphasis on robotic vision and virtual and augmented reality
applications.
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252-0817-00L Distributed Systems Laboratory
In the Master Programme max. 10 credits can be
accounted by Labs
on top of the Interfocus Courses. Additional Labs will be
listed on the Addendum.

W 10 credits 9P G. Alonso, T. Hoefler, F. Mattern,
A. Singla, R. Wattenhofer,
C. Zhang

Abstract This course involves the participation in a substantial development and/or evaluation project involving distributed systems technology.
There are projects available in a wide range of areas: from web services to ubiquitous computing including as well wireless networks, ad-
hoc networks, and distributed application on mobile phones.

Objective Students acquire practical knowledge about technologies from the area of distributed systems.
Content This course involves the participation in a substantial development and/or evaluation project involving distributed systems technology.

There are projects available in a wide range of areas: from web services to ubiquitous computing including as well wireless networks, ad-
hoc networks, and distributed application on mobile phones. The objecte of the project is for the students to gain hands-on-experience with
real products and the latest technology in distributed systems. There is no lecture associated to the course.
For information of the course or projects available, please contact Prof. Mattern, Prof. Wattenhofer, Prof. Roscoe or Prof. G. Alonso.

252-1424-00L Models of Computation W 6 credits 2V+2U+1A M. Cook
Abstract This course surveys many different models of computation: Turing Machines, Cellular Automata, Finite State Machines, Graph Automata,

Circuits, Tilings, Lambda Calculus, Fractran, Chemical Reaction Networks, Hopfield Networks, String Rewriting Systems, Tag Systems,
Diophantine Equations, Register Machines, Primitive Recursive Functions, and more.

Objective The goal of this course is to become acquainted with a wide variety of models of computation, to understand how models help us to
understand the modeled systems, and to be able to develop and analyze models appropriate for new systems.

Content This course surveys many different models of computation: Turing Machines, Cellular Automata, Finite State Machines, Graph Automata,
Circuits, Tilings, Lambda Calculus, Fractran, Chemical Reaction Networks, Hopfield Networks, String Rewriting Systems, Tag Systems,
Diophantine Equations, Register Machines, Primitive Recursive Functions, and more.

252-3005-00L Natural Language Understanding
Does not take place this semester.
Takes place in HS20.

W 5 credits 2V+1U+1A to be announced

Abstract This course presents topics in natural language processing with an emphasis on modern techniques, primarily focusing on statistical and
deep learning approaches. The course provides an overview of the primary areas of research in language processing as well as a detailed
exploration of the models and techniques used both in research and in commercial natural language systems.

Objective The objective of the course is to learn the basic concepts in the statistical processing of natural languages. The course will be project-
oriented so that the students can also gain hands-on experience with state-of-the-art tools and techniques.

Content This course presents an introduction to general topics and techniques used in natural language processing today, primarily focusing on
statistical approaches. The course provides an overview of the primary areas of research in language processing as well as a detailed
exploration of the models and techniques used both in research and in commercial natural language systems.

Literature Lectures will make use of textbooks such as the one by Jurafsky and Martin where appropriate, but will also make use of original research
and survey papers.

252-5706-00L Mathematical Foundations of Computer Graphics and
Vision

W 5 credits 2V+1U+1A M. R. Oswald, C. Öztireli

Abstract This course presents the fundamental mathematical tools and concepts used in computer graphics and vision. Each theoretical topic is
introduced in the context of practical vision or graphic problems, showcasing its importance in real-world applications.

Objective The main goal is to equip the students with the key mathematical tools necessary to understand state-of-the-art algorithms in vision and
graphics. In addition to the theoretical part, the students will learn how to use these mathematical tools to solve a wide range of practical
problems in visual computing. After successfully completing this course, the students will be able to apply these mathematical concepts
and tools to practical industrial and academic projects in visual computing.

Content The theory behind various mathematical concepts and tools will be introduced, and their practical utility will be showcased in diverse
applications in computer graphics and vision. The course will cover topics in sampling, reconstruction, approximation, optimization, robust
fitting, differentiation, quadrature and spectral methods. Applications will include 3D surface reconstruction, camera pose estimation, image
editing, data projection, character animation, structure-aware geometry processing, and rendering.

261-5120-00L Machine Learning for Health Care
Number of participants limited to 150.


W 5 credits 3P+1A G. Rätsch, J. Vogt, V. Boeva

Abstract The course will review the most relevant methods and applications of Machine Learning in Biomedicine, discuss the main challenges they
present and their current technical problems. 

Objective During the last years, we have observed a rapid growth in the field of Machine Learning (ML), mainly due to improvements in ML
algorithms, the increase of data availability and a reduction in computing costs. This growth is having a profound impact in biomedical
applications, where the great variety of tasks and data types enables us to get benefit of ML algorithms in many different ways. In this
course we will review the most relevant methods and applications of ML in biomedicine, discuss the main challenges they present and their
current technical solutions. 

Content The course will consist of four topic clusters that will cover the most relevant applications of ML in Biomedicine: 
1) Structured time series: Temporal time series of structured data often appear in biomedical datasets, presenting challenges as containing
variables with different periodicities, being conditioned by static data, etc.
2) Medical notes: Vast amount of medical observations are stored in the form of free text, we will analyze stategies for extracting
knowledge from them. 
3) Medical images: Images are a fundamental piece of information in many medical disciplines. We will study how to train ML algorithms
with them. 
4) Genomics data: ML in genomics is still an emerging subfield, but given that genomics data are arguably the most extensive and complex
datasets that can be found in biomedicine, it is expected that many relevant ML applications will arise in the near future. We will review and
discuss current applications and challenges.   

Prerequisites /
notice

Data Structures & Algorithms, Introduction to Machine Learning, Statistics/Probability, Programming in Python, Unix Command Line

Relation to Course 261-5100-00 Computational Biomedicine: This course is a continuation of the previous course with new topics related to
medical data and machine learning. The format of Computational Biomedicine II will also be different. It is helpful but not essential to attend
Computational Biomedicine before attending Computational Biomedicine II.

263-3501-00L Future Internet W 6 credits 1V+1U+3A A. Singla
Abstract This course will discuss recent advances in networking, with a focus on the Internet, with topics ranging from the algorithmic design of

applications like video streaming to the likely near-future of satellite-based networking.
Objective The goals of the course are to build on basic undergraduate-level networking, and provide an understanding of the tradeoffs and existing

technology in the design of large, complex networked systems, together with concrete experience of the challenges through a series of lab
exercises.
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Content The focus of the course is on principles, architectures, protocols, and applications used in modern networked systems. Example topics
include:

- How video streaming services like Netflix work, and research on improving their performance.
- How Web browsing could be made faster
- How the Internet's protocols are improving
- Exciting developments in satellite-based networking (ala SpaceX)
- The role of data centers in powering Internet services

A series of programming assignments will form a substantial part of the course grade.

Lecture notes Lecture slides will be made available at the course Web site: https://ndal.ethz.ch/courses/fi.html
Literature No textbook is required, but there will be regularly assigned readings from research literature, liked to the course Web site:

https://ndal.ethz.ch/courses/fi.html.
Prerequisites /
notice

An undergraduate class covering the basics of networking, such as Internet routing and TCP. At ETH, Computer Networks (252-0064-00L)
and Communication Networks (227-0120-00L) suffice. Similar courses from other universities are acceptable too.

263-3710-00L Machine Perception
Number of participants limited to 200.

W 5 credits 2V+1U+1A O. Hilliges

Abstract Recent developments in neural networks (aka “deep learning”) have drastically advanced the performance of machine perception systems
in a variety of areas including computer vision, robotics,  and intelligent UIs. This course is a deep dive into deep learning algorithms and
architectures with applications to a variety of perceptual tasks.

Objective Students will learn about fundamental aspects of modern deep learning approaches for perception. Students will learn to implement, train
and debug their own neural networks and gain a detailed understanding of cutting-edge research in learning-based computer vision,
robotics and HCI. The final project assignment will involve training a complex neural network architecture and applying it on a real-world
dataset of human activity.

The core competency acquired through this course is a solid foundation in deep-learning algorithms to process and interpret human input
into computing systems. In particular, students should be able to develop systems that deal with the problem of recognizing people in
images, detecting and describing body parts, inferring their spatial configuration, performing action/gesture recognition from still images or
image sequences, also considering multi-modal data, among others.

Content We will focus on teaching: how to set up the problem of machine perception, the learning algorithms, network architectures and advanced
deep learning concepts in particular probabilistic deep learning models 

The course covers the following main areas:
    I) Foundations of deep-learning.
    II) Probabilistic deep-learning for generative modelling of data (latent variable models, generative adversarial networks and auto-
regressive models). 
    III) Deep learning in computer vision, human-computer interaction and robotics.   

Specific topics include: 
    I) Deep learning basics:
        a) Neural Networks and training (i.e., backpropagation)
        b) Feedforward Networks
        c) Timeseries modelling (RNN, GRU, LSTM)
        d) Convolutional Neural Networks for classification
    II) Probabilistic Deep Learning:
        a) Latent variable models (VAEs)
        b) Generative adversarial networks (GANs)
        c) Autoregressive models (PixelCNN, PixelRNN, TCNs)
    III) Deep Learning techniques for machine perception:
        a) Fully Convolutional architectures for dense per-pixel tasks (i.e., instance segmentation)
        b) Pose estimation and other tasks involving human activity
                c) Deep reinforcement learning 
    IV) Case studies from research in computer vision, HCI, robotics and signal processing

Literature Deep Learning
Book by Ian Goodfellow and Yoshua Bengio

Prerequisites /
notice

This is an advanced grad-level course that requires a background in machine learning. Students are expected to have a solid mathematical
foundation, in particular in linear algebra, multivariate calculus, and probability. The course will focus on state-of-the-art research in deep-
learning and will not repeat basics of machine learning

Please take note of the following conditions:
    1) The number of participants is limited to 200 students (MSc and PhDs).
    2) Students must have taken the exam in Machine Learning (252-0535-00) or have acquired equivalent knowledge
    3) All practical exercises will require basic knowledge of Python and will use libraries such as TensorFlow, scikit-learn and scikit-image.
We will provide introductions to TensorFlow and other libraries that are needed but will not provide introductions to basic programming or
Python. 

The following courses are strongly recommended as prerequisite:
 * "Visual Computing" or "Computer Vision" 
 
The course will be assessed by a final written examination in English. No course materials or electronic devices can be used during the
examination. Note that the examination will be based on the contents of the lectures, the associated reading materials and the exercises.

263-4507-00L Advances in Distributed Graph Algorithms
Does not take place this semester.

W 6 credits 3V+1U+1A M. Ghaffari

Abstract How can a network of computers solve the graph problems needed for running that network?
Objective This course will familiarize the students with the algorithmic tools and techniques in local distributed graph algorithms, and overview the

recent highlights in the field. This will also prepare the students for independent research at the frontier of this area.

This is a special‐topics course in algorithm design. It should be accessible to any student with sufficient theoretical/algorithmic background.
In particular, it assumes no familiarity with distributed computing. We only expect that the students are comfortable with the basics of
algorithm design and analysis, as well as probability theory. It is possible to take this course simultaneously with the course “Principles of
Distributed Computing”. If you are not sure whether you are ready for this class or not, please consult the instructor.
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Content How can a network of computers solve the graph problems needed for running that network?

Answering this and similar questions is the underlying motivation of the area of Distributed Graph Algorithms. The area focuses on the
foundational algorithmic aspects in these questions and provides methods for various distributed systems --- e.g., the Internet, a wireless
network, a multi-processor computer, etc --- to solve computational problems that can be abstracted as graph problems. For instance, think
about shortest path computation in routing, or about coloring and independent set computation in contention resolution.

Over the past decade, we have witnessed a renaissance in the area of Distributed Graph Algorithms, with tremendous progress in many
directions and solutions for a number of decades-old central problems. This course overviews the highlights of these results. The course
will mainly focus on one half of the field, which revolves around locality and local problems. The other half, which relates to the issue of
congestion and dealing with limited bandwidth in global problems, will not be addressed in this offering of the course.

The course will cover a sampling of the recent developments (and open questions) at the frontier of research of distributed graph
algorithms. The material will be based on a compilation of recent papers in this area, which will be provided throughout the semester. The
tentative list of topics includes:
-    The shattering technique for local graph problems and its necessity
-    Lovasz Local Lemma algorithms, their distributed variants, and distributed applications
-               Distributed Derandomization
-    Distributed Lower bounds 
-    Graph Coloring
-    Complexity Hierarchy and Gaps
-    Primal-Dual Techniques

Prerequisites /
notice

The class assumes no knowledge in distributed algorithms/computing. Our only prerequisite is the undergraduate class Algorithms,
Probability, and Computing (APC) or any other course that can be seen as the equivalent. In particular, much of what we will discuss uses
randomized algorithms and therefore, we will assume that the students are familiar with the tools and techniques in randomized algorithms
and analysis (to the extent covered in the APC class).

263-4600-00L Formal Methods for Information Security W 5 credits 2V+1U+1A R. Sasse, C. Sprenger
Abstract The course focuses on formal methods for the modelling and analysis of security protocols for critical systems, ranging from authentication

protocols for network security to electronic voting protocols and online banking.
Objective The students will learn the key ideas and theoretical foundations of formal modelling and analysis of security protocols. The students will

complement their theoretical knowledge by solving practical exercises, completing a small project, and using state-of-the-art tools.
Content The course treats formal methods mainly for the modelling and analysis of security protocols. Cryptographic protocols (such as SSL/TLS,

SSH, Kerberos, SAML single-sign on, and IPSec) form the basis for secure communication and business processes. Numerous attacks on
published protocols show that the design of cryptographic protocols is extremely error-prone. A rigorous analysis of these protocols is
therefore indispensable, and manual analysis is insufficient. The lectures cover the theoretical basis for the (tool-supported) formal
modeling and analysis of such protocols. Specifically, we discuss their operational semantics, the formalization of security properties, and
techniques and algorithms for their verification.

In addition to the classical security properties for confidentiality and authentication, we will study strong secrecy and privacy properties. We
will discuss electronic voting protocols, and RFID protocols (a staple of the Internet of Things), where these properties are central. The
accompanying tutorials provide an opportunity to apply the theory and tools to concrete protocols. Moreover, we will discuss methods to
abstract and refine security protocols and the link between symbolic protocol models and cryptographic models. 

Furthermore, we will also present a security notion for general systems based on non-interference as well as language-based information
flow security where non-interference is enforced via a type system.

263-4400-00L Advanced Graph Algorithms and Optimization
Number of participants limited to 30.

W 5 credits 3G+1A R. Kyng

Abstract This course will cover a number of advanced topics in optimization and graph algorithms.
Objective The course will take students on a deep dive into modern approaches to

 graph algorithms using convex optimization techniques. 

 By studying convex optimization through the lens of graph algorithms,
 students should develop a deeper understanding of fundamental
 phenomena in optimization.

 The course will cover some traditional discrete approaches to various graph
 problems, especially flow problems, and then contrast these approaches
 with modern, asymptotically faster methods based on combining convex
 optimization with spectral and combinatorial graph theory.

Content Students should leave the course understanding key
 concepts in optimization such as first and second-order optimization,
 convex duality, multiplicative weights and dual-based methods,
 acceleration, preconditioning, and non-Euclidean optimization.

 Students will also be familiarized with central techniques in the
 development of graph algorithms in the past 15 years, including graph
 decomposition techniques, sparsification, oblivious routing, and
 spectral and combinatorial preconditioning.

Prerequisites /
notice

This course is targeted toward masters and doctoral students with an
 interest in theoretical computer science. 

 Students should be comfortable with design and analysis of algorithms, probability, and linear algebra. 

 Having passed the course Algorithms, Probability, and Computing (APC)  is highly recommended, but not formally required. If you are not
 sure whether you're ready for this class or not, please consult the
 instructor.

263-4656-00L Digital Signatures W 4 credits 2V+1A D. Hofheinz
Abstract Digital signatures as one central cryptographic building block. Different security goals and security definitions for digital signatures, followed

by a variety of popular and fundamental signature schemes with their security analyses. 
Objective The student knows a variety of techniques to construct and analyze the security of digital signature schemes. This includes modularity as a

central tool of constructing secure schemes, and reductions as a central tool to proving the security of schemes.
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Content We will start with several definitions of security for signature schemes, and investigate the relations among them. We will proceed to
generic (but inefficient) constructions of secure signatures, and then move on to a number of efficient schemes based on concrete
computational hardness assumptions. On the way, we will get to know paradigms such as hash-then-sign, one-time signatures, and
chameleon hashing as central tools to construct secure signatures.

Literature Jonathan Katz, "Digital Signatures."
Prerequisites /
notice

Ideally, students will have taken the D-INFK Bachelors course "Information Security" or an equivalent course at Bachelors level.

263-5300-00L Guarantees for Machine Learning W 5 credits 2V+2A F. Yang
Abstract This course teaches classical and recent methods in statistics and optimization commonly used to prove theoretical guarantees for

machine learning algorithms. The knowledge is then applied in project work that focuses on understanding phenomena in modern machine
learning.

Objective This course is aimed at advanced master and doctorate students who want to understand and/or conduct independent research on theory
for modern machine learning. For this purpose, students will learn common mathematical techniques from statistical learning theory. In
independent project work, they then apply their knowledge and go through the process of critically questioning recently published work,
finding relevant research questions and learning how to effectively present research ideas to a professional audience.

Content This course teaches some classical and recent methods in statistical learning theory aimed at proving theoretical guarantees for machine
learning algorithms, including topics in

- concentration bounds, uniform convergence
- high-dimensional statistics (e.g. Lasso)
- prediction error bounds for non-parametric statistics (e.g. in kernel spaces)
- minimax lower bounds
- regularization via optimization

The project work focuses on active theoretical ML research that aims to understand modern phenomena in machine learning, including but
not limited to

- how overparameterization could help generalization ( interpolating models, linearized NN )
- how overparameterization could help optimization ( non-convex optimization, loss landscape )
- complexity measures and approximation theoretic properties of randomly initialized and
trained NN
- generalization of robust learning ( adversarial robustness, standard and robust error tradeoff )
- prediction with calibrated confidence ( conformal prediction, calibration )

Prerequisites /
notice

It’s absolutely necessary for students to have a strong mathematical background (basic real analysis, probability theory, linear algebra) and
good knowledge of core concepts in machine learning taught in courses such as “Introduction to Machine Learning”, “Regression”/
“Statistical Modelling”. It's also helpful to have heard an optimization course or approximation theoretic course. In addition to these
prerequisites, this class requires a certain degree of mathematical maturity—including abstract thinking and the ability to understand and
write proofs.

263-5806-00L Computational Models of Motion for Character
Animation and Robotics

W 6 credits 2V+2U+1A S. Coros, M. Bächer,
B. Thomaszewski

Abstract This course covers fundamentals of physics-based modelling and numerical optimization from the perspective of character animation and
robotics applications. The methods discussed in class derive their theoretical underpinnings from applied mathematics, control theory and
computational mechanics, and they will be richly illustrated using examples ranging from locomotion controllers and crowd simula

Objective Students will learn how to represent, model and algorithmically control the behavior of animated characters and real-life robots. The
lectures are accompanied by programming assignments (written in C++) and a capstone project.

Content Optimal control and trajectory optimization; multibody systems; kinematics; forward and inverse dynamics; constrained and unconstrained
numerical optimization; mass-spring models for crowd simulation; FEM; compliant systems; sim-to-real; robotic manipulation of elastically-
deforming objects. 

Prerequisites /
notice

Experience with C++ programming, numerical linear algebra and multivariate calculus. Some background in physics-based modeling,
kinematics and dynamics is helpful, but not necessary.


272-0300-00L Algorithmics for Hard Problems
Does not take place this semester.
This course  d o e s  n o t  include the Mentored Work
Specialised Courses with an Educational Focus in
Computer Science A.

W 5 credits 2V+1U+1A

Abstract This course unit looks into algorithmic approaches to the solving of hard problems, particularly with moderately exponential-time algorithms
and parameterized algorithms.

The seminar is accompanied by a comprehensive reflection upon the significance of the approaches presented for computer science tuition
at high schools.

Objective To systematically acquire an overview of the methods for solving hard problems. To get deeper knowledge of exact and parameterized
algorithms.

Content First, the concept of hardness of computation is introduced (repeated for the computer science students). Then some methods for solving
hard problems are treated in a systematic way. For each algorithm design method, it is discussed what guarantees it can give and how we
pay for the improved efficiency. A special focus lies on moderately exponential-time algorithms and parameterized algorithms.

Lecture notes Unterlagen und Folien werden zur Verfügung gestellt.
Literature J. Hromkovic: Algorithmics for Hard Problems, Springer 2004.


R. Niedermeier: Invitation to Fixed-Parameter Algorithms, 2006.

M. Cygan et al.: Parameterized Algorithms, 2015.

F. Fomin, D. Kratsch: Exact Exponential Algorithms, 2010.

272-0302-00L Approximation and Online Algorithms W 5 credits 2V+1U+1A H.-J. Böckenhauer, D. Komm
Abstract This lecture deals with approximative algorithms for hard optimization problems and algorithmic approaches for solving online problems as

well as the limits of these approaches.
Objective Get a systematic overview of different methods for designing approximative algorithms for hard optimization problems and online problems.

Get to know methods for showing the limitations of these approaches.
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Content Approximation algorithms are one of the most succesful techniques to attack hard optimization problems. Here, we study the so-called
approximation ratio, i.e., the ratio of the cost of the computed approximating solution and an optimal one (which is not computable
efficiently). 
For an online problem, the whole instance is not known in advance, but it arrives pieceweise and for every such piece a corresponding part
of the definite output must be given. The quality of an algorithm for such an online problem is measured by the competitive ratio, i.e., the
ratio of the cost of the computed solution and the cost of an optimal solution that could be given if the whole input was known in advance.

The contents of this lecture are
- the classification of optimization problems by the reachable approximation ratio, 
- systematic methods to design approximation algorithms (e.g., greedy strategies, dynamic programming, linear programming relaxation),
- methods to show non-approximability,
- classic online problem like paging or scheduling problems and corresponding algorithms,
- randomized online algorithms,
- the design and analysis principles for online algorithms, and
- limits of the competitive ratio and the advice complexity as a way to do a deeper analysis of the complexity of online problems.

Literature The lecture is based on the following books:

J. Hromkovic: Algorithmics for Hard Problems, Springer, 2004

D. Komm:  An Introduction to Online Computation: Determinism, Randomization, Advice, Springer, 2016

Additional literature: 

A. Borodin, R. El-Yaniv: Online Computation and Competitive Analysis, Cambridge University Press, 1998

401-3052-05L Graph Theory W 5 credits 2V+1U B. Sudakov
Abstract Basic notions, trees, spanning trees, Caley's formula, vertex and edge connectivity, 2-connectivity, Mader's theorem, Menger's theorem,

Eulerian graphs, Hamilton cycles, Dirac's theorem, matchings, theorems of Hall, König and Tutte, planar graphs, Euler's formula, basic
non-planar graphs, graph colorings, greedy colorings, Brooks' theorem, 5-colorings of planar graphs

Objective The students will get an overview over the most fundamental questions concerning graph theory. We expect them to understand the proof
techniques and to use them autonomously on related problems.

Lecture notes Lecture will be only at the blackboard.
Literature West, D.: "Introduction to Graph Theory"

Diestel, R.: "Graph Theory"

Further literature links will be provided in the lecture.

Prerequisites /
notice

Students are expected to have a mathematical background and should be able to write rigorous proofs.


NOTICE: This course unit was previously offered as 252-1408-00L Graphs and Algorithms.

401-3903-11L Geometric Integer Programming W 6 credits 2V+1U J. Paat
Abstract Integer programming is the task of minimizing a linear function over all the integer points in a polyhedron. This lecture introduces the key

concepts of an algorithmic theory for solving such problems.
Objective The purpose of the lecture is to provide a geometric treatment of the theory of integer optimization.
Content Key topics are:


- Lattice theory and the polynomial time solvability of integer optimization problems in fixed dimension.

- Structural properties of integer sets that reveal other parameters affecting the complexity of integer problems

- Duality theory for integer optimization problems from the vantage point of lattice free sets.

Lecture notes not available, blackboard presentation
Literature Lecture notes will be provided. 


Other helpful materials include 

Bertsimas, Weismantel: Optimization over Integers, 2005

and

Schrijver: Theory of linear and integer programming, 1986.

Prerequisites /
notice

"Mathematical Optimization" (401-3901-00L)

227-0560-00L Deep Learning for Autonomous Driving
Registration in this class requires the permission of the
instructors. Class size will be limited to 80 students.
Preference is given to EEIT, INF and RSC students.

W 6 credits 3V+2P D. Dai, A. Liniger

Abstract Autonomous driving has moved from the realm of science fiction to a very real possibility during the past twenty years, largely due to rapid
developments of deep learning approaches, automotive sensors, and microprocessor capacity. This course covers the core techniques
required for building a self-driving car, especially the practical use of deep learning through this theme.

Objective Students will learn about the fundamental aspects of a self-driving car. They will also learn to use modern automotive sensors and HD
navigational maps, and to implement, train and debug their own deep neural networks in order to gain a deep understanding of cutting-
edge research in autonomous driving tasks, including perception, localization and control.

After attending this course, students will:
1) understand the core technologies of building a self-driving car;
2) have a good overview over the current state of the art in self-driving cars;
3) be able to critically analyze and evaluate current research in this area;
4) be able to implement basic systems for multiple autonomous driving tasks.
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Content We will focus on teaching the following topics centered on autonomous driving: deep learning, automotive sensors, multimodal driving
datasets, road scene perception, ego-vehicle localization, path planning, and control.

The course covers the following main areas: 

I) Foundation
a) Fundamentals of a self-driving car
b) Fundamentals of deep-learning 


II) Perception
a) Semantic segmentation and lane detection
b) Depth estimation with images and sparse LiDAR data 
c) 3D object detection with images and LiDAR data 
d) Object tracking and motion prediction 

III) Localization 
a) GPS-based and Vision-based Localization
b) Visual Odometry and Lidar Odometry

IV) Path Planning and Control
a) Path planning for autonomous driving
b) Motion planning and vehicle control
c) Imitation learning and reinforcement learning for self driving cars

The exercise projects will involve training complex neural networks and applying them on real-world, multimodal driving datasets. In
particular, students should be able to develop systems that deal with the following problems:
- Sensor calibration and synchronization to obtain multimodal driving data;
- Semantic segmentation and depth estimation with deep neural networks ;
- Learning to drive with images and map data directly (a.k.a. end-to-end driving)

Lecture notes The lecture slides will be provided as a PDF.
Prerequisites /
notice

This is an advanced grad-level course. Students must have taken courses on machine learning and computer vision or have acquired
equivalent knowledge. Students are expected to have a solid mathematical foundation, in particular in linear algebra, multivariate calculus,
and probability. All practical exercises will require basic knowledge of Python and will use libraries such as PyTorch, scikit-learn and scikit-
image.

227-1034-00L Computational Vision (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: INI402

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W 6 credits 2V+1U D. Kiper

Abstract This course focuses on neural computations that underlie visual perception. We study how visual signals are processed in the retina, LGN
and visual cortex. We study the morpholgy and functional architecture of cortical circuits responsible for pattern, motion, color, and three-
dimensional vision.

Objective This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Content This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Literature Books: (recommended references, not required)
1. An Introduction to Natural Computation, D. Ballard (Bradford Books, MIT Press) 1997.
2. The Handbook of Brain Theorie and Neural Networks, M. Arbib (editor), (MIT Press) 1995.

 Seminar in General Studies
Number Title Type ECTS Hours Lecturers

252-3002-00L Algorithms for Database Systems
Number of participants limited to 15.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.


W 2 credits 2S P. Penna

Abstract Query processing, optimization, stream-based systems, distributed and parallel databases, non-standard databases.
Objective Develop an understanding of selected problems of current interest in the area of algorithms for database systems.

252-4102-00L Seminar on Randomized Algorithms and Probabilistic
Methods
The deadline for deregistering expires at the end of the
second week of the semester. Students who are still

W 2 credits 2S A. Steger
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registered after that date, but do not attend the seminar,
will officially fail the seminar.

Number of participants limited to 24.

Abstract The aim of the seminar is to study papers which bring the students to the forefront of today's research topics. This semester we will study
selected papers of the conference Symposium on Discrete Algorithms (SODA18).

Objective Read papers from the forefront of today's research; learn how to give a scientific talk.
Prerequisites /
notice

The seminar is open for both students from mathematics and students from computer science. As prerequisite we require that you passed
the course Randomized Algorithms and Probabilistic Methods (or equivalent, if you come from abroad).

252-5704-00L Advanced Methods in Computer Graphics
Number of participants limited to 24.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S O. Sorkine Hornung

Abstract This seminar covers advanced topics in computer graphics with a focus on the latest research results. Topics include modeling, rendering,
visualization,
animation, physical simulation, computational photography, and others.

Objective The goal is to obtain an in-depth understanding of actual problems and 
research topics in the field of computer graphics as well as improve              
presentation and critical analysis skills.

261-5113-00L Computational Challenges in Medical Genomics
Number of participants limited to 20.

W 2 credits 2S A. Kahles, G. Rätsch

Abstract This seminar discusses recent relevant contributions to the fields of computational genomics, algorithmic bioinformatics, statistical genetics
and related areas. Each participant will hold a presentation and lead the subsequent discussion.

Objective Preparing and holding a scientific presentation in front of peers is a central part of working in the scientific domain. In this seminar, the
participants will learn how to efficiently summarize the relevant parts of a scientific publication, critically reflect its contents, and summarize
it for presentation to an audience. The necessary skills to succesfully present the key points of existing research work are the same as
needed to communicate own research ideas. 
In addition to holding a presentation, each student will both contribute to as well as lead a discussion section on the topics presented in the
class.

Content The topics covered in the seminar are related to recent computational challenges that arise from the fields of genomics and biomedicine,
including but not limited to genomic variant interpretation, genomic sequence analysis, compressive genomics tasks, single-cell
approaches, privacy considerations, statistical frameworks, etc.
Both recently  published works contributing novel ideas to the areas mentioned above as well as seminal contributions from the past are
amongst the list of selected papers.

Prerequisites /
notice

Knowledge of algorithms and data structures and interest in applications in genomics and computational biomedicine.

263-3712-00L Seminar on Computational Interaction
Number of participants limited to 14.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S O. Hilliges

Abstract Computational Interaction focuses on the use of algorithms to enhance the interaction with a computing system. Papers from scientific
venues such as CHI, UIST & SIGGRAPH will be examined in-depth. Student present and discuss the papers to extract techniques and
insights that can be applied to software & hardware projects. Topics include user modeling, computational design, and input & output.

Objective The goal of the seminar is to familiarize students with exciting new research topics in this important area, but also to teach basic scientific
writing and oral presentation skills.

Content The seminar will have a different structure from regular seminars to encourage more discussion and a deeper learning experience. We will
use a case-study format where all students read the same paper each week but fulfill different roles and hence prepare with different
viewpoints in mind (e.g. "presenter", "historian", "student", etc).

The seminar will cover multiple topics of computational interaction, including:
1) User- and context modeling for UI adaptation
 Intent modeling, activity and emotion recognition, and user perception.

2) Computational design
 Design mining, design exploration, UI optimization.

3) Computer supported input
 Text entry, pointing, gestural input, physiological sensing, eye tracking, and sketching.

4) Computer supported output
 Information retrieval, fabrication, mixed reality interfaces, haptics, and gaze contingency

For each topic, a paper will be chosen that represents the state of the art of research or seminal work that inspired and fostered future
work. Student will learn how to incorporate computational methods into system that involve software, hardware, and, very importantly,
users.

Seminar website: https://ait.ethz.ch/teaching/courses/2020-SS-Seminar-Computational-Interaction/

263-4203-00L Geometry: Combinatorics and Algorithms
The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S B. Gärtner, M. Hoffmann, E. Welzl,
M. Wettstein

Abstract This seminar complements the course Geometry: Combinatorics & Algorithms. Students of the seminar will present original research
papers, some classic and some of them very recent. 
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Objective Each student is expected to read, understand, and elaborate on a selected research paper. To this end, (s)he should give a 45-min.
presentation about the paper. The process includes

* getting an overview of the related literature;
* understanding and working out the background/motivation:
why and where are the questions addressed relevant?
* understanding the contents of the paper in all details;
* selecting parts suitable for the presentation;
* presenting the selected parts in such a way that an audience
with some basic background in geometry and graph theory can easily understand and appreciate it.

Content This seminar is held once a year and complements the course Geometry: Combinatorics & Algorithms. Students of the seminar will present
original research papers, some classic and some of them very recent. The seminar is a good preparation for a master, diploma, or
semester thesis in the area.

Prerequisites /
notice

Prerequisite: Successful participation in the course "Geometry: Combinatorics & Algorithms" (takes place every HS) is required.

263-2100-00L Research Topics in Software Engineering
Number of participants limited to 22.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S Z. Su, P. He, M. Rigger, T. Su

Abstract This seminar is an opportunity to become familiar with current research in software engineering and more generally with the methods and
challenges of scientific research.

Objective Each student will be asked to study some papers from the recent software engineering literature and review them. This is an exercise in
critical review and analysis. Active participation is required (a presentation of a paper as well as participation in discussions).

Content The aim of this seminar is to introduce students to recent research results in the area of programming languages and software engineering.
To accomplish that, students will study and present research papers in the area as well as participate in paper discussions. The papers will
span topics in both theory and practice, including papers on program verification, program analysis, testing, programming language design,
and development tools.

Literature The publications to be presented will be announced on the seminar home page at least one week before the first session.
Prerequisites /
notice

Papers will be distributed during the first lecture.

263-2211-00L Seminar in Computer Architecture
Number of participants limited to 22.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S O. Mutlu, M. H. K. Alser,
J. Gómez Luna

Abstract This seminar course covers fundamental and cutting-edge research papers in computer architecture. It has multiple components that are
aimed at improving students' (1) technical skills in computer architecture, (2) critical thinking and analysis abilities on computer architecture
concepts, as well as (3) technical presentation of concepts and papers in both spoken and written forms.

Objective The main objective is to learn how to rigorously analyze and present papers and ideas on computer architecture. We will have rigorous
presentation and discussion of selected papers during lectures and a written report delivered by each student at the end of the semester.

This course is for those interested in computer architecture. Registered students are expected to attend every meeting, participate in the
discussion, and create a synthesis report at the end of the course.

Content Topics will center around computer architecture. We will, for example, discuss papers on hardware security; accelerators for key
applications like machine learning, graph processing and bioinformatics; memory systems; interconnects; processing in memory; various
fundamental and emerging paradigms in computer architecture; hardware/software co-design and cooperation; fault tolerance; energy
efficiency; heterogeneous and parallel systems; new execution models; predictable computing, etc.

Lecture notes All materials will be posted on the course website: https://safari.ethz.ch/architecture_seminar/
Past course materials, including the synthesis report assignment, can be found in the Fall 2019 website for the course:
https://safari.ethz.ch/architecture_seminar/fall2019/doku.php

Literature Key papers and articles, on both fundamentals and cutting-edge topics in computer architecture will be provided and discussed. These will
be posted on the course website.

Prerequisites /
notice

Design of Digital Circuits.
Students should (1) have done very well in Design of Digital Circuits and (2) show a genuine interest in Computer Architecture.

263-2926-00L Deep Learning for Big Code
Number of participants limited to 24.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S V. Raychev

Abstract The seminar covers some of the latest and most exciting developments (industrial and research) in the field of Deep Learning for Code,
including new methods and latest systems, as well as open challenges and opportunities.


Objective The objective of the seminar is to:

- Introduce students to the field of Deep Learning for Big Code. 

- Learn how machine learning models can be used to solve practical challenges in software engineering and programming beyond
traditional methods.

- Highlight the latest research and work opportunities in industry and academia available on this topic.
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Content The last 5 years have seen increased interest in applying advanced machine learning techniques such as deep learning to new kind of
data: program code. As the size of open source code increases dramatically (over 980 billion lines of code written by humans), so comes
the opportunity for new kind of deep probabilistic methods and commercial systems that leverage this data to revolutionize software
creation and address hard problems not previously possible. Examples include: machines writing code, program de-obfuscation for
security, code search, and many more.   

Interestingly, this new type of data, unlike natural language and images, introduces technical challenges not typically encountered when
working with standard datasets (e.g., images, videos, natural language), for instance, finding the right representation over which deep
learning operates. This in turn has the potential to drive new kinds of machine learning models with broad applicability.

Because of this, there has been substantial interest over the last few years in both industry (e.g., companies such as Facebook starting,
various start-ups in the space such as http://deepcode.ai), academia (e.g., http://plml.ethz.ch) and government agencies (e.g., DARPA) on
using machine learning to automate various programming tasks.

In this seminar, we will cover some of the latest and most exciting developments in the field of Deep Learning for Code, including new
methods and latest systems, as well as open challenges and opportunities. 

The seminar is carried out as a set of presentations chosen from a list of available papers. The grade is determined as a function of the
presentation, handling questions and answers, and participation.

Prerequisites /
notice

The seminar is carried out as a set of presentations chosen from a list of available papers. The grade is determined as a function of the
presentation, handling questions and answers, and participation.

The seminar is ideally suited for M.Sc. students in Computer Science.

263-3840-00L Hardware Architectures for Machine Learning
The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S G. Alonso, T. Hoefler, C. Zhang

Abstract The seminar covers recent results in the increasingly important field of hardware acceleration for data science and machine learning, both
in dedicated machines or in data centers.

Objective The seminar aims at students interested in the system aspects of machine learning, who are willing to bridge the gap across traditional
disciplines: machine learning, databases, systems, and computer architecture.

Content The seminar is intended to cover recent results in the increasingly important field of hardware acceleration for data science and machine
learning, both in dedicated machines or in data centers. 

Prerequisites /
notice

The seminar should be of special interest to students intending to complete a master's thesis or a doctoral dissertation in related topics.

263-4651-00L Current Topics in Cryptography
Number of participants limited to 24.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S D. Hofheinz, U. Maurer,
K. Paterson

Abstract In this seminar course, students present and discuss a variety of recent research papers in Cryptography.
Objective Independent study of scientific literature and assessment of its contributions as well as learning and practicing presentation techniques.
Content The course lecturers will provide a list of papers from which students will select.
Literature The reading list will be published on the course website.
Prerequisites /
notice

Ideally, students will have taken the D-INFK Bachelors course “Information Security" or an equivalent course at Bachelors level. Ideally,
they will have attended or will attend in parallel the Masters course in "Applied Cryptography”.

263-5225-00L Advanced Topics in Machine Learning and Data
Science
Number of participants limited to 20.

The deadline for deregistering expires at the end of the
fourth week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S F. Perez Cruz

Abstract In this seminar, recent papers of the machine learning and data science literature are presented and discussed. Possible topics cover
statistical models, machine learning algorithms and its applications.

Objective The seminar “Advanced Topics in Machine Learning and Data Science” familiarizes students with recent developments in machine learning
and data science. Recently published articles, as well as influential papers, have to be presented and critically reviewed. The students will
learn how to structure a scientific presentation, which covers the motivation, key ideas and main results of a scientific paper. An important
goal of the seminar presentation is to summarize the essential ideas of the paper in sufficient depth for the audience to be able to follow its
main conclusion, especially why the article is (or is not) worth attention. The presentation style will play an important role and should reach
the level of professional scientific presentations.

Content The seminar will cover a number of recent papers which have emerged as important contributions to the machine learning and data
science literatures. The topics will vary from year to year but they are centered on methodological issues in machine learning and its
application, not only to text or images, but other scientific
domains like medicine, climate or physics.

Literature The papers will be presented in the first session of the seminar.

263-5904-00L Deep Learning for Computer Vision: Seminal Work
Number of participants limited to 24.

The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W 2 credits 2S M. R. Oswald, Z. Cui

Abstract This seminar covers seminal papers on the topic of deep learning for computer vision. The students will present and discuss the papers
and gain an understanding of the most influential research in this area - both past and present.

Objective The objectives of this seminar are two-fold. Firstly, the aim is to provide a solid understanding of key contributions to the field of deep
learning for vision (including a historical perspective as well as recent work). Secondly, the students will learn to critically read and analyse
original research papers and judge their impact, as well as how to give a scientific presentation and lead a discussion on their topic.  
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Content The seminar will start with introductory lectures to provide (1) a compact overview of challenges and relevant machine learning and deep
learning research, and (2) a tutorial on critical analysis and presentation of research papers. Each student then chooses one paper from
the provided collection to present during the remainder of the seminar. The students will be supported in the preparation of their
presentation by the seminar assistants.

Lecture notes The selection of research papers will be presented at the beginning of the semester. 
Literature The course "Machine Learning" is recommended. 

227-0559-00L Seminar in Deep Reinforcement Learning
Number of participants limited to 25.

W 2 credits 2S R. Wattenhofer, O. Richter

Abstract In this seminar participating students present and discuss recent research papers in the area of deep reinforcement learning. The seminar
starts with two introductory lessons introducing the basic concepts. Alongside the seminar a programming challenge is posed in which
students can take part to improve their grade.

Objective Since Google Deepmind presented the Deep Q-Network (DQN) algorithm in 2015 that could play Atari-2600 games at a superhuman level,
the field of deep reinforcement learning gained a lot of traction. It sparked media attention with AlphaGo and AlphaZero and is one of the
most prominent research areas. Yet many research papers in the area come from one of two sources: Google Deepmind or OpenAI. In this
seminar we aim at giving the students an in depth view on the current advances in the area by discussing recent papers as well as
discussing current issues and difficulties surrounding deep reinforcement learning.

Content Two introductory courses introducing Q-learning and policy gradient methods. Afterwards participating students present recent papers. For
details see: www.disco.ethz.ch/courses.html

Lecture notes Slides of presentations will be made available.
Literature OpenAI course (https://spinningup.openai.com/en/latest/) plus selected papers.

The paper selection can be found on www.disco.ethz.ch/courses.html.
Prerequisites /
notice

It is expected that student have prior knowledge and interest in machine and deep learning, for instance by having attended appropriate
courses.

227-0559-10L Seminar in Communication Networks: Learning,
Reasoning and Control
Does not take place this semester.
Number of participants limited to 24.

W 2 credits 2S L. Vanbever, A. Singla

Abstract In this seminar participating students review, present, and discuss (mostly recent) research papers in the area of computer networks. This
semester the seminar will focus on topics blending networks with machine learning and control theory.

Objective The two main goals of this seminar are: 1) learning how to read and review scientific papers; and 2) learning how to present and discuss
technical topics with an audience of peers.

Students are required to attend the entire seminar, choose a paper to present from a given list, prepare and give a presentation on that
topic, and lead the follow-up discussion. To ensure the talks' quality, each student will be mentored by a teaching assistant. In addition to
presenting one paper, every student is also required to submit one (short) review for one of the two papers presented every week in-class
(12 reviews in total).

The students will be evaluated based on their submitted reviews, their presentation, their leadership in animating the discussion for their
own paper, and their participation in the discussions of other papers.

Content The seminar will start with two introductory lectures in week 1 and week 2. Starting from week 3, participating students will start reviewing,
presenting, and discussing research papers. Each week will see two presentations, for a total of 24 papers.

The course content will vary from semester to semester. This semester, the seminar will focus on topics blending networks with machine
learning and control theory. For details, please see: https://seminar-net.ethz.ch

Lecture notes The slides of each presentation will be made available on the website.
Literature The paper selection will be made available on the course website: https://seminar-net.ethz.ch
Prerequisites /
notice

Communication Networks (227-0120-00L) or equivalents. It is expected that students have prior knowledge in machine learning and control
theory, for instance by having attended appropriate courses.

227-0126-00L Advanced Topics in Networked Embedded Systems W 2 credits 1S L. Thiele, J. Beutel
Abstract The seminar will cover advanced topics in networked embedded systems. A particular focus are cyber-physical systems, internet of things,

and sensor networks in various application domains.
Objective The goal is to get a deeper understanding on leading edge technologies in the discipline, on classes of applications, and on current as well

as future research directions. In addition, participants will improve their presentation, reading and reviewing skills.
Content The seminar enables Master students, PhDs and Postdocs to learn about latest breakthroughs in wireless sensor networks, networked

embedded systems and devices, and energy-harvesting in several application domains, including environmental monitoring, tracking, smart
buildings and control. Participants are requested to actively participate in the organization and preparation of the seminar. In particular, they
review all presented papers using a standard scientific reviewing system, they present one of the papers orally and they lead the
corresponding discussion session.

851-0740-00L Big Data, Law, and Policy
Number of participants limited to 35

Students will be informed by 1.3.2020 at the latest.

W 3 credits 2S S. Bechtold

Abstract This course introduces students to societal perspectives on the big data revolution. Discussing important contributions from machine
learning and data science, the course explores their legal, economic, ethical, and political implications in the past, present, and future.

Objective This course is intended both for students of machine learning and data science who want to reflect on the societal implications of their field,
and for students from other disciplines who want to explore the societal impact of data sciences. The course will first discuss some of the
methodological foundations of machine learning, followed by a discussion of research papers and real-world applications where big data
and societal values may clash. Potential topics include the implications of big data for privacy, liability, insurance, health systems, voting,
and democratic institutions, as well as the use of predictive algorithms for price discrimination and the criminal justice system. Guest
speakers, weekly readings and reaction papers ensure a lively debate among participants from various backgrounds.

 Computer Science Elective Courses
The Elective Computer Science Courses can be selected from all Master level courses offered by D-INFK. 

Number Title Type ECTS Hours Lecturers

252-0820-00L Case Studies from Practice W 4 credits 2V+1U M. Brandis
Abstract The course is designed to provide students with an understanding of "real-life" computer science challenges in business settings and teach

them how to address these.
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Objective By using case studies that are based on actual IT projects, students will learn how to deal with complex, not straightforward problems. It will
help them to apply their theoretical Computer Science background in practice and will teach them fundamental principles of IT
management and challenges with IT in practice.
A particular focus is to make the often imprecise and fuzzy problems in practice accessible to factual analysis and reasoning, and to
challenge "common wisdom" and hearsay.

Content The course consists of multiple lectures on methods to systematically analyze problems in a business setting and communicate about them
as well as about IT management and IT economics, presented by the lecturer, and a number of case studies provided by guest lecturers
from either IT companies or IT departments of a diverse range of companies. Students will obtain insights into both established and startup
companies, small and big, and different industries.
Presenting companies have included avaloq, Accenture, AdNovum, Bank Julius Bär, Credit Suisse, Deloitte, HP, Hotelcard, IBM Research,
McKinsey & Company, Open Web Technology, SAP Research, Selfnation, SIX Group, Teralytics, 28msec, Zühlke and dormakaba, and
Marc Brandis Strategic Consulting. The participating companies in spring 2019 will be announced at course start.

Prerequisites /
notice

Participants should be aware that the provided documents supporting the cases are usually taken directly from the projects and companies
being addressed, and thus differ very much in terms of presentation style, terminology, and explicitly provided contextual information.
Earlier participants have found it difficult to solve the exercises completely and to fully grasp the contents taught in the cases, if they were
not able to attend the case presentation, and were just relying on the provided documents.

263-0600-00L Research in Computer Science
Only for Computer Science MSc.

W 5 credits 11A Professors

Abstract Independent project work under the supervision of a Computer Science Professor. 
Objective Project done under supervision of a professor in the Department of Computer Science.
Prerequisites /
notice

Only students who fulfill one of the following requirements are allowed to begin a research project:
a)    1 lab (interfocus course) and 1 core focus course
b)    2 core focus courses
c)    2 labs (interfocus courses)

A task description must be submitted to the Student Administration Office at the beginning of the work. 

 Elective Courses
Students can individually chose from the entire Master course offerings from ETH Zurich, EPF Lausanne, the University of Zurich and - but only with the
consent of the Director of Studies - from all other Swiss universities.

For further details please see Art. 31 of the Regulations 2009 for the Master Program in Computer Science.

Number Title Type ECTS Hours Lecturers

263-0610-00L Direct Doctorate Research Project
Only for Direct Doctorate Students

O 15 credits 23A Professors

Abstract Direct Doctorate Students join a research group of D-INFK in order to acquire a broader view of the different research groups and areas. 
Objective Students extend their knowledge of the different research topics and improve their scientific approach of working on an actual research

project.
Content 2nd semester students join a research group of D-INFK in order to acquire a broader view of the different research groups and areas. The

research group chosen must not be identical with the one, in which the thesis project is conducted. 
Prerequisites /
notice

Please be aware that the research project and the master's thesis have to be coached by two different research groups!

263-0620-00L Direct Doctorate Research Plan
Only for Direct Doctorate Students

O 15 credits 23A Professors

Abstract The research plan aims at planning and structuring a student's research work and thesis. It further contributes to the student's ability to
write research proposals.

Objective The student has to present the research plan to the faculty members in order to defend his/her research goals, but also to demonstrate a
solid knowledge on the background literature as well as the planned and alternative procedures to follow.

 Internship
Number Title Type ECTS Hours Lecturers

252-0700-00L Internship
Only for Computer Science MSc.

W  0 credits external organisers

Abstract An Internship provides opportunities to gain experience in an industrial environment and it creates a network of contacts.
Objective The main objective of the iinternship is to expose students to the industrial work environment. During this period, students have the

opportunity to be involved in on-going projects at the host institution.
Content Internship in a computer science company, which is admitted by the CS Department at ETH. Minimum 10 weeks fulltime employment.
Prerequisites /
notice

A task description must be presented for approval, before the start of the internship. After completion of the internship, a work certificate
must be presented.

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
INFK

see Science in Perspective: Language Courses ETH/UZH

 Master's Thesis
Number Title Type ECTS Hours Lecturers

263-0800-00L Master's Thesis
Only students who fulfill the following criteria are allowed
to begin with their master thesis:
a. successful completion of the bachelor programme; 
b. fulfilling any additional requirements necessary to gain
admission to the master programme;
c. "Inter focus courses" (12 credits) completed;
d. "Focus courses" (26 credits) completed (including
seminar).

O 30 credits 64D Professors
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Abstract The Master's thesis concludes the study programme. Thesis work should prove the students' ability to independent, structured and
scientific working.

Objective To work independently and to produce a scientifically structured work under the supervision of a Computer Science Professor.
Content Independent project work supervised by a Computer Science professor. Duration 6 months.
Prerequisites /
notice

Supervisor must be a professor at D-INFK or affiliated,
see https://inf.ethz.ch/people/faculty.html

Computer Science Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Integrated Building Systems Master
 Main Courses

 Core Courses
Number Title Type ECTS Hours Lecturers

066-0418-00L Whole Building Simulation
Limited number of participants.
Priority will be given to MBS students.

W 3 credits 3G K. Orehounig, J. Allan

Abstract This course discusses the application of whole building simulation in the design, operation, and retrofitting process of buildings and
districts.

Objective - Understand energy and mass conservation principles in the analysis of energy performance of buildings;
- Use of building simulation in design, operation, and retrofitting process of buildings and districts;
- Integrating HVAC, renewable energy, storage technologies and district energy systems
- Annual simulations, system selection and sizing, heating and cooling calculations, summer comfort calculations
- Understand differences between building and district scale simulation
- Obtaining and interpreting simulation results, parametric studies and optimization results

Prerequisites /
notice

Only a restricted number of places is available for this course. Priority will be given to MBS students. Please send an email to the lecturer
after signing up in mystudies (if you are not a MBS student).

101-0588-01L Re-/Source the Built Environment W 3 credits 2S G. Habert
Abstract The course focuses on material choice and energy strategies to limit the environmental impact of construction sector. During the course,

specific topics will be presented (construction technologies, environmental policies, social consequences of material use, etc.). The course
aims to present sustainable options to tackle the global challenge we are facing and show that "it is not too late".

Objective After the lecture series, the students are aware of the main challenges for the production and use of building materials.

They know the different technologies/propositions available, and environmental consequence of a choice.

They understand in which conditions/context one resource/technology will be more appropriate than another

Content A general presentation of the global context allows to identify the objectives that as engineer, material scientist or architect needs to
achieve to create a sustainable built environment.

The course is then conducted as a serie of guest lectures focusing on one specific aspect to tackle this global challenge and show that "it is
not too late".

The lecture series is divided as follows:
- General presentation
- Notion of resource depletion, resilience, criticality, decoupling, etc.
- Guest lectures covering different resources and proposing different option to build or maintain a sustainable built environment.

Lecture notes For each lecture slides will be provided.
Prerequisites /
notice

The lecture series will be conducted in English and is aimed at students of master's programs, particularly the departments ARCH, BAUG,
ITET, MAVT, MTEC and USYS.

No lecture will be given during Seminar week.

227-0680-00L Building Control and Automation W 3 credits 2V+2U F. Bünning, J. Lygeros,
A. Bollinger, C. Gähler, R. Smith

Abstract Introduction to basic concepts from automatic control theory and their application to the control and automation of buildings.
Objective Introduce students to fundamental concepts from control theory: State space models, feedback. Demonstrate the application of these

concepts to building control for energy efficiency and other objectives.
Content Introduction to modeling

State space models and differential equations
Laplace transforms and basic feedback control
Discrete time systems
Model predictive control for building climate regulation
Regulating building energy consumption and energy hub concepts
Practical implementation of Building Automation (BA) systems:
- Energy-efficient control of room air quality, heating and cooling, domestic hot water, shading, etc.
- Stability and robustness; Cascaded control

Prerequisites /
notice

Exposure to ordinary differential equations and Laplace transforms.

066-0420-00L Indoor Environment, Resources and Safety W 3 credits 3G A. Frangi, T. Larsen,
S. M. Schoenwald

Abstract Principles of Building Acoustics, Water and Fire safety
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Objective Building Acoustics
- Fundamentals of sound: Sound waves, Sound sources and free field sound propagation, Sound descriptors and sound levels
- Sound fields in rooms: Reflection and absorption at boundaries, Diffuse sound fields (reverberation time), Room modes
- Airborne sound transmission through building elements I: Homogenous structures: Monolithic elements, Double leaf elements (walls,
windows, ), Linings, toppings and additional layers
- Airborne sound transmission through building elements II: Assembled (lightweight) structures: Double leaf framed elements
- Impact sound transmission through building elements: Impact sources, Floor elements and floor toppings, Introduction structure-borne
sound and vibration
- Sound transmission in buildings I: Composite elements, Flanking sound transmission I: Concept of flanking, Monolithic buildings
- Sound transmission in buildings II: Flanking sound transmission II: Lightweight framed buildings, Outline prediction methods, Noise from
building systems and installations
- Measurement, Descriptors and Regulations: Standardized measurement techniques and protocols 

Water 
- water supply: water needs, possible resources, quality requirements for different applications and possible treatment processes
- water distribution: requirements for storage and piping
- wastewater: different type: urine, feces, blackwater, light and heavy greywater, rain water, treatment possibilities, hygienic and comfort
requirements 
- water cycles
- wastewater as a resource: polishing water, nutrients, energy
- integral solutions off the grid 
- water as part of the urban environment and for recreational purposes in cities
- examples

Fire and Safety 
- Fire safety objectives and regulations
- Fire  safety concepts and measures
- Fire statistics
- Human behavior and escape
- Structural fire safety
- Technical fire safety
- Organizational fire safety
- Risk and probabilistic
- Economy of fire safety measures

066-0422-00L Building Systems II W 3 credits 3G A. Schlüter, L. Baldini, V. Dorer,
I. Hischier, M. Sulzer

Abstract The course gives an overview of concepts and design of building energy supply and ventilation systems, renewable technologies, thermal
comfort, indoor air quality, and integrated systems both on building and on urban scale.

Objective The course has the following learning objectives:
- Knowledge of the fundamentals, principles and technologies for building heating and cooling, solar thermal systems, hybrid and
mechanical ventilation, BIPV and Smart Energy Systems, Urban Energy Systems
- Knowledge of the integration and interdependencies of building systems and building structure, construction and aesthetics
- Ability to estimate relevant quantities and qualities for heating/ cooling of buildings and the related supply systems
- Ability to evaluate and choose an approach for sustainable heating/cooling, the system and its components
- Synthesis in own integrated design projects

 Specialised Courses
Number Title Type ECTS Hours Lecturers

101-0579-00L Infrastructure Management 2: Evaluation Tools W  4 credits 2G B. T. Adey, C. Kielhauser
Abstract This course provides tools to predict the service being provided by infrastructure in situations where the infrastructure is expected to 


1) to evolve slowly with relatively little uncertainty over time, e.g. due to the corrosion of a metal bridge, and 

2) to change suddenly with relatively large uncertainty, e.g. due to being washed away from an extreme flood.

Objective The course learning objective is to equip students with tools to be used to the service being provided from infrastructure.
The course increases a student's ability to analyse complex problems and propose solutions and to use state-of-the-art methods of
analysis to assess complex problems

Content Reliability 
Availability and maintainability
Regression analysis
Event trees
Fault trees
Markov chains
Neural networks
Bayesian networks

Lecture notes All necessary materials (e.g. transparencies and hand-outs) will be distributed before class.
Literature Appropriate reading material will be assigned when necessary.
Prerequisites /
notice

Although not an official prerequisite, it is perferred that students have taken the IM1:Process course first. Understanding of the
infrastructure management process enables a better understanding of where and how the tools introduced in this course can be used in the
management of infrastructure.

102-0516-01L Environmental Impact Assessment W 3 credits 2G S.-E. Rabe
Abstract Focus of the course are the method, the process and content of the Environmental Impact Assessment (EIA) as well as the legal bases

and methods for compiling an environmental impact study (EIS).
Using examples, a comprehensive view of the EIA is made possible by means of excursions.
In the frame of a project the process of am EIA will be workt out by the students.

Objective - Understanding the context of spatial planning and environmental protection
- Ability to use central planning instruments and procedures for assessing the environmental impacts and risks of projects
- Ability to apply quantitative methods to assess the environmental impacts and risks of projects
- Knowledge about the process and content of an EIA
- a capacity for critical review of environmental impact assessments
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Content - Nominal and functional environmental protection in Switzerland
- Instruments of environmental protection
- Need for coordination between environmental protection and spatial planning
- Environmental Protection and environmental impact assessment
- Legal basis of the EIA
- Procedure of EIA
- Content of the EIA
- Content and structure of the EIS
- Application of the impact analysis
- Monitoring and Controlling
- View regarding the strategic environmental assessment (SEA)
- Excursions projects obligated under the EEA

Lecture notes No script. The documents for the lecture can be found for download on the homepage of the Chair of Planning of Landscape and Urban
Systems.

Download: http://irl.ethz.ch/de/education/vorlesungen/bsc/environmental_impact.html

Literature - Bundesamt für Umwelt 2009: UVP-Handbuch. Richtlinie des Bundes
für die Umweltverträglichkeitsprüfung. Umwelt-Vollzug Nr. 0923,
Bern. 156 S.
- Leitfäden zur UVP (werden in der Vorlesung bekannt gegben)

Prerequisites /
notice

Additional information on mode of examination:
No calculators allowed

103-0357-00L Environmental Planning W 3 credits 2G M. Sudau, S.-E. Rabe
Abstract The lecture covers tools, methods and procedures of

Landscape and Environmental Planning developed. By means of field trips their implementation will be illustrated.
Objective Knowledge of the various instruments and possibilities for the practical implementation of environmental planning.

Knowledge of the complex interactions of the instruments.
Content - forest planning

- inventories
- Intervention and compensation
- ecological network
- agricultural policy
- landscape development concepts (LEK)
- parks
- swiss concept of landscape
- riverine zone
- natural hazards
- field trips

Lecture notes - lecture notes concerning the instruments
- Handouts
- Copies of selected literature

Download: http://irl.ethz.ch/de/education/vorlesungen/bsc/environmental_planning.html

Prerequisites /
notice

Additional information on mode of examination:
No calculators allowed

151-0102-00L Fluid Dynamics I W 6 credits 4V+2U T. Rösgen
Abstract An introduction to the physical and mathematical foundations of fluid dynamics is given.

Topics include dimensional analysis, integral and differential conservation laws, inviscid and viscous flows, Navier-Stokes equations,
boundary layers, turbulent pipe flow. Elementary solutions and examples are presented.

Objective An introduction to the physical and mathematical principles of fluid dynamics. Fundamental terminology/principles and their application to
simple problems.

Content Phenomena, applications, foundations
dimensional analysis and similitude; kinematic description; conservation laws (mass, momentum, energy), integral and differential
formulation; inviscid flows: Euler equations, stream filament theory, Bernoulli equation; viscous flows: Navier-Stokes equations; boundary
layers; turbulence

Lecture notes Lecture notes (extended formulary) for the course are made available electronically.
Literature Recommended book: Fluid Mechanics,  Kundu  &  Cohen  &  Dowling, 6th ed., Academic Press / Elsevier (2015).
Prerequisites /
notice

Voraussetzungen: Physik, Analysis

151-0212-00L Advanced CFD Methods W 4 credits 2V+1U P. Jenny
Abstract Fundamental and advanced numerical methods used in commercial and open-source CFD codes will be explained. The main focus is on

numerical methods for conservation laws with discontinuities, which is relevant for trans- and hypersonic gas dynamics problems, but also
CFD of incompressible flows, Direct Simulation Monte Carlo and the Lattice Boltzmann method are explained.

Objective Knowing what's behind a state-of-the-art CFD code is not only important for developers, but also for users in order to choose the right
methods and to achieve meaningful and accurate numerical results. Acquiring this knowledge is the main goal of this course.

Established numerical methods to solve the incompressible and compressible Navier-Stokes equations are explained, whereas the focus
lies on finite volume methods for compressible flow simulations. In that context, first the main theory and then numerical schemes related to
hyperbolic conservation laws are explained, whereas not only examples from fluid mechanics, but also simpler, yet illustrative ones are
considered (e.g. Burgers and traffic flow equations). In addition, two less commonly used yet powerful approaches, i.e., the Direct
Simulation Monte Carlo (DSMC) and Lattice Boltzmann methods, are introduced.

For most exercises a C++ code will have to be modified and applied.

Content - Finite-difference vs. finite-element vs. finite-volume methods
- Basic approach to simulate incompressible flows
- Brief introduction to turbulence modeling
- Theory and numerical methods for compressible flow simulations
- Direct Simulation Monte Carlo (DSMC)
- Lattice Boltzmann method

Lecture notes Part of the course is based on the referenced books. In addition, the participants receive a manuscript and the slides.
Literature "Computational Fluid Dynamics" by H. K. Versteeg and W. Malalasekera.

"Finite Volume Methods for Hyperbolic Problems" by R. J. Leveque.
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Prerequisites /
notice

Basic knowledge in
- fluid dynamics
- numerical mathematics
- programming (programming language is not important, but C++ is of advantage)

151-0318-00L Ecodesign - Environmental-Oriented Product
Development

W 4 credits 3G R. Züst

Abstract Ecodesign has a great potential to improve the environmental performance of a product. 
Main topics of the lecture: Motivation for Ecodesign; Methodical basics (defining environmental aspects; improvement strageies and
measures); Ecodesign implementation (systematic guidance on integrating environmental considerations into product development) in a
small project.

Objective Experience shows that a significant part of the environmental impact of a business venture is caused by its own products in the pre and
post-production areas. The goal of eco design is to reduce the total effect of a product on the environment in all phases of product life. The
systematic derivation of promising improvement measures at the start of the product development process is a key skill that will be taught
in the lectures.
The participants will discover the economic and ecological potential of ECODESIGN and acquire competence in determining goal-oriented
and promising improvements and will be able to apply the knowledge acquired on practical examples.

Content Die Vorlesung ist in drei Blöcke unterteilt. Hier sollen die jeweiligen Fragen beantwortet werden:
A) Motivation und Einstieg ins Thema: Welche Material- und Energieflüsse werden durch Produkte über alle Lebensphasen, d.h. von der
Rohstoffgewinnung, Herstellung, Distribution, Nutzung und Entsorgungen verursacht? Welchen Einfluss hat die Produktentwicklung auf
diese Auswirkungen?
B) Grundlagen zum ECODESIGN PILOT: Wie können systematisch  über alle Produktlebensphasen hinweg betrachtet  bereits zu Beginn
der Produktentwicklung bedeutende Umweltauswirkungen erkannt werden? Wie können zielgerichtet diejenigen Ecodesign-Maßnahmen
ermittelt werden, die das größte ökonomische und ökologische Verbesserungspotential beinhalten? 
C) Anwendung des ECODESIGN PILOT: Welche Produktlebensphasen bewirken den größten Ressourcenverbrauch? Welche
Verbesserungsmöglichkeiten bewirken einen möglichst großen ökonomischen und ökologischen Nutzen? 
Im Rahmen der Vorlesung werden verschiedene Praktische Beispiel bearbeitet.

Lecture notes Für den Einstieg ins Thema ECODESIGN wurde verschiedene Lehrunterlagen entwickelt, die im Kurs zur Verfügung stehen und teilwesie
auch ein "distance learning" ermöglichen:

Lehrbuch: Wimmer W., Züst R.: ECODESIGN PILOT, Produkt-Innovations-, Lern- und Optimierungs-Tool für umweltgerechte
Produktgestaltung mit deutsch/englischer CD-ROM; Zürich, Verlag Industrielle Organisation, 2001. ISBN 3-85743-707-3

CD: im Lehrbuch inbegriffen (oder Teil "Anwenden" on-line via: www.ecodesign.at)
Internet: www.ecodesign.at vermittelt verschiedene weitere Zugänge zum Thema. Zudem werden CD's abgegeben, auf denen weitere
Lehrmodule vorhanden sind.

Literature Hinweise auf Literaturen werden on-line zur Verfügung gestellt.
Prerequisites /
notice

Testatbedingungen: Abgabe von zwei Übungen

227-0216-00L Control Systems II W 6 credits 4G R. Smith
Abstract Introduction to basic and advanced concepts of modern feedback control.
Objective Introduction to basic and advanced concepts of modern feedback control.
Content This course is designed as a direct continuation of the course "Regelsysteme" (Control Systems). The primary goal is to further familiarize

students with various dynamic phenomena and their implications for the analysis and design of feedback controllers. Simplifying
assumptions on the underlying plant that were made in the course "Regelsysteme" are relaxed, and advanced concepts and techniques
that allow the treatment of typical industrial control problems are presented. Topics include control of systems with multiple inputs and
outputs, control of uncertain systems (robustness issues), limits of achievable performance, and controller implementation issues.

Lecture notes The slides of the lecture are available to download.
Literature Skogestad, Postlethwaite: Multivariable Feedback Control - Analysis and Design. Second Edition. John Wiley, 2005.
Prerequisites /
notice

Prerequisites:
Control Systems or equivalent

151-0660-00L Model Predictive Control W 4 credits 2V+1U M. Zeilinger
Abstract Model predictive control is a flexible paradigm that defines the control law as an optimization problem, enabling the specification of time-

domain objectives, high performance control of complex multivariable systems and the ability to explicitly enforce constraints on system
behavior. This course provides an introduction to the theory and practice of MPC and covers advanced topics.             

Objective Design and implement Model Predictive Controllers (MPC) for various system classes to provide high performance controllers with desired
properties (stability, tracking, robustness,..) for constrained systems.              

Content - Review of required optimal control theory
- Basics on optimization
- Receding-horizon control (MPC) for constrained linear systems
- Theoretical properties of MPC: Constraint satisfaction and stability
- Computation: Explicit and online MPC
- Practical issues: Tracking and offset-free control of constrained systems, soft constraints
- Robust MPC: Robust constraint satisfaction
- Nonlinear MPC: Theory and computation
- Hybrid MPC: Modeling hybrid systems and logic, mixed-integer optimization
- Simulation-based project providing practical experience with MPC             

Lecture notes Script / lecture notes will be provided.
Prerequisites /
notice

One semester course on automatic control, Matlab, linear algebra.
Courses on signals and systems and system modeling are recommended. Important concepts to start the course: State-space modeling,
basic concepts of stability, linear quadratic regulation / unconstrained optimal control. 
Expected student activities: Participation in lectures, exercises and course project; homework (~2hrs/week).          

227-0478-00L Acoustics II W 6 credits 4G K. Heutschi
Abstract Advanced knowledge of the functioning and application of electro-acoustic transducers.
Objective Advanced knowledge of the functioning and application of electro-acoustic transducers.
Content Electrical, mechanical and acoustical analogies. Transducers, microphones and loudspeakers, acoustics of musical instruments, sound

recording, sound reproduction, digital audio.
Lecture notes available

363-0514-00L Energy Economics and Policy
It is recommended for students to have taken a course in
introductory microeconomics. If not, they should be

W 3 credits 2G M. Filippini
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familiar with microeconomics as in, for
example,"Microeconomics" by Mankiw & Taylor and the
appendices 4 and 7 of the book "Microeconomics" by
Pindyck & Rubinfeld.

Abstract An introduction to energy economics and policy that covers the following topics: energy demand, economics of energy efficiency,
investments and cost analysis, energy markets (fossil fuels,electricity and renewable energy sources), market failures and behavioral
anomalies, market-based and non-market based energy policy instruments and regulation of energy industries.

Objective The students will develop the understanding of economic principles and tools necessary to analyze energy issues and to formulate energy
policy instruments. Emphasis will be put on empirical analysis of energy demand and supply, market failures, behavioral anomalies, energy
policy instruments, investments in power plants and in energy efficiency technologies and the reform of the electric power sector.

Content The course provides an introduction to energy economics principles and policy applications. The first part of the course will introduce the
microeconomic foundation of energy demand and supply as well as market failures and behavioral anomalies. In a second part, we
introduce the concept of investment analysis (such as the NPV), in the context of energy efficient investments. In the last part, we use the
previously introduced concepts to analyze energy policies: from a government perspective, we discuss the mechanisms and implications of
market oriented and non-market oriented policy instruments as well as the regulation of energy industries.
 
Throughout the entire class, we combine the course material with insights from current research in energy economics. This combination will
enable students to understand standard scientific literature in the field of energy economics. Moreover, the class aims to show students
how to put real life situations in the energy sector in the context of insights from energy economics.

During the first part of the course a set of environmental and resource economics tools will be given to students through lectures. The
applied nature of the course is achieved by discussing several papers in a seminar. To this respect, students are required to work in groups
in order to prepare a presentation of a paper.

The evaluation policy is designed to verify the knowledge acquired by students during the course. For this purpose, a short group
presentation will be graded. At the end of the course there will be a written exam covering the topics of the course. The final grade is
obtained by averaging the presentation (20%) and the final exam (80%).

Prerequisites /
notice

It is recommended for students to have taken a course in introductory microeconomics. If not, they should be familiar with microeconomics
as in, for example, "Microeconomics" by Mankiw & Taylor and the appendices 4 and 7 of the book "Microeconomics" by Pindyck &
Rubinfeld.

363-1000-00L Financial Economics W 3 credits 2V A. Bommier
Abstract This is a theoretical course on the economics of financial decision making, at the crossroads between Microeconomics and Finance. It

discusses portfolio choice theory, risk sharing, market equilibrium and asset pricing.
Objective The objective is to make students familiar with the economics of financial decision making and develop their intuition regarding the

determination of asset prices, the notions of optimal risk sharing. However this is not a practical formation for traders. Moreover, the lecture
doesn't cover topics such as market irrationality or systemic risk.

After completing this course:
1.    Students will be familiar with the economics of financial decision making and develop their intuition regarding the determination of asset
prices;
2.    Students will understand the intuition of market equilibrium. They will be able to solve the market equilibrium in a simple model and
derive the prices of assets.
3.    Students will be familiar with the representation of attitudes towards risk. They will be able to explain how risk, wealth and agents’
preferences affect the demand for assets.
4.    Students will understand the notion of risk diversification.
5.    Students will understand the notion of optimal risk sharing.

Content The following topics will be discussed:
1. Introduction to financial assets: The first lecture provides an overview of most common financial assets. We will also discuss the
formation of asset prices and the role of markets in the valuation of these assets.

2. Option valuation: this lecture focuses on options, which are a certain type of financial asset. You will learn about arbitrage, which is a key
notion to understand the valuation of options. This lecture will give you the intuition of the mechanisms underlying the pricing of assets in
more general settings.

3. Introduction to the economic analysis of asset markets: this chapter will familiarize you with the notion of market equilibrium and the role
it plays concerning asset pricing. Relying on economic theory, we will consider the properties of the market equilibrium: In which cases
does the equilibrium exist? Is it optimal? How does it depend on individual’s wealth and preferences? The concepts defined in this chapter
are essential to understand the following parts of the course. 

4. A simplified approach to asset markets: based on the notions introduced in the previous lectures, you will learn about the key concepts
necessary to understand financial markets, such as market completeness and the no-arbitrage theorem.

5. Choice under uncertainty: this class covers fundamental concepts concerning agents’ decisions when facing risk. These models are
crucial to understand how the demand for financial assets originates. 

6. Demand for risk: Building up on the previous chapters, we will study portfolio choice in a simplified setting. We will discuss how asset
demand varies with risk, agent’s preferences and wealth.  

7. Asset prices in a simplified context: We will focus on the portfolio choices of an investor, in a particular setting called mean-variance
analysis. The mean-variance analysis will be a first step to introduce the notion of risk diversification, which is essential in finance. 

8. Risk sharing and insurance: in this lecture, you will understand that risk can be shared among different agents and how, under certain
conditions, this sharing can be optimal. You will learn about the distinction between individual idiosyncratic risk and macroeconomic risk. 

9. Risk sharing and asset prices in a market equilibrium: this course builds up on previous lessons and presents the consumption-based
Capital Asset Pricing Model (CAPM). The focus will be on how consumption, assets and prices are determined in equilibrium.
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Literature Main reading material: 

- "Investments", by Z. Bodie, A. Kane and A. Marcus, for the
introductory part of the course (see chapters 20 and 21 in
particular).
- "Finance and the Economics of Uncertainty" by G. Demange and G. Laroque,    Blackwell, 2006.
- "The Economics of Risk and Time", by C. Gollier, MIT Press, 2001.

Other readings:
- "Intermediate Financial Theory" by J.-P. Danthine and J.B. Donaldson.
- Ingersoll, J., E., Theory of Financial Decision Making, Rowman and Littlefield Publishers.
- Leroy S and J. Werner, Principles of Financial Economics, Cambridge University Press,  2001

Prerequisites /
notice

Basic mathematical skills needed (calculus, linear algebra, convex analysis). Students must be able to solve simple optimization problems
(e.g. Lagrangian methods). Some knowledge in microeconomics would help but is not compulsory. The bases will be covered in class.

402-0812-00L Computational Statistical Physics W 8 credits 2V+2U O. Zilberberg
Abstract Computer simulation methods in statistical physics. Classical Monte-Carlo-simulations: finite-size scaling, cluster algorithms, histogram-

methods, renormalization group. Application to Boltzmann machines. Simulation of non-equilibrium systems.

Molecular dynamics simulations: long range interactions, Ewald summation, discrete elements, parallelization.

Objective The lecture will give a deeper insight into computer simulation methods in statistical physics. Thus, it is an ideal continuation of the lecture
"Introduction to Computational Physics" of the autumn semester. In the first part students learn to apply the following methods: Classical
Monte Carlo-simulations, finite-size scaling, cluster algorithms, histogram-methods, renormalization group. Moreover, students learn about
the application of statistical physics methods to Boltzmann machines and how to simulate non-equilibrium systems.

In the second part, students apply molecular dynamics simulation methods. This part includes long range interactions, Ewald summation
and discrete elements.

Content Computer simulation methods in statistical physics. Classical Monte-Carlo-simulations: finite-size scaling, cluster algorithms, histogram-
methods, renormalization group. Application to Boltzmann machines. Simulation of non-equilibrium systems. Molecular dynamics
simulations: long range interactions, Ewald summation, discrete elements, parallelization.

Lecture notes Lecture notes and slides are available online and will be distributed if desired.
Literature Literature recommendations and references are included in the lecture notes.
Prerequisites /
notice

Some basic knowledge about statistical physics, classical mechanics and computational methods is recommended.

529-0191-01L Electrochemical Energy Conversion and Storage
Technologies

W 4 credits 3G L. Gubler, E. Fabbri,
J. Herranz Salañer

Abstract The course provides an introduction to the principles and applications of electrochemical energy conversion (e.g. fuel cells) and storage
(e.g. batteries) technologies in the broader context of a renewable energy system.

Objective Students will discover the importance of electrochemical energy conversion and storage in energy systems of today and the future,
specifically in the framework of renewable energy scenarios. Basics and key features of electrochemical devices will be discussed, and
applications in the context of the overall energy system will be highlighted with focus on future mobility technologies and grid-scale energy
storage. Finally, the role of (electro)chemical processes in power-to-X and deep decarbonization concepts will be elaborated.

Content Overview of energy utilization: past, present and future, globally and locally; today’s and future challenges for the energy system; climate
changes; renewable energy scenarios; introduction to electrochemistry; electrochemical devices, basics and their applications: batteries,
fuel cells, electrolyzers, flow batteries, supercapacitors, chemical energy carriers: hydrogen & synthetic natural gas; electromobility; grid-
scale energy storage, power-to-gas, power-to-X and deep decarbonization, techno-economics and life cycle analysis.

Lecture notes all lecture materials will be available for download on the course website.
Literature - M. Sterner, I. Stadler (Eds.): Handbook of Energy Storage (Springer, 2019).

- C.H. Hamann, A. Hamnett, W. Vielstich; Electrochemistry, Wiley-VCH (2007).
- T.F. Fuller, J.N. Harb: Electrochemical Engineering, Wiley (2018)

Prerequisites /
notice

Basic physical chemistry background required, prior knowledge of electrochemistry basics desired.

101-0178-01L Uncertainty Quantification in Engineering W 3 credits 2G S. Marelli
Abstract Uncertainty quantification aims at studying the impact of aleatory and epistemic uncertainty onto computational models used in science and

engineering. The course introduces the basic concepts of uncertainty quantification: probabilistic modelling of data (copula theory),
uncertainty propagation techniques (Monte Carlo simulation, polynomial chaos expansions), and sensitivity analysis.

Objective After this course students will be able to properly pose an uncertainty quantification problem, select the appropriate computational methods
and interpret the results in meaningful statements for field scientists, engineers and decision makers. The course is suitable for any
master/Ph.D. student in engineering or natural sciences, physics, mathematics, computer science with a basic knowledge in probability
theory.

Content The course introduces uncertainty quantification through a set of practical case studies that come from civil, mechanical, nuclear and
electrical engineering, from which a general framework is introduced. The course in then divided into three blocks: probabilistic modelling
(introduction to copula theory), uncertainty propagation (Monte Carlo simulation and polynomial chaos expansions) and sensitivity analysis
(correlation measures, Sobol' indices). Each block contains lectures and tutorials using Matlab and the in-house software UQLab
(www.uqlab.com).

Lecture notes Detailed slides are provided for each lecture. A printed script gathering all the lecture slides may be bought at the beginning of the
semester.

Prerequisites /
notice

A basic background in probability theory and statistics (bachelor level) is required. A summary of useful notions will be handed out at the
beginning of the course.

A good knowledge of Matlab is required to participate in the tutorials and for the mini-project.

363-1038-00L Sustainability Start-Up Seminar
Number of participants limited to 30.

W 3 credits 2G A.-K. Zobel, A. H. Sägesser

Abstract Experts lead participants through a venturing process inspired by Lean and Design Thinking methodologies. The course contains problem
identification, idea generation and evaluation, team formation, and the development of one entrepreneurial idea per team. A special focus
is put on sustainability, in particular on climate change and renewable energy technologies specifically.

Objective 1.    Students have experienced and know how to take the first steps towards co-creating a venture and potentially company
2.    Students reflect deeply on sustainability issues (with a focus on climate change & energy) and can formulate a problem statement
3.    Students believe in their ability to bring change to the world with their own ideas
4.    Students are able to apply entrepreneurial practices such as the lean startup approach
5.    Students have built a first network and know how to proceed and who to approach in case they would like to take their ventures further.
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Content This course is aimed at people with a keen interest to address sustainability issues (with a focus on climate change and renewable energy),
with a curious mindset, and potentially first entrepreneurial ideas!

The seminar consists of a mix of lectures, workshops, individual working sessions, teamwork, and student presentations/pitches. This class
will be co-taught by an academic expert (studying innovation, entrepreneurship, and sustainability) and an entrepreneurship and
sustainability “practitioner”. Real-world climate entrepreneurs and experts from the Swiss start-up and sustainability community will be
invited to support individual sessions.

All course content is based on latest international entrepreneurship practices. 
 
The seminar starts with an introduction to sustainability (with a special focus on climate change & energy) and entrepreneurship. Students
are asked to self-select into an area of their interest in which they will develop entrepreneurial ideas throughout the course. 
 
The first part of the course then focuses on deeply understanding sustainability problems within the area of interest. Through workshops
and self-study, students will identify key design challenges, generate ideas, as well as provide systematic and constructive feedback to
their peers. 
 
In the second part of the course, students will form teams around their generated ideas. In these teams they will develop a business model
and, following the lean start-up process, conduct real-life testing, as well as pivoting of these business models. 
 
In the final part of the course, students present their insights gained from the lean start-up process, as well as pitch their entrepreneurial
ideas and business models to an expert jury. The course will conclude with a session that provides students with a network and resources
to further pursue their entrepreneurial journey.

Lecture notes All material will be made available to the participants.
Prerequisites /
notice

Prerequisite:
Interest in sustainability & entrepreneurship.

Notes: 
1. It is not required that participants already have a business idea at the beginning of the course. 
2. No legal entities (e.g. GmbH, Association, AG) need to be founded for this course.

Target participants:
PhD students, Msc students and MAS students from all departments. The number of participants is limited to max.30.

Waiting list:
After subscribing you will be added to the waiting list.
The lecturers will contact you a few weeks before the start of the seminar to confirm your interest and to ensure a good mixture of study
backgrounds, only then you're accepted to the course.

363-1060-00L Strategies for Sustainable Business
Limited number of participants.

Registration will only be effective once confirmed by email
from the organizers.

W 2 credits 2S J. Meuer

Abstract In this course, students will learn to critically analyze strategies for sustainable business through exploring case studies on three main
questions: 
1. What is sustainability in business? 
2. How do I design a sustainability strategy? 
3. How do I implement a sustainability strategy?

Objective After the course, you should be able to:

1.    Understand and explain sustainability challenges companies are facing;
2.    Critique sustainability and related strategies;
3.    Evaluate decisions taken by managers;
4.    Suggest alternative approaches;
5.    Develop action plans;
6.    Reflect on strategies for sustainability in their own organizations.

You will also learn to apply a range of strategy concepts to sustainability challenges, including leadership, stakeholder management,
diversification, and organizational change.

Content Although many companies nowadays report on their sustainability actions, only few successfully integrate sustainability into their business
operations. In this seminar, we will cover three main questions that will help you to critically analyze and develop strategies for sustainable
business:
1.    What is sustainability in business?
2.    How do I design a sustainability strategy?
3.    How do I implement a sustainability strategy?

We teach the course with the case method developed at Harvard Business School. The case studies will allow us to explore from multiple
perspectives the many tensions involved in developing strategies for sustainable business. We will distribute case study materials before
the sessions, as well as guidelines on how best to efficiently and effectively prepare for case study discussions. You will need to read the
materials and to submit short assignments before each class. 

The sessions are interactive and allow you to step into the role of decision-makers as they face key challenges in integrating sustainability.
For example, we will look at the challenges of Fairphone in combining both social and economic goals. Why and how would Patagonia
want to encourage customers to buy less rather than more clothing? We also step into the shoes of RWE's CEO Peter Terium as he
grapples with ensuring a profitable and sustainable future for the German utility. And using a change management simulation, you will
experience why certain approaches to implementing a sustainability initiative in an organization are more successful than others. Our case
discussions will help you to apply strategy concepts to real-world sustainability problems and will also serve as a basis for thinking about
sustainability in your own company.

Literature We will provide case study material and guidelines for analyzing cases to participants by email several weeks before the seminar.
Prerequisites /
notice

After signing up you will first be placed on the waiting list. We will contact all students on the waiting list by 1 March 2019 to confirm their
participation in the seminar. If you have any questions, please don't hesitate to contact Johannes Meuer (jmeuer@ethz.ch).

252-0220-00L Introduction to Machine Learning
Limited number of participants. Preference is given to
students in programmes in which the course is being
offered. All other students will be waitlisted. Please do not
contact Prof. Krause for any questions in this regard. If

W 8 credits 4V+2U+1A A. Krause
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necessary, please contact studiensekretariat@inf.ethz.ch 
Abstract The course introduces the foundations of learning and making predictions based on data.
Objective The course will introduce the foundations of learning and making predictions from data. We will study basic concepts such as trading

goodness of fit and model complexitiy. We will discuss important machine learning algorithms used in practice, and provide hands-on
experience in a course project.

Content - Linear regression (overfitting, cross-validation/bootstrap, model selection, regularization, [stochastic] gradient descent)
- Linear classification: Logistic regression (feature selection, sparsity, multi-class)
- Kernels and the kernel trick (Properties of kernels; applications to linear and logistic regression); k-nearest neighbor
- Neural networks (backpropagation, regularization, convolutional neural networks)
- Unsupervised learning (k-means, PCA, neural network autoencoders)
- The statistical perspective (regularization as prior; loss as likelihood; learning as MAP inference)
- Statistical decision theory (decision making based on statistical models and utility functions)
- Discriminative vs. generative modeling (benefits and challenges in modeling joint vy. conditional distributions)
- Bayes' classifiers (Naive Bayes, Gaussian Bayes; MLE)
- Bayesian approaches to unsupervised learning (Gaussian mixtures, EM)

Literature Textbook: Kevin Murphy, Machine Learning: A Probabilistic Perspective, MIT Press
Prerequisites /
notice

Designed to provide a basis for following courses:
- Advanced Machine Learning
- Deep Learning
- Probabilistic Artificial Intelligence 
- Seminar "Advanced Topics in Machine Learning"

151-0306-00L Visualization, Simulation and Interaction - Virtual
Reality I

W 4 credits 4G A. Kunz

Abstract Technology of Virtual Reality. Human factors, Creation of virtual worlds, Lighting models, Display- and acoustic- systems, Tracking,
Haptic/tactile interaction, Motion platforms, Virtual prototypes, Data exchange, VR Complete systems, Augmented reality, Collaboration
systems; VR and Design; Implementation of the VR in the industry; Human Computer Interfaces (HCI).

Objective The product development process in the future will be characterized by the Digital Product which is the center point for concurrent
engineering with teams spreas worldwide. Visualization and simulation of complex products including their physical behaviour at an early
stage of development will be relevant in future. The lecture will give an overview to techniques for virtual reality, to their ability to visualize
and to simulate objects. It will be shown how virtual reality is already used in the product development process.

Content Introduction to the world of virtual reality; development of new VR-techniques; introduction to 3D-computergraphics; modelling; physical
based simulation; human factors; human interaction; equipment for virtual reality; display technologies; tracking systems; data gloves;
interaction in virtual environment; navigation; collision detection; haptic and tactile interaction; rendering; VR-systems; VR-applications in
industry, virtual mockup; data exchange, augmented reality.

Lecture notes A complete version of the handout is also available in English.
Prerequisites /
notice

Voraussetzungen:
keine
Vorlesung geeignet für D-MAVT, D-ITET, D-MTEC und D-INF

Testat/ Kredit-Bedingungen/ Prüfung:
 Teilnahme an Vorlesung und Kolloquien
 Erfolgreiche Durchführung von Übungen in Teams 
 Mündliche Einzelprüfung 30 Minuten

063-0610-00L The Digital in Architecture W 2 credits 1V+2U F. Gramazio, M. Kohler
Abstract In lecture series coupled with a series of taught exercises, the course establishes a conceptual framework of digital fabrication in

architecture. The exercises focus on simple yet powerful methods of digital, computational and algorithmic design. Two seminar sessions
open a debate on the digital as a driving force of a future building and architecture culture. 

Objective Students develop an understanding of the digital and its concepts in architecture and of current developments in the field of digital
fabrication. Students learn about design strategies based on digital methods and are able to relate these to their own design approach and
its wider context at the Department of Architecture. In the exercises, they learn to use Rhino 5 / Grasshopper and write their first code in
Python. The aim is to equip students with the necessary intellectual and technical skills that allow them to independently deepen their
engagement with the digital in the chosen design studios. 

Content The course consists of a lecture series coupled with a series of taught exercises. Departing from the work of Gramazio Kohler Research,
the lectures establish a conceptual framework of the digital in architecture with special regard to digital fabrication. The exercises focus on
simple yet powerful methods of digital, computational and algorithmic design. Two seminar sessions are dedicated to an open debate on
the digital as a driving force of a future building and architecture culture. 

Prerequisites /
notice

Pool Introduction Event:
Informationon event on all the courses offered by the ITA (Institute of Technology in Architecture): 
Monday, 17th February 2020, 11-12 h, HIB Open Space!

376-1178-00L Human Factors II W 3 credits 2V M. Menozzi Jäckli, R. Huang,
M. Siegrist

Abstract Strategies, abilities and needs of human at work as well as properties of products and systems are factors controlling quality and
performance in everyday interactions. In Human Factors II (HF II), cognitive aspects are in focus therefore complementing the more
physical oriented approach in HF I. A basic scientific approach is adopted and relevant links to practice are illustrated.

Objective The goal of the lecture is to empower students in designing products and systems enabling an efficient and qualitatively high standing
interaction between human and the environment, considering costs, benefits, health, well-being,  and safety as well. The goal is achieved
in addressing a broad variety of topics and embedding the discussion in macroscopic factors such as the behavior of consumers and
objectives of economy.

Content Cognitive factors in perception, information processing and action.  Experimental techniques in assessing human performance and well-
being, human factors and ergonomics in development of products and complex systems, innovation, decision taking, consumer behavior.

Literature Salvendy G. (ed), Handbook of Human Factors, Wiley & Sons, 2012

101-0523-00L Industrialized Construction W 4 credits 3G D. Hall
Abstract This course offers an introduction and overview to Industrialized Construction, a rapidly-emerging concept in the construction industry. The

course will present the driving forces, concepts, technologies, and managerial aspects of Industrialized Construction, with an emphasis on
current industry applications and future entrepreneurial opportunities in the field.
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Objective By the end of the course, students should be able to:
1. Describe the characteristics of the nine integrated areas of industrialized construction: planning and control of processes; developed
technical systems; prefabrication; long-term relations; logistics; use of ICT; re-use of experience and measurements; customer and market
focus; continuous improvement.
2. Assess case studies on successful or failed industry implementations of industrialized construction in Europe, Japan and North America. 
3. Propose a framework for a new industrialized construction company for a segment of the industrialized construction market (e.g.
housing, commercial, schools) including the company’s business model, technical platform, and supply chain strategy. 
4. Identify future trends in industrialized construction including the use of design automation, digital fabrication, and Industry 4.0.

Content The application of Industrialized Construction - also referred to as prefabrication, offsite building, or modular construction – is rapidly
increasing in the industry. Although the promise of industrialized construction has long gone unrealized, several market indicators show
that this method of construction is quickly growing around the world. Industrialized Construction offers potential for increased productivity,
efficiency, innovation, and safety on the construction site. The course will present the driving forces, concepts, technologies, and
managerial aspects of Industrialized Construction. The course unpacks project-orientated vs. product-oriented approaches while
showcasing process and technology platforms used by companies in Europe, the UK, Japan, and North America. The course highlights
future business models and entrepreneurial opportunities for new industrialized construction ventures.

The course is organized around a group project carried out in teams of 3-4. The project begins in week 6 of the course, and collaborative
group work will occur during the Wednesday sessions. Teams will be required to propose a framework for a new industrialized construction
venture including the company’s product offering, business model, technical platform, and supply chain strategy.

The planned course activities include a 1/2 day factory visit (UPDATE confirmed date is Friday, March 20), a tour of the NCCR dfab
laboratory, and five reflection assignments. Students who are unable to attend the visits can make up participation through independent
research and the writing of a short paper.

Literature A full list of required readings will be made available to the students via Moodle.

063-0640-00L Advanced Computational Design
Limited number of participants.

W 3 credits 3G B. Dillenburger

Abstract In this course we will discuss how strategies of Artificial Intelligence such as Machine Learning or Evolutionary Strategies can be used in
the design process. Principal concepts of computational geometry for architecture will be connected with methods to automatically
generate, evaluate and search for design solutions.

Objective Students will understand programming basics, and will learn how to control geometry using code. They will learn to translate a design
concept into an algorithmic approach - or vice versa - and will obtain an awareness of potentials and limitations of AI in the design phase.
Students will deepen their knowledge in customizing existing CAD software such as Rhino using scripting.

Content In this course we will discuss how concepts of Artificial Intelligence can be used in the design process. In tutorials and exercises, we will
explore the use strategies such as Machine Learning or Evolutionary Strategies to turn the computer from a drawing instrument into an
active partner in design, extending both the imagination and the intuition of the designer.

Prerequisites /
notice

Successful completion of the course "Structural Design VI" (063-0606-00L), "Design III" (052-0541/43/45) or "Das Digitale in der
Architektur" (063-0610-00L) are recommended

103-0448-01L Transformation of Urban Landscapes
Only for masters students, otherwise a special permit of
the lecturer is necessary.

W 3 credits 2G J. Van Wezemael,
A. Gonzalez Martinez

Abstract The lecture course addresses the transformation of urban landscapes towards sustainable inward development. The course reconnects
two largely separated complexity approaches in «spatial planning» and «urban sciences» as a basic framework to look at a number of
spatial systems considering economic, political, and cultural factors. Focus lies on participation and interaction of students in groups.

Objective - Understand cities as complex adaptive systems
- Understand planning in a complex context and planning competitions as decision-making
- Seeing cities through big data and understand (Urban) Governance as self-organization
- Learn Design-Thinking methods for solving problems of inward development
- Practice presentation skills
- Practice argumentation and reflection skills by writing critiques
- Practice writing skills in a small project
- Practice teamwork

Content Starting point and red thread of the lecture course is the transformation of urban landscapes as we can see for example across the Swiss
Mittelland - but in fact also globally. The lecture course presents a theoretical foundation to see cities as complex systems. On this basis it
addresses practical questions as well as the complex interplay of economic, political or spatial systems.

While cities and their planning were always complex the new era of globalization exposed and brought to the fore this complexity. It created
a situation that the complexity of cities can no longer be ignored. The reason behind this is the networking of hitherto rather isolated places
and systems across scales on the basis of Information and Communication Technologies. «Parts» of the world still look pretty much the
same but we have networked them and made them strongly interdependent. This networking fuels processes of self-organization. In this
view regions emerge from a multitude of relational networks of varying geographical reach and they display intrinsic timescales at which
problems develop. In such a context, an increasing number of planning problems remain unaffected by either «command-and-control»
approaches or instruments of spatial development that are one-sidedly infrastructure- or land-use orientated. In fact, they urge for novel,
more open and more bottom-up assembling modes of governance and a «smart» focus on how space is actually used. Thus, in order to be
effective, spatial planning and governance must be reconceptualised based on a complexity understanding of cities and regions,
considering self-organizing and participatory approaches and the increasingly available wealth of data.

Literature A reader with original papers will be provided via the ILIAS system.
Prerequisites /
notice

Only for masters students, otherwise a special permit of the lecturer is necessary.

252-0834-00L Information Systems for Engineers
Wird ab HS20 nur in Herbstsemester angeboten.

W 4 credits 2V+1U G. Fourny

Abstract This course provides the basics of relational databases from the perspective of the user.

We will discover why tables are so incredibly powerful to express relations, learn the SQL query language, and how to make the most of it.
The course also covers support for data cubes (analytics).
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Objective This lesson is complementary with Big Data for Engineers as they cover different time periods of database history and practices -- you can
even take both lectures at the same time.

After visiting this course, you will be capable to:

1. Explain, in the big picture, how a relational database works and what it can do in your own words.

2. Explain the relational data model (tables, rows, attributes, primary keys, foreign keys), formally and informally, including the relational
algebra operators (select, project, rename, all kinds of joins, division, cartesian product, union, intersection, etc).

3. Perform non-trivial reading SQL queries on existing relational databases, as well as insert new data, update and delete existing data.

4. Design new schemas to store data in accordance to the real world's constraints, such as relationship cardinality

5. Explain what bad design is and why it matters.

6. Adapt and improve an existing schema to make it more robust against anomalies, thanks to a very good theoretical knowledge of what is
called "normal forms".

7. Understand how indices work (hash indices, B-trees), how they are implemented, and how to use them to make queries faster.

8. Access an existing relational database from a host language such as Java, using bridges such as JDBC.

9. Explain what data independence is all about and didn't age a bit since the 1970s.

10. Explain, in the big picture, how a relational database is physically implemented.

11. Know and deal with the natural syntax for relational data, CSV.

12. Explain the data cube model including slicing and dicing.

13. Store data cubes in a relational database.

14. Map cube queries to SQL.

15. Slice and dice cubes in a UI.

And of course, you will think that tables are the most wonderful object in the world.

Content Using a relational database
=================
1. Introduction
2. The relational model
3. Data definition with SQL
4. The relational algebra
5. Queries with SQL

Taking a relational database to the next level
=================
6. Database design theory
7. Databases and host languages
8. Databases and host languages
9. Indices and optimization
10. Database architecture and storage

Analytics on top of a relational database
=================
12. Data cubes

Outlook
=================
13. Outlook

Literature - Lecture material (slides).

- Book: "Database Systems: The Complete Book", H. Garcia-Molina, J.D. Ullman, J. Widom
(It is not required to buy the book, as the library has it)

Prerequisites /
notice

For non-CS/DS students only, BSc and MSc
Elementary knowledge of set theory and logics
Knowledge as well as basic experience with a programming language such as Pascal, C, C++, Java, Haskell, Python

051-0912-20L Seminar Week Spring Semester 2020
Im FS20 darf nur eine Seminarwoche belegt werden 051-
0912-20L oder 051-0914-20L.

W  2 credits 3A Lecturers

Abstract The seminar week is obligatory for students of all semesters. There are many and varied study contents - the programs are listed at the
beginning of each semester.

Objective The students will be enabled to discuss narrowly formulated factual questions in small groups and in direct contact with the professors. 
Content The seminar week is obligatory for students of all semesters. There are many and varied study contents - the programs are listed at the

beginning of each semester.

052-0568-00L Room Acoustics (FS) W 2 credits 2G K. Eggenschwiler
Abstract Influence of form and material on speech and music within spaces. Special requirements of acoustically sensitive spaces such as school

rooms, music rooms, theaters, concert halls, opera buildings and churches (historical and modern buildings). Scientific ways of calculating
and assessing acoustics. Basic introduction to sound systems for speech.

Objective The students learn to recognise the importance of acoustic factors and to design spaces with appropriate acoustical properties.
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Content We will begin by focusing on the acoustic dimension of space without excluding the other non-auditory senses. Following this, the influence
of form and material on hearing and the characteristics of the spoken word and music within spaces will be explored by means of examples
and with the aid of the special instruments of acoustic science. We will then discuss the special requirements of acoustically sensitive
spaces such as school rooms, music rooms, theaters, concert halls, opera buildings, and churches. This study takes the form of both
theory, and real examples of historical and modern buildings. Scientific ways of calculating and assessing acoustics is presented and a
basic introduction to the sound system
design for speech is made.

Lecture notes Script in German

252-3900-00L Big Data for Engineers
This course is not intended for Computer Science and
Data Science MSc students! 

W 6 credits 2V+2U+1A G. Fourny

Abstract This course is part of the series of database lectures offered to all ETH departments, together with Information Systems for Engineers. It
introduces the most recent advances in the database field: how do we scale storage and querying to Petabytes of data, with trillions of
records? How do we deal with heterogeneous data sets? How do we deal with alternate data shapes like trees and graphs?

Objective This lesson is complementary with Information Systems for Engineers as they cover different time periods of database history and
practices -- you can even take both lectures at the same time.

The key challenge of the information society is to turn data into information, information into knowledge, knowledge into value. This has
become increasingly complex. Data comes in larger volumes, diverse shapes, from different sources. Data is more heterogeneous and less
structured than forty years ago. Nevertheless, it still needs to be processed fast, with support for complex operations.

This combination of requirements, together with  the technologies that have emerged in order to address them, is typically referred to as
"Big Data." This revolution has led to a completely new way to do business, e.g., develop new products and business models, but also to
do science -- which is sometimes referred to as data-driven science or the "fourth paradigm".

Unfortunately, the quantity of data produced and available -- now in the Zettabyte range (that's 21 zeros) per year -- keeps growing faster
than our ability to process it. Hence, new architectures and approaches for processing it were and are still needed. Harnessing them must
involve a deep understanding of data not only in the large, but also in the small.

The field of databases evolves at a fast pace. In order to be prepared, to the extent possible, to the (r)evolutions that will take place in the
next few decades, the emphasis of the lecture will be on the paradigms and core design ideas, while today's technologies will serve as
supporting illustrations thereof.

After visiting this lecture, you should have gained an overview and understanding of the Big Data landscape, which is the basis on which
one can make informed decisions, i.e., pick and orchestrate the relevant technologies together for addressing each business use case
efficiently and consistently.

Content This course gives an overview of database technologies and of the most important database design principles that lay the foundations of
the Big Data universe. 

It targets specifically students with a scientific or Engineering, but not Computer Science, background.

We take the monolithic, one-machine relational stack from the 1970s, smash it down and rebuild it on top of large clusters: starting with
distributed storage, and all the way up to syntax, models, validation, processing, indexing, and querying. A broad range of aspects is
covered with a focus on how they fit all together in the big picture of the Big Data ecosystem.

No data is harmed during this course, however, please be psychologically prepared that our data may not always be in normal form.

- physical storage: distributed file systems (HDFS), object storage(S3), key-value stores

- logical storage: document stores (MongoDB), column stores (HBase)

- data formats and syntaxes (XML, JSON, RDF, CSV, YAML, protocol buffers, Avro)

- data shapes and models (tables, trees)

- type systems and schemas: atomic types, structured types (arrays, maps), set-based type systems (?, *, +)

- an overview of functional, declarative programming languages across data shapes (SQL, JSONiq)

- the most important query paradigms (selection, projection, joining, grouping, ordering, windowing)

- paradigms for parallel processing, two-stage (MapReduce) and DAG-based (Spark)

- resource management (YARN)

- what a data center is made of and why it matters (racks, nodes, ...)

- underlying architectures (internal machinery of HDFS, HBase, Spark)

- optimization techniques (functional and declarative paradigms, query plans, rewrites, indexing)

- applications.

Large scale analytics and machine learning are outside of the scope of this course.

Literature Papers from scientific conferences and journals. References will be given as part of the course material during the semester.
Prerequisites /
notice

This course is not intended for Computer Science and Data Science students. Computer Science and Data Science students interested in
Big Data MUST attend the Master's level Big Data lecture, offered in Fall.

Requirements: programming knowledge (Java, C++, Python, PHP, ...) as well as basic knowledge on databases (SQL). If you have already
built your own website with a backend SQL database, this is perfect.

Attendance is especially recommended to those who attended Information Systems for Engineers last Fall, which introduced the "good old
databases of the 1970s" (SQL, tables and cubes). However, this is not a strict requirement, and it is also possible to take the lectures in
reverse order.

 Project Courses
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Number Title Type ECTS Hours Lecturers

363-1056-00L Innovation Leadership
Up to four slots are available for students in architecture or
civil engineering (Master level) or for D-MTEC MAS/MSc
students with architecture or civil engineering background.

If you are NOT a student in Integrated Building Systems,
you need to apply with motivation letter (max. 1 page), CV
and a transcript of records no later than 31 January 2020.
Please send your application to Zorica Zagorac
(zzagorac@ethz.ch).

W 6 credits 3S D. Laureiro Martinez,
C. P. Siegenthaler, Z. Zagorac-
Uremovic

Abstract This course provides participants with the challenging opportunity of working on an innovation project of a leading company in the Swiss
building industry.

Objective Students work in teams, on a concrete innovation project that is currently affecting the strategic agenda of the top management team of a
leading company in the Swiss building industry. Students conduct interviews with internal and external experts, as well as company clients.
By doing so, students gain first-hand experience on the competitive dynamics of the construction industry and as a group, work on
proposing a solution to the company’s innovation project.
The course emphasizes the use and development of self-directedness and critical thinking abilities. In parallel to working on the innovation
project, students work on their own learning goals. Students first define their very own learning goals and then are assessed and graded on
whether they have progressed towards achieving such learning goals. 
Students learn to: 
•    Reflect and explore personal learning goals and discover new aspects of their leadership abilities
•    Learn to work in an unknown direction with no certain outcome
•    Explore how a project with internal and external stakeholders works when people have conflicting interests, that might also vary
according to the different time perspectives that are taken into account
•    Use design thinking and solution-oriented coaching techniques

Content The course uses participant-centered tools that encourage students' reflection and boost their personal development, their creative output
and help them to discover their own approach to leadership. The course offers multiple opportunities to learn about technical aspects in a
real corporate environment. The setup is a social environment in which trial-and-error learning is encouraged. The course focuses on three
areas of development: Project management, innovation and leadership.
Project Management: Students learn to self-manage their project while being supported by numerous project management techniques,
coaching exercises, and individual feedback through learning diaries. An additional focus is given to design thinking methods and
prototyping tools.

Innovation: Students learn about specific topics related to current innovation in the building sector in Switzerland. They learn to understand
technology changes with an ecosystems view and think about the impact of new technologies in the building industry company (e.g. the
commercialization of Building Information Modelling, BIM). 
Leadership: Students conduct a project with diverse stakeholders requiring them to take managerial, technical, and personal responsibility
for the company case. This high-pressure environment leads to an intense self-reflection journey, team experience and fosters proactive
behaviors towards the client. 
-    On the individual level, students have to identify and achieve their very own authentic learning goals. Coaching tools involve a learning
diary, which questions evolve during the semester, and a self-assessment of individual abilities and traits, which complements the reflective
journey. 
-    On the team level, students are teamed up to deliver a solution proposal to the company’s project. The teams are diverse and the
students’ work focuses on cooperativeness and how to be effective team members. Teaching tools involve peer-to-peer feedback,
coaching and open space workshops.
-    On the company level, students learn how to deal with different stakeholders and how to create impactful and sustainable solutions for
their client.

Prerequisites /
notice

Up to four slots are available for students in architecture or civil engineering (Master level) or for D-MTEC MAS/MSc students with
architecture or civil engineering background.

If you are NOT a student in Integrated Building Systems, you need to apply with motivation letter (max. 1 page), CV and a transcript of
records no later than 31 January 2020. Please send your application to Zorica Zagorac (zzagorac@ethz.ch). Incomplete or late
applications will not be considered.

 Semester Project
Number Title Type ECTS Hours Lecturers

066-0431-00L Semester Project MBS
Semester projects are supervised and reviewed by one or
several professors and possibly by other persons at the
same time. At least one professor has to be a member of
a department involved in the study programme (article 2).
This regulation is also valid for semester projects taking
place outside ETH Zurich.

You can choose the mentoring professor of your semester
project MBS: 
Jan CARMELIET
Stefano BRUSONI
Guillaume HABERT
Daniel HALL
John LYGEROS
Marco MAZZOTTI
Arno SCHLÜTER 
Roy SMITH

O  6 credits 13A Professors

Abstract The semester project focuses in solving specific research questions in the field of integrated building systems.
Objective The semester project is designed to train students in solving specific research questions in the field of integrated building systems. The

goal is to apply acquired knowledge which is gained throughout the first year of the master's program. The semester project is advised by a
professor who is affiliated with one of the partner departments of the Master program "Integrated building systems".  

Content The semester project is designed to train students in solving specific research questions in the field of integrated building systems. The
goal is to apply acquired knowledge which is gained throughout the first year of the master's program. The semester project is advised by a
professor who is affiliated with one of the partner departments of the Master program "Integrated building systems".  

 GESS Science in Perspective
Number Title Type ECTS Hours Lecturers
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see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
ARCH.

see Science in Perspective: Language Courses ETH/UZH

851-0107-00L Science and the Public: A Problem of Mediation that
the Media Have to Solve?

W 3 credits 2S U. J. Wenzel

Abstract What can, what should, what do "laymen" want to know and understand from scientific findings? How and what is "conveyed" in reporting
on science? Does science journalism have to follow scientific criteria? How do the natural sciences differ from the humanities and social
sciences in terms of "comprehensibility" and public visibility?

Objective Gaining insights into the relationship between the sciences, the public and the media, into their historical development and current
problems - with particular reference to the "Wissenschaftsfeuilleton".

Content The feuilleton of the «Frankfurter Allgemeine Zeitung» of 27 June 2000 has gone down in the annals of recent media history. The last
sequences of the fully mapped human genetic code were printed on six large-format pages: the letters A, G, C and T in various
combinations and sequences - a «readable » but incomprehensible jumble of letters. What at the time was astounding journalistic coup and
met with enthusiasm as well as head shaking can (also) be read as an allegory of the tense relationship between science and the public.
What can, what should, what do «laymen» want to know and understand from scientific findings? What role do the media play, does
science journalism play in this? How and what is «conveyed» in reporting on scientific findings? And does science journalism have to follow
scientific criteria in such reporting? How do the natural sciences, medicine and technology differ from the humanities and social sciences in
terms of «comprehensibility» and public awareness? Are we really dealing with two diverging «science cultures» - and two different ways of
presenting them  in the media?
These questions will be explored on some excursions into recent and also older media, scientific and cultural history.

851-0006-00L Water in the Early Modern Period: A Material and
Environmental History

W 3 credits 2S T. Asmussen

Abstract The seminar deals with questions of how water was perceived, used and appropriated in medieval and early modern societies. We
examine water as a livelihood (drinking water, irrigation resource), energy source, transport medium, infrastructure and threat between
1400 and 1800.

Objective The students acquire historical knowledge of how pre-modern societies appropriated the natural substance water and how they themselves
were formed and changed by the interactions with the liquid element.  Students are expected to read original German, French and English
sources.

Content The seminar examines the history of the substance and uses of water from the late Middle Ages to the 18th century. Using text and image
sources, we will examine the physical, cultural, economic and scientific-technical implications of the relationship between man and water in
plenary sessions and groups.
We deal with (al-)chemical analyses of water in the context of medical treatises and spas, the expansion and challenges of the water
infrastructure ( fountains, sewage canals, irrigation canals, inland waterways), the associated changes of landscapes as well as with water
as a threat (floods). 

851-0109-00L Public Images of Science W 3 credits 2V M. Bucchi
Abstract The course will analize in a historical and sociological approach the public images of science and scientists and their major changes. 
Objective In particular, we will explore the following subjects: the role of the visual element in the communication of science and its public

representation; the role of ‘visible scientists’, with particular consideration of Nobel Prize winners; events and affairs that have shaped the
public perception of science and the relationship between science and society.  

Content The course will analize in a historical and sociological approach the public images of science and scientists and their major changes. 
In particular, we will explore the following subjects: the role of the visual element in the communication of science and its public
representation; the role of ‘visible scientists’, with particular consideration of Nobel Prize winners; events and affairs that have shaped the
public perception of science and the relationship between science and society.  
Various examples will be quoted and discussed, and will illustrate the Italian science and its relationship to society and to the various
cultural fields (literature, visual arts, gastronomy), with particular reference to the period from the second half of the 19th century until the
end of the 20th century.

851-0521-00L Computer History. An Introduction W 3 credits 2V D. Gugerli
Abstract The lecture will explore the question of how the world got into the computer. The history of this great move in the second half of the 20th

century is told by focusing on bottlenecks, the overcoming of which has created new difficulties.
Objective The students learn to understand the effects of techno-historical narratives and arguments.
Lecture notes The exact programme will be presented at the beginning of the semester.

851-0609-04L The Energy Challenge - The Role of Technology,
Business and Society
Prerequisites: Basic knowledge in economics.

W 2 credits 2V R. Schubert, T. Schmidt, B. Steffen

Abstract In recent years, energy security, risks, access and availability are important issues. Strongly redirecting and accelerating technological
change on a sustainable low-carbon path is essential. The transformation of current energy systems into sustainable ones is not only a
question of technology but also of the goals and influences of important actors like business, politics and society.

Objective In this course different options of sustainable energy systems like fossile energies, nuclear energy or all sorts of renewable energies are
explained and discussed. The students should be able to understand and identify advantages and disadvantages of the different
technological options and discuss their relevance in the business as well as in the societal context.

Lecture notes Materials will be made available on the electronic learning platform: www.vwl.ethz.ch
Literature Materials will be made available on the electronic learning platform: www.vwl.ethz.ch
Prerequisites /
notice

Various lectures from different disciplines.

363-0532-00L Economics of Sustainable Development W 3 credits 2V L. Bretschger
Abstract Concepts and indicators of sustainable development, paradigms of weak and strong sustainability;

neoclassical and endogenous growth models;
economic growth in the presence of exhaustible and renewable resources; pollution, environmental policy and growth;
role of substitution and technological progress;
Environmental Kuznets Curve; sustainability policy.

Objective The aim is to develop an understanding of the implications of sustainable development for the long-run development of economies. It is to
be shown to which extent the potential for growth to be sustainable depends on substitution possibilities, technological change and
environmental policy.
After successful completion of this course, students are able to
1. understand the causes of long-term economic development
2. analyse the influence of natural resources and pollution on the development of social welfare
3. to appropriately classify the role of politics in the pursuit of sustainability goals.
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Content The lecture introduces different concepts and paradigms of sustainable development. Building on this foundation and following a general
introduction to the modelling of economic growth, conditions for growth to be sustainable in the presence of pollution and scarce natural
resources are derived. Special attention is devoted to the scope for substitution and role of technological progress in overcoming resource
scarcities. Implications of environmental externalities are regarded with respect to the design of environmental policies.     
Concepts and indicators of sustainable development, paradigms of weak and strong sustainability, sustainability optimism vs. pessimism;
introduction to neoclassical and endogenous growth models;
pollution, environmental policy and growth;
role of substitution possibilities and technological progress;
Environmental Kuznets Curve: concept, theory and empirical results;
economic growth in the presence of exhaustible and renewable resources, Hartwick rule, resource saving technological change.

Lecture notes Will be provided successively in the course of the semester.
Literature Bretschger, F. (1999), Growth Theory and Sustainable Development, Cheltenham: Edward Elgar.


Bretschger, L. (2004), Wachstumstheorie, Oldenbourg, 3. Auflage, München. 

Bretschger, L. (2018), Greening Economy, Graying Society, CER-ETH Press, ETH Zurich.

Perman, R., Y. Ma, J. McGilvray and M. Common (2011), Natural Resource and Environmental Economics, Longman , 4th ed., Essex.

Neumayer, E. (2003), Weak and Strong Sustainability, 2nd ed., Cheltenham: Edward Elgar.

364-0576-00L Advanced Sustainability Economics
PhD course, open for MSc students

W 3 credits 3G L. Bretschger

Abstract The course covers current resource and sustainability economics, including ethical foundations of sustainability, intertemporal optimisation
in capital-resource economies, sustainable use of non-renewable and renewable resources, pollution dynamics, population growth, and
sectoral heterogeneity. A final part is on empirical contributions, e.g. the resource curse, energy prices, and the EKC.

Objective Understanding of the current issues and economic methods in sustainability research; ability to solve typical problems like the calculation of
the growth rate under environmental restriction with the help of appropriate model equations.

351-0578-00L Introduction to Economic Policy
Does not take place this semester.

W 2 credits 2V

Abstract First approach to the theory of economic policy.
Objective First approach to the theory of economic policy.
Content Wirtschaftspolitik ist die Gesamtheit aller Massnahmen von staatlichen Institutionen mit denen das Wirtschaftsgeschehen geregelt und

gestaltet wird. Die Vorlesung bietet einen ersten Zugang zur Theorie der Wirtschaftspolitik. 

Gliederung der Vorlesung:

1.) Wohlfahrtsökonomische Grundlagen: Wohlfahrtsfunktion, Pareto-Optimalität, Wirtschaftspolitik als Mittel-Zweck-Analyse u.a.

2.) Wirtschaftsordnungen: Geplante und ungeplante Ordnung
3.) Wettbewerb und Effizienz: Hauptsätze der Wohlfahrtsökonomik, Effizienz von Wettbewerbsmärkten
4.) Wettbewerbspolitik: Sicherstellung einer wettbewerblichen Ordnung

Gründe für Marktversagen:
5.) Externe Effekte 
6.) Öffentliche Güter 
7.) Natürliche Monopole 
8.) Informationsasymmetrien
9.) Anpassungskosten
10.) Irrationalität

11.) Wirtschaftspolitik und Politische Ökonomie

Die Vorlesung beinhaltet Anwendungsbeispiele und Exkurse, um eine Verbindung zwischen Theorie und Praxis der Wirtschaftspolitik
herzustellen. Z. B. Verteilungseffekte von wirtschaftspolitischen Massnahmen, Kartellpolitik am Ölmarkt, Internalisierung externer Effekte
durch Emissionshandel, moralisches Risiko am Finanzmarkt, Nudging, zeitinkonsistente Präferenzen im Bereich der Gesundheitspolitik

Lecture notes Nein.

701-0758-00L Ecological Economics: Introduction with Focus on
Growth Critics

W 2 credits 2V I. Seidl

Abstract Students become acquainted with the basics / central questions / analyses of Ecological Economics. Thereby, central will be the topic of
economic growth. What are the positions of Ecological Economics in this regard? What are the theories and concepts to found this position
in general and in particular economic areas (e.g. resource consumption, efficiency, consumption, labour market, enterprises)?

Objective Become acquainted with basics and central questions of Ecological Economics (EE): e.g. 'pre-analytic vision', field of discipline,
development EE, contributions of involved disciplines such as ecology or political sciences, ecological-economic analysis of topics such as
labour market, consumption, money. Critical analysis of growth and learning about approaches to reduce growth pressures.

Content What is Ecological Economics
Field of the discipline and basics
Resource consumption, its development and measurements
Measurement of economic activity and welfare
Economic growth, growth critics and post-growth society
Consumption, Money, Enterprises, labour market and growth pressures
Starting points for a post-growth society

Lecture notes No Script. Slides and texts will be provided beforehand.
Literature Daly, H. E. / Farley, J. (2004). Ecological Economics. Principles and Applications. Washington, Island Press.

     
Seidl, I. /Zahrnt A. (2010). Postwachstumsgesellschaft, Marburg, Metropolis.

Ausgewählte wissenschaftliche Artikel.
Prerequisites /
notice

Participation in a lecture on environmental economics or otherwise basic knowledge of economics (e.g. A-Level)

751-1500-00L Development Economics W 3 credits 2V I. Günther, K. Harttgen
Abstract Introduction into basic theoretical and empirical aspects of economic development. Prescriptive theory of economic policy for poverty

reduction.
Objective The goal of this lecture is to introduce students to basic development economics and related economic and developmental contexts.
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Content The course begins with a theoretical and empirical introduction to the concepts of poverty reduction and issues of combating
socioeconomic inequality. Based on this, important external and internal drivers of economic development and poverty reduction are
discussed as well as economic and development policies to overcome global poverty. In particular, the following topics are discussed:

- measurement of development, poverty and inequality, 
- growth theories
- trade and development
- education, health, population and development
- states and institutions
- fiscal,monetary- and exchange rate policies

Lecture notes None.
Literature Günther, Harttgen und Michaelowa (2020): Einführung in die Entwicklungsökonomik.
Prerequisites /
notice

Voraussetzungen: 
Grundlagenkenntisse der Mikro- und Makroökonomie. 

Besonderes:
Die Veranstaltung besteht aus einem Vorlesungsteil, aus eigener Literatur- und Recherchearbeit sowie der Bearbeitung von
Aufgabenblättern. 

Die Vorlesung basiert auf: Günther, Harttgen und Michaelowa (2019): Einführung in die Entwicklungsökonomik. Einzelne Kapitel müssen
jeweils vor den Veranstaltungen gelesen werden. In den Veranstaltungen wird das Gelesene diskutiert und angewendet. Auch werden
offene Fragen der Kapitel und Übungen besprochen.

860-0032-00L Principles of Macroeconomics
Prerequisite: An introductory course in Economics is
required to sign up for this course.

Number of participants is limited to 20

STP students have priority

W 3 credits 2V S. Sarferaz

Abstract This course examines the behaviour of macroeconomic variables, such as gross domestic product, unemployment and inflation rates. It
tries to answer questions like: How can we explain fluctuations of national economic activity? What can economic policy do against
unemployment and inflation?

Objective This lecture will introduce the fundamentals of macroeconomic theory and explain their relevance to every-day economic problems.
Content This course helps you understand the world in which you live. There are many questions about the macroeconomy that might spark your

curiosity. Why are living standards so meagre in many African countries? Why do some countries have high rates of inflation while others
have stable prices? Why have some European countries adopted a common currency? These are just a few of the questions that this
course will help you answer. Furthermore, this course will give you a better understanding of the potential and limits of economic policy. As
a voter, you help choose the policies that guide the allocation of society's resources. When deciding which policies to support, you may find
yourself asking various questions about economics. What are the burdens associated with alternative forms of taxation? What are the
effects of free trade with other countries? How does the government budget deficit affect the economy? These and similar questions are
always on the minds of policy makers.

701-0701-00L Philosophy of Science W 3 credits 2V C. J. Baumberger
Abstract The lecture explores various strands in philosophy of science in a critical way, focusing on the notion of rationality in science, especially

with regards to environmental research. It addresses the significance and limits of empirical, mathematical and logical methods, as well as
problems and ethical issues raised by the use of science in society.

Objective Students learn to engage with problems in the philosophy of science and to relate them to natural and environmental sciences, thus
developing their skills in critical thinking about science and its use. They know the most important positions in philosophy of science and
the objections they face. They can identify, structure and discuss issues raised by the use of science in society.

Content 1. Core differences between classical Greek and modern conceptions of science. 
2. Classic positions in the philosophy of science in the 20th century: logical empiricism and critical rationalism (Popper); the analysis of
scientific concepts and explanations. 
3. Objections to logical empiricism and critical rationalism, and further developments: What is the difference between the natural sciences,
the social sciences and the arts and humanities? What is progress in science (Kuhn, Fleck, Feyerabend)? Is scientific knowledge
relativistic? What is the role of experiments and computer simulations? 
4. Issues raised by the use of science in society: The relation between basic and applied research; inter- and transdisciplinarity; ethics and
accountability of science.

Lecture notes A reader will be available for students.
Literature A list of introductory literature and handbooks will be distributed to the students.
Prerequisites /
notice

Oral examination during the session examination.
Further optional exercises accompany the lecture and offer the opportunity for an in-depth discussion of selected texts from the reader.
Students receive an additional credit point. They have to sign up separately for the exercises for the course 701-0701-01 U.

851-0125-65L A Sampler of Histories and Philosophies of
Mathematics
Particularly suitable for students D-CHAB, D-INFK, D-
ITET,  D-MATH, D-PHYS

W 3 credits 2V R. Wagner

Abstract This course will review several case studies from the ancient, medieval and modern history of mathematics. The case studies will be
analyzed from various philosophical perspectives, while situating them in their historical and cultural contexts.

Objective The course aims are:
1. To introduce students to the historicity of mathematics
2. To make sense of mathematical practices that appear unreasonable from a contemporary point of view
3. To develop critical reflection concerning the nature of mathematical objects
4. To introduce various theoretical approaches to the philosophy and history of mathematics
5. To open the students' horizons to the plurality of mathematical cultures and practices

851-0090-00L The Philosophy of Complex Systems W 3 credits 2S O. Del Fabbro
Abstract Today complexity research has found an enormous expansiveness in heterogenous areas, such as physics, biology, medicine, urban

complexity, environment sustainability, public policy, economics, sociology, education, computer science, robotics, AI, etc. Furthermore, we
will look at historical advancements like cybernetics, and how complexity research influenced philosophical theories.

Objective Students should learn about the different types of argumentative texts and scientific theories. They should learn to understand the
descriptive and critical value of texts that operate at the boarder between philosophy and science.

860-0001-00L Public Institutions and Policy-Making Processes
Number of participants limited to 25.


W 3 credits 2.8G T. Bernauer, S. Bechtold,
F. Schimmelfennig
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Priority for MSc Science, Technology, and Policy.
Abstract Students acquire the contextual knowledge for analyzing public policies. They learn why and how public policies and laws are developed,

designed, and implemented at national and international levels, and what challenges arise in this regard.
Objective Public policies result from decision-making processes that take place within formal institutions of the state (parliament, government, public

administration, courts). That is, policies are shaped by the characteristics of decision-making processes and the characteristics of public
institutions and related actors (e.g. interest groups). In this course, students acquire the contextual knowledge for analyzing public policies.
They learn why and how public policies and laws are developed, designed, and implemented at national and international levels, and what
challenges arise in this regard. The course is organized in three modules. The first module (Stefan Bechtold) examines basic concepts and
the role of law, law-making, and law enforcement in modern societies. The second module (Thomas Bernauer) deals with the functioning of
legislatures, governments, and interest groups. The third module (Frank Schimmelfennig) focuses on the European Union and international
organisations.

Content Public policies result from decision-making processes that take place within formal institutions of the state (parliament, government, public
administration, courts). That is, policies are shaped by the characteristics of decision-making processes and the characteristics of public
institutions and related actors (e.g. interest groups). In this course, students acquire the contextual knowledge for analyzing public policies.
They learn why and how public policies and laws are developed, designed, and implemented at national and international levels, and what
challenges arise in this regard. The course is organized in three modules. The first module (Stefan Bechtold) examines basic concepts and
the role of law, law-making, and law enforcement in modern societies. The second module (Thomas Bernauer) deals with the functioning of
legislatures, governments, and interest groups. The third module (Frank Schimmelfennig) focuses on the European Union and international
organisations.

Lecture notes Reading materials will be distributed electronically to the students when the semester starts.
Literature Baylis, John, Steve Smith, and Patricia Owens (2014): The Globalization of World Politics. An Introduction to International Relations.

Oxford: Oxford University Press.

Caramani, Daniele (ed.) (2014): Comparative Politics. Oxford: Oxford University Press. 

Gilardi, Fabrizio (2012): Transnational Diffusion: Norms, Ideas, and Policies, in Carlsnaes, Walter, Thomas Risse and Beth Simmons,
Handbook of International Relations, 2nd Edition, London: Sage, pp. 453-477.

Hage, Jaap and Bram Akkermans (eds.) (2nd edition 2017): Introduction to Law, Heidelberg: Springer.

Jolls, Christine (2013): Product Warnings, Debiasing, and Free Speech: The Case of Tobacco Regulation, Journal of Institutional and
Theoretical Economics 169: 53-78.

Lelieveldt, Herman and Sebastiaan Princen (2011): The Politics of European Union. Cambridge: Cambridge University Press.

Lessig, Lawrence (2006): Code and Other Laws of Cyberspace, Version 2.0, New York: Basic Books. Available at
http://codev2.cc/download+remix/Lessig-Codev2.pdf.

Schimmelfennig, Frank and Ulrich Sedelmeier (2004): Governance by Conditionality: EU Rule Transfer to the Candidate Countries of
Central and Eastern Europe, in: Journal of European Public Policy 11(4): 669-687.

Shipan, Charles V. and Craig Volden (2012): Policy Diffusion: Seven Lessons for Scholars and Practitioners. Public Administration Review
72(6): 788-796. 

Sunstein, Cass R. (2014): The Limits of Quantification, California Law Review 102: 1369-1422.

Thaler, Richard H. and Cass R. Sunstein (2003): Libertarian Paternalism. American Economic Review: Papers & Proceedings 93: 175-179.

Prerequisites /
notice

This is a Master level course. The course is capped at 25 students, with ISTP Master students having priority.

851-0252-01L Human-Computer Interaction: Cognition and Usability
Number of participants limited to 30.

Particularly suitable for students of D-ITET

W 3 credits 2S C. Hölscher, I. Barisic, H. Zhao

Abstract This seminar introduces theory and methods in human-computer interaction and usability. Cognitive Science provides a theoretical
framework for designing user interfaces as well as a range of methods for assessing usability (user testing, cognitive walkthrough, GOMS).
The seminar will provide an opportunity to experience some of the methods in applied group projects.

Objective This seminar will introduce key topics, theories and methodology in human-computer interaction (HCI) and usability. Presentations will
cover the basics of human-computer interaction and selected topics like mobile interaction, adaptive systems, human error and attention. A
focus of the seminar will be on getting to know evaluation techniques in HCI. Students will work in groups and will first familiarize
themselves with a select usability evaluation method (e.g. user testing, GOMS, task analysis, heuristic evaluation, questionnaires or
Cognitive Walkthrough). They will then apply the methods to a human-computer interaction setting (e.g. an existing software or hardware
interface) and present the method as well as their procedure and results to the plenary. Active participation is vital for the success of the
seminar, and students are expected to contribute to presentations of foundational themes, methods and results of their chosen group
project. In order to obtain course credit a written essay / report will be required (details to be specified in the introductory session of the
course).

851-0232-00L Social Psychology of Effective Teamwork W 2 credits 2V R. Mutz
Abstract The lecture covers the main topics of social interactions in groups as a basis for effective teamwork in organisations: group; group

structure; group dynamics and performance; group analysis; examples of applications.
Objective Teamwork is of growing importance in business and administration. The aim of this lecture / exercise is to provide a scientific

understanding of social interactions in groups as a basis for effective teamwork in organisations.
Content Inhalte der Lehrveranstaltung sind:

-  Gruppe: Definition und Typen
-  Gruppenstruktur: Rollen und Führung
-  Gruppenprozesse: Konformität und Konflikte in Gruppen
-  Gruppenleistung: Leistungsvorteile von Gruppen
-  Gruppenanalyse:  Interaktionsprozessanalyse und Soziometrie 
-  Anwendungsbeispiele: Assessment-Center, teilautonome Gruppen

Lecture notes Es können Folien, die in der Vorlesung verwendet werden, im Anschluss an die Veranstaltung von einer Austauchplattform
heruntergeladen werden.

Literature Die Literatur wird in Form eines Readers mit für die Themen der Vorlesung relevanten Textauszügen aus Fachbüchern angeboten.
Prerequisites /
notice

Die Übungen dienen dazu, einzelne Themenbereiche der Vorlesung an praktischen Beispielen exemplarisch zu vertiefen.

851-0252-08L Evidence-Based Design: Methods and Tools For
Evaluating Architectural Design

W 3 credits 2S M. Gath Morad, B. Emo Nax,
C. Hölscher
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Number of participants limited to 40

Particularly suitable for students of D-ARCH 

Abstract Students are taught a variety of evaluation methods to assess architectural design from the perspective of potential occupants. Students
are given a theoretical background on evaluation in architecture as well as practical knowledge on evaluation methods such as virtual
reality, agent-based simulations and space syntax analysis. This is a project-oriented course tailored for architecture students.

Objective The course aims to teach students how to evaluate architectural design projects from the perspective of potential occupants. The concept
of evidence-based design is introduced through a design process applied to a specific case study. Students are given a theoretical
background on the notion of evaluation in architecture and spatial cognition as well as practical knowledge on various evaluation methods
such as virtual reality, agent-based simulations and space syntax analysis. The course covers a range of methods including virtual reality
for architectural design and agent-based simulations as well as visibility analysis and network analysis. Students are expected to apply
these methods to a case study of their choice or to example cases provided by the course team. For students taking a B-ARCH or M-
ARCH degree, this can be a completed or ongoing design studio project. The course gives students the chance to implement the methods
iteratively and explore how best to address the needs of the potential occupants during the design process. 

 The course is tailored for students studying for B-ARCH and M-ARCH degrees. As an alternative to obtaining D-GESS credit, architecture
students can obtain course credit in "Vertiefungsfach" or "Wahlfach".

851-0740-00L Big Data, Law, and Policy
Number of participants limited to 35

Students will be informed by 1.3.2020 at the latest.

W 3 credits 2S S. Bechtold

Abstract This course introduces students to societal perspectives on the big data revolution. Discussing important contributions from machine
learning and data science, the course explores their legal, economic, ethical, and political implications in the past, present, and future.

Objective This course is intended both for students of machine learning and data science who want to reflect on the societal implications of their field,
and for students from other disciplines who want to explore the societal impact of data sciences. The course will first discuss some of the
methodological foundations of machine learning, followed by a discussion of research papers and real-world applications where big data
and societal values may clash. Potential topics include the implications of big data for privacy, liability, insurance, health systems, voting,
and democratic institutions, as well as the use of predictive algorithms for price discrimination and the criminal justice system. Guest
speakers, weekly readings and reaction papers ensure a lively debate among participants from various backgrounds.

851-0702-01L Public Construction Law
Particularly suitable for students of D-BAUG

W 2 credits 2V O. Bucher

Abstract Students will be introduced to the basic principles of planning and public construction legislation (development application procedures) as
well as to the basics of public procurement law.

Objective Students shall have an understanding for the basic principles of planning and public construction legislation (incl. environmental law,
development application procedures) as well as for the basics of public procurement law.

Content Topics of this unit are: 1. Fundamentals of planning and public construction legislation (development, constitutional and legal foundation,
basic principles and aims of spatial planning), 2. Federal, cantonal and communal planning legislation, 3. Public construction law
(accessibility, zoning, construction and land use regulations [incl. environmental, water, heritage and energy use law], 4. Development
application proceedings (obtaining development consent, appeal proceedings), 5. Basics of public procurement law

Lecture notes ALAIN GRIFFEL, Raumplanungs- und Baurecht - in a nutshell, Dike Verlag, 3. A., Zürich 2017

CLAUDIA SCHNEIDER HEUSI, Vergaberecht - in a nutshell, Dike Verlag, 2. A., Zürich 2018

Die Vorlesung basiert auf diesen Lehrmitteln.

Literature PETER HÄNNI, Planungs-, Bau- und besonderes Umweltschutzrecht, 6. A., Bern 2016

WALTER HALLER/PETER KARLEN, Raumplanungs-, Bau- und Umweltrecht, Bd. I, 3. A., Zürich 1999

Prerequisites /
notice

Voraussetzungen: Vorlesung Rechtslehre GZ (851-0703-00/01)

851-0735-11L Environmental Regulation: Law and Policy
Number of participants limited to 20.

Particularly suitable for students of D-USYS

W 3 credits 1S J. van Zeben

Abstract The aim of this course is to make students with a technical scientific background aware of the legal and political context of environmental
policy in order to place technical solutions in their regulatory context.

Objective The aim of this course is to equip students with a legal and regulatory skill-set that allows them to translate their technical knowledge into a
policy brief directed at legally trained regulators.  More generally, it aims to inform students with a technical scientific background of the
legal and political context of environmental policy. The focus of the course will be on international and European issues and regulatory
frameworks - where relevant, the position of Switzerland within these international networks will also be discussed.

Content Topics covered in lectures:

(1)    Environmental Regulation
a.    Perspectives
b.    Regulatory Challenges of Environment Problems
c.    Regulatory Tools
(2)    Law: International, European and national laws
a.    International law
b.    European law
c.    National law
(3)    Policy: Case studies

Assessment:
(i) Class participation (25%): Students will be expected to contribute to class discussions and prepare short memos on class readings.
(ii) Exam (75%) consisting of two parts: 
a. Policy brief - a maximum of 2 pages (including graphs and tables);
b. Background document to the policy brief - this document sets out a more detailed and academic overview of the topic (maximum 8
pages including graphs and tables);

Lecture notes The course is taught as a small interactive seminar and significant participation is expected from the students. Participation will be capped
at 15 in order to maintain the interactive nature of the classes. All classes, readings, and assignments, are in English.  

Teaching will take place over two weeks in February and March. The exam date will be in May.

During the second week of the teaching period, students will have individual 30-minute meetings with the lecturer to discuss their project.
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Literature An electronic copy of relevant readings will be provided to the students at no cost before the start of the lectures.
Prerequisites /
notice

No specific pre-existing legal knowledge is required, however all students must have successfully completed Grundzüge des Rechts (851-
0708-00 V) or an equivalent course. 

The course is (inter)related to materials discussed in Politikwissenschaft: Grundlagen (851-0577-00 V), Ressourcen- und Umweltökonomie
(751-1551-00 V), Umweltrecht: Konzepte und Rechtsgebiete (851-0705-01 V), Rechtlicher Umgang mit natürlichen Ressourcen (701-
0743-01 V), Environmental Governance (701-1651-00 G), Policy and Economics of Ecosystem Services (701-1653-00 G), International
Environmental Politics: Part I (851-0594-00 V).

851-0585-38L Data Science in Techno-Socio-Economic Systems
Number of participants limited to 80

This course is thought be for students in the 5th semester
or above with quantitative skills and interests in modeling
and computer simulations.

Particularly suitable for students of D-INFK, D-ITET, D-
MAVT, D-MTEC, D-PHYS

W 3 credits 3S N. Antulov-Fantulin

Abstract This course introduces how techno-socio-economic systems in our complex society can be better understood with techniques and tools of
data science. Students shall learn how the fundamentals of data science are used to give insights into the research of complexity science,
computational social science, economics, finance, and others.

Objective The goal of this course is to qualify students with knowledge on data science to better understand techno-socio-economic systems in our
complex societies. This course aims to make students capable of applying the most appropriate and effective techniques of data science
under different application scenarios. The course aims to engage students in exciting state-of-the-art scientific tools, methods and
techniques of data science. 
In particular, lectures will be divided into research talks and tutorials. The course shall increase the awareness level of students of the
importance of interdisciplinary research. Finally, students have the opportunity to develop their own data science skills based on a data
challenge task, they have to solve, deliver and present at the end of the course.

Prerequisites /
notice

Good programming skills and a good understanding of probability & statistics and calculus are expected.

701-0786-00L Mediation in Environmental Planning: Theory and
Case Studies.

W 2 credits 2G K. Siegwart

Abstract This course is intended to demonstrate how environmental decisions can be optimized and conflicts better dealt by using mediation. Case
studies will focus on construction of windmills for electricity purpose, use of fracking, sustainable city-planning in the field of former
industrial area or the establishment of a birds- or a forest-management plan.

Objective - Develop comprehension of legal and social responses to environmental conflicts
- Recognize the most important participative techniques and their ranges
- Develop concepts for doing and evaluating mediation processes 
- Estimate the potential and limitations of cooperative environmental planning
- Train communicative skills (presentation, moderation, discussion design, negotiation), especially by participating at a mediation

Content To this end, we will look at the most important techniques of mediation and put them into the context of today's legislation, participation and
conflict culture. The potential and limitations of the individual techniques will be discussed using current Swiss and international case
studies, namely in the field of windenergy. Students can do conflict analyses, for instance, as part of individual and group analyses and a
half-day mediation-simulation, develop technique concepts and train their own communicative and negotiation skills.

Lecture notes A reader will be handed out.

 Master's Thesis
Number Title Type ECTS Hours Lecturers

066-0434-00L Master's Thesis
Only students who fulfill the following criteria are allowed
to begin with their master thesis:
a. successful completion of the bachelor programme; 
b. fulfilling of any additional requirements necessary to
gain admission to the master programme.

Master thesis are supervised and reviewed by one or
several professors and possibly by other persons at the
same time. At least one professor has to be a member of
a department involved in the study programme (article 2).
This regulation is also valid for master thesis taking place
outside ETH Zurich.

O  30 credits 40D Professors

Abstract A 6-months Master thesis completes the Master's program of Integrated Building Systems. With the thesis project students are expected to
demonstrate their ability to independent and structured scientific thinking. 

Objective A 6-months Master thesis completes the Master's program of Integrated Building Systems. With the thesis project students are expected to
demonstrate their ability to independent and structured scientific thinking. 

Content A 6-months Master thesis completes the Master's program of Integrated Building Systems. With the thesis project students are expected to
demonstrate their ability to independent and structured scientific thinking. The thesis can be performed either at ETH Zurich, an industrial
enterprise, or in a research institution, but has to be advised by one or more professors affiliated with the Master program "Integrated
building systems".
The responsible supervisor defines the topic in consultation with the student, together with the scope of work, criteria of assessment, and
dates of beginning and delivery of the work.

Prerequisites /
notice

Only students who fulfil the following criteria are allowed to enrol for their master thesis:
a. successful completion of the bachelor program;
b. any additional requirements necessary to gain admission to the master program MBS have been successfully completed;
c. successful completion of all courses from the categories (fundamental, core and project courses and  the semester project).  Courses
from categories "GESS" and "Specialized" can still be completed during the master thesis project.

The 6 months thesis can be performed either at ETH Zurich, an industrial enterprise or in a research institution, but has to be advised by
one or more professors affiliated with the Master program "Integrated building systems".

The thesis-supervisor defines the topic together with the student. Before the start of the thesis the topic must be approved by the tutor.

Registration in mystudies required!

 Course Units for Additional Admission Requirements
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The courses below are only available for MSc students with additional admission requirements.

Number Title Type ECTS Hours Lecturers

101-0414-AAL Transport Planning (Transportation I)
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R K. W. Axhausen

Abstract The lecture course discusses the basic concepts, approaches and methods of transport planning in both their theoretical and practical
contexts.

Objective The course introduces the basic theories and methods of transport planning.
Content Basic theoretical links between transport, space and economic development; basic terminology; measurement and observation of travel

behaviour; methods of the four stage approach; cost-benefit analysis.
Literature Ortuzar, J. de D. and L. Willumsen (2011) Modelling Transport, Wiley, Chichester.

Integrated Building Systems Master - Key for Type

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

W+ Eligible for credits and recommended
W Eligible for credits
O Compulsory

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Interdisciplinary Sciences Bachelor
 Physical-Chemical Direction (Programme Regulations 2018 and 2010)

 2. Semester (Physical-Chemical Direction)
 Compulsory Subjects First Year Examinations

Number Title Type ECTS Hours Lecturers

401-1262-07L Analysis II O 10 credits 6V+3U P. S. Jossen
Abstract Introduction to differential and integral calculus in several real variables, vector calculus: differential, partial derivative, implicit functions,

inverse function theorem, minima with constraints; Riemann integral, vector fields, differential forms, path integrals, surface integrals,
divergence theorem, Stokes' theorem.

Content Calculus in several variables; curves and surfaces in R^n; extrema with constraints; integration in  n dimensions; vector calculus.
Literature H. Amann, J. Escher: Analysis II

https://link.springer.com/book/10.1007/3-7643-7402-0

J. Appell: Analysis in Beispielen und Gegenbeispielen
https://link.springer.com/book/10.1007/978-3-540-88903-8

R. Courant: Vorlesungen über Differential- und Integralrechnung
https://link.springer.com/book/10.1007/978-3-642-61973-1

O. Forster: Analysis 2
https://link.springer.com/book/10.1007/978-3-658-02357-7

H. Heuser: Lehrbuch der Analysis
https://link.springer.com/book/10.1007/978-3-322-96826-5

K. Königsberger: Analysis 2
https://link.springer.com/book/10.1007/3-540-35077-2

W. Walter: Analysis 2
https://link.springer.com/book/10.1007/978-3-642-97614-8

V. Zorich: Mathematical Analysis II (englisch)
https://link.springer.com/book/10.1007/978-3-662-48993-2

401-1152-02L Linear Algebra II O  7 credits 4V+2U T. H. Willwacher
Abstract Eigenvalues and eigenvectors, Jordan normal form, bilinear forms, euclidean and unitary vector spaces, selected applications.
Objective Basic knowledge of the fundamentals of linear algebra.
Literature Siehe Lineare Algebra I
Prerequisites /
notice

Linear Algebra I

402-1782-00L Physics II
Accompanying the lecture course "Physics II", among
GESS Science in Perspective is offered: 851-0147-01L
Philosophical Reflections on Physics II

O  7 credits 4V+2U R. Wallny

Abstract Introduction to theory of waves, electricity and magnetism. This is the continuation of Physics I which introduced the fundamentals of
mechanics.

Objective basic knowledge of mechanics and electricity and magnetism as well as the capability to solve physics problems related to these subjects.

529-0012-01L Physical Chemistry I: Thermodynamics O  4 credits 3V+1U A. Barnes
Abstract Foundations of chemical thermodynamics:  Entropy, chemical thermodynamics, laws of thermodynamics, partition functions, chemical

reactions, reaction free energies, equilibrium conditions, chemical potential, standard states, ideal and real systems and gases, phase
equilibria, colligative properties, with applications to current research at the ETHZ.

Objective Understanding of entropy and thermodynamic principles.
Content The first, second and third law of thermodynamics: empirical temperature and thermodynamic temperature scale, internal energy, entropy,

thermal equilibrium. Models and standard states: ideal gases, ideal solutions and mixtures, real gases, real solutions and mixtures, activity,
tables of standard thermodynamic quantities. Reaction thermodynamics: the chemical potential, reaction parameters and equilibrium
conditions, equilibrium constants and their pressure and temperature dependence. Phase equilibria.

Lecture notes See homepage of the lecture.
Literature See homepage of the lecture.
Prerequisites /
notice

Requirements: Allgemeine Chemie I, Grundlagen der Mathematik

 4. Semester (Physical-Chemical Direction)
 Compulsory Subjects

Number Title Type ECTS Hours Lecturers

529-0431-00L Physical Chemistry III: Molecular Quantum Mechanics O  4 credits 4G F. Merkt

Abstract Postulates of quantum mechanics, operator algebra, Schrödinger's equation, state functions and expectation values, matrix representation
of operators, particle in a box, tunneling, harmonic oscillator, molecular vibrations, angular momentum and spin, generalised Pauli principle,
perturbation theory, electronic structure of atoms and molecules, Born-Oppenheimer approximation.

Objective This is an introductory course in quantum mechanics. The course starts with an overview of the fundamental concepts of quantum
mechanics and introduces the mathematical formalism. The postulates and theorems of quantum mechanics are discussed in the context
of experimental and numerical determination of physical quantities. The course develops the tools necessary for the understanding and
calculation of elementary quantum phenomena in atoms and molecules.

Content Postulates and theorems of quantum mechanics: operator algebra, Schrödinger's equation, state functions and expectation values. Linear
motions: free particles, particle in a box, quantum mechanical tunneling, the harmonic oscillator and molecular vibrations. Angular
momentum: electronic spin and orbital motion, molecular rotations. Electronic structure of atoms and molecules: the Pauli principle, angular
momentum coupling, the Born-Oppenheimer approximation. Variational principle and perturbation theory. Discussion of bigger systems
(solids, nano-structures).
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Lecture notes A script written in German will be available. The script is, however, no replacement for personal notes during the lecture and does not cover
all aspects discussed.

 Electives
The Bachelor's programme in Interdisciplinary Sciences allows students to choose from any subject taught at a Bachelor's level at ETH Zurich.   

In consultation with the Director of Studies of Interdisciplinary Sciences, every student must establish his/her own individual study programme at the
beginning of the 2nd year. See the Programme Regulations 2018 for further details.

Number Title Type ECTS Hours Lecturers

529-0230-00L Inorganic and Organic Chemistry I
Enrolment only possible up to the beginning of the
semester.


W  8 credits 12P J. W. Bode, M. Jackl,
V. R. Pattabiraman,
A. Schuhmacher

Abstract Laboratory Course in Inorganic and Organic Chemistry I
Objective Introduction into basic techniques used in the organic laboratory. Understanding organic reactions through experiments.
Content Part I: Basic operations such as the isolation, purification and characterization of organic compounds: distillation, extraction,

chromatography, crystallization, IR (UV/1H-NMR)-spectroscopy for the identification of the constituion of organic compounds.

Part II: Organic reactions: preparative chemistry. From simple, one-step to multistep syntheses. Both classic and modern reactions will be
performed.

Part III: Preparation of a chiral, enantiomerically pure ligand for asymmetric catalysis (together with AOCP II)

Literature - R. K. Müller, R. Keese: "Grundoperationen der präparativen organischen Chemie"; J. Leonard, B. Lygo, G. Procter: "Praxis der
Organischen Chemie" (Übersetzung herausgegeben von G. Dyker), VCH, Weinheim, 1996, ISBN 3-527-29411-2.

Prerequisites /
notice

Prerequisites: 
- Praktikum Allgemeine Chemie (1. Semester, 529-0011-04/05) 
- Vorlesung Organische Chemie I (1. Semester, 529-0011-03) 

529-0058-00L Analytical Chemistry II W  3 credits 3G D. Günther, T. Bucheli, M.-O. Ebert,
P. Lienemann, G. Schwarz

Abstract Enhanced knowledge about the elemental analysis and spectrocopical techniques with close relation to practical applications. This course
is based on the knowledge from analytical chemistry I. Separation methods are included.

Objective Use and applications of the elemental analysis and spectroscopical knowledge to solve relevant analytical problems.
Content Combined application of spectroscopic methods for structure determination, and practical application of element analysis. More complex

NMR methods: recording techniques, application of exchange phenomena, double resonance, spin-lattice relaxation, nuclear Overhauser
effect, applications of experimental 2d and multipulse NMR spectroscopy, shift reagents. Application of chromatographic and
electrophoretic separation methods: basics, working technique, quality assessment of a separation method, van-Deemter equation, gas
chromatography, liquid chromatography (HPLC, ion chromatography, gel permeation, packing materials, gradient elution, retention index),
electrophoresis, electroosmotic flow, zone electrophoresis, capillary electrophoresis, isoelectrical focussing, electrochromatography, 2d gel
electrophoresis, SDS-PAGE, field flow fractionation, enhanced knowledge in atomic absorption spectroscopy, atomic emission
spectroscopy, X-ray fluorescence spectroscopy, ICP-OES, ICP-MS.

Lecture notes Script will be available
Literature Literature will be within the script.
Prerequisites /
notice

Exercises for spectra interpretation are part of the lecture. In addition the lecture 529-0289-00 "Instrumentalanalyse organischer
Verbindungen" (4th semester) is recommended.
Prerequisite: 529-0051-00 "Analytische Chemie I" (3rd semester)

529-0122-00L Inorganic Chemistry II W  3 credits 3G M. Kovalenko, K. Kravchyk
Abstract The lecture is based on Inorganic Chemistry I and addresses an enhanced understanding of the symmetry aspects of chemical bonding of

molecules and translation polymers, i.e. crystal structures.
Objective The lecture follows Inorganic Chemistry I and addresses an enhanced understanding of the symmetry aspects of chemical bonding of

molecules and translation polymers.
Content Symmetry aspects of chemical bonding, point groups and representations for the deduction of molecular orbitals, energy assessment for

molecules and solids, Sanderson formalism, derivation and understanding of band structures, densities of states, overlap populations,
crystal symmetry, basic crystal structures and corresponding properties, visual representations of crystal structures.

Lecture notes see Moodle
Literature 1. I. Hargittai, M. Hargittai, "Symmetry through the Eyes of a Chemist", Plenum Press, 1995; 

2. R. Hoffmann, "Solids and Surfaces", VCH 1988; 
3. U. Müller, "Anorganische Strukturchemie", 6. Auflage, Vieweg + Teubner 2008

Prerequisites /
notice

Requirements: Inorganic Chemistry I

529-0222-00L Organic Chemistry II W  3 credits 2V+1U B. Morandi
Abstract This course builds on the material learned in Organic Chemistry I  or Organic Chemistry II for Biology/Pharmacy Students. Topics include

advanced concepts and mechanisms of organic reactions and introductions to pericyclic and organometallic reactions. These topics are
combined to the planning and execution of multiple step syntheses of complex molecules.

Objective Goals of this course include the a deeper understanding of basic organic reactions and mechanism as well as advanced and catalytic
transformations (for example, Mitsunobu reactions, Corey-Chaykovsky epoxidation, Stetter reactions, etc). Reactive intermediates including
carbenes and nitrenes are covered, along with methods for their generation and use in complex molecule synthesis. Frontier molecular
orbital theory (FMO) is introduced and used to rationalize pericyclic reactions including Diels Alder reactions, cycloadditions, and
rearrangements (Cope, Claisen). The basic concepts and key reactions of catalytic organometallic chemistry, which are key methods in
modern organic synthesis, and introduced, with an emphasis on their catalytic cycles and elementrary steps. All of these topics are
combined in an overview of strategies for complex molecule synthesis, with specific examples from natural product derived molecules used
as medicines.

Content Oxidation and reduction of organic compounds, redox netural reactions and rearrangments, advanced transformations of functional groups
and reaction mechanismes, kinetic and thermodynamic control of organic reactions, carbenes and nitrenes, frontier molecular orbital theory
(FMO), cycloadditions and pericyclic reactions, introduction to organometallic chemistry and catalytic cross couplings, introduction to
peptide synthesis and protecting groups, retrosynthetic analysis of complex organic molecules, planning and execution of multi-step
reaction.

Lecture notes The lecture notes and additional documents including problem sets are available as PDF files online, without charge. Link:
https://morandi.ethz.ch/education.html

Literature Clayden, Greeves, and Warren. Organic Chemistry, 2nd Edition. Oxford University Press, 2012.

401-1662-10L Introduction to Numerical Methods W  6 credits 4G+2U V. C. Gradinaru
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Abstract This course gives an introduction to numerical methods, aimed at physics majors. It covers numerical linear algebra, quadrature as well as
initial vaule problems. The focus is on the ability to apply the numerical methods.

Objective Overview on the most important algorithms for the solution of the fundamental numerical problems in Physics and  applications;
overview on available software for the numerical solutions;
ability to solve concrete problems
ability to interpret numerical results

Content Least squares (linear and non-linear), nonlinear equations,   
numerical quadrature, initial value problems.

Lecture notes Notes, slides and other relevant materials will be available via the web page of the lecture.
Literature Relevant materials will be available via the web page of the lecture.
Prerequisites /
notice

Prerequisite is familiarity with basic calculus (approximation theory and vector calculus: grad, div, curl) and linear algebra (Gauss-
elimination, matrix decompositions and algorithms, determinant).

Study Center hours:
Do 17-20 in HG E 41
Fr 17-20 in HG E 41

327-3001-00L Crystallography Practical (Basics) W  2 credits 4P T. Weber
Abstract Single crystal structures from current scientific projects will be characterized using modern x-ray techniques.
Objective Application of x-ray scattering methods in crystallography and mineralogy
Content Structural investigation of single crystals. Evaluation of scattering patterns (lattice constants, systematic extinctions, reflection intensities).

Experiments with automatic single crystal diffractometers. Determination and refinement of simple crystal structures.
Prerequisites /
notice

Precondition: lectures on crystallography or x-ray structure determination (e.g. Crystallography I)

401-2334-00L Methods of Mathematical Physics II W  6 credits 3V+2U G. Felder
Abstract Group theory: groups, representation of groups, unitary and orthogonal groups, Lorentz group. Lie theory: Lie algebras and Lie groups.

Representation theory: representation theory of finite groups, representations of Lie algebras and Lie groups, physical applications
(eigenvalue problems with symmetry).

402-0275-00L Quantum Electronics W  10 credits 3V+2U S. Johnson
Abstract Classical and semi-classical introduction to Quantum Electronics. Mandatory for further elective courses in Quantum Electronics. The field

of Quantum Electronics describes propagation of light and its interaction with matter. The emphasis is set on linear pulse and beam
propagation in dispersive media, optical anisotropic materials, and waveguides and lasers.

Objective Teach the fundamental building blocks of Quantum Electronics.  After taking this course students will be able to describe light propagation
in dispersive and nonlinear media, as well as the operation of polarization optics and lasers.

Content Propagation of light in dispersive media
Light propagation through interfaces
Interference and coherence
Interferometry
Fourier Optics
Beam propagation
Optical resonators
Laser fundamentals
Polarization optics
Waveguides
Nonlinear optics

Lecture notes Scripts will be distributed in class (online) via moodle
Literature Reference:

Saleh, B.E.A.,  Teich, M.C.; Fundamentals of Photonics, John Wiley & Sons, Inc., newest edition
Prerequisites /
notice

Mandatory lecture for physics students

Prerequisites (minimal): vector analysis, differential equations, Fourier transformation

252-0002-00L Data Structures and Algorithms W  8 credits 4V+2U F. Friedrich Wicker
Abstract This course is about fundamental algorithm design paradigms (such as induction, divide-and-conquer, backtracking, dynamic

programming), classic algorithmic problems (such as sorting and searching), and data structures (such as lists, hashing, search trees).
Moreover, an introduction to parallel programming is provided. The programming model of C++ will be discussed in some depth.

Objective An understanding of the design and analysis of fundamental algorithms and data structures. Knowledge regarding chances, problems and
limits of parallel and concurrent programming. Deeper insight into a modern programming model by means of the programming language
C++.

Content Fundamental algorithms and data structures are presented and analyzed. Firstly, this comprises design paradigms for the development of
algorithms such as induction, divide-and-conquer, backtracking and dynamic programming and classical algorithmic problems such as
searching and sorting. Secondly, data structures for different purposes are presented, such as linked lists, hash tables, balanced search
trees, heaps and union-find structures. The relationship and tight coupling between algorithms and data structures is illustrated with
geometric problems and graph algorithms.

In the part about parallel programming, parallel architectures are discussed conceptually (multicore, vectorization, pipelining). Parallel
programming concepts are presented (Amdahl's and Gustavson's laws, task/data parallelism, scheduling). Problems of concurrency are
analyzed (Data races, bad interleavings, memory reordering). Process synchronisation and communication in a shared memory system is
explained (mutual exclusion, semaphores, monitors, condition variables). Progress conditions are analysed (freedom from deadlock,
starvation, lock- and wait-freedom). The concepts are underpinned with examples of concurrent and parallel programs and with parallel
algorithms.

The programming model of C++ is discussed in some depth. The RAII (Resource Allocation is Initialization) principle will be explained.
Exception handling, functors and lambda expression and generic prorgamming with templates are further examples of this part. The
implementation of parallel and concurrent algorithm with C++ is also part of the exercises (e.g. threads, tasks, mutexes, condition variables,
promises and futures).

Literature Cormen, Leiserson, Rivest, and Stein: Introduction to Algorithms, 3rd ed., MIT Press, 2009. ISBN 978-0-262-03384-8 (recommended text)

Maurice Herlihy, Nir Shavit, The Art of Multiprocessor Programming, Elsevier, 2012.

B. Stroustrup, The C++ Programming Language (4th Edition) Addison-Wesley, 2013.

Prerequisites /
notice

Prerequisites:
Lecture Series 252-0835-00L Informatik I or equivalent knowledge in programming with C++.
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529-0442-00L Advanced Kinetics W 6 credits 3G J. Richardson
Abstract This lecture covers the theoretical and conceptual foundations of quantum dynamics in molecular systems.  Particular attention is taken to

derive and compare quantum and classical approximations which can be used to simulate the dynamics of molecular systems and the
reaction rate constant used in chemical kinetics.

Objective The theory of quantum dynamics is derived from the time-dependent Schrödinger equation.  This is illustrated with molecular examples
including tunnelling, recurrences, nonadiabatic crossings.  We consider thermal distributions, correlation functions, interaction with light and
nonadiabatic effects.  Quantum scattering theory is introduced and applied to discuss molecular collisions. The dynamics of systems with a
very large number of quantum states are discussed to understand the transition from microscopic to macroscopic dynamics.  A rigorous
rate theory is obtained both from a quantum-mechanical picture as well as within the classical approximation.  The approximations leading
to conventional transition-state theory for polyatomic reactions are discussed.  In this way, relaxation and irreversibility will be explained
which are at the foundation of statistical mechanics.

By the end of the course, the student will have learned many ways to simplify the complex problem posed by quantum dynamics.  They will
understand when and why certain approximations are valid in different situations and will use this to make quantitative and qualitative
predictions about how different molecular systems behave.

Lecture notes Will be available online.
Literature D. J. Tannor, Introduction to Quantum Mechanics: A Time-Dependent Perspective

R. D. Levine, Molecular Reaction Dynamics
S. Mukamel, Principles of Nonlinear Optical Spectroscopy

Prerequisites /
notice

529-0422-00L Physical Chemistry II: Chemical Reaction Dynamics

551-0106-00L Fundamentals of Biology IB W  5 credits 5G A. Wutz, J. Alexander, O. Y. Martin,
E. B. Truernit, S. Wielgoss,
S. C. Zeeman

Abstract This course is an introduction into the basic principles of evolution, diversity, animal/plant form and function, and ecology.
Objective Introduction into aspects of modern biology and fundamental biological concepts.
Content The course is divided into distinct chapters

1. Mechanisms of evolution.
2. The evolutionary history of biological diversity (bacteria and archea, protists, plants and animals).
3. Plant form and function (growth and development, nutrient and resource acquisition, reproduction and environmental responses).
4. Animal form and function (nutrition, immune system, hormones, reproduction, nervous system and behaviour).
5. Ecology (population ecology, community ecology, ecosystems and conservation ecology).

Lecture notes No script
Literature This course is based on the textbook 'Biology' (Campbell, Reece, 9th edition). The structure of the course follows that of the book. It is

recommended to purchase the English version.
Prerequisites /
notice

Part of the contents of the book need to be learned through independent study.

551-0108-00L Fundamentals of Biology II: Plant Biology W 2 credits 2V O. Voinnet, W. Gruissem,
S. C. Zeeman

Abstract Water balance, assimilation, transport in plants; developmental biology, stress physiology.
Objective Water balance, assimilation, transport in plants; developmental biology, stress physiology.
Lecture notes Plant Biology: Handouts of the powerpoint presentation will be distributed. It can also be viewed in a password-protected web link. 
Literature Smith, A.M., et al.: Plant Biology, Garland Science, New York, Oxford, 2010

551-0110-00L Fundamentals of Biology II: Microbiology W 2 credits 2V J. Vorholt-Zambelli, W.-D. Hardt,
J. Piel

Abstract Bacterial cell biology, molecular genetics, gene regulation, growth physiology, metabolism (Bacteria and Archaea), natural products,
microbial interactions

Objective Basic principles of cell structure, growth physiology, energy metabolism, gene expression and regulation. Biodiversity of Bacteria and
Archaea. Phylogeny and evolution.

Content Bacterial cell biology, molecular genetics, gene regulation, growth physiology, metabolism (Bacteria and Archaea), natural products,
microbial interactions

Literature Brock, Biology of Microorganisms (Madigan, M.T. and Martinko, J.M., eds.), 14th ed., Pearson Prentice Hall, 2015

701-0423-00L Chemistry of Aquatic Systems W  3 credits 2G L. Winkel
Abstract This course gives an introduction to chemical processes in aquatic systems and shows applications to various systems. The following

topics are treated: acid-base reactions and carbonate system, solubility of solids and weathering, redox reactions, complexation of metals,
reactions at the solid/water interface, applications to lakes, rivers and groundwater.

Objective Understanding of chemical processes in aquatic systems. Quantitative application of chemical equilibria to processes in natural waters.
Evaluation of analytical data from aquatic systems.

Content Introduction to the chemistry of aquatic systems. Regulation of the composition of natural waters by chemical, geochemical and biological
processes. Quantitative application of chemical equilibria to processes in natural waters. The following topics are treated: acid-base
reactions, carbonate system; solubility of solid phases and weathering; complexation of metals and metal cycling in natural waters; redox
reactions; reactions at the interface solid phase-water; applications to lakes, rivers, groundwater.

Lecture notes Script is distributed.
Literature Sigg, L., Stumm, W., Aquatische Chemie, 5. Aufl., vdf/UTB, Zürich, 2011.

701-0401-00L Hydrosphere W  3 credits 2V R. Kipfer, M. H. Schroth
Abstract Qualitative and quantitative understanding of the physical processes that control the terrestrial water cycle. Energy and mass exchange,

mixing and transport processes are described and the coupling of the hydrosphere with the atmosphere and the solid Earth are discussed.
Objective Understanding on how do physical processes control the dynamics in lakes, oceans and groundwater and constrain the exchange of mass

and energy.
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Content Topics of the course.
Physical properties of water (i.e. density and equation of state)
- global water resources
Exchange at boundaries
- energy (thermal & kinetic), gas exchange
Mixing and transport processes in open waters
- vertical stratification, large scale transport
- turbulence and mixing
- mixing and exchange processes in rivers
Groundwater and its dynamics
- ground water as part of the terrestrial water cycle
- ground water hydraulics, Darcy's law
- aquifers and their properties
- hydrochemistry and tracer
- ground water use
Case studies
- 1. Water as resource, 2. Water and climate

Lecture notes In addition to the suggested literature handouts are distributed.
Literature Suggested literature.

a) Park, Ch., 2001, The Environment, Routledge, 2001
b) Fitts, C.R., 2013. Groundwater Science. 2nd ed., Academic Press, Amsterdam.

Prerequisites /
notice

The case studies and the analysis of the questions and problems are integral part of the course.

701-0245-00L Introduction to Evolutionary Biology W  2 credits 2V G. Velicer, S. Wielgoss
Abstract This course introduces important questions about the evolutionary processes involved in the generation and maintenance of biological

diversity across all domains of life and how evolutionary science investigates these questions.
Objective This course introduces important questions about the evolutionary processes involved in the generation and maintenance of biological

diversity across all domains of life and how evolutionary science investigates these questions.  The topics covered range from different
forms of selection, phylogenetic analysis, population genetics, life history theory, the evolution of sex, social evolution to human evolution.
These topics are important for the understanding of a number of evolutionary problems in the basic and applied sciences.

Content Topics likely to be covered in this course include research methods in evolutionary biology, adaptation, evolution of sex, evolutionary
transitions, human evolution, infectious disease evolution, life history evolution, macroevolution, mechanisms of evolution, phylogenetic
analysis, population dynamics, population genetics, social evolution, speciation and types of selection.

Literature Textbook:
Evolutionary Analysis
Scott Freeman and Jon Herron
5th Edition, English.

Prerequisites /
notice

The exam is based on lecture and textbook.

529-0012-02L General Chemistry (Inorganic Chemistry) II W+ 4 credits 3V+1U J. Cvengros, H. Grützmacher
Abstract 1) General definitions 2) The VSEPR model 3) Qualitative molecular orbital diagrams 4) Closest packing, metal structures 5) The

Structures of metalloids
6) Structures of the non-metals 7) Synthesis of the elements 8) Reactivity of the elements 9) Ionic Compounds 10) Ions in Solution 11)
Element hydrogen compounds 12) Element halogen compounds 13) Element oxygen compounds 14) Redox chemistry

Objective Understanding of the fundamental principles of the structures, properties, and reactivities of the main group elements (groups 1,2 and 13 to
18).

Content The course is divided in 14 sections in which the fundamental phenomena of the chemistry of the main group elements are discussed: Part
1: Introduction in the periodical properties of the elements and general definitions Part 2: The VSEPR model Part 3: Qualitative molecular
orbital diagrams for simple inorganic molecules  Part 4: Closest packing and structures of metals  Part 5: The Structures of semimetals
(metalloids) of the main group elements Part 6: Structures of the non-metals Part 7: Synthesis of the elements. Part 8: Reactivity of the
elements Part 9: Ionic Compounds Part 10: Ions in Solution Part 11: Element hydrogen compounds Part 12: Element halogen compounds
Part 13: Element oxygen compounds Part 14: Redox chemistry.

Lecture notes The transparencies used in the course are accessible via the internet on http://www.gruetzmacher.ethz.ch/education/lectures/lecture-
material-allgemeine-chemie---general-chemistry.html

Literature J. Huheey, E. Keiter, R. Keiter, Inorganic Chemistry, Principles and Reactivity, 4th edition, deGruyter, 2003.

C.E.Housecroft, E.C.Constable, Chemistry, 4th edition, Pearson Prentice Hall, 2010.

Prerequisites /
notice

Basis for the understanding of this lecture is the course Allgemeine Chemie 1.

529-0012-03L General Chemistry (Organic Chemistry) II W+ 4 credits 3V+1U P. Chen
Abstract Classification of organic reactions, reactive intermediates: radicals, carbocations, carbanions, acids & bases,  electrophilic aromatic

substitution, electrophilic addition to double bonds, HSAB concept, nucleophilic substitution at sp3 hybridized carbon centres (SN1/SN2
reactions), nucleophilic aromatic substitutions, eliminations, oxidations, reductions.

Objective Understanding of fundamental reactivity principles and the relationship between structure and reactivity. Knowledge of the most important
reaction types and of selected classes of compounds.

Content Classification of organic reactions, reactive intermediates: radicals, carbocations, carbanions,  acids & bases, electrophilic aromatic
substitution, electrophilic addition to double bonds, HSAB concept, nucleophilic substitution at sp3 hybridized carbon centres (SN1/SN2
reactions), nucleophilic aromatic substitutions, eliminations, oxidations, reductions.

Lecture notes pdf file available at the beginning of the course
Literature [1] P. Sykes, "Reaktionsmechanismen der Organischen Chemie", VCH Verlagsgesellschaft, Weinheim 1988.

[2] Carey/Sundberg, Advanced Organic Chemistry, Part A and B, 3rd ed., Plenum Press, New York, 1990/1991. Deutsch: Organische
Chemie. 
[3] Vollhardt/Schore, Organic Chemistry, 2th ed., Freeman, New York, 1994 Deutsche Fassung: Organische Chemie 1995, Verlag
Chemie, Wein¬heim, 1324 S. Dazu: N. Schore, Arbeitsbuch zu Vollhardt, Organische Chemie, 2. Aufl. Verlag Chemie, Weinheim, 1995, ca
400 S. 
[4] J. March, Advanced Organic Chemistry; Reactions, Mechanisms, and Structure, 5th ed., Wiley, New York, 1992.
[5] Streitwieser/Heathcock, Organische Chemie, 2. Auflage, Verlag Chemie, Weinheim, 1994.
[6] Streitwieser/Heathcock/Kosower, Introduction to Organic Chemistry, 4th ed., MacMillan Publishing Company, New York, 1992.
[7] P. Y. Bruice, Organische Chemie, 5. Auflage, Pearson Verlag, 2007.

 Laboratory Courses, Semester Papers, Proseminars, Field Trips
Further Laboratory Courses arising upon specific written request by the students and permission by the Director of studies.
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Number Title Type ECTS Hours Lecturers

529-0054-01L Physical Chemistry W+  6 credits 8P E. C. Meister
Abstract Practical introduction to important experimental methods in physical chemistry.
Objective The students have to carry out selected experiments in physical chemistry and evaluate measurement data.

Laboratory reports have to be written to each experiment.
Content Physical chemistry part:

Short recapitulation of statistics and analysis of measurement data. Writing experimental reports with regard to publication of scientific
works. Basic physical chemistry experiments (7 experiments from the following themes): 1. Phase diagrams (liquid-vapour and solid-liquid
phase diagrams, cryoscopy); 2. electrochemistry and electronics; 3. quantum chemistry studies; 4. kinetics; 5. thermochemistry; 6. speed of
sound in gases and liquids; 7. surface tension.

Literature Erich Meister, Grundpraktikum Physikalische Cheme, 2. Aufl. Vdf UTB, Zürich 2012.
Prerequisites /
notice

Requirement:
529-0011-04 "Praktikum Allgemeine Chemie (1. Semester)

529-0289-00L Spectra Interpretation of Organic Compounds W 2 credits 2G R. Zenobi, M. Badertscher, K. Eyer,
Y. Yamakoshi

Abstract Exercises in interpretation of molecular spectra
Objective Mastering the interpretation of molecular spectra.
Content In the first part of the lecture, the students work in small groups on solving particular problems in structure elucidation, interpreting mass,

1H-NMR, 13C-NMR, IR, and UV/VIS spectra, optionally in discussion with the lecturers. In the second part the problems are solved by a
lecturer.

Lecture notes Spectroscopic problems will be distributed
Literature E. Pretsch, P. Bühlmann, M. Badertscher, Structure Determination of Organic Compounds: Tables of Spectral Data, Springer-Verlag,

Berlin, 2009, 4th revised and enlarged Engl. ed.

E. Pretsch, G. Tóth, M. E. Munk, M. Badertscher, Computer-Aided Structure Elucidation: Spectra Interpretation and Structure Generation,
Wiley-VCH, Weinheim, 2002.

Prerequisites /
notice

The course is based on the lectures Analytical Chemistry I (529-0051-00) and Analytical Chemistry II (529-0058-00).
Solutions to the problems will be posted on the internet.

 6. Semester (Physical-Chemical Direction)
 Laboratory Courses, Semester Papers, Proseminars, Field Trips

Further Laboratory Courses arising upon specific written request by the students and permission by the Director of studies.

Number Title Type ECTS Hours Lecturers

529-0450-00L Semester Project W  18 credits 18A Supervisors
Abstract In a semester project students extend their knowledge in a particular field, get acquainted with the scientific way of working, and learn to

work on an actual research topic. Research projects are carried out in a core or optional subject area as chosen by the student.
Objective Students are accustomed to scientific work and they get to know one specific research field.

 Bachelor's Thesis
Number Title Type ECTS Hours Lecturers

529-0400-00L Bachelor's Thesis O  15 credits 15D Supervisors
Abstract It completes the Bachelor program and consists of a scientific project carried out independently.
Objective Encourages students to show independence, to produce scientifically structured work and to apply engineering working methods.

 Biochemical-Physical Direction (Programme Regulations 2018)
 2. Semester (Biochemical-Physical Direction)

 Compulsory Subjects First Year Examinations
Number Title Type ECTS Hours Lecturers

402-0044-00L Physics II O 4 credits 3V+1U S. P. Quanz
Abstract Introduction to the concepts and tools in physics with the help of demonstration experiments: electromagnetism, optics, introduction to

modern physics.
Objective The concepts and tools in physics, as well as the methods of an experimental science are taught. The student should learn to identify,

communicate and solve physical problems in his/her own field of science.
Content Electromagnetism (electric current, magnetic fields, electromagnetic induction, magnetic materials, Maxwell's equations)

Optics (light, geometrical optics, interference and diffraction)
Short introduction to quantum physics

Lecture notes The lecture follows the book "Physik" by Paul A. Tipler.
Literature Paul A. Tipler and Gene Mosca

Physik
Springer Spektrum Verlag

551-0106-00L Fundamentals of Biology IB O  5 credits 5G A. Wutz, J. Alexander, O. Y. Martin,
E. B. Truernit, S. Wielgoss,
S. C. Zeeman

Abstract This course is an introduction into the basic principles of evolution, diversity, animal/plant form and function, and ecology.
Objective Introduction into aspects of modern biology and fundamental biological concepts.
Content The course is divided into distinct chapters

1. Mechanisms of evolution.
2. The evolutionary history of biological diversity (bacteria and archea, protists, plants and animals).
3. Plant form and function (growth and development, nutrient and resource acquisition, reproduction and environmental responses).
4. Animal form and function (nutrition, immune system, hormones, reproduction, nervous system and behaviour).
5. Ecology (population ecology, community ecology, ecosystems and conservation ecology).

Lecture notes No script
Literature This course is based on the textbook 'Biology' (Campbell, Reece, 9th edition). The structure of the course follows that of the book. It is

recommended to purchase the English version.
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Prerequisites /
notice

Part of the contents of the book need to be learned through independent study.

401-0272-00L Mathematical Foundations I: Analysis B O 3 credits 2V+1U L. Kobel-Keller
Abstract Basics about multidimensional analysis.

Ordinary differential equations as mathematical models to describe processes (continuation from Analysis A). 
Numerical, analytical and geometrical aspects of differential equations.

Objective Introduction to calculus in several dimensions. 
Building simple models and analysing them mathematically.
Knowledge of the basic concepts.

Content Basics about multidimensional analysis.
Differential equations as mathematical models to describe processes. Numerical, analytical and geometrical aspects of differential
equations.

Literature - G. B. Thomas, M. D. Weir, J. Hass: Analysis 2, Lehr- und Übungsbuch, Pearson-Verlag
- D. W. Jordan, P. Smith: Mathematische Methoden für die Praxis, Spektrum Akademischer Verlag
- M. Akveld/R. Sperb: Analysis I, Analysis II (vdf)
- L. Papula: Mathematik für Ingenieure und Naturwissenschaftler Bde 1,2,3. (Vieweg)
Further reading suggestions will be indicated during the lecture.

401-0622-00L Mathematical Foundations II: Linear Algebra and
Statistics

O  3 credits 2V+1U M. Auer

Abstract Systems of linear equations; matrix algebra, determinants; vector spaces, norms and scalar products; linear maps, basis transformations;
eigenvalues and eigenvectors.

Random variables and probability, discrete and continuous distribution models; expectation, variance, central limit theorem, parameter
estimation; statistical hypothesis tests; confidence intervals; regression analysis.

Objective A sound knowledge of mathematics is an essential prerequisite for a quantitative and computer-based approach to natural sciences. In an
intensive two-semester course the most important basic concepts of mathematics, namely univariate and multivariate calculus, linear
algebra and statistics are taught.

Content Systems of linear equations; matrix algebra, determinants; vector spaces, norms and scalar products; linear maps, basis transformations;
eigenvalues and eigenvectors. - Least squares fitting and regression models; random variables, statistical properties of least-squares
estimators; tests, confidence and prediction intervals in regression models; residual analysis.

Lecture homepage: https://moodle-app2.let.ethz.ch/course/view.php?id=11841

Lecture notes For the part on Linear Algebra, there is a short script (in German) which summarizes the main concepts and results without examples. For
a self-contained presentation, the book by Nipp and Stoffer should be used. For the part on Statistics there is a detailed script (in German)
available which should be self-contained. The book by Stahel can be used  for additional information.

Literature Linear Algebra: K. Nipp/D. Stoffer: "Lineare Algebra", vdf, 5th edition, 2002.
Statistics: W. Stahel, "Statistische Datenanalyse", Vieweg, 5rd edition, 2008.

529-0012-02L General Chemistry (Inorganic Chemistry) II O  4 credits 3V+1U J. Cvengros, H. Grützmacher
Abstract 1) General definitions 2) The VSEPR model 3) Qualitative molecular orbital diagrams 4) Closest packing, metal structures 5) The

Structures of metalloids
6) Structures of the non-metals 7) Synthesis of the elements 8) Reactivity of the elements 9) Ionic Compounds 10) Ions in Solution 11)
Element hydrogen compounds 12) Element halogen compounds 13) Element oxygen compounds 14) Redox chemistry

Objective Understanding of the fundamental principles of the structures, properties, and reactivities of the main group elements (groups 1,2 and 13 to
18).

Content The course is divided in 14 sections in which the fundamental phenomena of the chemistry of the main group elements are discussed: Part
1: Introduction in the periodical properties of the elements and general definitions Part 2: The VSEPR model Part 3: Qualitative molecular
orbital diagrams for simple inorganic molecules  Part 4: Closest packing and structures of metals  Part 5: The Structures of semimetals
(metalloids) of the main group elements Part 6: Structures of the non-metals Part 7: Synthesis of the elements. Part 8: Reactivity of the
elements Part 9: Ionic Compounds Part 10: Ions in Solution Part 11: Element hydrogen compounds Part 12: Element halogen compounds
Part 13: Element oxygen compounds Part 14: Redox chemistry.

Lecture notes The transparencies used in the course are accessible via the internet on http://www.gruetzmacher.ethz.ch/education/lectures/lecture-
material-allgemeine-chemie---general-chemistry.html

Literature J. Huheey, E. Keiter, R. Keiter, Inorganic Chemistry, Principles and Reactivity, 4th edition, deGruyter, 2003.

C.E.Housecroft, E.C.Constable, Chemistry, 4th edition, Pearson Prentice Hall, 2010.

Prerequisites /
notice

Basis for the understanding of this lecture is the course Allgemeine Chemie 1.

529-0012-03L General Chemistry (Organic Chemistry) II O  4 credits 3V+1U P. Chen
Abstract Classification of organic reactions, reactive intermediates: radicals, carbocations, carbanions, acids & bases,  electrophilic aromatic

substitution, electrophilic addition to double bonds, HSAB concept, nucleophilic substitution at sp3 hybridized carbon centres (SN1/SN2
reactions), nucleophilic aromatic substitutions, eliminations, oxidations, reductions.

Objective Understanding of fundamental reactivity principles and the relationship between structure and reactivity. Knowledge of the most important
reaction types and of selected classes of compounds.

Content Classification of organic reactions, reactive intermediates: radicals, carbocations, carbanions,  acids & bases, electrophilic aromatic
substitution, electrophilic addition to double bonds, HSAB concept, nucleophilic substitution at sp3 hybridized carbon centres (SN1/SN2
reactions), nucleophilic aromatic substitutions, eliminations, oxidations, reductions.

Lecture notes pdf file available at the beginning of the course
Literature [1] P. Sykes, "Reaktionsmechanismen der Organischen Chemie", VCH Verlagsgesellschaft, Weinheim 1988.

[2] Carey/Sundberg, Advanced Organic Chemistry, Part A and B, 3rd ed., Plenum Press, New York, 1990/1991. Deutsch: Organische
Chemie. 
[3] Vollhardt/Schore, Organic Chemistry, 2th ed., Freeman, New York, 1994 Deutsche Fassung: Organische Chemie 1995, Verlag
Chemie, Wein¬heim, 1324 S. Dazu: N. Schore, Arbeitsbuch zu Vollhardt, Organische Chemie, 2. Aufl. Verlag Chemie, Weinheim, 1995, ca
400 S. 
[4] J. March, Advanced Organic Chemistry; Reactions, Mechanisms, and Structure, 5th ed., Wiley, New York, 1992.
[5] Streitwieser/Heathcock, Organische Chemie, 2. Auflage, Verlag Chemie, Weinheim, 1994.
[6] Streitwieser/Heathcock/Kosower, Introduction to Organic Chemistry, 4th ed., MacMillan Publishing Company, New York, 1992.
[7] P. Y. Bruice, Organische Chemie, 5. Auflage, Pearson Verlag, 2007.

529-0012-01L Physical Chemistry I: Thermodynamics O  4 credits 3V+1U A. Barnes
Abstract Foundations of chemical thermodynamics:  Entropy, chemical thermodynamics, laws of thermodynamics, partition functions, chemical

reactions, reaction free energies, equilibrium conditions, chemical potential, standard states, ideal and real systems and gases, phase
equilibria, colligative properties, with applications to current research at the ETHZ.
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Objective Understanding of entropy and thermodynamic principles.
Content The first, second and third law of thermodynamics: empirical temperature and thermodynamic temperature scale, internal energy, entropy,

thermal equilibrium. Models and standard states: ideal gases, ideal solutions and mixtures, real gases, real solutions and mixtures, activity,
tables of standard thermodynamic quantities. Reaction thermodynamics: the chemical potential, reaction parameters and equilibrium
conditions, equilibrium constants and their pressure and temperature dependence. Phase equilibria.

Lecture notes See homepage of the lecture.
Literature See homepage of the lecture.
Prerequisites /
notice

Requirements: Allgemeine Chemie I, Grundlagen der Mathematik

 Additional First Year Subjects
Number Title Type ECTS Hours Lecturers

551-0102-01L Fundamentals of Biology I
Registrations via myStudies until 29.1.2020  at the latest.
Subsequent registrations will not be considered. 

O  6 credits 8P M. Gstaiger, M. Kopf,
R. Kroschewski, M. Künzler,
S. L. Masneuf, D. Ramseier,
M. Stoffel, E. B. Truernit, A. Wutz

Abstract This 1st year Laboratory course introduces the student to the entire range of classical and modern molecular biosciences. During this
course (Praktikum GL BioI) the students will do three praktikum days in:
- Biochemistry
- Cell Biology I 
- Microbiology 
- Plant Anantomy & Ecology 
(total of 12 experiments)

Each experiment takes one full day.

Objective Introduction to theoretical and experimental biology

General Praktikum-information and course material can be obtained from Moodle

The general Praktikum information (Assignment list, Instructions and Schedule & Performance Sheet) will also be sent to the students
directly (E-mail).

Content The class is divided into four blocks: Biochemistry, Microbiology, Plant biology & Ecology and Cell Biology I.

BIOCHEMISTRY: 
- TAQ Analysis (part 1): Protein purification
- TAQ Analysis (part 2): SDS-Gelelektrophoresis
- TAQ Analysis (part 3): Activity test of the purified protein

MICROBIOLOGY:
Day 1: Basics for the work with microorganisms & Isolation of microorganisms from the environment
Day 2: Morphology and diagnostics of bacteria & Antimicrobial agents
Day 3: Morphology of fungi & Microbial physiology and interactions

PLANT BIOLOGY & ECOLOGY 
- Microscopy and plant cell anatomy
- Plant organ anatomy and gene expression
- Ecology

CELL BIOLOGY I:
- Anatomy of mouse & Blood cell determination
- Histology
- Chromosome preparation and analysis

Lecture notes Laboratory manuals

BIOCHEMISTRY: 
- The protocols can be downloaded from: Moodle

MICROBIOLOGY: 
- The protocols can be found from: Moodle
- You HAVE TO print the pdf-file, which is also used as the lab manual during the experiments. Therefore, you have to have the Script
always with you, when doing the experiments in Microbiology.  

PLANT BIOLOGY & ECOLOGY:
- The protocols can be found from: Moodle

CELL BIOLOGY I:
- The handouts of the experiments entitled "Histology" will be provided
- The protocols of "Anatomy of mouse & Blood cell determination" and "Chromosome preparation and analysis" can be found from: Moodle

Literature None
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Prerequisites /
notice

PLEASE NOTE THE FOLLOWING RULES

Your attendance is obligatory and you have to attend all 12 Praktikum days of GL BioI. Absences are only acceptable if you are able to
provide a Doctors certificate. The original Dr's certificate has to be given to Dr. M. Gstaiger (HPM F43) within five days of the absence of
the Praktikum day.

If there will be any exceptional or important situations then you should directly contact the Director of Studies of D-Biol, who will decide if
you are allowed to miss a Praktikum day or not.  

HIGHLY IMPORTANT!!

1. Due to the increased number of students, the official Praktikum registration has to be done, using myStudies, preferably at the end of
HS19 but not later than Thursday January 30, 2020. 

2. Later registration is NOT possible and can NOT be accepted!

3. The course registration for FS2020 is usually possible at the end of fall semester 2019 and you will obtain an E-mail from the Rectorate
when the course registration using myStudies is possible.

Students can register for a practice group via myStudies. As soon as the course unit is registered in myStudies, a text box appears
indicating that a group can be selected. Accordingly, students can select a group in the next step. If more than 240 students register, the
surplus students will be placed on a waiting list and then allocated by the course responsible.

Extra Praktikum days have to be organized if more than 220 - 240 students will attend the Praktikum. The group division is random and the
reserved Extra Praktikum days are:

3.6 / 4.6 / 5.6

The Praktikum GL BioI will take place during the following days and therefore, you have to make sure already now that you will not have
any other activities / commitments during these days:

PRAKTIKUM DAYS FS20 (Thursdays):

20.2. / 27.2. / 5.3. / 12.3. / 19.3. / 26.3. / 2.4. /  23.4. / 30.4. / 7.5. / 14.5. / 28.5

No Praktikum during the Easter vacation: 9.4.-17.4. 2020

EXTRA PRAKTIKUM DAYS (if necessary)

3.6 / 4.6 / 5.6

 4th Semester (Biochemical-Physical Direction)
 Compulsory Subjects Examination Block

Number Title Type ECTS Hours Lecturers

529-0431-00L Physical Chemistry III: Molecular Quantum Mechanics O  4 credits 4G F. Merkt

Abstract Postulates of quantum mechanics, operator algebra, Schrödinger's equation, state functions and expectation values, matrix representation
of operators, particle in a box, tunneling, harmonic oscillator, molecular vibrations, angular momentum and spin, generalised Pauli principle,
perturbation theory, electronic structure of atoms and molecules, Born-Oppenheimer approximation.

Objective This is an introductory course in quantum mechanics. The course starts with an overview of the fundamental concepts of quantum
mechanics and introduces the mathematical formalism. The postulates and theorems of quantum mechanics are discussed in the context
of experimental and numerical determination of physical quantities. The course develops the tools necessary for the understanding and
calculation of elementary quantum phenomena in atoms and molecules.

Content Postulates and theorems of quantum mechanics: operator algebra, Schrödinger's equation, state functions and expectation values. Linear
motions: free particles, particle in a box, quantum mechanical tunneling, the harmonic oscillator and molecular vibrations. Angular
momentum: electronic spin and orbital motion, molecular rotations. Electronic structure of atoms and molecules: the Pauli principle, angular
momentum coupling, the Born-Oppenheimer approximation. Variational principle and perturbation theory. Discussion of bigger systems
(solids, nano-structures).

Lecture notes A script written in German will be available. The script is, however, no replacement for personal notes during the lecture and does not cover
all aspects discussed.

529-0222-00L Organic Chemistry II O  3 credits 2V+1U B. Morandi
Abstract This course builds on the material learned in Organic Chemistry I  or Organic Chemistry II for Biology/Pharmacy Students. Topics include

advanced concepts and mechanisms of organic reactions and introductions to pericyclic and organometallic reactions. These topics are
combined to the planning and execution of multiple step syntheses of complex molecules.

Objective Goals of this course include the a deeper understanding of basic organic reactions and mechanism as well as advanced and catalytic
transformations (for example, Mitsunobu reactions, Corey-Chaykovsky epoxidation, Stetter reactions, etc). Reactive intermediates including
carbenes and nitrenes are covered, along with methods for their generation and use in complex molecule synthesis. Frontier molecular
orbital theory (FMO) is introduced and used to rationalize pericyclic reactions including Diels Alder reactions, cycloadditions, and
rearrangements (Cope, Claisen). The basic concepts and key reactions of catalytic organometallic chemistry, which are key methods in
modern organic synthesis, and introduced, with an emphasis on their catalytic cycles and elementrary steps. All of these topics are
combined in an overview of strategies for complex molecule synthesis, with specific examples from natural product derived molecules used
as medicines.

Content Oxidation and reduction of organic compounds, redox netural reactions and rearrangments, advanced transformations of functional groups
and reaction mechanismes, kinetic and thermodynamic control of organic reactions, carbenes and nitrenes, frontier molecular orbital theory
(FMO), cycloadditions and pericyclic reactions, introduction to organometallic chemistry and catalytic cross couplings, introduction to
peptide synthesis and protecting groups, retrosynthetic analysis of complex organic molecules, planning and execution of multi-step
reaction.

Lecture notes The lecture notes and additional documents including problem sets are available as PDF files online, without charge. Link:
https://morandi.ethz.ch/education.html

Literature Clayden, Greeves, and Warren. Organic Chemistry, 2nd Edition. Oxford University Press, 2012.

 Electives
The Bachelor's programme in Interdisciplinary Sciences allows students to choose from any subject taught at a Bachelor's level at ETH Zurich.      
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In consultation with the Director of Studies of Interdisciplinary Sciences, every student must establish his/her own individual study programme at the
beginning of the 2nd year. See the Programme Regulations 2018 for further details.

Number Title Type ECTS Hours Lecturers

529-0058-00L Analytical Chemistry II 3 credits 3G D. Günther, T. Bucheli, M.-O. Ebert,
P. Lienemann, G. Schwarz

Abstract Enhanced knowledge about the elemental analysis and spectrocopical techniques with close relation to practical applications. This course
is based on the knowledge from analytical chemistry I. Separation methods are included.

Objective Use and applications of the elemental analysis and spectroscopical knowledge to solve relevant analytical problems.
Content Combined application of spectroscopic methods for structure determination, and practical application of element analysis. More complex

NMR methods: recording techniques, application of exchange phenomena, double resonance, spin-lattice relaxation, nuclear Overhauser
effect, applications of experimental 2d and multipulse NMR spectroscopy, shift reagents. Application of chromatographic and
electrophoretic separation methods: basics, working technique, quality assessment of a separation method, van-Deemter equation, gas
chromatography, liquid chromatography (HPLC, ion chromatography, gel permeation, packing materials, gradient elution, retention index),
electrophoresis, electroosmotic flow, zone electrophoresis, capillary electrophoresis, isoelectrical focussing, electrochromatography, 2d gel
electrophoresis, SDS-PAGE, field flow fractionation, enhanced knowledge in atomic absorption spectroscopy, atomic emission
spectroscopy, X-ray fluorescence spectroscopy, ICP-OES, ICP-MS.

Lecture notes Script will be available
Literature Literature will be within the script.
Prerequisites /
notice

Exercises for spectra interpretation are part of the lecture. In addition the lecture 529-0289-00 "Instrumentalanalyse organischer
Verbindungen" (4th semester) is recommended.
Prerequisite: 529-0051-00 "Analytische Chemie I" (3rd semester)

401-1662-10L Introduction to Numerical Methods 6 credits 4G+2U V. C. Gradinaru
Abstract This course gives an introduction to numerical methods, aimed at physics majors. It covers numerical linear algebra, quadrature as well as

initial vaule problems. The focus is on the ability to apply the numerical methods.
Objective Overview on the most important algorithms for the solution of the fundamental numerical problems in Physics and  applications;

overview on available software for the numerical solutions;
ability to solve concrete problems
ability to interpret numerical results

Content Least squares (linear and non-linear), nonlinear equations,   
numerical quadrature, initial value problems.

Lecture notes Notes, slides and other relevant materials will be available via the web page of the lecture.
Literature Relevant materials will be available via the web page of the lecture.
Prerequisites /
notice

Prerequisite is familiarity with basic calculus (approximation theory and vector calculus: grad, div, curl) and linear algebra (Gauss-
elimination, matrix decompositions and algorithms, determinant).

Study Center hours:
Do 17-20 in HG E 41
Fr 17-20 in HG E 41

401-1152-02L Linear Algebra II 7 credits 4V+2U T. H. Willwacher
Abstract Eigenvalues and eigenvectors, Jordan normal form, bilinear forms, euclidean and unitary vector spaces, selected applications.
Objective Basic knowledge of the fundamentals of linear algebra.
Literature Siehe Lineare Algebra I
Prerequisites /
notice

Linear Algebra I

529-0440-00L Physical Electrochemistry and Electrocatalysis 6 credits 3G T. Schmidt
Abstract Fundamentals of electrochemistry, electrochemical electron transfer, electrochemical processes, electrochemical kinetics, electrocatalysis,

surface electrochemistry, electrochemical energy conversion processes and introduction into the technologies (e.g., fuel cell, electrolysis),
electrochemical methods (e.g., voltammetry, impedance spectroscopy), mass transport.

Objective Providing an overview and in-depth understanding of Fundamentals of electrochemistry, electrochemical electron transfer, electrochemical
processes, electrochemical kinetics, electrocatalysis, surface electrochemistry, electrochemical energy conversion processes (fuel cell,
electrolysis), electrochemical methods and mass transport during electrochemical reactions. The students will learn about the importance
of electrochemical kinetics and its relation to industrial electrochemical processes and in the energy seactor.

Content Review of electrochemical thermodynamics, description electrochemical kinetics, Butler-Volmer equation, Tafel kinetics, simple
electrochemical reactions, electron transfer, Marcus Theory, fundamentals of electrocatalysis, elementary reaction processes, rate-
determining steps in electrochemical reactions, practical examples and applications specifically for electrochemical energy conversion
processes, introduction to electrochemical methods, mass transport in electrochemical systems. Introduction to fuel cells and electrolysis

Lecture notes Will be handed out during the Semester
Literature Physical Electrochemistry, E. Gileadi, Wiley VCH

Electrochemical Methods, A. Bard/L. Faulkner, Wiley-VCH
Modern Electrochemistry 2A - Fundamentals of Electrodics, J. Bockris, A. Reddy, M. Gamboa-Aldeco, Kluwer Academic/Plenum
Publishers

701-0423-00L Chemistry of Aquatic Systems 3 credits 2G L. Winkel
Abstract This course gives an introduction to chemical processes in aquatic systems and shows applications to various systems. The following

topics are treated: acid-base reactions and carbonate system, solubility of solids and weathering, redox reactions, complexation of metals,
reactions at the solid/water interface, applications to lakes, rivers and groundwater.

Objective Understanding of chemical processes in aquatic systems. Quantitative application of chemical equilibria to processes in natural waters.
Evaluation of analytical data from aquatic systems.

Content Introduction to the chemistry of aquatic systems. Regulation of the composition of natural waters by chemical, geochemical and biological
processes. Quantitative application of chemical equilibria to processes in natural waters. The following topics are treated: acid-base
reactions, carbonate system; solubility of solid phases and weathering; complexation of metals and metal cycling in natural waters; redox
reactions; reactions at the interface solid phase-water; applications to lakes, rivers, groundwater.

Lecture notes Script is distributed.
Literature Sigg, L., Stumm, W., Aquatische Chemie, 5. Aufl., vdf/UTB, Zürich, 2011.

701-0401-00L Hydrosphere 3 credits 2V R. Kipfer, M. H. Schroth
Abstract Qualitative and quantitative understanding of the physical processes that control the terrestrial water cycle. Energy and mass exchange,

mixing and transport processes are described and the coupling of the hydrosphere with the atmosphere and the solid Earth are discussed.
Objective Understanding on how do physical processes control the dynamics in lakes, oceans and groundwater and constrain the exchange of mass

and energy.
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Content Topics of the course.
Physical properties of water (i.e. density and equation of state)
- global water resources
Exchange at boundaries
- energy (thermal & kinetic), gas exchange
Mixing and transport processes in open waters
- vertical stratification, large scale transport
- turbulence and mixing
- mixing and exchange processes in rivers
Groundwater and its dynamics
- ground water as part of the terrestrial water cycle
- ground water hydraulics, Darcy's law
- aquifers and their properties
- hydrochemistry and tracer
- ground water use
Case studies
- 1. Water as resource, 2. Water and climate

Lecture notes In addition to the suggested literature handouts are distributed.
Literature Suggested literature.

a) Park, Ch., 2001, The Environment, Routledge, 2001
b) Fitts, C.R., 2013. Groundwater Science. 2nd ed., Academic Press, Amsterdam.

Prerequisites /
notice

The case studies and the analysis of the questions and problems are integral part of the course.

701-0245-00L Introduction to Evolutionary Biology 2 credits 2V G. Velicer, S. Wielgoss
Abstract This course introduces important questions about the evolutionary processes involved in the generation and maintenance of biological

diversity across all domains of life and how evolutionary science investigates these questions.
Objective This course introduces important questions about the evolutionary processes involved in the generation and maintenance of biological

diversity across all domains of life and how evolutionary science investigates these questions.  The topics covered range from different
forms of selection, phylogenetic analysis, population genetics, life history theory, the evolution of sex, social evolution to human evolution.
These topics are important for the understanding of a number of evolutionary problems in the basic and applied sciences.

Content Topics likely to be covered in this course include research methods in evolutionary biology, adaptation, evolution of sex, evolutionary
transitions, human evolution, infectious disease evolution, life history evolution, macroevolution, mechanisms of evolution, phylogenetic
analysis, population dynamics, population genetics, social evolution, speciation and types of selection.

Literature Textbook:
Evolutionary Analysis
Scott Freeman and Jon Herron
5th Edition, English.

Prerequisites /
notice

The exam is based on lecture and textbook.

 Biochemical-Physical Direction (Programme Regulations 2010)
 4. Semester (Biochemical-Physical Direction)

 Compulsory Subjects Examination Block
Number Title Type ECTS Hours Lecturers

402-1782-00L Physics II
Accompanying the lecture course "Physics II", among
GESS Science in Perspective is offered: 851-0147-01L
Philosophical Reflections on Physics II

W  7 credits 4V+2U R. Wallny

Abstract Introduction to theory of waves, electricity and magnetism. This is the continuation of Physics I which introduced the fundamentals of
mechanics.

Objective basic knowledge of mechanics and electricity and magnetism as well as the capability to solve physics problems related to these subjects.

402-0044-00L Physics II W  4 credits 3V+1U S. P. Quanz
Abstract Introduction to the concepts and tools in physics with the help of demonstration experiments: electromagnetism, optics, introduction to

modern physics.
Objective The concepts and tools in physics, as well as the methods of an experimental science are taught. The student should learn to identify,

communicate and solve physical problems in his/her own field of science.
Content Electromagnetism (electric current, magnetic fields, electromagnetic induction, magnetic materials, Maxwell's equations)

Optics (light, geometrical optics, interference and diffraction)
Short introduction to quantum physics

Lecture notes The lecture follows the book "Physik" by Paul A. Tipler.
Literature Paul A. Tipler and Gene Mosca

Physik
Springer Spektrum Verlag

402-0084-00L Physics II O 4 credits 3V+1U G. Dissertori
Abstract This course is an introduction to classical physics, with special focus on applications in medicine.
Objective Obtain an understanding of basic concepts in classical physics and their application (using mathematical pre-knowledge) to the solution of

simple problems, including certain applications in medicine.

Obtain an understanding of relevant quantities and of orders of magnitude.

Content Electromagnetism;
Thermodynamics;
Optics.

Lecture notes Will be distributed at the start of the semester.
Literature "Physik für Mediziner, Biologen, Pharmazeuten", von Alfred Trautwein, Uwe Kreibig, Jürgen Hüttermann; De Gruyter Verlag.
Prerequisites /
notice

Voraussetzung Mathematik I+II und Physik I (Studiengänge Gesundheitswissenschaften und Technologie bzw. Humanmedizin) /
Mathematik-Lehrveranstaltungen des Basisjahres (Studiengänge Chemie, Chemieingenieurwissenschaften bzw. Interdisziplinäre
Naturwissenschaften)

529-0431-00L Physical Chemistry III: Molecular Quantum Mechanics O  4 credits 4G F. Merkt
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Abstract Postulates of quantum mechanics, operator algebra, Schrödinger's equation, state functions and expectation values, matrix representation
of operators, particle in a box, tunneling, harmonic oscillator, molecular vibrations, angular momentum and spin, generalised Pauli principle,
perturbation theory, electronic structure of atoms and molecules, Born-Oppenheimer approximation.

Objective This is an introductory course in quantum mechanics. The course starts with an overview of the fundamental concepts of quantum
mechanics and introduces the mathematical formalism. The postulates and theorems of quantum mechanics are discussed in the context
of experimental and numerical determination of physical quantities. The course develops the tools necessary for the understanding and
calculation of elementary quantum phenomena in atoms and molecules.

Content Postulates and theorems of quantum mechanics: operator algebra, Schrödinger's equation, state functions and expectation values. Linear
motions: free particles, particle in a box, quantum mechanical tunneling, the harmonic oscillator and molecular vibrations. Angular
momentum: electronic spin and orbital motion, molecular rotations. Electronic structure of atoms and molecules: the Pauli principle, angular
momentum coupling, the Born-Oppenheimer approximation. Variational principle and perturbation theory. Discussion of bigger systems
(solids, nano-structures).

Lecture notes A script written in German will be available. The script is, however, no replacement for personal notes during the lecture and does not cover
all aspects discussed.

529-0222-00L Organic Chemistry II O  3 credits 2V+1U B. Morandi
Abstract This course builds on the material learned in Organic Chemistry I  or Organic Chemistry II for Biology/Pharmacy Students. Topics include

advanced concepts and mechanisms of organic reactions and introductions to pericyclic and organometallic reactions. These topics are
combined to the planning and execution of multiple step syntheses of complex molecules.

Objective Goals of this course include the a deeper understanding of basic organic reactions and mechanism as well as advanced and catalytic
transformations (for example, Mitsunobu reactions, Corey-Chaykovsky epoxidation, Stetter reactions, etc). Reactive intermediates including
carbenes and nitrenes are covered, along with methods for their generation and use in complex molecule synthesis. Frontier molecular
orbital theory (FMO) is introduced and used to rationalize pericyclic reactions including Diels Alder reactions, cycloadditions, and
rearrangements (Cope, Claisen). The basic concepts and key reactions of catalytic organometallic chemistry, which are key methods in
modern organic synthesis, and introduced, with an emphasis on their catalytic cycles and elementrary steps. All of these topics are
combined in an overview of strategies for complex molecule synthesis, with specific examples from natural product derived molecules used
as medicines.

Content Oxidation and reduction of organic compounds, redox netural reactions and rearrangments, advanced transformations of functional groups
and reaction mechanismes, kinetic and thermodynamic control of organic reactions, carbenes and nitrenes, frontier molecular orbital theory
(FMO), cycloadditions and pericyclic reactions, introduction to organometallic chemistry and catalytic cross couplings, introduction to
peptide synthesis and protecting groups, retrosynthetic analysis of complex organic molecules, planning and execution of multi-step
reaction.

Lecture notes The lecture notes and additional documents including problem sets are available as PDF files online, without charge. Link:
https://morandi.ethz.ch/education.html

Literature Clayden, Greeves, and Warren. Organic Chemistry, 2nd Edition. Oxford University Press, 2012.

 Electives
The Bachelor's programme in Interdisciplinary Sciences allows students to choose from any subject taught at a Bachelor's level at ETH Zurich.      

In consultation with the Director of Studies of Interdisciplinary Sciences, every student must establish his/her own individual study programme at the
beginning of the 2nd year. See the Programme Regulations 2018 for further details.

Number Title Type ECTS Hours Lecturers

529-0058-00L Analytical Chemistry II W  3 credits 3G D. Günther, T. Bucheli, M.-O. Ebert,
P. Lienemann, G. Schwarz

Abstract Enhanced knowledge about the elemental analysis and spectrocopical techniques with close relation to practical applications. This course
is based on the knowledge from analytical chemistry I. Separation methods are included.

Objective Use and applications of the elemental analysis and spectroscopical knowledge to solve relevant analytical problems.
Content Combined application of spectroscopic methods for structure determination, and practical application of element analysis. More complex

NMR methods: recording techniques, application of exchange phenomena, double resonance, spin-lattice relaxation, nuclear Overhauser
effect, applications of experimental 2d and multipulse NMR spectroscopy, shift reagents. Application of chromatographic and
electrophoretic separation methods: basics, working technique, quality assessment of a separation method, van-Deemter equation, gas
chromatography, liquid chromatography (HPLC, ion chromatography, gel permeation, packing materials, gradient elution, retention index),
electrophoresis, electroosmotic flow, zone electrophoresis, capillary electrophoresis, isoelectrical focussing, electrochromatography, 2d gel
electrophoresis, SDS-PAGE, field flow fractionation, enhanced knowledge in atomic absorption spectroscopy, atomic emission
spectroscopy, X-ray fluorescence spectroscopy, ICP-OES, ICP-MS.

Lecture notes Script will be available
Literature Literature will be within the script.
Prerequisites /
notice

Exercises for spectra interpretation are part of the lecture. In addition the lecture 529-0289-00 "Instrumentalanalyse organischer
Verbindungen" (4th semester) is recommended.
Prerequisite: 529-0051-00 "Analytische Chemie I" (3rd semester)

401-1662-10L Introduction to Numerical Methods W  6 credits 4G+2U V. C. Gradinaru
Abstract This course gives an introduction to numerical methods, aimed at physics majors. It covers numerical linear algebra, quadrature as well as

initial vaule problems. The focus is on the ability to apply the numerical methods.
Objective Overview on the most important algorithms for the solution of the fundamental numerical problems in Physics and  applications;

overview on available software for the numerical solutions;
ability to solve concrete problems
ability to interpret numerical results

Content Least squares (linear and non-linear), nonlinear equations,   
numerical quadrature, initial value problems.

Lecture notes Notes, slides and other relevant materials will be available via the web page of the lecture.
Literature Relevant materials will be available via the web page of the lecture.
Prerequisites /
notice

Prerequisite is familiarity with basic calculus (approximation theory and vector calculus: grad, div, curl) and linear algebra (Gauss-
elimination, matrix decompositions and algorithms, determinant).

Study Center hours:
Do 17-20 in HG E 41
Fr 17-20 in HG E 41

401-1152-02L Linear Algebra II W  7 credits 4V+2U T. H. Willwacher
Abstract Eigenvalues and eigenvectors, Jordan normal form, bilinear forms, euclidean and unitary vector spaces, selected applications.
Objective Basic knowledge of the fundamentals of linear algebra.
Literature Siehe Lineare Algebra I
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Prerequisites /
notice

Linear Algebra I

529-0440-00L Physical Electrochemistry and Electrocatalysis W 6 credits 3G T. Schmidt
Abstract Fundamentals of electrochemistry, electrochemical electron transfer, electrochemical processes, electrochemical kinetics, electrocatalysis,

surface electrochemistry, electrochemical energy conversion processes and introduction into the technologies (e.g., fuel cell, electrolysis),
electrochemical methods (e.g., voltammetry, impedance spectroscopy), mass transport.

Objective Providing an overview and in-depth understanding of Fundamentals of electrochemistry, electrochemical electron transfer, electrochemical
processes, electrochemical kinetics, electrocatalysis, surface electrochemistry, electrochemical energy conversion processes (fuel cell,
electrolysis), electrochemical methods and mass transport during electrochemical reactions. The students will learn about the importance
of electrochemical kinetics and its relation to industrial electrochemical processes and in the energy seactor.

Content Review of electrochemical thermodynamics, description electrochemical kinetics, Butler-Volmer equation, Tafel kinetics, simple
electrochemical reactions, electron transfer, Marcus Theory, fundamentals of electrocatalysis, elementary reaction processes, rate-
determining steps in electrochemical reactions, practical examples and applications specifically for electrochemical energy conversion
processes, introduction to electrochemical methods, mass transport in electrochemical systems. Introduction to fuel cells and electrolysis

Lecture notes Will be handed out during the Semester
Literature Physical Electrochemistry, E. Gileadi, Wiley VCH

Electrochemical Methods, A. Bard/L. Faulkner, Wiley-VCH
Modern Electrochemistry 2A - Fundamentals of Electrodics, J. Bockris, A. Reddy, M. Gamboa-Aldeco, Kluwer Academic/Plenum
Publishers

701-0423-00L Chemistry of Aquatic Systems W  3 credits 2G L. Winkel
Abstract This course gives an introduction to chemical processes in aquatic systems and shows applications to various systems. The following

topics are treated: acid-base reactions and carbonate system, solubility of solids and weathering, redox reactions, complexation of metals,
reactions at the solid/water interface, applications to lakes, rivers and groundwater.

Objective Understanding of chemical processes in aquatic systems. Quantitative application of chemical equilibria to processes in natural waters.
Evaluation of analytical data from aquatic systems.

Content Introduction to the chemistry of aquatic systems. Regulation of the composition of natural waters by chemical, geochemical and biological
processes. Quantitative application of chemical equilibria to processes in natural waters. The following topics are treated: acid-base
reactions, carbonate system; solubility of solid phases and weathering; complexation of metals and metal cycling in natural waters; redox
reactions; reactions at the interface solid phase-water; applications to lakes, rivers, groundwater.

Lecture notes Script is distributed.
Literature Sigg, L., Stumm, W., Aquatische Chemie, 5. Aufl., vdf/UTB, Zürich, 2011.

701-0401-00L Hydrosphere W  3 credits 2V R. Kipfer, M. H. Schroth
Abstract Qualitative and quantitative understanding of the physical processes that control the terrestrial water cycle. Energy and mass exchange,

mixing and transport processes are described and the coupling of the hydrosphere with the atmosphere and the solid Earth are discussed.
Objective Understanding on how do physical processes control the dynamics in lakes, oceans and groundwater and constrain the exchange of mass

and energy.
Content Topics of the course.

Physical properties of water (i.e. density and equation of state)
- global water resources
Exchange at boundaries
- energy (thermal & kinetic), gas exchange
Mixing and transport processes in open waters
- vertical stratification, large scale transport
- turbulence and mixing
- mixing and exchange processes in rivers
Groundwater and its dynamics
- ground water as part of the terrestrial water cycle
- ground water hydraulics, Darcy's law
- aquifers and their properties
- hydrochemistry and tracer
- ground water use
Case studies
- 1. Water as resource, 2. Water and climate

Lecture notes In addition to the suggested literature handouts are distributed.
Literature Suggested literature.

a) Park, Ch., 2001, The Environment, Routledge, 2001
b) Fitts, C.R., 2013. Groundwater Science. 2nd ed., Academic Press, Amsterdam.

Prerequisites /
notice

The case studies and the analysis of the questions and problems are integral part of the course.

701-0245-00L Introduction to Evolutionary Biology W  2 credits 2V G. Velicer, S. Wielgoss
Abstract This course introduces important questions about the evolutionary processes involved in the generation and maintenance of biological

diversity across all domains of life and how evolutionary science investigates these questions.
Objective This course introduces important questions about the evolutionary processes involved in the generation and maintenance of biological

diversity across all domains of life and how evolutionary science investigates these questions.  The topics covered range from different
forms of selection, phylogenetic analysis, population genetics, life history theory, the evolution of sex, social evolution to human evolution.
These topics are important for the understanding of a number of evolutionary problems in the basic and applied sciences.

Content Topics likely to be covered in this course include research methods in evolutionary biology, adaptation, evolution of sex, evolutionary
transitions, human evolution, infectious disease evolution, life history evolution, macroevolution, mechanisms of evolution, phylogenetic
analysis, population dynamics, population genetics, social evolution, speciation and types of selection.

Literature Textbook:
Evolutionary Analysis
Scott Freeman and Jon Herron
5th Edition, English.

Prerequisites /
notice

The exam is based on lecture and textbook.

 6. Semester (Biochemical-Physical Direction)
 Laboratory Courses, Semester Papers, Proseminars, Field Trips

Further Laboratory Courses arising upon specific written request by the students and permission by the Director of studies.

Number Title Type ECTS Hours Lecturers
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529-0450-00L Semester Project W  18 credits 18A Supervisors
Abstract In a semester project students extend their knowledge in a particular field, get acquainted with the scientific way of working, and learn to

work on an actual research topic. Research projects are carried out in a core or optional subject area as chosen by the student.
Objective Students are accustomed to scientific work and they get to know one specific research field.

 Bachelor's Thesis
Number Title Type ECTS Hours Lecturers

529-0400-00L Bachelor's Thesis O  15 credits 15D Supervisors
Abstract It completes the Bachelor program and consists of a scientific project carried out independently.
Objective Encourages students to show independence, to produce scientifically structured work and to apply engineering working methods.

 Second and Third Year Additional Subjects
The Bachelor's programme in Interdisciplinary Sciences allows students to choose from any subject taught at a Bachelor's level at ETH Zurich. 

In consultation with the Director of Studies of Interdisciplinary Sciences, every student must establish his/her own individual study programme at the
beginning of the 2nd year. See the Programme Regulations 2018 for further details.

 Other Electives ETH
Further combinations of Compulsory elective subjects must be applied for at the Director of Studies.

Course Catalogue of ETH

 GESS Science in Perspective
 Science in Perspective

see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
CHAB

 Language Courses
see Science in Perspective: Language Courses ETH/UZH

Interdisciplinary Sciences Bachelor - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Interdisciplinary Sciences Master
The Master's programme in Interdisciplinary Sciences allows students to choose from any subject taught at the Master's level at ETH Zurich. 

In consultation with the Director of Studies of Interdisciplinary Sciences, every student must establish his/her own individual study programme at the
beginning of the Master's progamme. See the Programme Regulations 2010 for further details.

 Majors
The list providing various Majors that can be chosen from is published in the programme guide: https://www.chab.ethz.ch/en/studies/master/msc-
interdisciplinary-sciences.html
      

In addition it is possible to create an individual Major in accordance with the Programme Regulations (Art. 19 paragraph 3).

Selection of courses of ETH, according individual
curriculum.

 General Courses
Number Title Type ECTS Hours Lecturers

402-0468-15L Nanomaterials for Photonics
Does not take place this semester.

W 6 credits 2V+1U R. Grange

Abstract The lecture describes various nanomaterials (semiconductor, metal, dielectric, carbon-based...) for photonic applications (optoelectronics,
plasmonics, photonic crystal...). It starts with nanophotonic concepts of light-matter interactions, then the fabrication methods, the optical
characterization techniques, the description of the properties and the state-of-the-art applications.

Objective The students will acquire theoretical and experimental knowledge in the different types of nanomaterials (semiconductors, metals,
dielectric, carbon-based, ...) and their uses as building blocks for advanced applications in photonics (optoelectronics, plasmonics, photonic
crystal, ...). Together with the exercises, the students will learn (1) to read, summarize and discuss scientific articles related to the lecture,
(2) to estimate order of magnitudes with calculations using the theory seen during the lecture, (3) to prepare a short oral presentation about
one topic related to the lecture, and (4) to imagine a useful photonic device.
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Content 1.    Introduction to Nanomaterials for photonics
     a.    Classification of the materials in sizes and speed...
     b.    General info about scattering and absorption
     c.    Nanophotonics concepts 

2.    Analogy between photons and electrons
     a.    Wavelength, wave equation
     b.    Dispersion relation
     c.    How to confine electrons and photons
     d.    Tunneling effects

3.    Characterization of Nanomaterials
     a.    Optical microscopy: Bright and dark field, fluorescence, confocal, High resolution: PALM (STORM), STED
     b.    Electron microscopy : SEM, TEM
     c.    Scanning probe microscopy: STM, AFM
     d.    Near field microscopy: SNOM
     e.    X-ray diffraction: XRD, EDS

4.    Generation of Nanomaterials
     a.    Top-down approach
     b.    Bottom-up approach

5.    Plasmonics
     a.    What is a plasmon, Drude model
     b.    Surface plasmon and localized surface plasmon (sphere, rod, shell)
     c.    Theoretical models to calculate the radiated field: electrostatic approximation and Mie scattering
     d.    Fabrication of plasmonic structures: Chemical synthesis, Nanofabrication
     e.    Applications

6.    Organic nanomaterials
     a.    Organic quantum-confined structure: nanomers and quantum dots.
     b.    Carbon nanotubes: properties, bandgap description, fabrication
     c.    Graphene: motivation, fabrication, devices

7.    Semiconductors
     a.    Crystalline structure, wave function...
     b.    Quantum well: energy levels equation, confinement
     c.    Quantum wires, quantum dots
     d.    Optical properties related to quantum confinement
     e.    Example of effects: absorption, photoluminescence...
     f.    Solid-state-lasers : edge emitting, surface emitting, quantum cascade

8.    Photonic crystals
     a.    Analogy photonic and electronic crystal, in nature
     b.    1D, 2D, 3D photonic crystal
     c.    Theoretical modeling: frequency and time domain technique
     d.    Features: band gap, local enhancement, superprism...
  
9.    Optofluidic
     a.    What is optofluidic ?
     b.    History of micro-nano-opto-fluidic
     c.    Basic properties of fluids
     d.    Nanoscale forces and scale law
     e.    Optofluidic: fabrication
     f.    Optofluidic: applications
     g.    Nanofluidics

10.    Nanomarkers
     a.    Contrast in imaging modalities
     b.    Optical imaging mechanisms
     c.    Static versus dynamic probes

Lecture notes Slides and book chapter will be available for downloading
Literature References will be given during the lecture
Prerequisites /
notice

Basics of solid-state physics (i.e. energy bands) can help

Selection of courses of ETH, according individual
curriculum.

 Proseminars, Laboratory Courses, Research Projects and Sem. Papers
Number Title Type ECTS Hours Lecturers

529-0020-00L Research Project W+ 20 credits 20A Supervisors
Abstract In a research project students extend their knowledge in a particular field, get acquainted with the scientific way of working, and learn to

work on an actual research topic. Research projects are carried out in a core or elective subject area as chosen by the student.
Objective Students get accustomed to scientific work and get to know one specific research field.

Selection of courses of ETH, according individual
curriculum.

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
CHAB

see Science in Perspective: Language Courses ETH/UZH
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 Master's Thesis
Number Title Type ECTS Hours Lecturers

529-1000-00L Master's Thesis
Only students who meet the following criteria are allowed
to begin with their Master's thesis:
a. successful completion of the Bachelor's programme; 
b. having passed all additional requirements necessary to
gain admission to the Master's programme.

Duration of the Master's Thesis 16 weeks.

O 20 credits 43D Supervisors

Abstract In the Master thesis students prove their ability to independent, structured and scientific working. The Master thesis is usually carried out in
a core or optional subject area as chosen by the student.

Objective In the Master Thesis students prove their ability to independent, structured and scientific working.

529-1000-30L Master's Thesis
Only students who meet the following criteria are allowed
to begin with their Master's thesis:
a. successful completion of the Bachelor's programme; 
b. having passed all additional requirements necessary to
gain admission to the Master's programme.

Duration of the Master's Thesis 6 months, possible only
with the permission of the director of studies.


W  30 credits 64D Supervisors

Abstract In the Master thesis students prove their ability to independent, structured and scientific working. The Master thesis is usually carried out in
a core or optional subject area as chosen by the student.

Objective In the Master Thesis students prove their ability to independent, structured and scientific working.

Interdisciplinary Sciences Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Food Science TC
Detailed information on the programme at: www.didaktischeausbildung.ethz.ch

 Educational Science
Number Title Type ECTS Hours Lecturers

851-0240-03L Introduction to Test Theory and Test Construction in
Educational Contexts (University of Zürich)
Does not take place this semester.
Enrolment only possible with Teaching Diploma or DC
matriculation.

No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: 200b800f

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  4 credits 2S University lecturers

Abstract The seminar will provide theoretical and applied knowledge in the construction of psychological questionnaires. The students will construct,
translate, and adapt instruments from different areas. Afterwards, data on these instruments will be gathered in an online survey. The
survey will be analyzed (under the guidance of the seminar leaders) and presented in a scientific report. 

Objective The learning outcomes are:
- Acquiring theoretical and applied knowledge in the construction, translation, and adaption of psychological instruments
- Conducting online surveys and statistical analyses
- Becoming more familiar with relevant statistical procedures (e.g., factor analysis, reliability, correlation, and regression analyses)
- Estimating and evaluating the psychometric properties of instruments
- Scientific description and communication of the results (using APA-style)

Content Die Lehrveranstaltung soll Studierenden theoretische und praktische Kenntnisse in der Konstruktion von Fragebogen vermitteln. Es werden
Instrumente aus verschiedenen Bereichen durch die Studierenden konstruiert, übersetzt und adaptiert. Danach erfolgt eine Online-
Erhebung dieser Instrumente, die anschliessend unter Anleitung ausgewertet und in einem wissenschaftlichen Bericht präsentiert wird.

Lecture notes Alle Unterlagen werden im OLAT-Kurs zur Verfügung gestellt
Voraussetzung für die Teilnahme ist ein eigener Laptop mit einem Statistikprogramm (z.B. SPSS) und einem Office-Paket.

Literature Alle Unterlagen werden zur Verfügung gestellt.
Prerequisites /
notice

Der Leistungsnachweis besteht aus einem schriftlichen Leistungsnachweis, der benotet wird, ausserdem werden die unten genannten
Aspekte von aktiver Teilnahme für das Bestehen des Moduls vorausgesetzt. Der schriftliche Leistungsnachweis besteht aus einem
wissenschaftlichen Bericht zur psychometrischen Prüfung einer im Rahmen des Seminars selbst adaptierten, konstruierten oder
übersetzten Skala. Die aktive Teilnahme besteht aus Vorbereitung auf die Sitzungen, Rekrutierung von Teilnehmenden für die
gemeinsame Datenerhebung, zwei kurzen Präsentationen zur praktischen Aufgabe sowie aktiver Teilnahme am Seminar.

Voraussetzung für die Teilnahme ist ein eigener Laptop mit einem Statistikprogramm (z.B. SPSS) und einem Office-Paket.

851-0240-17L Designing Learning Environments for School:
Educational Foundations (EW2 TC)
- Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".
- Addresses to students enrolled in "Teaching Certificate
in a non-college Discipline (TC)". 
- The simultaneous enrolment in course 851-0240-25
Designing Learning Environments for School: Vocational
Education  (EW2 TC)" is recommended, but not a
mandatory prerequisite.

O  2 credits 1V S. Peteranderl, P. Edelsbrunner,
U. Markwalder

Abstract Teaching is also a craft. In this lecture, students get to know and, wherever possible, also practice practical aspects of the teaching
profession within the framework of relevant theories rom the Learning Sciences. 

Objective Students acquire basic knowledge and skills needed for planning, preparing, and implementing effective instruction. They can reflect and
adapt these skills based on knowledge about findings from research in the learning sciences.  

Content We discuss characteristics of successful lessons and how to design such lessons by using curricula and lesson plans, teaching goals,
classroom management, and a variety of teaching methods.

Lecture notes The lecture comprises interactive parts where the participants  elaborate and extend their knowledge and skills. Thus, there is no
comprehensive written documentation of the lecture. The participants can download presentation slides, learning materials, and templates
from "Moodle".

Literature The necessary literature can be downloaded from "Moodle".
Prerequisites /
notice

The lecture EW2 can only be attended by students who already successfully completed the lecture Human Learning (EW1).
There will be two independent lectures for different groups of students. You will get further information in an email at the beginning of the
semester.

851-0240-25L Designing Learning Environments for School:
Vocational Education  (EW2 TC)
- Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".
- Addresses to students enrolled in "Teaching Certificate
in a non-college Discipline (TC)". 
- The simultaneous enrolment in course 851-0240-17L
Designing Learning Environments for School: Educational
Foundations (EW2 DZ)" is recommended, but not a
mandatory prerequisite.

O  2 credits 1V G. Kaufmann

Abstract Participants acquire knowledge in vocational training system and in theory and practice of vocational education. They get to know
characteristics of functions, tasks and roles in the professional world. They deduce consequences for the planning and execution of
learner-tailored and effective learning in vocational education taking into account the theory and practice of vocational education.

Objective Participants would be able to structure and execute learner-tailored and effective learning in vocational education taking into account the
theory and practice of vocational education.

851-0242-03L Introduction to General Pedagogy
Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate.


W  2 credits 2G L. Haag
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Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".

Abstract The basics of educational science and the field of activity of the school are conveyed in as much as they are of relevance to the field of
activity of the teachers. Basic knowledge is taught methodically by the lecturers which is further deepened by the reading of selected texts
and corresponding work assignments in individual and small groups.

Objective 1. Basics of educational science
1.1 Historical survey of education and school
1.2 Fundamental educational terms
- Education as field of activity of the school
- Education at school
- Socialization
2. Field of activity of the school
2.1 Theory of school
- Theory of school
- Curriculum theory
- School development
2.2 Theory of instruction
- Didactic analysis
- Principles of learning
- Handling of heterogeneity

851-0242-06L Cognitively Activating Instructions in MINT Subjects
Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

This course unit can only be enroled after successful
participation in, or during enrolment in the course 851-
0240-00L "Human Learning (EW 1)".

W  2 credits 2S R. Schumacher

Abstract This seminar focuses on teaching units in chemistry, physics and mathematics that have been developed at the MINT Learning Center of
the ETH Zurich. In the first meeting, the mission of the MINT Learning Center will be communicated. Furthermore, in groups of two, the
students will intensively work on, refine and optimize a teaching unit following a goal set in advance.

Objective - Get to know cognitively activating instructions in MINT subjects
- Get information about recent literature on learning and instruction

Prerequisites /
notice

Für eine reibungslose Semesterplanung wird um frühe Anmeldung und persönliches Erscheinen zum ersten Lehrveranstaltungstermin
ersucht.

851-0242-07L Human Intelligence
Number of participants limited to 30.

Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

This course unit can only be enroled after successful
participation in, or imultaneous enrolment in the course
851-0240-00L "Human Learning (EW 1)" .

W  1 credit 1S E. Stern

Abstract The focus will be on the book "Intelligenz: Grosse Unterschiede und ihre Folgen" by Stern and Neubauer. Participation at the first meeting
is obligatory. It is required that all participants read the complete book. Furthermore, in two meetings of 90 minutes, concept papers
developed in small groups (5 - 10 students) will be discussed.

Objective - Understanding of research methods used in the empirical human sciences
- Getting to know intelligence tests
- Understanding  findings relevant for education

851-0242-08L Research Methods in Educational Science
Number of participants limited to 30.

This course unit can only be enroled after successful
participation in, or imultaneous enrolment in the course
851-0240-00L "Human Learning (EW 1)" .

W  1 credit 1S P. Edelsbrunner, T. Braas,
C. M. Thurn

Abstract Literature from learning sciences will be read and discussed. Research methods will be in focus.
At the first meeting all participants will be allocated to working groups and two further meetings will be set up with the groups.
In the small groups students will write critical short essays about the read literature. The essays will be presented and discussed in the
plenum at the third meeting.

Objective - Understand research methods used in the empirical educational sciences
- Understand and critically examine information from scientific journals and media
- Understand pedagogically relevant findings from the empirical educational sciences

851-0242-11L Gender Issues In Education and STEM
Number of participants limited to 20.

Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

Prerequisite: students should be taking the course 851-
0240-00L Human Learning (EW1) in parallel, or to have
successfully completed it.

W  2 credits 2S M. Berkowitz Biran, T. Braas,
C. M. Thurn

Abstract In this seminar, we introduce some of the major gender-related  issues in the context of education and science learning, such as the under-
representation of girls and women in science, technology, engineering and mathematics (STEM). Different perspectives, controversies and
empirical evidence will be discussed.

Objective - To familiarize students with gender issues in the educational and STEM contexts and with controversies regarding these issues.
- To develop a critical view on existing perspectives. 
- To integrate this knowledge with teacher's work.
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Content Why do fewer women than men specialize in STEM (science, technology, engineering and mathematics)? Are girls better in language and
boys better in math? These and other questions about gender differences relevant to education and STEM learning have been occupying
researchers for decades. In this seminar, students will learn about major gender issues in the educational context and the different
perspectives for understanding them. 

Students will read and critically discuss selected publications on these topics and their implications for the classroom context. There will be
weekly (or bi-weekly) assignments as well as a final project in which students will integrate and elaborate on the topics learned in the
seminar.

Prerequisites /
notice

Recommended: Completion of the course 851-0240-00L Human Learning (EW1).

Active participation in the seminar.

 Subject Didactics and Professional Training
Important: You can only enrole in the courses of this category if you have not more than 12 CP left for possible additional requirements.

Number Title Type ECTS Hours Lecturers

752-9020-00L Teaching Internship Including Examination Lessons
Food Science
The teaching internship can just be visited if all other
courses of TC are completed.
Repetition of the teaching internship is excluded even if
the examination lessons are to be repeated.

W  6 credits 13P G. Kaufmann

Abstract Students apply the insights, abilities and skills they have acquired within the context of an educational institution. They observe 10 lessons
and teach 20 lessons independently. Two of them are as assessed as Examination Lessons.

Objective - Students use their specialist-subject, educational-science and subject-didactics training to draw up concepts for teaching.
- They are able to assess the significance of tuition topics for their subject from different angles (including interdisciplinary angles) and
impart these to their pupils. 
- They learn the skills of the teaching trade. 
- They practise finding the balance between instruction and openness so that pupils can and, indeed, must make their own cognitive
contribution.
- They learn to assess pupils' work.
- Together with the teacher in charge of their teacher training, the students constantly evaluate their own performance.

Content Die Studierenden sammeln Erfahrungen in der Unterrichtsführung, der Auseinandersetzung mit Lernenden, der Klassenbetreuung und der
Leistungsbeurteilung. Zu Beginn des Praktikums plant die Praktikumslehrperson gemeinsam mit dem/der Studierenden das Praktikum und
die Arbeitsaufträge. Die schriftlich dokumentierten Ergebnisse der Arbeitsaufträge sind Bestandteil des Portfolios der Studierenden.
Anlässlich der Hospitationen erläutert die Praktikumslehrperson ihre fachlichen, fachdidaktischen und pädagogischen Überlegungen, auf
deren Basis sie den Unterricht geplant hat und tauscht sich mit dem/der Studierenden aus. Die von dem/der Studierenden gehaltenen
Lektionen werden vor- und nachbesprochen. 
Die Themen für die beiden Prüfungslektionen am Schluss des Praktikums erfahren die Studierenden in der Regel eine Woche vor dem
Prüfungstermin. Sie erstellen eine Vorbereitung gemäss Anleitung und reichen sie bis am Vortrag um 12 Uhr den beiden Prüfungsexperten
(Fachdidaktiker/-in, Departementsvertreter/-in) ein. Die gehaltenen Lektionen werden kriteriumsbasiert beurteilt. Die Beurteilung umfasst
auch die schriftliche Vorbereitung und eine mündliche Reflexion des Kandidaten/der Kandidatin über die gehaltenen Lektionen im Rahmen
eines kurzen Kolloquiums.

Lecture notes Dokument: schriftliche Vorbereitung für Prüfungslektionen.
Literature Wird von der Praktikumslehrperson bestimmt.

752-9013-00L Subject Didactics Food Science I O  4 credits 3G G. Kaufmann
Abstract In der Fachdidaktik I werden Unterrichtstechniken im Sinne von Bausteinen von typischen Lektionen behandelt. Dies geschieht auf Basis

der Erkenntnisse der Lehr- und Lernforschung und deren Umsetzung in der Praxis. Ziel ist die Planung und Durchführung von
lernwirksamen Unterrichtssequenzen sowie deren Evaluation und Reflexion. 

Objective • Die Studierenden können Einzellektionen aufgrund von Bildungsvorgaben lernwirksam planen, durchführen und reflektieren.
• Sie orientieren sich an Lernzielen und berücksichtigen die Vorkenntnisse, das berufliche Umfeld und die Ambitionen der Lernenden.
• Sie können die grundlegenden Unterrichtstechniken in ihrem Fach lernwirksam umsetzen und die Lernphasen geeignet rhythmisieren.
• Sie können komplexe technische Fachinhalte lerngerecht reduzieren und darstellen.
• Sie kennen Beispiele von verbreiteten Fehlkonzepten der Lernenden und können den Unterricht entsprechend gestalten.

 Further Subject Didactics
For students enrolled from HS 2019: The courses offered here are credited under the category «Subject Didactics and Professional Training».

Number Title Type ECTS Hours Lecturers

752-9005-00L Mentored Work Specialised Courses in the Respective
Subject with an Educational Focus Food Sc.

O  2 credits 4A G. Kaufmann, K. Koch, U. Lerch

Abstract In the mentored work on their subject specialisation, students link high-school and university aspects of the subject, thus strengthening
their teaching competence with regard to curriculum decisions and the future development of the tuition. They compile texts under
supervision that are directly comprehensible to the targeted readers - generally specialist-subject teachers at high-school level.

Objective The aim is for the students
- to familiarise themselves with a new topic by obtaining material and studying the sources, so that they can selectively extend their
specialist competence in this way.
- to independently develop a text on the topic, with special focus on its mathematical comprehensibility in respect of the level of knowledge
of the targeted readership.
- To try out different options for specialist further training in their profession.

Content Thematische Schwerpunkte:
Die mentorierte Arbeit in FV besteht in der Regel in einer Literaturarbeit über ein Thema, das einen Bezug zum gymnasialem Unterricht
oder seiner Weiterentwicklung hat. Die Studierenden setzen darin Erkenntnisse aus den Vorlesungen in FV praktisch um.

Lernformen:
Alle Studierenden erhalten ein individuelles Thema und erstellen dazu eine eigenständige Arbeit. Sie werden dabei von ihrer
Betreuungsperson begleitet. Gegebenenfalls stellen sie ihre Arbeit oder Aspekte daraus in einem Kurzvortrag vor. Die mentorierte
Arbeit ist Teil des Portfolios der Studierenden.

Lecture notes Eine Anleitung zur mentorierten Arbeit in FV wird zur Verfügung gestellt.
Literature Die Literatur ist themenspezifisch. Sie muss je nach Situation selber beschafft werden oder wird zur Verfügung gestellt.
Prerequisites /
notice

Die Arbeit sollte vor Beginn des Praktikums abgeschlossen werden.

752-9014-00L Subject Didactics Food Science II W 4 credits 9G G. Kaufmann
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Abstract Anspruchsvollere und umfangreichere Unterrichtsmethoden werden eingeführt und in Bezug den damit umgesetzten Lehr-Lern-Strategien
gesetzt. Die Umsetzung der Unterrichtsmethoden unter Berücksichtigung verschiedener Lehr-Lernstrategien erfolgt über die Planung,
Durchführung und Reflexion von grösseren Unterrichtseinheiten. Dies bedingt eine gegenüber der FD 1 vertiefte Auseinandersetzung mit
der did

Objective Ziel ist es, didaktische Modelle und zugehörige Unterrichtsmethoden mit aktuellen Forschungsergebnissen zusammenzuführen.
Die Studierenden
- lernen sich anhand einer ausführlichen didaktischen Analyse  in ein umfangreiches Unterrichtsthema einzuarbeiten 
- können anspruchsvolle Unterrichtsmethoden im Kontext von verschiedenen Lehr-Lernstrategien  wissensbasiert und reflektiert
anwenden.
- können zu ausgewählten Lehr-Lernstrategien geeignete Unterrichtsumgebungen zielgruppenorientiert entwickeln
- lernen den von ihnen gewählten Unterrichtszugang in berufsbildender, fachlicher, fachdidaktischer und eventuell gesellschaftlicher
Hinsicht zu reflektieren.

Food Science TC - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Food Science Master
 Major in Food Processing

 Disciplinary Subjects
Number Title Type ECTS Hours Lecturers

752-2402-00L Food Packaging W 2 credits 2G S. Yildirim
Abstract The course gives an introduction to food packaging and provides an overview of different packaging materials, their properties and

influences on the quality and safety of food. The course also contains the main processes used to produce the major packaging materials
and explains the different packaging processes used for individual food groups. Additionally, food packaging trends and new packaging

Objective Students learn to:
-describe the technical and marketing functions of packaging 
-list the main packaging materials used for food and know the technical properties of the materials affecting the marketing and preservation
of food
-explain the major processes used to produce the plastic packaging materials and converting them into final packaging materials
-describe main packaging processes and materials for different type of food products
-aware of food and packaging interactions and possible migrations 
-explain the future packaging trends and describe the new packaging technologies and materials 
 

Content Packaging functions
Packaging materials
Permeability of packaging materials and its effect on the quality of food
Polymer processing technologies
Packaging converting processes
Packaging processes for food
Packaging for major food groups and its influence on the shelf life
Migration and legislation
Packaging and sustainability
Active packaging
Intelligent and smart packaging
Food packaging trends

Lecture notes Food Packaging
Literature Gordon L. Robertson (2010): Food packaging and shelf life. Boca Raton, FL: Tylor & Francis.

Han, Jung H. (Hrgb.) (2005): Innovations in food packaging. Amsterdam: Elsevier / Academic Press.
Soroka Walter (2009): Packaging technology. Illinois: Institute of Packaging Professionals
Roberson, Gordon L. (2006): Food packaging - principles and practice. Boca Raton, FL: Tylor & Francis.
Lee, Sun Dong (2008): Food packaging science and technology. Boca Raton, FL: Tylor & Francis.
Yam Kit L. 2009, The Wiley Encyclopedia of Pacakging Technology, Wiley

752-3022-00L Food Factory Planning and Design W 3 credits 2G P.  Beck, S. Padar
Abstract The focus is directed on the interaction (and interdependency) of the different crafts involved, mainly construction, building services, and

installation engineering. Hygienic requirements have to be designed and finally are implemented in order to achieve international standards
(GMP, IFS, BRC). Insight is given into contract and payment handling.

Objective Students learn about the tasks and responsibilities of the specialists (engineers, planners), organizations and distributors involved.
Knowledge is provided on the coordination and guidance of people involved. An insight into hygienic and technical specifications as well as
the regulatory framework is given. Finally, the implementation of a functional, ecological and cost efficient solution is discussed.

Lecture notes Vorlesungsunterlagen (besprochene Folien, ca. 190 Seiten) können von der Lehrdokumentenablage MyStudies heruntergeladen werden.

752-5102-00L Food Fermentation Biotechnology W 3 credits 2V C. Lacroix, F. Constancias,
M. Stevens

Abstract For this integration course, selected and current topics in bioprocess technology as applied to food will be selected to complement the
teaching program in Food Biotechnology. Special emphasis will be given on downstream processing, bioprocess development, and
metabolic engineering with current applications of microorganisms for producing high quality and safe food.

Objective The presentation and discussion of selected topics of food fermentation biotechnology: 
- to present the main strategies for downstream processing for fermented media
- to provide examples of recent process development and future trends for production of high quality food and food ingredients. 
- to develop experience for formulation and design of research and development projects relating to food fermentation technologies

This course will integrate knowledge in bioprocess technology, as well as microbiology and microbial physiology.

Content This course will address selected and current topics on bioprocess applied to food. As well, this course will allow the integration of concepts
in food biotechnology through literature search and presentation of topics by students. Specialists from the Laboratory of Food
Biotechnology will contribute to the selected topics as follows:
  
 New technologies for food fermentation 
 Downstream processing treatments 
 Metabolic engineering

Students will be required to complete a personal project on a selected aspect of bioprocesses and process evaluation. The project will
involve information research and analysis followed by an oral presentation.

Lecture notes Copy of the power point slides from lectures will be provided.
Literature A list of references will be given at the beginning of the course for the different topics presented during this course.
Prerequisites /
notice

This course is taught in English.

752-3200-00L Sustainable Food Processing W+ 3 credits 2V A. Mathys
Abstract This course gives an overview of the holistic approach in sustainable food processing via the consideration of the total value chain.

Sustainability assessment as emerging tool in food process development will be introduced.
Objective Understanding of the fundamental knowledge, the interdisciplinary connections and tools of Sustainable Food Processing to enable system

oriented thinking, including their need in society and their environmental, economic and social impact. Understanding of  food production
concepts for biomass and energy use efficiency, significant waste reduction along the food value chain as well as healthy and high quality
food production. Awareness of future trends in sustainable food processing.
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Content Sustainability analysis and life cycle assessment in food research and production
Emerging combined processes based on mechanical, thermal and non-thermal techniques
Novel protein sources
Algae and insect biorefineries in urban environment
Industry projects and experience in the presented topics

Literature Sustainable Food Processing Brijesh K. Tiwari (Editor), Tomas Norton (Editor), Nicholas M. Holden (Editor) ISBN: 978-0-470-67223-5 600
pages December 2013, Wiley-Blackwell

International Reference Life Cycle Data System ILCD handbook ,developed by the Institute for Environment and Sustainability in the
European Commission Joint Research Centre (JRC). http://publications.jrc.ec.europa.eu/repository/handle/JRC48157

Aganovic K., Smetana S., Grauwet T., Toepfl S., Mathys A., Van Loey A. & Heinz V. (2017).Pilot scale thermal and alternative
pasteurization of tomato and watermelon juice: An energy comparison and life cycle assessment. Journal of Cleaner Production, 141, 514–
525.

Chaudhary, A., Gustafson, D., & Mathys, A. (2018). Multi-indicator sustainability assessment of global food systems. Nature
communications, 9(1), 848.

Chen C., Chaudhary A. & Mathys A. (2019). Swiss Food Sustainability Analysis sing Nutritional, Human Health and Environmental
Indicators. Nutrients, 11(4), 856.

Margni, M., and Curran, M. (2012). “Life cycle Impact Assessment.” In Life Cycle Assessment Handbook : A Guide for Environmentally
Sustainable Products, John Wiley and Sons, Hoboken, NJ. 

Frischknecht, R.; Jungbluth, N.; Althaus, H.-J.; Doka, G., Dones, R.; Heck, T.; Hellweg, S.; Hischier R.; Nemecek, T.; Rebitzer, G.;
Spielmann, M. (2005): The ecoinvent Database: Overview and Methodological Framework. In: The International Journal of Life Cycle
Assessment Volume 10, Issue 1, 2005, 3-9, doi:10.1065/lca2004.10.181.1

Smetana, S., Mathys, A., Knoch, A., and Heinz, V. (2015). Meat alternatives: life cycle assessment of most known meat substitutes. The
International Journal of Life Cycle Assessment 20(9), 1254-1267.

Smetana, S., Schmitt, E., & Mathys, A. (2019). Sustainable use of Hermetia illucens insect biomass for feed and food: Attributional and
consequential life cycle assessment. Resources, Conservation and Recycling, 144, 285-296.

Valsasina L., Pizzol M., Smetana S., Georget E., Mathys A. & Heinz V. (2017).Life cycle assessment of emerging technologies: The case
of milk ultra-high pressure homogenisation. Journal of Cleaner Production, 142 (4), 2209–2217.

Trivedi, J., Aila, M., Bangwal, D. P., Kaul, S., & Garg, M. O. (2015). Algae based biorefinery—How to make sense?. Renewable and
Sustainable Energy Reviews, 47, 295-307.

Enzing, C., Ploeg, M., Barbosa, M., & Sijtsma, L. (2014). Microalgae-based products for the food and feed sector: an outlook for Europe.
IPTS Institute for Prospective technological Studies, JRC, Seville.

Van Huis, A., Van Itterbeeck, J., Klunder, H., Mertens, E., Halloran, A., Muir, G., & Vantomme, P. (2013). Edible insects: future prospects
for food and feed security (No. 171). Food and agriculture organization of the United nations (FAO).

 Methodology Subjects
Number Title Type ECTS Hours Lecturers

751-1000-00L Interdisciplinary Project
Only for Master Students in Agricultural Sciences and
Food Sciences. 

Prerequisite: successful completion of the bachelor
programme.

W+ 4 credits 3U B. Dorn, C. Hartmann,
M. Schuppler, A. Walter,
H. Adelmann, J. Baumgartner,
U. Brändle, T. Dalhaus, M. Erzinger,
I. Gangnat, A. K. Gilgen,
A. Grahofer, A. Hofmann,
G. Kaufmann, M. Kreuzer,
M. M. Nay, C. E. Pohl,
M. Wiggenhauser

Abstract Die Studierenden der Agrar- und Lebensmittelwissenschaft erarbeiten in interdisziplinären Teams Lösungen für Fragestellungen, welche
ihnen von Projektpartnern entlang der Nahrungsmittelwertschöpfungskette gestellt werden. Die Studierenden präsentieren und diskutieren
die Lösungen an der Schlussveranstaltung und verfassen einen Projektbericht.

Objective Die Studierenden 
- können für Fragestellungen aus der Schweizer Nahrungsmittelwertschöpfungskette wissenschaftlich fundierte und praxistaugliche
Lösungen entwickeln. Sie arbeiten dabei inter- und transdisziplinär;
- können mit Hilfe von Grundlagen des Projektmanagements die Lösungsentwicklung zielgerichtet und effizient abwickeln sowie steuern;
- können die Grundlagen der Gestaltung effektiver Teamarbeit für eine erfolgreiche Lösungsentwicklung in einem Projektteam einsetzen; 
- können die entwickelten Lösungen in mündlicher und schriftlicher Form nachvollziehbar, überzeugend und adressatengerecht
präsentieren;
- können den Arbeitsprozess und die Projektergebnisse individuell und in Projektteams reflektieren und daraus Konsequenzen für
erfolgreiches Handeln in Projektteams ziehen.

Content Die Studierenden der Agrar- und Lebensmittelwissenschaften bearbeiten Fragestellungen, welche ihnen von Projektpartnern aus der
Praxis entlang der Schweizer Nahrungsmittelwertschöpfungskette gestellt werden. Dabei werden sie von einem Coach beider
Studienrichtungen angeleitet und unterstützt. Sie lernen zudem selbstorganisiert ein praxisorientiertes Projekt in Zusammenarbeit mit dem
Projektpartner und dem Coach abzuwickeln. Die Studierenden wenden ihre erworbenen fachlichen und überfachlichen Kompetenzen in
ihrem Projektteam zur Erarbeitung und Entwicklung von Lösungen für die Fragestellungen des Projektpartners an. Die Studierenden
präsentieren und diskutieren die Lösungen an der Schlussveranstaltung mit den Projektpartnern und verfassen einen schriftlichen
Projektbericht zuhanden des Projektpartners. Die Studierenden reflektieren die geleistete Projektarbeit sowie ihre Team- und
Projektmanagementkompetenzen.

Vorlesungszeit, Selbststudium, externe Projekttage:
Die Lehrveranstaltung findet am Donnerstag während dem Semester von 12:30-15:00 statt. Ausnahme ist der Donnerstag 5.3.20 an
welchem die Lehrveranstaltung von 12:00-18:00 stattfindet. Während der Semesterzeit arbeiten die Studierenden zudem ausserhalb der
Vorlesungszeit im Selbststudium an den Projekten. Die externen Projekttage werden vom 15.6.20-18.6.20 im Seminarhaus Herzberg
durchgeführt.

Prerequisites /
notice

Unterrichtssprache: Deutsch

752-2310-00L Physical Characterization of Food W 3 credits 2V P. A. Fischer, R. Mezzenga
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Abstract In Physical Characterization of Food introductions into several measuring techniques to study complex colloidal food system are given.
Lectures will focus on scattering techniques, interfacial tension measurements, ellipsometry, microscopy, NMR, and thermoanalysis. The
measuring principles and its application in the food and related areas will be discussed.

Objective The basic principles of several frequently used characterization methods and their application will be presented. The course is intended to
spread awareness on the capability of physical measuring devices used in food science and related areas as well as provide a guidance for
their usage and data interpretation.

Content Lectures will be given on light scattering techniques (4h), interfacial tension measurements (4h), microscopy (4h), small angle scattering
(4h), NMR (4h), and thermoanalysis (2h).

Lecture notes Notes will be handed out during the lectures.
Literature Provided in the lecture notes

752-2110-00L Multivariate Statistical Analysis W 3 credits 2V C. Hartmann, A. Bearth
Abstract The course starts by introducing some basic statistical concepts and methods, e.g. data exploration, the idea behind significance testing,

and the use of the statistical software SPSS. Based on these fundaments, the following analyses are discussed: regression analysis, factor
analysis and variance analysis.

Objective Students will learn to use multivariate analysis methods and to interpret their results, by means of theory and practice.
Content This course provides an introduction into the theories and practice of multivariate analysis methods that are used in the fields of food

sensory science, consumer behavior and environmental sciences. The course starts by introducing some basic statistical concepts and
methods, e.g. data exploration, the idea behind significance testing, and the use of the statistical software SPSS. Based on these
fundaments, the following analyses are discussed: regression analysis, factor analysis and variance analysis. During the course, theoretical
lectures alternate with practical sessions in which data are analyzed and their results are interpreted using SPSS.

Agenda

20.02 Introduction to the course and basic concepts of multivariate statistics in Room HG D5.2

27.02 Data handling and exploration + SPSS Introduction 

05.03  Exercise 1a+b 

12.03 Basic Statistical Tests 

19.03 Exercise 2: Basic Statistical Tests 

26.03 Regression analysis 

02.04 Exercise 3: Regression analysis 

09.04 Variance Analysis 

23.04 Exercise 4: Variance Analysis 

30.04 Reliability Analysis  

07.05 Principle Component Analysis 
     
14.05 Exercise 5: PCA and Reliability Analysis  
         
28.05 EXAM (Room will be announced)

Literature Field, A. (2013). Discovering Statistics Using SPSS (4th edition). Sage Publications. ISBN: 1-4462-4918-2 (and any other edition)
Prerequisites /
notice

This course will be given in English.

 Optional Subjects
Number Title Type ECTS Hours Lecturers

752-2123-00L Risk Awareness, Risk Acceptance and Trust W 3 credits 2V M. Siegrist
Abstract The course provides an overview about risk perception and acceptance of new technologies. In addition, the most important findings of the

research related to decisions under uncertainty are presented.
Objective Students know the most important theoretical approaches in the domains of risk perception and acceptance of new technologies.

Furthermore, students understand the paradigms and the research results in the domain of decision making under uncertainty.

752-1202-00L Food Safety and Quality Management W 3 credits 2G T. Gude
Abstract The course procures the general rules of a quality management system and its application in the food chain to guarantee food safety.

Therefore the HACCP concept will be touched in relation to risk management and risk assessment. Furthermore the origin of limits as well
as the analytical proof will be highlighted. Finally general principles of laboratory testing will be discussed.

Objective Comprehensive knowledge to take over the responsibility for and organisation of quality assurance in a food processing environment.
Content The following lists in note form the relevant topics:

Definition of (Food) Quality
TQM/quality management
Q.A in the food chain (manufacturer/retail)
Food Quality, -Safety (also give by examples)
Food Limits  - origin of and how to get them
HACCP introduction, risk management, -assessment
Self control concepts
GFSI/Standards BRC, IFS, ISO 
Statistical Process Control
Raw material/product control: sampling plans
Q.A. in laboratories, sampling
Sampling plans, Qs in an analytical lab

Lecture notes n/a
Literature n/a
Prerequisites /
notice

n/a
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752-3024-00L Hygienic Design W 2 credits 2G J. Hofmann
Abstract The lecture course Hygienic Design covers the special requirements in the design of equipment and components used in food production.

Material science and surface treatments are as important as the cleaning mechanisms of these surfaces. Explanations of basic design
requirements in food production areas, as well as the relevant regulations associated, are covered in this course.

Objective To identify and evaluate hazards of food safety which can come from the equipment used in the food processing. Understanding of the
most important design principles for easy cleaning of machinery and equipment.

752-3104-00L Food Rheology II W 3 credits 2G P. A. Fischer
Abstract Food Rheology II addresses special chapters in rheology such as suspension and emulsion rheology, constitutive equations, extensional

rheology, optical methods in rheology, and interfacial rheology.
Objective The rheology of complex materials such as solutions, emulsions, and suspension will be discussed. In addition, several advanced

rheological techniques (extension, rheo-optics, interfacial rheology) will be introduced and discussed in light of material characterization of
complex fluids.

Content Lectures will be given on structure and rheology of complex fluids (8h), constitutive equations (2h), optical methods in rheology (4h),
extensional rheology (4h), and interfacial rheology (6h).

Lecture notes Notes will be handed out during the lectures.
Literature Provided in the lecture notes.
Prerequisites /
notice

Attending Food Rheology I is beneficial but not mandatory. A short repetition of the basic principles of rheology will be given in the
beginning of Food Rheology II.

752-1300-01L Food Toxicology W  2 credits 1V S. J. Sturla, N. Antczak
Abstract Builds on a foundation in Toxicology fundamentals to address situations and toxins relevant to Food Science, Nutrition, and Food Safety &

Quality.
Objective Course objectives are for the student to have a broad awareness of toxicant classes and toxicants relevant to food, and to know their

identities (i.e. chemical structure or biological nature), origins, relevance of human exposures, general mode of biological action, and
potential mitigation strategies.

Content Builds on a foundation in Toxicology fundamentals to address situations relevant to Food Science, Nutrition, and Food Safety & Quality.
Representative topics: Toxic Phytochemicals and Mycotoxins, Industrial Contaminants and Packaging Materials, Toxicants formed During
Food Processing, Alcohol and Tobacco.  The class is comprised of bi-weekly lectures, independent reading, and preparation of an
independent evaluation of a food-related toxin.

Literature Reading from the primary literature will be referenced in class and posted to the course website.
Prerequisites /
notice

The course "Introduction to Toxicology" (752-1300-00V) is a prerequisite for the students who want to take this course. Equivalent course
may be accepted; contact the instructor.

752-3102-00L Process-Microstructure-Property Relationships W  3 credits 2G E. J. Windhab, P. Braun,
A. M. Kratzer, M. Michel

Abstract This course is important for students to understand the relationships between the processing techniques, microstructures, and properties to
develop tailored food products based on the mechanisms.  

Objective Fundamentals, applications and industrial developments; Process related structuring mechanisms; Structure related property functions;
Different forms of foods such as emulsions, suspensions, foams, powders, solids etc.  

751-5500-00L Simulations and Sensors in Agri-Food Supply Chains W  3 credits 2G T. Defraeye
Abstract This course provides students with expert knowledge and skills on how to effectively apply numerical simulations and sensing in the supply

chain of horticultural crops. The main targets are to use these technologies to better preserve food quality, extend shelf life and reduce food
waste and the associated carbon footprint.

Objective The course targets the postharvest part of the supply chain, as products pass through pre-cooling facilities, refrigerated containers and
trucks, and cold storage facilities, before arriving at the retailer and consumer. We target supply chains of both domestic and tropical
horticultural crops, including apple, citrus, mangoes, and berries. In addition, other applications in agri-food chains are highlighted, such as
preharvest sensing and monitoring for horticultural crops as well as simulations and sensing in supply chains of foods of animal origin
(meat or milk). 

In the course, we target innovative solutions that are enabled by the augmented insight that simulations and sensing provide with respect to
the biophysical processes driving food decay in the cold chain. A key focus of the course is on digital tools for the agri-food chain, such as
digital twins, food simulants, wireless and optical sensors, big data and blockchain technology.

A key objective is to gain specialized knowledge in order to:
-    Identify which postharvest practices are most suitable for a certain produce and supply chain (e.g. dynamic controlled atmosphere,
modified atmosphere packaging, ethylene scrubbing)
-    Identify which heat and mass transfer processes (e.g. conduction, convection, radiation, respiration, evaporation) play a key role for a
certain produce and supply chain
-    Identify which state-of-the-art sensing technology is most optimal for a certain produce and supply chain (e.g. wireless communication,
blockchain technology, and biophysical twins)
-    Assess if a mechanistic model and simulation is built up according to best practices, and if the reported results are realistic
-    Understand the link of the cooling process to the evolution of food quality attributes

Another key objective is to acquire skills in order to:
-    Perform hands-on computational multiphysics simulations of food cooling processes
-    Measure hands-on a food cooling process with several types of sensors
-    Calculate food shelf-life by experiments and kinetic-rate-law modeling
-    Quantify the environmental impact of postharvest technology and food waste on the horticultural value chain
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Content The course is built up of lectures, exercise sessions, and an excursion. The student will then apply this knowledge to perform an expert
assessment of a postharvest problem (in a group), report the findings and present the solution strategies. Throughout the course, we also
review upcoming national and international startups and companies in these fields.

The content is as follows:
1.    Introduction to the postharvest value chain
2.    Postharvest quality and losses
3.    Bio-environmental heat and mass transfer
4.    Sensors & food simulants
5.    Modeling-simulation basics & best practice
6.    Current and emerging postharvest technologies
7.    Group assignment on simulation and sensors
8.    Food waste & environmental impact 
9.    Group project presentations of students
10.    Excursion

With this knowledge and skills, the student will be able to provide an expert assessment on a specific problem in postharvest engineering in
the context of a group assignment:
- Apply the learned analytical approach to comprehensively understand and quantitatively analyze a simple postharvest problem.
- Identify and quantify strategies and solutions to improve quality preservation, shelf life and reduce food waste, and explain the scientific
drivers behind these improvements.
- Identify challenges and prioritize solutions.
- Report the results in a report and presentation.

Lecture notes Handouts of the slides will be provided
Literature Recommended literature (not-obligatory):

Datta (2017), Heat and Mass Transfer: A Biological Context. CRC Press, Taylor & Francis Group.
Thompson (2008), Commercial cooling of fruits, vegetables and flowers, University of California. University of California, California.

Prerequisites /
notice

Bachelor in Agricultural Sciences or in Food Science.

 Major in Food Quality and Safety
 Disciplinary Subjects

Number Title Type ECTS Hours Lecturers

752-1022-00L Selected Topics in Food Chemistry W 3 credits 2G M. Erzinger, S. Boulos
Abstract This course is centered in cereal chemistry: main chemical components related to physicochemical, technological and nutritional properties

of grain products.
Objective The main goal of the course are: 

Understand the chemical composition and properties of cereal grains as raw materials for food, changes in composition during grain
processing, and the effects of both on the nutritional properties of grain based products, such as breads, pasta, and breakfast cereals.

Content The course covers fundamental and modern aspects of cereal chemistry: composition of grains, physicochemical properties of main grain
components (starch, proteins, fibres, lipids), and their effects on technological and nutritional properties of cereal grain products. Focus is
put on chemical reactions and changes during common food processing (dough making, baking, extrusion, fermentation), reflecting also
their effects on the nutritional and sensory properties of grain products. Furthermore, a special emphasis is put on dietary fibres and related
phytochemicals in grains: Different dietary fibre compounds found in cereals  and cereal products (cellulose, arabinoxylan, beta-glucan,
resistant starch etc.), co-passengers of dietary fibre (phenolic acids, plant sterols, tocols, folates, alkylresorcinols, avenanthramides),
factors affecting their levels in foods, and methods used for the analysis of their content and composition.

Lecture notes The lectures are supplemented with handouts./ Es werden Beilagen zur Vorlesung abgegeben.
Prerequisites /
notice

Course prerequisites: Food Chemistry I/II and Food Analysis I/II (or equivalent)

752-1202-00L Food Safety and Quality Management W 3 credits 2G T. Gude
Abstract The course procures the general rules of a quality management system and its application in the food chain to guarantee food safety.

Therefore the HACCP concept will be touched in relation to risk management and risk assessment. Furthermore the origin of limits as well
as the analytical proof will be highlighted. Finally general principles of laboratory testing will be discussed.

Objective Comprehensive knowledge to take over the responsibility for and organisation of quality assurance in a food processing environment.
Content The following lists in note form the relevant topics:

Definition of (Food) Quality
TQM/quality management
Q.A in the food chain (manufacturer/retail)
Food Quality, -Safety (also give by examples)
Food Limits  - origin of and how to get them
HACCP introduction, risk management, -assessment
Self control concepts
GFSI/Standards BRC, IFS, ISO 
Statistical Process Control
Raw material/product control: sampling plans
Q.A. in laboratories, sampling
Sampling plans, Qs in an analytical lab

Lecture notes n/a
Literature n/a
Prerequisites /
notice

n/a

752-4010-00L Problems and Solutions in Food Microbiology
Number of participants limited to 28.

Prerequisites: It is essential to have a basic knowledge in
General Microbiology and Food Microbiology. If students
have not taken appropriate courses, it is strongly
recommended to consult with the lecturer before attending
this seminar.

W 3 credits 1G M. Loessner, J. Klumpp,
M. Schmelcher
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Abstract A journal-club style seminar, in which preselected recent scientific articles are analyzed, presented and discussed by students. The
relevant topics are selected from the wider area of food microbiology, including fundamental and applied disciplines. Students learn how
state-of -the-art research is designed, conducted, appropriately analyzed, and presented.

Objective Students will learn how state-of -the-art research is designed, conducted, appropriately analyzed, and presented.
Content Several pre-selected, recently published papers will be up for selection by the students. All papers were selected from recent literature and

reflect the wider area of food microbiology, including fundamental research (molecular biology, genetics, biochemistry) and applied
disciplines (diagnostics, control, epidemiology). Groups of 2 students each will  pick a paper for in-depth analysis (mostly work done at
home and/or library) and presentation to the other students.

Lecture notes No script needed. Pre-selected papers will be assigned to student groups in the kick-off meeting (first lecture); PDF copies will be available
to all students.

Literature No specific books needed.  Access to a library and web-based literature search is required.
Prerequisites /
notice

Teamwork in small groups of 2 students

752-5102-00L Food Fermentation Biotechnology W 3 credits 2V C. Lacroix, F. Constancias,
M. Stevens

Abstract For this integration course, selected and current topics in bioprocess technology as applied to food will be selected to complement the
teaching program in Food Biotechnology. Special emphasis will be given on downstream processing, bioprocess development, and
metabolic engineering with current applications of microorganisms for producing high quality and safe food.

Objective The presentation and discussion of selected topics of food fermentation biotechnology: 
- to present the main strategies for downstream processing for fermented media
- to provide examples of recent process development and future trends for production of high quality food and food ingredients. 
- to develop experience for formulation and design of research and development projects relating to food fermentation technologies

This course will integrate knowledge in bioprocess technology, as well as microbiology and microbial physiology.

Content This course will address selected and current topics on bioprocess applied to food. As well, this course will allow the integration of concepts
in food biotechnology through literature search and presentation of topics by students. Specialists from the Laboratory of Food
Biotechnology will contribute to the selected topics as follows:
  
 New technologies for food fermentation 
 Downstream processing treatments 
 Metabolic engineering

Students will be required to complete a personal project on a selected aspect of bioprocesses and process evaluation. The project will
involve information research and analysis followed by an oral presentation.

Lecture notes Copy of the power point slides from lectures will be provided.
Literature A list of references will be given at the beginning of the course for the different topics presented during this course.
Prerequisites /
notice

This course is taught in English.

752-1300-01L Food Toxicology W  2 credits 1V S. J. Sturla, N. Antczak
Abstract Builds on a foundation in Toxicology fundamentals to address situations and toxins relevant to Food Science, Nutrition, and Food Safety &

Quality.
Objective Course objectives are for the student to have a broad awareness of toxicant classes and toxicants relevant to food, and to know their

identities (i.e. chemical structure or biological nature), origins, relevance of human exposures, general mode of biological action, and
potential mitigation strategies.

Content Builds on a foundation in Toxicology fundamentals to address situations relevant to Food Science, Nutrition, and Food Safety & Quality.
Representative topics: Toxic Phytochemicals and Mycotoxins, Industrial Contaminants and Packaging Materials, Toxicants formed During
Food Processing, Alcohol and Tobacco.  The class is comprised of bi-weekly lectures, independent reading, and preparation of an
independent evaluation of a food-related toxin.

Literature Reading from the primary literature will be referenced in class and posted to the course website.
Prerequisites /
notice

The course "Introduction to Toxicology" (752-1300-00V) is a prerequisite for the students who want to take this course. Equivalent course
may be accepted; contact the instructor.

 Methodology Subjects
Number Title Type ECTS Hours Lecturers

751-1000-00L Interdisciplinary Project
Only for Master Students in Agricultural Sciences and
Food Sciences. 

Prerequisite: successful completion of the bachelor
programme.

W+ 4 credits 3U B. Dorn, C. Hartmann,
M. Schuppler, A. Walter,
H. Adelmann, J. Baumgartner,
U. Brändle, T. Dalhaus, M. Erzinger,
I. Gangnat, A. K. Gilgen,
A. Grahofer, A. Hofmann,
G. Kaufmann, M. Kreuzer,
M. M. Nay, C. E. Pohl,
M. Wiggenhauser

Abstract Die Studierenden der Agrar- und Lebensmittelwissenschaft erarbeiten in interdisziplinären Teams Lösungen für Fragestellungen, welche
ihnen von Projektpartnern entlang der Nahrungsmittelwertschöpfungskette gestellt werden. Die Studierenden präsentieren und diskutieren
die Lösungen an der Schlussveranstaltung und verfassen einen Projektbericht.

Objective Die Studierenden 
- können für Fragestellungen aus der Schweizer Nahrungsmittelwertschöpfungskette wissenschaftlich fundierte und praxistaugliche
Lösungen entwickeln. Sie arbeiten dabei inter- und transdisziplinär;
- können mit Hilfe von Grundlagen des Projektmanagements die Lösungsentwicklung zielgerichtet und effizient abwickeln sowie steuern;
- können die Grundlagen der Gestaltung effektiver Teamarbeit für eine erfolgreiche Lösungsentwicklung in einem Projektteam einsetzen; 
- können die entwickelten Lösungen in mündlicher und schriftlicher Form nachvollziehbar, überzeugend und adressatengerecht
präsentieren;
- können den Arbeitsprozess und die Projektergebnisse individuell und in Projektteams reflektieren und daraus Konsequenzen für
erfolgreiches Handeln in Projektteams ziehen.
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Content Die Studierenden der Agrar- und Lebensmittelwissenschaften bearbeiten Fragestellungen, welche ihnen von Projektpartnern aus der
Praxis entlang der Schweizer Nahrungsmittelwertschöpfungskette gestellt werden. Dabei werden sie von einem Coach beider
Studienrichtungen angeleitet und unterstützt. Sie lernen zudem selbstorganisiert ein praxisorientiertes Projekt in Zusammenarbeit mit dem
Projektpartner und dem Coach abzuwickeln. Die Studierenden wenden ihre erworbenen fachlichen und überfachlichen Kompetenzen in
ihrem Projektteam zur Erarbeitung und Entwicklung von Lösungen für die Fragestellungen des Projektpartners an. Die Studierenden
präsentieren und diskutieren die Lösungen an der Schlussveranstaltung mit den Projektpartnern und verfassen einen schriftlichen
Projektbericht zuhanden des Projektpartners. Die Studierenden reflektieren die geleistete Projektarbeit sowie ihre Team- und
Projektmanagementkompetenzen.

Vorlesungszeit, Selbststudium, externe Projekttage:
Die Lehrveranstaltung findet am Donnerstag während dem Semester von 12:30-15:00 statt. Ausnahme ist der Donnerstag 5.3.20 an
welchem die Lehrveranstaltung von 12:00-18:00 stattfindet. Während der Semesterzeit arbeiten die Studierenden zudem ausserhalb der
Vorlesungszeit im Selbststudium an den Projekten. Die externen Projekttage werden vom 15.6.20-18.6.20 im Seminarhaus Herzberg
durchgeführt.

Prerequisites /
notice

Unterrichtssprache: Deutsch

752-2310-00L Physical Characterization of Food W 3 credits 2V P. A. Fischer, R. Mezzenga
Abstract In Physical Characterization of Food introductions into several measuring techniques to study complex colloidal food system are given.

Lectures will focus on scattering techniques, interfacial tension measurements, ellipsometry, microscopy, NMR, and thermoanalysis. The
measuring principles and its application in the food and related areas will be discussed.

Objective The basic principles of several frequently used characterization methods and their application will be presented. The course is intended to
spread awareness on the capability of physical measuring devices used in food science and related areas as well as provide a guidance for
their usage and data interpretation.

Content Lectures will be given on light scattering techniques (4h), interfacial tension measurements (4h), microscopy (4h), small angle scattering
(4h), NMR (4h), and thermoanalysis (2h).

Lecture notes Notes will be handed out during the lectures.
Literature Provided in the lecture notes

752-2110-00L Multivariate Statistical Analysis W 3 credits 2V C. Hartmann, A. Bearth
Abstract The course starts by introducing some basic statistical concepts and methods, e.g. data exploration, the idea behind significance testing,

and the use of the statistical software SPSS. Based on these fundaments, the following analyses are discussed: regression analysis, factor
analysis and variance analysis.

Objective Students will learn to use multivariate analysis methods and to interpret their results, by means of theory and practice.
Content This course provides an introduction into the theories and practice of multivariate analysis methods that are used in the fields of food

sensory science, consumer behavior and environmental sciences. The course starts by introducing some basic statistical concepts and
methods, e.g. data exploration, the idea behind significance testing, and the use of the statistical software SPSS. Based on these
fundaments, the following analyses are discussed: regression analysis, factor analysis and variance analysis. During the course, theoretical
lectures alternate with practical sessions in which data are analyzed and their results are interpreted using SPSS.

Agenda

20.02 Introduction to the course and basic concepts of multivariate statistics in Room HG D5.2

27.02 Data handling and exploration + SPSS Introduction 

05.03  Exercise 1a+b 

12.03 Basic Statistical Tests 

19.03 Exercise 2: Basic Statistical Tests 

26.03 Regression analysis 

02.04 Exercise 3: Regression analysis 

09.04 Variance Analysis 

23.04 Exercise 4: Variance Analysis 

30.04 Reliability Analysis  

07.05 Principle Component Analysis 
     
14.05 Exercise 5: PCA and Reliability Analysis  
         
28.05 EXAM (Room will be announced)

Literature Field, A. (2013). Discovering Statistics Using SPSS (4th edition). Sage Publications. ISBN: 1-4462-4918-2 (and any other edition)
Prerequisites /
notice

This course will be given in English.

 Optional Subjects
Number Title Type ECTS Hours Lecturers

752-2102-00L Selected Topics in Food Sensory Science
Number of participants limited to 20.

W 3 credits 2V J. Nuessli Guth

Abstract Extension of the basics in Food Sensory Science with important topics such as Sensory Quality Control, Panel Performance and Sensory
Methods for Consumer Tests. Detailed work on a selected topic with presentation and written report.

Objective - Overview on qualitative Sensory Methods for consumer tests
- Comparison of analytical sensory tests and qualitative methods
- Methods for Sensory quality control
- Evaluation of panel performance
- Small project on a specific topic (e.g. focus groups, comparison of scales, consumer tests) with report writing and presentation

Lecture notes Handouts distributed in class.
Literature Information given in class.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1022 of 1785

Prerequisites /
notice

Basic principles in Food Sensory Science are required, e.g. attendence of the lecture 'Lebensmittelsensorik' (752-2101-00 G) or similar.

752-2123-00L Risk Awareness, Risk Acceptance and Trust W  3 credits 2V M. Siegrist
Abstract The course provides an overview about risk perception and acceptance of new technologies. In addition, the most important findings of the

research related to decisions under uncertainty are presented.
Objective Students know the most important theoretical approaches in the domains of risk perception and acceptance of new technologies.

Furthermore, students understand the paradigms and the research results in the domain of decision making under uncertainty.

752-3024-00L Hygienic Design W  2 credits 2G J. Hofmann
Abstract The lecture course Hygienic Design covers the special requirements in the design of equipment and components used in food production.

Material science and surface treatments are as important as the cleaning mechanisms of these surfaces. Explanations of basic design
requirements in food production areas, as well as the relevant regulations associated, are covered in this course.

Objective To identify and evaluate hazards of food safety which can come from the equipment used in the food processing. Understanding of the
most important design principles for easy cleaning of machinery and equipment.

751-7800-00L Quality of Products of Animal Origin W  2 credits 2G M. Kreuzer, K. Giller, M. Terranova
Abstract Relevant quality traits of meat, milk and eggs a well as the influencing factors and the evaluation methods are taught in the form of lectures

and laboratory training. Effects throughout the whole chain from production on farm via processing to the products ready for sale are
covered with special emphasis on economically relevant issues.

Objective After attending the course, the students are able to name, describe and interpret the important properties describing the quality of meat,
milk and eggs. They know about the possibilities to modify the quality in the areas genetics, feeding, husbandry and processing. They have
learned in a laboratory exercise how to operate the corresponding devices for measuring quality.

Content - Kapitel 1. Einführung (Qualitätsbegriff, Literatur) - Modul A: Einführung
- Kapitel 2. Produkte der Schlachtung (Schlachtkörper, Häute und Haare einschl. Wolle: Gewinnung, Qualitätsermittlung, Hygiene,
Qualitätsbeeinflussung - Modul B: Schlachtkörpergewinnung, Modul C: Schlachtkörperqualität, Modul D: Leder und Wolle
- Kapitel 3. Diätetische Qualität tierischer Lebensmittel (Fleisch und Fettgewebe, Milch, Ei: Nähr- und Wirkstoffe, unerwünschte Stoffe,
Schadstoffe, Keimbelastung, Qualitätsbeeinflussung) - Modul E: Diätetische Qualität
- Kapitel 4. Beschaffenheit tierischer Lebensmittel (Fleisch und Fettgewebe, Milch, Ei: Übersicht über Kriterien der Beschaffenheit,
Sensorische Qualität, Fette und ihre Eigenschaften, Proteine und ihre Eigenschaften, produktespezifische Beschaffenheitskriterien und ihre
Beeinflussung, Prozesse der Weiterverarbeitung der Rohwaren) - Modul F: Sensorische Qualität, Modul G: Fettbedingte
Qualitätseigenschaften, Modul H: Proteinbedingte Qualitätseigenschaften, Modul I: Safthaltevermögen von Fleisch, Modul K: Zartheit von
Fleisch, Modul L: Verarbeitung von Fleisch, Modul M: Milch und Verarbeitung von Milch, Modul N: Ei und Verarbeitung von Eiern
- Kapitel 5. Produktpalette aus der Weiterverarbeitung (Fleisch und Fettgewebe, Milch, Ei: Fleischwaren, Fleischerzeugnisse,
Milchprodukte, Eiprodukte) - Modul L: Verarbeitung von Fleisch, Modul M:     Milch und Verarbeitung von Milch, Modul N: Ei und
Verarbeitung von Eiern
- Kapitel 6. Vermarktung qualitativ hochwertiger Produkte (Fleisch und Fettgewebe, Milch, Ei: Qualitätsbezahlungssysteme,
Labelproduktion, ISO-Zertifizierung) - Modul O: Vermarktung

Lecture notes Script is available in German and English language and can be downloaded via Moodle in "Kurs Nutztierwissenschaften". The access code
will be communicated by e-mail.

Literature Eine ausführliche Literaturliste ist im Skript enthalten.
Prerequisites /
notice

Mit Übungen im Labor. Fach mit benoteter Semesterleistung durch eine schriftliche Prüfung nach Ende der Lehrveranstaltung (Hinweis:
keine Open Books-Prüfung).

752-1030-00L Food Biochemistry Laboratory
Does not take place this semester.
Number of participants limited to 12

The lab course will only be held with a minimum of 6  and
a maximum of 12 participants.

W 3 credits 5P

Abstract Advanced laboratory course on analytical techniques used in food chemistry and biochemistry.
Objective After attending the course, the students are able to:

- apply sample pre-treatment methods for modern chemical/biochemical analysis
- operate advanced analytical instruments (UV-Vis, HPLC, GC) for sample analyses
- critically analyze primary experimental data (including evaluating measurement uncertainty), and evaluate data with statistical methods.

Prerequisites /
notice

Food Chemistry I and II, Food Analysis I and II, Laboratory Course in Food Chemistry, or equivalent.

752-6450-00L Food, Microbiota and Immunity: Debating the
Evidence
Number of participants limited to 20.

W 3 credits 2G E. Wetter Slack, M. Arnoldini,
D. Latorre

Abstract In this course, students will learn the basic skills required to find, analyze and evaluate the scientific evidence behind common health
claims linking food, the intestinal microbiota and immune system function (e.g. Increased hygiene and allergic diseases).

Objective The overall objective if this course is that students will be able to create a persuasive evidence-based critique of health-claims linking food,
the microbiota and immunity. This is broken down into the following learning objectives:  
[LO1] Find, critically interpret, evaluate and discuss primary literature
[LO2] Recognize situations where scientific integrity is compromised, both in scientific practice and scientific communication, and develop
a framework for responding.
[LO3] Effectively communicate scientific evidence to a lay audience.
[LO4] Develop a nuanced and critical understanding of the interaction between diet, the microbiota and the immune system.

Content Semester week 1-4
Lectures and active learning sequences. Students learn the skills required to actively and responsibly participate in scientific debates
week 5-14
Two-week programme of topic preparation (week A) and student-led debates (week B). One-on-one tutorials for the presenting students
are offered in the week preceding their presentation.

Literature To be provided for each debating topic, 2 weeks prior to the debate
Prerequisites /
notice

Students should have a knowledge level at least equivalent to completing Immunology I and Microbiology/ "Lebensmittel-Mikrobiologie I".

 Major in Nutrition and Health
 Disciplinary Subjects

Number Title Type ECTS Hours Lecturers

752-6102-00L The Role of Food and Nutrition for Disease Prevention W  3 credits 2V J. Baumgartner, M. Andersson
Abstract The course teaches the links between the diet and the etiology and progression of chronic diseases.
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Objective To examine and understand the protective effects of foods and food ingredients in the maintenance of health and the prevention of chronic
disease, as well as the progression of complications of chronic diseases.

Content The course evaluates food and nutrition in relation to primary and secondary prevention of chronic diseases.
Lecture notes There is no script. Powerpoint presentations and relevant literature will be made available online to students.
Literature Obligatory course literature to be provided by the responsible lecturer and the individual invited lecturers.
Prerequisites /
notice

No compulsory prerequisites, but prior completion of Introduction to Nutritional Science (752-6001-00L) and Advanced Topics in Nutritional
Science (752-6002-00L) is strongly adviced.

752-6104-00L Nutrition for Health and Development W 2 credits 2V M. B. Zimmermann
Abstract The course presents nutrition and health issues with a special focus on developing countries. Micronutrient deficiencies including

assessment and prevalence and food fortification with micronutrients.
Objective Knowing commonly used nutrition and health indicators to evaluate the nutritional status of populations. Knowing and evaluating nutritional

problems in developing countries. Understanding the problem of micronutrient deficiencies and the principles of food fortification with
micronutrients.

Content The course presents regional and global aspects and status of food security and commonly used nutrition and health indicators. Child
growth, childhood malnutrition and the interaction of nutrition and infectious diseases in developing countries. Specific nutritional problems
in emergencies. The assessment methods and the prevalence of micronutrient deficiencies at regional and global level. The principles of
food fortification with micronutrients and examples fortification programs.

Lecture notes The lecture details are available.
Literature Leathers and Foster, The world food problem, Tackling the causes of undernutrition in the third world. 3rd ed., 2004. Semba and Bloem,

Nutrition and health in developing countries, 2nd edition, Humana Press, 2008. WHO, FAO, Guidelines on food fortification with
micronutrients, WHO, 2006.

752-6202-00L Nutrition Case Studies W 2 credits 2G J. Baumgartner
Abstract In groups, students address real-world case studies focusing on the links between nutrition and health. Each case is being introduced by

the lecturer and presented to the class by the respective group, followed by a class discussion facilitated by the group and the lecturer.
Objective The aim of the course is to improve the students’: 


- Understanding of the relationships between nutrition/diets and several major diseases/health outcomes.

- Ability to integrate knowledge on diet/nutrition, health/disease and methodologies in nutrition sciences.

- Ability to make evidence-based decisions/recommendations by gathering and analyzing scientific information.

- Communication and problem solving skills, as well as critical thinking ability.

Lecture notes Presentation slides, case studies, and relevant literature will be shared.
Literature Relevant scientific literature will be provided.
Prerequisites /
notice

Students are expected to attend and actively participate in the course, which includes the presentation of a case study (in groups), critical
reading of the pertinent literature, and participation in class discussions.

752-6302-00L Physiology of Eating W  3 credits 2V W. Langhans
Abstract Introduction to the basic knowledge necessary for an understanding of the physiology and pathology of hunger, satiety, and body weight

control, how this knowledge is generated, and how it helps improve nutritional advice for healthy people as well as nutritional guidelines for
patients.

Objective This course requires basic knowledge in physiology and is designed to build on course HE03 Selected Topics in Physiology Related to
Nutrition.   The course covers psychological and physiological determinants of food selection and amount eaten.  The aim is to introduce
the students to (a) the basic knowledge necessary for an understanding of the physiology and pathology of hunger, satiety, and body
weight control, (b) how new scientific knowledge in this area is generated, (c) how this basic knowledge helps improve nutritional advice for
healthy people as well as nutritional guidelines for patients.  Major topics are: Basic scientific concepts for the physiological study of eating
in animals and humans; the psychopharmacology of reward; endocrine and metabolic controls of eating; the neural control of eating;
psychological aspects of eating; eating behavior and energy balance; exercise, eating and body weight; popular diets and their evaluation;
epidemiology, clinical features and the treatment of psychiatric eating disorders; epidemiology, clinical features and the treatment of
obesity, including related aspects of non-insulin dependent diabetes; mechanisms of cachexia and anorexia during illness; exogenous
factors that influence eating, including pharmaceutical drugs, alcohol, coffee, etc.

Lecture notes Handouts will be provided
Literature Literature will be discussed in class

752-1300-01L Food Toxicology W  2 credits 1V S. J. Sturla, N. Antczak
Abstract Builds on a foundation in Toxicology fundamentals to address situations and toxins relevant to Food Science, Nutrition, and Food Safety &

Quality.
Objective Course objectives are for the student to have a broad awareness of toxicant classes and toxicants relevant to food, and to know their

identities (i.e. chemical structure or biological nature), origins, relevance of human exposures, general mode of biological action, and
potential mitigation strategies.

Content Builds on a foundation in Toxicology fundamentals to address situations relevant to Food Science, Nutrition, and Food Safety & Quality.
Representative topics: Toxic Phytochemicals and Mycotoxins, Industrial Contaminants and Packaging Materials, Toxicants formed During
Food Processing, Alcohol and Tobacco.  The class is comprised of bi-weekly lectures, independent reading, and preparation of an
independent evaluation of a food-related toxin.

Literature Reading from the primary literature will be referenced in class and posted to the course website.
Prerequisites /
notice

The course "Introduction to Toxicology" (752-1300-00V) is a prerequisite for the students who want to take this course. Equivalent course
may be accepted; contact the instructor.

 Methodology Subjects
Number Title Type ECTS Hours Lecturers

752-2110-00L Multivariate Statistical Analysis W 3 credits 2V C. Hartmann, A. Bearth
Abstract The course starts by introducing some basic statistical concepts and methods, e.g. data exploration, the idea behind significance testing,

and the use of the statistical software SPSS. Based on these fundaments, the following analyses are discussed: regression analysis, factor
analysis and variance analysis.

Objective Students will learn to use multivariate analysis methods and to interpret their results, by means of theory and practice.
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Content This course provides an introduction into the theories and practice of multivariate analysis methods that are used in the fields of food
sensory science, consumer behavior and environmental sciences. The course starts by introducing some basic statistical concepts and
methods, e.g. data exploration, the idea behind significance testing, and the use of the statistical software SPSS. Based on these
fundaments, the following analyses are discussed: regression analysis, factor analysis and variance analysis. During the course, theoretical
lectures alternate with practical sessions in which data are analyzed and their results are interpreted using SPSS.

Agenda

20.02 Introduction to the course and basic concepts of multivariate statistics in Room HG D5.2

27.02 Data handling and exploration + SPSS Introduction 

05.03  Exercise 1a+b 

12.03 Basic Statistical Tests 

19.03 Exercise 2: Basic Statistical Tests 

26.03 Regression analysis 

02.04 Exercise 3: Regression analysis 

09.04 Variance Analysis 

23.04 Exercise 4: Variance Analysis 

30.04 Reliability Analysis  

07.05 Principle Component Analysis 
     
14.05 Exercise 5: PCA and Reliability Analysis  
         
28.05 EXAM (Room will be announced)

Literature Field, A. (2013). Discovering Statistics Using SPSS (4th edition). Sage Publications. ISBN: 1-4462-4918-2 (and any other edition)
Prerequisites /
notice

This course will be given in English.

752-6201-00L Research Methodology in Nutrition W+  3 credits 2V I. Herter-Aeberli
Abstract The lectures cover different methodologies applied in the field of nutrition research including methods to assess mineral/vitamin status,

body composition, immunochemical techniques, animal studies, and food sensory science and with a speical focus on theoretical and
practical knowledge of dietary assessment studies. The challenge of ethical issues in human studies is illustrated and discussed.

Objective To get an overview of research methodologies used in the field of nutrition and to become more familiar with some of the most important
methods.

Content The methodologies include stable isotope techniques, balance studies, body composition assessment, immunochemical techniques,
animal studies and food sensory science. The challenge of ethical issues in human studies will be illustrated and discussed. 
The theoretical and practical knowledge of dietary assessment methods will be imparted including an assessment of own nutrient intake.
The dietary assessments will be evaluated using a nutrient software and statistical analysis.

 Optional Subjects
Number Title Type ECTS Hours Lecturers

752-2102-00L Selected Topics in Food Sensory Science
Number of participants limited to 20.

W  3 credits 2V J. Nuessli Guth

Abstract Extension of the basics in Food Sensory Science with important topics such as Sensory Quality Control, Panel Performance and Sensory
Methods for Consumer Tests. Detailed work on a selected topic with presentation and written report.

Objective - Overview on qualitative Sensory Methods for consumer tests
- Comparison of analytical sensory tests and qualitative methods
- Methods for Sensory quality control
- Evaluation of panel performance
- Small project on a specific topic (e.g. focus groups, comparison of scales, consumer tests) with report writing and presentation

Lecture notes Handouts distributed in class.
Literature Information given in class.
Prerequisites /
notice

Basic principles in Food Sensory Science are required, e.g. attendence of the lecture 'Lebensmittelsensorik' (752-2101-00 G) or similar.

752-6450-00L Food, Microbiota and Immunity: Debating the
Evidence
Number of participants limited to 20.

W 3 credits 2G E. Wetter Slack, M. Arnoldini,
D. Latorre

Abstract In this course, students will learn the basic skills required to find, analyze and evaluate the scientific evidence behind common health
claims linking food, the intestinal microbiota and immune system function (e.g. Increased hygiene and allergic diseases).

Objective The overall objective if this course is that students will be able to create a persuasive evidence-based critique of health-claims linking food,
the microbiota and immunity. This is broken down into the following learning objectives:  
[LO1] Find, critically interpret, evaluate and discuss primary literature
[LO2] Recognize situations where scientific integrity is compromised, both in scientific practice and scientific communication, and develop
a framework for responding.
[LO3] Effectively communicate scientific evidence to a lay audience.
[LO4] Develop a nuanced and critical understanding of the interaction between diet, the microbiota and the immune system.

Content Semester week 1-4
Lectures and active learning sequences. Students learn the skills required to actively and responsibly participate in scientific debates
week 5-14
Two-week programme of topic preparation (week A) and student-led debates (week B). One-on-one tutorials for the presenting students
are offered in the week preceding their presentation.

Literature To be provided for each debating topic, 2 weeks prior to the debate
Prerequisites /
notice

Students should have a knowledge level at least equivalent to completing Immunology I and Microbiology/ "Lebensmittel-Mikrobiologie I".
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 Major in Human Health, Nutrition and Environment
 Module

 Module Public Health
The module Public Health is compulsory for all students in the major Human Health, Nutrition and Environment. 

Number Title Type ECTS Hours Lecturers

363-1066-00L Designing Effective Projects for Promoting
Health@Work
Number of participants limited to 30.

W  3 credits 2G G. Bauer, R. Brauchli, G. J. Jenny

Abstract The fast-changing high-performance economy is highly dependent on healthy employees – and at the same time is putting their health at
risk. Expectations of employees regarding health@work are rising. In a workshop format, students learn how to develop effective,
exemplary projects to promote good working conditions, work-life balance or healthy lifestyles in companies.

Objective After active participation in the course, students will
•    Know the key individual, team-level, and organizational factors influencing health@work 
•    Be familiar with health-related challenges and opportunities of a changing world of work
•    Know intervention strategies for improving working conditions, work-life balance and health behaviors in companies
•    Be able to design an exemplary intervention project– based on key principles and a systematic planning cycle

Content The globalization and the digital transformation of our economy leads to fast changes in organizations and of working conditions. Work
becomes more flexible regarding time, location and employment contracts. Employees become more demanding regarding their autonomy,
the quality of working life and their work-life balance. In this dynamic context, offering standardized health promotion programs in
companies is not sufficient any more. Employers and employees need to jointly develop tailored approaches how to continuously assess
and improve health@work. Thus, we want to enable you to support companies in this process.
The course consists of four parts. The first part with four sessions provides an introduction into approaches to promote health@work. The
lectures will present and discuss these approaches using practical examples and discuss them with the students.
Session 1: Course overview; dynamic, challenging context of our economy; intervention approaches; core principles and planning steps of
a project for promoting health@work
Session 2: Promoting Health @ Work: Improving working conditions
Session 3: Promoting Health @ Work: Lifestyle interventions at work
Session 4: Promoting Health @ Work: Work-Life-Balance and Leisure crafting interventions

The second part aims to identify and sharpen the project ideas developed by students in groups of two. We offer a short version of a design
thinking workshop to help students generate innovative ideas. The pitch presentations help to focus on the essence of the own idea and to
trigger constructive feedback for improving it.
Session 5: Design thinking workshop: Find your own project idea
Session 6: Pitch: Presentations of the project idea in plenary incl. feedback

The third part has a workshop format. We introduce all students how to practically plan a health@work project. Then the two-person project
teams are assigned to four tutors. These tutors support the teams in their systematic, detailed planning of the own project idea. Particularly,
students will consider the four principles of successful health promotion projects: systematic planning, participation of stakeholders,
combined individual- and environmental-level actions, integration into company routines.
Session 7: Introduction to practical project planning in-a-nutshell 
Sessions 8-11: Tutored workshop

In the fourth part, the two-person project teams present their project plan in the plenary, discuss it with all students, and obtain feedback by
the course leader.
Sessions 12-13: Presentations & discussions of projects

Given the hands-on workshop character of this lecture, students are required to actively participate in all sessions. Besides raising
knowledge on promoting health@work, the students generally improve their project development skills. Also, as the course has students
from D-MTEC, D-HEST and D-USYS, it facilitates their transdisciplinary exchange. Transdisciplinary skills are increasingly needed for
addressing complex needs in our society.

Prerequisites /
notice

A course for students dedicated to applied learning through projects. As the whole course is designed as a hands-on workshop for the
students, active participation in all lectures is required. Class size limited to 30 students.

752-6104-00L Nutrition for Health and Development W  2 credits 2V M. B. Zimmermann
Abstract The course presents nutrition and health issues with a special focus on developing countries. Micronutrient deficiencies including

assessment and prevalence and food fortification with micronutrients.
Objective Knowing commonly used nutrition and health indicators to evaluate the nutritional status of populations. Knowing and evaluating nutritional

problems in developing countries. Understanding the problem of micronutrient deficiencies and the principles of food fortification with
micronutrients.

Content The course presents regional and global aspects and status of food security and commonly used nutrition and health indicators. Child
growth, childhood malnutrition and the interaction of nutrition and infectious diseases in developing countries. Specific nutritional problems
in emergencies. The assessment methods and the prevalence of micronutrient deficiencies at regional and global level. The principles of
food fortification with micronutrients and examples fortification programs.

Lecture notes The lecture details are available.
Literature Leathers and Foster, The world food problem, Tackling the causes of undernutrition in the third world. 3rd ed., 2004. Semba and Bloem,

Nutrition and health in developing countries, 2nd edition, Humana Press, 2008. WHO, FAO, Guidelines on food fortification with
micronutrients, WHO, 2006.

 Module Infectious Diseases
Number Title Type ECTS Hours Lecturers

701-1708-00L Infectious Disease Dynamics W  4 credits 2V S. Bonhoeffer, R. D. Kouyos,
R. R. Regös, T. Stadler

Abstract This course introduces into current research on the population biology of infectious diseases. The course discusses the most important
mathematical tools and their application to relevant diseases of human, natural or managed populations.
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Objective Attendees will learn about:
* the impact of important infectious pathogens and their evolution on human, natural and managed populations
* the population biological impact of interventions such as treatment or vaccination
* the impact of population structure on disease transmission

Attendees will learn how:
* the emergence spread of infectious diseases is described mathematically
* the impact of interventions can be predicted and optimized with mathematical models
* population biological models are parameterized from empirical data
* genetic information can be used to infer the population biology of the infectious disease

The course will focus on how the formal methods ("how") can be used to derive biological insights about the host-pathogen system
("about").

Content After an introduction into the history of infectious diseases and epidemiology the course will discuss basic epidemiological models and the
mathematical methods of their analysis. We will then discuss the population dynamical effects of intervention strategies such as vaccination
and treatment. In the second part of the course we will introduce into more advanced topics such as the effect of spatial population
structure, explicit contact structure, host heterogeneity, and stochasticity. In the final part of the course we will introduce basic concepts of
phylogenetic analysis in the context of infectious diseases.

Lecture notes Slides and script of the lecture will be available online.
Literature The course is not based on any of the textbooks below, but they are excellent choices as accompanying material:

* Keeling & Rohani, Modeling Infectious Diseases in Humans and Animals, Princeton Univ Press 2008
* Anderson & May, Infectious Diseases in Humans, Oxford Univ Press 1990
* Murray, Mathematical Biology, Springer 2002/3
* Nowak & May, Virus Dynamics, Oxford Univ Press 2000
* Holmes, The Evolution and Emergence of RNA Viruses, Oxford Univ Press 2009

Prerequisites /
notice

Basic knowledge of population dynamics and population genetics as well as linear algebra and analysis will be an advantage.

 Module Nutrition and Health
Number Title Type ECTS Hours Lecturers

752-1300-01L Food Toxicology W  2 credits 1V S. J. Sturla, N. Antczak
Abstract Builds on a foundation in Toxicology fundamentals to address situations and toxins relevant to Food Science, Nutrition, and Food Safety &

Quality.
Objective Course objectives are for the student to have a broad awareness of toxicant classes and toxicants relevant to food, and to know their

identities (i.e. chemical structure or biological nature), origins, relevance of human exposures, general mode of biological action, and
potential mitigation strategies.

Content Builds on a foundation in Toxicology fundamentals to address situations relevant to Food Science, Nutrition, and Food Safety & Quality.
Representative topics: Toxic Phytochemicals and Mycotoxins, Industrial Contaminants and Packaging Materials, Toxicants formed During
Food Processing, Alcohol and Tobacco.  The class is comprised of bi-weekly lectures, independent reading, and preparation of an
independent evaluation of a food-related toxin.

Literature Reading from the primary literature will be referenced in class and posted to the course website.
Prerequisites /
notice

The course "Introduction to Toxicology" (752-1300-00V) is a prerequisite for the students who want to take this course. Equivalent course
may be accepted; contact the instructor.

752-6302-00L Physiology of Eating W  3 credits 2V W. Langhans
Abstract Introduction to the basic knowledge necessary for an understanding of the physiology and pathology of hunger, satiety, and body weight

control, how this knowledge is generated, and how it helps improve nutritional advice for healthy people as well as nutritional guidelines for
patients.

Objective This course requires basic knowledge in physiology and is designed to build on course HE03 Selected Topics in Physiology Related to
Nutrition.   The course covers psychological and physiological determinants of food selection and amount eaten.  The aim is to introduce
the students to (a) the basic knowledge necessary for an understanding of the physiology and pathology of hunger, satiety, and body
weight control, (b) how new scientific knowledge in this area is generated, (c) how this basic knowledge helps improve nutritional advice for
healthy people as well as nutritional guidelines for patients.  Major topics are: Basic scientific concepts for the physiological study of eating
in animals and humans; the psychopharmacology of reward; endocrine and metabolic controls of eating; the neural control of eating;
psychological aspects of eating; eating behavior and energy balance; exercise, eating and body weight; popular diets and their evaluation;
epidemiology, clinical features and the treatment of psychiatric eating disorders; epidemiology, clinical features and the treatment of
obesity, including related aspects of non-insulin dependent diabetes; mechanisms of cachexia and anorexia during illness; exogenous
factors that influence eating, including pharmaceutical drugs, alcohol, coffee, etc.

Lecture notes Handouts will be provided
Literature Literature will be discussed in class

752-6102-00L The Role of Food and Nutrition for Disease Prevention W  3 credits 2V J. Baumgartner, M. Andersson
Abstract The course teaches the links between the diet and the etiology and progression of chronic diseases.
Objective To examine and understand the protective effects of foods and food ingredients in the maintenance of health and the prevention of chronic

disease, as well as the progression of complications of chronic diseases.
Content The course evaluates food and nutrition in relation to primary and secondary prevention of chronic diseases.
Lecture notes There is no script. Powerpoint presentations and relevant literature will be made available online to students.
Literature Obligatory course literature to be provided by the responsible lecturer and the individual invited lecturers.
Prerequisites /
notice

No compulsory prerequisites, but prior completion of Introduction to Nutritional Science (752-6001-00L) and Advanced Topics in Nutritional
Science (752-6002-00L) is strongly adviced.

 Module Environment and Health
Number Title Type ECTS Hours Lecturers

701-1312-00L Advanced Ecotoxicology W  3 credits 2V R. Eggen, E. Janssen, K. Schirmer,
M. Suter

Abstract This course will take up the principles of environmental chemistry and ecotoxicology from the bachelor courses and deepen the
understanding on selected topics. Linkages will be made between i) bioavailability and effects, ii) structures of compounds and modes of
toxic action, iii) effects over various biological levels, moderated by environmental factors, iv) chemical and biological assessments
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Objective - Understanding the key processes involved in fate, behavior and the bioaccumulation of (mainly) organic contaminants 
- Overview on and understanding of mechanisms of toxicity
- linking structures and characteristics of compounds with effects
- processes in hazard assessment and risk assessment
- get insight in integrative approaches in ecotoxicology

Content Units 1-3: Fate of contaminants, dynamic interactions with  the (a)biotic environment, toxikokinetics
-    physico-chemical properties
-    partitioning processes in environmental compartments
-    partitioning to biota
-    bioavailability and bioaccumulation concepts
-       partitioning in biota

Units 4-6: Toxicodynamics (effect of contaminants on biota)
-    internal concentrations; dose-response concept
-    molecular mechanisms of toxic actions - classification
-    Exercise: databases and estimation of toxicity

Unit 7-10: Toxic effects: from molecular to ecosystems
-    complex mechanisms and feedback loops
-       mixtures and multiple stressors
-    stress- and adaptive responses
-       dynamic exposures
-       confounding factors, food web interactions
-    Exercise: linking compounds with modes of toxic action

Unit 11: metal ecotoxicology

Unit 12-14: integrative approaches and case studies
-    bioassays, -omics, systems ecotoxicology, phenotypic anchoring
-    in vivo versus in vitro biotesting
-    linking chemical with biological analytics
-    bioassay-directed fractionation and identification
-       (inter) national case studies and linkage of learned with approaches in practice

Lecture notes Material will be in the form of copies of overheads, selected publications and exercise material.
Literature R.P. Schwarzenbach, P.M. Gschwend, D.M. Imboden, Environmental Organic Chemistry, third edition, Wiley, 2005


C.J. van Leeuwen, J.L.M. Hermens (Editoren), Risk Assessment of Chemicals: An Introduction, Kluwer, 1995

Principles of ecotoxicology, CH Walker, RM Sibly, SP Hopkin, DB Peakall, fourth edition, CRC Press, 2012

Prerequisites /
notice

Required:

1. Basics in environmental chemistry

2. Basics in environmental toxicology

701-1350-00L Case Studies in Environment and Health W  4 credits 2V K. McNeill, N. Borduas-Dedekind,
T. Julian

Abstract This course will focus on a few individual chemicals and pathogens from different standpoints: their basic chemistry or biology, their
environmental behavior, (eco)toxicology, and human health impacts.  The course will draw out the common points in each chemical or
pathogen's history.

Objective This course aims to illustrate how the individual properties of chemicals and pathogens along with societal pressures lead to environmental
and human health crises. The ultimate goal of the course is to identify common aspects that will improve prediction of environmental crises
before they occur.  Students are expected to participate actively in the course, which includes the critical reading of the pertinent literature
and class presentations.

Content Each class will feature the case study of a different chemical or pathogen that have had a profound effect on human health and the
environment. The instructors will present eight to ten of these and the students will present a poster on their own pollutant or pathogen in
groups of two. Students will be expected to contribute to the in class discussions and, on their selected topics, to lead the discussion.

Lecture notes Handouts will be provided as needed.
Literature Handouts will be provided as needed.

701-0662-00L Environmental Impacts, Threshold Levels and Health
Effects

W  3 credits 2V C.-T. Monn, M. Brink

Abstract Environmental impacts on human health and well-being will be discussed. Concepts and methods for exposure measurements and
assessments will be shown. In the first part of the semester, air pollutants (for example for ozone, and fine particles). 
In the second part, noise, its effects and control, will be covered.

Objective - to understand the basic concepts of an exposure assessment  (air, noise)
- to know methods used in health effect research
- to know criteria and methods for setting threshold levels

Content Air Pollutants
- sources of pollutants (indoors and outdoors)
- concepts of an exposure assessment
- measurement methods for gases and particles
- health effect of pollutants (methods, most important pollutants, such as fine particles and ozone)

Noise
- Introduction to acoustics, Measurement, Hearing
- Auditory processing
- Exposure assessment of noise
- Noise effects, Exposure-effect relationships
- Basics of noise control and abatement, exposure limits
- Noise abatement policy

Lecture notes Presentations (ppt, pdf) will uploaded to a server, previous to the lecture.
Literature see references in the scripts.

701-1704-01L Health Impact Assessment: Concepts and Case
Studies

W  3 credits 2V M. Winkler, C. Guéladio, M. Röösli,
J. M. Utzinger

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1028 of 1785

Abstract This course introduces the concept of health impact assessment (HIA) and discusses a suite of case studies in industrialised and
developing countries. HIA pursues an inter- and multidisciplinary approach, employs qualitative and quantitative methods with the
overarching goal to influence decision-making.

Objective After successful completion of the course, students should be able to:
o critically reflect on the concept of HIA and the different steps from screening to implementation and monitoring; and
o apply specific tools and methodologies for HIA of policies, programmes and projects in different social, ecological and epidemiological
settings.

Content The course will present a broad set of tools and methods for the systematic and evidence-based judgment of potential health effects
related to policies, programmes and projects. Methodological features will be introduced and applied to a variety of case studies in the
public sector (e.g. traffic-related air pollution, passive smoking and waste water management) and private sector (e.g. water resource
developments and extractive industries) all over the world.

Lecture notes Handouts will be distributed.
Literature Whenever possible, at least one peer-reviewed paper will be made available for each session.

 Term Paper
The compulsory term paper course is offered in the autumn semester only. 

 Methodology Subjects
Number Title Type ECTS Hours Lecturers

752-2110-00L Multivariate Statistical Analysis W  3 credits 2V C. Hartmann, A. Bearth
Abstract The course starts by introducing some basic statistical concepts and methods, e.g. data exploration, the idea behind significance testing,

and the use of the statistical software SPSS. Based on these fundaments, the following analyses are discussed: regression analysis, factor
analysis and variance analysis.

Objective Students will learn to use multivariate analysis methods and to interpret their results, by means of theory and practice.
Content This course provides an introduction into the theories and practice of multivariate analysis methods that are used in the fields of food

sensory science, consumer behavior and environmental sciences. The course starts by introducing some basic statistical concepts and
methods, e.g. data exploration, the idea behind significance testing, and the use of the statistical software SPSS. Based on these
fundaments, the following analyses are discussed: regression analysis, factor analysis and variance analysis. During the course, theoretical
lectures alternate with practical sessions in which data are analyzed and their results are interpreted using SPSS.

Agenda

20.02 Introduction to the course and basic concepts of multivariate statistics in Room HG D5.2

27.02 Data handling and exploration + SPSS Introduction 

05.03  Exercise 1a+b 

12.03 Basic Statistical Tests 

19.03 Exercise 2: Basic Statistical Tests 

26.03 Regression analysis 

02.04 Exercise 3: Regression analysis 

09.04 Variance Analysis 

23.04 Exercise 4: Variance Analysis 

30.04 Reliability Analysis  

07.05 Principle Component Analysis 
     
14.05 Exercise 5: PCA and Reliability Analysis  
         
28.05 EXAM (Room will be announced)

Literature Field, A. (2013). Discovering Statistics Using SPSS (4th edition). Sage Publications. ISBN: 1-4462-4918-2 (and any other edition)
Prerequisites /
notice

This course will be given in English.

752-2310-00L Physical Characterization of Food W  3 credits 2V P. A. Fischer, R. Mezzenga
Abstract In Physical Characterization of Food introductions into several measuring techniques to study complex colloidal food system are given.

Lectures will focus on scattering techniques, interfacial tension measurements, ellipsometry, microscopy, NMR, and thermoanalysis. The
measuring principles and its application in the food and related areas will be discussed.

Objective The basic principles of several frequently used characterization methods and their application will be presented. The course is intended to
spread awareness on the capability of physical measuring devices used in food science and related areas as well as provide a guidance for
their usage and data interpretation.

Content Lectures will be given on light scattering techniques (4h), interfacial tension measurements (4h), microscopy (4h), small angle scattering
(4h), NMR (4h), and thermoanalysis (2h).

Lecture notes Notes will be handed out during the lectures.
Literature Provided in the lecture notes

752-6201-00L Research Methodology in Nutrition W  3 credits 2V I. Herter-Aeberli
Abstract The lectures cover different methodologies applied in the field of nutrition research including methods to assess mineral/vitamin status,

body composition, immunochemical techniques, animal studies, and food sensory science and with a speical focus on theoretical and
practical knowledge of dietary assessment studies. The challenge of ethical issues in human studies is illustrated and discussed.

Objective To get an overview of research methodologies used in the field of nutrition and to become more familiar with some of the most important
methods.

Content The methodologies include stable isotope techniques, balance studies, body composition assessment, immunochemical techniques,
animal studies and food sensory science. The challenge of ethical issues in human studies will be illustrated and discussed. 
The theoretical and practical knowledge of dietary assessment methods will be imparted including an assessment of own nutrient intake.
The dietary assessments will be evaluated using a nutrient software and statistical analysis.
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 Minors
 Food Biotechnology

Number Title Type ECTS Hours Lecturers

752-5102-00L Food Fermentation Biotechnology W 3 credits 2V C. Lacroix, F. Constancias,
M. Stevens

Abstract For this integration course, selected and current topics in bioprocess technology as applied to food will be selected to complement the
teaching program in Food Biotechnology. Special emphasis will be given on downstream processing, bioprocess development, and
metabolic engineering with current applications of microorganisms for producing high quality and safe food.

Objective The presentation and discussion of selected topics of food fermentation biotechnology: 
- to present the main strategies for downstream processing for fermented media
- to provide examples of recent process development and future trends for production of high quality food and food ingredients. 
- to develop experience for formulation and design of research and development projects relating to food fermentation technologies

This course will integrate knowledge in bioprocess technology, as well as microbiology and microbial physiology.

Content This course will address selected and current topics on bioprocess applied to food. As well, this course will allow the integration of concepts
in food biotechnology through literature search and presentation of topics by students. Specialists from the Laboratory of Food
Biotechnology will contribute to the selected topics as follows:
  
 New technologies for food fermentation 
 Downstream processing treatments 
 Metabolic engineering

Students will be required to complete a personal project on a selected aspect of bioprocesses and process evaluation. The project will
involve information research and analysis followed by an oral presentation.

Lecture notes Copy of the power point slides from lectures will be provided.
Literature A list of references will be given at the beginning of the course for the different topics presented during this course.
Prerequisites /
notice

This course is taught in English.

752-5106-00L Meat Technology
Number of participants limited to 40

The course will only be held with a minimum of 25
participants.

Prerequisite: Participation in "Quality of Products of
Animal Origin"  (751-7800-00L, course regularly offered
during the spring semester).

W 1 credit 1G M. Kreuzer, A. Kilchör

Abstract The understanding of procedures and quality requirements in meat production and processing is the focus of this course. The basis for that
is a modern meat technology at all steps of processing. In the form of a block course carcass dissection and production of various meat
products are demonstrated in practice and explained in detail.

Objective The course in meat technology shall give in a hands-on manner an insight into meat production and processing. It shall provide knowledge
of the versatile aspects of meat production and meat processing technology. The language used in this MSc course is German.

Content - Kurze theoretische Einführung in Schlachtkörperzerlegung und Fleischtechnologie
- Zerlegung von Rinder- und Schweineschlachtkörper sowie Entbeinung (mit eigener Mitwirkung der Studierenden)
- Demonstration der Technologie zur Erstellung von Fleischwaren (Koch- und Rohpökelwaren) sowie Würsten (Koch-, Roh- und
Brühwürste)
- Technologieentwicklung (incl. Haushaltstechnik)

Der Blockkurs baut auf dem theoretischen Hintergrund auf, der vorab in der Lehrveranstaltung «Qualität tierischer Produkte» vermittelt
wurde.

Lecture notes Es werden Handouts verteilt.
Prerequisites /
notice

A) Der Blockkurs Fleischtechnologie findet in Spiez im Ausbildungszentrum für die Schweizer Fleischwirtschaft (ABZ) statt.

B) Die Kreditpunktbedingungen bestehen aus den folgenden beiden Elementen (Prüfungsmodus: unbenotete Semesterleistung):
1 - Teilnahme an beiden Kurstagen (ausser im belegten Krankheitsfall)
2 - Abgabe einer ca. zweiseitigen schriftlichen Arbeit von ausreichender Qualität. Mögliche Themen und Anforderungen an die Inhalte
dieser Arbeit werden vom Dozenten des ABZ im Kurs definiert. Die Arbeit kann auch nach dem Abschluss des Blockkurses an den
Dozenten des ABZ gesandt werden, spätestens aber 14 Tage danach.

C) Die Lehrveranstaltung "Qualität tierischer Produkte" ist Voraussetzung für die Belegung des Blockkurses.

751-7800-00L Quality of Products of Animal Origin W  2 credits 2G M. Kreuzer, K. Giller, M. Terranova
Abstract Relevant quality traits of meat, milk and eggs a well as the influencing factors and the evaluation methods are taught in the form of lectures

and laboratory training. Effects throughout the whole chain from production on farm via processing to the products ready for sale are
covered with special emphasis on economically relevant issues.

Objective After attending the course, the students are able to name, describe and interpret the important properties describing the quality of meat,
milk and eggs. They know about the possibilities to modify the quality in the areas genetics, feeding, husbandry and processing. They have
learned in a laboratory exercise how to operate the corresponding devices for measuring quality.

Content - Kapitel 1. Einführung (Qualitätsbegriff, Literatur) - Modul A: Einführung
- Kapitel 2. Produkte der Schlachtung (Schlachtkörper, Häute und Haare einschl. Wolle: Gewinnung, Qualitätsermittlung, Hygiene,
Qualitätsbeeinflussung - Modul B: Schlachtkörpergewinnung, Modul C: Schlachtkörperqualität, Modul D: Leder und Wolle
- Kapitel 3. Diätetische Qualität tierischer Lebensmittel (Fleisch und Fettgewebe, Milch, Ei: Nähr- und Wirkstoffe, unerwünschte Stoffe,
Schadstoffe, Keimbelastung, Qualitätsbeeinflussung) - Modul E: Diätetische Qualität
- Kapitel 4. Beschaffenheit tierischer Lebensmittel (Fleisch und Fettgewebe, Milch, Ei: Übersicht über Kriterien der Beschaffenheit,
Sensorische Qualität, Fette und ihre Eigenschaften, Proteine und ihre Eigenschaften, produktespezifische Beschaffenheitskriterien und ihre
Beeinflussung, Prozesse der Weiterverarbeitung der Rohwaren) - Modul F: Sensorische Qualität, Modul G: Fettbedingte
Qualitätseigenschaften, Modul H: Proteinbedingte Qualitätseigenschaften, Modul I: Safthaltevermögen von Fleisch, Modul K: Zartheit von
Fleisch, Modul L: Verarbeitung von Fleisch, Modul M: Milch und Verarbeitung von Milch, Modul N: Ei und Verarbeitung von Eiern
- Kapitel 5. Produktpalette aus der Weiterverarbeitung (Fleisch und Fettgewebe, Milch, Ei: Fleischwaren, Fleischerzeugnisse,
Milchprodukte, Eiprodukte) - Modul L: Verarbeitung von Fleisch, Modul M:     Milch und Verarbeitung von Milch, Modul N: Ei und
Verarbeitung von Eiern
- Kapitel 6. Vermarktung qualitativ hochwertiger Produkte (Fleisch und Fettgewebe, Milch, Ei: Qualitätsbezahlungssysteme,
Labelproduktion, ISO-Zertifizierung) - Modul O: Vermarktung
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Lecture notes Script is available in German and English language and can be downloaded via Moodle in "Kurs Nutztierwissenschaften". The access code
will be communicated by e-mail.

Literature Eine ausführliche Literaturliste ist im Skript enthalten.
Prerequisites /
notice

Mit Übungen im Labor. Fach mit benoteter Semesterleistung durch eine schriftliche Prüfung nach Ende der Lehrveranstaltung (Hinweis:
keine Open Books-Prüfung).

 Food Chemistry
Number Title Type ECTS Hours Lecturers

752-1022-00L Selected Topics in Food Chemistry W 3 credits 2G M. Erzinger, S. Boulos
Abstract This course is centered in cereal chemistry: main chemical components related to physicochemical, technological and nutritional properties

of grain products.
Objective The main goal of the course are: 

Understand the chemical composition and properties of cereal grains as raw materials for food, changes in composition during grain
processing, and the effects of both on the nutritional properties of grain based products, such as breads, pasta, and breakfast cereals.

Content The course covers fundamental and modern aspects of cereal chemistry: composition of grains, physicochemical properties of main grain
components (starch, proteins, fibres, lipids), and their effects on technological and nutritional properties of cereal grain products. Focus is
put on chemical reactions and changes during common food processing (dough making, baking, extrusion, fermentation), reflecting also
their effects on the nutritional and sensory properties of grain products. Furthermore, a special emphasis is put on dietary fibres and related
phytochemicals in grains: Different dietary fibre compounds found in cereals  and cereal products (cellulose, arabinoxylan, beta-glucan,
resistant starch etc.), co-passengers of dietary fibre (phenolic acids, plant sterols, tocols, folates, alkylresorcinols, avenanthramides),
factors affecting their levels in foods, and methods used for the analysis of their content and composition.

Lecture notes The lectures are supplemented with handouts./ Es werden Beilagen zur Vorlesung abgegeben.
Prerequisites /
notice

Course prerequisites: Food Chemistry I/II and Food Analysis I/II (or equivalent)

752-2310-00L Physical Characterization of Food W 3 credits 2V P. A. Fischer, R. Mezzenga
Abstract In Physical Characterization of Food introductions into several measuring techniques to study complex colloidal food system are given.

Lectures will focus on scattering techniques, interfacial tension measurements, ellipsometry, microscopy, NMR, and thermoanalysis. The
measuring principles and its application in the food and related areas will be discussed.

Objective The basic principles of several frequently used characterization methods and their application will be presented. The course is intended to
spread awareness on the capability of physical measuring devices used in food science and related areas as well as provide a guidance for
their usage and data interpretation.

Content Lectures will be given on light scattering techniques (4h), interfacial tension measurements (4h), microscopy (4h), small angle scattering
(4h), NMR (4h), and thermoanalysis (2h).

Lecture notes Notes will be handed out during the lectures.
Literature Provided in the lecture notes

 Food Microbiology
Number Title Type ECTS Hours Lecturers

752-1202-00L Food Safety and Quality Management W 3 credits 2G T. Gude
Abstract The course procures the general rules of a quality management system and its application in the food chain to guarantee food safety.

Therefore the HACCP concept will be touched in relation to risk management and risk assessment. Furthermore the origin of limits as well
as the analytical proof will be highlighted. Finally general principles of laboratory testing will be discussed.

Objective Comprehensive knowledge to take over the responsibility for and organisation of quality assurance in a food processing environment.
Content The following lists in note form the relevant topics:

Definition of (Food) Quality
TQM/quality management
Q.A in the food chain (manufacturer/retail)
Food Quality, -Safety (also give by examples)
Food Limits  - origin of and how to get them
HACCP introduction, risk management, -assessment
Self control concepts
GFSI/Standards BRC, IFS, ISO 
Statistical Process Control
Raw material/product control: sampling plans
Q.A. in laboratories, sampling
Sampling plans, Qs in an analytical lab

Lecture notes n/a
Literature n/a
Prerequisites /
notice

n/a

752-3024-00L Hygienic Design W 2 credits 2G J. Hofmann
Abstract The lecture course Hygienic Design covers the special requirements in the design of equipment and components used in food production.

Material science and surface treatments are as important as the cleaning mechanisms of these surfaces. Explanations of basic design
requirements in food production areas, as well as the relevant regulations associated, are covered in this course.

Objective To identify and evaluate hazards of food safety which can come from the equipment used in the food processing. Understanding of the
most important design principles for easy cleaning of machinery and equipment.

752-4010-00L Problems and Solutions in Food Microbiology
Number of participants limited to 28.

Prerequisites: It is essential to have a basic knowledge in
General Microbiology and Food Microbiology. If students
have not taken appropriate courses, it is strongly
recommended to consult with the lecturer before attending
this seminar.

W 3 credits 1G M. Loessner, J. Klumpp,
M. Schmelcher

Abstract A journal-club style seminar, in which preselected recent scientific articles are analyzed, presented and discussed by students. The
relevant topics are selected from the wider area of food microbiology, including fundamental and applied disciplines. Students learn how
state-of -the-art research is designed, conducted, appropriately analyzed, and presented.

Objective Students will learn how state-of -the-art research is designed, conducted, appropriately analyzed, and presented.
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Content Several pre-selected, recently published papers will be up for selection by the students. All papers were selected from recent literature and
reflect the wider area of food microbiology, including fundamental research (molecular biology, genetics, biochemistry) and applied
disciplines (diagnostics, control, epidemiology). Groups of 2 students each will  pick a paper for in-depth analysis (mostly work done at
home and/or library) and presentation to the other students.

Lecture notes No script needed. Pre-selected papers will be assigned to student groups in the kick-off meeting (first lecture); PDF copies will be available
to all students.

Literature No specific books needed.  Access to a library and web-based literature search is required.
Prerequisites /
notice

Teamwork in small groups of 2 students

 Food Process Design
Number Title Type ECTS Hours Lecturers

752-3022-00L Food Factory Planning and Design W 3 credits 2G P.  Beck, S. Padar
Abstract The focus is directed on the interaction (and interdependency) of the different crafts involved, mainly construction, building services, and

installation engineering. Hygienic requirements have to be designed and finally are implemented in order to achieve international standards
(GMP, IFS, BRC). Insight is given into contract and payment handling.

Objective Students learn about the tasks and responsibilities of the specialists (engineers, planners), organizations and distributors involved.
Knowledge is provided on the coordination and guidance of people involved. An insight into hygienic and technical specifications as well as
the regulatory framework is given. Finally, the implementation of a functional, ecological and cost efficient solution is discussed.

Lecture notes Vorlesungsunterlagen (besprochene Folien, ca. 190 Seiten) können von der Lehrdokumentenablage MyStudies heruntergeladen werden.

752-3024-00L Hygienic Design W 2 credits 2G J. Hofmann
Abstract The lecture course Hygienic Design covers the special requirements in the design of equipment and components used in food production.

Material science and surface treatments are as important as the cleaning mechanisms of these surfaces. Explanations of basic design
requirements in food production areas, as well as the relevant regulations associated, are covered in this course.

Objective To identify and evaluate hazards of food safety which can come from the equipment used in the food processing. Understanding of the
most important design principles for easy cleaning of machinery and equipment.

752-3104-00L Food Rheology II W 3 credits 2G P. A. Fischer
Abstract Food Rheology II addresses special chapters in rheology such as suspension and emulsion rheology, constitutive equations, extensional

rheology, optical methods in rheology, and interfacial rheology.
Objective The rheology of complex materials such as solutions, emulsions, and suspension will be discussed. In addition, several advanced

rheological techniques (extension, rheo-optics, interfacial rheology) will be introduced and discussed in light of material characterization of
complex fluids.

Content Lectures will be given on structure and rheology of complex fluids (8h), constitutive equations (2h), optical methods in rheology (4h),
extensional rheology (4h), and interfacial rheology (6h).

Lecture notes Notes will be handed out during the lectures.
Literature Provided in the lecture notes.
Prerequisites /
notice

Attending Food Rheology I is beneficial but not mandatory. A short repetition of the basic principles of rheology will be given in the
beginning of Food Rheology II.

389-5000-00L Computational Fluid Dynamics for Non-Newtonian
Flows
Does not take place this semester.

W  3 credits 2G E. J. Windhab

Abstract Solving inelastic non-Newtonian flow problems using finite volume techniques. Topics include an introduction to fluid dynamics, a
discussion of non-Newtonian viscosity models, and a discussion of numerical issues, such as accuracy, convergence, and stability. Topics
also include two-phase flow problems with moving interfaces, turbulence modeling, and spray modeling.

Objective Introduction to the foundations of Computational Fluid Dynamics (CFD) for non-Newtonian fluid systems. The course provides participants
with theoretical background in CFD methods, discusses applications in various fields, and provides hands-on experience using CFD
software via practical computer exercises.

Content 1. Tensor review and Fluid dynamics review
2. Rheology and constitutive equations for non-Newtonian systems
3. Boundary conditions including moving boundaries
4. Basic concepts of Finite Volume Method
5. Finite Volume Methods applied to flow problems
6. Introduction to the OpenFOAM CFD software package
7. Numerical issues such as convergence, stability and accuracy
8. Applications, e.g. multi-phase flows, turbulence and sprays

Lecture notes Lecture notes will be distributed electronically
Prerequisites /
notice

The course includes computer exercises using the open source software OpenFOAM. Participants are expected to have sufficient
computer skills and access to a laptop for the in-class computer exercises.

751-5500-00L Simulations and Sensors in Agri-Food Supply Chains W  3 credits 2G T. Defraeye
Abstract This course provides students with expert knowledge and skills on how to effectively apply numerical simulations and sensing in the supply

chain of horticultural crops. The main targets are to use these technologies to better preserve food quality, extend shelf life and reduce food
waste and the associated carbon footprint.
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Objective The course targets the postharvest part of the supply chain, as products pass through pre-cooling facilities, refrigerated containers and
trucks, and cold storage facilities, before arriving at the retailer and consumer. We target supply chains of both domestic and tropical
horticultural crops, including apple, citrus, mangoes, and berries. In addition, other applications in agri-food chains are highlighted, such as
preharvest sensing and monitoring for horticultural crops as well as simulations and sensing in supply chains of foods of animal origin
(meat or milk). 

In the course, we target innovative solutions that are enabled by the augmented insight that simulations and sensing provide with respect to
the biophysical processes driving food decay in the cold chain. A key focus of the course is on digital tools for the agri-food chain, such as
digital twins, food simulants, wireless and optical sensors, big data and blockchain technology.

A key objective is to gain specialized knowledge in order to:
-    Identify which postharvest practices are most suitable for a certain produce and supply chain (e.g. dynamic controlled atmosphere,
modified atmosphere packaging, ethylene scrubbing)
-    Identify which heat and mass transfer processes (e.g. conduction, convection, radiation, respiration, evaporation) play a key role for a
certain produce and supply chain
-    Identify which state-of-the-art sensing technology is most optimal for a certain produce and supply chain (e.g. wireless communication,
blockchain technology, and biophysical twins)
-    Assess if a mechanistic model and simulation is built up according to best practices, and if the reported results are realistic
-    Understand the link of the cooling process to the evolution of food quality attributes

Another key objective is to acquire skills in order to:
-    Perform hands-on computational multiphysics simulations of food cooling processes
-    Measure hands-on a food cooling process with several types of sensors
-    Calculate food shelf-life by experiments and kinetic-rate-law modeling
-    Quantify the environmental impact of postharvest technology and food waste on the horticultural value chain

Content The course is built up of lectures, exercise sessions, and an excursion. The student will then apply this knowledge to perform an expert
assessment of a postharvest problem (in a group), report the findings and present the solution strategies. Throughout the course, we also
review upcoming national and international startups and companies in these fields.

The content is as follows:
1.    Introduction to the postharvest value chain
2.    Postharvest quality and losses
3.    Bio-environmental heat and mass transfer
4.    Sensors & food simulants
5.    Modeling-simulation basics & best practice
6.    Current and emerging postharvest technologies
7.    Group assignment on simulation and sensors
8.    Food waste & environmental impact 
9.    Group project presentations of students
10.    Excursion

With this knowledge and skills, the student will be able to provide an expert assessment on a specific problem in postharvest engineering in
the context of a group assignment:
- Apply the learned analytical approach to comprehensively understand and quantitatively analyze a simple postharvest problem.
- Identify and quantify strategies and solutions to improve quality preservation, shelf life and reduce food waste, and explain the scientific
drivers behind these improvements.
- Identify challenges and prioritize solutions.
- Report the results in a report and presentation.

Lecture notes Handouts of the slides will be provided
Literature Recommended literature (not-obligatory):

Datta (2017), Heat and Mass Transfer: A Biological Context. CRC Press, Taylor & Francis Group.
Thompson (2008), Commercial cooling of fruits, vegetables and flowers, University of California. University of California, California.

Prerequisites /
notice

Bachelor in Agricultural Sciences or in Food Science.

 Food Sensory Science and Consumer Behaviour
Number Title Type ECTS Hours Lecturers

752-2123-00L Risk Awareness, Risk Acceptance and Trust W 3 credits 2V M. Siegrist
Abstract The course provides an overview about risk perception and acceptance of new technologies. In addition, the most important findings of the

research related to decisions under uncertainty are presented.
Objective Students know the most important theoretical approaches in the domains of risk perception and acceptance of new technologies.

Furthermore, students understand the paradigms and the research results in the domain of decision making under uncertainty.

752-2102-00L Selected Topics in Food Sensory Science
Number of participants limited to 20.

W 3 credits 2V J. Nuessli Guth

Abstract Extension of the basics in Food Sensory Science with important topics such as Sensory Quality Control, Panel Performance and Sensory
Methods for Consumer Tests. Detailed work on a selected topic with presentation and written report.

Objective - Overview on qualitative Sensory Methods for consumer tests
- Comparison of analytical sensory tests and qualitative methods
- Methods for Sensory quality control
- Evaluation of panel performance
- Small project on a specific topic (e.g. focus groups, comparison of scales, consumer tests) with report writing and presentation

Lecture notes Handouts distributed in class.
Literature Information given in class.
Prerequisites /
notice

Basic principles in Food Sensory Science are required, e.g. attendence of the lecture 'Lebensmittelsensorik' (752-2101-00 G) or similar.

752-2110-00L Multivariate Statistical Analysis W 3 credits 2V C. Hartmann, A. Bearth
Abstract The course starts by introducing some basic statistical concepts and methods, e.g. data exploration, the idea behind significance testing,

and the use of the statistical software SPSS. Based on these fundaments, the following analyses are discussed: regression analysis, factor
analysis and variance analysis.

Objective Students will learn to use multivariate analysis methods and to interpret their results, by means of theory and practice.
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Content This course provides an introduction into the theories and practice of multivariate analysis methods that are used in the fields of food
sensory science, consumer behavior and environmental sciences. The course starts by introducing some basic statistical concepts and
methods, e.g. data exploration, the idea behind significance testing, and the use of the statistical software SPSS. Based on these
fundaments, the following analyses are discussed: regression analysis, factor analysis and variance analysis. During the course, theoretical
lectures alternate with practical sessions in which data are analyzed and their results are interpreted using SPSS.

Agenda

20.02 Introduction to the course and basic concepts of multivariate statistics in Room HG D5.2

27.02 Data handling and exploration + SPSS Introduction 

05.03  Exercise 1a+b 

12.03 Basic Statistical Tests 

19.03 Exercise 2: Basic Statistical Tests 

26.03 Regression analysis 

02.04 Exercise 3: Regression analysis 

09.04 Variance Analysis 

23.04 Exercise 4: Variance Analysis 

30.04 Reliability Analysis  

07.05 Principle Component Analysis 
     
14.05 Exercise 5: PCA and Reliability Analysis  
         
28.05 EXAM (Room will be announced)

Literature Field, A. (2013). Discovering Statistics Using SPSS (4th edition). Sage Publications. ISBN: 1-4462-4918-2 (and any other edition)
Prerequisites /
notice

This course will be given in English.

752-6302-00L Physiology of Eating W 3 credits 2V W. Langhans
Abstract Introduction to the basic knowledge necessary for an understanding of the physiology and pathology of hunger, satiety, and body weight

control, how this knowledge is generated, and how it helps improve nutritional advice for healthy people as well as nutritional guidelines for
patients.

Objective This course requires basic knowledge in physiology and is designed to build on course HE03 Selected Topics in Physiology Related to
Nutrition.   The course covers psychological and physiological determinants of food selection and amount eaten.  The aim is to introduce
the students to (a) the basic knowledge necessary for an understanding of the physiology and pathology of hunger, satiety, and body
weight control, (b) how new scientific knowledge in this area is generated, (c) how this basic knowledge helps improve nutritional advice for
healthy people as well as nutritional guidelines for patients.  Major topics are: Basic scientific concepts for the physiological study of eating
in animals and humans; the psychopharmacology of reward; endocrine and metabolic controls of eating; the neural control of eating;
psychological aspects of eating; eating behavior and energy balance; exercise, eating and body weight; popular diets and their evaluation;
epidemiology, clinical features and the treatment of psychiatric eating disorders; epidemiology, clinical features and the treatment of
obesity, including related aspects of non-insulin dependent diabetes; mechanisms of cachexia and anorexia during illness; exogenous
factors that influence eating, including pharmaceutical drugs, alcohol, coffee, etc.

Lecture notes Handouts will be provided
Literature Literature will be discussed in class

 Public Nutrition and Health
Number Title Type ECTS Hours Lecturers

752-6102-00L The Role of Food and Nutrition for Disease Prevention W  3 credits 2V J. Baumgartner, M. Andersson
Abstract The course teaches the links between the diet and the etiology and progression of chronic diseases.
Objective To examine and understand the protective effects of foods and food ingredients in the maintenance of health and the prevention of chronic

disease, as well as the progression of complications of chronic diseases.
Content The course evaluates food and nutrition in relation to primary and secondary prevention of chronic diseases.
Lecture notes There is no script. Powerpoint presentations and relevant literature will be made available online to students.
Literature Obligatory course literature to be provided by the responsible lecturer and the individual invited lecturers.
Prerequisites /
notice

No compulsory prerequisites, but prior completion of Introduction to Nutritional Science (752-6001-00L) and Advanced Topics in Nutritional
Science (752-6002-00L) is strongly adviced.

752-6104-00L Nutrition for Health and Development W 2 credits 2V M. B. Zimmermann
Abstract The course presents nutrition and health issues with a special focus on developing countries. Micronutrient deficiencies including

assessment and prevalence and food fortification with micronutrients.
Objective Knowing commonly used nutrition and health indicators to evaluate the nutritional status of populations. Knowing and evaluating nutritional

problems in developing countries. Understanding the problem of micronutrient deficiencies and the principles of food fortification with
micronutrients.

Content The course presents regional and global aspects and status of food security and commonly used nutrition and health indicators. Child
growth, childhood malnutrition and the interaction of nutrition and infectious diseases in developing countries. Specific nutritional problems
in emergencies. The assessment methods and the prevalence of micronutrient deficiencies at regional and global level. The principles of
food fortification with micronutrients and examples fortification programs.

Lecture notes The lecture details are available.
Literature Leathers and Foster, The world food problem, Tackling the causes of undernutrition in the third world. 3rd ed., 2004. Semba and Bloem,

Nutrition and health in developing countries, 2nd edition, Humana Press, 2008. WHO, FAO, Guidelines on food fortification with
micronutrients, WHO, 2006.

752-6202-00L Nutrition Case Studies W 2 credits 2G J. Baumgartner
Abstract In groups, students address real-world case studies focusing on the links between nutrition and health. Each case is being introduced by

the lecturer and presented to the class by the respective group, followed by a class discussion facilitated by the group and the lecturer.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1034 of 1785

Objective The aim of the course is to improve the students’: 

- Understanding of the relationships between nutrition/diets and several major diseases/health outcomes.

- Ability to integrate knowledge on diet/nutrition, health/disease and methodologies in nutrition sciences.

- Ability to make evidence-based decisions/recommendations by gathering and analyzing scientific information.

- Communication and problem solving skills, as well as critical thinking ability.

Lecture notes Presentation slides, case studies, and relevant literature will be shared.
Literature Relevant scientific literature will be provided.
Prerequisites /
notice

Students are expected to attend and actively participate in the course, which includes the presentation of a case study (in groups), critical
reading of the pertinent literature, and participation in class discussions.

752-6201-00L Research Methodology in Nutrition W+  3 credits 2V I. Herter-Aeberli
Abstract The lectures cover different methodologies applied in the field of nutrition research including methods to assess mineral/vitamin status,

body composition, immunochemical techniques, animal studies, and food sensory science and with a speical focus on theoretical and
practical knowledge of dietary assessment studies. The challenge of ethical issues in human studies is illustrated and discussed.

Objective To get an overview of research methodologies used in the field of nutrition and to become more familiar with some of the most important
methods.

Content The methodologies include stable isotope techniques, balance studies, body composition assessment, immunochemical techniques,
animal studies and food sensory science. The challenge of ethical issues in human studies will be illustrated and discussed. 
The theoretical and practical knowledge of dietary assessment methods will be imparted including an assessment of own nutrient intake.
The dietary assessments will be evaluated using a nutrient software and statistical analysis.

 Safety and Quality in Agri-Food Chain
Number Title Type ECTS Hours Lecturers

751-1000-00L Interdisciplinary Project
Only for Master Students in Agricultural Sciences and
Food Sciences. 

Prerequisite: successful completion of the bachelor
programme.

W 4 credits 3U B. Dorn, C. Hartmann,
M. Schuppler, A. Walter,
H. Adelmann, J. Baumgartner,
U. Brändle, T. Dalhaus, M. Erzinger,
I. Gangnat, A. K. Gilgen,
A. Grahofer, A. Hofmann,
G. Kaufmann, M. Kreuzer,
M. M. Nay, C. E. Pohl,
M. Wiggenhauser

Abstract Die Studierenden der Agrar- und Lebensmittelwissenschaft erarbeiten in interdisziplinären Teams Lösungen für Fragestellungen, welche
ihnen von Projektpartnern entlang der Nahrungsmittelwertschöpfungskette gestellt werden. Die Studierenden präsentieren und diskutieren
die Lösungen an der Schlussveranstaltung und verfassen einen Projektbericht.

Objective Die Studierenden 
- können für Fragestellungen aus der Schweizer Nahrungsmittelwertschöpfungskette wissenschaftlich fundierte und praxistaugliche
Lösungen entwickeln. Sie arbeiten dabei inter- und transdisziplinär;
- können mit Hilfe von Grundlagen des Projektmanagements die Lösungsentwicklung zielgerichtet und effizient abwickeln sowie steuern;
- können die Grundlagen der Gestaltung effektiver Teamarbeit für eine erfolgreiche Lösungsentwicklung in einem Projektteam einsetzen; 
- können die entwickelten Lösungen in mündlicher und schriftlicher Form nachvollziehbar, überzeugend und adressatengerecht
präsentieren;
- können den Arbeitsprozess und die Projektergebnisse individuell und in Projektteams reflektieren und daraus Konsequenzen für
erfolgreiches Handeln in Projektteams ziehen.

Content Die Studierenden der Agrar- und Lebensmittelwissenschaften bearbeiten Fragestellungen, welche ihnen von Projektpartnern aus der
Praxis entlang der Schweizer Nahrungsmittelwertschöpfungskette gestellt werden. Dabei werden sie von einem Coach beider
Studienrichtungen angeleitet und unterstützt. Sie lernen zudem selbstorganisiert ein praxisorientiertes Projekt in Zusammenarbeit mit dem
Projektpartner und dem Coach abzuwickeln. Die Studierenden wenden ihre erworbenen fachlichen und überfachlichen Kompetenzen in
ihrem Projektteam zur Erarbeitung und Entwicklung von Lösungen für die Fragestellungen des Projektpartners an. Die Studierenden
präsentieren und diskutieren die Lösungen an der Schlussveranstaltung mit den Projektpartnern und verfassen einen schriftlichen
Projektbericht zuhanden des Projektpartners. Die Studierenden reflektieren die geleistete Projektarbeit sowie ihre Team- und
Projektmanagementkompetenzen.

Vorlesungszeit, Selbststudium, externe Projekttage:
Die Lehrveranstaltung findet am Donnerstag während dem Semester von 12:30-15:00 statt. Ausnahme ist der Donnerstag 5.3.20 an
welchem die Lehrveranstaltung von 12:00-18:00 stattfindet. Während der Semesterzeit arbeiten die Studierenden zudem ausserhalb der
Vorlesungszeit im Selbststudium an den Projekten. Die externen Projekttage werden vom 15.6.20-18.6.20 im Seminarhaus Herzberg
durchgeführt.

Prerequisites /
notice

Unterrichtssprache: Deutsch

751-3402-00L Plant Nutrition II - Integrated Nutrient Management
Only for Students in BSc/MSc Agricultural Sciences and
Students in MSc Environmental or Food Sciences. 
Number of participants limited to 40.

W 2 credits 2V A. Oberson Dräyer

Abstract Teaching knowledge on nutrient fluxes in agroecosystems so as to maximize nutrient use efficiency by crops and minimize losses to the
environment while providing optimal nutrient supply to crops. Methods to establish nutrient budgets are presented. Nutrient input and
output variables (e.g. losses by various pathways) are treated and their optimal management presented.

Objective At the end of the lecture the students can establish nutrient budgets, can critically evaluate agricultural systems as source of elements for
the environment and can propose agricultural practices that limit these losses while maximizing nutrient use efficiency and optimizing
nutrient supply to crops.
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Content This course provides understanding of integrated nutrient management in agro-ecosystems so as to maximize nutrient use efficiency by
crops while minimizing nutrient losses to the environment at optimal nutrient supply to the crop. The characteristics of input and output
variables will be treated. These variables encompass organic (e.g. animal manure, plant residues, recycled organic wastes) and mineral
fertilizers (e.g. minerals and products from recycling), symbiotic nitrogen fixation, nutrient deposition and pathways of nutrient losses.
Measures to mitigate nutrient losses to the environment will be presented. Different methods will be taught so as to calculate nutrient
budgets at various levels of the agro-ecosystem. Using case studies on nutrient rich and nutrient poor agro-ecosystems, strategies for an
optimal nutrient management will be discussed that integrate attributes of soils, plants and fertilizers.

In particular the treatment of case studies results in interactive lectures. Exercises done outside the classes help to foster the matter.
Finally, they work on a focal topic of their interest. This is either i) the analysis and presentation of a paper, or ii) the analysis of the nutrient
status of a farm by the means of nutrient budgeting and the development of integrated fertilization system including a modified scenario of
that farm. In either case, they work in groups and present the outcome in an oral presentation (including peer feedback) of in a short written
report.

751-4902-00L Modern Pesticides - Mode of Action, Residues and
Environmental Fate

W 2 credits 2V T. Poiger, M. E. Balmer, I. J. Bürge

Abstract The biochemical principles of the mode of action of plant protection products (PPP) are presented. Important topics are mechanisms for
selectivity, development of resistance, residue formation in crops and food safety as well as behavior in the environment.

Objective The structures and modes of action of modern pesticides (synthetical compounds, natural compounds) are presented. The structure-
activity relationships lead to considerations of actual use conditions in crops such as fungicides in viticulture, residues in edible parts of
treated plants, possible side effects and environmental fate.

Content After a short introduction on pesticide registration (administrative process as in Switzerland and EC, food safety), the biochemical
background of the mode of action of important groups of PPP active ingredients is presented. Furthermore, selectivity of pesticides,
leaching of herbicides to groundwater, accumulation of pesticides in soil, development of resistance of fungicides, formation of residues in
edible parts of the crops, and side-effects on non-target organisms shall be covered.

Lecture notes An e-script (pdf-files) is provided as download at the beginning of spring term.
Literature none

752-2302-00L Milk Science W 1 credit 1V J. Berard, C. Lacroix
Abstract The course provides information on synthesis and composition of milk, and the effects of various factors. Furthermore, specific hygienic

and microbial problems of milk and fermented milk products, as well as basics on processing of milk into dairy products will be presented
and discussed. The course is conceptually oriented towards the agri-food chain.

Objective Students attending this course get a comprehensive overview on milk and important milk products both from an agricultural and a food
science perspective. In this way they earn competence at this borderline which is a pre-requisite for an efficient collaboration between milk
producers, processors and consumers.

Content Topics (contact hours)  
- Milk synthesis and composition (Joel Berard): 6 h 
- Milk processing and hygienic aspects of milk and milk products  (Christophe Lacroix): 6 h
Total contact hours: 12 h
Self-study within semester: 16 h (especially preparation for the examination)

Lecture notes Documentations, links and other materials will be provided by each lecturer at the start of his part of the course. Additionally, an extensive
German documentation for the part of Joel Berard can be downloaded via Moodle in "Kurs Nutztierwissenschaften". The access code will
be communicated during the course.

Literature Information on books and other references will be communicated during the course.
Prerequisites /
notice

A special point for this course is that it is taught by professors from food and agricultural sciences and is aimed to integrate both fields and
provide a clear illustration of this important duality for the production of high quality, and safe dairy food.

This course is a core element of the Minor in Food Quality and Safety for students of the Master in Agroecosystem Science. It is optional (i)
in the Major of Animal Science, (ii) for students selecting Majors in Crop Science or Food & Resource Economics. No specific qualification
is demanded to attend the course.

Performance control is done by a final written examination of 60 min duration of the open-books type (all paper files can be brought and
used).

752-3024-00L Hygienic Design W 2 credits 2G J. Hofmann
Abstract The lecture course Hygienic Design covers the special requirements in the design of equipment and components used in food production.

Material science and surface treatments are as important as the cleaning mechanisms of these surfaces. Explanations of basic design
requirements in food production areas, as well as the relevant regulations associated, are covered in this course.

Objective To identify and evaluate hazards of food safety which can come from the equipment used in the food processing. Understanding of the
most important design principles for easy cleaning of machinery and equipment.

752-4010-00L Problems and Solutions in Food Microbiology
Number of participants limited to 28.

Prerequisites: It is essential to have a basic knowledge in
General Microbiology and Food Microbiology. If students
have not taken appropriate courses, it is strongly
recommended to consult with the lecturer before attending
this seminar.

W 3 credits 1G M. Loessner, J. Klumpp,
M. Schmelcher

Abstract A journal-club style seminar, in which preselected recent scientific articles are analyzed, presented and discussed by students. The
relevant topics are selected from the wider area of food microbiology, including fundamental and applied disciplines. Students learn how
state-of -the-art research is designed, conducted, appropriately analyzed, and presented.

Objective Students will learn how state-of -the-art research is designed, conducted, appropriately analyzed, and presented.
Content Several pre-selected, recently published papers will be up for selection by the students. All papers were selected from recent literature and

reflect the wider area of food microbiology, including fundamental research (molecular biology, genetics, biochemistry) and applied
disciplines (diagnostics, control, epidemiology). Groups of 2 students each will  pick a paper for in-depth analysis (mostly work done at
home and/or library) and presentation to the other students.

Lecture notes No script needed. Pre-selected papers will be assigned to student groups in the kick-off meeting (first lecture); PDF copies will be available
to all students.

Literature No specific books needed.  Access to a library and web-based literature search is required.
Prerequisites /
notice

Teamwork in small groups of 2 students

752-5106-00L Meat Technology
Number of participants limited to 40


W 1 credit 1G M. Kreuzer, A. Kilchör
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The course will only be held with a minimum of 25
participants.

Prerequisite: Participation in "Quality of Products of
Animal Origin"  (751-7800-00L, course regularly offered
during the spring semester).

Abstract The understanding of procedures and quality requirements in meat production and processing is the focus of this course. The basis for that
is a modern meat technology at all steps of processing. In the form of a block course carcass dissection and production of various meat
products are demonstrated in practice and explained in detail.

Objective The course in meat technology shall give in a hands-on manner an insight into meat production and processing. It shall provide knowledge
of the versatile aspects of meat production and meat processing technology. The language used in this MSc course is German.

Content - Kurze theoretische Einführung in Schlachtkörperzerlegung und Fleischtechnologie
- Zerlegung von Rinder- und Schweineschlachtkörper sowie Entbeinung (mit eigener Mitwirkung der Studierenden)
- Demonstration der Technologie zur Erstellung von Fleischwaren (Koch- und Rohpökelwaren) sowie Würsten (Koch-, Roh- und
Brühwürste)
- Technologieentwicklung (incl. Haushaltstechnik)

Der Blockkurs baut auf dem theoretischen Hintergrund auf, der vorab in der Lehrveranstaltung «Qualität tierischer Produkte» vermittelt
wurde.

Lecture notes Es werden Handouts verteilt.
Prerequisites /
notice

A) Der Blockkurs Fleischtechnologie findet in Spiez im Ausbildungszentrum für die Schweizer Fleischwirtschaft (ABZ) statt.

B) Die Kreditpunktbedingungen bestehen aus den folgenden beiden Elementen (Prüfungsmodus: unbenotete Semesterleistung):
1 - Teilnahme an beiden Kurstagen (ausser im belegten Krankheitsfall)
2 - Abgabe einer ca. zweiseitigen schriftlichen Arbeit von ausreichender Qualität. Mögliche Themen und Anforderungen an die Inhalte
dieser Arbeit werden vom Dozenten des ABZ im Kurs definiert. Die Arbeit kann auch nach dem Abschluss des Blockkurses an den
Dozenten des ABZ gesandt werden, spätestens aber 14 Tage danach.

C) Die Lehrveranstaltung "Qualität tierischer Produkte" ist Voraussetzung für die Belegung des Blockkurses.

752-1202-00L Food Safety and Quality Management W 3 credits 2G T. Gude
Abstract The course procures the general rules of a quality management system and its application in the food chain to guarantee food safety.

Therefore the HACCP concept will be touched in relation to risk management and risk assessment. Furthermore the origin of limits as well
as the analytical proof will be highlighted. Finally general principles of laboratory testing will be discussed.

Objective Comprehensive knowledge to take over the responsibility for and organisation of quality assurance in a food processing environment.
Content The following lists in note form the relevant topics:

Definition of (Food) Quality
TQM/quality management
Q.A in the food chain (manufacturer/retail)
Food Quality, -Safety (also give by examples)
Food Limits  - origin of and how to get them
HACCP introduction, risk management, -assessment
Self control concepts
GFSI/Standards BRC, IFS, ISO 
Statistical Process Control
Raw material/product control: sampling plans
Q.A. in laboratories, sampling
Sampling plans, Qs in an analytical lab

Lecture notes n/a
Literature n/a
Prerequisites /
notice

n/a

751-7800-00L Quality of Products of Animal Origin W  2 credits 2G M. Kreuzer, K. Giller, M. Terranova
Abstract Relevant quality traits of meat, milk and eggs a well as the influencing factors and the evaluation methods are taught in the form of lectures

and laboratory training. Effects throughout the whole chain from production on farm via processing to the products ready for sale are
covered with special emphasis on economically relevant issues.

Objective After attending the course, the students are able to name, describe and interpret the important properties describing the quality of meat,
milk and eggs. They know about the possibilities to modify the quality in the areas genetics, feeding, husbandry and processing. They have
learned in a laboratory exercise how to operate the corresponding devices for measuring quality.

Content - Kapitel 1. Einführung (Qualitätsbegriff, Literatur) - Modul A: Einführung
- Kapitel 2. Produkte der Schlachtung (Schlachtkörper, Häute und Haare einschl. Wolle: Gewinnung, Qualitätsermittlung, Hygiene,
Qualitätsbeeinflussung - Modul B: Schlachtkörpergewinnung, Modul C: Schlachtkörperqualität, Modul D: Leder und Wolle
- Kapitel 3. Diätetische Qualität tierischer Lebensmittel (Fleisch und Fettgewebe, Milch, Ei: Nähr- und Wirkstoffe, unerwünschte Stoffe,
Schadstoffe, Keimbelastung, Qualitätsbeeinflussung) - Modul E: Diätetische Qualität
- Kapitel 4. Beschaffenheit tierischer Lebensmittel (Fleisch und Fettgewebe, Milch, Ei: Übersicht über Kriterien der Beschaffenheit,
Sensorische Qualität, Fette und ihre Eigenschaften, Proteine und ihre Eigenschaften, produktespezifische Beschaffenheitskriterien und ihre
Beeinflussung, Prozesse der Weiterverarbeitung der Rohwaren) - Modul F: Sensorische Qualität, Modul G: Fettbedingte
Qualitätseigenschaften, Modul H: Proteinbedingte Qualitätseigenschaften, Modul I: Safthaltevermögen von Fleisch, Modul K: Zartheit von
Fleisch, Modul L: Verarbeitung von Fleisch, Modul M: Milch und Verarbeitung von Milch, Modul N: Ei und Verarbeitung von Eiern
- Kapitel 5. Produktpalette aus der Weiterverarbeitung (Fleisch und Fettgewebe, Milch, Ei: Fleischwaren, Fleischerzeugnisse,
Milchprodukte, Eiprodukte) - Modul L: Verarbeitung von Fleisch, Modul M:     Milch und Verarbeitung von Milch, Modul N: Ei und
Verarbeitung von Eiern
- Kapitel 6. Vermarktung qualitativ hochwertiger Produkte (Fleisch und Fettgewebe, Milch, Ei: Qualitätsbezahlungssysteme,
Labelproduktion, ISO-Zertifizierung) - Modul O: Vermarktung

Lecture notes Script is available in German and English language and can be downloaded via Moodle in "Kurs Nutztierwissenschaften". The access code
will be communicated by e-mail.

Literature Eine ausführliche Literaturliste ist im Skript enthalten.
Prerequisites /
notice

Mit Übungen im Labor. Fach mit benoteter Semesterleistung durch eine schriftliche Prüfung nach Ende der Lehrveranstaltung (Hinweis:
keine Open Books-Prüfung).

751-0021-01L World Food System Summer School (FS)
Does not take place this semester.
Only a strictly limited number of places are available for
ETH students in this program.


W Dr 4 credits 6P N. Buchmann
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Participation in this course is based on a competitive
application process, only selected students can
participate. Details of the application process are available
at http://www.worldfoodsystem.ethz.ch/education/summer-
schools.html

Abstract This 2 week residential summer school gives university students and young professionals the chance to understand the challenges and
opportunities of the world food system and explore their role in creating change. Participants actively engage in lectures, workshops, group
work, case studies, field trips and farm work. The course is hosted in Rheinau, Switzerland.

Objective Understand: the science, relationships, interactions and trade-offs in food systems; potential interventions; and the cultural, socio-political,
economic and environmental factors to be considered when designing interventions. Build skills in: systems thinking, multi-cultural and
multi-disciplinary collaboration, participatory processes. Connect to: a network of expert faculty/ scientists/ practitioners.

Content The content will include an overview of the world food system, challenges and solution approaches. The detailed course content will be
available in the course flyer, which will available at http://www.worldfoodsystem.ethz.ch/education/summer-schools.html

Literature Participants will receive pre-reading material and a pre-assignment to be completed before the course commences.
Prerequisites /
notice

No prerequisites. Program is open to Masters and PhD students and in special cases upper level Bachelor students. All students (including
those from ETH Zurich) must apply through a competitive application process that will open in Feb/March 2020 at
http://www.worldfoodsystem.ethz.ch/education/summer-schools.html. Participation is subject to successful selection through this
competitive process. Participants will be informed of the selection in April 2020.

751-4204-01L Horticultural Science: Case Studies
Number of participants limited to 20.

W  2 credits 2G L. Bertschinger, A. Bühlmann,
C. Carlen, M. Lutz, A. Näf

Abstract After an introduction (2h), lectures address 2 horticultural cropping systems and value chains, each one in 2 2h-lecture blocks. Afterwards,
students split in 2 groups for addressing a case study focusing on one of the cropping systems treated before. An excursion to a research
site might be included. In a final colloquium, each group presents a report on their case study and their conclusions.

Objective Achieve a deepened understanding of horticultural value chain challenges related with ecological intensification, resource efficiency,
climate change and healthy, safe food production, and the problem solution strategies and scientific principles behind.
Deliver in a team effort a report and presentation with a comprehensive insight into the studied problem and its science-based solution
strategy.

Content In the autumn semester, the two addressed cropping systems and value chains are fruit-production and viticulture.  
In the spring semester, the two addressed cropping systems and value chains are vegetable-production- and berry-production or
glasshouse-horticulture.
The selected topics address challenges with regard to ecological intensification, resource efficiency or climate change and branch into on-
going research and development projects.

Lecture notes Documents handed out during the case studies.
Literature Provided by the case study leaders.
Prerequisites /
notice

The course builds on basic knowledge delivered by 'Horticultural Crops  I & II' (BSc). If these courses have not been followed by interested
participants, equivalent knowledge and experience will greatly support a successful and productive participation of the participating student.
Language: spoken E, G or F, Documents: Preferably English, G/F possible.

751-1555-00L Empirical Agricultural Economics W  3 credits 2G D. J. Wüpper, T. Dalhaus
Abstract This course covers quantitative methods to answer empirical research questions in agricultural economics and related disciplines. Such

questions include causes of agricultural outcomes and effects of policies. Covered: Difference-in-Difference, Regression Discontinuity
Design, Instrumental Variables, Choice Experiments, Non-linear climate impacts and more. Lectures and practical exercises.

Objective After successful completion of the course, the students understand the potential and limitations of different econometric methods to answer
their research questions. They understand the assumptions that need to be fulfilled and they know how to apply the methods. When they
see applications of the methods, they can assess the reliability of the results.

Content Regression, 
Difference-in-Difference, 
Regression Discontinuity Design, 
Instrumental Variables, 
Choice Experiments, 
Non-linear Effects,
Weather Risks and Climate Change in Agriculture, 
Weather Data handling, 
Insurance design

Literature Angrist and Pischke: Mastering Metrics
Greene: Econometric Analysis

Prerequisites /
notice

Basic knowledge in microeconomic theory, statistics, and econometric analysis is clearly helpful but not required. Experience with the
application of statistical software is advantageous too.

751-5500-00L Simulations and Sensors in Agri-Food Supply Chains W  3 credits 2G T. Defraeye
Abstract This course provides students with expert knowledge and skills on how to effectively apply numerical simulations and sensing in the supply

chain of horticultural crops. The main targets are to use these technologies to better preserve food quality, extend shelf life and reduce food
waste and the associated carbon footprint.
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Objective The course targets the postharvest part of the supply chain, as products pass through pre-cooling facilities, refrigerated containers and
trucks, and cold storage facilities, before arriving at the retailer and consumer. We target supply chains of both domestic and tropical
horticultural crops, including apple, citrus, mangoes, and berries. In addition, other applications in agri-food chains are highlighted, such as
preharvest sensing and monitoring for horticultural crops as well as simulations and sensing in supply chains of foods of animal origin
(meat or milk). 

In the course, we target innovative solutions that are enabled by the augmented insight that simulations and sensing provide with respect to
the biophysical processes driving food decay in the cold chain. A key focus of the course is on digital tools for the agri-food chain, such as
digital twins, food simulants, wireless and optical sensors, big data and blockchain technology.

A key objective is to gain specialized knowledge in order to:
-    Identify which postharvest practices are most suitable for a certain produce and supply chain (e.g. dynamic controlled atmosphere,
modified atmosphere packaging, ethylene scrubbing)
-    Identify which heat and mass transfer processes (e.g. conduction, convection, radiation, respiration, evaporation) play a key role for a
certain produce and supply chain
-    Identify which state-of-the-art sensing technology is most optimal for a certain produce and supply chain (e.g. wireless communication,
blockchain technology, and biophysical twins)
-    Assess if a mechanistic model and simulation is built up according to best practices, and if the reported results are realistic
-    Understand the link of the cooling process to the evolution of food quality attributes

Another key objective is to acquire skills in order to:
-    Perform hands-on computational multiphysics simulations of food cooling processes
-    Measure hands-on a food cooling process with several types of sensors
-    Calculate food shelf-life by experiments and kinetic-rate-law modeling
-    Quantify the environmental impact of postharvest technology and food waste on the horticultural value chain

Content The course is built up of lectures, exercise sessions, and an excursion. The student will then apply this knowledge to perform an expert
assessment of a postharvest problem (in a group), report the findings and present the solution strategies. Throughout the course, we also
review upcoming national and international startups and companies in these fields.

The content is as follows:
1.    Introduction to the postharvest value chain
2.    Postharvest quality and losses
3.    Bio-environmental heat and mass transfer
4.    Sensors & food simulants
5.    Modeling-simulation basics & best practice
6.    Current and emerging postharvest technologies
7.    Group assignment on simulation and sensors
8.    Food waste & environmental impact 
9.    Group project presentations of students
10.    Excursion

With this knowledge and skills, the student will be able to provide an expert assessment on a specific problem in postharvest engineering in
the context of a group assignment:
- Apply the learned analytical approach to comprehensively understand and quantitatively analyze a simple postharvest problem.
- Identify and quantify strategies and solutions to improve quality preservation, shelf life and reduce food waste, and explain the scientific
drivers behind these improvements.
- Identify challenges and prioritize solutions.
- Report the results in a report and presentation.

Lecture notes Handouts of the slides will be provided
Literature Recommended literature (not-obligatory):

Datta (2017), Heat and Mass Transfer: A Biological Context. CRC Press, Taylor & Francis Group.
Thompson (2008), Commercial cooling of fruits, vegetables and flowers, University of California. University of California, California.

Prerequisites /
notice

Bachelor in Agricultural Sciences or in Food Science.

 Food Physics
Number Title Type ECTS Hours Lecturers

752-3104-00L Food Rheology II W 3 credits 2G P. A. Fischer
Abstract Food Rheology II addresses special chapters in rheology such as suspension and emulsion rheology, constitutive equations, extensional

rheology, optical methods in rheology, and interfacial rheology.
Objective The rheology of complex materials such as solutions, emulsions, and suspension will be discussed. In addition, several advanced

rheological techniques (extension, rheo-optics, interfacial rheology) will be introduced and discussed in light of material characterization of
complex fluids.

Content Lectures will be given on structure and rheology of complex fluids (8h), constitutive equations (2h), optical methods in rheology (4h),
extensional rheology (4h), and interfacial rheology (6h).

Lecture notes Notes will be handed out during the lectures.
Literature Provided in the lecture notes.
Prerequisites /
notice

Attending Food Rheology I is beneficial but not mandatory. A short repetition of the basic principles of rheology will be given in the
beginning of Food Rheology II.

752-2310-00L Physical Characterization of Food W 3 credits 2V P. A. Fischer, R. Mezzenga
Abstract In Physical Characterization of Food introductions into several measuring techniques to study complex colloidal food system are given.

Lectures will focus on scattering techniques, interfacial tension measurements, ellipsometry, microscopy, NMR, and thermoanalysis. The
measuring principles and its application in the food and related areas will be discussed.

Objective The basic principles of several frequently used characterization methods and their application will be presented. The course is intended to
spread awareness on the capability of physical measuring devices used in food science and related areas as well as provide a guidance for
their usage and data interpretation.

Content Lectures will be given on light scattering techniques (4h), interfacial tension measurements (4h), microscopy (4h), small angle scattering
(4h), NMR (4h), and thermoanalysis (2h).

Lecture notes Notes will be handed out during the lectures.
Literature Provided in the lecture notes

752-3102-00L Process-Microstructure-Property Relationships W 3 credits 2G E. J. Windhab, P. Braun,
A. M. Kratzer, M. Michel
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Abstract This course is important for students to understand the relationships between the processing techniques, microstructures, and properties to
develop tailored food products based on the mechanisms.  

Objective Fundamentals, applications and industrial developments; Process related structuring mechanisms; Structure related property functions;
Different forms of foods such as emulsions, suspensions, foams, powders, solids etc.  

 Food Toxicology
Number Title Type ECTS Hours Lecturers

752-1300-01L Food Toxicology W+  2 credits 1V S. J. Sturla, N. Antczak
Abstract Builds on a foundation in Toxicology fundamentals to address situations and toxins relevant to Food Science, Nutrition, and Food Safety &

Quality.
Objective Course objectives are for the student to have a broad awareness of toxicant classes and toxicants relevant to food, and to know their

identities (i.e. chemical structure or biological nature), origins, relevance of human exposures, general mode of biological action, and
potential mitigation strategies.

Content Builds on a foundation in Toxicology fundamentals to address situations relevant to Food Science, Nutrition, and Food Safety & Quality.
Representative topics: Toxic Phytochemicals and Mycotoxins, Industrial Contaminants and Packaging Materials, Toxicants formed During
Food Processing, Alcohol and Tobacco.  The class is comprised of bi-weekly lectures, independent reading, and preparation of an
independent evaluation of a food-related toxin.

Literature Reading from the primary literature will be referenced in class and posted to the course website.
Prerequisites /
notice

The course "Introduction to Toxicology" (752-1300-00V) is a prerequisite for the students who want to take this course. Equivalent course
may be accepted; contact the instructor.

752-2123-00L Risk Awareness, Risk Acceptance and Trust W  3 credits 2V M. Siegrist
Abstract The course provides an overview about risk perception and acceptance of new technologies. In addition, the most important findings of the

research related to decisions under uncertainty are presented.
Objective Students know the most important theoretical approaches in the domains of risk perception and acceptance of new technologies.

Furthermore, students understand the paradigms and the research results in the domain of decision making under uncertainty.

701-0998-00L Environmental and Human Health Risk Assessment of
Chemicals

W  3 credits 2G M. Scheringer, B. Escher

Abstract Application of methods for chemical risk assessment for human health and the environmental according to European and Swiss regulation;
hazard and risk; exposure and effect analysis for different types of chemicals. Estimation of missing chemical properties (QSAR methods);
critical evaluation of risk assessment methods, presentation of alternative assessment methods.

Objective The students are familiar with regulatory approaches to human and environmental risk assessment of chemicals and can perform the main
steps of a regulatory risk assessment for an industrial chemical. They are aware of pitfalls and challenges and know about new approaches
to risk assessment.

Content Regulatory methods for environmental risk assessment of chemicals (industrial chemicals, pesticides, pharmaceuticals), European
regulation REACH, Swiss regulations, international approaches
-    Human vs. environmental risk assessment 
-    Classification and labelling of chemicals
-    PBT assessment (persistence, bioaccumulation, toxicity)
-    Exposure analysis: emission patterns, multimedia fate and transport models for quantifying environmental exposure, Long range
transport and persistence, predicted and measured exposure concentration for the environment and humans
-    Effect analysis: estimation of hazard potential for ecotoxicity and human health, extrapolation methods, classification of chemicals
according to modes of toxic action, predictive models (QSAR)
-    Risk assessment methods (deterministic vs. probabilistic), risk assessment vs. hazard assessment, risk management
-    uncertainty and sensitivity analyses, precautionary principle
-    Environmental Quality Assessment (water, sediment, biota), Water Framework Directive)
-    New methods in environmental risk assessment: mixtures, temporally and spatially explicit risk assessment

Lecture notes Slides of lectures, lecture notes for selected chapters and additional reading material will be made available via ILIAS. Also templates for
the exercises and the report will be made available via ILIAS.

Literature - Van Leeuwen, C.J., Vermeire, T. (Eds.) Risk Assessment of Chemicals: An Introduction. Springer, 2007 (als e-book in der ETH-Bibliothek
verfügbar).  
- Scheringer, M., Persistence and Spatial Range of Environmental Chemicals. Wiley-VCH, Weinheim, 2002.

Prerequisites /
notice

Block course: Lecture and accompanying exercise where students conduct a comprehensive risk assessment for one selected chemical
each according to the European regulation for industrial chemicals. The risk assessment will be presented in class and has to be compiled
in a written technical report (Chemical dossier) that will be graded.

The overall work load is 90 hours with 30 hours contact time (block course) and 60 hours self-study.

701-1312-00L Advanced Ecotoxicology W  3 credits 2V R. Eggen, E. Janssen, K. Schirmer,
M. Suter

Abstract This course will take up the principles of environmental chemistry and ecotoxicology from the bachelor courses and deepen the
understanding on selected topics. Linkages will be made between i) bioavailability and effects, ii) structures of compounds and modes of
toxic action, iii) effects over various biological levels, moderated by environmental factors, iv) chemical and biological assessments

Objective - Understanding the key processes involved in fate, behavior and the bioaccumulation of (mainly) organic contaminants 
- Overview on and understanding of mechanisms of toxicity
- linking structures and characteristics of compounds with effects
- processes in hazard assessment and risk assessment
- get insight in integrative approaches in ecotoxicology
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Content Units 1-3: Fate of contaminants, dynamic interactions with  the (a)biotic environment, toxikokinetics
-    physico-chemical properties
-    partitioning processes in environmental compartments
-    partitioning to biota
-    bioavailability and bioaccumulation concepts
-       partitioning in biota

Units 4-6: Toxicodynamics (effect of contaminants on biota)
-    internal concentrations; dose-response concept
-    molecular mechanisms of toxic actions - classification
-    Exercise: databases and estimation of toxicity

Unit 7-10: Toxic effects: from molecular to ecosystems
-    complex mechanisms and feedback loops
-       mixtures and multiple stressors
-    stress- and adaptive responses
-       dynamic exposures
-       confounding factors, food web interactions
-    Exercise: linking compounds with modes of toxic action

Unit 11: metal ecotoxicology

Unit 12-14: integrative approaches and case studies
-    bioassays, -omics, systems ecotoxicology, phenotypic anchoring
-    in vivo versus in vitro biotesting
-    linking chemical with biological analytics
-    bioassay-directed fractionation and identification
-       (inter) national case studies and linkage of learned with approaches in practice

Lecture notes Material will be in the form of copies of overheads, selected publications and exercise material.
Literature R.P. Schwarzenbach, P.M. Gschwend, D.M. Imboden, Environmental Organic Chemistry, third edition, Wiley, 2005


C.J. van Leeuwen, J.L.M. Hermens (Editoren), Risk Assessment of Chemicals: An Introduction, Kluwer, 1995

Principles of ecotoxicology, CH Walker, RM Sibly, SP Hopkin, DB Peakall, fourth edition, CRC Press, 2012

Prerequisites /
notice

Required:

1. Basics in environmental chemistry

2. Basics in environmental toxicology

 Electives
Number Title Type ECTS Hours Lecturers

752-0006-00L Colloquium in Food and Nutrition Science
Does not take place this semester.

W 1 credit 2K S. J. Sturla

Abstract Participation in weekly seminars on a variety of topics including Food Microbiology, Food Toxicology, Food Biochemistry, Food Processing,
Consumer Behavior, Food Technology, and Food Materials and Technology, and oral presentation of a selected published study in one of
these areas inspired by participation in the seminars.

Objective The objectives are to become familiar with and stimulate interest in leading-edge science related to the research topics of the Institute of
Food, Nutrition and Health.  Participants attend weekly seminars given by external and internal speakers, and are also required to deliver a
presentation on a recent research article inspired by a topic from the semester presentations.

751-7800-00L Quality of Products of Animal Origin W 2 credits 2G M. Kreuzer, K. Giller, M. Terranova
Abstract Relevant quality traits of meat, milk and eggs a well as the influencing factors and the evaluation methods are taught in the form of lectures

and laboratory training. Effects throughout the whole chain from production on farm via processing to the products ready for sale are
covered with special emphasis on economically relevant issues.

Objective After attending the course, the students are able to name, describe and interpret the important properties describing the quality of meat,
milk and eggs. They know about the possibilities to modify the quality in the areas genetics, feeding, husbandry and processing. They have
learned in a laboratory exercise how to operate the corresponding devices for measuring quality.

Content - Kapitel 1. Einführung (Qualitätsbegriff, Literatur) - Modul A: Einführung
- Kapitel 2. Produkte der Schlachtung (Schlachtkörper, Häute und Haare einschl. Wolle: Gewinnung, Qualitätsermittlung, Hygiene,
Qualitätsbeeinflussung - Modul B: Schlachtkörpergewinnung, Modul C: Schlachtkörperqualität, Modul D: Leder und Wolle
- Kapitel 3. Diätetische Qualität tierischer Lebensmittel (Fleisch und Fettgewebe, Milch, Ei: Nähr- und Wirkstoffe, unerwünschte Stoffe,
Schadstoffe, Keimbelastung, Qualitätsbeeinflussung) - Modul E: Diätetische Qualität
- Kapitel 4. Beschaffenheit tierischer Lebensmittel (Fleisch und Fettgewebe, Milch, Ei: Übersicht über Kriterien der Beschaffenheit,
Sensorische Qualität, Fette und ihre Eigenschaften, Proteine und ihre Eigenschaften, produktespezifische Beschaffenheitskriterien und ihre
Beeinflussung, Prozesse der Weiterverarbeitung der Rohwaren) - Modul F: Sensorische Qualität, Modul G: Fettbedingte
Qualitätseigenschaften, Modul H: Proteinbedingte Qualitätseigenschaften, Modul I: Safthaltevermögen von Fleisch, Modul K: Zartheit von
Fleisch, Modul L: Verarbeitung von Fleisch, Modul M: Milch und Verarbeitung von Milch, Modul N: Ei und Verarbeitung von Eiern
- Kapitel 5. Produktpalette aus der Weiterverarbeitung (Fleisch und Fettgewebe, Milch, Ei: Fleischwaren, Fleischerzeugnisse,
Milchprodukte, Eiprodukte) - Modul L: Verarbeitung von Fleisch, Modul M:     Milch und Verarbeitung von Milch, Modul N: Ei und
Verarbeitung von Eiern
- Kapitel 6. Vermarktung qualitativ hochwertiger Produkte (Fleisch und Fettgewebe, Milch, Ei: Qualitätsbezahlungssysteme,
Labelproduktion, ISO-Zertifizierung) - Modul O: Vermarktung

Lecture notes Script is available in German and English language and can be downloaded via Moodle in "Kurs Nutztierwissenschaften". The access code
will be communicated by e-mail.

Literature Eine ausführliche Literaturliste ist im Skript enthalten.
Prerequisites /
notice

Mit Übungen im Labor. Fach mit benoteter Semesterleistung durch eine schriftliche Prüfung nach Ende der Lehrveranstaltung (Hinweis:
keine Open Books-Prüfung).

389-5000-00L Computational Fluid Dynamics for Non-Newtonian
Flows
Does not take place this semester.

W  3 credits 2G E. J. Windhab

Abstract Solving inelastic non-Newtonian flow problems using finite volume techniques. Topics include an introduction to fluid dynamics, a
discussion of non-Newtonian viscosity models, and a discussion of numerical issues, such as accuracy, convergence, and stability. Topics
also include two-phase flow problems with moving interfaces, turbulence modeling, and spray modeling.
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Objective Introduction to the foundations of Computational Fluid Dynamics (CFD) for non-Newtonian fluid systems. The course provides participants
with theoretical background in CFD methods, discusses applications in various fields, and provides hands-on experience using CFD
software via practical computer exercises.

Content 1. Tensor review and Fluid dynamics review
2. Rheology and constitutive equations for non-Newtonian systems
3. Boundary conditions including moving boundaries
4. Basic concepts of Finite Volume Method
5. Finite Volume Methods applied to flow problems
6. Introduction to the OpenFOAM CFD software package
7. Numerical issues such as convergence, stability and accuracy
8. Applications, e.g. multi-phase flows, turbulence and sprays

Lecture notes Lecture notes will be distributed electronically
Prerequisites /
notice

The course includes computer exercises using the open source software OpenFOAM. Participants are expected to have sufficient
computer skills and access to a laptop for the in-class computer exercises.

752-7511-00L Food Innovation Lab
Number of participants limited to 30  (based on
applications). 
No prerequisites. The course is open to Bachelor, Masters
and PhD students from all disciplines.

Students interested in the lecture have to apply by
submitting a motivation letter as well as a CV.
Detailed information about the program as well as the
application link can be found on
https://fpe.ethz.ch/foodinnovation.html

Enrollment will be done upon admission to the course

W Dr 3 credits 7V L. Rejman, J. Wemmer

Abstract "Food Innovation Lab" guides multi-disciplinary student teams through an innovation process to tackle challenges of the world food system
- ranging from identifying problems, developing consumer-centric solutions to prototyping and business model development. Experts from
industry and academia will share their knowledge and provide feedback to facilitate the development of impactful solutions.

Objective The lecture "Food Innovation Lab" strengthens participants to think out of the box, enables them to develop novel human-centered
solutions for global food challenges, and thus empowers them to have a sustainable impact as future entrepreneurs or employees.

Content This programme shall bring together students from various disciplines to tackle challenges of the world food system. The course will draw
on recognised 'innovative' pedagogies to deliver the entrepreneurial mindset and competencies of participants through highly interactive
and applied activities such as gamification, peer-to-peer teaching and assessment.
- Inspirational phase: The course starts with an inspirational phase on current challenges of the food system. Talks and workshops will be
given by internal and external food experts and entrepreneurs. In order to best possibly design a product, an expert of the field presents
insights on sociological aspects of consumer behavior and the future of food. 
- Ideation phase: After the inspirational phase, ideas are generated on how to solve these challenges with help of design thinking and other
innovation methodologies. Furthermore, teambuilding workshops are held to form interdisciplinary teams with broad skill sets.
- Business model phase: The teams shall develop possible business models to build a functioning business around their solution without
compromising the positive impact on the world food system (triple bottom line).
- Prototyping phase: A strong focus is placed on the prototyping with real-life testing thereof. The food labs, pilot plants and maker space
available at ETH can be used to do so. The prototyping process is facilitated by experienced student coaches.
- Final pitch: A final pitch where both prototype and business model are presented in front of a jury of experts. The jury includes professors,
entrepreneurs, experts of the field, and investors.

Prerequisites /
notice

Students interested in the lecture have to apply by submitting a motivation letter as well as a CV. In order to receive the credit points,
participants are not permitted to be absent for more than 1 lecture day.
Detailed information about the program as well as the application link can be found on foodinnovation.ethz.ch.

 Master's Thesis
Number Title Type ECTS Hours Lecturers

752-0230-00L Master's Thesis
Only students fulfilling the following criteria can start with
their master thesis:
a. successful completion of the bachelor programme,
b. fulfillment of any additional requirements necessary to
gain admission to the master programme,
c. Acquisition of at least 30 CPs in the master programme.

The topic of the thesis and - if they are not Professors of
D-HEST or D-USYS, Agricultural Sciences - the examiner
and the co-examiner have to be approved by the D-HEST
Department Conference.

O  30 credits 64D Supervisors

Abstract The Master thesis completes the master programme and is an independent scientific project. Generally, the topic is selected from the
specific field of the major. It is supervised by a professor at D-HEST.

Objective The Master Thesis must demonstrate the student's ability to independent, structured and scientific working.

 Course Units for Additional Admission Requirements
The courses below are only available for MSc students with additional admission requirements.

Number Title Type ECTS Hours Lecturers

752-1000-AAL Food Chemistry I
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R L. Nyström, M. Erzinger

Abstract To familiarise with the structure, properties and reactivity of food constituents. To understand the relationship between the multiple
chemical reactions and the quality of food.

Objective To familiarise with the structure, properties and reactivity of food constituents. To understand the relationship between the multiple
chemical reactions and the quality of food.
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Content Descriptive chemistry of food constituents (proteins, lipids, carbohydrates, plant phenolics, flavour compounds). 
Reactions which affect the colour, flavour, texture, and the nutritional value of food raw materials and food products during processing,
storage and preparation in a positive or in a negative way (e.g. lipid oxidation, Maillard reaction, enzymatic browning). 
Links to food analysis, food processing, and nutrition.

Lecture notes The lectures are supplemented with handouts.
Literature Introductory Food Chemistry, John W. Brady, Cornell University Press, New York, 2013. Selected sections.

752-1101-AAL Food Analysis I
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R L. Nyström

Abstract To understand the basic principles of analytical chemistry. To get acquainted with the principles and applications of important routine
methods of instrumental food analysis (UV/VIS, IR, AAS, GC, HPLC).

Objective To understand the basic principles of analytical chemistry. To get acquainted with the principles and applications of important routine
methods of instrumental food analysis (UV/VIS, IR, AAS, GC, HPLC).

Content Fundamentals: Chemical concentrations. The analytical process (sampling, sample preparation, calibration, measurement, statistical
evaluation of analytical results). Errors in quantitative analysis. Important parameters of an analytical procedure (accuracy, precision, limit
of detection, sensitivity, specificity/selectivity). 

Methods: Optical spectroscopy (basic principles, UV/VIS, IR, and atomic absorption spectroscopy). Chromatography (GC, HPLC).

Literature Food Analysis - Fourth Edition, edited by S. Suzanne Nielson; 2010; Springer, Selected sections.

752-3000-AAL Food Process Engineering I
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  4 credits 9R E. J. Windhab

Abstract To procure students with the basic physics of food process engineering, especially with the mechanical futures of food systems, i.e. basic
principles of engineering mechanics, of thermodynamics, fluid dynamics and of dimension analyses for process design and Non-Newtonian
fluid mechanics.

Objective 1. Verständnis der Grundprinzipien der Thermodynamik, Fluiddynamik und ingenieurtechnischen Apparateauslegung. 2. Anwendung
dieser Prinzipien auf Prozesse der Lebensmittelverfahrenstechnik.3. Molekulares Verständnis der Fliesseigenschaften von
Lebensmittelsystemen mit nicht-Newtonschem Fliessverhalten.

Content 1. Einführung 2. Grundlagen der Fluiddynamik 3. Grundlagen derThermodynamik 4. Grundlagen der Mechanik 5. Austausch und
Transportvorgänge 6. Grundlagen der Ingenieurtechnischen Apparateauslegung 7. Grundlagen der Rheologie 8. Grundlagen der
Schüttgutmechanik 

Literature - P. Grassmann: Einführung in die thermische Verfahrenstechnik, deGruyter Berlin, 1997 - H.D. Baehr: Thermodynamik, Springer Verlag,
Berlin, 1984

Prerequisites /
notice

Die Vorlesung erfordert während des Semesters wöchentliche Vor-/Nachbereitung. Im Unterricht wird aktive Mitarbeit erwartet. 

752-4005-AAL Food Microbiology I
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R M. Loessner

Abstract This course offers insights into the fundamentals and applications of Food Microbiology.  Contents include basic microbiology of the
different bacteria, yeasts and molds present in foods, as well as the occurrence and control of foodborne pathogens and spoilage
organisms.

Objective Fundamentals and applications in the area of Food Microbiology, including basic microbiology of the different bacteria, yeasts, molds and
protozoa in foods, as well as the occurrence and control of foodborne pathogens and spoilage organisms.

Content 1.    History of Food Microbiology
1.1.    Short synopsis of foodborne microorganisms
1.2.    Spoilage of Foods
1.3.    Foodborne Disease
1.4.    Food Preservation
1.5.    VIP's of Food Microbiology
2.    Overview of Microorganisms in Foods
2.1    Origin of foodborne Microorganisms
2.2.    Bacteria
2.3.    Yeasts
2.4.    Molds
3.    Microbial Spoilage of Foods
3.1.    Intrinsic and Extrinsic Parameters
3.2.    Meats, Seafoods, Eggs
3.3.    Milk and Milk Products 
3.4.    Vegetable and Fruit Products 
3.5.    Miscellaneous (baked goods, nuts, spices, ready-to-eat products) 
3.6.    Drinks and Canned Foods
4.    Foodborne Disease
4.1.    Significance and Transmission of Foodborne pathogens
4.2.    Staphylococcus aureus
4.3.    Gram-positive Sporeformers (Bacillus & Clostridium)
4.4.    Listeria monocytogenes
4.5.    Salmonella, Shigella, Escherichia coli 
4.6.    Vibrio, Yersinia, Campylobacter
4.7.    Brucella, Mycobacterium
4.8.    Parasites
4.9.    Viruses and Bacteriophages
4.0.    Mycotoxins
4.11.    Bioactive Amines
4.12.    Miscellaneous (Antibiotic-resistant Bacteria, Biofilms)

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1043 of 1785

Lecture notes Electronic copies of the presentation slides (PDF) will be made available; additional material (books) will be suggested.
Literature Recommendations will be given in the first lecture

752-6001-AAL Introduction to Nutritional Science
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R M. B. Zimmermann, C. Wolfrum

Abstract This course introduces basic concepts of micro- and macronutrient nutrition. Micronutrients studied include fat-soluble and water-soluble
vitamins, minerals and trace elements. Macronutrients include proteins, fat and carbohydrates. Special attention is given to nutrient
digestion, bioavailability, metabolism and excretion with some focus on energy metabolism.

Objective To introduce the students to the both macro- and micronutrients in relation to food and metabolism.
Content The course is devided into two parts. The lectutres on micronutrients are given by Prof. Zimmermann and the lectures on macronutrients

are given by Prof. Wolfrum. Prof. Zimmermann discusses the micronutrients, including fat-soluble vitamins, water-soluble vitamins,
minerals and trace elements.  Prof. Wolfrum introduces basic nutritional aspects of proteins, fats, carbohydrates and energy metabolism.
The nutrients are described in relation to digestion, absorption and metabolism. Special aspects of homeostasis and homeorhesis are
emphasized.

Literature Present Knowledge in Nutrition, 10th Edition
John W. Erdman Jr. (Editor), Ian A. MacDonald (Editor), Steven H. Zeisel (Editor)
ISBN: 978-0-470-95917-6 September 2012 Wiley-Blackwell 1328 Pages

752-6306-AAL Physiology and Anatomy II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R D. Burdakov, M. Ristow

Abstract Imparts a basic understanding of physiology and anatomy in man, focusing on the close interrelations between morphology and function of
the human organism. This is fostered by discussing all subjects from a functional point of view. A major topic of the lecture is food intake
and digestion with its correlated endocrine and metabolic processes.

Objective After this course the students are able to understand basic principles of systems physiology and the mechanisms of the function of the
major organ systems.

551-0001-AAL General Biology I
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R U. Sauer, O. Y. Martin, A. Widmer

Abstract Organismic biology to teach the basic principles of classical and molecular genetics, evolutionary biology and phylogeny. 
First in a series of two lectures given over two semesters for students of agricultural and food sciences, as well as of environmental
sciences.

Objective The understanding of basic principles of biology (inheritance, evolution and phylogeny) and an overview of the diversity of life.
Content The first semester focuses on the organismal biology aspects of genetics, evolution and diversity of life in the Campbell chapters 12-34.


Week 1-7 by Alex Widmer, Chapters 12-25
12 Cell biology Mitosis
13 Genetics Sexual life cycles and meiosis
14 Genetics Mendelian genetics
15 Genetics Linkage and chromosomes
20 Genetics Evolution of genomes 
21 Evolution How evolution works
22 Evolution Phylogentic reconstructions
23 Evolution Microevolution
24 Evolution Species and speciation
25 Evolution Macroevolution

Week 8-14 by Oliver Martin, Chapters 26-34
26 Diversity of Life Introdution to viruses
27 Diversity of Life Prokaryotes
28 Diversity of Life Origin & evolution of eukaryotes
29 Diversity of Life Nonvascular&seedless vascular plants
30 Diversity of Life Seed plants
31 Diversity of Life Introduction to fungi
32 Diversity of Life Overview of animal diversity
33 Diversity of Life Introduction to invertebrates
34 Diversity of Life Origin & evolution of vertebrates

Lecture notes No script
Literature Campbell et al. (2018) Biology - A Global Approach. 11th Edition (Global Edition
Prerequisites /
notice

This is a virtual self-study lecture for non-german speakers of the "Allgemeine Biology I (551-0001-00L) lecture. The exam will be written
jointly with the participants of this lecture.

Example exam questions will be discussed during the lectures, and old exam questions are kept by the various student organisations. If
necessary, please contact Prof. Uwe Sauer (sauer@ethz.ch) for details regarding the exam.

551-0003-AAL General Biology I+II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  7 credits 13R U. Sauer, K. Bomblies, O. Y. Martin,
A. Widmer

Abstract General Biology I: Organismic biology to teach the basic principles of classical and molecular genetics, evolutionary biology and phylogeny.

General Biology II: Molecular biology approach to teach the basic principles of biochemistry, cell biology, cgenetics, evolutionary biology
and form and function of vacular plants.
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Objective General Biology I: The understanding of basic principles of biology (inheritance, evolution and phylogeny) and an overview of the diversity
of life.

General Biology II: The understanding basic concepts of biology: the hierarchy of the structural levels of biological organisation, with
particular emphasis on the cell and its molecular functions, the fundamentals of metabolism and molecular genetics, as well as form and
function of vascular plants.

Content General Biology I:
General Biology I focuses on the organismal biology aspects of genetics, evolution and diversity of life in the Campbell chapters 12-34.

Week 1-7 by Alex Widmer, Chapters 12-25
12 Cell biology Mitosis
13 Genetics Sexual life cycles and meiosis
14 Genetics Mendelian genetics
15 Genetics Linkage and chromosomes
20 Genetics Evolution of genomes
21 Evolution How evolution works
22 Evolution Phylogentic reconstructions
23 Evolution Microevolution
24 Evolution Species and speciation
25 Evolution Macroevolution

Week 8-14 by Oliver Martin, Chapters 26-34
26 Diversity of Life Introdution to viruses
27 Diversity of Life Prokaryotes
28 Diversity of Life Origin & evolution of eukaryotes
29 Diversity of Life Nonvascular&seedless vascular plants
30 Diversity of Life Seed plants
31 Diversity of Life Introduction to fungi
32 Diversity of Life Overview of animal diversity
33 Diversity of Life Introduction to invertebrates
34 Diversity of Life Origin & evolution of vertebrates

General Biology II: The structure and function of biomacromolecules; basics of metabolism; tour of the cell; membrane structure and
function; basic energetics of cellular processes; respiration, photosynthesis; cell cycle, from gene to protein; structure and growth of
vascular plants, resource acquisition and transport, soil and plant nutrition.

Specifically the following Campbell chapters will be covered:
3    Biochemistry    Chemistry of water
4    Biochemistry    Carbon: the basis of molecular diversity
5    Biochemistry    Biological macromolecules and lipids
7    Cell biology    Cell structure and function
8    Cell biology    Cell membranes
10    Cell biology    Respiration: introduction to metabolism
10    Cell biology    Cell respiration
11    Cell biology    Photosynthetic processes
16    Genetics    Nucleic acids and inheritance
17    Genetics    Expression of genes
18    Genetics    Control of gene expression
19    Genetics    DNA Technology
35    Plant structure&function    Plant Structure and Growth
36    Plant structure&function    Transport in vascular plants
37    Plant structure&function    Plant nutrition
38    Plant structure&function    Reproduction of flowering plants 
39    Plant structure&function    Plants signal and behavior

Lecture notes No script
Literature Campbell et al. (2018) Biology - A Global Approach. 11th Edition  (Global Edition)
Prerequisites /
notice

Basic general and organic chemistry


This is a virtual self-study lecture for non-German speakers of the "Allgemeine Biology I (551-0001-00L)  and "Allgemeine Biology II (551-
0002-00L) lectures. The exam will be written jointly with the participants of this lecture.

406-0063-AAL Physics II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  5 credits 11R A. Vaterlaus

Abstract Introduction to the "way of thinking" and the methodology in Physics. The Chapters treated are Magnetism, Refraction and Diffraction of
Waves, Elements of Quantum Mechanics with applications to Spectroscopy, Thermodynamics, Phase Transitions, Transport Phenomena.

Objective Introduction to the scientific methodology. The student should develop his/her capability to turn physical observations into mathematical
models, and to solve the latter.
The student should acquire an overview over the basic concepts used in the theory of heat and electricity.

Content Book: 
Physics for Scientists and Engineers, Douglas C. Giancoli, Pearson Education (2009), ISBN: 978-0-13-157849-4

Chapters:
17 (without 17-5, 17-10), 18 (without 18-5, 18-6, 18-7), 19, 20 (without 20-7, 20-8, 20-9, 20-10, 20-11), 21 (without 21-12), 23, 25 (without
25-9, 25-10), 26 (without 26-4, 26-5, 26-7), 27, 28 (without 28-4, 28-5, 28-8. 28-9, 28-10), 29 (without 29-5, 29-8), 32 (without 32-8), 33
(without 33-4, 33-5, 33-9, 33-10), 34 (without 34-4, 34-6, 34-7), 35 (without 35-2, 35-3, 35-9, 35-11, 35-12, 35-13).

Literature see "Content"

Friedhelm Kuypers
Physik für Ingenieure und Naturwissenschaftler
Band 2 Elektrizität, Optik, Wellen
Verlag Wiley-VCH, 2003, Fr. 77.-
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406-0603-AAL Stochastics (Probability and Statistics)
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  4 credits 9R M. Kalisch

Abstract Introduction to basic methods and fundamental concepts of statistics and
probability theory for non-mathematicians. The concepts are presented on
the basis of some descriptive examples. The course will be based on the
book "Statistics for research" by S. Dowdy et.al. and on the
book "Introductory Statistics with R" by P. Dalgaard.

Objective The objective of this course is to build a solid fundament in probability
and statistics. The student should understand some fundamental concepts and
be able to apply these concepts to applications in the real
world. Furthermore, the student should have a basic knowledge of the
statistical programming language "R". The main topics of the course are:
- Introduction to probability
- Common distributions
- Binomialtest
- z-Test, t-Test
- Regression

Content From "Statistics for research":
Ch 1: The Role of Statistics
Ch 2: Populations, Samples, and Probability Distributions
Ch 3: Binomial Distributions
Ch 6: Sampling Distribution of Averages
Ch 7: Normal Distributions
Ch 8: Student's t Distribution
Ch 9: Distributions of Two Variables [Regression]

From "Introductory Statistics with R":
Ch 1: Basics
Ch 2: Probability and distributions
Ch 3: Descriptive statistics and tables
Ch 4: One- and two-sample tests
Ch 5: Regression and correlation

Literature "Statistics for research" by S. Dowdy et. al. (3rd
edition); Print ISBN: 9780471267355; Online ISBN: 9780471477433; DOI:
10.1002/0471477435; 
From within the ETH, this book is freely available online under:
http://onlinelibrary.wiley.com/book/10.1002/0471477435

"Introductory Statistics with R" by Peter Dalgaard; ISBN
978-0-387-79053-4; DOI: 10.1007/978-0-387-79054-1
From within the ETH, this book is freely available online under:
http://www.springerlink.com/content/m17578/

752-0100-AAL Biochemistry
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  2 credits 4R C. Frei

Abstract Basic knowledge of enzymology, in particular the structure, kinetics and chemistry of enzyme-catalysed reaction in vitro and in vivo.
Biochemistry of metabolism: Those completing the course are able to describe and understand fundamental cellular metabolic processes.

Objective In this self-study course, the students will gain solid biochemical knowledge about enzymology, membrane biochemistry, and central
metabolism.

Content Program

Introduction, basics, composition of cells, biochemical units, repetition of relevant organic chemistry
Structure and function of proteins
Carbohydrates, structure of DNA
Lipids an biological membranes
Enzymes and enzyme kinetics
Catalytic strategies
Metabolism: Basic concepts and design. Repetition of basic thermodynamics
Glycolysis
The citric acid cycle
Oxidative phosphorylation
Fatty acid metabolism

Lecture notes Horton et al. (Pearson) serves as lecture notes.
Literature Horton, Moran, Scrimgeour, Perry, Rawn: Principles of Biochemistry, 4th ed. or

Moran, Horton, Scrimgeour, Perry: Principles of Biochemistry, 5th ed.
Pearson Education Limited, Essex

Prerequisites /
notice

Basic knowledge in biology and chemistry is a precondition.

701-0071-AAL Mathematics III: Systems Analysis
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  4 credits 9R R. Knutti, H. Wernli

Abstract The objective of the systems analysis course is to deepen and illustrate the mathematical concepts on the basis of a series of very
concrete examples. Topics covered include: linear box models with one or several variables, non-linear box models with one or several
variables, time-discrete models, and continuous models in time and space.
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Objective Learning and applying of concepts (models) and quantitative methods to address concrete problems of environmental relevance.
Understanding and applying the systems-analytic approach, i.e., Recognizing the core of the problem - simplification - quantitative
approach - prediction.

Content http://www.up.ethz.ch/education/systems-analysis.html
Lecture notes Overhead slides will be made available through Ilias.
Literature Imboden, D.S. and  S. Pfenninger (2013) Introduction to Systems Analysis: Mathematically Modeling Natural Systems. Berlin Heidelberg:

Springer Verlag.

http://link.springer.com/book/10.1007%2F978-3-642-30639-6

752-4001-AAL Microbiology
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  2 credits 4R M. Ackermann

Abstract Teaching of basic knowledge in microbiology with main focus on Microbial Cell Structure and Function, Molecular Genetics, Microbial
Growth, Metabolic Diversity, Phylogeny and Taxonomy, Prokaryotic Diversity, Human-Microbe Interactions, Biotechnology.

Objective Vermittlung der Grundlagen im Fach Mikrobiologie.
Content Der Schwerpunkt liegt auf den Themen: Bakterielle Zellbiologie, Molekulare Genetik, Wachstumsphysiologie, Biochemische Diversität,

Phylogenie und Taxonomie, Prokaryotische Vielfalt, Interaktion zwischen Menschen und Mikroorganismen sowie Biotechnologie.
Lecture notes Wird von den jeweiligen Dozenten ausgegeben.
Literature Die Behandlung der Themen erfolgt auf der Basis des Lehrbuchs Brock, Biology of Microorganisms

Food Science Master - Key for Type

W+ Eligible for credits and recommended
W Eligible for credits
E- Recommended, not eligible for credits

Z Courses outside the curriculum
Dr Suitable for doctorate
O Compulsory

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Food Science Bachelor
 2. Semester

 First Year Examinations
Number Title Type ECTS Hours Lecturers

529-2002-02L Chemistry II O  5 credits 2V+2U J. Cvengros, J. E. E. Buschmann,
P. Funck, H. Grützmacher,
E. C. Meister, R. Verel

Abstract Chemistry II: Redox reactions, chemistry of the elements, introduction to organic chemistry
Objective General base for understanding of inorganic and organic chemistry.
Content 1. Redoxreactions


2. Inorganic Chemistry
Rules for nomenclature of inorganic compounds. Systematic description of the groups of elements in the periodical system and the most
important compounds of these elements. Formation of compounds as a consequence of the electronoc structure of the elements.

3. Introduction to organic chemistry
Description of the most important classes of compounds and of the functional groups. Principal reactivity of these functional groups.
Stereochemistry. 
Rection mechanisms: SN1- and SN2-reactions, electrophilic aromatic subtitutions, eliminations (E1 and E2), addition reactions (C=C and
C=O double bonds). Chemistry of carbony and carboxyl groups.

Lecture notes C.E.Housecroft, E.C.Constable, Chemistry, 4rd Edition, Pearson, Harlow (England), 2010 (ISBN 0-131-27567-4), Chap. 18-33
Literature Theodore L. Brown, H. Eugene LeMay, Bruce E. Bursten, CHEMIE. 14. Auflage, Pearson Studium, 2018.


D.W.Oxtoby, H.P.Gillis, N.H.Nachtrieb, PRINCIPLES OF MODERN CHEMISTRY, 8th Edition, Thomson, London, 2016.

401-0252-00L Mathematics II
as of 4 March 2020: The lecturer and many students are
in the lecture hall, but some students are absent. The
lecture is recorded.
as of 16 March 2020: The lecturer is alone in the lecture
hall, without the students.

O  7 credits 5V+2U A. Cannas da Silva

Abstract Continuation of the topics of Mathematics I. Main focus: multivariable calculus and partial differential equations.
Objective Mathematics is of ever increasing importance to the Natural Sciences and Engineering. The key is the so-called mathematical modelling

cycle, i.e. the translation of problems from outside of mathematics into mathematics, the study of the mathematical problems (often with the
help of high level mathematical software packages) and the interpretation of the results in the original environment.

The goal of Mathematics I and II is to provide the mathematical foundations relevant for this paradigm. Differential equations are by far the
most important tool for modelling and are therefore a main focus of both of these courses.

Content - Multivariable Differential Calculus:
functions of several variables, partial differentiation, curves and surfaces in space, scalar and vector fields, gradient, curl and divergence.

- Multivariable Integral Calculus:
multiple integrals, line and surface integrals, work and flow, Gauss and Stokes theorems, applications.

- Partial Differential Equations:
separation of variables, Fourier series, heat equation, wave equation, Laplace equation, Fourier transform.

Lecture notes See literature
Literature - Thomas, G. B.: Thomas' Calculus, Part 2, Pearson Addison-Wesley.

- Kreyszig, E.: Advanced Engineering Mathematics, John Wiley & Sons.
Prerequisites /
notice

Mathe-Lab (Assistance):
Mon 12:30-14:30 in room HIT K 51 (Hönggerberg campus); Tue 17-19 and Wed 17-19 in room HG E 41.

551-0002-00L General Biology II O  4 credits 4G U. Sauer, K. Bomblies, O. Y. Martin
Abstract Basics of biochemistry (macromolecules, membranes, cellular structures, metabolism), molecular genetics (gene expression and its

regulation; from gene to protein), and physiology of higher plants (structure, growth, development, nutrition, transport, reproduction)
Objective The understanding of basic concepts of molecular biology and physiology.
Content How cells function at the level of molecules and higher structures.

Molecular processes during gene expression.
Plant physiology.

The following Campbell chapters will be covered:

Week 1-5: 
5    Biological macromolecules and lipids
7    Cell structure and function
8    Cell membranes
10    Respiration: introduction to metabolism
10    Cell respiration
11    Photosynthetic processes

Week 6-9: 
16    Nucleic acids and inheritance
17    Expression of genes
18    Control of gene expression
19    DNA Technology

Week 9-13: 
35    Plant Structure and Growth
36    Transport in vascular plants
37    Plant nutrition
38    Reproduction of flowering plants 
39    Plants signal and behavior

Lecture notes No script
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Literature Campbell, Reece et al: "Biologie" (11th global edition); Pearson 2018.

751-0270-00L Systematics and Ecology of Alge and Fungi O 2 credits 2G M. Maurhofer Bringolf
Abstract Fundamentals of morphology, systematic and ecology of algae, fungi and lichens
Objective Basic knowledge in systematics and morphology of algae and fungi and on their significance in ecosystems based on practical examplesl

examples
Content Introduction into the systematics and ecology of Algae and Fungi. Development and life cycles in the natural and androgenic environment.


The course will provide knowledge on what characteristics common or different between groups are used a) for systematic classification
and b) to promote or suppress the organisms depending on the system (agroecosystem, aquatic ecosystems, food production systems,
medical systems). Examples from plant pathology, medicine, food production and use, biotechnology and marine/sweet water ecology will
be shown to demonstrate the significance of these organisms for humans and ecosystems.

Lecture notes German Script will be sold in the first lecture

751-0280-00L Crops in the World Food System O 2 credits 2V A. Walter, A. Lüscher
Abstract Crops in the World Food System presents selected crop species in the context of various cropping systems in Switzerland and the tropics

and depicts mutual relations. Common principles with respect to cultivation and to importance for the World Food System will be depicted
for these showcase species.

Objective This course will foster comprehension for the origin of our food and for basic principles, possibilities and limits of its production. Selected
showcase species will help strengthening the capability of students to analyse cropping systems and to appreciate cropping systems in the
context of ecological, economical and political boundary conditions.

Successful participation in this course will enable students to
a) know the most important arable crops of Switzerland. 
b) analyse cropping systems and relations between them in a global context.
c) understand the relevance of cropping systems in the context of ecological and economic boundary conditions of the World Food System.
d) comprehend the effects of the market (domestic and export-oriented) and of ecological and political boundary conditions on the intensity
and the procedure of cultivating certain crops

Content Die Veranstaltung gliedert sich in zwei Abschnitte, die von  Dozierenden aus dem jeweiligen Fachgebiet unterrichtet werden. 

Im ersten Abschnitt von acht oder neun Doppelstunden werden vor allem zentrale Kulturpflanzen der Schweiz und angrenzender Länder
behandelt. Ein besonderer Schwerpunkt wird dabei auf Weizen gelegt. Für die wichtigsten ackerbaulichen Kulturpflanzen werden zentrale
Aspekte der Produktion, aber auch der Nutzung und Qualitätskriterien der Produkte vorgestellt. Auch Weiterentwicklungsmöglichkeiten für
Anbau und Entwicklung neuer Sorten sowie Forschungsfelder werden angesprochen. Ferner werden ausgewählte tropische Nutzpflanzen
in für sie typischen Nutzungssystemen dargestellt. Bei allen Kulturpflanzen werden folgende Themen in unterschiedlicher Intensität
behandelt: Ihre Bedeutung im Ernährungssystem, daraus gewonnene Produkte, Botanik, Oekophysiologie, Anbautechnik, Züchtung sowie
ernährungsphysiologische Aspekte.

Im zweiten Abschnitt werden die Bedeutung der Wiesen und Weiden als Landnutzungsform und das Leitbild des Schweizerischen
Futterbaus vorgestellt. Morphologische Eigenschaften und Ansprüche der wichtigsten Gräser- und Leguminosenarten zur
Raufutterproduktion im gemässigten Klima werden dargestellt. Darauf aufbauend wird beispielhaft die Bewirtschaftung intensiv und
extensiv genutzter Wiesen behandelt und aufgezeigt wie sich diese unterschiedliche Bewirtschaftung auf die botanische
Zusammensetzung und die Leistungen der Wiese auswirkt.

751-0282-00L Animal Sciences in the World Food System O  2 credits 2V S. E. Ulbrich, S. Thanner
Abstract Species-specific behaviour and common housing system of several farm animal species and the food products of animal origin will be

introduced.
Objective In dieser Vorlesung wird der Bedeutung der landwirtschaftlichen Nutztiere in der Lebensmittelwertschöpfungskette nachgegangen. Dabei

lernen die Studierenden sowohl die physiologischen Grundlagen, Haltungsformen und Verbreitung verschiedener Nutztierarten im World
Food System sowie deren Produkte und Produktionsverfahren kennen. Kritisch hinterfragt werden insbesondere der nutritive Wert von
verschiedenen Lebensmitteln tierischer Herkunft, die ökonomische Beurteilung von Produktionsverfahren, die Diskussion um „Feed vs.
Fork“, ökologische Fussabdrücke von Nutztieren im Zusammenhang mit standortangepasster Nutzung, kulturelle Hintergründe sowie das
ethische Verständnis der Nutztierhaltung. Diese Spannungsfelder werden einzeln und verknüpft in Kontexte gestellt, um zu
Beurteilungsansätzen nachhaltiger Produktion zu gelangen. Die Studierenden werden lernen, Zusammenhänge und Zielkonflikte zu
verstehen und sich mit Fragen zur Sicherung der Welternährung auseinanderzusetzen, um zukünftige Entwicklungsmöglichkeiten von
Nutztieren in der Lebensmittelwertschöpfungskette einschätzen zu können.


Literature Nutztiere in der Lebensmittelkette (Reinhard Fries, UTB Verlag)
Anatomie und Physiologie der Haustiere (Klaus Loeffler, UTB Verlag)
Krankheitsursache Haltung (Thomas Richter Hrsg., Enke Verlag)
Farbatlas Nutztierrassen (Hans Hinrich Sambraus, Ulmer Verlag)
Domestic Animal Behaviour (Katherine A. Houpt, Wiley-Blackwell)
Lebensmittel-Warenkunde für Einsteiger (Rimbach et al., Springer, Berlin 2010)

851-0708-00L Introduction to Law
Introduction to Law as GESS Compulsory Elective
Course:
Students who have attended or will attend the lecture
"Introduction to Law for Architecture" (851-0703-01L),
"Introduction to Law for Civil Engineering"  (851-0703-03L)
or " Introduction to Law" (851-0703-00) , cannot register
for this course unit. 

Particularly suitable for students of D-HEST, D-MAVT, D-
MATL, D-USYS.

O  2 credits 2V A. Stremitzer

Abstract This class introduces students to basic features of the legal system. Questions of constitutional and administrative law, contract law, tort
law, corporate law, intellectual property law, as well as procedural law are covered.

Objective Introduction to fundamental questions of public and private law which serves as a foundation for more advanced law classes.
Content 1. Öffentliches Recht

Staatsrecht: Funktion und Quellen des Rechts, Aufbau und Organisation des Staates, Grundrechte, Grundzüge des Völker- und
Europarechts. Verwaltungsrecht: Verwaltungsverhältnis, Verfügung, Verwaltungsorganisation, Durchsetzung des Verwaltungsrechts,
Verwaltungsverfahrensrecht, Grundzüge des Polizei-, Umwelt- und Raumplanungsrechts.

2. Privatrecht
Vertragsrecht: Vertragsfreiheit, Vertragsentstehung, -erfüllung und -verletzung, Grundzüge des Kauf- und Mietvertrags. Haftungsrecht:
Verschuldenshaftung und Kausalhaftung, Beschränkung der Haftung. Grundzüge des Gesellschafts,- Immaterialgüter- und
Zivilprozessrechts.
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Literature Weiterführende Informationen sind auf der Moodle-Lernumgebung zur Vorlesung erhältlich (s.
http://www.ip.ethz.ch/education/grundzuege).

 Basic Courses II: Examination Block 1
Number Title Type ECTS Hours Lecturers

402-0062-00L Physics I O  5 credits 3V+1U A. Vaterlaus
Abstract Introduction to the concepts and tools in physics with the help of demonstration experiments:  mechanics of point-like and rigid bodies,

elasticity theory, elements of hydrostatics and hydrodynamics, periodic motion and mechanical waves, electricity and magnetism.
Whenever possible, examples relevant to the students' main field of study are given.

Objective Introduction to the scientific methodology. The student should develop his/her capability to turn physical observations into mathematical
models, and to solve them.

Lecture notes A script will be distributed
Literature Friedhelm Kuypers

Physik für Ingenieure und Naturwissenschaftler
Band 1: Mechanik und Thermodynamik
Wiley-VCH Verlag, 2012, 448 S, ca.: Fr. 30.-

Douglas C. Giancoli
Physik
Pearson Studium

Paul A. Tipler
Physik
Spektrum Akademischer Verlag, 1998

David Halliday     Robert Resnick     Jearl Walker
Physik
Wiley-VCH, 2003

dazu gratis Online Ressourcen (z.B. Simulationen): www.halliday.de

 Field Trips
Number Title Type ECTS Hours Lecturers

751-0304-00L Excursions in the World Food System
Only for studients from Agricultural Science BSc and Food
Science BSc (2nd Semester).

O  1 credit 2P B. Dorn, H. Adelmann

Abstract Auf den «Exkursionen im World Food System» erweitern und vertiefen die Studierenden der Agrar- und Lebensmittelwissenschaften
Vorlesungsinhalte der ersten beiden Studiensemester und setzen sie in Bezug zur Praxis entlang der
Nahrungsmittelwertschöpfungsketten.

Objective Die Studierenden 
- erweitern und vertiefen Themen aus den Vorlesungen «World Food System», «Kulturpflanzen im World Food System»,
«Nutztierwissenschaften im World Food System», «Agrarökonomie im World Food System» sowie «Diversität der Algen und Pilze» in der
Praxis
- erarbeiten sich anhand von Vorbereitungsmaterialien vor der Exkursion selbständig Wissen zu einem gegebenen Exkursionsthema 
- formulieren Fragen an die Exkursionsleitung und Exkursionsbeteiligten und diskutieren diese mit ihnen und untereinander
- geben Feedback zu den besuchten Exkursionen

Content Es werden mehrere eintägige Exkursionen angeboten, welche verschiedene Themenbiete der Studiengänge Agrar- und
Lebensmittelwissenschaften abdecken. Für jede Exkursion sind themenspezifische Lernziele formuliert.

Lecture notes Exkursionsbeschreibungen und Vorbereitungsmaterial für die Exkursionen finden sich auf der Moodle Lehr-Plattform.
Prerequisites /
notice

Die Anmeldung zu den Exkursionen erfolgt gemäss separater Ausschreibung im Dezember 2019.

 4. Semester
 Basic Courses II: Examination Block 2

Number Title Type ECTS Hours Lecturers

751-0014-00L Agricultural Economics in the World Food System O  2 credits 2V D. J. Wüpper
Abstract Die Veranstaltung vertieft Grundlagenwissen und präsentiert Anwendungen im Feld der Ökonomie des Agrar- und Ernährungssektors. Die

adressierten Fragestellungen umfassen einzelbetriebliche Entscheidungen, Analysen von Märkten sowie agrarpolitische Aspekte.
Objective Studenten sollen am Ende der Vorlesung Fragestellungen und Probleme im Bereich der Agrar- und Ernährungswirtschaft mittels

ökonomischer Konzepte analysieren können. Dabei stehen Ihnen betriebs- und volkswirtschaftliche Instrumente zur Verfügung.
Content Anhand von Fallstudien in Europa und Entwicklungsländern werden verschiedene Konzepte vermittelt. Dabei stehen folgende Themen im

Vordergrund: i) Produktionsentscheidungen landwirtschaftlicher Betriebe, die Ökonomie des Agribusiness, Agrarpolitik, Agrarmärkte,
Landwirtschaftliche Systeme  in Entwicklungsländern

Lecture notes Vorlesungsunterlagen werden im Laufe des Semesters zur Verfügung gestellt

701-0206-00L Selected Topics of Physical Chemistry O 2 credits 2G P. Funck
Abstract 1. Kinetics of complex reactions

2. Thermodynamics of mixtures and systems with several phases: Partition between phases, colligative properties of solutions, coexistence
of phases, phase rule, phase diagrams
3. Phase boundaries: Surface tension, surface excess concentration, adsorption, colloids

Objective More detailed knowledge of macroscopic physico-chemical phenomena
Content 1. Kinetics of complex reactions: Pre-equilibrium, steady-state approximation, enzyme kinetics

2. Thermodynamics of mixtures and systems with several phases: Chemical potential, standard states and activities, partition between
phases, colligative properties of solutions, coexistence of phases, phase rule, phase diagrams of pure substances and binary mixtures
3. Phase boundaries: Surface tension, surface excess concentration, adsorption on solids, stability of colloids

Lecture notes Lecture notes can be downloaded from the teaching document repository.
Literature - Wedler, G., Freund, H.-J., Lehr- und Arbeitsbuch Physikalische Chemie, 7. Aufl., Wiley-VCH, Weinheim 2018

- Atkins, P., de Paula, J., Keeler, J., Physical Chemistry, 11th edition, Oxford University Press, 2018
- Shaw, D.J., Introduction to Colloid and Surface Chemistry, 4th ed., Butterworth-Heinemann 1992

Prerequisites /
notice

Knowledge of kinetics and thermodynamics from "Chemie I+II"
Competent handling of elementary calculus
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752-6306-00L Physiology and Anatomy II
Course is taught in German and English.

O 3 credits 2V D. Burdakov, M. Ristow

Abstract Imparts a basic understanding of physiology and anatomy in man, focusing on the close interrelations between morphology and function of
the human organism. This is fostered by discussing all subjects from a functional point of view. A major topic of the lecture is food intake
and digestion with its correlated endocrine and metabolic processes.

Objective After this course the students are able to understand basic principles of systems physiology and the mechanisms of the function of the
major organ systems.

551-1420-00L Molecular Biology O  2 credits 2G D. Santelia, J. Fütterer
Abstract The course deals with

(i) Structure and replication of DNA, transcription, RNA processing, translation, mutation and DNA repair, stability and variability of
genomes, regulation of gene activities. (ii) Modern molecular methods by which these processes are examined. (iii) Practical applications in
genetic engineering, plant breeding and food biotechnology.

Objective At the end of this course, students are able to (i) Define technical terms of molecular biology and apply them to biological phenomena. (ii)
Understand the structure and function of the genetic material as well as the processes of its natural and artificial change. (iii) Describe
standard methods of molecular biology and explain their applications.

Literature “Molecular Biology, Principles of Genome Function”, Second Edition (2014), Oxford
N. Craig, O. Cohen-Fix, R. Green, C. Greider, G. Storz, C. Wolberger

 Basics of Food Science
Courses in the category 'Basics of Food Science' are offered in the 3., 4. and 5. semester of the Bachelor programme in Food Science.

Number Title Type ECTS Hours Lecturers

752-1101-00L Food Analysis I W+  3 credits 2V S. Boulos, M. Erzinger
Abstract To understand the basic principles of analytical chemistry. To get acquainted with the principles and applications of important routine

methods of instrumental food analysis (UV/VIS, IR, NMR, MS, AAS, GC, HPLC).
Objective To understand the basic principles of analytical chemistry. To get acquainted with the principles and applications of important routine

methods of instrumental food analysis (UV/VIS, IR, NMR, MS, AAS, GC, HPLC).
Content Fundamentals: Chemical concentrations. The analytical process (sampling, sample preparation, calibration, measurement, statistical

evaluation of analytical results). Errors in quantitative analysis. Important parameters of an analytical procedure (accuracy, precision, limit
of detection, sensitivity, specificity/selectivity). 

Methods: Optical spectroscopy (basic principles, UV/VIS, IR,NMR, MS, and atomic absorption spectroscopy). Chromatography (GC,
HPLC).

Lecture notes The lectures are supplemented with handouts.
Literature a) Georg Schwedt, Analytische Chemie, 2. vollständig überarbeitete Auflage 2008

b) R. Matissek, G. Steiner, M. Fischer, Lebensmittelanalytik, 5. Auflage 2014

752-2001-00L Food Technology
Die Vorlesung wird neu grösstenteils auf Deutsch gelesen.

W+  3 credits 3G R. Perren, S. Bolisetty,
V. Lutz Bueno

Abstract This course will introduce the basic concepts in Food Safety as well as  in product quality considering  technological processing steps.
Selected groups of food serve as examples to discuss the technology applied to converse raw material to final product as well as quality
and materials science aspects of these products.

Objective With this course, the student will be able to handle and gain an understanding of the general concepts and tools available in Food
Technology.

752-3000-00L Food Process Engineering I W+  4 credits 3V E. J. Windhab
Abstract To procure students with the basic physics of food process engineering, especially with the mechanical futures of food systems, i.e. basic

principles of engineering mechanics, of thermodynamics, fluid dynamics and of dimension analyses for process design and Non-Newtonian
fluid mechanics.

Objective 1. Verständnis der Grundprinzipien der Thermodynamik, Fluiddynamik und ingenieurtechnischen Apparateauslegung. 2. Anwendung
dieser Prinzipien auf Prozesse der Lebensmittelverfahrenstechnik.3. Molekulares Verständnis der Fliesseigenschaften von
Lebensmittelsystemen mit nicht-Newtonschem Fliessverhalten.

Content 1. Einführung 2. Grundlagen der Fluiddynamik 3. Grundlagen derThermodynamik 4. Grundlagen der Mechanik 5. Austausch und
Transportvorgänge 6. Grundlagen der Ingenieurtechnischen Apparateauslegung 7. Grundlagen der Rheologie 8. Grundlagen der
Schüttgutmechanik 

Lecture notes Vorlesungsskriptum (ca. 100 Seiten, 60 Abbildungen) wird vor der ersten Vorlesung  und Folien  jeweils vor der Vorlesung bereit gestellt.
Literature - P. Grassmann: Einführung in die thermische Verfahrenstechnik, deGruyter Berlin, 1997 - H.D. Baehr: Thermodynamik, Springer Verlag,

Berlin, 1984
Prerequisites /
notice

Die Vorlesung erfordert während des Semesters wöchentliche Vor-/Nachbereitung. Im Unterricht wird aktive Mitarbeit erwartet. 

 Food Science General Courses
Offers in the third Bachelor year

 Food Science Laboratory Practice
Number Title Type ECTS Hours Lecturers

752-1004-00L Laboratory Course in Food Chemistry
Prerequisite: Students may only enrol once they have
followed the courses Food Chemistry I (752-1000-00L)
and Food Analysis I (752-1101-00L). 

Number of participants limited to 60.

W+  3 credits 4P M. Erzinger

Abstract Introduction to important methods of food analysis.
Methods: Titrimetry, spectrometry (UV/VIS), chromatography (TLC, HPLC, GC), enzymatic analysis, Kjeldahl analysis.

Objective To become acquainted with important methods of food analysis.
Content Analysis of important constituents (carbohydrates, fat, protein, water) of food raw materials and food products. 


Methods: Titrimetry, spectrometry (UV/VIS), chromatography (TLC, HPLC, GC), enzymatic analysis, Kjeldahl analysis.

Lecture notes All material is available via the Moodle platform.
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Prerequisites /
notice

Prerequisites:
1. Attendance of the course Food Chemistry I (752-1000-00L).
2. Attendance of the course Food Analysis I (752-1101-00L) in parallel to the lab course.

Performance assessment consists of 5 parts:
- Attendance of the introductory lectures in the first week of the semester (Monday and Tuesday)
- Attendance and active participation in the laboratory courses (also in the last week of the semester)
- Successful execution of the test experiment at the end of the semester
- Peer-review of lab reports from other students
- Timely submission of the worksheets and lab reports (average of graded reports must be sufficient)

General Information:
The course will be run in two groups, which alternate (in general) on a two week cycle. As a general rule, each student should attend the
course every other week on Monday and Tuesday. The weeks in between are reserved for independent preparation of the next
experiments and report writing as well as reviewing reports from colleagues.

There may be deviations from this two weekly schedule due to public holidays. Therefore it can happen that students need to participate in
the course in two consecutive weeks. Students will be divided in the two groups during the first week of the semester and will then receive
the definitive personal schedule for the course.

Absences during the semester due to military service, personal holidays etc. cannot be accommodated.

752-0400-00L Microscopy
Does not take place this semester.
Number of participants limited to 50.

W  1 credit 2P

Abstract This course focuses on teaching the students the modern methods of food analysis by light microscopy. We will analyse and discuss
various components present in food. Examples of the investigated products are yoghurt, cheese, dried mushrooms and honey.
In addition, the theoretical background of light microscopy will be discussed.

Objective The Students know the range of application of light microscopy for the analysis of food products according to national and international
guidelines (e.g. ISO).
They can select and combine suitable preparation, contrasting and colouring procedures as well as use digital documentation techniques.
The microscopists can reset a completely misaligned microscope to its optimal working condition.
In their professional life the students should be able to oversee the acquisition of microscopes and supplies.

Content Köhler illumination
Image formation according to Abbe
Fundamentals of optical contrasting methods (phase contrast, dark field, polarisation, fluorescence)
Microorganisms in food (bacteria, yeast, moulds)
Staining techniques in food microbiology (e.g. Gram, spores, pianese)
Staining techniques for food components (starch, lipids, proteins)
Sample preparation and documentation (incl. digital microphotography)
Quantitative microscopy (size and number)
Applications in food microscopy (filth, pollen in honey)

Lecture notes Food Microscopy (G. Dasen)
Literature see German version
Prerequisites /
notice

Material: light- and stereo-microscopes

The course will be held in 2 groups (max. of 25 students per group)

If the number of participants is below 25, the course will be held only once (from 15:15 to 17:00)

 Excursions
Number Title Type ECTS Hours Lecturers

752-0020-00L Excursions I
Only for students enrolled in the study program Food
Science BSc 4th semester.

O  1 credit 2P L. Nyström

Abstract The course offers excursions related to various themes in Food Sciences.
Objective Excursions I will build a bridge between the theoretical knowledge obtained in the lectures with the commonly applied current practices in

the field. Visits to the industry and various laboratories will support the students in understanding the areas related to food production,
processing and control. They will also provide insights to possible future job profiles and employers.

Content Students will acquire a practical insight to various areas and themes in Food Science.
Lecture notes A detailed program with information about the contents and administrative issues regarding each excursion will be provided to the

participants.
Prerequisites /
notice

Details about the registration to the excursions will be announced in December 2019.

 6. Semester
 Basics of Food Science

Courses in the category 'Basics of Food Science' are offered in the 3., 4. and 5. semester of the Bachelor programme in Food Science.

 Food Science General Courses
Number Title Type ECTS Hours Lecturers

752-3002-00L Food Process Engineering III W+ 3 credits 3G P. Braun, W. Hanselmann
Abstract Part of this course is to teach basics in thermal food processing like steady/unsteady, convective/conductive heat transfer. Moreover,

methods for choosing correct heat exchanger as presented as well as the process of cooling and drying in food industry under the view
point of thermal processing.

Lecture and exercises

Objective Aim of this course is to connect thermal processing basics with industrial applications like heating, cooling or drying.
Content Thermal processing: Heat exchangers, heat flux, conductive and convective heating, boiling and evaporation, cooling and refrigerating,

drying, drying kinetics
Lecture notes Alternativ to script the following text book can be used for english speaking students:

Introduction to Food Engineering, R.Paul Singh, Dennis R. Heldmann, Elsevier, Academic Press, Fifth Edition
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Literature - B. Mc Kenna: Engineering and Food Elsevier Applied Science Publishers, Vol. 1,2 (1984) 
- G. Kessler: Lebensmittel - Verfahrenstechnik; Schwerpunkt Molkereitechnologie Verlag A. Kessler, Freising 1976
- H.D. Baehr Thermodynamik Springer Verlag, Berlin-Heidelberg-New York-Tokyo; 1984
- VDI Wärmeatlas, Springer Verlag
- E.U. Schlünder, Einführung in die Wärmeübertragung, Vieweg Verlag

751-1101-10L Finances and Accounting System W  2 credits 2G C. Müller
Abstract To understand accounting and calculation of costs.
Objective Ability to keep accounts and calculate costs
Content The course includes the steps of establishing and evaluation of financial accounting, including balance sheet, income statement and

double-entry accounting. Furthermore, cash flow statement and financial ratios are discussed. Finally, management accounting including
cost accounting and cost-performance analysis are presented. The course includes exercises.

Lecture notes script in German
Literature Meyer, C., 2012, Betriebswirtschaftliches Rechnungswesen, 3. Überarbeitete Auflage, Schulthess, Zürich.

752-4006-00L Food Microbiology II W+ 3 credits 2V M. Loessner, J. Klumpp
Abstract The lecture deals with basic (sometimes advanced) methods for detection and differentiation of (not only food-borne) microorganisms;

production of foods by microbial fermentation; different approaches for the preservation of foods; and a short overview on food legals
aspects and hygiene measures.

Objective The second part of this 1 year-lecture deals with basic (sometimes advanced) methods for detection and differentiation of (not only
foodborne) microorgansims; production of foods by microbial fermentations; different approaches for the preservation of foods; and a short
overview on legal aspects and hygiene control measures.

Content Detection and Differentiation of Microorganisms
Culture Methods, Microscopy, Enrichment and Separation, Detection of intracellular Metabolites and Enzymes, Immunological Methods,
Gene Probes and Microarrays, Nucleic Acid Amplification, Expression of Reportergenes, Typing Methods

Production of Foods with Microorganisms
Fermented Plant Products, Bread and Sour Dough, Fermented (alcoholic) Beverages, Fermented Milk Products, Fermented Meats,
Traditional Fermented Foods,  Coffee, Tea, Cacao, Tobacco, Fermentation Problems (Viruses, Antibiotics, Disinfectants)

Food Preservation I: Physical Methods
Low Water Activity, Low Temperature, Heat Treatment, High Pressure Treatment, Radiation

Food Preservation II: Chemical Methods
Natural Antimicrobial Substances, Smoking, Preservatives, Low pH, Modified Atmosphere Packaging

Food Preservation III: Biological Methods
Addition of Enzymes, Protective Cultures, Starter- and Ripening Cultures

Quality Assurance and Control
Legal Aspects and Regulations, Factory- and Personal Hygiene, Cleaning & Disinfection, GMP & HACCP

Lecture notes Electronic PDF copies of the presentation slides will be made available to all students.
Literature Suggestions in the first lecture
Prerequisites /
notice

The lecture "Food Microbiology I" (or an equivalent course) is a prerequisite

752-5002-00L Fermented Milk Products W+ 2 credits 2V C. Lacroix
Abstract This integration course will address the production processes for important fermented milk foods. The production and application of food

cultures (starter and secondary cultures) in fermented milk products will be examined. The central role of microorganisms and the effects of
important process parameters for high product quality and safety will be explained.

Objective To understand the principles for utilization and the important roles of microorganisms in  production, quality and safety of fermented milk
foods, by integrating basic knowledge in food microbiology, microbial physiology, biochemistry, technology and engineering.

Content This course will present complex production processes for important fermented milk foods. The production of food cultures used to initiate
and control fermentations will be explained as well as recent developments in this area. A special emphasis will be devoted to processing
of milk into cheese, for which basic and applied knowledge is most advanced. Emphasis will be placed on complex processing, effects of
important raw material and process parameters for high product quality and safety, and central role of microorganisms and microbial
products in the elaboration, quality and preservation of fermented milk products.

Lecture notes A complete course document and/or copy of the power point slides from lectures will be provided, depending on the topic.
Literature A list of references will be given at the beginning of the course for the different topics presented during this course.
Prerequisites /
notice

A prerequisite to this course is a) previously taken the course 'Food Biotechnology I (752-5001-00) and/or (b) previous courses supporting
equivalent knowledge.

752-5002-01L Fermented Plant and Meat Products W+ 2 credits 2G C. Lacroix, F. Constancias,
A. Greppi

Abstract This integration course will address the production processes for important fermented plant and meat foods. The central role of
microorganisms and the effects of important process parameters for high product quality and safety will be explained.

Objective To understand the principles for utilization and the important roles of microorganisms in  production, quality and safety of important
fermented plant foods and meat products, by integrating basic knowledge in food microbiology, microbial physiology, biochemistry,
technology and engineering.

Content This course will present complex production processes for important fermented foods produced from different plant and meat materials.
This course will build on knowledge on food cultures and microbial mechanisms presented in the course Fermented Milk Products, which is
therefore a prerequisite for attending this course. Emphasis will be placed on complex processing of raw materials into fermented foods
(such as sausages, sauerkraut, sourdough, vinegar, soy products), effects of important process parameters for high product quality and
safety, biochemical processes, and central role of microorganisms and microbial products in the elaboration, quality and preservation of
fermented plant and meat foods. Then short presentations will be made on topics selected by groups of students to illustrate the great
diversity of traditional and new applications of microorganisms in fermented milk, plant and meat foods.

Lecture notes A complete course document and/or copy of the power point slides from lectures will be provided, depending on the topic.
Literature A list of references will be given at the beginning of the course for the different topics presented during this course.
Prerequisites /
notice

A prerequisite is the course "Fermented Milk Products" [752-5002-00] in the first half of the same semester or previous courses
supporting equivalent knowledge.
This course is taught mainly in English.

752-6002-00L Advanced Topics in Nutritional Science W+ 3 credits 2V M. B. Zimmermann, J. Rigutto,
J. M. Sych, C. Wolfrum
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Abstract The course gives an introduction to selected topics relevant to nutrition science, such as dietary recommendations and nutrient
requirements, undernutrition and overnutrition, special diets, as well as important micronutrients and other biologically active dietary
components.

Objective The course gives a brief introduction into different areas of human nutrition. The learning objectives are improved student understanding of:
1) dietary recommendations and the nutrient requirements at different stages of the life cycle, including pregnancy and lactation, childhood
and adolescence, adults and elderly; 2) the influence of undernutrition and overnutrition, as well as specific dietary patterns (e.g.
vegetarianism, veganism, weight loss diets) on health; 3) the metabolism of specific nutrients (e.g. vitamins, minerals -especially iron- and
biological active ingredients), their interactions and their effect on health.

Lecture notes The teaching slides used in the lectures will be made available weekly on moodle.

752-2121-00L Consumer Behaviour II W 2 credits 2G M. Siegrist, J. Ammann
Abstract This course examines important concepts and theories in order to describe and to explain consumer behavior. The focus is on decision

making processes, influencing consumer behavior, consumer research, and market segmentation. Selected topics are explained in some
depth.

Objective This course examines important concepts and theories in order to describe and to explain consumer behavior. The course Consumer
Behavior I provides an overview, whereas in this course selected topics are explained and discussed in some depth. The focus is on
decision making processes, influencing consumer behavior, consumer research, and market segmentation.

752-1300-00L Introduction to Toxicology W+ 3 credits 2V R. Eggen, S. J. Sturla
Abstract Introduction to how chemical properties and biological interactions govern the disposition and influences of toxicants.
Objective The objectives are for the student to establish a framework for examining adverse effects resulting from exposures to toxicants by

understanding key mechanisms that give rise to toxic responses and disease processes.
Content This course will introduce mechanisms governing the chemical disposition and biological influences of toxicants.  The course is geared

toward advanced bachelors students in food science, environmental science, and related disciplines, such as chemistry, biology and
pharmaceutical sciences.  Examples of topics include: dose-response relationships and risk assessment, absorption, transport, and
biotransformation of xenobiotic chemicals; Carcinogenesis; DNA damage, repair, and mutation; Immunotoxicity; Neurotoxicity; and modern
toxicity testing strategies.  These fundamental concepts in Mechanistic Toxicology will be integrated with examples of toxicants relevant to
food, drugs and the environment.

Literature Casarett & Doull's Toxicology, The Basic Science of Poisons. Seventh Edition. Editor: Curtis D. Klaassen, 2008, McGraw-Hill. (available
on-line)

Prerequisites /
notice

Basic knowledge of organic chemistry and biochemistry is required.

752-2101-00L Food Sensory Science
Number of participants limited to 30.

W 2 credits 2G J. Nuessli Guth

Abstract Sensory perception of food, principles of design, operation and evaluation of analytical and consumer oriented sensory tests, lectures and
practical exercises

Objective - Knowledge of the most important sensory methods and their application.
- Evaluation of collected sensory data and its interpretation.

551-0318-00L Immunology II W  3 credits 2V A. Oxenius, M. Kopf,
S. R. Leibundgut, E. Wetter Slack,
further lecturers

Abstract Introduction into the cellular and molecular basis of the immune system and immune responses against diverse pathogens, tumors,
transplants, and self (autoimmunity)

Objective The lectures will provide a detailed understanding:
- how innate and adaptive immune responses interact at the cellular and molecular level.
- how the immune system recognizes and fights against pathogenic microorganisms including viruses, bacteria, and parasites.
- why lymphocytes tolerate self molecules.
- about function and dysfunction the intestinal immune system.
- immunopathology and inflammatory diseases.

Content The aim of lecture is to understand:
> How pathogens are recognized by the innate immune system
> Immune defense against various pathogens
> Immunology of the skin, lung and intestines
> Tumor immunology
> Migration and homing of immune cells
> tolerance and autoimmunity
> T cell memory

Lecture notes Presentations of the lecturers are available at the Moodle link
Literature Recommended: Kuby Immunology (Freeman)

 Food Science Laboratory Practice
Number Title Type ECTS Hours Lecturers

752-5004-00L Food Biotechnology Laboratory Course
Number of participants limited to 48

Prerequisites: Participation in the courses Food
Biotechnology (752-5001-00L) and Fermented Milk
Products (752-5002-00L).

W  3 credits 5P A. Greppi, C. Lacroix, B. Pugin

Abstract The students carry out processes for the production of important fermented foods. Experimental blocks: fermentation in state of the art
bioreactors; cheese production in a modern pilot cheese plant and microbial and metabolites analysis during cheese ripening; Joghurt
production and protective cultures; impact of functional food tested in an in vitro intestinal digestion model.

Objective To demonstrate the operation of complete fermentation processes for the production of selected fermented foods and bioingredients;
running of small fermenters to understand the effects of important parameters of fermentation processes, including raw materials, and their
control; to better understand functional food; to analyze the effects of defined fermentation conditions on the quality of final products; to
scientifically present experimental approaches and data.
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Content This laboratory course includes four experimental blocks:

- Fermentation in state of the art bioreactors: preparation of equipment, media and starter culture, monitoring and control of the productive
phase, analysis of samples for biomass and metabolic products, data interpretation and calculation of kinetics, comparison of different
fermentation conditions; 

- Cheese production in a modern pilot cheese plant and cheese ripening: manufacturing of model cheeses  at Agroscope Liebefeld-
Posieux, cheese ripening, monitoring of metabolites and microbiological composition and hygienic quality of cheese, estimation of process
efficiency and yield calculation, comparison of different fermentation conditions;

- Yoghurt production in small scale with different starter cultures, assaying the principle of biopreservation by using protective cultures
against yeast and mould growth and microbial analysis of their efficacy during storage of the fermented products.

- Impact of different food ingredients reported as functional food on the microbiota in a in vitro small scale intestinal model fermentation.

Lecture notes A complete course document will be provided.
Literature References will be indicated in the lab course manual
Prerequisites /
notice

1.  Absolvierung der Vorlesung "Food Biotechnology I" (752-5001-00) inklusive Teilnahme an der Semesterendprüfung. 

2.  Absolvierung der Vorlesung  "Fermented Milk Products" (752-5002-00) parallel zum Kursbesuch.

752-3004-00L Food Process Engineering Laboratory Course
Number of participants limited to 40

Prerequisite: Participation in the course Lebensmittel-
Verfahrenstechnik I. 

W  3 credits 5P P. Braun

Abstract The lab course will offer hands on experience in basic process unit operations, and deepen the knowledge from Food Process Engineering
I-III, and apply it in practice.

Objective The knowledge of the course food process engineering I, II and III can be used in practical work and experiments can be done without
assistance.

Content Focus of the lab course: filtration, agglomeration, drying, heat exchanger, dispersing, pumps, scale-up, refrigeration technique.
Lecture notes Die Skripte und Richtlinien werden online zur Verfügung gestellt und sind vor jedem Praktikum zu lesen und zu verstehen.
Prerequisites /
notice

Die Vorlesung Lebensmittel-Verfahrenstechnik I stellt eine Grundlage dar und muss vorher besucht worden sein. Lebensmittel-
Verfahrenstechnik  II und z.T. III werden empfohlen sind aber nicht zwingende Voraussetzung. Es sollte technisches und physikalisches
Wissen aus anderen Vorlesungen mitgebracht werden.

752-6210-00L Toxicology and Nutrition Laboratory Course
Number of participants limited to 30.

Prerequisties: 
Participation in the course Introduction to Nutritional
Science (752-6001-00) and Introduction to Toxicology
(752-1300-00) in parallel to the laboratory course. 

W  3 credits 4P I. Herter-Aeberli, S. J. Sturla,
K. A. Hurley

Abstract Introduction to the analysis of pesticide residues in food, learning to assess cytotoxicity of a chemical in mammalian cells, monitoring the
stability of DNA by UV spectrophotometry and synthesizing an antioxidant.
Introduction to anthropometric measurements and their interpretation, dietary assessment including analysis using nutritional software,
assessment and interpretation of iron status.

Objective 1) To gain practical insights into food monitoring by applying an LC-MS screening method and legal requirements for pesticides.
2) To learn details about mammalian cell cultures and practical training on the use of methods to measure cell viability.
3) To study the properties of a DNA duplex by melting the native structure while monitoring the transition with UV spectrophotometry.
4) To preform an organic chemistry reaction and recrystallization of an antioxidant and use UV spectrophotometry to assess the antioxidant
capacity of structurally similar compounds.
5) To learn to assess and interpret anthropometric measurements, such as assessment of growth, fat-free mass and body fat
6) To gain insight into the concept of dietary assessment and to use one of the methods in an exercise and analyze and interpret the data
using nutritional software
7) To understand the complexity of iron status measurement and the factors influencing its interpretation.

Content 1) To gain practical insights into food monitoring by applying an LC-MS screening method and legal requirements for pesticides.
2) To learn details about mammalian cell cultures and practical training on the use of methods to measure cell viability.
3) To study the properties of a DNA duplex by melting the native structure while monitoring the transition with UV spectrophotometry.
4) To preform an organic chemistry reaction and recrystallization of an antioxidant and use UV spectrophotometry to assess the antioxidant
capacity of structurally similar compounds.
5) To learn to assess and interpret anthropometric measurements, such as assessment of growth, fat-free mass and body fat
6) To gain insight into the concept of dietary assessment and to use one of the methods in an exercise and analyze and interpret the data
using nutritional software
7) To understand the complexity of iron status measurement and the factors influencing its interpretation.

Lecture notes Complete course documenation will be provided.
Literature References will be indicated in the lab course material.

 Excursions
Number Title Type ECTS Hours Lecturers

752-0021-00L Excursions II
Only for students enrolled in the study program Food
Science BSc 6th semester.

O  1 credit 2P L. Nyström

Abstract The course offers excursions related to various themes in Food Sciences.
Objective Excursions II will deepen the know-how of the students in Food Science related themes, and will link the knowledge to common practices in

the food industry. Visits to companies, laboratories and authorities will support in obtaining a holistic view of the practices in the field, and
will offer an insight to potential future professions.

Content Students will acquire a practical insight to various areas and themes in Food Science, namely Food Biotechnology, Food Microbiology,
Food Processing, Food Chemistry and Analytics, Quality Assurance, and Human Nutrition.

Lecture notes A detailed program with information about the contents and administrative issues regarding each excursion will be provided to the
participants.

Prerequisites /
notice

Details about the registration to the excursions will be announced in December 2019.

 Electives
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A list with possible electives will be published separately. 

Number Title Type ECTS Hours Lecturers

551-1174-00L Systems Biology W  4 credits 2V+2U U. Sauer, K. M. Borgwardt,
J. Stelling, N. Zamboni

Abstract The course teaches computational methods and first hands-on applications by starting from biological problems/phenomena that students
in the 4th semester are somewhat familiar with. During the exercises, students will obtain first experience with programming their own
analyses/models for data analysis/interpretation.

Objective We will teach little if any novel biological knowledge or analysis methods, but focus on training the ability of use existing knowledge (for
example from enzyme kinetics, regulatory mechanisms or analytical methods) to understand biological problems that arise when
considering molecular elements in their context and to translate some of these problems into a form that can be solved by computational
methods. Specific goals are:
- understand the limitations of intuitive reasoning 
- obtain a first overview of computational approaches in systems biology
- train ability to translate biological problems into computational problems
- solve practical problems by programming with MATLAB
- make first experiences in computational interpretation of biological data 
- understand typical abstractions in modeling molecular systems

Content During the first 7 weeks, the will focus on mechanistic modeling. Starting from simple enzyme kinetics, we will move through the dynamics
of small pathways that also include regulation and end with flux balance analysis of a medium size metabolic network. During the second 7
weeks, the focus will shift to the analysis of larger data sets, such as metabolomics and transcriptomics that are often generated in biology.
Here we will go through multivariate statistical methods that include clustering and principal component analysis, ending with first methods
to learn networks from data.

Lecture notes Scripts to prepare the lectures will be provided via Moodle
Literature The course is not taught by a particular book, but two books are suggested for further reading:

- Systems Biology (Klipp, Herwig, Kowald, Wierling und Lehrach) Wiley-VCH 2009
- A First Course in Systems Biology (Eberhardt O. Voight) Garland Science 2012

701-0614-00L Allergies and Environment W  1 credit 1V P. Schmid-Grendelmeier
Abstract Allergic diseases are common and of increasing importance. In this course symptoms and management of allergies such as hay fever,

asthma, eczema or food allergy are presesented. The importnat interactions between environmental factors such as air quality, climate,
nutrition and form and frequency of allergic diseases will be discussed.

Objective Knowledge of the basics of allergic diseases in humans, especially the so-called atopic diseases. Knowledge of the environmental
allergens and the possible mechanisms responsible for the increase in allergic reactions. Knowledge of the interactions between individual
genetic predisposition, environmental allergens and other environmental factors such as air pollutants.

Content Basic types of allergic diseases. Concept of atopy  and intolerances. 
Pathophysiology of IgE-mediated reactions including mechanisms of IgE regulation. Epidemiological data regarding the increase of
allergies as environmental diseases No. 1 and reasons for this increase. 
Discussion of the most important inhalant and nutritional allergens such as pollen, house dust mites, fungal spores, food and food
additives.

Lecture notes Scripts, leaflets and lecture notes are handed in.
Literature Scripts, leaflets and lecture notes are handed in. 

Suggested reading:
Axel Trautmann und Jörg Kleine-Tebbe:
Allergie-Diagnose/Allergie-Therapie
Thieme-Verlag. 2 Auflage (2013)
ISBN 978-3-13-142181-4

Leaflets:
www.ck-care.ch
https://www.ck-care.ch/en/information-sheets

Edcuatioal short videos:
https://www.ck-care.ch/online-campus 


http://eduf.com.br/the-allergy-handbook-a-doctors-guide-to-successful-treatment_2019_printable_file.pdf

Prerequisites /
notice

Basic knowledge in immunology (T /B cells, immunoglobulins)

Interest in clinical symptoms and correlation with Environment and Immune system
Possibilty of Master thesis in translational medecine

376-1175-00L Thermoregulation and Sportswear W  1 credit 1V R. M. Rossi
Abstract This lecture deals with fundamentals of human thermoregulation and treats different topics as the heat transfer of the body, hyper- and

hypothermia, acclimatisation as well as thermal comfort and clothing thermal physiology.
Objective The goal of this lecture is to show the thermoregulatory mechanisms to maintain the body in thermal balance, as well as to treat the

different heat exchange mechanisms with the environment and to demonstrate how state-of-the-art sports apparel can help maintaining the
performance of the athlete.

Content Als homöothermes Wesen muss der Mensch seine Körperkerntemperatur in engen Grenzen um 37°C halten. Die Wärmeproduktion muss
im Gleichgewicht zur Wärmeabgabe stehen. Der menschliche Körper besitzt verschiedene Mechanismen, um Temperaturschwankungen
der Umgebung zu kompensieren, wie z.B. die Vasodilatation und konstriktion, Schwitzen, oder Frostzittern. Zusätzlich kann die Wahl einer
adäquaten Kleidung die Klimaspanne, bei welcher ein Überleben möglich ist, fast beliebig vergrössern.
Zudem werden Grundlagen der Bekleidungsphysiologie präsentiert, und gezeigt, wie funktionelle Bekleidung bei unterschiedlichen
Sportarten die thermophysiologischen Funktionen des Körpers unterstützen kann.

Lecture notes wird jeweils vor der Vorlesung elektronisch zur Verfügung gestellt.

252-0840-02L Application-Oriented Programming W  2 credits 2G L. E. Fässler, M. Dahinden
Abstract This course provides important basic concepts for interdisciplinary programming projects. The programming language is Python and

Matlab.
Objective Students learn


- how to encode a problem into a program, test the program, and correct errors.
- to understand and improve existing code.
- to implement models from the natural sciences as a simulation.
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Content The following programming concepts are introduced in the lecture:

1. Variables, data types
2. Condition check, Loops, logics
3. Arrays
4. Functions
5. Matrices
6. Random

In the practical part of the course, students work on small programming projects with a context from natural sciences. Electronic tutorials
are available as preparation.

Literature L. Fässler, M. Dahinden, D. Komm, and D. Sichau: Einführung in die Programmierung mit Python und Matlab. Begleitunterlagen zum
Onlinekurs und zur Vorlesung, 2016. ISBN: 978-3741250842.

Prerequisites /
notice

No prior knowledge is required for this course.It is based on application-oriented learning. The students spend most of their time working
through programming projects with data from natural science and discussing their results with teaching assistants. To learn the
programming basics there are electronic tutorials available.

701-0245-00L Introduction to Evolutionary Biology W  2 credits 2V G. Velicer, S. Wielgoss
Abstract This course introduces important questions about the evolutionary processes involved in the generation and maintenance of biological

diversity across all domains of life and how evolutionary science investigates these questions.
Objective This course introduces important questions about the evolutionary processes involved in the generation and maintenance of biological

diversity across all domains of life and how evolutionary science investigates these questions.  The topics covered range from different
forms of selection, phylogenetic analysis, population genetics, life history theory, the evolution of sex, social evolution to human evolution.
These topics are important for the understanding of a number of evolutionary problems in the basic and applied sciences.

Content Topics likely to be covered in this course include research methods in evolutionary biology, adaptation, evolution of sex, evolutionary
transitions, human evolution, infectious disease evolution, life history evolution, macroevolution, mechanisms of evolution, phylogenetic
analysis, population dynamics, population genetics, social evolution, speciation and types of selection.

Literature Textbook:
Evolutionary Analysis
Scott Freeman and Jon Herron
5th Edition, English.

Prerequisites /
notice

The exam is based on lecture and textbook.

252-0834-00L Information Systems for Engineers
Wird ab HS20 nur in Herbstsemester angeboten.

W  4 credits 2V+1U G. Fourny

Abstract This course provides the basics of relational databases from the perspective of the user.

We will discover why tables are so incredibly powerful to express relations, learn the SQL query language, and how to make the most of it.
The course also covers support for data cubes (analytics).

Objective This lesson is complementary with Big Data for Engineers as they cover different time periods of database history and practices -- you can
even take both lectures at the same time.

After visiting this course, you will be capable to:

1. Explain, in the big picture, how a relational database works and what it can do in your own words.

2. Explain the relational data model (tables, rows, attributes, primary keys, foreign keys), formally and informally, including the relational
algebra operators (select, project, rename, all kinds of joins, division, cartesian product, union, intersection, etc).

3. Perform non-trivial reading SQL queries on existing relational databases, as well as insert new data, update and delete existing data.

4. Design new schemas to store data in accordance to the real world's constraints, such as relationship cardinality

5. Explain what bad design is and why it matters.

6. Adapt and improve an existing schema to make it more robust against anomalies, thanks to a very good theoretical knowledge of what is
called "normal forms".

7. Understand how indices work (hash indices, B-trees), how they are implemented, and how to use them to make queries faster.

8. Access an existing relational database from a host language such as Java, using bridges such as JDBC.

9. Explain what data independence is all about and didn't age a bit since the 1970s.

10. Explain, in the big picture, how a relational database is physically implemented.

11. Know and deal with the natural syntax for relational data, CSV.

12. Explain the data cube model including slicing and dicing.

13. Store data cubes in a relational database.

14. Map cube queries to SQL.

15. Slice and dice cubes in a UI.

And of course, you will think that tables are the most wonderful object in the world.
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Content Using a relational database
=================
1. Introduction
2. The relational model
3. Data definition with SQL
4. The relational algebra
5. Queries with SQL

Taking a relational database to the next level
=================
6. Database design theory
7. Databases and host languages
8. Databases and host languages
9. Indices and optimization
10. Database architecture and storage

Analytics on top of a relational database
=================
12. Data cubes

Outlook
=================
13. Outlook

Literature - Lecture material (slides).

- Book: "Database Systems: The Complete Book", H. Garcia-Molina, J.D. Ullman, J. Widom
(It is not required to buy the book, as the library has it)

Prerequisites /
notice

For non-CS/DS students only, BSc and MSc
Elementary knowledge of set theory and logics
Knowledge as well as basic experience with a programming language such as Pascal, C, C++, Java, Haskell, Python

 Bachelor's Thesis
Number Title Type ECTS Hours Lecturers

752-0220-20L Bachelor's Thesis O  15 credits 32D Lecturers
Abstract The Bachelor Thesis completes the Bachelor programme and consists of a scientific project carried out independently under the tutorship

of a lecturer at D-HEST.
Objective The Bachelor Thesis aims at fostering the student's ability to independent, structured and scientific working and at deepening their

knowledge in a specific field.

Food Science Bachelor - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Management, Technology and Economics (General Courses)
 General Courses

Number Title Type ECTS Hours Lecturers

351-0778-00L Discovering Management
Entry level course in management for BSc, MSc and PHD
students at all levels not belonging to D-MTEC. 
This course can be complemented with Discovering
Management (Excercises) 351-0778-01L.

Z 3 credits 3G L. De Cuyper, S. Brusoni,
B. Clarysse, S. Feuerriegel,
V. Hoffmann, T. Netland,
G. von Krogh

Abstract Discovering Management offers an introduction to the field of business management and entrepreneurship for engineers and natural
scientists. The module provides an overview of the principles of management, teaches knowledge about management that is highly
complementary to the students' technical knowledge, and provides a basis for advancing the knowledge of the various subjects offered at
D-MTEC.

Objective The objective of this course is to introduce the students to the relevant topics of the management literature and give them a good
introduction in entrepreneurship topics too. The course is a series of lectures on the topics of strategy, innovation, marketing, corporate
social responsibility, and productions and operations management. These different lectures provide the theoretical and conceptual
foundations of management. In addition, students are required to work in teams on a project. The purpose of this project is to analyse the
innovative needs of a large multinational company and develop a business case for the company to grow.

Content Discovering Management aims to broaden the students' understanding of the principles of business management, emphasizing the
interdependence of various topics in the development and management of a firm. The lectures introduce students not only to topics
relevant for managing large corporations, but also touch upon the different aspects of starting up your own venture. The lectures will be
presented by the respective area specialists at D-MTEC.
The course broadens the view and understanding of technology by linking it with its commercial applications and with society. The lectures
are designed to introduce students to topics related to strategy, corporate innovation,  corporate social responsibility, and business model
innovation. Practical examples from industry will stimulate the students to critically assess these issues.

Prerequisites /
notice

Discovering Management is designed to suit the needs and expectations of Bachelor students at all levels as well as Master and PhD
students not belonging to D-MTEC. By providing an overview of Business Management, this course is an ideal enrichment of the standard
curriculum at ETH Zurich.
No prior knowledge of business or economics is required to successfully complete this course.

351-0778-01L Discovering Management (Exercises)
Complementary exercises for the module Discovering
Managment.

Prerequisite: Participation and successful completion of
the module Discovering Management (351-0778-00L) is
mandatory.

Z 1 credit 1U B. Clarysse

Abstract This course is offered complementary to the basis course 351-0778-00L, "Discovering Management". The course offers an additional
exercise in the form of a project conducted in team.

Objective This course is offered to complement the course 351-0778-00L. The course offers an additional exercise to the more theoretical and
conceptual content of Discovering Management. 

While Discovering Management offers an introduction to various management topics, in this course, creative skills will be trained by the
business game exercise. It is a participant-centered, team-based learning activity, which provides students with the opportunity to place
themselves in the role of Chief Innovation Officer of a large multinational company.

Content As the students learn more about the specific case and identify the challenge they are faced with, they will have to develop an innovative
business case for this multinational corporation. Doing so, this exercise will provide an insight into the context of managerial problem-
solving and corporate innovation, and enhance the students' appreciation for the complex tasks companies and managers deal with. The
exercise presents a realistic model of a company and provides a valuable learning platform to integrate the increasingly important
development of the skills and competences required to identify entrepreneurial opportunities, analyse the future business environment and
successfully respond to it by taking systematic decisions, e.g. critical assessment of technological possibilities.

351-0578-00L Introduction to Economic Policy
Does not take place this semester.

Z 2 credits 2V

Abstract First approach to the theory of economic policy.
Objective First approach to the theory of economic policy.
Content Wirtschaftspolitik ist die Gesamtheit aller Massnahmen von staatlichen Institutionen mit denen das Wirtschaftsgeschehen geregelt und

gestaltet wird. Die Vorlesung bietet einen ersten Zugang zur Theorie der Wirtschaftspolitik. 

Gliederung der Vorlesung:

1.) Wohlfahrtsökonomische Grundlagen: Wohlfahrtsfunktion, Pareto-Optimalität, Wirtschaftspolitik als Mittel-Zweck-Analyse u.a.

2.) Wirtschaftsordnungen: Geplante und ungeplante Ordnung
3.) Wettbewerb und Effizienz: Hauptsätze der Wohlfahrtsökonomik, Effizienz von Wettbewerbsmärkten
4.) Wettbewerbspolitik: Sicherstellung einer wettbewerblichen Ordnung

Gründe für Marktversagen:
5.) Externe Effekte 
6.) Öffentliche Güter 
7.) Natürliche Monopole 
8.) Informationsasymmetrien
9.) Anpassungskosten
10.) Irrationalität

11.) Wirtschaftspolitik und Politische Ökonomie

Die Vorlesung beinhaltet Anwendungsbeispiele und Exkurse, um eine Verbindung zwischen Theorie und Praxis der Wirtschaftspolitik
herzustellen. Z. B. Verteilungseffekte von wirtschaftspolitischen Massnahmen, Kartellpolitik am Ölmarkt, Internalisierung externer Effekte
durch Emissionshandel, moralisches Risiko am Finanzmarkt, Nudging, zeitinkonsistente Präferenzen im Bereich der Gesundheitspolitik

Lecture notes Nein.
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Management, Technology and Economics (General Courses) - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Management, Technology and Economics Master
 Core Courses

 General Management and Human Resource Management
Number Title Type ECTS Hours Lecturers

363-0302-00L Human Resource Management: Leading Teams W+  3 credits 2G G. Grote
Abstract The basic processes of human resource management are discussed (selection, reward systems, performance evaluation, career

development) and embedded in the broader context of leadership in teams. Leadership concepts and group processes are presented.
Practical instruments supporting leadership functions are introduced and applied in business settings.

Objective - Understand basic HRM functions and their relationship to leadership
- Know instruments for selection, performance appraisal, compensation, and development
- Understand leadership requirements and success factors in leadership
- Know fundamental processes in teams
- Apply and expand theoretical knowledge on a specific topic in self-guided learning
- Manage team processes and diversity during self-guided learning in a project group

Content Human Resource Management (HRM) concerns the policies, practices, and systems that influence employees' behavior, attitudes, and
performance. It aims at applying human resources within organizations such that people succeed and organizational performance
improves. Concepts and instruments for selection, performance management, and personnel development are discussed with respect to
team leaders' role in HRM, not from the perspective of HR managers. Fundamentals of effective leadership and dynamics in teams are
presented. In semester projects, students apply HRM instruments in company contexts.

Lecture notes There is no script.
Literature A reading list and the respective documents are provided via moodle.

363-1039-00L Introduction to Negotiation W+ 3 credits 2G M. Ambühl
Abstract The course combines different lecture formats to provide students with both the theoretical background and the practical appreciation of

negotiation. A core element of the course is an introduction to the concept of negotiation engineering.
Objective Students learn to understand and to identify different negotiation situations, analyze specific cases, and discuss respective negotiation

approaches based on important negotiation methods (i.a. Game Theory, Harvard Method).
Content The course combines different lecture formats to provide students with both the theoretical background and the practical appreciation of

negotiation. A core element is an introduction to the concept of negotiation engineering. The course covers a brief overview of different
negotiation approaches, different categories of negotiations, selected negotiation models, as well as in-depth discussions of real-world
case studies on international negotiations involving Switzerland. Students learn to deconstruct specific negotiation situations, to
differentiate key aspects and to develop and apply a suitable negotiation approach based on important negotiation methods.

Literature The list of relevant references will be distributed in the beginning of the course.

 Strategy, Markets and Technology
Number Title Type ECTS Hours Lecturers

363-1077-00L Entrepreneurship W+  3 credits 2G B. Clarysse
Abstract This course introduces the various elements important to start an innovative business. These are: insights into how technology as a context

shapes opportunities to start a business, assessing opportunities, protecting one's idea and technology, market testing and feedback, how
to form a team, raising investment and deal evaluation, use of novel financing sources, development of term sheets.

Objective This course enables to understand:
How technologies develop from science to commercial products
What kind of entrepreneurial opportunities emerge from this cycle
How assumptions are tested in the market and evolve into business plans
What the importance is of founding teams and how they are fit together
How to raise money from various sources such as crowd funding, ICO, business angels and venture capitalists
How to develop a business case
How to negotiate and structure a funding deal
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Content The course consists of 7 sessions of 4 hours, every other week. The first 2 hours typically cover the content of the session, while in the last
2 hours students work in teams to apply the content in specific case settings. 

The course is structured as follows: 

In session 1, we discuss how science develops into technologies that are eventually commercialized into products ...We discuss how
technology entrepreneurs can create ventures based upon the technology they work on, the demand they see in their environment or just
through the mere aspiration of creating a company. We specifically focus on how these companies can create value in the absence of clear
customer revenues and what the eventual outcome is of such a venture.

In Session 2, we look at how entrepreneurs do market research and how different types of market research help them to develop their
business. In addition, you will get an overview of various forms of prototyping, and of how the use of such prototyping can help you test the
market and incorporate market feedback into your product or service.

In Session 3, we introduce the concept of "appropriability". For entrepreneurs, especially in a technology environment, it is very important to
think about how they can appropriate value from the ideas they develop and the products they introduce in the market. Such appropriation
can be enabled through legal mechanisms such as IP or might be facilitated through the way in which the company is set up. We also
discuss how value can be delivered in an industry, how negotiation power can be assessed, what different actors need to be taken into
consideration when determining the value flow in a network and, eventually, how to think of a business model annex business plan.

Session 4 touches upon a number of HR questions and managerial challenges for the budding entrepreneur: Is it better to go alone or in a
team? Are there more or less successful compositions of an entrepreneurial team and if so, where to find the right co-conspirators? We
also introduce the basic elements of making a financial plan.

Session 5 introduces you in the world of raising capital. You get an overview of the various sources of capital including business angels,
accelerators, crowd funding, venture capital and corporate capital. Guest speakers from the financing industry will answer your questions
with regards to getting finance.

Session 6 deals with the legal side of making a deal between an investor and a company. We also explain how to make an elevator pitch
and how to pitch for money (including business plan competitions)

Session 7 includes a negotiation game. The negotiation game allows you to go through the different conditions of a term sheet including
the valuation of a start-up, the lock-in of the management team, the liquidation options and the division of power. The aim is to learn how to
use each of these terms in a practical setting and be able to write a term sheet with an investor.

Each of the sessions includes a mix of theory (usually 2 hours), case study/exercise work and occasional guest presentations (usually 1
hour). The course is an excellent introduction to 'do it yourself courses' such as the Deep Science Sprint, the Digital Entrepreneurship
Course,..

Lecture notes Powerpoint slides are provided ahead of each session and provide together with Clarysse and Kiefer (2011) the core course material. 

In addition to the slides and handbook, most sessions have case material (uploaded ahead of the course and to be read BEFORE the
lecture in which the case will be discussed). Video material is part of the core syllabus.

Literature Clarysse, B. & S. Kiefer The Smart Entrepreneur (Elliott & Thompson, 2011) is used as core reading material. 

In addition, each session also has "advanced reading" papers, which are useful to deepen your knowledge about the specific subject under
discussion. It is sufficient to read the introduction and the conclusions of the papers to get the core idea.

The papers are uploaded through Moodle, the book is available for sale at Amazon.com or can be ordered from any book store.

Prerequisites /
notice

No special background is needed.

363-0392-00L Strategic Management
Number of participants limited to 80.

Registration through myStudies (first come, first served). If
you are unable to sign up through myStudies, please
contact the course assistant: 
http://www.smi.ethz.ch/education/strategic-
management.html

W+  3 credits 2G S. Herting

Abstract This courses conveys concepts and methods in strategic management, with a focus on competitive strategy. Competitive strategy aims at
improving and establishing position of firms within an industry.

Objective The lecture "strategic management" is designed to teach relevant competences in strategic planning and -implementation, for both
professional work-life and further scientific development. The course provides an overview of the basics of strategy and the most prevalent
concepts and methods in strategic management. The course is given as a combination of lectures about concepts/methods, and case
studies where the students asked to solve strategic issues of the case companies. In two sessions, the students will also be addressing
real-time strategic issues of firms that are represented by executives.

Content Contents:
a. Strategy concepts
b. Industry dynamics I: Industry analysis
c. Industry dynamics II: Analysis of technology and innovation
d. The resource-based theory of the firm
e. The knowledge-based theory of the firm

Strategic Management offers a combination of lectures about concepts/methods, and case studies where the students solve strategic
issues of the involved companies. This aims at offering students a profound theoretical understanding of important and current topics and
also offer an opportunity to present these concepts in front of an audience.
This course conveys concepts and methods in strategic management, with a focus on competitive strategy. Competitive strategy aims at
analyzing and establishing position of firms within an industry, securing firm performance. Thus, the course focuses on a number of
important topics, such as the evolution of industry, industry structure, the analysis of a firm's resources- and knowledge, and innovation.
In addition, student groups will hold presentations on the four main topics of this class, to further develop concepts and enhance
understanding. The presentations will cover Industry Dynamics I, Industry Dynamics II, Resource Based View of the Firm, Knowledge
Based View of the Firm. For all presentations, selected Harvard Business Cases will be used as a common ground for students to start
from.
Students are also expected to read and understand the required readings (approx. 15 items) that cover the most important papers and
articles from the past 30 years in management and strategy research.
To underline the relevance of Strategic Management in firms, decision makers from companies in Switzerland will be holding guest lectures
and give their take on strategy in practice and give insight on current topics in the field.
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Prerequisites /
notice

Session #0: (17.02.2020) Introduction & How to solve a case
Session #1: (24.02.2020) Introduction to Strategy
Session #2: (02.03.2020) Industry Dynamics I
Session #3: (09.03.2020) Industry Dynamics II
Session #4: (16.03.2020) Resource-Based Theory 
Session #5: (30.03.2020) Guest Lecture I
Session #6: (06.04.2020) Knowledge-based Theory
Session #7: (27.04.2020) Guest Lecture II

Please NOTE: The dates of the guest lectures subject to change due to availability of the guest lecturers. The final schedule will be
provided in the first session.

FIND MORE INFORMATION ABOUT THE REGISTRATION HERE:
http://www.smi.ethz.ch/education/strategic-management.html

 Quantitative and Qualitative Methods for Solving Complex Problems
Number Title Type ECTS Hours Lecturers

363-0570-00L Principles of Econometrics
Prerequisites: previous knowledge in economics.

W+  3 credits 2G J.-E. Sturm, A. Beerli

Abstract This course introduces the fundamentals of econometrics. We cover simple and multiple regression analysis using different data formats.
An emphasis is on hypothesis testing, interpretation of regression results, and understanding threats to the causal interpretation of
relationships in the data.

Objective The course targets both the theoretical understanding as well as the application of basic econometric methods to real world problems. 
 
The educational objective of this course is that, after completion, students should be able to: 
1. understand different forms of data (cross-sectional, panel, time-series) and their strengths and weaknesses for answering different
research questions. 
2. understand how to translate questions about economic policy issues and human behaviour into research hypotheses that can be tested
with data. 
3. apply their theoretical knowledge about econometrics to concrete examples based on the knowledge they acquired in tutorial sessions
using the statistical software package STATA and interpret estimation results. 
4. name and identify potential threats for causal interpretations of relationships in the data and explain whether (and how) they can be
addressed.

Content The term “econometrics” stands for the application of specific statistical methods to the field of economics. Econometrics aims at providing
empirical evidence using observational data that can be used to learn about the real-world existence of specific relationships postulated in
economic theories. Typical research questions that economists analyse by using econometric methods include for instance: Do minimum
wages reduce employment? Does a gender wage gap exist and how large is it? Does foreign aid affect economic growth? How do interest
rate changes influence exports? Is there an effect of economic outcomes on politicians’ chances to get re-elected?  

Starting from simple regression analysis, the course introduces the statistical framework that is used in econometrics to answer such
empirical research questions. A major focus is on understanding and mastering methods of hypothesis testing using multiple regressions.  
The lecture discusses different issues regarding assumptions, interpretation, and inference in multiple linear regression models. Among
others, the course addresses the following questions: How well or badly does the applied model fit the observed facts? How large is the
estimate of the effects of one variable on another and how reliable is the estimate? Can the model be used to predict the specific variable
of interest and how precise is that prediction? What are the crucial assumptions of the estimation strategy used, (how) can they be tested,
and does the estimated relationship represent a causal effect?  

The course lectures introduce the methods and computer tutorials give the students the opportunity to apply and deepen their knowledge
using the software package STATA.

Literature Wooldridge, Jeffrey M. (2018) Introductory Econometrics : A Modern Approach. Seventh ed. ISBN: 978-1-337-55886-0 [access to relevant
chapters will be provided]

Prerequisites /
notice

This course is intended for students interested in econometrics who have already taken an introductory course in economics (e.g., the
course "Principles of Macroeconomics"). Knowledge of the statistical software STATA is no prerequisite and will be acquired during the
course.

 Micro and Macroeconomics
Number Title Type ECTS Hours Lecturers

363-0515-00L Decisions and Markets W+  3 credits 2V A. Bommier
Abstract This course provides an introduction to microeconomics. The course is open to students who have completed an undergraduate course in

economics principles and an undergraduate course in multivariate calculus. The course emphasizes the conceptual foundations of
microeconomics and contains concrete examples of their application.

Objective The purpose of this course is to provide master students with an introduction to graduate-level microeconomics, particularly for students
considering further graduate work in economics, business administration or management science. The course provides the fundamental
concepts and tools for graduate courses in economics offered at ETH and UZH.

After completing this course:
- Students will be able to understand and use existing models to make predictions of consumer and firm behavior.
- Students understand the fundamental welfare theorems and will be able to analyze equilibria of markets with perfect and imperfect
competition.
- Students will be able to analyze under which conditions market allocations are not efficient (market failure).
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Content Microeconomics is the branch of economics which studies the decision-making by an individual, household, firm, industry or level of
government. The economic equilibrium is the result of agents' interactions. Microeconomics is an element of nearly every subfield in
economic analysis today. This course introduces the fundamental frameworks which form the basis of many economic models.

Theory of the consumer:
- Consumer preferences and utility
- Budget sets and optimal choice
- Demand functions
- Labor supply and intertemporal choice
- Welfare economics

Theory of the producer:
- Technological constraints and the production function
- Cost minimization
- Profit maximization

Market structure:
- Perfectly competitive markets
- Monopoly behavior
- Duopoly behavior

General equilibrium analysis:
- Market equilibrium in an exchange and production economy
- Market failure

Lecture notes The lecture will be based on lecture slides, which will be made available on Moodle.
Literature The course is mostly based on the textbook by R. Serrano and A. Feldman: "A Short Course in Intermediate Microeconomics with

Calculus" (Cambridge University Press, 2013). Another textbook of interest is "Intermediate Microeconomics: A Modern Approach" by H.
Varian (Norton, 2014). 
Exercises are available in the textbook by R. Serrano and A. Feldman ("A Short Course in Intermediate Microeconomics with Calculus",
Cambridge University Press, 2013). More exercises can be found in the book "Workouts in Intermediate Microeconomics" by T. Bergstrom
and H. Varian (Norton, 2010).

363-0575-00L Economic Growth, Cycles and Policy W+ 3 credits 2G H. Gersbach
Abstract This intermediate course focuses on the core thinking devices and foundations in macroeconomics and monetary economics, and uses

these devices to understand economic growth, business cycles, crises as well as how to conduct monetary and fiscal policies and policies
to foster the stability of financial and economic systems.

Objective - Fundamental knowledge about the drivers of economic growth in the short and long run, key macroeconomic variables and observed
patterns in developed countries

- Comprehensive understanding of core macroeconomic frameworks and thinking devices

Content This intermediate course focuses on the core thinking devices and foundations in macroeconomics and monetary economics, and uses
these devices to understand economic growth, business cycles, crises as well as how to conduct monetary and fiscal policies and policies
to foster the stability of financial and economic systems. The course is structured in the following way:

Part I: Basics
 - Introduction
 - IS-LM Model in Closed Economy (Repetition)
 - Schools of Thought
 - Consumption and Investment
 - The Solow Growth Model

Part II: Special Themes
 - Money Holding, Inflation, and Monetary Policy
 - Crises in Market Economies
 - IS-LM Model and Open Economy
 - Theories of exchange rate determination
 - Technical Appendix

Lecture notes Copies of the slides will be made available.
Literature Chapters in

Manfred Gärtner (2009), Macroeconomics, Third Edition, Prentice Hall.
and selected chapters in other books and/or papers

Prerequisites /
notice

It is required that participants have attended the lecture "Principles of Macroeconomics" (363-0565-00L).

 Financial Management
Number Title Type ECTS Hours Lecturers

363-0560-00L Financial Management W+  3 credits 2V J.-P. Chardonnens
Abstract This course introduces students to the concept and principles of financial management that are of primary concern to corporate managers

and all the consideration needed to make financial decision. It involves investment and financing decisions through the application of
financial analysis.

Objective By attending this course, students will be able to:
- increase the overall value of firms and improve their profitability. 
- ensure sufficient availability of funds to satisfy maturing short-term debt.
- improve the management of working capital and short-term financing. 
- make capital budgeting decisions under both certainty and uncertainty.
- discuss the capital structure theory. 
- understand the different sources of finance.
- describe the main motives and implications of mergers and acquisitions.
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Content The course Financial Management follows the course Accounting for Managers. The principles of financial management are illustrated with
different cases. The course is divided into six main sections: 

1. The first section discusses the financial goals of the firm, value-based management, and the objectives of liquidity and profitability.

2. The second chapter explains the tools and methods of financial analysis and forecasting needed by managers in order to make
appropriate investing and financing decisions.

3. The third division demonstrates the importance of the management of working capital, cash planning, current asset management, short
term financing, and the cash flow statement.  

4. The fourth module introduces the static and dynamic methods of capital budgeting in order to improve the profitability of the organisation
and achieve the main objectives.

5. The fifth part relates to the financing of the company, the capital structure theory, the cost of capital, the different sources of equity and
debt financing. 

6. The last section of the course illustrates special topics of financial management, such as mezzanine finance, corporate restructuring,
mergers & acquisitions, and the valuation of shares.

Prerequisites /
notice

Requirement : Good knowledge of financial accounting (Accounting for Managers)

 Recommended Elective Courses
Number Title Type ECTS Hours Lecturers

363-0448-00L Global Operations Strategy
Does not take place this semester.

W  3 credits 3G T. Netland

Abstract This course provides students a theoretical fundament and practical skills for strategic configuration and coordination of global production
networks and facility planning and design.

Objective Students will be able to analyze, plan, and design factory networks and single facilities.
1. Students can analyze strengths and weaknesses of a company’s global factory network.
2. Students can conduct a basic factory localization analysis and elaborate the risks involved and the limitations of the chosen method.
3. Students are familiar with key issues in managing global operations.
4. Students can analyze a global productivity improvement program.
5. Additional skills: Students acquire experience in teamwork, report writing and presentation.

Content This course deals with the configuration and coordination of global manufacturing operations.
Lecture notes See Moodle
Literature See Moodle
Prerequisites /
notice

Requirements: Preferably the course 363-0445-00L Production and Operations Management

363-0452-00L Purchasing and Supply Management W  3 credits 2G S. Wagner
Abstract Based on up to date purchasing and supplier management theories and practices, the course familiarizes students with the design and

implementation of purchasing strategies, processes, structures and systems, as well as the structure and management of supplier
portfolios and buyer-supplier relationships.

Objective Students will acquire skills and tools which are valuable for designing and implementing purchasing and supplier strategies.
Content The value sourced from suppliers and the innovation stemming from the supply base has increased substantially in recent years. As a

consequence, suppliers and the purchasing function have become critically important for firms in many manufacturing and service
industries. Purchasing and supply management is on the agenda of top-management today. This course will familiarize students with
modern purchasing and supplier management theory and practice. They will learn how to design and implement purchasing strategies,
processes, structures and systems, and how to structure and manage supplier portfolios and buyer-supplier relationships to meet firms
supply needs.

Lecture notes The course material will be made available for download on Moodle:

https://moodle-app2.let.ethz.ch/course/view.php?id=12249

Literature The following textbook is recommended:
Cousins, Paul/Lamming, Richard/Lawson, Benn/Squire, Brian (2008): Strategic supply management: Principles, theories and practice,
Harlow, UK: Financial Times Prentice Hall (ISBN: 0273651005).

The following textbooks are supplementary:
van Weele, Arjan J. (2014): Purchasing and supply chain management: Analysis, strategy, planning and practice, 6th ed., Andover:
Cengage Learning (ISBN: 9781408088463).
Benton, W.C. (2010): Purchasing and supply chain management, 2nd ed., New York: McGraw-Hill (ISBN: 0073525146).

Prerequisites /
notice

The final course grade will be a weighted average of the following:

Written test: 70%
Case studies (during the semester): 30%

363-0514-00L Energy Economics and Policy
It is recommended for students to have taken a course in
introductory microeconomics. If not, they should be
familiar with microeconomics as in, for
example,"Microeconomics" by Mankiw & Taylor and the
appendices 4 and 7 of the book "Microeconomics" by
Pindyck & Rubinfeld.

W  3 credits 2G M. Filippini

Abstract An introduction to energy economics and policy that covers the following topics: energy demand, economics of energy efficiency,
investments and cost analysis, energy markets (fossil fuels,electricity and renewable energy sources), market failures and behavioral
anomalies, market-based and non-market based energy policy instruments and regulation of energy industries.

Objective The students will develop the understanding of economic principles and tools necessary to analyze energy issues and to formulate energy
policy instruments. Emphasis will be put on empirical analysis of energy demand and supply, market failures, behavioral anomalies, energy
policy instruments, investments in power plants and in energy efficiency technologies and the reform of the electric power sector.
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Content The course provides an introduction to energy economics principles and policy applications. The first part of the course will introduce the
microeconomic foundation of energy demand and supply as well as market failures and behavioral anomalies. In a second part, we
introduce the concept of investment analysis (such as the NPV), in the context of energy efficient investments. In the last part, we use the
previously introduced concepts to analyze energy policies: from a government perspective, we discuss the mechanisms and implications of
market oriented and non-market oriented policy instruments as well as the regulation of energy industries.
 
Throughout the entire class, we combine the course material with insights from current research in energy economics. This combination will
enable students to understand standard scientific literature in the field of energy economics. Moreover, the class aims to show students
how to put real life situations in the energy sector in the context of insights from energy economics.

During the first part of the course a set of environmental and resource economics tools will be given to students through lectures. The
applied nature of the course is achieved by discussing several papers in a seminar. To this respect, students are required to work in groups
in order to prepare a presentation of a paper.

The evaluation policy is designed to verify the knowledge acquired by students during the course. For this purpose, a short group
presentation will be graded. At the end of the course there will be a written exam covering the topics of the course. The final grade is
obtained by averaging the presentation (20%) and the final exam (80%).

Prerequisites /
notice

It is recommended for students to have taken a course in introductory microeconomics. If not, they should be familiar with microeconomics
as in, for example, "Microeconomics" by Mankiw & Taylor and the appendices 4 and 7 of the book "Microeconomics" by Pindyck &
Rubinfeld.

363-0543-00L Agent-Based Modelling of Social Systems W  3 credits 2V+1U F. Schweitzer
Abstract Agent-based modeling is introduced as a bottom-up approach to understand the complex dynamics of social systems. The course is based

on formal models of agents and their interactions. Computer simulations using Python allow the quantitative analysis of a wide range of
social phenomena, e.g. cooperation and competition, opinion dynamics, spatial interactions and behaviour in social networks.

Objective A successful participant of this course is able to
- understand the rationale of agent-based models of social systems
- understand the relation between rules implemented at the individual level and the emerging behavior at the global level
- learn to choose appropriate model classes to characterize different social systems
- grasp the influence of agent heterogeneity on the model output
- efficiently implement agent-based models using Python and visualize the output

Content This full-featured course on agent-based modeling (ABM) allows participants with no prior expertise to understand concepts, methods and
tools of ABM, to apply them in their master or doctoral thesis. We focus on a formal description of agents and their interactions, to allow for
a suitable implementation in computer simulations. Given certain rules for the agents, we are interested to model their collective dynamics
on the systemic level.

Agent-based modeling is introduced as a bottom-up approach to understand the complex dynamics of social systems.
Agents represent the basic constituents of such systems. The are described by internal states or degrees of freedom (opinions, strategies,
etc.), the ability to perceive and change their environment, and the ability to interact with other agents. Their individual (microscopic)
actions and interactions with other agents, result in macroscopic (collective, system) dynamics with emergent properties, which we want to
understand and to analyze.

The course is structured in three main parts. The first two parts introduce two main agent concepts - Boolean agents and Brownian agents,
which differ in how the internal dynamics of agents is represented. Boolean agents are characterized by binary internal states, e.g. yes/no
opinion, while Brownian agents can have a continuous spectrum of internal states, e.g. preferences and attitudes.  The last part introduces
models in which agents interact in physical space, e.g. migrate or move collectively.  

Throughout the course, we will discuss a wide variety of application areas, such as:
 - opinion dynamics and social influence,
 - cooperation and competition,
 - online social networks,
 - systemic risk
 - emotional influence and communication
 - swarming behavior
 - spatial competition
   
While the lectures focus on the theoretical foundations of agent-based modeling, weekly exercise classes provide practical skills. Using the
Python programming language, the participants implement agent-based models in guided and in self-chosen projects, which they present
and jointly discuss.

Lecture notes The lecture slides will be available on the Moodle platform, for registered students only.
Literature See handouts. Specific literature is provided for download, for registered students only.
Prerequisites /
notice

Participants of the course should have some background in mathematics and an interest in formal modeling and in computer simulations,
and should be motivated to learn about social systems from a quantitative perspective.

Prior knowledge of Python is not necessary.

Self-study tasks are provided as home work for small teams (2-4 members).
Weekly exercises (45 min) are used to discuss the solutions and guide the students.
 
The examination will account for 70% of the grade and will be conducted electronically. The "closed book" rule applies: no books, no
summaries, no lecture materials. The exam questions and answers will be only in English. The use of a paper-based dictionary is
permitted. 
The group project to be handed in at the beginning of July will count 30% to the final grade.

363-0552-00L Economic Growth and Resource Use W  3 credits 2G C. Karydas
Abstract The course deals with the factors that contribute to economic development. Throughout the course theoretical economic modelling will be

used to discuss the effects of factors – such as land, human/physical capital, technology, fossil energy resources, and climate change – on
economic growth and to draw conclusions for the future.

Objective The general objective of the course is to provide students tools and intuition to:

 i) think in a structured way – though economic modelling – about the factors that have lead to the different growth experiences among
countries, and still shape our contemporary situation; 
ii) assess and design policies on the basis of economic development; 
iii) draw conclusions for the future of economic development, that take into account prevalent issues such as the scarcity of fossil energy
resources and climate change.
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Content Why is economic growth worth studying? Which are the factors behind economic growth? What is the role of natural resources in shaping
economic development? Is our finite planet able to support sustainable long-term economic growth? Economics aims at explaining human
behaviour; how do we model it and how can we steer it for the better? How do you design an efficient economic policy for a sustainable
future? What is sustainable anyway?  These are some of the questions you will learn to answer in this course. 

After spending the first lecture on overviewing the course, and the second lecture on building our mathematical and economic foundation,
we begin with the three main modules that comprise this course.

The first module – called “Land and Economic Growth” – deals with the historical evolution of the factors behind economic development
from the pre-industrial times to our modern growth experiences. By studying the history of economic growth, we understand change and
how the society we live in came to be. In this module we will develop economic models that capture the transition from an era of miniscule
economic growth that persisted for millennia before the industrial revolution – with land and human labour as the main inputs to economic
activity, to our modern growth experience where the continuous improvement in technology and services is our status quo. 

The second module – called “Non-Renewable Resources and Growth” – deals with the problem of optimal exploitation of non-renewable
resources, as well as with the issue of “Resource Curse” – i.e., the observed negative relationship between economic development and
resource abundance. Emerging in the 1970s due to two oil crises, the problem of the economy’s extreme dependence on fossil and
depletable energy resources sparked a great deal of research to guide our way forward. Some important questions we will formally answer
in this module are the following. How do we optimally exploit a given stock of a non-renewable resource? What affects the prices of non-
renewable resources? If fossil energy sources – a (so far) important input to production – are getting ever depleted, is long-term growth
possible? How do we explain the “Resource Curse” and what are the policies that allow a sustainable future in countries that suffer from
such a curse?  

The third module – called “Climate Change and Growth” – deals with the pressing problem of our changing climate. Greenhouse gas
emissions – so far essential for economic activity – accumulate in the atmosphere and alter environmental patterns. This phenomenon –
commonly known as climate change – is responsible for the increase in the frequency and the intensity of natural disasters, which damage
our stocks of capital and put a drag on economic growth. To derive appropriate policies for a sustainable future, we will incorporate these
aspects in workhorse models of the economics and finance literature. Students will learn how to derive and set the “correct” price on the
use of polluting energy resources from the perspective of policy-makers. Additionally, pricing of climate change risks for financial markets is
important, both for individual investors and central banks, as it is they who provide liquidity to firms to pursue their long-term growth targets.
Accordingly, we will close the lecture with the pricing of climate change risks from an investor’s perspective.
 
After the last lecture of each of the three modules students will be handed out an exercise set which will be submitted by the beginning of
the following week’s lecture. That lecture will be an exercise session where we will discuss the solutions in class. Each exercise set will be
graded. The average grade from the best two exercise sets will account for 25% of the final grade; the rest 75% will be determined by a
written exam.

Lecture notes Lecture Notes of the course will be sent by email to officially subscribed students.
Literature The main reference of the course is the set of lecture notes; students will also be encouraged to read some influential academic articles

dealing with the issues under study.
Prerequisites /
notice

Knowledge of basic calculus (differentiation - integration) and basic statistics (e.g. what is an expectation; variance-covariance) is
considered as a prerequisite. Elementary knowledge of dynamic systems analysis, optimal control theory and economic theory is a plus but
not a prerequisite.

363-0558-00L Introduction to Game Theory: Strategic and
Cooperative Thinking
It is recommended to take 363-0503-00L Principles of
Microeconomics first. 

W  3 credits 2G V. Britz

Abstract Noncooperative and Cooperative Game Theory, concepts and applications
Objective The goal of the lecture is to learn how to think strategically or cooperatively and to apply the concepts 

of game theory to economic, social, political, and business situations.


Students will gain competence in a variety of standard game-theoretic concepts. They will also become familiar with the ways in which
these concepts are applied in Economics and related disciplines.

Content Part 1: Strategic Thinking (Noncooperative Game Theory)

Thinking in static and dynamic games with complete and incomplete information

Part 2: Cooperative Thinking (Cooperative Game Theory)

Thinking in repeated and cooperative games.


The purpose of the course is to provide an introduction to both cooperative and non-cooperative game theory. The course will start from
scratch with the most basic game-theoretic concepts, such as weak and strict dominance, or Nash equilibrium. Progress will be rather swift,
however, and the course will cover more advanced concepts such as signaling games and Bayesian equilibrium. 

Students will gain an understanding of the broad relevance and applicability of game theory in Economics and related disciplines. 

Instruction will take several forms such as lectures, exercises, and experiencing some of the games discussed in the lectures.

Lecture notes For inquiries and questions regarding the course organization please send an email to Dr. Oriol Tejada (toriol@ethz.ch).
Literature Davis (1997): Game Theory: A Nontechnical Introduction. Courier Dover Publications

Dixit and Nalebuff (1991): Thinking Strategically. W.W. Norton & Company 
Fudenberg and Tirole (1991): Game Theory. MIT Press
Gibbons (1992): Game Theory for applied economists. Princeton University Press
Mas-Collel et al. (1995): Microeconomic Theory. Oxford University Press
Myerson (1992): Game Theory: Analysis of Conflict. Havard University Press
Osborne (2003): An Introduction to Game Theory. Oxford University Press
Watson (2002): Strategy: An Introduction in Game Theory. W.W. Norton & Company

Prerequisites /
notice

The lecture will be in English.

363-0564-00L Entrepreneurial Risks W  3 credits 2G D. Sornette
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Abstract 
Dimensions of risks with emphasis on entrepreneurial, financial and social risks.

What young entrepreneurs need to know from start-up creation to investment in innovation

Perspectives on the future of innovation and how to better invent and create

How to innovate and scale up and work with China

Dynamical risk management and learning from the failure of others 


Objective We live a in complex world with many nonlinear
negative and positive feedbacks. Entrepreneurship is one of
the leading human activity based on innovation to create
new wealth and new social developments. This course will
analyze the risks (upside and downside) associated with
entrepreneurship and more generally human activity
in the firms, in social networks and in society.
The goal is to present what we believe are the key concepts
and the quantitative tools to understand and manage risks.
An emphasis will be on large and extreme risks, known
to control many systems, and which require novel ways
of thinking and of managing. We will examine the questions
of (i) how much one can manage and control these risks,
(ii) how these actions may feedback positively or negatively
and (iii) how to foster human cooperation for the creation
of wealth and social well-being.

The exam will be in the format of multiple choice questions.

Content PART I: INTRODUCTION

Lecture 1 (19/02): Risks (and opportunities) in the economic, entrepreneurial and social spheres
(D. Sornette)


PART II: START-UPS AND INVESTMENT IN INNOVATION

Lecture 2 (26/02): Setting the landscape on entrepreneurship and private investment
(P. Cauwels)

Lecture 3 (04/03 and 11/03): Corporate finance
(P. Cauwels)

Lecture 4 (18/03): Legal, governance and management
(P. Cauwels)

Lecture 5 (25/03): Investors in the innovation economy
(P. Cauwels)


PART III: HOW TO PREDICT THE FUTURE

Lecture 6 (01/04): Historical perspective
(P. Cauwels)

Lecture 7 (08/04): The logistic equation of growth and saturation
(D. Sornette)

Lecture 8 (22/04): Future perspective
(P. Cauwels)

Lecture 9 (29/04): The fair reward problem, the illusion of success and how to solve it
(P. Cauwels)


PART IV: HOW TO WORK WITH CHINA
“if China succeeds, the world succeeds; if China fails, the world fails” (D. Sornette).

Lecture 10 (06/05): The macro status in China and the potential opportunity and risks for the world
(K. Wu)

Lecture 11 (13/05): The collision of the two opposite mindsets: Innovation and Entrepreneurship in China and Switzerland
(K. Wu)


PART V: ESSENTIALS ON DYNAMICAL RISK MANAGEMENT

Lecture 12 (20/05):  Principles of Risk Management for entrepreneurship
(D. Sornette)

Lecture 13 (27/05):  The biology of risks and war principles applied to management
(D. Sornette)


Lecture notes The lecture notes will be distributed a the beginning of 
each lecture.
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Literature I will use elements taken from my books 

-D. Sornette
Critical Phenomena in Natural Sciences,
Chaos, Fractals, Self-organization and Disorder: Concepts and Tools,
2nd ed. (Springer Series in Synergetics, Heidelberg, 2004) 

-Y. Malevergne and D. Sornette
Extreme Financial Risks (From Dependence to Risk Management)
(Springer, Heidelberg, 2006).

-D. Sornette, 
Why Stock Markets Crash
(Critical Events in Complex Financial Systems),
(Princeton University Press, 2003)

as well as from a variety of other sources, which will be
indicated to the students during each lecture.

Prerequisites /
notice

-A deep curiosity and interest in asking questions and in attempting to 
understand and manage the complexity of the corporate, financial
and social world

-quantitative skills in mathematical analysis and algebra
for the modeling part.

363-0584-00L International Monetary Economics
Does not take place this semester.

W  3 credits 2V J.-E. Sturm, to be announced

Abstract What determines the foreign exchange rate in the short- and long-term? What are the effects of monetary and fiscal policy in an open
economy? What drives a country's choice of the foreign exchange rate regime and why are some countries more prone to financial crises
than others? A number of simple theoretical frameworks will be developed that allow us to discuss recent economic policy issues.

Objective The core objective of the course is to develop simple macroeconomic models of open economies that can be usefully applied to
international economic phenomena ranging from global financial imbalances, the Chinese exchange rate regime, the European Monetary
Union, reform proposals for the international financial architecture, to global financial crises.

Lecture notes Lecture notes will be made available via Moodle.
Literature Krugman, Paul, Maurice Obstfeld and Marc Melitz (2019), International Economics, Theory and Policy, 11th Global Edition, Pearson.

363-0586-00L International Economics: Theory of New Trade and
Multinational Firms

W 3 credits 2V D. Suverato

Abstract The primary goal of the course is to familiarize students with recent work in international economics. Students will gain an essential set of
guidelines to understand to current worldwide economic scenario dominated by: "trade wars", "Brexit",  the "fear of import competition from
China" and the links between globalization and technological change.

Objective Covering models of international trade, of trade and multinational firms, and of factor mobility and agglomeration, students will get a good
overview of key contributions in the field of international economics.

The introduction to this course provides a brief overview of classical trade models, where production cost differences between countries
(through differences in factor productivity or in relative factor endowments) are the main source of gains from trade. 

The core of the course will be on general equilibrium models of trade where the main reason for trade are consumer preferences and their
love of variety and its major impediments are transport costs. Technology, structure of the product market and the functioning of the labor
market will be the key drivers of the effect of international trade on growth, welfare and inequality.

At the end of the course student will be able to:

1. Define the concept of comparative advantage and understand how it shapes trade patterns.
2. Describe the main reasons for international trade and their relative importance in reality.
3. Explain the methodology used by modern economic models to quantify the gains from trade and the effects of changes in trade costs.
4. Summarize the main insights obtained by models which introduce firm heterogeneity in international trade.
5. Discuss the implications of international trade for inequality and the organization of production.

Content In this class we will cover the following topics.

1 Comparative Advantage. This is the main concept of "opportunity cost" applied to the questions "who produces what? and why?" 

2 Gains from trade. International trade is a trigger for the development of welfare gains in terms of efficiency. We will understand why and
how gains can be redistributed to mitigate losses for who loses in a more integrated economy. 

3 Firms in the Global Economy. The main actors of international economics are globally integrated firms. We will examine their business
model, in particular:
– Export Decisions
– Outsourcing Decisions and Organization of Multinationals
– Global Value Chains

4 Trade and Income Distribution. While efficiency gains are clear, the impact of international trade on the income distribution is a more
complex issue to assess. We will discuss the most recent developments on this subject.  

5 Trade Policy. Topics such as free trade agreements and trade wars are of high importance in the political agenda. We will discuss the
main trade policy instruments (such as tariffs, quotas, export subsidies and regulations) and their effects on economic growth.

The detailed agenda of the course consists of these topics:
1.Ricardian Trade Theory, from Ricardo to Eaton-Kortum.
2.Heckscher-Ohlin Trade Theory and specific factor models.
3.Increasing Returns and Trade and gains from variety.
4.Firm Heterogeneity: the Melitz model and its applications.
5.Multinational firms and offshoring: a global organization of production.
6.Insights on trade policy: free trade agreements, tariffs, non-tariff barriers and regulations
7.New empirical insights on trade, development and inequality.

Literature Copies of the original articles and relevant chapters of books will be made available to participants of the course.
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Prerequisites /
notice

To follow the course well, you should have some basic knowledge about: 
1. solving constrained and unconstrained optimization problems, 
2. integral calculus and probability theory 

Furthermore, you should be familiar with:
1. basic microeconomic concepts (such as General Equilibrium) 
2. basic econometric concepts (such as Instrumental Variables)

363-0588-00L Complex Networks W  4 credits 2V+1U F. Schweitzer, G. Casiraghi
Abstract The course provides an overview of the methods and abstractions used in (i) the quantitative study of complex networks, (ii) empirical

network analysis, (iii) the study of dynamical processes in networked systems, (iv) the analysis of robustness of networked systems, (v) the
study of network evolution, and (vi) data mining techniques for networked data sets.

Objective * the network approach to complex systems, where actors are represented as nodes and interactions are represented as links
* learn about structural properties of classes of networks
* learn about feedback mechanism in the formation of networks
* learn about statistical inference and data mining techniques for data on networked systems
* learn methods and abstractions used in the growing literature on complex networks

Content Networks matter! This holds for social and economic systems, for technical infrastructures as well as for information systems. Increasingly,
these networked systems are outside the control of a centralized authority but rather evolve in a distributed and self-organized way. How
can we understand their evolution and what are the local processes that shape their global features? How does their topology influence
dynamical processes like diffusion? And how can we characterize the importance of specific nodes? 

This course provides a systematic answer to such questions, by developing methods and tools which can be applied to networks in diverse
areas like infrastructure, communication, information systems, biology or (online) social networks. In a network approach, agents in such
systems (like e.g. humans, computers, documents, power plants, biological or financial entities) are represented as nodes, whereas their
interactions are represented as links. 

The first part of the course, "Introduction to networks: basic and advanced metrics", describes how networks can be represented
mathematically and how the properties of their link structures can be quantified empirically. 

In a second part "Stochastic Models of Complex Networks" we address how analytical statements about crucial properties like
connectedness or robustness can be made based on simple macroscopic stochastic models without knowing the details of a topology.

In the third part we address "Dynamical processes on complex networks". We show how a simple model for a random walk in networks can
give insights into the authority of nodes, the efficiency of diffusion processes as well as the existence of community structures.

A fourth part "Network Optimisation and Inference" introduces models for the emergence of complex topological features which are due to
stochastic optimization processes, as well as statistical methods to detect patterns in large data sets on networks.

In a fifth part, we address "Network Dynamics", introducing models for the emergence of complex features that are due to (i) feedback
phenomena in simple network growth processes or (iii) order correlations in systems with highly dynamic links.

A final part "Research Trends" introduces recent research on the application of data mining and machine learning techniques to relational
data.

Lecture notes The lecture slides are provided as handouts - including notes and literature sources - to registered students only. 
All material is to be found on Moodle at the following URL: https://moodle-app2.let.ethz.ch/course/view.php?id=12428

Literature See handouts. Specific literature is provided for download - for registered students, only.
Prerequisites /
notice

There are no pre-requisites for this course. Self-study tasks (to be solved analytically and by means of computer simulations) are provided
as home work. Weekly exercises (45 min) are used to discuss selected solutions. Active participation in the exercises is strongly suggested
for a successful completion of the final exam.

363-0792-00L Knowledge Management
Number of participants limited to 48.

W  1 credit 1G P. Wolf

Abstract The course introduces theoretical concepts of Knowledge Management from the perspective of two different social sciences: Organization
Studies/Management and Sociology. Common Knowledge Management approaches, methods and tools will be presented, and  the
participants will have the opportunity to test some of them.

Objective After completing this course, students: 
1. know the objectivist and the practice-based Knowledge Management theory.
2. understand the concepts of tacit and explicit knowledge and their underlying characteristics.
3. know available Knowledge Management tools and methods.
4. can analyze challenges in knowledge development and knowledge sharing in organizations.
5. are able to select and apply knowledge management tools and methods in an managerial context.
6. are able to come up with meaningful measures to improve KM in an organization based upon KM test assessment results.

Content The efficient management of knowledge as a resource of an organization is considered to be a major source of competitive advantage.
Still, many organizations find it challenging to develop an appropriate approach for dealing with knowledge. This course aims at drawing a
realistic picture of what can be achieved by managers in the frame of knowledge management initatives by what means and approaches.

This course will provide a general introduction into knowledge management at different levels: 

It will first introduce the objectivist and the practice-based perspective as the most common theoretical perspectives on Knowledge
Management. These two perspectives translate into differing management approaches about how knowledge can and should be dealt with
in organizations. 

The course will then provide a borad overview on the different tools and methods that are discussed in the literature as being part of the
knowledge management "toolbox". It differentiates knowledge management from data management (such as document or big data
management) and focusses on knowledge sharing approaches. It will raise awareness on opportunities and barriers to attempts of
managing knowledge in organizations.

Students will discuss KM case studies, assess the status of Knowledge Management in an organization which they know well and develop
a case study about  this organization. This involves crafting out recommendations on how to improve the knowledge management in this
organization.

Lecture notes None. Participants will be provided with slides before the course.
Literature Relevant literature (3-5 scholarly articles) will be made avaialble to the students at least four weeks before the course.

The students will be asked to read through a case study before the course. This case study will be assigned and made avaialble to the
students at least three weeks before the course.

Prerequisites /
notice

There will be a graded term work assignment - reports to be handed in by end of April/beginning of May. In this term work, students will
develop an own KM case study.
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363-0887-00L Management Research
Participation in both sessions and completion of all
assignments is required to receive the credit.
This course requires preparation time and completion of
an assignment before the first course day. Please check
the Moodle course page for more information.

W  1 credit 1S N. Geilinger

Abstract This course teaches students about the basic principles of scientific work in the field of management research. The main learning objective
of the course is to get familiar with the foundations of rigorous and relevant empirical management research and be prepared to write a
master thesis in management.

It is recommended to take this course in the last semester before the start of the thesis.

Objective This course is for students who write their master thesis at the Department of Management, Technology and Economics.
The successful completion of the course will help you to improve the quality of your thesis and specifically, you will be able to:

1.    Turn ideas into interesting and relevant research questions and objectives
2.    Prepare and plan your research project
3.    Draft a research proposal
4.    Receive inspiration and insights for conducting your thesis
5.    Search, review and accurately reference the academic literature
6.    Understand the importance of the research design

Content Course structure:
This course combines lectures, group discussions and individual assignments.
Day 1: Course introduction, group analysis exercises and discussions, lectures on main topics.
Between the two course days: Individual work on assignment.
Day 2: Assignment review and discussion, lectures on main topics, conclusion session.

Target audience:
The course is designed with two groups of students in mind: first, students who write their master thesis at the SMI chair and second,
students who write their master thesis in the field of management at other MTEC chairs. For both groups, the focal issues of this course will
arise frequently during the journey of writing their thesis. We will provide some specific content (grading guidelines, thesis format) which
might not be applicable for students tutored at other MTEC chairs; however, the main part should be relevant for all students. 

Course topics:
1. Thesis topic and thesis proposal:
- Choice of thesis topic, identification of research gap, formulation of research questions, writing of thesis proposal
2. Literature review:
- Search and evaluation of academic literature, use of reference tools, writing of theoretical background chapter of thesis
3. Empirical research design:
- Types of empirical research designs, choice of methodology, overview of data collection and analysis methods
4. Research output and report:
- Writing of introduction, results and conclusion, thesis format and structure
5. Thesis assessment:
- SMI grading criteria, MTEC guidelines

References:
Creswell, J. W., & Creswell, J. D. (2018). Research design: Qualitiative, quantitative, and mixed methods approaches (5th ed.). Los
Angeles, CA: Sage.
Easterby-Smith, M., Thorpe, R., & Jackson, P. (2012). Management research (4th ed.). Thousand Oaks, CA: Sage. 
Van Aken, J., & Berends, H. (2018). Problem-solving in organizations: A methodological handbook for business students (3rd ed.).
Cambridge, England: Cambridge University Press.

Literature The course material will be available on the Moodle course page. We will suggest additional resources such as methodology books and
research articles during the course.

Prerequisites /
notice

The course is graded with pass or fail. In order to pass, you need to satisfactorily complete all assignments and learning journals and
actively participate in all class sessions.

Attendance during all sessions is required to pass the course and absences need to be compensated with an additional assignment.

363-1000-00L Financial Economics W 3 credits 2V A. Bommier
Abstract This is a theoretical course on the economics of financial decision making, at the crossroads between Microeconomics and Finance. It

discusses portfolio choice theory, risk sharing, market equilibrium and asset pricing.
Objective The objective is to make students familiar with the economics of financial decision making and develop their intuition regarding the

determination of asset prices, the notions of optimal risk sharing. However this is not a practical formation for traders. Moreover, the lecture
doesn't cover topics such as market irrationality or systemic risk.

After completing this course:
1.    Students will be familiar with the economics of financial decision making and develop their intuition regarding the determination of asset
prices;
2.    Students will understand the intuition of market equilibrium. They will be able to solve the market equilibrium in a simple model and
derive the prices of assets.
3.    Students will be familiar with the representation of attitudes towards risk. They will be able to explain how risk, wealth and agents’
preferences affect the demand for assets.
4.    Students will understand the notion of risk diversification.
5.    Students will understand the notion of optimal risk sharing.
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Content The following topics will be discussed:
1. Introduction to financial assets: The first lecture provides an overview of most common financial assets. We will also discuss the
formation of asset prices and the role of markets in the valuation of these assets.

2. Option valuation: this lecture focuses on options, which are a certain type of financial asset. You will learn about arbitrage, which is a key
notion to understand the valuation of options. This lecture will give you the intuition of the mechanisms underlying the pricing of assets in
more general settings.

3. Introduction to the economic analysis of asset markets: this chapter will familiarize you with the notion of market equilibrium and the role
it plays concerning asset pricing. Relying on economic theory, we will consider the properties of the market equilibrium: In which cases
does the equilibrium exist? Is it optimal? How does it depend on individual’s wealth and preferences? The concepts defined in this chapter
are essential to understand the following parts of the course. 

4. A simplified approach to asset markets: based on the notions introduced in the previous lectures, you will learn about the key concepts
necessary to understand financial markets, such as market completeness and the no-arbitrage theorem.

5. Choice under uncertainty: this class covers fundamental concepts concerning agents’ decisions when facing risk. These models are
crucial to understand how the demand for financial assets originates. 

6. Demand for risk: Building up on the previous chapters, we will study portfolio choice in a simplified setting. We will discuss how asset
demand varies with risk, agent’s preferences and wealth.  

7. Asset prices in a simplified context: We will focus on the portfolio choices of an investor, in a particular setting called mean-variance
analysis. The mean-variance analysis will be a first step to introduce the notion of risk diversification, which is essential in finance. 

8. Risk sharing and insurance: in this lecture, you will understand that risk can be shared among different agents and how, under certain
conditions, this sharing can be optimal. You will learn about the distinction between individual idiosyncratic risk and macroeconomic risk. 

9. Risk sharing and asset prices in a market equilibrium: this course builds up on previous lessons and presents the consumption-based
Capital Asset Pricing Model (CAPM). The focus will be on how consumption, assets and prices are determined in equilibrium.

Literature Main reading material: 

- "Investments", by Z. Bodie, A. Kane and A. Marcus, for the
introductory part of the course (see chapters 20 and 21 in
particular).
- "Finance and the Economics of Uncertainty" by G. Demange and G. Laroque,    Blackwell, 2006.
- "The Economics of Risk and Time", by C. Gollier, MIT Press, 2001.

Other readings:
- "Intermediate Financial Theory" by J.-P. Danthine and J.B. Donaldson.
- Ingersoll, J., E., Theory of Financial Decision Making, Rowman and Littlefield Publishers.
- Leroy S and J. Werner, Principles of Financial Economics, Cambridge University Press,  2001

Prerequisites /
notice

Basic mathematical skills needed (calculus, linear algebra, convex analysis). Students must be able to solve simple optimization problems
(e.g. Lagrangian methods). Some knowledge in microeconomics would help but is not compulsory. The bases will be covered in class.

363-1008-00L Public Economics W  3 credits 2V M. Köthenbürger, T. Giommoni
Abstract Public Economics analyses the role of the government in the economy. In this course we will discuss justifications for and the design of

public policy as well as its consequences on market outcomes. Issues related to public goods, taxation, in particular the effects of tax policy
on labor supply, entrepreneurship and innovation will be emphasized.

Objective The primary goal of the course is to familiarize students with the central concepts and principles of public economics. The course aims at
providing a good understanding of  theoretical work and how it may be applied to actual policy problems. Students will get a good overview
of recent key contributions in the field and how these relate to empirical observations.

Content Overview: The course Public Economics analyses the role of the government in the economy. In most developed countries, government
activity is significant and ranges from public service provision, redistribution of incomes, regulation and taxation. In many cases, public
expenditures are 30-40 percent of GDP. In the course, we will discuss justifications for and the design of public policy as well as its
consequences on market outcomes. We will repeatedly use real-world policy examples to allow students to apply their knowledge and to
realize how effectively the knowledge can be used to understand and design public policy making.   

Organization: The course consists of four big building blocks, “externalities”, “taxation”, “political economy”, and “social security”. For each
of the building blocks we will provide slides. There will be three problem sets and a written exam at the end of the course. Problem sets will
not be graded. Credit points are given for passed exams only.

363-1031-00L Quantitative Methods in Energy and Environmental
Economics
Does not take place this semester.

W 4 credits 3G to be announced

Abstract The course provides an introduction to quantitative methods used to analyze problems in energy and environmental economics. Emphasis
will be put on partial and general equilibrium models, regression models to estimate demand functions, econometric techniques for policy
evaluations, and panel data methods.

Objective The objectives of the course are twofold. First, the course is intended to provide an introduction to the economic assessment of energy and
environmental policy. To this end, the course provides students with an overview of state-of-the-art tools to economic modeling and
econometric approaches. Second, the course is intended to familiarize master (and doctoral students) with the computer software
necessary to implement these quantitative methods to initiate their own research in energy and environmental economics. 

Ancillary objectives of the course include an introduction to environmental implications of energy use and the role of economic analysis in
designing policies which address issues of energy security, climate change and related environmental externalities.

Literature Lecture notes, exercises and reference material will be made available to students during the semester.
Prerequisites /
notice

Basic knowledge of microeconomics and calculus. Knowledge from the courses "Energy Economics and Policy (363-0514-00L)" and
"Principles of Microeconomics" are required.

Block course during two weeks before the start of the semester. Students work on a group project during the semester. Presentation of
group projects by students in week 8 and 9 of the semester. Performance assessment is based on group projects during the semester.

363-0532-00L Economics of Sustainable Development Z  3 credits 2V L. Bretschger
Abstract Concepts and indicators of sustainable development, paradigms of weak and strong sustainability;

neoclassical and endogenous growth models;
economic growth in the presence of exhaustible and renewable resources; pollution, environmental policy and growth;
role of substitution and technological progress;
Environmental Kuznets Curve; sustainability policy.
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Objective The aim is to develop an understanding of the implications of sustainable development for the long-run development of economies. It is to
be shown to which extent the potential for growth to be sustainable depends on substitution possibilities, technological change and
environmental policy.
After successful completion of this course, students are able to
1. understand the causes of long-term economic development
2. analyse the influence of natural resources and pollution on the development of social welfare
3. to appropriately classify the role of politics in the pursuit of sustainability goals.

Content The lecture introduces different concepts and paradigms of sustainable development. Building on this foundation and following a general
introduction to the modelling of economic growth, conditions for growth to be sustainable in the presence of pollution and scarce natural
resources are derived. Special attention is devoted to the scope for substitution and role of technological progress in overcoming resource
scarcities. Implications of environmental externalities are regarded with respect to the design of environmental policies.     
Concepts and indicators of sustainable development, paradigms of weak and strong sustainability, sustainability optimism vs. pessimism;
introduction to neoclassical and endogenous growth models;
pollution, environmental policy and growth;
role of substitution possibilities and technological progress;
Environmental Kuznets Curve: concept, theory and empirical results;
economic growth in the presence of exhaustible and renewable resources, Hartwick rule, resource saving technological change.

Lecture notes Will be provided successively in the course of the semester.
Literature Bretschger, F. (1999), Growth Theory and Sustainable Development, Cheltenham: Edward Elgar.


Bretschger, L. (2004), Wachstumstheorie, Oldenbourg, 3. Auflage, München. 

Bretschger, L. (2018), Greening Economy, Graying Society, CER-ETH Press, ETH Zurich.

Perman, R., Y. Ma, J. McGilvray and M. Common (2011), Natural Resource and Environmental Economics, Longman , 4th ed., Essex.

Neumayer, E. (2003), Weak and Strong Sustainability, 2nd ed., Cheltenham: Edward Elgar.

363-1060-00L Strategies for Sustainable Business
Limited number of participants.

Registration will only be effective once confirmed by email
from the organizers.

W 2 credits 2S J. Meuer

Abstract In this course, students will learn to critically analyze strategies for sustainable business through exploring case studies on three main
questions: 
1. What is sustainability in business? 
2. How do I design a sustainability strategy? 
3. How do I implement a sustainability strategy?

Objective After the course, you should be able to:

1.    Understand and explain sustainability challenges companies are facing;
2.    Critique sustainability and related strategies;
3.    Evaluate decisions taken by managers;
4.    Suggest alternative approaches;
5.    Develop action plans;
6.    Reflect on strategies for sustainability in their own organizations.

You will also learn to apply a range of strategy concepts to sustainability challenges, including leadership, stakeholder management,
diversification, and organizational change.

Content Although many companies nowadays report on their sustainability actions, only few successfully integrate sustainability into their business
operations. In this seminar, we will cover three main questions that will help you to critically analyze and develop strategies for sustainable
business:
1.    What is sustainability in business?
2.    How do I design a sustainability strategy?
3.    How do I implement a sustainability strategy?

We teach the course with the case method developed at Harvard Business School. The case studies will allow us to explore from multiple
perspectives the many tensions involved in developing strategies for sustainable business. We will distribute case study materials before
the sessions, as well as guidelines on how best to efficiently and effectively prepare for case study discussions. You will need to read the
materials and to submit short assignments before each class. 

The sessions are interactive and allow you to step into the role of decision-makers as they face key challenges in integrating sustainability.
For example, we will look at the challenges of Fairphone in combining both social and economic goals. Why and how would Patagonia
want to encourage customers to buy less rather than more clothing? We also step into the shoes of RWE's CEO Peter Terium as he
grapples with ensuring a profitable and sustainable future for the German utility. And using a change management simulation, you will
experience why certain approaches to implementing a sustainability initiative in an organization are more successful than others. Our case
discussions will help you to apply strategy concepts to real-world sustainability problems and will also serve as a basis for thinking about
sustainability in your own company.

Literature We will provide case study material and guidelines for analyzing cases to participants by email several weeks before the seminar.
Prerequisites /
notice

After signing up you will first be placed on the waiting list. We will contact all students on the waiting list by 1 March 2019 to confirm their
participation in the seminar. If you have any questions, please don't hesitate to contact Johannes Meuer (jmeuer@ethz.ch).

363-0764-00L Project Management Z  2 credits 2V C. G. C. Marxt
Abstract The course gives a detailed introduction into various aspects of classic and agile project management. Established concepts and methods

for initiating, planning and executing  projects are introduced and major challenges discussed. Additionally the course covers different agile
and hybrid project management concepts.

Objective Projects are not only the base of work in modern enterprises but also the primary type of cooperation with customers. Students of ETH will
often work in or manage projects in the course of their career. Good project management knowledge is not only a guarantee for individual
but also for company wide success.

The goal of this course is to give a detailed introduction into project management, more specific participants
- will understand the basics of successful classic and agile project management
- are able to apply the concepts and methods of project management in their day to day work
- are able to identify different project management practices and are able to suggest improvements 
- will contribute to projects in your organization in a positive way 
- will be able to plan and execute projects successfully.
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Content The competitiveness of companies is driven by the development of a concise strategy and its successful implementation. Especially
strategy execution poses several challenges to senior management: clear communication of goals, ongoing follow up of activities, a sound
monitoring and control system. All these aspect are covered by successfully implementing and applying program and project management.
As an introductory course we will focus mainly on project management.
In the last decade project management has become an important discipline in management and several internationally recognized project
management methods can be found: PMBOK, IPMA ICB, PRINCE 2, etc. These frameworks have proven to be very useful in day-to-day
work. 
Unfortunately the environment companies are working in has changed parallel to the rise of PM as a discipline. Incremental but even more
important fundamental changes happen more often and much faster than a decade ago. Experience has shown that the classic PM
approaches lack the inherent dynamics to cope with these challenges. So overtime new methods have surfaced, such as SCRUM. These
methods are called Agile Project Management methods and follow a dynamic model of reality, called complex adaptive systems
perspective.
This course will cover both classic and agile project management topics. The first part of the semester will lay the basics by discussing the
classic way of planning, organizing and executing a project based on its life cycle. Topics covered include: drafting project proposals, stake
holder analysis, different aspects of project planning, project organization, project risk management, project execution, project control,
leadership in projects incl. conflict mitigation strategies, termination and documentation. In the second part basic conceptual topics for agile
project management such as the agile manifesto, SCRUM, Lean, Kanban, XP, rapid results are covered. The course tries to tap into pre-
existing knowledge of the participants using a very interactive approach including in-class discussion, short exercises and case studies.

Lecture notes No
The lecture slides and other additional material (papers, book chapters, case studies, etc.) will be available for download from Moodle
before each class.

363-0768-00L Lecture Cycle ETH and UZH: Logistics Management Z  3 credits 2V T. Netland, H. Dietl
Abstract To show potentials for an efficient, flexible and rapid processing of material and information flows.
Objective To show potentials for an efficient, felxible and rapid processing of material and information flows.
Content New approaches and integral concepts to optimize business processes. Projects in industry, engineering tools
Lecture notes Am Ende der Vorlesungsreihe werden Präsentationsunterlagen abgegeben.

363-0883-00L Semester Project Large W  6 credits 13A Professors
Abstract The semester project (180 hours) is designed to train the students in the solution of specific engineering problems. This makes use of the

technical and social skills acquired during the master's program. Tutors propose the subject of the project, elaborate the project plan, and
define the roadmap together with their students, as well as monitor the overall execution.

Objective The semester project (180 hours) is designed to train the students in the solution of specific engineering problems. This makes use of the
technical and social skills acquired during the master's program. Tutors propose the subject of the project, elaborate the project plan, and
define the roadmap together with their students, as well as monitor the overall execution.

363-0881-00L Semester Project Small W  3 credits 6A Professors
Abstract The semester project (90 hours) is designed to train the students in the solution of specific engineering problems. This makes use of the

technical and social skills acquired during the master's program. Tutors propose the subject of the project, elaborate the project plan, and
define the roadmap together with their students, as well as monitor the overall execution.

Objective The semester project (90 hours) is designed to train the students in the solution of specific engineering problems. This makes use of the
technical and social skills acquired during the master's program. Tutors propose the subject of the project, elaborate the project plan, and
define the roadmap together with their students, as well as monitor the overall execution.

363-1038-00L Sustainability Start-Up Seminar
Number of participants limited to 30.

W  3 credits 2G A.-K. Zobel, A. H. Sägesser

Abstract Experts lead participants through a venturing process inspired by Lean and Design Thinking methodologies. The course contains problem
identification, idea generation and evaluation, team formation, and the development of one entrepreneurial idea per team. A special focus
is put on sustainability, in particular on climate change and renewable energy technologies specifically.

Objective 1.    Students have experienced and know how to take the first steps towards co-creating a venture and potentially company
2.    Students reflect deeply on sustainability issues (with a focus on climate change & energy) and can formulate a problem statement
3.    Students believe in their ability to bring change to the world with their own ideas
4.    Students are able to apply entrepreneurial practices such as the lean startup approach
5.    Students have built a first network and know how to proceed and who to approach in case they would like to take their ventures further.

Content This course is aimed at people with a keen interest to address sustainability issues (with a focus on climate change and renewable energy),
with a curious mindset, and potentially first entrepreneurial ideas!

The seminar consists of a mix of lectures, workshops, individual working sessions, teamwork, and student presentations/pitches. This class
will be co-taught by an academic expert (studying innovation, entrepreneurship, and sustainability) and an entrepreneurship and
sustainability “practitioner”. Real-world climate entrepreneurs and experts from the Swiss start-up and sustainability community will be
invited to support individual sessions.

All course content is based on latest international entrepreneurship practices. 
 
The seminar starts with an introduction to sustainability (with a special focus on climate change & energy) and entrepreneurship. Students
are asked to self-select into an area of their interest in which they will develop entrepreneurial ideas throughout the course. 
 
The first part of the course then focuses on deeply understanding sustainability problems within the area of interest. Through workshops
and self-study, students will identify key design challenges, generate ideas, as well as provide systematic and constructive feedback to
their peers. 
 
In the second part of the course, students will form teams around their generated ideas. In these teams they will develop a business model
and, following the lean start-up process, conduct real-life testing, as well as pivoting of these business models. 
 
In the final part of the course, students present their insights gained from the lean start-up process, as well as pitch their entrepreneurial
ideas and business models to an expert jury. The course will conclude with a session that provides students with a network and resources
to further pursue their entrepreneurial journey.

Lecture notes All material will be made available to the participants.
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Prerequisites /
notice

Prerequisite:
Interest in sustainability & entrepreneurship.

Notes: 
1. It is not required that participants already have a business idea at the beginning of the course. 
2. No legal entities (e.g. GmbH, Association, AG) need to be founded for this course.

Target participants:
PhD students, Msc students and MAS students from all departments. The number of participants is limited to max.30.

Waiting list:
After subscribing you will be added to the waiting list.
The lecturers will contact you a few weeks before the start of the seminar to confirm your interest and to ensure a good mixture of study
backgrounds, only then you're accepted to the course.

363-1029-00L Sustainability & Financial Markets
Limited number of participants.

Credit points will awarded for attending all course days.

Prerequisites: Basic understanding of corporate
sustainability (see lecture Prof. Hoffmann, autumn
semester) and interest in financial markets and
investments. 

W 2 credits 2G T. O. Busch

Abstract Sustainable investments are becoming increasingly prominent while at the same time current business practices reach beyond ecological
limits. Are sustainable investments a myth? Clearly not; however, sustainable investment practices still have to move on. This lecture is
focused on the related challenges and discusses ways how the field of sustainable investments could become more effective.

Objective Sustainable investments are becoming increasingly prominent while at the same time the market reality remains unchanged despite
evidence that current business practices reach beyond ecological limits and are in breach of both the inter-generational and intra-
generational equity. Are sustainable investments a myth? Clearly not - capital markets could indeed play a central role in overcoming this
dilemma. However, sustainable investment practices still have to move on for effectively incorporating and promoting sustainability. For this
to occur, two central challenges need to be addressed: In order to improve the authenticity of data, it is important to make clear what
environmental, social, and governance (ESG) related data is actually measuring. This, in turn, will contribute to ensuring that investors gain
trust in ESG-criteria and investments. In order to overcome the prevailing focus on short-term profit maximization, it is necessary to put
more emphasis on a systems-perspective.  This, in turn, will help investors to move on from having a too narrow ceteris paribus
perspective towards addressing risks and opportunities within changing ecological and human-social systems. The learning objectives of
this lecture is to understand these two challenges in detail and discusses ways how the field of sustainable investments could move ahead.

Content Day 1 & 2: Introduction (basic Introduction to theme "Sustainability & Financial Markets"); several Lectures (covering diverse concepts,
theories, and practitioner perspectives; case studies); and assignment of topics to students 
Day 3 & 4: Presentations (students will present their topics in class) & Discussions

Prerequisites /
notice

Number of participants: max. 20 persons. First come first severed by order of enrollment in myStudies. 

Credit points will awarded for attending all course days. 

Requirements for this course: Basic understanding of corporate sustainability (see lecture Prof. Hoffmann, fall term) and general interest in
financial markets and investments. 
 
Students will be noticed about their successful registration at the beginning of the semester.

363-1091-00L Social Data Science W 3 credits 2G D. Garcia Becerra
Abstract Social Data Science is introduced as a set of techniques to analyze human behavior and social interaction through digital traces.

The course focuses both on the fundamentals and applications of Data Science in the Social Sciences, including technologies for data
retrieval, processing, and analysis with the aim to derive insights that are interpretable from a wider theoretical perspective.

Objective A successful participant of this course will be able to
- understand a wide variety of techniques to retrieve digital trace data from online data sources
- store, process, and summarize online data for quantitative analysis
- perform statistical analyses to test hypotheses, derive insights, and formulate predictions
- implement streamlined software that integrates data retrieval, processing, statistical analysis, and visualization
- interpret the results of data analysis with respect to theoretical and testable principles of human behavior
- understand the limitations of observational data analysis with respect to data volume, statistical power, and external validity

Content Social Data Science (SDS) provides a broad approach to the quantitative analysis of human behavior through digital trace data.
SDS integrates the implementation of data retrieval and processing, the application of statistical analysis methods, and the interpretation of
results to derive insights of human behavior at high resolutions and large scales.
The motivation of SDS stems from theories in the Social Sciences, which are addressed with respect to societal phenomena and
formulated as principles that can be tested against empirical data.
Data retrieval in SDS is performed in an automated manner, accessing online databases and programming interfaces that capture the
digital traces of human behavior.
Data processing is computerized with calibrated methods that quantify human behavior, for example constructing social networks or
measuring emotional expression.
These quantities are used in statistical analyses to both test hypotheses and explore new aspects on human behavior.

The course starts with an introduction to Social Data Science and the R statistical language, followed by three content blocks: collective
behavior, sentiment analysis, and social network analysis. The course ends with a datathon that sets the starting point of final student
projects.

The course will cover various examples of the application of SDS:
- Search trends to measure information seeking
- Popularity and social impact
- Evaluation of sentiment analysis techniques
- Quantitative analysis of emotions and social media sharing 
- Twitter social network analysis

The lectures include theoretical foundations of the application of digital trace data in the Social Sciences, as well as practical examples of
data retrieval, processing, and analysis cases in the R statistical language from a literate programming perspective. 
The block course contains lectures and exercise sessions during the morning and afternoon of five days.
Exercise classes provide practical skills and discuss the solutions to exercises that build on the concepts and methods presented in the
previous lectures.

Lecture notes The lecture slides will be available on the Moodle platform, for registered students only.
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Literature See handouts. Specific literature is provided for download, for registered students only.
Prerequisites /
notice

Participants of the course should have some basic background in statistics and programming, and an interest to learn about human
behavior from a quantitative perspective.

Prior knowledge of advanced R, information retrieval, or information systems is not necessary.

Exercise sessions build on technical and theoretical content explained in the lectures. Students need a working laptop with Internet access
to perform guided exercises.

Course evaluation is based on short quizzes at the end of each day from Monday to Thursday (5% each for a total of 20%), a 45-minute
exam during the last session (30%), and on the grade of a final project report (50%). Final projects can be done individually or in pairs.
Final projects will be composed of a text report (max 6 pages) and the R code to generate the results. The deadline to deliver the final
project will be at the end of the Easter break, approximately 2 months after the course.

The course takes place between Feb 10th and Feb 14th (both inclusive), from 9:15 to 12:00 and from 13:15 to 16:00.

363-1030-00L Digital Entrepreneurship Sprint
Does not take place this semester.
To guarantee a high standard of entrepreneurial thinking
students, we require a letter of motivation which should
describe your business idea or the entrepreneurial
motivation. Interested students send their letter of
motivation together with their CV via E-Mail to Jana Thiel
jthiel@ethz.ch.

W  3 credits 2G B. Clarysse

Abstract The seminar aims at students from HSG and ETH Zürich who are motivated to push their own business idea forward or want to act as co-
founders. 
They should be interested in aspirational business ideas with a technology focus and perceive entrepreneurship as a career option.

Objective The seminar provides insights into conceptual knowledge and methods for the development of scalable business models. Through
interdisciplinary exchange (HSG & ETHZ students), lecturers from the participating institutions, entrepreneurs and investors participants will
learn methods and approaches to validate and pitch innovative business ideas.

Content The seminar consists of four all-day sessions (Feb 27 & 28 / March 6 & 7): 

Part 1 - The business idea and team-matching 
Part 2 - Validation, prototyping & testing 
Part 3 - Business Modells, metrics and financials 
Part 4 - The business concept presentation

The first two days will take place at ETHZ whereas the final two days take place in St. Gallen. Travel costs will not be reimbursed.

The task throughout the course will be to develop a technology-oriented, knowledge-intensive and sustainable business idea in teams of
three to four students. Starting from the business idea, students will develop a business model which shows in detail the sustainability over
a medium term. The subsequent quantification of the business model will lead to a comprehensive business concept, which has to be
visualized and presented in form of a pitch deck. The students will be coached intensively by the lecturers. The connection to practice is
provided by the involvement of entrepreneurs and investors. 

Throughout the course, company and equity financing will be taught. Highly promising business ideas can be promoted further by the
lecturers and the HSG Gründer Lab. Next to the active participation during the lectures (30%), two presentations of the business concept
(30%) as well as the final version of the business concept (40%) will be graded. After the presentation, the students will have time to
complement the pitch deck with further product-, technology-, market- and financial-related information and to implement the jury's
feedback.

Lecture notes No script, just do.
Literature Alexander Osterwalder, Yves Pigneur, Business Model Generation: A Handbook for Visionaries, Game Changers, and Challengers, 2010,

John Wiley & Sons.
Steven Blank: Four Steps to the Epiphany, 2013, K&S Ranch.
Eric Ries: The Lean Startup, 2012, Redline Wirtschaft.

Prerequisites /
notice

This course requires highly motivated students. We therefore require a letter of motivation (one page) for admission. In this letter, you
should briefly describe your business idea or your entrepreneurial motivation. Please, also state your commitment to attend all four course
days.

363-1098-00L Business Analytics
Students from the MAS MTEC are not applicable for this
course and are kindly asked to enroll in the course
"Executive Business Analytics (365-1120-00L)" instead. 

W  3 credits 1G S. Feuerriegel

Abstract Prior to the start of the Information Age in the late 20th century, companies were forced to collect data from non-automated sources
manually. Companies back then lacked the computing capabilities necessary for data to be analyzed, and as a result, decisions primarily
originated not from knowledge but from intuition.
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Objective Overall learning goal

By the end of the course, students will be able to plan, implement and evaluate analytics in applied settings in order to generate value from
data for society, corporations and individuals. This serves the pressing need of firms to improve their efficiency – such as customer
satisfaction, competitive advantage –by leveraging the growing amounts of structured and unstructured data. 

Detailed breakdown by objective

To achieve this overall goal, students should after participation being able to:

Objective 1 (Managerial aspects): Understand the processes and challenges of analytics-related projects 
•    Identify applications for analytics in corporations and organizations that create value
•    List implications for management when undertaking a project involving business analytics
•    Apply the data mining process CRISP-DM to their actual setting

Objective 2 (Methodological challenges): Understand common methods for performing business analytics
•    Translate use cases of business analytics into a mathematical model formulation
•    Name common methods for business analytics, as well as their underlying concepts
•    Compare the properties of these models

Objective 3 (Practical implementation): Performing actual evaluations of business analytics based on real-word datasets
•    Preprocess data in order to transform it into relational structures
•    Apply statistical software (e.g. “R” or Python) to perform business analytics in practice
•    Evaluate the results in order to choose the best-performing method

Content With the emergence of ubiquitous computing technology, company decisions nowadays rely strongly on computer-aided “Business
Analytics”.

Business analytics refers to technologies that target how business information (or sometimes information in general) is collected, analyzed
and presented. Combining these features results in software serving the purpose of providing better decision support for individuals,
businesses and organizations.

This course will teach what distinguishes the varying capabilities across business analytics – namely the underlying methods. Participants
will learn different strategies for data collection, data analysis, and data visualization. Sample approaches include dimension reduction of
big data, data visualization, model selection, clustering and forecasting. 
In particular, the course will teach the following themes: 
•    Forecasting: How can historical values be used to make predictions of future developments ahead of time? How can firms utilize
unstructured data to facilitate the predictive performance? What are metrics to evaluate the performance of predictions?
•    Data analysis: How can one derive explanatory power in order to study the response to an input?
•    Clustering: How can businesses group consumers into distinct categories according to their purchase behavior? 
•    Dimension reduction: How can businesses simplify a large amount of indicators into a smaller subset with similar characteristics? 
During the exercise, individual assignments will consist of a specific problem from business analytics. Each participant will be provided with
a dataset to which a certain method should be applied to using the statistics software R.

Note: the course is a block course teaching the theoretical elements. This provides then the basis for a project work where individual
students or groups implement analytics to a business-relevant datasets. This project underlies eventually the grading.

Lecture notes Content:
1.    Motivation and terminology
2.    Business and data understanding
a.    Data management and strategy
b.    Data mining processes
3.    Data preparation for big data
a.    Software and tools
b.    Knowledge representation and storage
c.    Information preprocessing
4.    Explanatory modeling
5.    Predictive modeling
a.    Classification
b.    Variable selection
c.    Handling non-linearities
d.    Ensemble learning
e.    Unsupervised learning
f.    Working with unstructured data
6.    Managerial implications

Literature James, Witten, Hastie & Tibshirani (2013): An Introduction to Statistical Learning: With Applications in R. Springer.
Sharda, Delen & Turban (2014): Business Intelligence: A Managerial Perspective on Analytics. Pearson.

Prerequisites /
notice

Please note that we expect simple scripting skills (e.g. in Python), as students will apply their theoretical knowledge by implementing a
machine learning application with given open-source packages.

363-1070-00L Cyber Security W  3 credits 2G S. Frei
Abstract This course provides a solid understanding of the fundamental mechanics and limitations of cyber security to provide guidance for future

leaders as well as individuals constituting our society.
Introdution to the concepts, developments, and the current state of affairs in the cyber security domain. We look at the topic from the
attackers, defenders and societies perspective.

Objective Upon completion of this course students understand the essential developments, principles, challenges as well as the the limitations and
the state of practice in cyber security from the technological, economic, legal, and social perspective.
The course provides an interdisciplinary overview, guidance, and understanding of the dynamics in cyber security to guide decision making
in business and society. Students understand the topics from the attackers, defenders, and societies perspective.
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Content Introduction
- Brief history of the rise of the Internet from the attackers, defenders, commercial and society perspective
- Learning points from past and current assumptions, approaches, successes, failures, and surprises

Internet Infrastructure
- Establish a high level understanding of the fundamental design principals and functional blocks of the Internet infrastructure
- Understand strengths and weaknesses of present design choices from security perspective
- High level understanding of relevant networking concepts, protocols, software applications, policies, processes & organizations in order to
assess these topics
- Establish a functional, high level understanding of relevant aspects of cryptography

Cyber Security & Risk
- Recognize cyber security as an interdisciplinary, highly dynamic, complex and adaptive system where increased interaction and
dependencies between physical, communication, and social layers brings fundamentally different (and unpredictable) threats
- Core security assets such as: confidentiality, integrity, availability, authenticity, accountability, non repudiation, privacy
- Dominant players, protocols, and technologies
- Different threat actors along the dimensions attacker goals, resources, approach, and threat

Economics of Cyber Security
Understand security challenges and limitations from an economic, rather than technological perspective
- From security perspective: incentives of industry vs. users, security as a negative externality, zero marginal cost of software, network
effect, time to market, lock-in, switching cost, economics of usability, security as a trade-off
- Social and psychological aspects of security

Attacker Capabilities
- Attacker capabilities and the offensive use from technical, economic, organizational, and operational perspective
- Understand common and novel attack and evasion techniques, proliferation of expertise and tools, optimal timing to use zero-day attacks
- Attack types and malware development lifecycle and detection evasion techniques
- Botnets, exploit markets, plausible deniability, distributed denial of service (DDoS)
- Processes and dynamics in the (in)security community, cyber-underground
     
Defense Options and Limitations
- Functional principles, capabilities, and limitations of diverse protection and detection technologies
- Security effectiveness and evaluation/testing of security technologies
- Trade-off between efficiency and resilience against structurally novel attacks
- Effectiveness baseline security measures
- Know cyber information sources and frameworks

Cyber Security Challenges
- Increasing software complexity and vulnerabilities, the illusion of secure software
- Full disclosure debate, economics of bug bounty programs
- Internet of things, Industry control systems (SCADA/ICS)
- Security and integrity of the supply chain (IoT, Smart-X)
- Social media and mass protests
- Erosion of privacy

Legal Aspects 
- Legal aspects of cyber security, compliance, and policies
- Know the fundamental national and international legal and regulatory requirements in connection with cyber security on a cross-sector
and sector-specific level
- Understanding of legal risks and measures for risk mitigation

Guest Talks:
- Pascal Gujer - Digital Forensics Expert Kapo Zurich (Cantonal Police Departement Zurich)
- Maxim Salomon - Previously at Roche now with Google as Technical Program Manager for Security of Mergers & Acquisitions "The
safety vs. security of cyber physical systems"
- Marc Ruef - Security Expert, "Navigating the Cyber Underground"
- Roger Halbheer - Executive Security Advisor for Microsoft in EMEA

Lecture notes Lecture slides will be available on the site of the lecture:

https://www.xyotta.com

Collaboradom: Cyber Security Course 2020
To get access ask freist@ethz.ch for the registration code once the course has begun

Literature Paper reading provided during the lectures
Prerequisites /
notice

none

363-1076-00L Diffusion of Clean Technologies W 3 credits 2G B. Girod, C. Knöri
Abstract How can the diffusion of clean technologies be accelerated?

Participants learn to apply analytic tools to understand environmental and business potentials of clean technologies. Exercises that
evaluate a clean technology selected by the student themselves deepen the theoretical knowledge gained. Students are trained to
evaluate, explain and pitch a clean technology.

Objective After completing this course: ...
1) Students are able to apply the theoretical concepts explaining the performance and diffusion of clean technologies 
2) Students can determine key drivers and barriers (economic, environmental, technological, regulatory) for the diffusion of clean
technologies
3) Students know how to quantitatively model key characteristics or dynamics of selected clean technologies
4) Students are prepared to convincingly present a selected clean technology to a business or policy audience
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Content We face a climate and sustainability crisis which requires a fundamental shift to a truly environmentally friendly economy. A key
contribution stems from an accelerated development and application of clean technologies such as technologies harnessing renewable
energies, enabling increasing energy efficiency or event resulting in negative emission. 

The goal of this course is to better understand how we can accelerate the diffusion of clean technologies. Students are enabled to answer
critical questions such as: What are barriers hindering the diffusion of a certain clean technology? How can we overcome these barriers
and drive the diffusion of clean technologies?

The lecture can be divided into four parts:
1. Input on a conceptual basis: Overview on key frameworks and theories for assessing the environmental and economic performance of
clean technologies as well as their resulting diffusion. This part will be provided as input by the lecturers and discussed in class.

2. Assessment of selected clean technologies: Students select out of a long list of clean technologies a technology to assess in more detail.
For this technology, the concepts learned in part 1 are applied. Assessments are peer-reviewed and discussed. 

3. Modeling of diffusion: Students will develop a simplified model for the diffusion of selected clean technology to better understand the
dynamics of diffusion and modeling technological behavior.  

4. Presenting clean technologies: To conclude students will learn how to pitch their technology assessment to a  business or policy
audience since this is a crucial part for enabling technology diffusion. These inspiring presentations form the basis for a final class
discussion on selected clean technologies and applied concepts. 

The list of concepts, tools and techniques applied and discussed in this lecture includes: Analytical tools to assess the environmental
performance of clean technologies (e.g. Life Cycle-Assessment); economic view on the diffusion of clean technologies; evolutionary
perspective (e.g. technological learning); decision process of adopters (e.g. status-quo bias of consumers, rebound effect); relevant
environmental policies (e.g. standards, labels, carbon pricing); modeling approaches for diffusion of clean technologies (e.g. agent-based
modeling); techniques for convincing presentations (e.g. TED-style presentation).

Lecture notes Handout and exercises will be available on electronic platform.
Literature Relevant literature will be available on electronic platform.

363-1056-00L Innovation Leadership
Up to four slots are available for students in architecture or
civil engineering (Master level) or for D-MTEC MAS/MSc
students with architecture or civil engineering background.

If you are NOT a student in Integrated Building Systems,
you need to apply with motivation letter (max. 1 page), CV
and a transcript of records no later than 31 January 2020.
Please send your application to Zorica Zagorac
(zzagorac@ethz.ch).

W 6 credits 3S D. Laureiro Martinez,
C. P. Siegenthaler, Z. Zagorac-
Uremovic

Abstract This course provides participants with the challenging opportunity of working on an innovation project of a leading company in the Swiss
building industry.

Objective Students work in teams, on a concrete innovation project that is currently affecting the strategic agenda of the top management team of a
leading company in the Swiss building industry. Students conduct interviews with internal and external experts, as well as company clients.
By doing so, students gain first-hand experience on the competitive dynamics of the construction industry and as a group, work on
proposing a solution to the company’s innovation project.
The course emphasizes the use and development of self-directedness and critical thinking abilities. In parallel to working on the innovation
project, students work on their own learning goals. Students first define their very own learning goals and then are assessed and graded on
whether they have progressed towards achieving such learning goals. 
Students learn to: 
•    Reflect and explore personal learning goals and discover new aspects of their leadership abilities
•    Learn to work in an unknown direction with no certain outcome
•    Explore how a project with internal and external stakeholders works when people have conflicting interests, that might also vary
according to the different time perspectives that are taken into account
•    Use design thinking and solution-oriented coaching techniques

Content The course uses participant-centered tools that encourage students' reflection and boost their personal development, their creative output
and help them to discover their own approach to leadership. The course offers multiple opportunities to learn about technical aspects in a
real corporate environment. The setup is a social environment in which trial-and-error learning is encouraged. The course focuses on three
areas of development: Project management, innovation and leadership.
Project Management: Students learn to self-manage their project while being supported by numerous project management techniques,
coaching exercises, and individual feedback through learning diaries. An additional focus is given to design thinking methods and
prototyping tools.

Innovation: Students learn about specific topics related to current innovation in the building sector in Switzerland. They learn to understand
technology changes with an ecosystems view and think about the impact of new technologies in the building industry company (e.g. the
commercialization of Building Information Modelling, BIM). 
Leadership: Students conduct a project with diverse stakeholders requiring them to take managerial, technical, and personal responsibility
for the company case. This high-pressure environment leads to an intense self-reflection journey, team experience and fosters proactive
behaviors towards the client. 
-    On the individual level, students have to identify and achieve their very own authentic learning goals. Coaching tools involve a learning
diary, which questions evolve during the semester, and a self-assessment of individual abilities and traits, which complements the reflective
journey. 
-    On the team level, students are teamed up to deliver a solution proposal to the company’s project. The teams are diverse and the
students’ work focuses on cooperativeness and how to be effective team members. Teaching tools involve peer-to-peer feedback,
coaching and open space workshops.
-    On the company level, students learn how to deal with different stakeholders and how to create impactful and sustainable solutions for
their client.

Prerequisites /
notice

Up to four slots are available for students in architecture or civil engineering (Master level) or for D-MTEC MAS/MSc students with
architecture or civil engineering background.

If you are NOT a student in Integrated Building Systems, you need to apply with motivation letter (max. 1 page), CV and a transcript of
records no later than 31 January 2020. Please send your application to Zorica Zagorac (zzagorac@ethz.ch). Incomplete or late
applications will not be considered.

363-1084-00L Entrepreneurial Investments
Number of participants limited to 50.

 

W  3 credits 2G F. Hashemi
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Abstract Methodologies and tools presented throughout this course will serve to help young scientists and engineers gain the necessary skills and
confidence to manage entrepreneurial investment risks and navigate the complexities of decision making within multiple stakeholder
settings.

Objective This course is designed for students interested in investments.
 
Special focus will be placed on theoretical and empirical analysis of the economics of innovation, risk and entrepreneurial investments.  

Entrepreneurship in this course is studied from the filter of an investor. As such, this course is likewise of interest to students interested in
turning advanced research results into highly innovative, socially or economically viable product or service, and financing it sustainably. 

Essential to any investment decision is knowledge and good understanding of the investment environment. Scientists and engineers need
to work within the priorities of the society in which they operate, and their expectations must be aligned with the opportunities and
constraints emanating from the economic, social and political environment. This demands bold thinking on technology development, and
challenges students to effectively bridge the different cultures represented by the fields of science, engineering and economics.

1. Students with entrepreneurial spirit will gain a good understanding of the investment environment of their scientific and engineering
activities.

2.  Students interested in turning advanced research results into highly innovative, socially, environmentally and economically viable
product or service, will be able to think about entrepreneurship from the filter of an investor.

3. Students in science and engineering will learn that they need to work within the priorities of the society in which they operate, and how to
align their expectations with the opportunities and constraints emanating from the economic, social and political environment.  They will be
challenged to effectively bridge the different cultures represented by the fields of science, engineering and economics. 

4. Students will have the opportunity to learn about entrepreneurial investments from a mixture of academics, industry leaders and
investors who have extensive experience investing in technological innovations.


Content Both economic theory and empirical knowledge are critical for decision-making skills required to tackle entrepreneurial investment risks and
opportunities.  To that end, the first part of the course is dedicated to an intensive study of theoretical foundations of economic analysis
applied to entrepreneurial investments.  The multifaceted issues entrepreneurial investors face, as well as the essential mechanics of
startup investing are studied.    

The second part of the course is dedicated to real world experiences in entrepreneurial investments.  

Teaching methodology includes class lectures covering the theoretical foundations of entrepreneurial investments, real world case studies,
and small group interactive casework and exercises.  For select sessions, highly experienced investors will collaborate with course faculty,
and share their extensive experiences. This will provide additional real world practical dimensions to classroom learning process.

Literature A series of readings will be assigned first day of class
Prerequisites /
notice

None.

363-1066-00L Designing Effective Projects for Promoting
Health@Work
Number of participants limited to 30.

W 3 credits 2G G. Bauer, R. Brauchli, G. J. Jenny

Abstract The fast-changing high-performance economy is highly dependent on healthy employees – and at the same time is putting their health at
risk. Expectations of employees regarding health@work are rising. In a workshop format, students learn how to develop effective,
exemplary projects to promote good working conditions, work-life balance or healthy lifestyles in companies.

Objective After active participation in the course, students will
•    Know the key individual, team-level, and organizational factors influencing health@work 
•    Be familiar with health-related challenges and opportunities of a changing world of work
•    Know intervention strategies for improving working conditions, work-life balance and health behaviors in companies
•    Be able to design an exemplary intervention project– based on key principles and a systematic planning cycle

Content The globalization and the digital transformation of our economy leads to fast changes in organizations and of working conditions. Work
becomes more flexible regarding time, location and employment contracts. Employees become more demanding regarding their autonomy,
the quality of working life and their work-life balance. In this dynamic context, offering standardized health promotion programs in
companies is not sufficient any more. Employers and employees need to jointly develop tailored approaches how to continuously assess
and improve health@work. Thus, we want to enable you to support companies in this process.
The course consists of four parts. The first part with four sessions provides an introduction into approaches to promote health@work. The
lectures will present and discuss these approaches using practical examples and discuss them with the students.
Session 1: Course overview; dynamic, challenging context of our economy; intervention approaches; core principles and planning steps of
a project for promoting health@work
Session 2: Promoting Health @ Work: Improving working conditions
Session 3: Promoting Health @ Work: Lifestyle interventions at work
Session 4: Promoting Health @ Work: Work-Life-Balance and Leisure crafting interventions

The second part aims to identify and sharpen the project ideas developed by students in groups of two. We offer a short version of a design
thinking workshop to help students generate innovative ideas. The pitch presentations help to focus on the essence of the own idea and to
trigger constructive feedback for improving it.
Session 5: Design thinking workshop: Find your own project idea
Session 6: Pitch: Presentations of the project idea in plenary incl. feedback

The third part has a workshop format. We introduce all students how to practically plan a health@work project. Then the two-person project
teams are assigned to four tutors. These tutors support the teams in their systematic, detailed planning of the own project idea. Particularly,
students will consider the four principles of successful health promotion projects: systematic planning, participation of stakeholders,
combined individual- and environmental-level actions, integration into company routines.
Session 7: Introduction to practical project planning in-a-nutshell 
Sessions 8-11: Tutored workshop

In the fourth part, the two-person project teams present their project plan in the plenary, discuss it with all students, and obtain feedback by
the course leader.
Sessions 12-13: Presentations & discussions of projects

Given the hands-on workshop character of this lecture, students are required to actively participate in all sessions. Besides raising
knowledge on promoting health@work, the students generally improve their project development skills. Also, as the course has students
from D-MTEC, D-HEST and D-USYS, it facilitates their transdisciplinary exchange. Transdisciplinary skills are increasingly needed for
addressing complex needs in our society.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1080 of 1785

Prerequisites /
notice

A course for students dedicated to applied learning through projects. As the whole course is designed as a hands-on workshop for the
students, active participation in all lectures is required. Class size limited to 30 students.

363-1101-00L Information Technologies in Production and
Operations Management
Does not take place this semester.
Prerequisite: successfully completed course ahead 363-
0445-00L Production and Operations Management.

W 1 credit 1G T. Netland

Abstract Information Technology (IT) is an integrated part of production and operations management (POM). As digitalization is on the rise, it is
imperative for students to be familiar with the common IT systems used in industry.

Objective In this course, the students gain an overview about the role and use of IT in POM. The course focuses on Enterprise Resource Planning
(ERP) systems. It also touches briefly on other business software such as Supervisory Control and Data Acquisition (SCADA) systems,
Manufacturing Execution Systems (MES), Product Lifecycle Management (PLM) systems, and collaborative supply chain software. .
Through lectures and exercises, the students gain experience with ERP and the challenges surrounding implementing and managing IT
systems in local and global POM settings.

After completing this course:
1. Students are familiar with IT systems used in manufacturing.
2. Students can select appropriate ERP software and ERP modules for a given company.
3. Students are familiar with appropriate parameter setting in ERP systems.
4. Students can explain the role of people in ERP.
5. Students can explain the link between operations, IT, and accounting.

Prerequisites /
notice

Successfully completed course ahead: 363-0445-00L Production and Operations Management.
Class attendance is required.

363-1103-00L Lean Startup Academy – From Idea to Startup
More information & application process via
http://www.kickbox.academy

W 3 credits 2G D. Hengartner

Abstract This course puts you right at the center of the entrepreneurial action. Equipped with a Kickbox, the innovation toolbox of Swisscom, you will
learn how to get from an idea to a tangible prototype and real customer feedback. You will work with state-of-the-art “Lean Startup”
methodologies from Silicon Valley, that are used by successful entrepreneurs globally and learn entrepreneurial competences.

Objective After completing this course:
1. Students will be able to validate an own startup idea with “Lean Startup” methodologies and tools.
2. Students can explain and apply different “Lean Startup” methodologies and tools to validate startup ideas.
3. Students can identify advantages and challenges of different “Lean Startup” methodologies and tools.
4. Students can outline the different steps of validating problem and solution behind their startup idea.
5. Students can test the market in qualitative and quantitative way with “Lean Startup” methodologies and tools.
6. Students can conceptualise, produce and hold a startup pitch presentation in front of a jury.

Content Have you ever considered becoming a successful startup entrepreneur after finishing your studies? Are you interested in entrepreneurship
and want to learn how to work in a startup? Do you just have a great startup idea and want to validate its business potential? If you
answered one or more of these questions with “yes”, the Lean Startup Academy might be the right course for you.

This course will be put right at the center of the entrepreneurial action. Equipped with your own Kickbox, the innovation toolbox of
Swisscom, you will learn how to get from an idea to a tangible prototype and real customer feedback. You will work with state-of-the-art
Lean Startup methodologies from Silicon Valley, that are used by successful entrepreneurs globally. It is project-based learning and you
will apply everything you learn right away to validate your own business idea or the idea of another student.

At the beginning, you will reflect on your motivation and get the chance to pitch your startup idea to the whole class. Your goal is to recruit a
team of other students to validate your idea. Every team will receive a project budget of CHF 1'000.- to validate the startup idea. You don’t
need to pitch an idea and not all presented ideas will be validated during class.

The next module will focus around the problem behind your startup idea. You will do research and define different personas. Then you
apply quantitative and qualitative methods to engage with potential customers and find a “problem worth solving”.

Now you will start prototyping your first solutions and test them on the market to get real customer feedback. You will be surprised how fast,
cheap and lean you can do that with the tools and methods that are taught in class.

In the next phase you will design the vision, strategy and business model of your startup idea and define your MVP (Minimal Viable
Product) and PoC (Proof of Concept).

Finally, you will present your validated startup idea to an investor jury. Beforehand you will learn how to structure a pitch, convince your
audience and become a successful presenter.

But this is not the end – hopefully you were bitten by the entrepreneurial bug and this was just the beginning of your startup journey. In the
final class you will learn about the different options to turn your startup idea into an actual startup.

This class is taught at the Swisscom Pirates Hub by corporate entrepreneurship experts, who coach intra- & entrepreneurs on a daily base
and provide you with hands-on training and mentoring. The course builds on experiential learning and you will do things rather that listening
to concepts and theories. That means, high levels of motivation, commitment and energy are required to take part in this course and move
the entrepreneurial ideas forward. As a reward you will learn how to work in a startup environment and develop strong entrepreneurial
competences.

Due to space limitations a maximum of 32 students will be admitted to the program. If you are interested in participating, please apply via
http://www.kickbox.academy/ and join the waiting list in eDoz.

Prerequisites /
notice

More information & application process via http://www.kickbox.academy

Please don't forget to also register for the waiting list via myStudies.

376-1178-00L Human Factors II W  3 credits 2V M. Menozzi Jäckli, R. Huang,
M. Siegrist

Abstract Strategies, abilities and needs of human at work as well as properties of products and systems are factors controlling quality and
performance in everyday interactions. In Human Factors II (HF II), cognitive aspects are in focus therefore complementing the more
physical oriented approach in HF I. A basic scientific approach is adopted and relevant links to practice are illustrated.

Objective The goal of the lecture is to empower students in designing products and systems enabling an efficient and qualitatively high standing
interaction between human and the environment, considering costs, benefits, health, well-being,  and safety as well. The goal is achieved
in addressing a broad variety of topics and embedding the discussion in macroscopic factors such as the behavior of consumers and
objectives of economy.
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Content Cognitive factors in perception, information processing and action.  Experimental techniques in assessing human performance and well-
being, human factors and ergonomics in development of products and complex systems, innovation, decision taking, consumer behavior.

Literature Salvendy G. (ed), Handbook of Human Factors, Wiley & Sons, 2012

363-1100-00L Risk Case Study Challenge
Does not take place this semester.

W 3 credits 2S A. Bommier, S. Feuerriegel

Abstract This seminar provides master students at ETH with the challenging opportunity of working on a real risk modelling and risk management
case in close collaboration with a Risk Center Partner Company. For the Spring 2019 Edition the Partner will be Zurich Insurance Group.

Objective Students work on a real risk-related case of a business relevant topic provided by experts from Risk Center partners. While gaining
substantial insights into the risk modeling and management of the industry, students explore the case or problem on their own, working in
teams, and develop possible solutions. The cases allow students to use logical problem solving skills with emphasis on evidence and
application and involve the integration of scientific knowledge. Typically, the risk-related cases can be complex, cover ambiguities, and may
be addressed in more than one way. During the seminar students visit the partners’ headquarters, conduct interviews with members of the
management team as well as internal and external experts, and present their results.

Content Get a basic understanding of 
o    The insurance and reinsurance business 
o    Risk management and risk modelling
o    The role of operational risk management

Get in contact with industry experts and conduct interviews on the topic. 

Conduct a small empirical study and present findings to the company
Prerequisites /
notice

Please apply for this course via the official website (www.riskcenter.ethz.ch/education/lectures/risk-case-study-challenge-.html). Apply no
later than February 15, 2019.
The number of participants is limited to 14.

860-0015-00L Supply and Responsible Use of Mineral Resources I W  3 credits 2G B. Wehrli, F. Brugger,
K. Dolejs Schlöglova, S. Hellweg,
C. Karydas

Abstract Students critically assess the economic, social, political, and environmental implications of extracting and using energy resources, metals,
and bulk materials along the mineral resource cycle for society. They explore various decision-making tools that support policies and
guidelines pertaining to mineral resources, and gain insight into different perspectives from government, industry, and NGOs.

Objective Students will be able to:
- Explain basic concepts applied in resource economics, economic geology, extraction, processing and recycling technologies,
environmental and health impact assessments, resource governance, and secondary materials.
- Evaluate the policies and guidelines pertaining to mineral resource extraction.
- Examine decision-making tools for mineral resource related projects. 
- Engage constructively with key actors from governmental organizations, mining and trading companies, and NGOs, dealing with issues
along the mineral resource cycle.

Prerequisites /
notice

Bachelor of Science, Architecture or Engineering, and enrolled in a Master's or PhD program at ETH Zurich. Students must be enrolled in
this course in order to participate in the case study module course 860-0016-00 Supply and Responsible Use of Mineral Resources II.

363-1095-00L Commercializing Science and Technology W  3 credits 2G J. Thiel
Abstract This is the first knowledge module within the CAS ELTV. During this module, we (1) introduce the CAS and ETH, (2) will learn more about

each participant and their business projects, and (3) will also discuss the core themes of this module on important considerations of
strategy formation in technology ventures.

Objective This module will enable participants:
- To understand and select from commercialization strategies available to them (e.g., licensing, partnering, and vertical integration) and
respective business model choices
- Assess and generate development options for key internal enabling factors such IP strategy and key resources and capabilities
- Understand different market research and developments tools (lean start-up vs. technology broadcasting) and select appropriate methods
and related KPIs

Content This CAS ELTV module focuses on elements of entrepreneurial strategy formation and implementation in nascent markets and/or
industries. Participants will study commercial options available to them, e.g., technology broadcasting, licensing and partnering, and vertical
integration, which is complemented by a practical view on IP strategy, driven by business strategy rather than arbitrary choices. 

The module also includes the introduction to lean innovation methods incl. agile product development methods and core tools of the lean
startup approach.

This 2-day module is extended by the kick-off event for the leadership coaching.

For more information, see also our online platform.

Lecture notes See Online Platform
Literature See Online Platform
Prerequisites /
notice

This module is only for CAS ELTV participants.

363-1043-00L Marketing Analytics W  3 credits 2S S. Tillmanns
Abstract Students will use extensive customer data from an insurance company in order to develop prediction models for e.g. customer revenue and

churn in a prediction challenge. They will work in groups and give a final presentation.
The class will be held by Andrea Ferrario (Mobiliar Lab for Analytics/Chair of Technology Marketing) and Sebastian Tillmanns (Chair of
Technology Marketing).

Objective - Participants of this class will gain an understanding, how value can be generated out of customer data.
- Participants will learn how to prepare real customer data.
- Participants will be able to develop prediction models autonomously.
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Content Students of this class will gain an understanding how to extract value from customer data autonomously by participating in a prediction
competition. Therefore, they receive real customer data from an insurance company. Students are free to prepare the provided data and
develop prediction models in the way they consider the best. Their freedom of choice covers all statistical methods, software packages and
data that are available to them. At the end of the class, their predictions will be compared with the real development of the customers in the
provided sample. Furthermore, students will give final presentations at the end of the class, which will be joined by representatives of the
insurance company. Students will have to write a short paper, in which they describe how they proceeded. We expect that students test
different prediction models against each other to justify their proceeding.
At the beginning of the class, students will be able to visit several lectures, which will help to work on the given prediction task. These
lectures involve fundamentals of marketing analytics and data analytics with common software packages. Throughout the lecture, several
time slots are provided, where students can discuss their prediction models with the lecturers Andrea Ferrario (Mobiliar Lab for
Analytics/Chair of Technology Marketing) and Sebastian Tillmanns (Chair of Technology Marketing).
The data handling and prediction skills students achieve in this class are not limited to marketing applications, but can be easily extended
to other fields where predications of continuous or binary metrics are useful.

363-1117-00L Factory Planning and Design W  3 credits 3G R. Binkert, T. Netland
Abstract This course deals with the complex process of planning and designing manufacturing factories and warehouses, from idea conception to

operation. It provides students theoretical knowledge as well as practical insights into various aspects that need to be considered when
managing factory planning and design projects.

Objective The general objective of this course is to enable students to effectively participate in real factory planning and design projects. Specifically,
after completing this course: 
1. Students can outline the basic factors to be considered when planning a new factory.
2. Students can explain and apply methods for factory planning and design.
3. Students can identify issues and difficulties in factory planning and design.
4. Students can select suitable material handling systems.
5. Students have a basic understanding of the tasks and how to face them when a new factory and its systems are being built and put into
operation.

Content The planning and design of factories and warehouses is a truly interdisciplinary task and a central activity for any manufacturer and
logistics service provider. A factory is much more than just a building or a working space. Factory planning and design is a strategic task
that will have a long-lasting effect on a business’ ability to create value. Many aspects must be carefully considered. Among the most
important ones are location, size, capacity, technology, factory floor layout, materials flow, resources flow, human factors, and construction
aspects. 

In this course, students will learn about the planning and design of factories through the introduction of theory and  real-life examples. Basic
principles of this discipline will be introduced and discussed in class. Students will learn concepts about project methodologies, layout
planning, process management, materials flow, and building specifications. In addition, various real project examples will be presented.  

In the beginning of this course, students will be given a realistic factory planning and design case which they solve through group work. The
necessary knowledge and methods to solve the case will be covered throughout the course. Finally, the groups hand in their solution in
written form and present their solution in class. 

This course is taught by a practitioner with longstanding project experience in planning and designing factories all over the world and in
different industries. Students are encouraged to reflect upon the course content and actively engage in class discussions.

Lecture notes Lectures notes by René Binkert.
Literature Wiendahl, H-P; Reichart, J. and Nyhuis, P. (2015) Handbook Factory Planning and Design, Springer Berlin Heidelberg: Springer. ETH has

full e-access at https://link.springer.com/book/10.1007%2F978-3-662-46391-8
Prerequisites /
notice

The course Production and Operations Management is highly recommended, but not a prerequisite.

363-1114-00L Introduction to Risk Modelling and Management W 3 credits 2V B. J. Bergmann, D. N. Bresch,
J. Teichmann

Abstract This course provides an introduction to various aspects of modelling, dealing and managing risk across different industries, contexts and
applications. Classes will alternate between  risk professionals from industry and government and academics coming from different
disciplines.

Objective Students get familiar with the building blocks of risk modelling: uncertainty, vulnerability, resilience, decision-making under uncertainty. The
course looks at different approaches to modelling and dealing as well as mitigating different kind of risks in different industries and get to
understand the relation to the decision-making process in business and the value chain of a company. Cases range from enterprise risk
management, natural catastrophes, climate risk, energy market risk, risk engineering, financial risks, operational risk, cyber risk and more.
An additional emphasis will be on the data-driven approach to smart algorithms applied to risk modelling and management. After taking this
course, students should be able to demonstrate that they can identify and formulate a risk analysis problem with quantitative methods in a
particular field.

Content The course covers the following areas: 
1. Fundamentals of Risk Modelling: Probability, Uncertainty, Vulnerability, Decision-Making under Uncertainty 
2. Fundamentals of Risk Management and Enterprise Risk Management 
3. Risk Modelling and Management across Different areas with invited Speakers
The list of Speakers can be found here: https://riskcenter.ethz.ch/education/lectures/introduction-to-risk-modelling-and-management--.html

Lecture notes Lecture notes and slides will be provided via moodle

363-1115-00L Energy Innovation and Management W 3 credits 1V A. Stephan, G. Mavromatidis
Abstract Fundamental changes in the energy sector, such as more decentralized energy production, challenge the existing business models of

organizations such as utilities or technology providers. This course adopts quantitative and qualitative approaches to explore innovation
and managerial, organizational and decision-making aspects in the energy sector for the transition to a low-carbon energy system.

Objective After completing the course, students will be able to:
•    Understand the challenges occurring in the energy sector and that companies (in or relying on the energy sector) are facing
•    Understand the basics of managerial/organizational aspects in the energy sector with a particular focus on energy innovations
•    Identify and use the appropriate quantitative energy tools for strategic decision-making in the energy sector

Content This course explores innovation and managerial, organizational and decision-making aspects in the energy sector for the transition towards
a low-carbon energy system. The course is split in two parts with a quantitative and a qualitative focus, respectively.

In the first part, students will learn about aspects such as the financial valuation of energy investment decisions and the ways that
quantitative energy models of different types can be used to assist with strategic decision-making in the energy sector. Students will be
introduced to two types of models: (1) techno-economic analyses of renewable energy generation and storage technologies, and (2) an
energy market game which simulates the behavior of utilities in an electricity market. This part of the course will include individual and
group assignments.

In the second part, guided by questions like “how does the energy industry change and why” or “how would you make the decision if you
were the head of a utility”, the students will understand how firms manage innovations and why they can be difficult to manage even for
established firms in the energy sector. This part of the course will be guided as an interactive case study.
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363-1116-00L Climate Finance W 3 credits 2G V. Stolbova
Abstract The course will focus on understanding the impact of climate on the financial system, as well as how financial actors contribute to the

transition to a low-carbon economy.
Objective The objectives of this course are threefold. First, it aims to provide participants with an overview of the state-of-the-art situation in matters

of the impact of climate on finance and the impact of finance on the environment. Second, it introduces current challenges in the fields of
sustainable finance, environmental finance and climate finance, and familiarizes participants with existing methods to solve these
challenges. Third, it equips participants with knowledge and tools in climate-finance data analysis which could be applied to the real-world
cases by calculating climate-related risks and gains for specific market players.

Content It is comprised of three parts:

The first part will give an overview of the relation between finance and climate. It will start with an introduction of the nature of climate
change phenomenon and its financial implications. Several types of climate-related financial risks will be considered including physical risks
of climate change (financial risks associated with natural disasters), and transition risks (associated with transition to a low-carbon
economy, climate policies and regulations, stranded assets). In addition, risks and opportunities associated with the transition to a low-
carbon economy will be discussed for institutional sectors (banks, investment funds, pension funds and insurance sector), individual market
players, and the real economy.

The second part will allow the participants to acquire knowledge of existing methods and tools in financial climate-related risk assessment
including both state-of-the-art academic research methods and current industry practices. It will also discuss instruments available to
market players for financing the transition to a low-carbon economy (e.g. green bonds, climate funds, concessional loans) and existing
measures of assessing environmental impact of investments. Participants of the course will have an opportunity to apply these methods to
real-case portfolios of selected market players.

The third part will address economic and financial effects of climate policies and environmental regulations. It will start with an overview of
implemented and widely debated climate policies. Then, it will discuss existing models for development of economic sectors considering
various climate policies and greenhouse gas (GHG) emissions targets. Finally, the course will address the impact of climate policies on
financial institutions, real economy, individual investors, and provide main arguments on the heated debate on “winners and losers” on the
way to decarbonization.

Literature The main reference of the course is the set of lecture notes; students will also be encouraged to read some influential books and academic
articles dealing with the issues under study:
[1] “Environmental finance: A guide to Environmental Risk Assessment and financial products”, Labatt, S. and White, R. 2002
[2] “Carbon Finance: the financial implications of climate change”, Labatt, S. and White, R., 2007
[3] “Handbook of environmental and sustainable finance”, Ramiah, V. and Gregoriou, G., 2015
[4] “Greening Economy, Graying Society”, Bretschger, L., CER-ETH Press, Zurich, 2018, 2nd edition
[5] “Natural Resource & Environmental Economics”, Perman, R., Ma, Y., McGilvray, J, Maddison, D., and Common, M., 4th edition,
Longman, Essex, 2011
Additional literature:
[6] “Breaking the tragedy of the Horizon - climate change and financial stability”, Carney, M., 2015. Speech given at Lloyd's of London by
the Governor of the Bank of England.

[7] “A climate stress-test of the financial system“, Battiston, S., Mandel, A., Monasterolo, I., Schutze, F., Visentin, G., 2017, Nature Clim.
Change 7 (4), 283–288. 

[8] “Vulnerable yet relevant: the two dimensions of climate-related financial disclosure”, Monasterolo, I., Battiston, S., Janetos, A., Zheng,
Z., 2017, Clim. Chang. 145 (3-4), 495–507. 

[9] “Rolling the “DICE”: an optimal transition path for controlling greenhouse gases”, Nordhaus, W.D., 1993. Resour. Energy Econ. 15 (1),
27–50

[10] “A Financial Macro-Network Approach to Climate Policy Evaluation”, Stolbova, V., Monasterolo, I., Battiston, S., Ecological
Economics, 149, 2018,  239–253

363-1122-00L From Entrepreneurial Thinking to Market Relevance  -
How Startups Scale
Number of participants limited to 40.

W 3 credits 2G A. Sethi

Abstract This elective is relevant if you’re planning to join or start a startup in the near future. It will help you recognise how value is created and
captured. This includes go-to market, marketing & visibility across verticals & across the supply chain for sustained value capture &
business model sustainability.

In short, it’s the journey of how to create a billion dollar startup.

Objective At the conclusion of the course, the students are able to:

1. The difference between technology and market relevance
2. Recognise challenges that startups face when they move from technology to commercialisation
3. Addressing the failures of startups in scaling, and how early decisions limit scaling and value capture
4. How recognising market need can help startups to create value and strengthen valuation with investors
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Content Technology startups face challenges in identifying market relevance in the course of commercialisation. Additionally, once they have
matched their offering with market needs, they face additional challenges when scaling up since they get locked in early. Due to this,
technology startups plateau off as niche. 

Platform startups, on the other hand, struggle with retaining relevance. Due to these aspects, failure rates are very high. 

This course addresses students who want to become entrepreneurs or want to join startups. They may come from business or science &
technology backgrounds. The course will enable the students to identify the relevance of seeing the technology from an early stage startup
from the market relevance perspective and use this to help the company drive revenue and relevance. The students will also get an
overview of how platform startups can retain relevance. The students will have exposure to investors and entrepreneurs (with a focus on
ETH spin-offs) through the course, to gain insight to commercialisation and subsequent scaling up of the technology. 

Topics cover idea validation, technology and market size validation and assessment of market relevance, assessing time-to-market,
customer focus, perceived value for customers, and finally, opportunities of maximising relevance of technology idea into sustained market
traction. There is a particular emphasis on market validation on each step of the journey, to ensure relevance.

The course comprises lectures and talks from invited investors / entrepreneurs regarding the aforementioned elements. Additionally,
students will form teams and will support an existing startup over the course of the semester. This will allow them to gain first-hand
experience and insights into the dynamics of a early stage company. By having such real-life exposure, the course content will be
transferred from theory to practice. 

Grading of the course will be based on in-class presentations as well as the student teams' performance and support of their selected
startups.

Literature “From Science to Startup” by A. Sethi

363-1017-00L Risk and Insurance Economics W 3 credits 2G I. Gemmo
Abstract The course covers economics of risk and insurance. Topics covered are fundamentals of risk, individual decision making under risk,

fundamentals of insurance, information asymmetries in insurance markets, and the macroeconomic role of insurers.
Objective The goal is to introduce students to basic concepts of risk, risk management and economics of insurance.
Content - fundamentals of risk

- individual decision making under risk 
- fundamentals of insurance
- information asymmetries in insurance markets 
- the macroeconomic role of insurers

Literature Main literature:

- Eeckhoudt, L., Gollier, C., & Schlesinger, H. (2005). Economic and Financial Decisions under Risk. Princeton University Press.
- Zweifel, P., & Eisen, R. (2012). Insurance Economics. Springer.


Further readings: 

- Dionne, G. (Ed.). (2013). Handbook of Insurance (2nd ed.). Springer.
- Hufeld, F., Koijen, R. S., & Thimann, C. (Eds.). (2017). The Economics, Regulation, and Systemic Risk of Insurance Markets. Oxford
University Press.
- Niehaus, H., & Harrington, S. (2003). Risk Management and Insurance (2nd ed.). McGraw Hill.
- Rees, R., & Wambach, A. (2008). The Microeconomics of Insurance, Foundations and Trends® in Microeconomics, 4(1–2), 1-163.

363-1130-00L Digital Health W 3 credits 2V T. Kowatsch
Abstract Today, we face the challenge of chronic conditions. Personal coaching approaches are neither scalable nor financially sustainable. The

question arises therefore to which degree Digital Health applications are appropriate to address this challenge. In this lecture, students will
learn about the need, design and assessment of digital health interventions.

Objective NHS teams up with Amazon to bring Alexa to patients (The Guardian, July 2019), Contactless cardiac arrest detection using smart devices
(Nature Digital Medicine, June 2019), Apple Heart Study demonstrates ability of wearable technology to detect atrial fibrillation (Standford
Medicine News, March 2019), Digital health companies raised a total of $4.2B across 180 deals through the first half of 2019. If this pace
holds steady, the sector is on track for an $8.4B year in 2019 - and may even top 2018's record-breaking annual funding total. Sean Day,
Rocket Health, 2019 Midyear Digital Health Market Update

What are the rationale and implications behind the recent developments in the field of digital health?

Digital Health is the use of information and communication technology for the prevention and treatment of diseases in the everyday life of
individuals. It is thus linked to topics such as digital health interventions, digital biomarker, digital coaches and healthcare chatbots,
telemedicine, mobile and wearable computing, self-tracking, personalized medicine, connected health, smart homes or smart cars.

In the 20th century, healthcare systems specialized in acute care. In the 21st century, we now face the challenge of dealing with the
specific characteristics of chronic conditions. These are now responsible for around 70% of all deaths worldwide and 85% of all deaths in
Europe  and are associated with an estimated economic loss of $7 trillion between 2011 and 2025. Chronic diseases are characterized in
particular by the fact that they require an intervention paradigm that focuses on prevention and lifestyle change. Lifestyle (e.g., diet,
physical activity, tobacco or alcohol consumption) can reduce the risk of suffering from a chronic condition or, if already present, can
reduce its burden. A corresponding change in lifestyle is, however, only implemented by a fraction of those affected, partly because of
missing or inadequate interventions or health literacy, partly due to socio-cultural influences. Individual personal coaching of these
individuals is neither scalable nor financially sustainable.

Against this background, the question arises on how to develop evidence-based digital health interventions (DHIs) that allow medical
doctors and other caregivers to scale and tailor long-term treatments to individuals in need at sustainable costs. At the intersection of
health economics, information systems research, computer science, and behavioral medicine, this lecture has the objective to help
students and upcoming healthcare executives interested in the multi-disciplinary field of digital health to better understand the need, design
and assessment of DHIs.

After the course, students will be able to...

1. understand the importance of DHIs for the management of chronic conditions
2. understand the anatomy of DHIs
3. know frameworks for the design of DHIs
4. know evaluation criteria for DHIs
5. know technologies for DHIs
6. assess DHIs
7. discuss the advantages and disadvantages of DHIs
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Content To reach these learning objectives, the following topics are covered in the lecture and will be discussed based on concrete national and
international examples including DHIs from the Center for Digital Health Interventions (www.c4dhi.org), a joint initiative of the Department
of Management, Technology and Economics at ETH Zurich and the Institute of Technology Management at the University of St.Gallen:

1. Motivation for Digital Health
- The rise of chronic diseases in developed countries
- The discrepancy of acute care and care of chronic diseases
- Lifestyle as medicine and prevention
- From excellence of care in healthcare institutions to excellence of care in everyday life

2. Anatomy of Digital Health Interventions
- Just-in-time adaptive interventions
- Digital biomarker for predicting states of vulnerability
- Digital biomarker for predicting states of receptivity
- Digital coaching and healthcare chatbots

3. Design & Evaluation of Digital Health Interventions
- Overview of design frameworks
- Preparation of DHIs
- Optimization of  DHIs
- Evaluation of DHIs
- Implementation of DHIs

4. Digital Health Technologies
- Technologies for telemedicine
- Mobile medical devices
- Virtual, augmented and mixed reality applications incl. live demonstrations
- Privacy and regulatory considerations

The Digital Health lecture is structured in two parts and follows the concept of a hybrid therapy consisting of on-site sessions and
complementary online lessons. In the first part, students will learn and discuss the topics of the four learning modules in weekly on-site
sessions. Complementary learning material (e.g., video and audio clips), multiple-choice questions and exercises are provided online.

In the second part, students work in teams and will use their knowledge from the first part of the lecture to critically assess DHIs. Each
team will then present and discuss the findings of the assessment with their fellow students who will provide peer-reviews. Additional on-
site coaching sessions are offered to support the teams with the preparation of their presentations.

Literature 1.Chaix, B. (2018) Mobile Sensing in Environmental Health and Neighborhood Research Annual Review of Public Health (39), 367-384.
2.Collins, L. M. (2018) Optimization of Behavioral, Biobehavioral, and Biomedical Interventions: The Multiphase Optimization Strategy
(MOST) New York: Springer.
3.Corneta, V. P., and Holden, R. J. (2018) Systematic Review of Smartphone-Based Passive Sensing for Health and Wellbeing Journal of
Biomedical Informatics (77:January), 120-132.
4.Coravos, A., Khozin, S., and K. D. Mandl (2019) Developing and Adopting Safe and Effective Digital Biomarkers to Improve Patient
Outcomes Nature Digital Medicine 2 Paper 14.
5.Katz, D. L., E. P. Frates, J. P. Bonnet, S. K. Gupta, E. Vartiainen and R. H. Carmona (2018) Lifestyle as Medicine: The Case for a True
Health Initiative American Journal of Health Promotion 32 (6), 1452-1458.
6.Kvedar, J. C., A. L. Fogel, E. Elenko and D. Zohar (2016) Digital medicine's march on chronic disease Nature Biotechnology 34 (3), 239-
246
7.Nahum-Shani, I., S. N. Smith, B. J. Spring, L. M. Collins, K. Witkiewitz, A. Tewari and S. A. Murphy (2018) Just-in-Time Adaptive
Interventions (JITAIs) in Mobile Health: Key Components and Design Principles for Ongoing Health Behavior Support Annals of Behavioral
Medicine 52 (6), 446-462.
8. Sim, I. (2019). Mobile Devices and Health. The New England Journal of Medicine, 381(10), 956-968.

363-1129-00L Humanitarian Operations and Supply Chain
Management

W 3 credits 2V S. Wagner, S. B. Thakur-Weigold

Abstract As both manmade and natural disasters are on the increase, the humanitarian sector has been growing accordingly. Because logistics
typically comprises 70-80% of mission budgets, efficient operations and supply chain management are critical to maximizing impact. This
course explores the emerging theory and best practices which address this need.

Objective Upon completion of this seminar, participants will be able to differentiate between the commercial and humanitarian operational context and
recognize the distinct phases of an intervention. They will be able to assess the humanitarian program as a system with constrained
resources, and analyze logistics and supply chain processes fit to purpose. The course will involve both, research and practice, to ensure a
realistic and rigorous understanding of humanitarian operations and supply chain management.

Content The seminar will review the strategies and core processes existing in a humanitarian supply chain, emphasizing how these are different
from the commercial context, and explore success factors in practice. The instructional design will combine lectures and readings with
videos, reports from the field, simulations and case studies. 

1. Introduction to the Core Humanitarian Standards (CHS), and the specific requirements of the humanitarian sector, together with what
these imply for operations and supply chain management. How does HumOSCM differ from the commercial context? We will review what it
means to be a refugee, an IDP, or a person affected by a natural or manmade disaster, the key stakeholders in a humanitarian
intervention, current trends in the sector, and the role of the logistics cluster.

2. Humanitarian interventions follow a lifecycle whose distinct phases create different requirements for logistics and other activities. We will
review and discuss the characteristics of each phase and their respective strategies as well as fundamental types of intervention
(emergency response vs. ongoing missions vs. development projects).

3. The activities in a humanitarian intervention must be understood as a system in which material can only be delivered properly if
information flows. We will emphasize how collaboration and coordination are key to successful field operations, and experience the effects
of broken feedback loops and poor system design.

4. Review of the core processes of the humanitarian supply chain: procurement, planning (preparedness), transportation (fleet
management), inventory management (pre-positioning), donor management and reporting, and performance management.

5. Special topic / deep dive: Applying lean principles to humanitarian operations, with a report from the field.

6. Special topic / deep dive: How technologies (such as retinal recognition, drones, GPS mapping, cash programs), are changing the way
aid is delivered, with a report from the field. When considering the impact of technological innovations, we will discuss the importance of
process innovations as well.
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Lecture notes The course material will be made available for download on Moodle:

https://moodle-app2.let.ethz.ch/my/

All organizational matters will be handled by the teaching assistant Lysann Seifert (lyseifert@ethz.ch).

Literature There is no obligatory or recommended textbook.

Readings that you might consult during the course will be provided for download.

Prerequisites /
notice

The final course grade will be a weighted average of the following:
- Study of a current humanitarian intervention or disaster scenario and presentation of an appropriate HumOSCM strategy, including written
summary (group work): 60%
- Written summary of a case study analysis with findings and solution (individual work): 40%

The course is limited to 20 participants. Application and pre-registration is necessary.

Please register by January 24, 2020 at the latest via myStudies and send your CV and a one-paragraph motivation for taking the course to
the teaching assistant Lysann Seifert (lyseifert@ethz.ch). All registrations will be assigned to the waiting list, and students will be informed
about the selection outcome by February 10, 2020.

363-1132-00L Business Models for a Circular Economy W 3 credits 1.5G C. Bening-Bach, N. U. Blum
Abstract This course leads students through the process of re-thinking an existing product in a circular way. At the end of the course students will

come up with new, circular business models for their products. The course consists of an overview of circular economy principles,
research, diverse workshop formats and team work. 

Objective 1)    Students familiarize themselves with the principles of a circular economy
2)    Students critically reflect on the limits of a circular economy
3)    Students experience a re-thinking process of an existing product along circular economy principles

Content This course is aimed at people with a keen interest to understand and solve societal and environmental problems employing the principles
of a circular economy. 

The seminar consists of a mix of lectures, workshops, individual working sessions, and team work. Critical reflection is an integrative part of
the process. 

The course tackles a topic that in the light of climate change, resource scarcity and decreasing biodiversity, gains traction in industry, policy
and academia: Circular economy. A circular economy is a regnerative system that uses as little resources as possible in the most efficient
way. The implementation of a circular economy offers different ways to do so, e.g. by re-design, re-use, re-cycling. Along these different
"cycles" new business models arise. 

In this course students evaluate different products on their potential for a circular economy by considering - among others -the product's
technical, economic, and legal environment. Once they strengthened their knowledge on the product and oh circular economy principles,
they will develop solutions and business models in teams. The course ends with a pitching event, where the teams will present their
solutions and business ideas. 

363-1128-00L Pricing - Theory and Practice
Number of participants limited to 25.

W 3 credits 1G F. Uhrich, F. von Wangenheim

Abstract Pricing is much more than just a price: lt is about how to convert interest into transaction. Pricing combines like almost no other business
discipline quantitative and analytical rigor with qualitative and psychological aspects. 
This course explains the underlying economical and psychological concepts that influence price setting and price perception. 

Objective Understand underlying theories and concepts of price setting and price perception. Learn how to master pricing from strategy to execution. 
See how diverse pricing can be across industries. 

Content -    Introduction to pricing
the relevance of pricing & the profit formula

-    Pricing theory—3 lenses on pricing & a holistic view on pricing:
cost-based pricing, customer/value-based pricing, competitive pricing & the holistic view on all pricing layers (pricing strategy, pricing
execution, pricing enablers) 

-    Price elasticity—theory & reality:
price elasticity curves, break-even elasticity, typical elasticity values

-    Behavioral pricing—cognitive biases:
value perception (loss aversion, transactional utility, precise pricing, power of free), reference frames (anchoring, asymmetric dominance,
extremeness aversion, unit framing), certainty effects (IKEA effect, social proof, endowment effect), and flat-rate bias

-    Pricing practice—key concepts by industry:
B2B (pricing power, price realization, surcharges, long-tail pricing, one-shot pricing, contract pricing), B2B2C (multi-channel pricing, price
waterfall, trade spend, cross-border pricing), B2C (Promo effectiveness, psychological prices, good-better-best pricing, end-of-lifecycle
pricing, non-profit/social pricing), eCommerce, digital/software/subscriptions (internet of things, land & expand, freemium,
bundling/unbundling, lifecycle)

-    Pricing diagnostics & price monitoring:
price clouds, price-mix-reporting, basket analysis

The course is a mixture of front lecture and student homework and presentation.

 Supplementary Courses
The students have to deepen their knowledge in the area(s) of engineering/natural sciences in consultation with the responsible professor (tutor) and
must choose the tutor by the end of the first semester. Core courses and electives of D-MTEC can not be used as supplementary courses. 

Course Catalogue of ETH Zurich

 Industrial Internship
Number Title Type ECTS Hours Lecturers

363-0879-00L Practical Training O  6 credits external organisers
Abstract The practical experience gained by the student complets the studies at the Swiss Federal Institute of Technology and prepars her/him for

future activities in industry. 
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Objective The practical experience gained by the student complets the studies at the Swiss Federal Institute of Technology and prepars her/him for
future activities in industry. 

 Master's Thesis
Number Title Type ECTS Hours Lecturers

363-0600-00L Master's Thesis
Only students who fulfill the following criteria are allowed
to begin with their master thesis:
a. successful completion of the bachelor programme; 
b. fulfilling of any additional requirements necessary to
gain admission to the master programme;
c. internship fulfilled;
d. academic writting course has been completed

O  30 credits 57D Supervisors

Abstract In the Master Thesis students prove their ability to independent, structured and scientific working. The master's thesis is supervised by the
tutor and normally deals with a subject contained in the major fields. The research will be performed normally within a private company or
at the ETH Zurich.

Objective In the Master Thesis students prove their ability to independent, structured and scientific working. The master's thesis is supervised by the
tutor and normally deals with a subject contained in the major fields. The research will be performed normally within a private company or
at the ETH Zurich.

363-1063-00L Academic Writing Course
Compulsory for all MTEC MSc students.

O 0 credits 1G R. Mihalka, S. Milligan

Abstract This course for MTEC MSc students focuses on developing and refining students' English writing skills and their understanding of the
requirements and conventions of academic writing. The course is particularly designed to support students during the writing process, so
participants are expected to bring work in progress (reports, semester papers, etc.) to the workshops. 

Objective The aim of this course is to improve the academic writing skills needed to complete academic texts successfully and efficiently. The course
provides theoretical input, practical writing exercises, and detailed individual feedback organised into one group lecture and four workshops
in smaller tutorial groups.

Initially, the lecture provides an overview of the range of demands on writers of reports, papers, and MSc theses and outlines the academic
expectations that students must meet. Guidance is then provided in the workshops on planning the writing process effectively, and
individual feedback is provided to enhance writing ability.

The course develops a range of practical and transferrable writing skills. Students can use these skills to improve the overall quality of their
academic writing and to produce their reports, papers, and theses more rapidly and efficiently. The writing skills developed here can be
used beyond the MSc, whether students go on to complete a PhD or to produce reports and other documents in industry.

Content Group lecture:  
an introduction to writing at MSc level in D-MTEC
anglophone expectations of academic writing
avoiding plagiarism

Workshop 1: 
the writing process 
overview of common academic text structures
building academic vocabulary

Workshop 2: 
writing methods sections
embedding figures and tables
structuring sentences and paragraphs
noun phrases and articles

Workshop 3: 
introductions; results and discussion sections
analysis v description
writing critically
relative clauses

Workshop 4: 
abstracts and conclusions
editing your own text
punctuation, spelling, and grammar





Lecture notes Notes will be available after registration.

The course is highly recommended to all MTEC MSc students once they have begun writing assignments such as reports and semester
papers.

Prerequisites /
notice

It is also compulsory for students who started in Spring 2015 or later. It is offered each semester (spring and autumn).

Management, Technology and Economics Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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MAS in Applied Technology
 Major in Applied Information Technology

Offered only in the autumn semester.

 Major in Applied Manufacturing Technology
Number Title Type ECTS Hours Lecturers

165-0100-00L Manufacturing Processes
Only for CAS in Applied Manufacturing Technologies and
MAS in Applied Technology. 

O  3 credits 2G R. Spolenak

Abstract The module discusses the most important manufacturing processes and technologies driving Industry 4.0, including both traditional and
advanced manufacturing. The course will cover a wide variety of modern forming, shaping and joining techniques. Further, it will introduce
advanced technology such as non-conventional machining, micromanufacturing and additive manufacturing. 

Objective The module will reveal the fundamental link between materials properties and processing, and will thus provide a basis for the discussion of
product design considerations from the viewpoint of manufacturing processes. 

165-0101-00L Production Systems
Only for CAS in Applied Manufacturing Technologies and
MAS in Applied Technology. 

O  3 credits 2G S. Verhasselt

Abstract The module deals with the technology and principles that are used to manage systems of production, i.e. combinations of manufacturing
processes and support processes such as logistics. 

Objective The goal is for participants to learn about the variety of typical industry production systems including their applicability in defined business
environments and situations; to learn about the basics of production management and about evolving trends and new technology. 

165-0102-00L Product Development & Technology Implementation
Only for CAS in Applied Manufacturing Technologies and
MAS in Applied Technology. 

O  3 credits 2G M. Meboldt

Abstract The module focuses on agile product development and the implementation of new technologies using additive manufacturing as an
example. Participants will be introduced to basic principles, methods and mindset of Agile development by solving a practical development
task in teams. Next, we will explore how agile development is used to integrate new technologies into a company.

Objective After attending this course, participants are familiar with the fundamentals of Additive Manufacturing (AM), the technology’s impact on
product development and value creation. Furtherrmore, the students are introduced to the key principles and practices of Agile product
development.

165-0103-00L Materials
Only for CAS in Applied Manufacturing Technologies and
MAS in Applied Technology. 

O  3 credits 2G R. Spolenak

Abstract This module provides fundamental training in the behavior and manufacturing properties of materials as well as an introduction to materials
selection and design considerations as practiced in industry, including related concepts such as Design for Manufacturing and “green”
design. 

Objective •    to understand the societal implications of materials development
•    to appreciate the challenges in materials selection
•    to follow the economical aspect of process selection
•    to grasp that any material is much more than its chemical composition

 Major in Applied Technology in Energy
Number Title Type ECTS Hours Lecturers

247-0100-00L Energy Fundamentals
Only for CAS in Applied Technology in Energy and MAS in
Applied Technology.

O  3 credits 2G C. Schaffner

Abstract The module provides an introduction to the fundamental science and the underlying technology throughout the rest of the CAS in Applied
Technology in Energy.

Objective Participants will have an overview over today’s energy system (including energy generation, distribution and consumption) functions and
will understand the underlying scientific principles, technologies as well as the regulatory frameworks.

Content Today’s energy system (including energy generation, distribution and consumption) will be explained, starting from the underlying scientific
principles moving to energy technologies as well as the relevant regulatory frameworks and economic principles. Special attention will be
paid to understanding renewable (solar & wind) electricity generation and why this rapidly evolving technology is driving change in multiple
industries. If time permits, the basics of climate change science and its relationship to energy related business decisions will be discussed
as well.

Prerequisites /
notice

MAS AT participants must have successfully completed CAS 1 and 2 in order to enrol. 

Non-MAS applicants must satisfy the following requirements:
- Demonstrated managerial experience working with technology companies or industries
- Good knowledge of English 
- ETH recognized Master’s degree*

CAS ATE applications will be reviewed by the Admission Committee of the Certificate Programme. The final decision is communicated in
writing.

* For non-MAS applicants, preference may be given to applicants with technical degrees or demonstrated practical knowledge in a relevant
field for the purpose of maintaining a higher level of technical discussion.

247-0101-00L Energy Storage
Only for CAS in Applied Technology in Energy and MAS in
Applied Technology.

O  3 credits 2G V. Wood

Abstract This module provides an overview over the most important  technologies for electrical energy storage, with an emphasis on batteries.
Objective Participants will gain knowledge about energy storage technologies. They will understand technological progress as well as barriers in the

future development of batteries.
Content The most important technologies for electrical energy storage in industry will be explained, with an emphasis on batteries. They will be

introduced to the energy storage technologies in use in industry as well as technology- and market-driven opportunities for change and new
applications. The design, manufacture, operation, and usage scenarios of lithium ion batteries will be explained in detail. Future
improvements in battery energy storage will be explored in terms of both likely progress and critical barriers.
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Prerequisites /
notice

MAS AT participants must have successfully completed CAS 1 and 2 in order to enrol. 

Non-MAS applicants must satisfy the following requirements:
- Demonstrated managerial experience working with technology companies or industries
- Good knowledge of English 
- ETH recognized Master’s degree*

CAS ATE applications will be reviewed by the Admission Committee of the Certificate Programme. The final decision is communicated in
writing.

* For non-MAS applicants, preference may be given to applicants with technical degrees or demonstrated practical knowledge in a relevant
field for the purpose of maintaining a higher level of technical discussion.

247-0102-00L Electric Power Grid Systems
Only for CAS in Applied Technology in Energy and MAS in
Applied Technology.

O  3 credits 2G C. Franck, G. Hug

Abstract This module provides an overview over the technical operation and management of power grid systems.
Objective Participants will gain an understanding of the operation and management of power grid systems, including challenges and opportunities for

future developments.
Content For decades, electric power grid systems remained essentially unchanged. Now, they are undergoing significant changes driven by

technology. Despite or maybe even because of these changes it is important to understand the fundamental setup and workings of the
electric power grid. 

Participants will learn about the technical operation and management of traditional power grid systems. The fundamental equipment and
mechanisms responsible for transforming and transporting electricity to end users and the concept of AC power will be explained. Typical
grid connections and management and the underlying physical principles will be discussed. The opportunities for and barriers to future grid
technology and systems from both an operator’s and end user’s perspective will be explored, potentially including distributed generation,
microgrids/islanding, demand response, virtual power plants, etc.

Prerequisites /
notice

MAS AT participants must have successfully completed CAS 1 and 2 in order to enrol. 

Non-MAS applicants must satisfy the following requirements:
- Demonstrated managerial experience working with technology companies or industries
- Good knowledge of English 
- ETH recognized Master’s degree*

CAS ATE applications will be reviewed by the Admission Committee of the Certificate Programme. The final decision is communicated in
writing.

* For non-MAS applicants, preference may be given to applicants with technical degrees or demonstrated practical knowledge in a relevant
field for the purpose of maintaining a higher level of technical discussion.

247-0103-00L Electrification and Practical Applications
Only for CAS in Applied Technology in Energy and MAS in
Applied Technology.

O  3 credits 2G C. Schaffner

Abstract The focus of this module is on understanding electrification technology and their practical application in multiple industries.
Objective Participants will understand the opportunities and challenges of the electrification of different sectors (e.g. transportation, buildings,

industry).
Content This course takes a case study approach to look at how electrification is currently impacting products and technology use in manufacturing,

electronics, automotive/ transport, building construction and facilities management. Some policy and regulatory elements may be discussed
to provide context, but the focus is on understanding the technical and practical aspects of implementation. The technical results that can
be expected will be discussed in terms of power availability and security, energy efficiency, etc. as well as how electrification supports other
potential technical goals such as digitalization and automation.

Prerequisites /
notice

MAS AT participants must have successfully completed CAS 1 and 2 in order to enrol. 

Non-MAS applicants must satisfy the following requirements:
- Demonstrated managerial experience working with technology companies or industries
- Good knowledge of English 
- ETH recognized Master’s degree*

CAS ATE applications will be reviewed by the Admission Committee of the Certificate Programme. The final decision is communicated in
writing.

* For non-MAS applicants, preference may be given to applicants with technical degrees or demonstrated practical knowledge in a relevant
field for the purpose of maintaining a higher level of technical discussion.

MAS in Applied Technology - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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MAS in Architecture and Digital Fabrication
The MAS Digital Fabrication is a 1 year full-time programme and is structured as a series of teaching modules with an independent master thesis.
Lessons within the modules are given in the form of lectures, practical workshops, and projects as the main modus for developing skills. Learning will be
supported through one on one mentoring in studio, group critiques, symposia, and excursions.

 Module
Number Title Type ECTS Hours Lecturers

069-0002-00L Integrated Digital Design and Fabrication Project
Only for MAS in Architecture and Digital Fabrication.

O  10 credits 8G B. Dillenburger

Abstract In the Design and Digital Fabrication Project students collaboratively design, fabricate and assemble a 1:1 architectural installation. 
The resulting project exploits the geometric freedom offered by computational design and showcases the potential of digital fabrication
methods such as additive manufacturing for architecture.

Objective Students develop custom scripts to design and to generate automatically the required data for a digital fabrication method. Computational
form finding methods and computational optimization strategies are investigated to improve the performance of the structures.
In a collaborative teamwork, the students explore how to integrate digital technologies into the continuous workflow from concept-phase to
fabrication. Students acquire in-depth experience in working with large-scale 3D printing technologies and learn how to establish a
continuous digital process chain from design to fabrication.

Content Information on this course will be provided shortly by the chair of Prof. Benjamin Dillenburger.

069-0003-00L Integrated Design and Robotic Fabrication Project
Only for MAS in Architecture and Digital Fabrication.

O  10 credits 8G F. Gramazio, M. Kohler

Abstract The second term of the MAS programme is split into two consecutive design and fabrication projects. Students work collaboratively on all
aspects from design to the digital / robotic fabrication of their 1-1 scale structure. Students acquire experience in project management,
learn to organise their work packages and develop integrated digital fabrication processes.  

Objective Students tackle the challenge of integrating an innovative constructive system and robotic fabrication workflow into a digital design project
with respect to a given timeline.  

Content During the second ten weeks of term 2, the assignment is to design and fabricate a complex spatial timber structure. Students work
collaboratively on all aspects from computational design to structural analysis and simulation, customised robotic tooling and fabrication.
They acquire experience in 1-1 scale robotic construction using the unique facility of the Institute of Technology in Architecture equipped
with four ABB IRB 4600 industrial robotic arms attached to a gantry system.

 Master's Thesis
Number Title Type ECTS Hours Lecturers

069-0100-00L Master's Thesis
Only for MAS in Architecture and Digital Fabrication.

O  20 credits 2D B. Dillenburger, F. Gramazio,
M. Kohler

Abstract In the third term of the MAS programme, students focus on developing their own research thesis, working individually or in groups of two. In
line with the programme, students select a research brief in the field of robotic fabrication processes and 3D printing technologies. 

Objective Students familiarise themselves with academic research in the field of architecture and digital fabrication. Closely supervised by
researchers of Gramazio Kohler Research and Digital Building Technologies, students work from a research brief to physical output
demonstrating their achievements. Through a series of experiments, students gradually refine their arguments, familiarising themselves
with the rigour of academic research, while at the same time contributing to ongoing research. The individual thesis work is condensed in a
written thesis and presented in front of a jury of international experts. 

MAS in Architecture and Digital Fabrication - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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MAS in Architecture, Real Estate, Construction
 Core Courses

Number Title Type ECTS Hours Lecturers

072-0002-00L Competence to Act
Only for MAS in Architecture, Real Estate, Construction.

O  1 credit 2G A. Paulus, S. Menz

Abstract Leadership is characterized by a distinctive ability to act. Their sum of specialized, self-reliant and social competence as an expression of
the actor's leadership is inseparably linked with the understanding of his attitude.

Objective The aim is to achieve a high level of professional competence, self-competence and social competence and the ability to optimally
incorporate the acquired knowledge in his leadership style.

Content Professional competence is the ability to handle tasks of one's own discipline. Both the learned theory and the experienced practice are
important in order to be able to recognize connections and solve problems independently and purposefully.

Self-competence is the ability to take responsibility. In an iterative process, this involves the ability to analyze and sharpen one's own
knowledge and ability in terms of independence, critical faculty and self-confidence in order to be able to develop one's own values 
through reliability.

Social competence refers to the ability to understand others as well as behave appropriately and wisely to them.
Lecture notes Scripts, documents, studies, dates and addresses are stored on the server of the program.
Literature Literature recommendations at www.bauprozess.arch.ethz.ch and www.kompetenz.arch.ethz.ch

 Major in Digitalisation
 Core Courses

Number Title Type ECTS Hours Lecturers

072-0106-00L Module 6: Roles and Responsibilities
Only for CAS ARC in Digital and MAS in Architecture,
Real Estate, Construction.

W  1 credit 2G A. Paulus, S. Menz

Abstract Key terms: Activities, liability, dependencies, competences
Objective Module 6 describes the individual roles of the protagonists involved in digitally-aided planning, the contract award process, and the

construction and usage of buildings, enabling the participants to set their own responsibilities in the context of a specific project.
Content The implementation of digitally-aided processes requires rethinking in relation to the roles and responsibilities involved in the value-creation

chain in the building industry. The current position and the expected activities need to be given special attention. The variety of new role
models arising, such as BIM coordination, is explained in this module using each of the activities and responsibilities involved, viewed in
relation to theoretical and actual projects. In addition, current issues involving remuneration and legal liability are discussed.

Lecture notes Scripts, documents, studies, dates and addresses are stored on the server of the program.
Literature Literature recommendations at www.bauprozess.arch.ethz.ch and www.kompetenz.arch.ethz.ch

072-0107-00L Module 7: Ordering and Process Organisation
Only for CAS ARC in Digital and MAS in Architecture,
Real Estate, Construction.

W  1 credit 2G A. Paulus, S. Menz

Abstract Key terms: “Last planner,” “quality gates,” LOD and BIM project development plan
Objective The organisational elements involved in digitally-aided project work are defined in Module 7. Using a case study, the participants learn how

to competently put together what is known as a BIM project development plan.
Content The early setting of project goals, tasks and activities contributes to the success of a project, as the organisation can then be transparently

defined and communicated. Currently, what is known as a BIM project development plan helps define the project aims, organisation and
details of the attributes, semantics, SOI, LOD and LOI that are to be used. The basis for these can be provided both by the familiar SIA
process and also an superimposed flexible process organisation. Finally, the standards and definitions used by the Swiss professional
associations are explained.

Lecture notes Scripts, documents, studies, dates and addresses are stored on the server of the program.
Literature Literature recommendations at www.bauprozess.arch.ethz.ch and www.kompetenz.arch.ethz.ch

072-0108-00L Module 8: Development of a Digitalisation Strategy
Only for CAS ARC in Digital and MAS in Architecture,
Real Estate, Construction.

W  1 credit 2G A. Paulus, S. Menz

Abstract Key terms: Forward-looking company and project organisation
Objective Module 8 provides the basis for the development of robust long-term strategies for implementing digitalisation in projects and companies.

The participants learn how to evaluate these strategies independently and critically.
Content To be able to use digitally-aided project processing and value creation in specific contexts, a digitalisation strategy is needed as the

foundation for later implementation in the project and in the company. This strategy defines the planned activities needed to achieve the
goals. Using participants’ own list of tasks, the existing state is compared with the target state in relation to available resources, strengths,
competences, technical requirements and processes.

Lecture notes Scripts, documents, studies, dates and addresses are stored on the server of the program.
Literature Literature recommendations at www.bauprozess.arch.ethz.ch and www.kompetenz.arch.ethz.ch

072-0109-00L Module 9: Implementation a Strategy
Only for CAS ARC in Digital and MAS in Architecture,
Real Estate, Construction.

W  1 credit 2G A. Paulus, S. Menz

Abstract Key terms: Resources and competences, milestones and IDM
Objective Module 9 describes milestones, tools and the corresponding framework conditions for implementing a strategy, enabling the participants to

implement the strategy formulated in Module 8.
Content Experience shows that implementing a digitalisation strategy in a project or company can be successful when the project goals,

protagonists and resources have been correctly understood, so that easily achieved added value can be created at an early point.
Successful examples will be studied, as well as the formulation of pilot projects, software adaptation, investment and critical pathways. The
role of specific tools such as information delivery manuals (IDMs) is explained.

Lecture notes Scripts, documents, studies, dates and addresses are stored on the server of the program.
Literature Literature recommendations at www.bauprozess.arch.ethz.ch and www.kompetenz.arch.ethz.ch

072-0110-00L Module 10: Prospects for the Future
Only for CAS ARC in Digital and MAS in Architecture,
Real Estate, Construction.

W  1 credit 2G A. Paulus, S. Menz

Abstract Key terms: Adaptation and strategy
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Objective Finally, Module 10 takes up topical developments and places them in order of importance, enabling the participants to act independently
and in accordance with the situation.

Content The rapidity with which digitalisation is influencing one’s own attitudes and activities makes it necessary to compare robust long-term
information with topical everyday events. Specifically, tools and ideas from the SIA, CRB, KBOB, IPB and “Bauen digital Schweiz” will be
discussed, as well as the options available in current software programs.

The participants will present their own theses on digitalisation and open them up for discussion in the plenary session.

Lecture notes Scripts, documents, studies, dates and addresses are stored on the server of the program.
Literature Literature recommendations at www.bauprozess.arch.ethz.ch and www.kompetenz.arch.ethz.ch

 Term Paper
Number Title Type ECTS Hours Lecturers

072-0190-00L Term Paper in Digitalisation
Only for CAS ARC in Digital and MAS in Architecture,
Real Estate, Construction.

W  2 credits 6A A. Paulus, S. Menz

Abstract Our advanced studies' lectures are given in German. Please find an abstract/the keywords in the field 'objective'.
Objective The students are able to understand the following terminologies, processes and competences. They are able to put them into practice.

- Implementation of Methodologies
- Scientific working
- Analysis, interpretation, assessments
- Editor, proof reading
- Storytelling
- To publish on a certain subject
- To present and to lecture

Content Our advanced studies' lectures are given in German. Please find an abstract/the keywords in the field 'objective'.
Lecture notes Please find the teaching material, the further readings and Information on our server.
Literature www.map.arch.ethz.ch/en

 Major in Handling the Building Stock
 Core Courses

Number Title Type ECTS Hours Lecturers

072-0301-00L Module 1: Perception of Demand
Only for CAS ARC in Handling the Building Stock and
MAS in Architecture, Real Estate, Construction.

W 1 credit 2G A. Paulus, S. Menz

Abstract Key words: construction and real estate market, micro and macro environment
Objective In Module 1, by interpreting the snapshot of one's own enterprise and opportunities and dangers

to appreciate.
Content Introductory module «Enterprise» considers the role of organizations in the economic network of markets and their identity. It presents the

peculiarities of planning offices as a service provider, shows different types of companies and discusses the business cycle from founding
to succession planning. In addition, the branch-specific development of leadership and organizational models as well as the problem of
access to international markets are examined. Accompanying the basics of a general business model for service companies are taught and
key criteria defined.

Lecture notes Scripts, documents, studies, dates and addresses are stored on the server of the program.
Literature Literature recommendations at www.bauprozess.arch.ethz.ch and www.kompetenz.arch.ethz.ch

072-0302-00L Module 2: Estate
Only for CAS ARC in Handling the Building Stock and
MAS in Architecture, Real Estate, Construction.

W 1 credit 2G A. Paulus, S. Menz

Abstract Key words: Bauwerk Schweiz, new construction and renovation, economy
Change in value, demolition / replacement, potential for compression

Objective Knowledge about type, extent and change of the building Switzerland and the main questions.
Content With more than CHF 3'585 billion (excluding land), Switzerland is the largest national capital. It grows by around 4.7 per cent each year, but

its value is under-invested. Is there a risk of slippage? Should more be invested in maintenance / repair or more canceled and replaced?
How big is the compaction potential in the stock? Excursus on civil engineering and infrastructure construction

Lecture notes Scripts, documents, studies, dates and addresses are stored on the server of the program.
Literature Literature recommendations at www.bauprozess.arch.ethz.ch and www.kompetenz.arch.ethz.ch

072-0303-00L Module 3: Life Cycle
Only for CAS ARC in Handling the Building Stock and
MAS in Architecture, Real Estate, Construction.

W 1 credit 2G A. Paulus, S. Menz

Abstract Key words: intention development, realization operation
Objective The participants understand a property in the context of a life cycle
Content The importance of a life-cycle-oriented approach has arrived in the Swiss construction and real estate sector. Cumulative management

costs can exceed the cost of construction after just a few years. In this module, a systematic consideration of the phases and processes in
the life cycle of a property takes place. Study I explores various aspects of life-cycle planning and construction.

Lecture notes Scripts, documents, studies, dates and addresses are stored on the server of the program.

072-0304-00L Module 4: Care
Only for CAS ARC in Handling the Building Stock and
MAS in Architecture, Real Estate, Construction.

W 1 credit 2G A. Paulus, S. Menz

Abstract Key words: maintenance, change, replacement
Preservation of value, increase in value, destruction of value and replacement construction

Objective The various depths of intervention in dealing with a existing property and their effects are known.
Content The structure and nomenclature of the interventions in the stock are presented and models for the registration and calculation of the

structural interventions are presented. It focuses specifically on ongoing maintenance, the periodic repair and planning of renewal cycles,
as well as on structural interventions and value-enhancing measures. Based on the study II, the learning content is applied and various
options for action in dealing with the building stock are evaluated.

Lecture notes Scripts, documents, studies, dates and addresses are stored on the server of the program.
Literature Literature recommendations at www.bauprozess.arch.ethz.ch and www.kompetenz.arch.ethz.ch

072-0305-00L Module 5: Recyclables W 1 credit 2G A. Paulus, S. Menz
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Only for CAS ARC in Handling the Building Stock and
MAS in Architecture, Real Estate, Construction.

Abstract Key words: building fabric, material cycle
Production and disposal / reusability of building fabric, energy flows, pollutants

Objective Building and breaking off is understood as an energy and material flow.
Content The total weight of all properties in Switzerland is estimated at around 1 billion tonnes. Every year around 10 million m3 of buildings are

demolished and more than 60 million t of raw materials are used in new buildings. This module examines the cycle principle and its
implications for selective decommissioning, disposal, landfilling, recycling and reuse, as well as the importance of the gray matter energy of
materials.
Continuation, reuse, demolition / new construction - stakeholders, goals and conflicting goals

Lecture notes Scripts, documents, studies, dates and addresses are stored on the server of the program.
Literature Literature recommendations at www.bauprozess.arch.ethz.ch and www.kompetenz.arch.ethz.ch

 Term Paper
Offered in the Autumn Semester.

 Major Company Management
 Core Courses

Number Title Type ECTS Hours Lecturers

072-0406-00L Module 6: Legal Basis
Only for CAS ARC in Unternehmensführung and MAS in
Architecture, Real Estate, Construction.

W  1 credit 2G A. Paulus, S. Menz

Abstract Our advanced studies' lectures are given in German. Please find an abstract/the keywords in the field 'objective'.
Objective The students are able to understand the following terminologies, processes and competences. They are able to put them into practice.

- Labor and employment law
- Contracting
- Data protection

Content Our advanced studies' lectures are given in German. Please find an abstract/the keywords in the field 'objective'.
Lecture notes Please find the teaching material, the further readings and Information on our server.
Literature www.map.arch.ethz.ch/en

072-0407-00L Module 7: Leadership
Only for CAS ARC in Unternehmensführung and MAS in
Architecture, Real Estate, Construction.

W  1 credit 2G A. Paulus, S. Menz

Abstract Our advanced studies' lectures are given in German. Please find an abstract/the keywords in the field 'objective'.
Objective The students are abe to understand the following terminologies, processes and competences. The are able to put them into practice.

- Socio-economic organisational forms
- Leadership: attitude and practice
- Human ressources
- Change management
- Mediation and conflict resolution

Content Our advanced studies' lectures are given in German. Please find an abstract/the keywords in the field 'objective'.
Lecture notes Please find the teaching material, the further readings and Information on our server.
Literature www.map.arch.ethz.ch/en

072-0408-00L Module 8: Organisation
Only for CAS ARC in Unternehmensführung and MAS in
Architecture, Real Estate, Construction.

W  1 credit 2G A. Paulus, S. Menz

Abstract Our advanced studies' lectures are given in German. Please find an abstract/the keywords in the field 'objective'.
Objective The students are able to understand the following terminologies, processes and competences. They are able to put them into practice.

- Project management
- Tools and Instruments
- Control and Monitoring

Content Our advanced studies' lectures are given in German. Please find an abstract/the keywords in the field 'objective'.
Lecture notes Please find the teaching material, the further readings and Information on our server.
Literature www.map.arch.ethz.ch/en

072-0409-00L Module 9: Best Practices
Only for CAS ARC in Unternehmensführung and MAS in
Architecture, Real Estate, Construction.

W  1 credit 2G A. Paulus, S. Menz

Abstract Our advanced studies' lectures are given in German. Please find an abstract/the keywords in the field 'objective'.
Objective The students are able to understand the following terminologies, processes and competences. They are able to put them into practice.

- Critical thinking
- Analysis, interpretation, adoption, implementation

Content Our advanced studies' lectures are given in German. Please find an abstract/the keywords in the field 'objective'.
Lecture notes Please find the teaching material, the further readings and Information on our server.
Literature www.map.arch.ethz.ch/en

072-0410-00L Module 10: Strategy
Only for CAS ARC in Unternehmensführung and MAS in
Architecture, Real Estate, Construction.

W  1 credit 2G A. Paulus, S. Menz

Abstract Our advanced studies' lectures are given in German. Please find an abstract/the keywords in the field 'objective'.
Objective The students are able to understand the following terminologies, processes and competences. They are able to put them into practice.

- Strategy and futures
- Time horizons
- Micro and macro environment
- Certainty and uncertainty

Content Our advanced studies' lectures are given in German. Please find an abstract/the keywords in the field 'objective'.
Lecture notes Please find the teaching material, the further readings and Information on our server.
Literature www.map.arch.ethz.ch/en

 Term Paper
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Number Title Type ECTS Hours Lecturers

072-0490-00L Term Paper in Corporate Governance
Only for CAS ARC in Digital and MAS in Architecture,
Real Estate, Construction.

W  2 credits 6A A. Paulus, S. Menz

Abstract Our advanced studies' lectures are given in German. Please find an abstract/the keywords in the field 'objective'.
Objective The students are able to understand the following terminologies, processes and competences. They are able to put them into practice.

- Implementation of Methodologies
- Scientific working
- Analysis, interpretation, assessments
- Editor, proof reading
- Storytelling
- To publish on a certain subject
- To present and to lecture

Content Our advanced studies' lectures are given in German. Please find an abstract/the keywords in the field 'objective'.
Lecture notes Please find the teaching material, the further readings and Information on our server.
Literature www.map.arch.ethz.ch/en

MAS in Architecture, Real Estate, Construction - Key for Type

E- Recommended, not eligible for credits
O Compulsory
W+ Eligible for credits and recommended

W Eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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MAS in Development and Cooperation
The lectures and advanced training courses of NADEL are accessible only for students of the MAS in Development and Cooperation and for qualified
employees with at least two years experience in development cooperation. ETH doctoral students working on topics related to poverty reduction in low-
and middle income countries may also be admitted.

 Advanced Training Courses
Number Title Type ECTS Hours Lecturers

865-0037-00L M4P – Making Markets Work for the Poor
Only for MAS/CAS in Development and Cooperation
students, as well as specialists with at least 24 months of
practical experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also
be admitted.

Registration only through the NADEL administration office.

W 2 credits 3G K. Harttgen

Abstract The course conveys basic knowledge about the M4P-project approach in development cooperation (Making Markets Work for the Poor).
Important elements are: strategic framework of the M4P-concept; understanding systems and system change; sustainability and facilitation
of system change; measurement and management of private sector promotion in development assistance.

Objective The course conveys basic knowledge about the M4P-project approach in development cooperation (Making Markets Work for the Poor).
Important elements are: strategic framework of the M4P-concept; understanding systems and system change; sustainability and facilitation
of system change; measurement and management of private sector promotion in development assistance.

Prerequisites /
notice

Students of the course must fulfil requirements specified on the homepage of NADEL.

865-0042-00L Financial Management of Projects
Does not take place this semester.
Only for MAS/CAS in Development and Cooperation
students, as well as specialists with at least 24 months of
practical experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also
be admitted.

Registration only through the NADEL administration office.

W 2 credits 2G I. Günther

Abstract The course conveys basic knowledge of methods and instruments for the financial management and the economic analysis of development
projects. Case studies and exercises are used to make students familiar with methods and instruments of financial management.

Objective The course conveys basic knowledge of methods and instruments for the financial management and the economic analysis of development
projects. Case studies and exercises are used to make students familiar with methods and instruments of financial management.

Prerequisites /
notice

Students of the course must fulfill requirements specified on the homepage of NADEL.

865-0044-00L Evaluation of Projects
Only for MAS/CAS in Development and Cooperation
students, as well as specialists with at least 24 months of
practical experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also
be admitted.

Registration only through the NADEL administration office.

W 2 credits 3G K. Schneider, F. Brugger

Abstract The course deals with different approaches and types of evaluations within the framework of development projects. The participants
acquire knowledge and skills for the use of methods for the analysis of project processes and results and their use in project management.
In order to deepen the understanding, practical project examples are focused on.

Objective The course enables to plan and manage evaluation processes effectively and efficiently.
Content - Purpose, design and implementation of evaluations

- Evaluation Standards
- Advantages and disadvantages of different evaluation methods
- Quality assurance and implementation of evaluation results

Prerequisites /
notice

Students of the course must fulfil requirements specified on the homepage of NADEL. Electronic registration may be done only after
registration with NADEL secretariate.

865-0065-00L VET between Poverty Alleviation and Economic
Development
Only for MAS/CAS in Development and Cooperation
students, as well as specialists with at least 24 months of
practical experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also
be admitted.

Registration only through the NADEL administration office.

W 2 credits 3G L. B. Nilsen, F. Kehl, M. Maurer

Abstract The course aims at strengthening the capacity in portfolio management for VET, skills development and active labor market policies. It
deals with basic issues and challenges of Vocational Education and Training (VET) in Developing Countries. In view of the many of school
leavers VET has to place itself between the contradicting intensions of quality education and short-term training interventions.

Objective The participants are able to
- Assess project proposals and ongoing project regarding their relevance and suitability in the specific country context
- Explain strengths and weaknesses of the opposing approaches "dual apprenticeship" and "competency based training" as well as
synergies and incompatibilities between the two
- Describe the competent use of tools currently applied in VET
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Content • Basic concepts and terms
• Differences and commonalities between VET and neighboring systems
• Planning, assessment of VET interventions with different objectives: economic development, poverty alleviation, creation of self-
employment or systems development
• VET as a cooperation system of stakeholders with different duties, interests and competencies
• Background, potential use and limitations of (national) qualification frameworks
• Half-day visit to important actors of the Swiss VET landscape

Prerequisites /
notice

Students of the course must fulfil requirements specified on the homepage of NADEL. Electronic registration may be done only after
registration with NADEL secretariate.

865-0100-01L Planning and Monitoring of Projects
Only for MAS in Development and Cooperation students.

Registration only through the NADEL administration office.

O 1 credit 2G K. Schneider, F. Brugger,
L. B. Nilsen

Abstract The course provides a deeper understanding of the methodological foundations of results-oriented planning and steering of development
projects, with focus on complexity, uncertainty, and project management. 

Objective The course participants are able to reflect upon experiences from the project assignment and to deepen his/her knowledge related to
selected aspects of planning and monitoring of projects. 

Content • Review of the project cycle and planning of projects
• Complexity and uncertainty
• Leadership and management

Prerequisites /
notice

Students of the course must fulfill requirements specified on the homepage of NADEL.

865-0000-07L Climate Change and Development
Only for MAS/CAS in Development and Cooperation
students, as well as specialists with at least 24 months of
practical experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also
be admitted.

ETH MA/MSc students apply with a letter of motivation to
the NADEL administration office.

Registration only through the NADEL administration office.

W 2 credits 3G L. B. Nilsen

Abstract Climate change has taken a lead position on the international development agenda. This course equips participants with a better
understanding of the interlinkages between climate change and development, and enables them to integrate climate change considerations
into the planning and implementation of development projects.

Objective After completing the course, participants will be able to:
• discuss the interconnections between climate change and sustainable development 
• explain opportunities and challenges that the current climate agreement presents for developing countries 
• understand political, technological, and financial challenges of low-carbon development and how they can be addressed 
• explain the complementary nature of mitigation and adaptation and the major strategies used in each
• analyse linkages between climate change adaptation and development planning
• understand the basic steps in defining climate adaptation projects, and recognize the opportunities and limitations of climate models for
decision-making.   
• engage in an informed dialogue about climate finance, and recognize the main sources of financing to support low carbon and climate-
resilient development
• recognize the institutional opportunities and challenges of climate mainstreaming in international humanitarian and development
organisations

Content Climate change and sustainable development
Implications of climate change for developing countries
International and national policy responses and challenges of climate change negotiations
Mitigation and adaptation in resource-poor and vulnerable settings
Climate financing 
Trade-offs between mitigation, adaptation and development goals
Climate smart development projects

865-0000-02L Tools and Approaches for Capacity Development
Does not take place this semester.
Only for MAS/CAS in Development and Cooperation
students, as well as specialists with at least 24 months of
practical experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also
be admitted.

Registration only through the NADEL administration office.

W 2 credits 3G

Abstract This course offers an introduction to approaches and tools for capacity development, considering training and human resources
development, institutional change and systemic reform. The objective of the course is to build practical skills for better planning, design,
implementation, and assessment of capacity development initiatives.

Objective After completing the course, participants will be able to
• Explain basic concepts of Capacity Development and its role in the international development cooperation. 
• Critically discuss approaches of capacity development, including human resources development, institutional change and systemic
reform. 
• Designe, implement and evaluate capacity development interventions. 
• Manage learning- and change processes. 
• Reflect upon own experiences and lessons learnt

Content • The concept of capacity development and its role in the international development cooperation. 
• Key approaches of capacity development, including human resources development, institutional change and systemic reform. 
• Examples and application of important capacity development instruments.
• Designing, implementation and evaluation of capacity development interventions. 
• Management of learning- and change processes. 

865-0002-00L Migration: A Challenge for Development Cooperation W 1 credit 2G K. Schneider, L. Hensgen
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Only for MAS/CAS in Development and Cooperation
students, as well as specialists with at least 24 months of
practical experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also
be admitted.

ETH MA/MSc students apply with a letter of motivation to
the NADEL administration office.

Registration only through the NADEL administration office.

Abstract An estimated 250 million people are currently living outside countries of origin - voluntarily as migrants or involuntarily as refugees. The
course explores the role that international cooperation can play in promoting the positive aspects of migration and in reducing the negative
consequences.

Objective Course participants have improved understanding of the following issues:
- Definition of migration concepts and terms, including migrants, refugees, IDPs
- The geography of migration flows 
- The evolving concept of “migration and development” 
- International organizations and their strategies and activities in terms of migration

Content Today's migration movements are initiated in the countries of origin through different causes, whether political, social, economic, or natural.
Although the concept of migration is negatively connoted for many people, international migration has a positive impact on both the
countries of origin and the recipient countries. In addition to the transfer of goods and capital, it can also be understood as part of the
increasing globalization process.

865-0000-06L Impact Evaluations in Practice
Only for MAS/CAS in Development and Cooperation
students, as well as specialists with at least 24 months of
practical experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also
be admitted.

Registration only through the NADEL administration office.

W 2 credits 3G I. Günther, A. Rom

Abstract The course gives an introduction to the most important methods for rigorous impact analysis of development programs and projects. The
course is designed to both cover the most fundamental methods of impact analysis and introduce real world case studies from national,
international and non-governmental development organizations and asks how rigorous impact analysis has influenced their policies.

Objective Participants understand the most important methods of impact analysis. They are able to conduct small scale studies to evaluate the
impact of their own programs as well as manage larger impact evaluations for their organizations. Participants are able to use the results of
own and external impact studies.

Content Introduction to rigorous impact analysis; Case studies and their policy implications; Introduction to the required statistical knowledge;
Potentials and limitations of quantitative analysis; Experimental and quasi-experimental methods; Relevant and feasible indicators for the
measurement of outcomes and impacts; Data collection and analysis; Project management of an impact analysis.

Prerequisites /
notice

Students of the course must fulfil requirements specified on the homepage of NADEL. Electronic registration may be done only after
registration with NADEL secretariate.

865-0056-00L Conflict Sensitivity and Peacebuilding – Tools and
Approaches
Does not take place this semester.
Only for MAS/CAS in Development and Cooperation
students, as well as specialists with at least 24 months of
practical experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also
be admitted.

ETH MA/MSc students apply with a letter of motivation to
the NADEL administration office.

Registration only through the NADEL administration office.

W 2 credits 3G

Abstract The course offers an introduction to the subject and contributes to a better understanding of the current debate and policy practices.
Participants get an overview of concepts, methodological approaches as well as operational experiences and challenges of the actors in
this complex area.

Objective The course offers an introduction to the subject and contributes to a better understanding of the current debate and policy practices.

865-0066-04L ICT4D – Concepts, Strategies and Good Practices
Only for MAS/CAS in Development and Cooperation
students, as well as specialists with at least 24 months of
practical experience in international cooperation.

ETH doctoral students working on topics related to poverty
reduction in low- and middle income countries may also
be admitted.

ETH MA/MSc students apply with a letter of motivation to
the NADEL administration office.

Registration only through the NADEL administration office.

W 2 credits 3G F. Brugger

Abstract Information and communication technologies (ICTs) represent the deepest technical change experienced in international development.
Digital development strategies need to be broader than ICT strategies. This course assesses the role of ICTs in development, discusses
the existing evidence on the impact of ICT on development, and introduces key concepts and methods for ICT4D practice and strategy.
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Objective Information and communication technologies (ICTs) represent the fastest and deepest technical change experienced in international
development. By now, they affect every development sector – the work of farmers and micro-entrepreneurs, healthcare workers and
microfinance institutions, social mobilization and political change. Yet, the ‘digital dividends’ are unevenly distributed and questions of ‘data
justice’ in development are largely unexplored. To close the gap, just greater digital adoption will not be enough. Digital development
strategies need to be broader than ICT strategies. This course helps to understand the role of ICTs in development, discusses the existing
evidence on the impact of ICT on development, and introduces key concepts and methods for ICT4D practice and strategy.

Content • ICTs and development: the conceptual links
• The impact of ICT on development: evidence from research
• Digital revolution and its analog foundations
• Concepts, strategies and components needed for ICT4D to work
• ICT4D and project cycle management
• Good practice in implementing ICT4D
• Emerging technologies and models relevant for ICT-enabled development

 Policy Essay
Number Title Type ECTS Hours Lecturers

865-0900-00L Policy Essay
Only for MAS in Development and Cooperation.

O 6 credits 13D Supervisors

Abstract For the final thesis, students choose a development policy topic in the context of their practical work. The focus is on the “critical reflection"
of a freely chosen question.

Objective - Recognize policy issues relevant to development in the own working context
- Identify the peculiarity and implications of a development policy issue for different stakeholder groups
- Work on a question from a scientific perspective
- Develop policy options for addressing an identified issue

MAS in Development and Cooperation - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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MAS in Nutrition and Health
 Disciplinary Subjects

Number Title Type ECTS Hours Lecturers

752-6102-00L The Role of Food and Nutrition for Disease Prevention W+  3 credits 2V J. Baumgartner, M. Andersson
Abstract The course teaches the links between the diet and the etiology and progression of chronic diseases.
Objective To examine and understand the protective effects of foods and food ingredients in the maintenance of health and the prevention of chronic

disease, as well as the progression of complications of chronic diseases.
Content The course evaluates food and nutrition in relation to primary and secondary prevention of chronic diseases.
Lecture notes There is no script. Powerpoint presentations and relevant literature will be made available online to students.
Literature Obligatory course literature to be provided by the responsible lecturer and the individual invited lecturers.
Prerequisites /
notice

No compulsory prerequisites, but prior completion of Introduction to Nutritional Science (752-6001-00L) and Advanced Topics in Nutritional
Science (752-6002-00L) is strongly adviced.

752-6104-00L Nutrition for Health and Development W+ 2 credits 2V M. B. Zimmermann
Abstract The course presents nutrition and health issues with a special focus on developing countries. Micronutrient deficiencies including

assessment and prevalence and food fortification with micronutrients.
Objective Knowing commonly used nutrition and health indicators to evaluate the nutritional status of populations. Knowing and evaluating nutritional

problems in developing countries. Understanding the problem of micronutrient deficiencies and the principles of food fortification with
micronutrients.

Content The course presents regional and global aspects and status of food security and commonly used nutrition and health indicators. Child
growth, childhood malnutrition and the interaction of nutrition and infectious diseases in developing countries. Specific nutritional problems
in emergencies. The assessment methods and the prevalence of micronutrient deficiencies at regional and global level. The principles of
food fortification with micronutrients and examples fortification programs.

Lecture notes The lecture details are available.
Literature Leathers and Foster, The world food problem, Tackling the causes of undernutrition in the third world. 3rd ed., 2004. Semba and Bloem,

Nutrition and health in developing countries, 2nd edition, Humana Press, 2008. WHO, FAO, Guidelines on food fortification with
micronutrients, WHO, 2006.

752-6202-00L Nutrition Case Studies W+ 2 credits 2G J. Baumgartner
Abstract In groups, students address real-world case studies focusing on the links between nutrition and health. Each case is being introduced by

the lecturer and presented to the class by the respective group, followed by a class discussion facilitated by the group and the lecturer.
Objective The aim of the course is to improve the students’: 


- Understanding of the relationships between nutrition/diets and several major diseases/health outcomes.

- Ability to integrate knowledge on diet/nutrition, health/disease and methodologies in nutrition sciences.

- Ability to make evidence-based decisions/recommendations by gathering and analyzing scientific information.

- Communication and problem solving skills, as well as critical thinking ability.

Lecture notes Presentation slides, case studies, and relevant literature will be shared.
Literature Relevant scientific literature will be provided.
Prerequisites /
notice

Students are expected to attend and actively participate in the course, which includes the presentation of a case study (in groups), critical
reading of the pertinent literature, and participation in class discussions.

766-6304-00L Theory and Practice of Nutritional Science W+ 2 credits 2G W. Langhans
Abstract Introduction to intellectual and practical ABCs of biomedical science, including (1) measurement & quantification; 2) experimental design;

(3) descriptive & analytic statistics; (4) computerized data analysis, graphing, & literature searches; (5)  data interpretation, hypothesis
testing; (6) writing and publishing scientific papers, preparing oral & poster presentations.

Objective Each scientific specialty  has its own particular theoretical and factual content and its own vocabulary.  These vary so much that scientists
even in closely related fields often have difficulty communicating with each other.  Despite this, almost all science is based on very similar
underlying concepts and practices.  The goal of this class is to introduce this basic toolbox to beginning nutritional scientists.   The class is
organized into several modules of varying length, each of which will include both didactic presentations and practice exercises to be
completed by the students.  The modules include:  (1) quantification:  operationalism; measurement theory; measurement scales,
continuous and discrete variables and their distributions; mathematical probability; (2) experimental design:  types of control groups and
their interpretations in clinical and basic research;  exploration or discovery science vs. verification or hypothesis testing; construction and
testing of scientific hypotheses;  (3) statistics:  choice and execution of descriptive and analytic statistics of sample data; data
transformations; choice of parametric and nonparametric tests; the basics of some tests (binomial; chi2, binomial, ranks tests, t-tests,
ANOVA); sampling errors; statistical significance and power; a priori and post-hoc tests, especially after ANOVA; (4)  computerization:
introduction to appropriate computer programs for statistical analysis,  for graphical displays of data, and for searching the scientific
literature; (5)  scientific logic:  Interpretation of data in relation to hypotheses, control groups, and statistical test outcomes; uses of positive
vs. negative data; role of replication; the concept of causality in science; inductive and deductive logic; 6) expressing quantitative outcomes
in words; comparisons of data to previous publications; composition of written summaries and critiques of information in scientific
publications; identifying strengths and weaknesses of existing data; appropriate citation of previous authors, including rules for using their
thoughts and words, (7) writing and publishing scientific papers; peer review and publication process; preparation of oral and poster
presentations.

Lecture notes Scripts will be distributed in class.
Literature PDQ Statistics, 3rd Ed. (GR Norman & DL Streiner; BC Decker Press, hamilton On CA, 2003)
Prerequisites /
notice

The course is in English.

752-6201-00L Research Methodology in Nutrition W+  3 credits 2V I. Herter-Aeberli
Abstract The lectures cover different methodologies applied in the field of nutrition research including methods to assess mineral/vitamin status,

body composition, immunochemical techniques, animal studies, and food sensory science and with a speical focus on theoretical and
practical knowledge of dietary assessment studies. The challenge of ethical issues in human studies is illustrated and discussed.

Objective To get an overview of research methodologies used in the field of nutrition and to become more familiar with some of the most important
methods.

Content The methodologies include stable isotope techniques, balance studies, body composition assessment, immunochemical techniques,
animal studies and food sensory science. The challenge of ethical issues in human studies will be illustrated and discussed. 
The theoretical and practical knowledge of dietary assessment methods will be imparted including an assessment of own nutrient intake.
The dietary assessments will be evaluated using a nutrient software and statistical analysis.

752-6302-00L Physiology of Eating W+ 3 credits 2V W. Langhans
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Abstract Introduction to the basic knowledge necessary for an understanding of the physiology and pathology of hunger, satiety, and body weight
control, how this knowledge is generated, and how it helps improve nutritional advice for healthy people as well as nutritional guidelines for
patients.

Objective This course requires basic knowledge in physiology and is designed to build on course HE03 Selected Topics in Physiology Related to
Nutrition.   The course covers psychological and physiological determinants of food selection and amount eaten.  The aim is to introduce
the students to (a) the basic knowledge necessary for an understanding of the physiology and pathology of hunger, satiety, and body
weight control, (b) how new scientific knowledge in this area is generated, (c) how this basic knowledge helps improve nutritional advice for
healthy people as well as nutritional guidelines for patients.  Major topics are: Basic scientific concepts for the physiological study of eating
in animals and humans; the psychopharmacology of reward; endocrine and metabolic controls of eating; the neural control of eating;
psychological aspects of eating; eating behavior and energy balance; exercise, eating and body weight; popular diets and their evaluation;
epidemiology, clinical features and the treatment of psychiatric eating disorders; epidemiology, clinical features and the treatment of
obesity, including related aspects of non-insulin dependent diabetes; mechanisms of cachexia and anorexia during illness; exogenous
factors that influence eating, including pharmaceutical drugs, alcohol, coffee, etc.

Lecture notes Handouts will be provided
Literature Literature will be discussed in class

752-6002-00L Advanced Topics in Nutritional Science W+  3 credits 2V M. B. Zimmermann, J. Rigutto,
J. M. Sych, C. Wolfrum

Abstract The course gives an introduction to selected topics relevant to nutrition science, such as dietary recommendations and nutrient
requirements, undernutrition and overnutrition, special diets, as well as important micronutrients and other biologically active dietary
components.

Objective The course gives a brief introduction into different areas of human nutrition. The learning objectives are improved student understanding of:
1) dietary recommendations and the nutrient requirements at different stages of the life cycle, including pregnancy and lactation, childhood
and adolescence, adults and elderly; 2) the influence of undernutrition and overnutrition, as well as specific dietary patterns (e.g.
vegetarianism, veganism, weight loss diets) on health; 3) the metabolism of specific nutrients (e.g. vitamins, minerals -especially iron- and
biological active ingredients), their interactions and their effect on health.

Lecture notes The teaching slides used in the lectures will be made available weekly on moodle.

766-6300-00L Fundamentals of Food Toxicology
Only for MAS in Nutrition and Health.

W+  2 credits 1V S. J. Sturla

Abstract The goals of the course will be for the student to be aware of chemical toxicants relevant to food and to know aspects of basic science
regarding identities and origins, human exposures, and modes of toxicity.

Objective Learning objectives are to connect structures and physical properties of chemicals from food with biochemical transformation processes;
classify food toxicants on the basis of their relevant biochemical pathways of toxicity; describe the influence of food on the disposition of
toxicants and quantify human exposures to toxicants from food; and evaluate toxicological risk assesments of chemicals from food and
judge the toxicological basis of regulatory measures for food safety.

Content Bi-weekly lectures on topics such as mycotoxins, food packaging, food processing and additives, marine toxins, heavy metals, pesticide
residues. Students are provided with resources for independent learning of Toxicology basics, participate in active learning sequences and
presentations, and perform an independent, written evaluation of a food-related toxin.

Literature Reading from the primary literature will be referenced in class and posted to the course website.
Prerequisites /
notice

The course is restricted to MAS/CAS Nutrition Students.

 Electives
Number Title Type ECTS Hours Lecturers

752-1202-00L Food Safety and Quality Management W 3 credits 2G T. Gude
Abstract The course procures the general rules of a quality management system and its application in the food chain to guarantee food safety.

Therefore the HACCP concept will be touched in relation to risk management and risk assessment. Furthermore the origin of limits as well
as the analytical proof will be highlighted. Finally general principles of laboratory testing will be discussed.

Objective Comprehensive knowledge to take over the responsibility for and organisation of quality assurance in a food processing environment.
Content The following lists in note form the relevant topics:

Definition of (Food) Quality
TQM/quality management
Q.A in the food chain (manufacturer/retail)
Food Quality, -Safety (also give by examples)
Food Limits  - origin of and how to get them
HACCP introduction, risk management, -assessment
Self control concepts
GFSI/Standards BRC, IFS, ISO 
Statistical Process Control
Raw material/product control: sampling plans
Q.A. in laboratories, sampling
Sampling plans, Qs in an analytical lab

Lecture notes n/a
Literature n/a
Prerequisites /
notice

n/a

752-4010-00L Problems and Solutions in Food Microbiology
Number of participants limited to 28.

Prerequisites: It is essential to have a basic knowledge in
General Microbiology and Food Microbiology. If students
have not taken appropriate courses, it is strongly
recommended to consult with the lecturer before attending
this seminar.

W 3 credits 1G M. Loessner, J. Klumpp,
M. Schmelcher

Abstract A journal-club style seminar, in which preselected recent scientific articles are analyzed, presented and discussed by students. The
relevant topics are selected from the wider area of food microbiology, including fundamental and applied disciplines. Students learn how
state-of -the-art research is designed, conducted, appropriately analyzed, and presented.

Objective Students will learn how state-of -the-art research is designed, conducted, appropriately analyzed, and presented.
Content Several pre-selected, recently published papers will be up for selection by the students. All papers were selected from recent literature and

reflect the wider area of food microbiology, including fundamental research (molecular biology, genetics, biochemistry) and applied
disciplines (diagnostics, control, epidemiology). Groups of 2 students each will  pick a paper for in-depth analysis (mostly work done at
home and/or library) and presentation to the other students.
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Lecture notes No script needed. Pre-selected papers will be assigned to student groups in the kick-off meeting (first lecture); PDF copies will be available
to all students.

Literature No specific books needed.  Access to a library and web-based literature search is required.
Prerequisites /
notice

Teamwork in small groups of 2 students

752-5002-00L Fermented Milk Products W 2 credits 2V C. Lacroix
Abstract This integration course will address the production processes for important fermented milk foods. The production and application of food

cultures (starter and secondary cultures) in fermented milk products will be examined. The central role of microorganisms and the effects of
important process parameters for high product quality and safety will be explained.

Objective To understand the principles for utilization and the important roles of microorganisms in  production, quality and safety of fermented milk
foods, by integrating basic knowledge in food microbiology, microbial physiology, biochemistry, technology and engineering.

Content This course will present complex production processes for important fermented milk foods. The production of food cultures used to initiate
and control fermentations will be explained as well as recent developments in this area. A special emphasis will be devoted to processing
of milk into cheese, for which basic and applied knowledge is most advanced. Emphasis will be placed on complex processing, effects of
important raw material and process parameters for high product quality and safety, and central role of microorganisms and microbial
products in the elaboration, quality and preservation of fermented milk products.

Lecture notes A complete course document and/or copy of the power point slides from lectures will be provided, depending on the topic.
Literature A list of references will be given at the beginning of the course for the different topics presented during this course.
Prerequisites /
notice

A prerequisite to this course is a) previously taken the course 'Food Biotechnology I (752-5001-00) and/or (b) previous courses supporting
equivalent knowledge.

752-1300-00L Introduction to Toxicology W 3 credits 2V R. Eggen, S. J. Sturla
Abstract Introduction to how chemical properties and biological interactions govern the disposition and influences of toxicants.
Objective The objectives are for the student to establish a framework for examining adverse effects resulting from exposures to toxicants by

understanding key mechanisms that give rise to toxic responses and disease processes.
Content This course will introduce mechanisms governing the chemical disposition and biological influences of toxicants.  The course is geared

toward advanced bachelors students in food science, environmental science, and related disciplines, such as chemistry, biology and
pharmaceutical sciences.  Examples of topics include: dose-response relationships and risk assessment, absorption, transport, and
biotransformation of xenobiotic chemicals; Carcinogenesis; DNA damage, repair, and mutation; Immunotoxicity; Neurotoxicity; and modern
toxicity testing strategies.  These fundamental concepts in Mechanistic Toxicology will be integrated with examples of toxicants relevant to
food, drugs and the environment.

Literature Casarett & Doull's Toxicology, The Basic Science of Poisons. Seventh Edition. Editor: Curtis D. Klaassen, 2008, McGraw-Hill. (available
on-line)

Prerequisites /
notice

Basic knowledge of organic chemistry and biochemistry is required.

 Master's Thesis
Number Title Type ECTS Hours Lecturers

766-6500-00L MAS Master's Thesis
Only for MAS in Nutrition and Health.

O 20 credits 43D Lecturers

Abstract The Master thesis is an independent scientific work.
Objective The Master Thesis must demonstrate the student's ability to independent, structured and scientific working.

MAS in Nutrition and Health - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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MAS in Building Process Leadership
The MAS in "Gesamtprojektleitung Bau" is of a duration of 2 years, starting in autumn semester (n-service).

Start of the next course: Autumn Semester 2020

 Module
Number Title Type ECTS Hours Lecturers

067-0102-00L Achievements
Does not take place this semester.
Only for MAS in Building Process Leadership.
Is not offered in FS20!

O  10 credits 21G A. Paulus, S. Menz

067-0104-00L Methods
Only for MAS in Building Process Leadership.

O  5 credits 11G A. Paulus, S. Menz

Abstract In the fourth semester, the students have to put their knowledge into practice. Their teaching goals will best stressed by developing multiple
strategies and by presenting their own leadership.

Objective The students are abe to understand the following terminologies, processes and competences. The are able to put them into practice.
- Attitude and practice
- Strategy development
- Decision making
- Leadership

Content In the fourth semester, the students have to put their knowledge into practice. There teaching goals will best stressed by developing
multiple strategies and by presenting their own leadership.

Literature www.map.arch.ethz.ch/en

 Master's Thesis
Number Title Type ECTS Hours Lecturers

067-0202-00L MAS Work: Methods
Does not take place this semester.
Only for MAS in Building Process Leadership.
Is not offered in FS20.

O  5 credits 11A A. Paulus, S. Menz

067-0204-00L MAS Thesis: Answers
Only for MAS in Building Process Leadership.

O  10 credits 21G A. Paulus, S. Menz

Abstract In the fourth semester, the MAS thesis is to be finished by the students by answering their research questions. In detail, they have present
their MAS thesis to an audience. The main tasks are critical thinking and self monitoring. The academic supervision itsfelf concentrates on
knowledge transfer, the editor and proof reading.

Objective The students are abe to understand the following terminologies, processes and competences. The are able to put them into practice.
- To publish on a certain subject
- To present and to lecture

Content In the fourth semester, the MAS thesis is to be finished by the students by answering their research questions. In detail, they have present
their MAS thesis to an audience. The main tasks are critical thinking and self monitoring. The academic supervision itsfelf concentrates on
knowledge transfer, the editor and proof reading.

Literature www.map.arch.ethz.ch/en

MAS in Building Process Leadership - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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MAS in History and Theory of Architecture (GTA)
The MAS-programm in "History and Theory of Architecture" is a two-year half-time course and contains 60 CP. The course starts in the autumn
semester.

Attendance of classes supplemented by independent research; practical training periods and excursions; lectures/seminars on one to two days per
week, in total 600 ca. contact hours, in addition private study ca. 600 hours (for each in-class day one day of work preparation), two individually tutored
seminar papers on chosen subjects (200 hours) and credited Master's thesis (600 hours).

 2. Semester
 Lectures, Seminars

Number Title Type ECTS Hours Lecturers

056-0002-01L Architecture and the City II
Only for MAS in History and Theory of Architecture.

O 4 credits 4S A. Kockelkorn, S. Schindler Kilian

Abstract How Will We Live Together? is the central question of the Venice Architecture Biennale in 2020. In this seminar we will address this
question by analysing experiments of collective housing from the 1970s to the 1990s. We focus on a parallel analysis of design and forms
of financing that have made these residential buildings thinkable, desirable and possible at a certain point in time.

Objective Students will test analytical methods and representation techniques to make the material interfaces of architecture, urban planning and
their respective forms of financing tangible; they will learn to relate architectural and material details, typology, morphology and territorial
situation to financial instruments such as taxes, bonds, loans and investments. They gain experience in expressing their insights in a
concise way, both linguistically and visually.

Content Research and analysis of key housing projects of the 1970s and 1980. In parallel, we read methodological key texts in urban and
architectural history about what determines the form of our coexistence since the 1970s.

Literature Will be announced on the class platform.

 Workshops
Number Title Type ECTS Hours Lecturers

056-0006-01L Methods of History and Theory in Architecture I
Only for MAS in History and Theory of Architecture.

O  1 credit 3U A. Kockelkorn, S. Schindler Kilian

Abstract The course is an introduction to the different forms of humanistic working and covers the methodological basics of the subject. It trains the
ability to address a topic through written discussions in writing workshops.

Objective Students gain an overview of the different research methods available in the field of history and theory of art and architecture. They will
apply them in exercises. The course strengthens the methodological competences (preliminary knowledge, source and literature research)
as well as their critical-analytical competences (reading and writing competence).

Content Advanced Research Methods in the History and Theory of Art and Architecture

 Excursions
Number Title Type ECTS Hours Lecturers

056-0106-00L Study Trip I
Only for MAS in History and Theory of Architecture.

O 2 credits 4P M. Delbeke

Abstract As the contested capital of three world religions, Jerusalem has a firm place in the history of the city. But who financed and profited, then as
now, from building in this place? What new methodological insights do we get when we look at the key buildings of Jerusalem both in terms
of morphology and territoriality on the one hand and from the perspective of their financing on the other?

Objective Students will gain an understanding of the interaction between the client, the form of financing and the territorial situation of architecture.
This includes looking at multiple actors: religious, philanthropic, and charitable institutions; government agencies as well as instruments of
taxation; and the global networks and capital flows that enable them.

Content Visit of key buildings and sites with lectures and guided tours; development of analyses of the intersections between city and architecture.
Literature Will be announced on the class platform.

 Essays
Number Title Type ECTS Hours Lecturers

056-0203-01L Individual Seminar Paper
Only for MAS in History and Theory of Architecture.

O 4 credits M. Delbeke

Abstract Independent, written, scientific study of a defined monographic or subject-specific issue from the subject area of architectural history and
theory.

Objective The aim is the independent, written and scientific assessment of a topic concerning architectural history or architectural theory. The
students gain a deeper insight into humanistic issues and methods.

Content The topic of the thesis is freely chosen and individually supervised in consultation with the lecturers. In addition to their own ideas, students
should discuss the research standpoints. The practical application of scientific standards and a clear linguistic argumentation are put to
practice. The thesis entails around 25,000 characters.

056-0202-01L 2. Scientific Home Work
Only for MAS in History and Theory of Architecture.

O  4 credits M. Delbeke

Abstract The individually tutored seminar paper on a chosen subject trains students in self-motivated, independent academic work.
Objective Students are able to write a scientific paper (approx. 25,000 letters).

 4. Semester
 Lectures, Seminars

Number Title Type ECTS Hours Lecturers

056-0004-01L Architecture and the City IV
Only for MAS in History and Theory of Architecture.

O  4 credits 4S A. Kockelkorn, S. Schindler Kilian

Abstract How Will We Live Together? is the central question of the Venice Architecture Biennale in 2020. In this seminar we will address this
question by analysing experiments of collective housing from the 1970s to the 1990s. We focus on a parallel analysis of design and forms
of financing that have made these residential buildings thinkable, desirable and possible at a certain point in time.

Objective Students will test analytical methods and representational techniques to make the material interfaces of architecture, urban planning and
their respective forms of financing tangible; they will learn to relate architectural and material details, typology, morphology and territorial
situation to financial instruments such as taxes, bonds, loans and investments. They gain experience in expressing their insights in a
concise way, both linguistically and visually.
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Content Research and analysis of key housing projects of the 1970s and 1980. In parallel, we read methodological key texts in urban and
architectural history about what determines the form of our coexistence since the 1970s.

Literature Will be announced on the class platform.

056-0004-00L Art and Architecture IV
Only for MAS in History and Theory of Architecture.

O 5 credits 4S A. Kockelkorn, S. Schindler Kilian

Abstract The course analyses the problem of public spheres and public spaces in the history and theory of the modern architecture.
Objective The students acquire in-depth knowledge in the history and theory of modern architecture. They delve into the methods of a problem-

oriented research.
Literature Will be announced on the cooperation platform

 Workshop
Number Title Type ECTS Hours Lecturers

056-0008-01L Methods in History and Theory in Architecture II
Only for MAS in History and Theory of Architecture.

O  1 credit 3U A. Kockelkorn, S. Schindler Kilian

Abstract The course is an introduction to the different forms of humanistic working and covers the methodological basics of the subject. It trains the
ability to address a topic through written discussions in writing workshops.

Objective Students gain an overview of the different research methods available in the field of history and theory of art and architecture. They will
apply them in exercises. The course strengthens the methodological competences (preliminary knowledge, source and literature research)
as well as their critical-analytical competences (reading and writing competence).

Content Advanced Research Methods in the History and Theory of Art and Architecture

 Exkursionen
Number Title Type ECTS Hours Lecturers

056-0107-00L Study Trip II
Only for MAS in History and Theory of Architecture.

O 2 credits 4P M. Delbeke

Abstract As the contested capital of three world religions, Jerusalem has a firm place in the history of the city. But who financed and profited, then as
now, from building in this place? What new methodological insights do we get when we look at the key buildings of Jerusalem both in terms
of morphology and territoriality on the one hand and from the perspective of their financing on the other?

Objective Students will gain an understanding of the interaction between the client, the form of financing and the territorial situation of architecture.
This includes looking at multiple actors: religious, philanthropic, and charitable institutions; government agencies as well as instruments of
taxation; and the global networks and capital flows that enable them.

Content Visit of key buildings and sites with lectures and guided tours; development of analyses of the intersections between city and architecture.
Literature Will be announced on the class platform.

 Essays
Number Title Type ECTS Hours Lecturers

056-0204-00L Consultation and Presentation
Only for MAS in History and Theory of Architecture.

O 1 credit 1A M. Delbeke

Abstract Academic consultations, possibly with individually agreed educational goals (depending on a student’s biography and envisaged career). In
this mo-dule period, students will also put the intermediate results of their research up for discussion in public workshop debates. 
Assessment of academic achievement in the form of a public presentation.

Objective Working on an individual issue or research topic.

 Master's Thesis
Number Title Type ECTS Hours Lecturers

056-0210-10L MAS-Thesis
Only for MAS in History and Theory of Architecture.

O  15 credits 21D M. Delbeke

Abstract Credited master thesis as assessment of students’ competence in dealing with a chosen research subject (at least 120,000 letters).
Objective See above.

MAS in History and Theory of Architecture (GTA) - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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MAS in Housing
1 year full time course in English, starting every autumn semester.
Further information on www.wohnforum.arch.ethz.ch

Lectures, workshops, individual and group tutorials and excursions organized in the framework of the four modules: Cultural, socio-economic,
demographic and political aspects of housing and human settlements (M1); Adequate housing and neighbourhood development strategies (M2);
Housing for migrants, refugees, and people displaced by disasters (M3); Housing research and evaluation methods (M4).

 Core Courses
Number Title Type ECTS Hours Lecturers

057-0150-01L Seminar Week MAS FS: The (Seasonal) Arrival
City;Designing for Migrant's Transient Right to the
City
Only for MAS in Housing

W+  2 credits 3A J. E. Duyne Barenstein

Abstract The cities in the global south, especially those in Asia & Africa experience a phenomenon known as circular migration, meaning that
migrants arriving from the countryside often return back seasonally maintaining a circular relationship with the city. Although prevalent, this
phenomenon is hardly taken into consideration in city planning leading to a rise of precariously built housing settlements.

Objective In his seminal book Arrival City, Doug Saunders (2010) paints a picture of arrival to the city as an once in lifetime linear endeavour that
migrants from country-side undertake. Contrary to this, the experience of cities in the global south, especially those in Asia and Africa, has
been starkly different. The cities here experience a phenomenon known as circular migration, meaning that migrants arriving from the
countryside often return back seasonally maintaining a circular or cyclic relationship with the city. The migrants often do so in order to
maximize their livelihood prospects, taking up work in the city whilst maintaining a farming homestead in the countryside. The phenomenon
although prevalent is hardly taken into consideration in city planning and housing in the cities across the global south leading to a rise of
precariously built and serviced tenement housing settlements. 

During the autumn of 2019, the students of MAS Housing had an opportunity to visit the city of Bhuj in Gujarat, India and learn from the
experiences of 'Homes in the City', a coalition of civil society organisations working with circular migrants and their right to the city.
This seminar week hopes to build on the knowledge gained in  Bhuj through a publication oriented, week-long workshop in Zurich. In
addition to developing ideas and designing housing prototypes for circular migrants in the city of Bhuj, the seminar week participants will
develop illustrated storylines of circular migrants in Bhuj. In addition to credits, the participants will feature as contributors in a publication
which is scheduled to be published at the end of 2020 tentatively entitled 'THE [SEASONAL] ARRIVAL CITY'.

Content In his seminal book Arrival City, Doug Saunders (2010) paints a picture of arrival to the city as an once in lifetime linear endeavour that
migrants from country-side undertake. Contrary to this, the experience of cities in the global south, especially those in Asia and Africa, has
been starkly different. The cities here experience a phenomenon known as circular migration, meaning that migrants arriving from the
countryside often return back seasonally maintaining a circular or cyclic relationship with the city. The migrants often do so in order to
maximize their livelihood prospects, taking up work in the city whilst maintaining a farming homestead in the countryside. The phenomenon
although prevalent is hardly taken into consideration in city planning and housing in the cities across the global south leading to a rise of
precariously built and serviced tenement housing settlements. 
During the autumn of 2019, the students of MAS Housing had an opportunity to visit the city of Bhuj in Gujarat, India and learn from the
experiences of 'Homes in the City', a coalition of civil society organisations working with circular migrants and their right to the city.
This seminar week hopes to build on the knowledge gained in  Bhuj through a publication oriented, week-long workshop in Zurich. In
addition to developing ideas and designing housing prototypes for circular migrants in the city of Bhuj, the seminar week participants will
develop illustrated storylines of circular migrants in Bhuj. In addition to credits, the participants will feature as contributors in a publication
which is scheduled to be published at the end of 2020 tentatively entitled 'THE [SEASONAL] ARRIVAL CITY'.

 Elective Courses
At least 3 elective courses for a total of 6 ECTS have to be followed by the MAS students. These can be selected from the courses offered by the
Department of Architecture or from other ETH departments.

Choice of courses from the complete offerings of ETH.

 Master's Thesis
Number Title Type ECTS Hours Lecturers

057-0200-00L MAS Thesis
Only for MAS in Housing

O  30 credits 64D J. E. Duyne Barenstein

Abstract The second semester of the MAS Housing is completely dedicated to writing a personal thesis. Under the guidance of the program
coordinator and eventually an additional reader, students receive regular feedback to academically develop a topic of their choosing.

Objective The aim of the MAS thesis is to acquire practical insights into scientific inquiry and to elaborate a topic in-depth by drawing connections to
the skills and knowledged gained in the first semester.

Content Individual meetings are set and organized based on the progress of each student. A mid-term and final presentation are scheduled for the
entire MAS class.

Lecture notes There is no reader for the second semester.
Literature Students identify with the feedback of the coordinator the scientific literature relevant for their chosen topic.
Prerequisites /
notice

Course only open to enrolled students in the ETH MAS in Housing.

MAS in Housing - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1108 of 1785

MAS in Management, Technology, and Economics
 2. Semester

 Core Courses
 General Management and Human Resource Management

Number Title Type ECTS Hours Lecturers

363-0302-00L Human Resource Management: Leading Teams W+  3 credits 2G G. Grote
Abstract The basic processes of human resource management are discussed (selection, reward systems, performance evaluation, career

development) and embedded in the broader context of leadership in teams. Leadership concepts and group processes are presented.
Practical instruments supporting leadership functions are introduced and applied in business settings.

Objective - Understand basic HRM functions and their relationship to leadership
- Know instruments for selection, performance appraisal, compensation, and development
- Understand leadership requirements and success factors in leadership
- Know fundamental processes in teams
- Apply and expand theoretical knowledge on a specific topic in self-guided learning
- Manage team processes and diversity during self-guided learning in a project group

Content Human Resource Management (HRM) concerns the policies, practices, and systems that influence employees' behavior, attitudes, and
performance. It aims at applying human resources within organizations such that people succeed and organizational performance
improves. Concepts and instruments for selection, performance management, and personnel development are discussed with respect to
team leaders' role in HRM, not from the perspective of HR managers. Fundamentals of effective leadership and dynamics in teams are
presented. In semester projects, students apply HRM instruments in company contexts.

Lecture notes There is no script.
Literature A reading list and the respective documents are provided via moodle.

363-1039-00L Introduction to Negotiation W+ 3 credits 2G M. Ambühl
Abstract The course combines different lecture formats to provide students with both the theoretical background and the practical appreciation of

negotiation. A core element of the course is an introduction to the concept of negotiation engineering.
Objective Students learn to understand and to identify different negotiation situations, analyze specific cases, and discuss respective negotiation

approaches based on important negotiation methods (i.a. Game Theory, Harvard Method).
Content The course combines different lecture formats to provide students with both the theoretical background and the practical appreciation of

negotiation. A core element is an introduction to the concept of negotiation engineering. The course covers a brief overview of different
negotiation approaches, different categories of negotiations, selected negotiation models, as well as in-depth discussions of real-world
case studies on international negotiations involving Switzerland. Students learn to deconstruct specific negotiation situations, to
differentiate key aspects and to develop and apply a suitable negotiation approach based on important negotiation methods.

Literature The list of relevant references will be distributed in the beginning of the course.

 Strategy, Technology and Innovation Management
Number Title Type ECTS Hours Lecturers

363-0392-00L Strategic Management
Number of participants limited to 80.

Registration through myStudies (first come, first served). If
you are unable to sign up through myStudies, please
contact the course assistant: 
http://www.smi.ethz.ch/education/strategic-
management.html

W+  3 credits 2G S. Herting

Abstract This courses conveys concepts and methods in strategic management, with a focus on competitive strategy. Competitive strategy aims at
improving and establishing position of firms within an industry.

Objective The lecture "strategic management" is designed to teach relevant competences in strategic planning and -implementation, for both
professional work-life and further scientific development. The course provides an overview of the basics of strategy and the most prevalent
concepts and methods in strategic management. The course is given as a combination of lectures about concepts/methods, and case
studies where the students asked to solve strategic issues of the case companies. In two sessions, the students will also be addressing
real-time strategic issues of firms that are represented by executives.

Content Contents:
a. Strategy concepts
b. Industry dynamics I: Industry analysis
c. Industry dynamics II: Analysis of technology and innovation
d. The resource-based theory of the firm
e. The knowledge-based theory of the firm

Strategic Management offers a combination of lectures about concepts/methods, and case studies where the students solve strategic
issues of the involved companies. This aims at offering students a profound theoretical understanding of important and current topics and
also offer an opportunity to present these concepts in front of an audience.
This course conveys concepts and methods in strategic management, with a focus on competitive strategy. Competitive strategy aims at
analyzing and establishing position of firms within an industry, securing firm performance. Thus, the course focuses on a number of
important topics, such as the evolution of industry, industry structure, the analysis of a firm's resources- and knowledge, and innovation.
In addition, student groups will hold presentations on the four main topics of this class, to further develop concepts and enhance
understanding. The presentations will cover Industry Dynamics I, Industry Dynamics II, Resource Based View of the Firm, Knowledge
Based View of the Firm. For all presentations, selected Harvard Business Cases will be used as a common ground for students to start
from.
Students are also expected to read and understand the required readings (approx. 15 items) that cover the most important papers and
articles from the past 30 years in management and strategy research.
To underline the relevance of Strategic Management in firms, decision makers from companies in Switzerland will be holding guest lectures
and give their take on strategy in practice and give insight on current topics in the field.
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Prerequisites /
notice

Session #0: (17.02.2020) Introduction & How to solve a case
Session #1: (24.02.2020) Introduction to Strategy
Session #2: (02.03.2020) Industry Dynamics I
Session #3: (09.03.2020) Industry Dynamics II
Session #4: (16.03.2020) Resource-Based Theory 
Session #5: (30.03.2020) Guest Lecture I
Session #6: (06.04.2020) Knowledge-based Theory
Session #7: (27.04.2020) Guest Lecture II

Please NOTE: The dates of the guest lectures subject to change due to availability of the guest lecturers. The final schedule will be
provided in the first session.

FIND MORE INFORMATION ABOUT THE REGISTRATION HERE:
http://www.smi.ethz.ch/education/strategic-management.html

363-1077-00L Entrepreneurship W+  3 credits 2G B. Clarysse
Abstract This course introduces the various elements important to start an innovative business. These are: insights into how technology as a context

shapes opportunities to start a business, assessing opportunities, protecting one's idea and technology, market testing and feedback, how
to form a team, raising investment and deal evaluation, use of novel financing sources, development of term sheets.

Objective This course enables to understand:
How technologies develop from science to commercial products
What kind of entrepreneurial opportunities emerge from this cycle
How assumptions are tested in the market and evolve into business plans
What the importance is of founding teams and how they are fit together
How to raise money from various sources such as crowd funding, ICO, business angels and venture capitalists
How to develop a business case
How to negotiate and structure a funding deal

Content The course consists of 7 sessions of 4 hours, every other week. The first 2 hours typically cover the content of the session, while in the last
2 hours students work in teams to apply the content in specific case settings. 

The course is structured as follows: 

In session 1, we discuss how science develops into technologies that are eventually commercialized into products ...We discuss how
technology entrepreneurs can create ventures based upon the technology they work on, the demand they see in their environment or just
through the mere aspiration of creating a company. We specifically focus on how these companies can create value in the absence of clear
customer revenues and what the eventual outcome is of such a venture.

In Session 2, we look at how entrepreneurs do market research and how different types of market research help them to develop their
business. In addition, you will get an overview of various forms of prototyping, and of how the use of such prototyping can help you test the
market and incorporate market feedback into your product or service.

In Session 3, we introduce the concept of "appropriability". For entrepreneurs, especially in a technology environment, it is very important to
think about how they can appropriate value from the ideas they develop and the products they introduce in the market. Such appropriation
can be enabled through legal mechanisms such as IP or might be facilitated through the way in which the company is set up. We also
discuss how value can be delivered in an industry, how negotiation power can be assessed, what different actors need to be taken into
consideration when determining the value flow in a network and, eventually, how to think of a business model annex business plan.

Session 4 touches upon a number of HR questions and managerial challenges for the budding entrepreneur: Is it better to go alone or in a
team? Are there more or less successful compositions of an entrepreneurial team and if so, where to find the right co-conspirators? We
also introduce the basic elements of making a financial plan.

Session 5 introduces you in the world of raising capital. You get an overview of the various sources of capital including business angels,
accelerators, crowd funding, venture capital and corporate capital. Guest speakers from the financing industry will answer your questions
with regards to getting finance.

Session 6 deals with the legal side of making a deal between an investor and a company. We also explain how to make an elevator pitch
and how to pitch for money (including business plan competitions)

Session 7 includes a negotiation game. The negotiation game allows you to go through the different conditions of a term sheet including
the valuation of a start-up, the lock-in of the management team, the liquidation options and the division of power. The aim is to learn how to
use each of these terms in a practical setting and be able to write a term sheet with an investor.

Each of the sessions includes a mix of theory (usually 2 hours), case study/exercise work and occasional guest presentations (usually 1
hour). The course is an excellent introduction to 'do it yourself courses' such as the Deep Science Sprint, the Digital Entrepreneurship
Course,..

Lecture notes Powerpoint slides are provided ahead of each session and provide together with Clarysse and Kiefer (2011) the core course material. 

In addition to the slides and handbook, most sessions have case material (uploaded ahead of the course and to be read BEFORE the
lecture in which the case will be discussed). Video material is part of the core syllabus.

Literature Clarysse, B. & S. Kiefer The Smart Entrepreneur (Elliott & Thompson, 2011) is used as core reading material. 

In addition, each session also has "advanced reading" papers, which are useful to deepen your knowledge about the specific subject under
discussion. It is sufficient to read the introduction and the conclusions of the papers to get the core idea.

The papers are uploaded through Moodle, the book is available for sale at Amazon.com or can be ordered from any book store.

Prerequisites /
notice

No special background is needed.

365-1097-00L Innovation Management
Exclusively for MAS MTEC students (2nd semester). 

Once you have completed the course enrollment in
«myStudies», please press the button «Learning
Materials» to access the Moodle course. Directly
afterwards you must select the date for the second course
day in Moodle.  

W+  2 credits 1S P. Bubenzer

Abstract This interactive course provides emerging leaders in technology-driven companies with critical insights and tools for addressing key
challenges in innovation management.
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Objective After completing this course:
1. Students can differentiate types of innovations and know how to choose adequate management approaches for each
2. Students understand how innovations can be generated inside and outside of organizations
3. Students can explain how technology-based innovations typically evolve and how to manage this evolution
4. Students understand fundamentals of innovation development and adoption in markets/ecosystems and related key strategic decisions 
5. Students know how to overcome critical internal organizational challenges when developing innovations and scaling their adoption

Content This course offers an intensive, two-day integrated learning experience to provide leaders in technology-driven enterprises with critical
insights and fundamental tools for tackling key innovation management challenges. The course combines an innovate set of lectures with
practical case studies taught by lecturers with experience in technology-driven start-ups and large firms in a variety of industries. This
course is a highly interactive immersion into real-life challenges where established, evidence-based frameworks and contemporary models
are used to develop leadership capabilities in technologically complex business environments. This course is thus designed to particularly
suit the needs and expectations of engineers or other technology specialists who intend to develop the necessary vocabulary and tools in
order to grow into more general leadership roles in technology-based organizations.

 Quantitative and Qualitative Methods for Solving Complex Problems
Number Title Type ECTS Hours Lecturers

365-1120-00L Executive Business Analytics
Exclusively for MAS MTEC students (2nd semester). 

W 1 credit 1G S. Feuerriegel

Abstract This course will combine cutting edge thinking about Artificial Intelligence & Machine Learning, with application use cases and a practical
framework that will enable participants to determine and plan their own workplace application.The focus is less on the how (i.e. how the
algorithms function) but more on techniques to identify suitable use cases.

Objective Objective 1 (Managerial aspects): Understand the processes and challenges of analytics-related projects 
•    Being able to identify applications for analytics in corporations and organizations that create value
•    Being able to list implications for management when undertaking a project involving business analytics
•    Being able to to describe the data mining process CRISP-DM to their actual setting

Objective 2 (Methodological challenges): Understand common methods for performing business analytics
•    Being able to name common methods for business analytics, as well as their underlying concepts
•    Being able to contrast supervised vs. unsupervised learning (clustering)

Content Prior to the start of the Information Age in the late 20th century, companies back then lacked the computing capabilities necessary for data
to be analyzed, and as a result, decisions primarily originated not from knowledge but from intuition. With the emergence of ubiquitous
computing technology, company decisions nowadays rely strongly on computer-aided “Business Analytics”. 

As examples, machine Learning algorithms enable detection of patterns and predict or recommend actions by processing large data sets of
information, instead of response to instructions.  Deep learning is a type of machine learning using Neural Networks to process huge
amounts of data through successive layers of learning to arrive at a conclusion or recommendation.  

This highly interactive and application driven course will lay a foundation of understanding of these cutting-edge concepts, followed by a
contemporary Case Study of relevance to marketplace application.  The class dialog will bring out the underlying complexities of under-
standing business challenges and determining the suitability of AI solutions thus enhancing participants AI/ML decision making. 

This will be followed by a participative discussion to connect the knowledge and case study application to the participants own experiences.
Based on it, we jointly define the criteria for the type of situations where AI and ML are appropriate and develop potential solutions.  

Developing a technological solution to an AI challenge is only the first step. The practitioner will need to recognize implementation as a
potentially disruptive change that will require careful change management leadership for effective implementation. Given the novelty of the
theme and the rare experience in industry, this part will be accompanied by insights from practitioners.

Lecture notes The following technical aspects will be covered from a methodological angle:
- Forecasting: How can historical values be used to make predictions of future developments ahead of time? How can firms utilize
unstructured data to facilitate the predictive performance? What are metrics to evaluate the performance of predictions?
- Data analysis: How can one derive explanatory power in order to study the response to an input?
- Clustering: How can businesses group consumers into distinct categories according to their purchase behavior?
- Dimension reduction: How can businesses simplify a large amount of indicators into a smaller subset with similar characteristics?

Literature The course involves two pre-readings that students are kindly asked to read before the first class:

Reading 1
DeepMind creates algorithm to predict kidney damage in advance
https://on.ft.com/332Cx6V
 
Reading 2
Building the AI-Powered Organization
https://hbr.org/2019/07/building-the-ai-powered-organization

Prerequisites /
notice

Students, who have already successfully completed the course “Business Analytics (363-1098-00)” can't register again.

 Micro and Macroeconomics
Number Title Type ECTS Hours Lecturers

363-0515-00L Decisions and Markets W+  3 credits 2V A. Bommier
Abstract This course provides an introduction to microeconomics. The course is open to students who have completed an undergraduate course in

economics principles and an undergraduate course in multivariate calculus. The course emphasizes the conceptual foundations of
microeconomics and contains concrete examples of their application.

Objective The purpose of this course is to provide master students with an introduction to graduate-level microeconomics, particularly for students
considering further graduate work in economics, business administration or management science. The course provides the fundamental
concepts and tools for graduate courses in economics offered at ETH and UZH.

After completing this course:
- Students will be able to understand and use existing models to make predictions of consumer and firm behavior.
- Students understand the fundamental welfare theorems and will be able to analyze equilibria of markets with perfect and imperfect
competition.
- Students will be able to analyze under which conditions market allocations are not efficient (market failure).

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1111 of 1785

Content Microeconomics is the branch of economics which studies the decision-making by an individual, household, firm, industry or level of
government. The economic equilibrium is the result of agents' interactions. Microeconomics is an element of nearly every subfield in
economic analysis today. This course introduces the fundamental frameworks which form the basis of many economic models.

Theory of the consumer:
- Consumer preferences and utility
- Budget sets and optimal choice
- Demand functions
- Labor supply and intertemporal choice
- Welfare economics

Theory of the producer:
- Technological constraints and the production function
- Cost minimization
- Profit maximization

Market structure:
- Perfectly competitive markets
- Monopoly behavior
- Duopoly behavior

General equilibrium analysis:
- Market equilibrium in an exchange and production economy
- Market failure

Lecture notes The lecture will be based on lecture slides, which will be made available on Moodle.
Literature The course is mostly based on the textbook by R. Serrano and A. Feldman: "A Short Course in Intermediate Microeconomics with

Calculus" (Cambridge University Press, 2013). Another textbook of interest is "Intermediate Microeconomics: A Modern Approach" by H.
Varian (Norton, 2014). 
Exercises are available in the textbook by R. Serrano and A. Feldman ("A Short Course in Intermediate Microeconomics with Calculus",
Cambridge University Press, 2013). More exercises can be found in the book "Workouts in Intermediate Microeconomics" by T. Bergstrom
and H. Varian (Norton, 2010).

363-0575-00L Economic Growth, Cycles and Policy W+ 3 credits 2G H. Gersbach
Abstract This intermediate course focuses on the core thinking devices and foundations in macroeconomics and monetary economics, and uses

these devices to understand economic growth, business cycles, crises as well as how to conduct monetary and fiscal policies and policies
to foster the stability of financial and economic systems.

Objective - Fundamental knowledge about the drivers of economic growth in the short and long run, key macroeconomic variables and observed
patterns in developed countries

- Comprehensive understanding of core macroeconomic frameworks and thinking devices

Content This intermediate course focuses on the core thinking devices and foundations in macroeconomics and monetary economics, and uses
these devices to understand economic growth, business cycles, crises as well as how to conduct monetary and fiscal policies and policies
to foster the stability of financial and economic systems. The course is structured in the following way:

Part I: Basics
 - Introduction
 - IS-LM Model in Closed Economy (Repetition)
 - Schools of Thought
 - Consumption and Investment
 - The Solow Growth Model

Part II: Special Themes
 - Money Holding, Inflation, and Monetary Policy
 - Crises in Market Economies
 - IS-LM Model and Open Economy
 - Theories of exchange rate determination
 - Technical Appendix

Lecture notes Copies of the slides will be made available.
Literature Chapters in

Manfred Gärtner (2009), Macroeconomics, Third Edition, Prentice Hall.
and selected chapters in other books and/or papers

Prerequisites /
notice

It is required that participants have attended the lecture "Principles of Macroeconomics" (363-0565-00L).

 Financial Management
Number Title Type ECTS Hours Lecturers

363-0560-00L Financial Management W+  3 credits 2V J.-P. Chardonnens
Abstract This course introduces students to the concept and principles of financial management that are of primary concern to corporate managers

and all the consideration needed to make financial decision. It involves investment and financing decisions through the application of
financial analysis.

Objective By attending this course, students will be able to:
- increase the overall value of firms and improve their profitability. 
- ensure sufficient availability of funds to satisfy maturing short-term debt.
- improve the management of working capital and short-term financing. 
- make capital budgeting decisions under both certainty and uncertainty.
- discuss the capital structure theory. 
- understand the different sources of finance.
- describe the main motives and implications of mergers and acquisitions.
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Content The course Financial Management follows the course Accounting for Managers. The principles of financial management are illustrated with
different cases. The course is divided into six main sections: 

1. The first section discusses the financial goals of the firm, value-based management, and the objectives of liquidity and profitability.

2. The second chapter explains the tools and methods of financial analysis and forecasting needed by managers in order to make
appropriate investing and financing decisions.

3. The third division demonstrates the importance of the management of working capital, cash planning, current asset management, short
term financing, and the cash flow statement.  

4. The fourth module introduces the static and dynamic methods of capital budgeting in order to improve the profitability of the organisation
and achieve the main objectives.

5. The fifth part relates to the financing of the company, the capital structure theory, the cost of capital, the different sources of equity and
debt financing. 

6. The last section of the course illustrates special topics of financial management, such as mezzanine finance, corporate restructuring,
mergers & acquisitions, and the valuation of shares.

Prerequisites /
notice

Requirement : Good knowledge of financial accounting (Accounting for Managers)

 Electives
Number Title Type ECTS Hours Lecturers

365-1085-00L Business Experimentation
Exclusively for MAS MTEC students (2nd semester).

W  3 credits 2S M. Zimmer

Abstract This seminar teaches students how to design, conduct and analyze small but insightful experiments in business environments.
Objective After participating in this course, students will be able to:

1) Recognize situations in their work routines in which empirical testing is helpful or even necessary
2) Translate the business problem into a research question
3) Identify structural, situational, and contextual factors that might influence the outcome and formulate hypotheses
4) Select the proper experimental design
5) Develop experimental treatments and stimuli 
6) Determine sample characteristics
7) Collect data for business experiments
8) Analyze experimental data
9) Derive managerial implications from the empirical results
10) Consider ethical issues in the context of business experiments

Content Seemingly ubiquitous "big data" from human and technical sources promise radically new insights into the customer's mind but come with
some strings attached: collecting and analyzing "big data" is expensive and complex; translating results into managerial implications is
usually difficult.

In this seminar, we present a more efficient way to create knowledge about customers: marketing experimentation - the systemic variation
of marketing parameters, which are expected to have an impact on central customer variables such as buying behavior, customer value or
brand image. In contrast to big data marketing analytics, smart business experiments are easy to handle and the results are easy to
implement. In this seminar, students will be given the necessary skills and knowledge to plan, conduct and analyze their own business
experiments.

Literature Anderson, Eric T. and Duncan Simester (2011), "A Step-by-Step Guide to Smart Business Experiments," Harvard Business Review, 89 (3),
98-105-105.

Davenport, Thomas H. (2009), "How to Design Smart Business Experiments," Harvard Business Review, 87 (2), 68-76.

365-1112-00L Digital Transformation and Disruptive Futures
Exclusively for MAS MTEC students (2nd semester). 

Enrolment in both courses "Digital Transformation and
Disruptive Futures” and "Digital Strategist: Developing
new Digital Initiatives (365-1113-00)" is not possible. Only
ONE of these two Digital Transformation courses can be
taken during the MAS MTEC studies.

W 1 credit 1S M. Cooray, R. Duus

Abstract During this two-day course, we will decode the impact of digital transformation on organisations and wider ecosystems we work in. Using
key concepts, tools and frameworks, you will explore how organisations can re-think and re-imagine new value creation and enhance
competitiveness.

Objective After completing this course students will be able to:

- Apply strategic frameworks introduced in class to analyse and assess the impact of digital transformation on organisations
- Analyse how organisations across industries have approached digital transformation in order to create new value
- Understand the importance of wider digital ecosystems and inter-organisational collaboration modes for digital futures

Content This course is designed as an action learning experience team-taught by two academic facilitators. During the sessions, we will consider
core themes, including value creation in digital environments, the influence of digital tech trends on organisational strategy, and the
challenges and opportunities for born-digital as well as incumbent businesses.

We will delve into the always-on and connected consumer and behavioural traits to explore new-age customer aspirations. You will gain
experience of designing and evaluating dynamic digital journeys that lead to disruptive innovation and competitive realignment of
organisations. 

As a method of learning, we will examine several organisations to illuminate and highlight how they respond and adapt to fast evolving
digital environments.

To help you analyse how organisations are transforming to take advantage of new digital technologies, you will have the opportunity to
apply strategic frameworks. These analytical frameworks will also be useful in your own professional work. 

The course may also include an experiential case scenario, led by a representative from the case organisation.   

This course is designed for those who are inquisitive about digital futures and disruptive innovation and wish to untangle the impact of
digital technologies on organisations, industries and customers.
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Literature Readings and other material will be provided via the Moodle site.
Prerequisites /
notice

This course was offered under the number 365-1096-00 until spring 2018. Students, who have successfully completed this course, can't
register again.

Enrolment in both courses "Digital Strategist: Developing new Digital Initiatives” and “Digital Transformation and Disruptive Futures (365-
1112-00)" is not possible. Only ONE of these two Digital Transformation courses can be taken during the MAS MTEC studies.

365-1113-00L Digital Strategist: Developing New Digital Initiatives
Exclusively for MAS MTEC students (2nd semester). 

Enrolment in both courses "Digital Strategist: Developing
new Digital Initiatives” and “Digital Transformation and
Disruptive Futures (365-1112-00)" is not possible. Only
ONE of these two Digital Transformation courses can be
taken during the MAS MTEC studies.

W 1 credit 1S M. Cooray, R. Duus

Abstract Due to the unrelenting impact of digital technologies, many organisations find it challenging to design, develop and execute digital initiatives
that deliver real results and strategic impact. In this course, you will explore how organisations can methodically analyse digital readiness
and design strategic initiatives.

Objective After completing this course students will be able to:

- Take a systematic approach to identifying new opportunities for digital transformation within organisations
- Adopt a critical perspective to address challenges and find new approaches to drive value creation in organisations
- Develop a structured and persuasive strategic proposal for new digital initiatives

Content This is a ‘learning by doing’ course team-taught by two senior academics with extensive research and international experience. 

This course is academically underpinned and has a strong focus on supporting you to develop new digital initiatives/solutions for your own
organisation. The new digital transformation proposals developed during the course will take advantage of the ‘white spaces’ in the market,
new competitive dynamics and ecosystems, and emerging digital technologies.

You will be guided by the 3xD Digital Strategy Framework, which will support you to design and develop new digital initiatives. 

You will have opportunity to interact with your peers on the course to share insight, ideas and challenges in relation to your organisation’s
digital transformation efforts. This will help you to learn from organisations across industries. 

The facilitated sessions will help you to analyse the impact of digital technology on various industries, discuss the emergence of new
competitive players and how changes in customer demands/expectations impact organisations. During these sessions, we will highlight
cutting-edge digital innovation practices by other organisations which can inspire your own thinking and ability to identify viable ‘white
spaces’.

This course is designed for those who wish to engage in driving the digital agenda of their organisation and advance their knowledge of
strategising in complex ecosystems. Thus, this course is relevant for you if you are looking to take on a more active role within your
organisation in the area of strategy formulation and transformation.

Literature Readings and other material will be made available via the Moodle site.
Prerequisites /
notice

This course was offered under the number 365-1096-00 until spring 2018. Students, who have successfully completed this course, can't
register again.

Enrolment in both courses "Digital Strategist: Developing new Digital Initiatives” and “Digital Transformation and Disruptive Futures (365-
1112-00)" is not possible. Only ONE of these two Digital Transformation courses can be taken during the MAS MTEC studies.

363-0448-00L Global Operations Strategy
Does not take place this semester.

W  3 credits 3G T. Netland

Abstract This course provides students a theoretical fundament and practical skills for strategic configuration and coordination of global production
networks and facility planning and design.

Objective Students will be able to analyze, plan, and design factory networks and single facilities.
1. Students can analyze strengths and weaknesses of a company’s global factory network.
2. Students can conduct a basic factory localization analysis and elaborate the risks involved and the limitations of the chosen method.
3. Students are familiar with key issues in managing global operations.
4. Students can analyze a global productivity improvement program.
5. Additional skills: Students acquire experience in teamwork, report writing and presentation.

Content This course deals with the configuration and coordination of global manufacturing operations.
Lecture notes See Moodle
Literature See Moodle
Prerequisites /
notice

Requirements: Preferably the course 363-0445-00L Production and Operations Management

363-0514-00L Energy Economics and Policy
It is recommended for students to have taken a course in
introductory microeconomics. If not, they should be
familiar with microeconomics as in, for
example,"Microeconomics" by Mankiw & Taylor and the
appendices 4 and 7 of the book "Microeconomics" by
Pindyck & Rubinfeld.

W  3 credits 2G M. Filippini

Abstract An introduction to energy economics and policy that covers the following topics: energy demand, economics of energy efficiency,
investments and cost analysis, energy markets (fossil fuels,electricity and renewable energy sources), market failures and behavioral
anomalies, market-based and non-market based energy policy instruments and regulation of energy industries.

Objective The students will develop the understanding of economic principles and tools necessary to analyze energy issues and to formulate energy
policy instruments. Emphasis will be put on empirical analysis of energy demand and supply, market failures, behavioral anomalies, energy
policy instruments, investments in power plants and in energy efficiency technologies and the reform of the electric power sector.
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Content The course provides an introduction to energy economics principles and policy applications. The first part of the course will introduce the
microeconomic foundation of energy demand and supply as well as market failures and behavioral anomalies. In a second part, we
introduce the concept of investment analysis (such as the NPV), in the context of energy efficient investments. In the last part, we use the
previously introduced concepts to analyze energy policies: from a government perspective, we discuss the mechanisms and implications of
market oriented and non-market oriented policy instruments as well as the regulation of energy industries.
 
Throughout the entire class, we combine the course material with insights from current research in energy economics. This combination will
enable students to understand standard scientific literature in the field of energy economics. Moreover, the class aims to show students
how to put real life situations in the energy sector in the context of insights from energy economics.

During the first part of the course a set of environmental and resource economics tools will be given to students through lectures. The
applied nature of the course is achieved by discussing several papers in a seminar. To this respect, students are required to work in groups
in order to prepare a presentation of a paper.

The evaluation policy is designed to verify the knowledge acquired by students during the course. For this purpose, a short group
presentation will be graded. At the end of the course there will be a written exam covering the topics of the course. The final grade is
obtained by averaging the presentation (20%) and the final exam (80%).

Prerequisites /
notice

It is recommended for students to have taken a course in introductory microeconomics. If not, they should be familiar with microeconomics
as in, for example, "Microeconomics" by Mankiw & Taylor and the appendices 4 and 7 of the book "Microeconomics" by Pindyck &
Rubinfeld.

363-0586-00L International Economics: Theory of New Trade and
Multinational Firms

W  3 credits 2V D. Suverato

Abstract The primary goal of the course is to familiarize students with recent work in international economics. Students will gain an essential set of
guidelines to understand to current worldwide economic scenario dominated by: "trade wars", "Brexit",  the "fear of import competition from
China" and the links between globalization and technological change.

Objective Covering models of international trade, of trade and multinational firms, and of factor mobility and agglomeration, students will get a good
overview of key contributions in the field of international economics.

The introduction to this course provides a brief overview of classical trade models, where production cost differences between countries
(through differences in factor productivity or in relative factor endowments) are the main source of gains from trade. 

The core of the course will be on general equilibrium models of trade where the main reason for trade are consumer preferences and their
love of variety and its major impediments are transport costs. Technology, structure of the product market and the functioning of the labor
market will be the key drivers of the effect of international trade on growth, welfare and inequality.

At the end of the course student will be able to:

1. Define the concept of comparative advantage and understand how it shapes trade patterns.
2. Describe the main reasons for international trade and their relative importance in reality.
3. Explain the methodology used by modern economic models to quantify the gains from trade and the effects of changes in trade costs.
4. Summarize the main insights obtained by models which introduce firm heterogeneity in international trade.
5. Discuss the implications of international trade for inequality and the organization of production.

Content In this class we will cover the following topics.

1 Comparative Advantage. This is the main concept of "opportunity cost" applied to the questions "who produces what? and why?" 

2 Gains from trade. International trade is a trigger for the development of welfare gains in terms of efficiency. We will understand why and
how gains can be redistributed to mitigate losses for who loses in a more integrated economy. 

3 Firms in the Global Economy. The main actors of international economics are globally integrated firms. We will examine their business
model, in particular:
– Export Decisions
– Outsourcing Decisions and Organization of Multinationals
– Global Value Chains

4 Trade and Income Distribution. While efficiency gains are clear, the impact of international trade on the income distribution is a more
complex issue to assess. We will discuss the most recent developments on this subject.  

5 Trade Policy. Topics such as free trade agreements and trade wars are of high importance in the political agenda. We will discuss the
main trade policy instruments (such as tariffs, quotas, export subsidies and regulations) and their effects on economic growth.

The detailed agenda of the course consists of these topics:
1.Ricardian Trade Theory, from Ricardo to Eaton-Kortum.
2.Heckscher-Ohlin Trade Theory and specific factor models.
3.Increasing Returns and Trade and gains from variety.
4.Firm Heterogeneity: the Melitz model and its applications.
5.Multinational firms and offshoring: a global organization of production.
6.Insights on trade policy: free trade agreements, tariffs, non-tariff barriers and regulations
7.New empirical insights on trade, development and inequality.

Literature Copies of the original articles and relevant chapters of books will be made available to participants of the course.
Prerequisites /
notice

To follow the course well, you should have some basic knowledge about: 
1. solving constrained and unconstrained optimization problems, 
2. integral calculus and probability theory 

Furthermore, you should be familiar with:
1. basic microeconomic concepts (such as General Equilibrium) 
2. basic econometric concepts (such as Instrumental Variables)

363-0768-00L Lecture Cycle ETH and UZH: Logistics Management W  3 credits 2V T. Netland, H. Dietl
Abstract To show potentials for an efficient, flexible and rapid processing of material and information flows.
Objective To show potentials for an efficient, felxible and rapid processing of material and information flows.
Content New approaches and integral concepts to optimize business processes. Projects in industry, engineering tools
Lecture notes Am Ende der Vorlesungsreihe werden Präsentationsunterlagen abgegeben.

363-0792-00L Knowledge Management
Number of participants limited to 48.

W  1 credit 1G P. Wolf
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Abstract The course introduces theoretical concepts of Knowledge Management from the perspective of two different social sciences: Organization
Studies/Management and Sociology. Common Knowledge Management approaches, methods and tools will be presented, and  the
participants will have the opportunity to test some of them.

Objective After completing this course, students: 
1. know the objectivist and the practice-based Knowledge Management theory.
2. understand the concepts of tacit and explicit knowledge and their underlying characteristics.
3. know available Knowledge Management tools and methods.
4. can analyze challenges in knowledge development and knowledge sharing in organizations.
5. are able to select and apply knowledge management tools and methods in an managerial context.
6. are able to come up with meaningful measures to improve KM in an organization based upon KM test assessment results.

Content The efficient management of knowledge as a resource of an organization is considered to be a major source of competitive advantage.
Still, many organizations find it challenging to develop an appropriate approach for dealing with knowledge. This course aims at drawing a
realistic picture of what can be achieved by managers in the frame of knowledge management initatives by what means and approaches.

This course will provide a general introduction into knowledge management at different levels: 

It will first introduce the objectivist and the practice-based perspective as the most common theoretical perspectives on Knowledge
Management. These two perspectives translate into differing management approaches about how knowledge can and should be dealt with
in organizations. 

The course will then provide a borad overview on the different tools and methods that are discussed in the literature as being part of the
knowledge management "toolbox". It differentiates knowledge management from data management (such as document or big data
management) and focusses on knowledge sharing approaches. It will raise awareness on opportunities and barriers to attempts of
managing knowledge in organizations.

Students will discuss KM case studies, assess the status of Knowledge Management in an organization which they know well and develop
a case study about  this organization. This involves crafting out recommendations on how to improve the knowledge management in this
organization.

Lecture notes None. Participants will be provided with slides before the course.
Literature Relevant literature (3-5 scholarly articles) will be made avaialble to the students at least four weeks before the course.

The students will be asked to read through a case study before the course. This case study will be assigned and made avaialble to the
students at least three weeks before the course.

Prerequisites /
notice

There will be a graded term work assignment - reports to be handed in by end of April/beginning of May. In this term work, students will
develop an own KM case study.

363-0887-00L Management Research
Participation in both sessions and completion of all
assignments is required to receive the credit.
This course requires preparation time and completion of
an assignment before the first course day. Please check
the Moodle course page for more information.

W 1 credit 1S N. Geilinger

Abstract This course teaches students about the basic principles of scientific work in the field of management research. The main learning objective
of the course is to get familiar with the foundations of rigorous and relevant empirical management research and be prepared to write a
master thesis in management.

It is recommended to take this course in the last semester before the start of the thesis.

Objective This course is for students who write their master thesis at the Department of Management, Technology and Economics.
The successful completion of the course will help you to improve the quality of your thesis and specifically, you will be able to:

1.    Turn ideas into interesting and relevant research questions and objectives
2.    Prepare and plan your research project
3.    Draft a research proposal
4.    Receive inspiration and insights for conducting your thesis
5.    Search, review and accurately reference the academic literature
6.    Understand the importance of the research design

Content Course structure:
This course combines lectures, group discussions and individual assignments.
Day 1: Course introduction, group analysis exercises and discussions, lectures on main topics.
Between the two course days: Individual work on assignment.
Day 2: Assignment review and discussion, lectures on main topics, conclusion session.

Target audience:
The course is designed with two groups of students in mind: first, students who write their master thesis at the SMI chair and second,
students who write their master thesis in the field of management at other MTEC chairs. For both groups, the focal issues of this course will
arise frequently during the journey of writing their thesis. We will provide some specific content (grading guidelines, thesis format) which
might not be applicable for students tutored at other MTEC chairs; however, the main part should be relevant for all students. 

Course topics:
1. Thesis topic and thesis proposal:
- Choice of thesis topic, identification of research gap, formulation of research questions, writing of thesis proposal
2. Literature review:
- Search and evaluation of academic literature, use of reference tools, writing of theoretical background chapter of thesis
3. Empirical research design:
- Types of empirical research designs, choice of methodology, overview of data collection and analysis methods
4. Research output and report:
- Writing of introduction, results and conclusion, thesis format and structure
5. Thesis assessment:
- SMI grading criteria, MTEC guidelines

References:
Creswell, J. W., & Creswell, J. D. (2018). Research design: Qualitiative, quantitative, and mixed methods approaches (5th ed.). Los
Angeles, CA: Sage.
Easterby-Smith, M., Thorpe, R., & Jackson, P. (2012). Management research (4th ed.). Thousand Oaks, CA: Sage. 
Van Aken, J., & Berends, H. (2018). Problem-solving in organizations: A methodological handbook for business students (3rd ed.).
Cambridge, England: Cambridge University Press.

Literature The course material will be available on the Moodle course page. We will suggest additional resources such as methodology books and
research articles during the course.
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Prerequisites /
notice

The course is graded with pass or fail. In order to pass, you need to satisfactorily complete all assignments and learning journals and
actively participate in all class sessions.

Attendance during all sessions is required to pass the course and absences need to be compensated with an additional assignment.

851-0708-00L Introduction to Law
Introduction to Law as GESS Compulsory Elective
Course:
Students who have attended or will attend the lecture
"Introduction to Law for Architecture" (851-0703-01L),
"Introduction to Law for Civil Engineering"  (851-0703-03L)
or " Introduction to Law" (851-0703-00) , cannot register
for this course unit. 

Particularly suitable for students of D-HEST, D-MAVT, D-
MATL, D-USYS.

W  2 credits 2V A. Stremitzer

Abstract This class introduces students to basic features of the legal system. Questions of constitutional and administrative law, contract law, tort
law, corporate law, intellectual property law, as well as procedural law are covered.

Objective Introduction to fundamental questions of public and private law which serves as a foundation for more advanced law classes.
Content 1. Öffentliches Recht

Staatsrecht: Funktion und Quellen des Rechts, Aufbau und Organisation des Staates, Grundrechte, Grundzüge des Völker- und
Europarechts. Verwaltungsrecht: Verwaltungsverhältnis, Verfügung, Verwaltungsorganisation, Durchsetzung des Verwaltungsrechts,
Verwaltungsverfahrensrecht, Grundzüge des Polizei-, Umwelt- und Raumplanungsrechts.

2. Privatrecht
Vertragsrecht: Vertragsfreiheit, Vertragsentstehung, -erfüllung und -verletzung, Grundzüge des Kauf- und Mietvertrags. Haftungsrecht:
Verschuldenshaftung und Kausalhaftung, Beschränkung der Haftung. Grundzüge des Gesellschafts,- Immaterialgüter- und
Zivilprozessrechts.

Literature Weiterführende Informationen sind auf der Moodle-Lernumgebung zur Vorlesung erhältlich (s.
http://www.ip.ethz.ch/education/grundzuege).

363-1029-00L Sustainability & Financial Markets
Limited number of participants.

Credit points will awarded for attending all course days.

Prerequisites: Basic understanding of corporate
sustainability (see lecture Prof. Hoffmann, autumn
semester) and interest in financial markets and
investments. 

W  2 credits 2G T. O. Busch

Abstract Sustainable investments are becoming increasingly prominent while at the same time current business practices reach beyond ecological
limits. Are sustainable investments a myth? Clearly not; however, sustainable investment practices still have to move on. This lecture is
focused on the related challenges and discusses ways how the field of sustainable investments could become more effective.

Objective Sustainable investments are becoming increasingly prominent while at the same time the market reality remains unchanged despite
evidence that current business practices reach beyond ecological limits and are in breach of both the inter-generational and intra-
generational equity. Are sustainable investments a myth? Clearly not - capital markets could indeed play a central role in overcoming this
dilemma. However, sustainable investment practices still have to move on for effectively incorporating and promoting sustainability. For this
to occur, two central challenges need to be addressed: In order to improve the authenticity of data, it is important to make clear what
environmental, social, and governance (ESG) related data is actually measuring. This, in turn, will contribute to ensuring that investors gain
trust in ESG-criteria and investments. In order to overcome the prevailing focus on short-term profit maximization, it is necessary to put
more emphasis on a systems-perspective.  This, in turn, will help investors to move on from having a too narrow ceteris paribus
perspective towards addressing risks and opportunities within changing ecological and human-social systems. The learning objectives of
this lecture is to understand these two challenges in detail and discusses ways how the field of sustainable investments could move ahead.

Content Day 1 & 2: Introduction (basic Introduction to theme "Sustainability & Financial Markets"); several Lectures (covering diverse concepts,
theories, and practitioner perspectives; case studies); and assignment of topics to students 
Day 3 & 4: Presentations (students will present their topics in class) & Discussions

Prerequisites /
notice

Number of participants: max. 20 persons. First come first severed by order of enrollment in myStudies. 

Credit points will awarded for attending all course days. 

Requirements for this course: Basic understanding of corporate sustainability (see lecture Prof. Hoffmann, fall term) and general interest in
financial markets and investments. 
 
Students will be noticed about their successful registration at the beginning of the semester.

363-1056-00L Innovation Leadership
Up to four slots are available for students in architecture or
civil engineering (Master level) or for D-MTEC MAS/MSc
students with architecture or civil engineering background.

If you are NOT a student in Integrated Building Systems,
you need to apply with motivation letter (max. 1 page), CV
and a transcript of records no later than 31 January 2020.
Please send your application to Zorica Zagorac
(zzagorac@ethz.ch).

W 6 credits 3S D. Laureiro Martinez,
C. P. Siegenthaler, Z. Zagorac-
Uremovic

Abstract This course provides participants with the challenging opportunity of working on an innovation project of a leading company in the Swiss
building industry.
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Objective Students work in teams, on a concrete innovation project that is currently affecting the strategic agenda of the top management team of a
leading company in the Swiss building industry. Students conduct interviews with internal and external experts, as well as company clients.
By doing so, students gain first-hand experience on the competitive dynamics of the construction industry and as a group, work on
proposing a solution to the company’s innovation project.
The course emphasizes the use and development of self-directedness and critical thinking abilities. In parallel to working on the innovation
project, students work on their own learning goals. Students first define their very own learning goals and then are assessed and graded on
whether they have progressed towards achieving such learning goals. 
Students learn to: 
•    Reflect and explore personal learning goals and discover new aspects of their leadership abilities
•    Learn to work in an unknown direction with no certain outcome
•    Explore how a project with internal and external stakeholders works when people have conflicting interests, that might also vary
according to the different time perspectives that are taken into account
•    Use design thinking and solution-oriented coaching techniques

Content The course uses participant-centered tools that encourage students' reflection and boost their personal development, their creative output
and help them to discover their own approach to leadership. The course offers multiple opportunities to learn about technical aspects in a
real corporate environment. The setup is a social environment in which trial-and-error learning is encouraged. The course focuses on three
areas of development: Project management, innovation and leadership.
Project Management: Students learn to self-manage their project while being supported by numerous project management techniques,
coaching exercises, and individual feedback through learning diaries. An additional focus is given to design thinking methods and
prototyping tools.

Innovation: Students learn about specific topics related to current innovation in the building sector in Switzerland. They learn to understand
technology changes with an ecosystems view and think about the impact of new technologies in the building industry company (e.g. the
commercialization of Building Information Modelling, BIM). 
Leadership: Students conduct a project with diverse stakeholders requiring them to take managerial, technical, and personal responsibility
for the company case. This high-pressure environment leads to an intense self-reflection journey, team experience and fosters proactive
behaviors towards the client. 
-    On the individual level, students have to identify and achieve their very own authentic learning goals. Coaching tools involve a learning
diary, which questions evolve during the semester, and a self-assessment of individual abilities and traits, which complements the reflective
journey. 
-    On the team level, students are teamed up to deliver a solution proposal to the company’s project. The teams are diverse and the
students’ work focuses on cooperativeness and how to be effective team members. Teaching tools involve peer-to-peer feedback,
coaching and open space workshops.
-    On the company level, students learn how to deal with different stakeholders and how to create impactful and sustainable solutions for
their client.

Prerequisites /
notice

Up to four slots are available for students in architecture or civil engineering (Master level) or for D-MTEC MAS/MSc students with
architecture or civil engineering background.

If you are NOT a student in Integrated Building Systems, you need to apply with motivation letter (max. 1 page), CV and a transcript of
records no later than 31 January 2020. Please send your application to Zorica Zagorac (zzagorac@ethz.ch). Incomplete or late
applications will not be considered.

363-1060-00L Strategies for Sustainable Business
Limited number of participants.

Registration will only be effective once confirmed by email
from the organizers.

W 2 credits 2S J. Meuer

Abstract In this course, students will learn to critically analyze strategies for sustainable business through exploring case studies on three main
questions: 
1. What is sustainability in business? 
2. How do I design a sustainability strategy? 
3. How do I implement a sustainability strategy?

Objective After the course, you should be able to:

1.    Understand and explain sustainability challenges companies are facing;
2.    Critique sustainability and related strategies;
3.    Evaluate decisions taken by managers;
4.    Suggest alternative approaches;
5.    Develop action plans;
6.    Reflect on strategies for sustainability in their own organizations.

You will also learn to apply a range of strategy concepts to sustainability challenges, including leadership, stakeholder management,
diversification, and organizational change.

Content Although many companies nowadays report on their sustainability actions, only few successfully integrate sustainability into their business
operations. In this seminar, we will cover three main questions that will help you to critically analyze and develop strategies for sustainable
business:
1.    What is sustainability in business?
2.    How do I design a sustainability strategy?
3.    How do I implement a sustainability strategy?

We teach the course with the case method developed at Harvard Business School. The case studies will allow us to explore from multiple
perspectives the many tensions involved in developing strategies for sustainable business. We will distribute case study materials before
the sessions, as well as guidelines on how best to efficiently and effectively prepare for case study discussions. You will need to read the
materials and to submit short assignments before each class. 

The sessions are interactive and allow you to step into the role of decision-makers as they face key challenges in integrating sustainability.
For example, we will look at the challenges of Fairphone in combining both social and economic goals. Why and how would Patagonia
want to encourage customers to buy less rather than more clothing? We also step into the shoes of RWE's CEO Peter Terium as he
grapples with ensuring a profitable and sustainable future for the German utility. And using a change management simulation, you will
experience why certain approaches to implementing a sustainability initiative in an organization are more successful than others. Our case
discussions will help you to apply strategy concepts to real-world sustainability problems and will also serve as a basis for thinking about
sustainability in your own company.

Literature We will provide case study material and guidelines for analyzing cases to participants by email several weeks before the seminar.
Prerequisites /
notice

After signing up you will first be placed on the waiting list. We will contact all students on the waiting list by 1 March 2019 to confirm their
participation in the seminar. If you have any questions, please don't hesitate to contact Johannes Meuer (jmeuer@ethz.ch).

363-1070-00L Cyber Security W 3 credits 2G S. Frei
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Abstract This course provides a solid understanding of the fundamental mechanics and limitations of cyber security to provide guidance for future
leaders as well as individuals constituting our society.
Introdution to the concepts, developments, and the current state of affairs in the cyber security domain. We look at the topic from the
attackers, defenders and societies perspective.

Objective Upon completion of this course students understand the essential developments, principles, challenges as well as the the limitations and
the state of practice in cyber security from the technological, economic, legal, and social perspective.
The course provides an interdisciplinary overview, guidance, and understanding of the dynamics in cyber security to guide decision making
in business and society. Students understand the topics from the attackers, defenders, and societies perspective.

Content Introduction
- Brief history of the rise of the Internet from the attackers, defenders, commercial and society perspective
- Learning points from past and current assumptions, approaches, successes, failures, and surprises

Internet Infrastructure
- Establish a high level understanding of the fundamental design principals and functional blocks of the Internet infrastructure
- Understand strengths and weaknesses of present design choices from security perspective
- High level understanding of relevant networking concepts, protocols, software applications, policies, processes & organizations in order to
assess these topics
- Establish a functional, high level understanding of relevant aspects of cryptography

Cyber Security & Risk
- Recognize cyber security as an interdisciplinary, highly dynamic, complex and adaptive system where increased interaction and
dependencies between physical, communication, and social layers brings fundamentally different (and unpredictable) threats
- Core security assets such as: confidentiality, integrity, availability, authenticity, accountability, non repudiation, privacy
- Dominant players, protocols, and technologies
- Different threat actors along the dimensions attacker goals, resources, approach, and threat

Economics of Cyber Security
Understand security challenges and limitations from an economic, rather than technological perspective
- From security perspective: incentives of industry vs. users, security as a negative externality, zero marginal cost of software, network
effect, time to market, lock-in, switching cost, economics of usability, security as a trade-off
- Social and psychological aspects of security

Attacker Capabilities
- Attacker capabilities and the offensive use from technical, economic, organizational, and operational perspective
- Understand common and novel attack and evasion techniques, proliferation of expertise and tools, optimal timing to use zero-day attacks
- Attack types and malware development lifecycle and detection evasion techniques
- Botnets, exploit markets, plausible deniability, distributed denial of service (DDoS)
- Processes and dynamics in the (in)security community, cyber-underground
     
Defense Options and Limitations
- Functional principles, capabilities, and limitations of diverse protection and detection technologies
- Security effectiveness and evaluation/testing of security technologies
- Trade-off between efficiency and resilience against structurally novel attacks
- Effectiveness baseline security measures
- Know cyber information sources and frameworks

Cyber Security Challenges
- Increasing software complexity and vulnerabilities, the illusion of secure software
- Full disclosure debate, economics of bug bounty programs
- Internet of things, Industry control systems (SCADA/ICS)
- Security and integrity of the supply chain (IoT, Smart-X)
- Social media and mass protests
- Erosion of privacy

Legal Aspects 
- Legal aspects of cyber security, compliance, and policies
- Know the fundamental national and international legal and regulatory requirements in connection with cyber security on a cross-sector
and sector-specific level
- Understanding of legal risks and measures for risk mitigation

Guest Talks:
- Pascal Gujer - Digital Forensics Expert Kapo Zurich (Cantonal Police Departement Zurich)
- Maxim Salomon - Previously at Roche now with Google as Technical Program Manager for Security of Mergers & Acquisitions "The
safety vs. security of cyber physical systems"
- Marc Ruef - Security Expert, "Navigating the Cyber Underground"
- Roger Halbheer - Executive Security Advisor for Microsoft in EMEA

Lecture notes Lecture slides will be available on the site of the lecture:

https://www.xyotta.com

Collaboradom: Cyber Security Course 2020
To get access ask freist@ethz.ch for the registration code once the course has begun

Literature Paper reading provided during the lectures
Prerequisites /
notice

none

363-1084-00L Entrepreneurial Investments
Number of participants limited to 50.

 

W  3 credits 2G F. Hashemi

Abstract Methodologies and tools presented throughout this course will serve to help young scientists and engineers gain the necessary skills and
confidence to manage entrepreneurial investment risks and navigate the complexities of decision making within multiple stakeholder
settings.
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Objective This course is designed for students interested in investments.
 
Special focus will be placed on theoretical and empirical analysis of the economics of innovation, risk and entrepreneurial investments.  

Entrepreneurship in this course is studied from the filter of an investor. As such, this course is likewise of interest to students interested in
turning advanced research results into highly innovative, socially or economically viable product or service, and financing it sustainably. 

Essential to any investment decision is knowledge and good understanding of the investment environment. Scientists and engineers need
to work within the priorities of the society in which they operate, and their expectations must be aligned with the opportunities and
constraints emanating from the economic, social and political environment. This demands bold thinking on technology development, and
challenges students to effectively bridge the different cultures represented by the fields of science, engineering and economics.

1. Students with entrepreneurial spirit will gain a good understanding of the investment environment of their scientific and engineering
activities.

2.  Students interested in turning advanced research results into highly innovative, socially, environmentally and economically viable
product or service, will be able to think about entrepreneurship from the filter of an investor.

3. Students in science and engineering will learn that they need to work within the priorities of the society in which they operate, and how to
align their expectations with the opportunities and constraints emanating from the economic, social and political environment.  They will be
challenged to effectively bridge the different cultures represented by the fields of science, engineering and economics. 

4. Students will have the opportunity to learn about entrepreneurial investments from a mixture of academics, industry leaders and
investors who have extensive experience investing in technological innovations.


Content Both economic theory and empirical knowledge are critical for decision-making skills required to tackle entrepreneurial investment risks and
opportunities.  To that end, the first part of the course is dedicated to an intensive study of theoretical foundations of economic analysis
applied to entrepreneurial investments.  The multifaceted issues entrepreneurial investors face, as well as the essential mechanics of
startup investing are studied.    

The second part of the course is dedicated to real world experiences in entrepreneurial investments.  

Teaching methodology includes class lectures covering the theoretical foundations of entrepreneurial investments, real world case studies,
and small group interactive casework and exercises.  For select sessions, highly experienced investors will collaborate with course faculty,
and share their extensive experiences. This will provide additional real world practical dimensions to classroom learning process.

Literature A series of readings will be assigned first day of class
Prerequisites /
notice

None.

365-1086-00L Change Management
Exclusively for MAS MTEC students (2nd semester).

W  2 credits 2S M.  Bourquin Arnold

Abstract The pace of change is rapidly increasing in today's world and within the companies - meaning that the importance of a professional change
management process becomes more important and leadership more demanding. This course aims to show with real life examples how to
implement successful changes in companies. The course is based on the 8 steps process of Kotter and covers various management
topics.

Objective Do these two very famous quotes about change somehow resonate with you: 'the only constant is change' or 'everyone thinks of changing
the world, but no one thinks of changing himself'?
Implement successful changes is one of the most difficult and challenging tasks within a company. Too often, changes begin at the top but
never make their way through the organisation to really land. Studies show that 70% of all change programs fail.

This course will provide insights about various practical real cases to show the success and critical factors of change and the importance of
an excellent leadership. Students will also have the opportunity to work in groups at own case studies - the results will be presented,
discussed and feedback given.
After the course, when being in a position either of initiating change within a company or being an important change catalyst within a
change program, students will know how to tackle, set up and control the whole process and measures in order to be successful.

The learnings can be applied independently of the size of the organisation, although it is more useful in mid and bigger companies than
very small companies with very few employees. The learnings can be applied independently of the sector in which the company is active.

Content This course will provide insights about various practical real cases to show the success and critical factors of change and the absolute
importance of an excellent leadership. 
Although many other processes on how to set up a change program will be shared and discussed, the course is very much built on Kotters
concept of change with its 8 steps.

Some case studies and examples will be discussed directly during the course, while the last 2 sessions of the 5 will be reserved for
presentation of their own group-cases. Results will be discussed and open feedback provided.

The course is built on 3 main parts:
1. Overview and a global real life successful change process in a multinational company based on the steps of John Kotter
2. Understanding change needs, reasons for failure, methodologies, and understanding Kotters 8 step - based on open discussions and
practical cases.
3. Group work: you create your own case, on which you will concretely apply all the learnings and share the full change management
program with your collegues. At the same time, you will be present when your collegues of the other groups will present their cases -
enabling you to understand how the learnings can apply to all the different cases in practices - always applicable.

Literature Leading change - John Kotter
Our iceberg is melting - John Kotter
“HBR’s 10 Must-Reads on Change Management”

Prerequisites /
notice

Full participation to all 5 sessions is required.

It is expected that participants not only 'sit' in the classroom, but actively participate and share their experience in a lively and open manner.

After the first 3 sessions, groups will be formed of ideally 4 students per group. Each group will propose a practical case study, if possible a
real case where change is needed or change was badly managed, and work through the whole learnings acquired during the course
'change management' to present a 20-25 minutes proposal of how to tackle the change in this particular situation. All the participants of the
course will be present during all the presentations, in order to give feedback, observations and learn from each other. This part will form the
2 last sessions, which will take place a few weeks after the first 3 sessions, enabling participants to find the time to work on their
presentation.

363-1100-00L Risk Case Study Challenge W 3 credits 2S A. Bommier, S. Feuerriegel

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1120 of 1785

Does not take place this semester.
Abstract This seminar provides master students at ETH with the challenging opportunity of working on a real risk modelling and risk management

case in close collaboration with a Risk Center Partner Company. For the Spring 2019 Edition the Partner will be Zurich Insurance Group.
Objective Students work on a real risk-related case of a business relevant topic provided by experts from Risk Center partners. While gaining

substantial insights into the risk modeling and management of the industry, students explore the case or problem on their own, working in
teams, and develop possible solutions. The cases allow students to use logical problem solving skills with emphasis on evidence and
application and involve the integration of scientific knowledge. Typically, the risk-related cases can be complex, cover ambiguities, and may
be addressed in more than one way. During the seminar students visit the partners’ headquarters, conduct interviews with members of the
management team as well as internal and external experts, and present their results.

Content Get a basic understanding of 
o    The insurance and reinsurance business 
o    Risk management and risk modelling
o    The role of operational risk management

Get in contact with industry experts and conduct interviews on the topic. 

Conduct a small empirical study and present findings to the company
Prerequisites /
notice

Please apply for this course via the official website (www.riskcenter.ethz.ch/education/lectures/risk-case-study-challenge-.html). Apply no
later than February 15, 2019.
The number of participants is limited to 14.

363-1076-00L Diffusion of Clean Technologies W 3 credits 2G B. Girod, C. Knöri
Abstract How can the diffusion of clean technologies be accelerated?

Participants learn to apply analytic tools to understand environmental and business potentials of clean technologies. Exercises that
evaluate a clean technology selected by the student themselves deepen the theoretical knowledge gained. Students are trained to
evaluate, explain and pitch a clean technology.

Objective After completing this course: ...
1) Students are able to apply the theoretical concepts explaining the performance and diffusion of clean technologies 
2) Students can determine key drivers and barriers (economic, environmental, technological, regulatory) for the diffusion of clean
technologies
3) Students know how to quantitatively model key characteristics or dynamics of selected clean technologies
4) Students are prepared to convincingly present a selected clean technology to a business or policy audience

Content We face a climate and sustainability crisis which requires a fundamental shift to a truly environmentally friendly economy. A key
contribution stems from an accelerated development and application of clean technologies such as technologies harnessing renewable
energies, enabling increasing energy efficiency or event resulting in negative emission. 

The goal of this course is to better understand how we can accelerate the diffusion of clean technologies. Students are enabled to answer
critical questions such as: What are barriers hindering the diffusion of a certain clean technology? How can we overcome these barriers
and drive the diffusion of clean technologies?

The lecture can be divided into four parts:
1. Input on a conceptual basis: Overview on key frameworks and theories for assessing the environmental and economic performance of
clean technologies as well as their resulting diffusion. This part will be provided as input by the lecturers and discussed in class.

2. Assessment of selected clean technologies: Students select out of a long list of clean technologies a technology to assess in more detail.
For this technology, the concepts learned in part 1 are applied. Assessments are peer-reviewed and discussed. 

3. Modeling of diffusion: Students will develop a simplified model for the diffusion of selected clean technology to better understand the
dynamics of diffusion and modeling technological behavior.  

4. Presenting clean technologies: To conclude students will learn how to pitch their technology assessment to a  business or policy
audience since this is a crucial part for enabling technology diffusion. These inspiring presentations form the basis for a final class
discussion on selected clean technologies and applied concepts. 

The list of concepts, tools and techniques applied and discussed in this lecture includes: Analytical tools to assess the environmental
performance of clean technologies (e.g. Life Cycle-Assessment); economic view on the diffusion of clean technologies; evolutionary
perspective (e.g. technological learning); decision process of adopters (e.g. status-quo bias of consumers, rebound effect); relevant
environmental policies (e.g. standards, labels, carbon pricing); modeling approaches for diffusion of clean technologies (e.g. agent-based
modeling); techniques for convincing presentations (e.g. TED-style presentation).

Lecture notes Handout and exercises will be available on electronic platform.
Literature Relevant literature will be available on electronic platform.

363-1030-00L Digital Entrepreneurship Sprint
Does not take place this semester.
To guarantee a high standard of entrepreneurial thinking
students, we require a letter of motivation which should
describe your business idea or the entrepreneurial
motivation. Interested students send their letter of
motivation together with their CV via E-Mail to Jana Thiel
jthiel@ethz.ch.

W 3 credits 2G B. Clarysse

Abstract The seminar aims at students from HSG and ETH Zürich who are motivated to push their own business idea forward or want to act as co-
founders. 
They should be interested in aspirational business ideas with a technology focus and perceive entrepreneurship as a career option.

Objective The seminar provides insights into conceptual knowledge and methods for the development of scalable business models. Through
interdisciplinary exchange (HSG & ETHZ students), lecturers from the participating institutions, entrepreneurs and investors participants will
learn methods and approaches to validate and pitch innovative business ideas.
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Content The seminar consists of four all-day sessions (Feb 27 & 28 / March 6 & 7): 

Part 1 - The business idea and team-matching 
Part 2 - Validation, prototyping & testing 
Part 3 - Business Modells, metrics and financials 
Part 4 - The business concept presentation

The first two days will take place at ETHZ whereas the final two days take place in St. Gallen. Travel costs will not be reimbursed.

The task throughout the course will be to develop a technology-oriented, knowledge-intensive and sustainable business idea in teams of
three to four students. Starting from the business idea, students will develop a business model which shows in detail the sustainability over
a medium term. The subsequent quantification of the business model will lead to a comprehensive business concept, which has to be
visualized and presented in form of a pitch deck. The students will be coached intensively by the lecturers. The connection to practice is
provided by the involvement of entrepreneurs and investors. 

Throughout the course, company and equity financing will be taught. Highly promising business ideas can be promoted further by the
lecturers and the HSG Gründer Lab. Next to the active participation during the lectures (30%), two presentations of the business concept
(30%) as well as the final version of the business concept (40%) will be graded. After the presentation, the students will have time to
complement the pitch deck with further product-, technology-, market- and financial-related information and to implement the jury's
feedback.

Lecture notes No script, just do.
Literature Alexander Osterwalder, Yves Pigneur, Business Model Generation: A Handbook for Visionaries, Game Changers, and Challengers, 2010,

John Wiley & Sons.
Steven Blank: Four Steps to the Epiphany, 2013, K&S Ranch.
Eric Ries: The Lean Startup, 2012, Redline Wirtschaft.

Prerequisites /
notice

This course requires highly motivated students. We therefore require a letter of motivation (one page) for admission. In this letter, you
should briefly describe your business idea or your entrepreneurial motivation. Please, also state your commitment to attend all four course
days.

363-1101-00L Information Technologies in Production and
Operations Management
Does not take place this semester.
Prerequisite: successfully completed course ahead 363-
0445-00L Production and Operations Management.

W  1 credit 1G T. Netland

Abstract Information Technology (IT) is an integrated part of production and operations management (POM). As digitalization is on the rise, it is
imperative for students to be familiar with the common IT systems used in industry.

Objective In this course, the students gain an overview about the role and use of IT in POM. The course focuses on Enterprise Resource Planning
(ERP) systems. It also touches briefly on other business software such as Supervisory Control and Data Acquisition (SCADA) systems,
Manufacturing Execution Systems (MES), Product Lifecycle Management (PLM) systems, and collaborative supply chain software. .
Through lectures and exercises, the students gain experience with ERP and the challenges surrounding implementing and managing IT
systems in local and global POM settings.

After completing this course:
1. Students are familiar with IT systems used in manufacturing.
2. Students can select appropriate ERP software and ERP modules for a given company.
3. Students are familiar with appropriate parameter setting in ERP systems.
4. Students can explain the role of people in ERP.
5. Students can explain the link between operations, IT, and accounting.

Prerequisites /
notice

Successfully completed course ahead: 363-0445-00L Production and Operations Management.
Class attendance is required.

363-1114-00L Introduction to Risk Modelling and Management W 3 credits 2V B. J. Bergmann, D. N. Bresch,
J. Teichmann

Abstract This course provides an introduction to various aspects of modelling, dealing and managing risk across different industries, contexts and
applications. Classes will alternate between  risk professionals from industry and government and academics coming from different
disciplines.

Objective Students get familiar with the building blocks of risk modelling: uncertainty, vulnerability, resilience, decision-making under uncertainty. The
course looks at different approaches to modelling and dealing as well as mitigating different kind of risks in different industries and get to
understand the relation to the decision-making process in business and the value chain of a company. Cases range from enterprise risk
management, natural catastrophes, climate risk, energy market risk, risk engineering, financial risks, operational risk, cyber risk and more.
An additional emphasis will be on the data-driven approach to smart algorithms applied to risk modelling and management. After taking this
course, students should be able to demonstrate that they can identify and formulate a risk analysis problem with quantitative methods in a
particular field.

Content The course covers the following areas: 
1. Fundamentals of Risk Modelling: Probability, Uncertainty, Vulnerability, Decision-Making under Uncertainty 
2. Fundamentals of Risk Management and Enterprise Risk Management 
3. Risk Modelling and Management across Different areas with invited Speakers
The list of Speakers can be found here: https://riskcenter.ethz.ch/education/lectures/introduction-to-risk-modelling-and-management--.html

Lecture notes Lecture notes and slides will be provided via moodle

363-1017-00L Risk and Insurance Economics W 3 credits 2G I. Gemmo
Abstract The course covers economics of risk and insurance. Topics covered are fundamentals of risk, individual decision making under risk,

fundamentals of insurance, information asymmetries in insurance markets, and the macroeconomic role of insurers.
Objective The goal is to introduce students to basic concepts of risk, risk management and economics of insurance.
Content - fundamentals of risk

- individual decision making under risk 
- fundamentals of insurance
- information asymmetries in insurance markets 
- the macroeconomic role of insurers
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Literature Main literature:

- Eeckhoudt, L., Gollier, C., & Schlesinger, H. (2005). Economic and Financial Decisions under Risk. Princeton University Press.
- Zweifel, P., & Eisen, R. (2012). Insurance Economics. Springer.


Further readings: 

- Dionne, G. (Ed.). (2013). Handbook of Insurance (2nd ed.). Springer.
- Hufeld, F., Koijen, R. S., & Thimann, C. (Eds.). (2017). The Economics, Regulation, and Systemic Risk of Insurance Markets. Oxford
University Press.
- Niehaus, H., & Harrington, S. (2003). Risk Management and Insurance (2nd ed.). McGraw Hill.
- Rees, R., & Wambach, A. (2008). The Microeconomics of Insurance, Foundations and Trends® in Microeconomics, 4(1–2), 1-163.

363-1122-00L From Entrepreneurial Thinking to Market Relevance  -
How Startups Scale
Number of participants limited to 40.

W  3 credits 2G A. Sethi

Abstract This elective is relevant if you’re planning to join or start a startup in the near future. It will help you recognise how value is created and
captured. This includes go-to market, marketing & visibility across verticals & across the supply chain for sustained value capture &
business model sustainability.

In short, it’s the journey of how to create a billion dollar startup.

Objective At the conclusion of the course, the students are able to:

1. The difference between technology and market relevance
2. Recognise challenges that startups face when they move from technology to commercialisation
3. Addressing the failures of startups in scaling, and how early decisions limit scaling and value capture
4. How recognising market need can help startups to create value and strengthen valuation with investors

Content Technology startups face challenges in identifying market relevance in the course of commercialisation. Additionally, once they have
matched their offering with market needs, they face additional challenges when scaling up since they get locked in early. Due to this,
technology startups plateau off as niche. 

Platform startups, on the other hand, struggle with retaining relevance. Due to these aspects, failure rates are very high. 

This course addresses students who want to become entrepreneurs or want to join startups. They may come from business or science &
technology backgrounds. The course will enable the students to identify the relevance of seeing the technology from an early stage startup
from the market relevance perspective and use this to help the company drive revenue and relevance. The students will also get an
overview of how platform startups can retain relevance. The students will have exposure to investors and entrepreneurs (with a focus on
ETH spin-offs) through the course, to gain insight to commercialisation and subsequent scaling up of the technology. 

Topics cover idea validation, technology and market size validation and assessment of market relevance, assessing time-to-market,
customer focus, perceived value for customers, and finally, opportunities of maximising relevance of technology idea into sustained market
traction. There is a particular emphasis on market validation on each step of the journey, to ensure relevance.

The course comprises lectures and talks from invited investors / entrepreneurs regarding the aforementioned elements. Additionally,
students will form teams and will support an existing startup over the course of the semester. This will allow them to gain first-hand
experience and insights into the dynamics of a early stage company. By having such real-life exposure, the course content will be
transferred from theory to practice. 

Grading of the course will be based on in-class presentations as well as the student teams' performance and support of their selected
startups.

Literature “From Science to Startup” by A. Sethi

see elective courses MTEC MSc

363-1129-00L Humanitarian Operations and Supply Chain
Management

W 3 credits 2V S. Wagner, S. B. Thakur-Weigold

Abstract As both manmade and natural disasters are on the increase, the humanitarian sector has been growing accordingly. Because logistics
typically comprises 70-80% of mission budgets, efficient operations and supply chain management are critical to maximizing impact. This
course explores the emerging theory and best practices which address this need.

Objective Upon completion of this seminar, participants will be able to differentiate between the commercial and humanitarian operational context and
recognize the distinct phases of an intervention. They will be able to assess the humanitarian program as a system with constrained
resources, and analyze logistics and supply chain processes fit to purpose. The course will involve both, research and practice, to ensure a
realistic and rigorous understanding of humanitarian operations and supply chain management.
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Content The seminar will review the strategies and core processes existing in a humanitarian supply chain, emphasizing how these are different
from the commercial context, and explore success factors in practice. The instructional design will combine lectures and readings with
videos, reports from the field, simulations and case studies. 

1. Introduction to the Core Humanitarian Standards (CHS), and the specific requirements of the humanitarian sector, together with what
these imply for operations and supply chain management. How does HumOSCM differ from the commercial context? We will review what it
means to be a refugee, an IDP, or a person affected by a natural or manmade disaster, the key stakeholders in a humanitarian
intervention, current trends in the sector, and the role of the logistics cluster.

2. Humanitarian interventions follow a lifecycle whose distinct phases create different requirements for logistics and other activities. We will
review and discuss the characteristics of each phase and their respective strategies as well as fundamental types of intervention
(emergency response vs. ongoing missions vs. development projects).

3. The activities in a humanitarian intervention must be understood as a system in which material can only be delivered properly if
information flows. We will emphasize how collaboration and coordination are key to successful field operations, and experience the effects
of broken feedback loops and poor system design.

4. Review of the core processes of the humanitarian supply chain: procurement, planning (preparedness), transportation (fleet
management), inventory management (pre-positioning), donor management and reporting, and performance management.

5. Special topic / deep dive: Applying lean principles to humanitarian operations, with a report from the field.

6. Special topic / deep dive: How technologies (such as retinal recognition, drones, GPS mapping, cash programs), are changing the way
aid is delivered, with a report from the field. When considering the impact of technological innovations, we will discuss the importance of
process innovations as well.

Lecture notes The course material will be made available for download on Moodle:

https://moodle-app2.let.ethz.ch/my/

All organizational matters will be handled by the teaching assistant Lysann Seifert (lyseifert@ethz.ch).

Literature There is no obligatory or recommended textbook.

Readings that you might consult during the course will be provided for download.

Prerequisites /
notice

The final course grade will be a weighted average of the following:
- Study of a current humanitarian intervention or disaster scenario and presentation of an appropriate HumOSCM strategy, including written
summary (group work): 60%
- Written summary of a case study analysis with findings and solution (individual work): 40%

The course is limited to 20 participants. Application and pre-registration is necessary.

Please register by January 24, 2020 at the latest via myStudies and send your CV and a one-paragraph motivation for taking the course to
the teaching assistant Lysann Seifert (lyseifert@ethz.ch). All registrations will be assigned to the waiting list, and students will be informed
about the selection outcome by February 10, 2020.

363-1128-00L Pricing - Theory and Practice
Number of participants limited to 25.

W 3 credits 1G F. Uhrich, F. von Wangenheim

Abstract Pricing is much more than just a price: lt is about how to convert interest into transaction. Pricing combines like almost no other business
discipline quantitative and analytical rigor with qualitative and psychological aspects. 
This course explains the underlying economical and psychological concepts that influence price setting and price perception. 

Objective Understand underlying theories and concepts of price setting and price perception. Learn how to master pricing from strategy to execution. 
See how diverse pricing can be across industries. 

Content -    Introduction to pricing
the relevance of pricing & the profit formula

-    Pricing theory—3 lenses on pricing & a holistic view on pricing:
cost-based pricing, customer/value-based pricing, competitive pricing & the holistic view on all pricing layers (pricing strategy, pricing
execution, pricing enablers) 

-    Price elasticity—theory & reality:
price elasticity curves, break-even elasticity, typical elasticity values

-    Behavioral pricing—cognitive biases:
value perception (loss aversion, transactional utility, precise pricing, power of free), reference frames (anchoring, asymmetric dominance,
extremeness aversion, unit framing), certainty effects (IKEA effect, social proof, endowment effect), and flat-rate bias

-    Pricing practice—key concepts by industry:
B2B (pricing power, price realization, surcharges, long-tail pricing, one-shot pricing, contract pricing), B2B2C (multi-channel pricing, price
waterfall, trade spend, cross-border pricing), B2C (Promo effectiveness, psychological prices, good-better-best pricing, end-of-lifecycle
pricing, non-profit/social pricing), eCommerce, digital/software/subscriptions (internet of things, land & expand, freemium,
bundling/unbundling, lifecycle)

-    Pricing diagnostics & price monitoring:
price clouds, price-mix-reporting, basket analysis

The course is a mixture of front lecture and student homework and presentation.

 4. Semester
 Electives

Number Title Type ECTS Hours Lecturers

365-1053-00L Innovation, Creativity and Personality Traits
Exclusively for MAS MTEC students (4th semester).

W 1 credit 1S D. Laureiro Martinez, S. Brusoni

Abstract In this course we use the latest research on how individuals can improve at solving problems creatively to foster their careers, and the
performance of their organization.
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Objective 1.    Participants will generate a richer notion of innovation and creativity by reflecting on the role of individuals on the innovation processes,
the cognitive abilities and personality traits that are involved in this process
o    Through a personal assessment, participants will learn how the discussed cognitive abilities and traits are observable and measurable
o    Through a personal assessment, participants will learn about their own cognitive abilities and personality traits related to innovation and
creativity and in comparison with other groups with similar backgrounds.

2.    Participants will gain awareness of the use of their own creativity and problem-solving skills and will learn the reasons why these type
of processes can foster creativity and innovation in their daily life and their jobs
o    Through discussions with field experts and the knowledge from their self-assessments, participants will gain insight on the fit or misfit of
career paths and cognitive abilities and personality  traits 
o    Through the workshop debrief session, participants will learn the reasons why these type of processes can foster creativity and
innovation.

3.    Participants will create one and receive one concrete and actionable plan for helping someone overcome one weakness in their own
work environment. Participants will also learn from the plans created by their peers.

Content In this course, we introduce the process of innovation and the role that individual creativity has on it. Individual creativity is composed of
many abilities. This course gives the participant tools and methods to make many of these hidden, yet critical, abilities observable and
measurable. On this basis, the participant can develop a concrete action plan to improve on them.

The course has three parts. In the first, we introduce the process of innovation and creativity. We go deep in this process and explain the
role that individual cognitive abilities and personality traits have on innovation and creativity. We make these ideas concrete by providing
each participant with the experience to take a self-assessment. The self-assessment gives the participant concrete feedback on their
cognitive abilities and personality traits, also in comparison with their peers. We call this “self”  assessment as all feedback is provided only
to the participant for them to make their own conclusions. 

In the second part of the course, industry experts come and give guidance to participants on how to use their cognitive abilities and
personality traits at the workplace. They explain how these abilities are critical to career development, and career transitions. Everyone has
strengths and weaknesses and the experts explain how matching one’s profile to one’s career can lead to efficient and fulfilling outcomes. 

The third part of the course involves a design-thinking workshop where participants work in pairs. Each participant is tasked with finding an
actionable plan for helping another participant with improving the ability of their choice. In this part, we reconnect to the first part of the
course: participants can choose a specific ability learned on their self-assessment. After the workshop is finished every participant has a
prototype that should help them in the process of personal development after the course is over. 

In this way, this course is meant as a starting point for personal development. It introduces the process of innovation from an individual
point of view and presents the core abilities needed in the process. It provides guidance for matching careers and abilities. Finally, the
course gives a concrete action plan, in the form of a personalized prototype solution to continue the personal development after the course
is finished.

Prerequisites /
notice

Please notice that participation in the entire two days of the course is a requirement. Due to the short duration of the course and its highly
interactive nature, there are no exceptions.

365-1071-00L Study Trip to China
Does not take place this semester.
Exclusively for MAS MTEC students (class 2018-2020). 

Internal registration closed. Students, who have already
successfully registered please also enroll in myStudies for
this course.

It is mandatory to attend the Preparation Session for the
“Study Trip to China” on 6 February 2020 at 18:30 in HG
D 5.2.

W  3 credits 2S S. Brusoni

Abstract The phenomenal growth of the Chinese economy in the past 30 years has enabled China to become the second largest economy in the
world. China is in a transition phrase. It cannot compete on costs anymore. Hence, it has to develop strategies and policies to foster
innovation. The role of government is changing too, as the private sector gains strength and influence.

Objective By the end of this course, you will be able to assess the opportunities and challenges that China offers for your career and/or your current
employer.

In the context of the cases we shall discuss, you will be able to: a) Identify the relevant characteristics of the Chinese business and political
landscape, and discuss differences and similarities between the Swiss and Chinese ways of doing business; b) Identify and evaluate the
operational and strategic challenges that Swiss firms need to overcome to operate in China; c) Understand the particular characteristics of
Chinese consumers, and learn how to interact with them; d) Design an actionable plan and a tangible prototype for entering the Chinese
market through exports or direct manufacturing – or explain why it would not be appropriate to do so; e) On the basis of your “journey
diary”, critically reflect on your experiences in China and connect them to your professional life. 
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Content During the course you will work on real-life case studies of anonymised Swiss firms that have entered the Chinese market. These cases
studies were developed by Michael Lehmann, a partner at SIM, a Swiss Boutique Consultancy established in Shanghai in 2006. Since
2006, SIM has consulted with over 350 foreign and local companies in China. In addition to Michael’s work at SIM he was the Secretary
General of SwissCham in Shanghai from 2006 to 2013.

You will be introduced to the selected business studies by Michael Lehmann, who will provide you with the relevant background information
for each of the cases. You will work on one of these cases in teams during your entire China journey. The objective is to develop a
compelling business solution for the final presentation. Together with Professor Stefano Brusoni, Michael Lehmann will provide feedback
on your business solution.

To develop the business solution, you will attend five study blocks. These five blocks are closely linked to real-life business cases. In the
first block, Introduction to China, you will have the opportunity to obtain information about the business, social and cultural world of China
on-site. As part of this first block several networking dinners have been organised. Here you will meet with China experts and ETH Alumni.

In the second block, Doing Business in China, we will visit some non-Chinese companies that have been established in China. In this block
you will have the opportunity to interact with a selected group of employees from these companies. This will provide valuable input for your
business solution.

The third block is Growing Fast in China. Here you will be exposed to the Chinese way of working. We will visit a Chinese company. The
objective is to gain a better understanding of how Chinese companies work, as well as of the needs of Chinese consumers.

In the fourth block, Applied Learning: Design Thinking Workshop, you will develop a prototype for the final presentation. In previous years,
this block has taken place at CEIBS, the leading Chinese business school, in collaboration with CEIBS Alumni.

The fifth block is Unpacking and Sharing. Here you will be confronted with the challenge of unpacking and sharing what you have learned
as a team in the context of your business case study. Michael Lehmann will play the role of an experienced CEO who has to decide on the
viability of your business solution.

The Chinese journey will end with a farewell dinner at the Swiss consulate in Shanghai.

365-1134-00L From Switzerland to China – Managing the Risks in a
Global Economy
Exclusively for MAS MTEC students (class 2018-2020).

W 3 credits 2S B. J. Bergmann, S. Brusoni

Abstract The goal of this course is to get an understanding of how to run a business in China (and Asia) from the perspective of a Swiss company
and to identify the risks. The current Corona crisis will be put into perspective when going through cases and topics. 

Content •    Business and Economic Insights: What companies need to know to enter the world's fastest expanding economy
•    China in Transition: Transition from an economy dominated by manufacturing and exports to one led by technology and services
•    How to manage the risks: How to control for Business Interruption Risks (e.g. Pandemics)? How to mitigate these risks? 
•    Compliance: How to become compliant in China? What are corporate responsibilities? Chinas Corporate Social Credit System and the
regulatory landscape 

The program will host 14 to 16 different speakers, ranging from managerial level to senior level. Speakers will share their experience
combining different perspectives, ranging from (global) corporate views, medium size company views expanding to China, start-up views
as well as academic views. Flexible sessions allow for individual interactions with the speaker. 

 Skill-Based Training
Number Title Type ECTS Hours Lecturers

365-0881-00L Project Management Applied
Exclusively for MAS MTEC students (2nd semester).

Once you have completed the course enrollment in
«myStudies», please press the button «Learning
Materials» to access the Moodle course. Directly
afterwards you must select a date for the block course in
Moodle.  

This course is designed for junior project collaborators and
junior project managers with little experience in project
management. It is not suitable for experienced project
managers.

Enrolment in both courses "Project Management Applied"
and "Advanced Project Management: Cases and
Coaching (365-0881-01)" is not possible. Only ONE of
these two project management courses can be taken
during the MAS MTEC studies.

W  1 credit 1S D. Ritler

Abstract This course teaches internationally accepted and state-of-the-art methodological basics for a result-oriented project planning and
realisation and its application in practical situations. The course content is according to international standards.

Objective The participants are able to create a project plan on the basis of a project charter and have the basic knowledge to successfully implement
the project. They recognize the important success factors and typical stumbling blocks of project management and know how to efficiently
use the tools and techniques of internationally recognized PM methods.
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Content The course is mainly aimed at junior project staff or junior project managers. Project management or project manager experience is not
required. However, it is advantageous for participants to have minimal project work experience in order to be able to apply the knowledge
in an ongoing project during the course. 

However, more experienced project staff who have not yet received a systematic introduction to project management are also addressed.

The course covers the following topics:
- Definition and basics of projects and project management
- System analysis and project boundaries
- Stakeholder management, communication in projects
- Development of objectives and deliverables, project charter
- Structuring projects: phases, milestones, work breakdown structure
- Priciples of agile project management
- Project planning (time, ressources, costs)
- Project controlling: diagnosis and steering
- Analysis and management of risks and chances
- Project organisation and roles
- Roll-out: documentation, instruction and training, project completion
- Toolbox with tips and useful tools in project management

The above 12 sequences will be deepened first with theory and then with examples and practical experience. 
Subsequently, several sequences will be implemented in groups by means of a participant project example.

So if you want to realize a consistent project planning for your project, you will find a systematic instruction in this course.

Lecture notes Witschi, Alean-Kirkpatrick, Pardo, 2010, Project Management With special information relating to research projects and dissertations
Literature The english version of the project management handbook above is available as well, ISBN 978-3-662-45372-8
Prerequisites /
notice

Target Groups: Junior Project collaborators and junior project managers
important: the course isn't suitable for experienced project managers!

365-0881-01L Advanced Project Management: Cases and Coaching
Exclusively for MAS MTEC students (2nd semester).

The course is designed for students with at least 3 to 5
years of experience as project leader. Profound
knowledge in project management methods is required.

Enrolment in both courses “Advanced Project
Management: Cases and Coaching” and “Project
Management Applied (365-0881-00)” is not possible. Only
ONE of these two project management courses can be
taken during the MAS MTEC studies.

W  1 credit 1S D. T. Baumann, T. Haas,
M. A. Zoller

Abstract The course is designed for persons with 3 to 5 years project management experience. Based on participants case studies the course
focuses critical success factors in project management. Using a coaching and consulting approach participants will learn to identify and to
analyse challenging situations in projects and to jointly develop adequate solutions.

Objective After completing this course participants are enabled:
1. To identify and describe critical situations in complex Projects.
2. To analyse critical situations in projects within its systemic context.
3. To formulate clear objectives for the solutions and decision making.
4. To develop tailor-made project management measures and to assess its impact.
5. To apply a structured process of collegial coaching.

Content Vague project objectives, moving and ambiguous targets, diverging requirements of stakeholders as well as the dynamics of technological
changes increase the complexity in project work considerably. As a result project management becomes more and more demanding. 

The course focuses on challenging project management situations participants actual projects. Based on current case studies, the
identification and description of critical project situations will be discussed. In a structured consulting process participants analyse the
situations in their systemic context and reflect on interactions and interrelations. Developing hypothesis and using specific question
techniques, causes and effects are explored and individual problem-solving measures are worked out.

Each participant has the opportunity to work on a current case together with experts in a one-and-a-half-hour counselling session, which
provides an additional benefit for personal project work.

Lecture notes Witschi, U., Alean-Kirkpatrick, P, Pardo, O., 2010. Project Management. pp 71.
Literature Kuster et al., 2015. Project Management Handbook, Springer Verlag Berlin, 1. Edition (in Englisch), pp 449, eBook ISBN 978-

3-662-45373-5.
Prerequisites /
notice

The participants should have at least 3-5 years of experience as project leader and should contribute to the course with an case study
related to a challenging project management situation in an actual project. Profound knowlegde in project management is required.

365-1092-00L Personal Leadership Skills
Exclusively for MAS MTEC students (2nd semester). 

W  2 credits 3S P. Romann

Abstract With the aim of preparing the students to take on managerial responsibility, this 2x3 days-seminar teaches basic and practical management
skills.

Objective To convey management behaviour based on practical examples, own experiences and team discussions complemented by short theory
sessions.
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Content When talking of leadership, one in most cases refers to the interaction between superior and associate. However, leadership in modern
times also involves the interaction with peers, with one’s own superior as well as with other stakeholders. Thus, not leadership but personal
leadership skills are needed which also comprise communication, self management and personality aspects.

In the light of this, this seminar offers you the opportunity to acquire competencies in all of the just mentioned subjects and to reflect on
your current behaviour as (future) leader. The more familiar we are with ourselves, the more we become aware of our needs, the freeer we
are to express ourselves and to interact with others.

The seminar will be a mixture of theory inputs, discussions, self-reflecting moments, group work with short presentations as well as some
role plays to give you the opportunity not only to get to know the relevant theories and models, but also to apply and test them. This shall
enable you to return to your daily work life and be ready for the challenges of being a (future) leader.

Be familiar with and feel able to able current concepts and theories related to leadership skills based on practical examples, own
experiences and team discussions complemented by short theory sessions.

Content:
1 Fundamentals of Communication
2 Communication in Business Life
3 Self-Management
4 Personality and Understanding Human Nature
5 Fundamentals of Leadership
6 Leadership Tools

Lecture notes English

365-1111-00L Entrepreneurial Learning: Theory, Practice, and Play
Exclusively for MAS MTEC students (2nd semester). 

W 1 credit 1S V. He

Abstract Learning is an essential part of life, no matter if you are a student, a corporate employee, an entrepreneur, or, all three of these at the same
time. In this course, you will be introduced to various theories and practices pertaining to learning in an entrepreneurial context.

Objective Developing a comprehensive understanding of how individuals and teams learn in the entrepreneurial context and apply the learning in
their current and future roles. Specifically, in this class students will achieve the following:

1. Understand and improve how they learn as individuals;
2. Understand and improve how they learn together with teammates/colleagues in a team, in a work/entrepreneurial environment;
3. Learn to adapt to the team and develop effective team learning

Content This course has four building blocks, with each of the blocks consisting of an introduction from the lecturer, an exercise, and a reflection on
the exercise. The four blocks are as follows:

A. Theoretical foundation of entrepreneurial learning: individual learning; 
B. Theoretical foundation of entrepreneurial learning: team and organizational learning; 
C. Mount Everest simulation game (a multi-user online simulation with a series of problem-solving and decision-making challenges.
Students will begin the journey by logging in to assume five different roles and each student is given resources and information that her
team needs to make a series of critical decisions about the timing and execution of ascent to the summit of Mount Everest. Please note
that this game needs to be purchased from Harvard Business School Publishing and it costs $15 per student.); 
D. Team presentation (student teams will present their decision-making processes and learnings from the simulation game). 

In order to achieve the best learning outcomes, I utilize a combination of methods, including lecture (for the theoretical concepts and
frameworks), role play (for learning situations such as team decision making, critical drawbacks, major milestones etc.), 360-degree
evaluation, learning inventory (to gauge the individual and team learning styles), and after-event debriefing/reflections.

365-1099-00L Design Thinking: A Human-Centred Approach to
Problem Solving
Exclusively for MAS MTEC students (2nd semester). 

Minimum number of participants: 15 persons.


W 1 credit 1S F. Rittiner

Abstract In this course, students get to know Design Thinking, which is an innovation method that can be applied to solve a broad range of problems
from product development to social innovation. The students will engage in collaborative team exercise to learn about and directly apply the
five typical design thinking steps – empathize, define, ideate, prototype and test – by solving a real-world challenge.

Objective During the course, students will...

...get to know the design thinking process working on a specific real-world challenge
...learn when to apply design thinking methodology
...learn how to empathize with users, how to formulate a clear problem statement, develop ideas, prototype as well as test them with
potential users

Content During the course, students will...
...get to know the design thinking process as:
- - a methodology to develop ideas and concepts – typically in the early phase of the innovation process (the fuzzy-front end)
- - a methodology used for product, service and business model innovation
- - a methodology used for organizational development: process improvements, redesign of organizational structures, etc.
...learn how to apply the design thinking methodology or parts of it
...learn how to empathize with users: simple interview techniques, observation, etc.
...learn how to formulate a clear problem statement
...learn how to develop ideas: potentially alternative brainstorming techniques
...learn how to prototype ideas with simple means
...learn how to test them with potential users: simple test structures

What the students should learn from the course:
- Students will be able to assess whether Design Thinking is useful methodology to solve challenges they face in their daily business
activities
- Students will be able to use elements (i.e. a novel brainstorming technique, a novel feedback method, etc.) in their daily business
activities

What the students will NOT learn:
- This 2-day training is by not extensive enough to provide a full-scale design thinking training that enables students to design, organize
and run their own design thinking workshops and projects. For this, further courses, trainings and self-guided learning is necessary.
References to institutes, books and other material will be provided.

Lecture notes There is no script available.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1128 of 1785

 Master's Thesis
Number Title Type ECTS Hours Lecturers

365-0899-00L Master's Thesis in a Company
Only for MAS in Management, Technology, and
Economics.

O  12 credits 24D Professors

Abstract In the Master thesis students prove their ability to independent, structured and scientific working. The master's thesis is supervised by the
tutor and is performed within a private company.

Objective In the Master thesis students prove their ability to independent, structured and scientific working. The master's thesis is supervised by the
tutor and is performed within a private company.

MAS in Management, Technology, and Economics - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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MAS in Medical Physics
 Compulsory Courses (for both Directions)

Number Title Type ECTS Hours Lecturers

465-0954-00L Anatomy and Physiology for Medical Physicists II
Does not take place this semester.

O  2 credits 2V

Abstract Physiology and Anatomy for Medical Physicists I & II starts with basics in biochemistry and cell physiology related to human physiology and
it continues with an introduction into the functions and properties of tissues, organs, systems of organs and the human body as a organism.

Objective The course provides for basic knowledge of the human body and its functions essential for Medical Physicists, who plan to interact with
medical research groups, to read papers written in professional medical language or to attend interdisciplinary or medical meetings.

Content Physiology and Anatomy for Medical Physicists provides an introduction into the functions and structural properties of tissues, organs,
sytems of organs and the human body as an organism. The first part starts with the basics in biochemistry and cellphysiology related to
human physiology. The main part of the course is dedicated to the most important systems of organs (respiratory system, heart and
circulation, nervous system, digestion, secretion and reins, skeleton and muscles, protective systems, milieu interne, reproduction, senses).
Anatomy and physiology are discussed integrated in the thematical order. Each topic is preceded by some comments concerning biology,
evolution and/or embryology. The content of the lessons is addressed to physicists and engineers and an emphasis is set to medical
terminology. In a supplementary part of the course a few topics in applied physiology will be presented.

465-0952-00L Biomedical Photonics
Does not take place this semester.

O  3 credits 2V

Abstract The lecture introduces the principles of generation, propagation and detection of light and its therapeutic and diagnostic application in
medicine.

Objective The lecture provides knowledge about light sources and light delivery systems, optical biomedical imaging techniques, optical
measurement technologies and their specific applications in medicine. Fundamental principles will be accompanied by practical and
contemporary examples. Different selected optical systems used in diagnostics and therapy will be discussed.

Content Optics always was strongly connected to the observation and interpretation of physiological phenomenon. The basic knowledge of optics
for example was initially gained by studying the function of the human eye. Nowadays, biomedical optics is an independent research field
that is no longer restricted to the observation of physiological processes but studies diagnostic and therapeutic problems in medicine. A
basic prerequisite for applying optical techniques in medicine is the understanding of the physical properties of light, the light propagation in
and its interaction with tissue. The lecture gives inside into the generation, propagation and detection of light, its propagation in tissue and
into selected optical applications in medicine. Various optical imaging techniques (optical coherence tomography or optoacoustics) as well
as therapeutic laser applications (refractive surgery, photodynamic therapy or nanosurgery) will be discussed.

Lecture notes will be provided via Internet (Ilias)
Literature - M. Born, E. Wolf, "Principles of Optics", Pergamon Press

- B.E.A. Saleh, M.C. Teich, "Fundamentals of Photonics", John Wiley and Sons, Inc.
- O. Svelto, "Principles of Lasers", Plenum Press
- J. Eichler, T. Seiler, "Lasertechnik in der Medizin", Springer Verlag
- M.H. Niemz, "Laser-Tissue Interaction", Springer Verlag
- A.J. Welch, M.J.C. van Gemert, "Optical-thermal response of laser-irradiated tissue", Plenum Press

Prerequisites /
notice

Language of instruction: English
This is the same course unit (465-0952-00L) with former course title "Medical Optics".

465-0958-00L Audiological Acoustics
Does not take place this semester.

O  1 credit 1V F. Pfiffner

Abstract After introducing acoustic objects of the physical world the detection, analysis and perception of these signals in the peripheral and central
auditory system is described. Emphasis is put on understanding the processing mechanisms in the human auditory system in the aim of
restoring impaired auditory function with medical technology.

Objective The understanding of the human hearing organ, the processing of complex acoustic signals and hearing rehabilitation possibilities with
medical devices (hearing aid and implantable hearing aid systems).

Content Physiology and anatomy of the human organ of hearing, fundamentals of acoustics, audiological (Hearing) diagnostic procedures with
acoustics, psychoacoustics and electrophysiology methods
hearing losses and hearing rehabilitation

Literature ATCHERSON, Samuel R.; STOODY, Tina M. (Hg.). Auditory electrophysiology: a clinical guide. Thieme, 2012.
ROESER, Ross J., et al. Audiology-Diagnosis. New York: Thieme, 2007, 2007.
KOMPIS, Martin. Audiologie. Huber, 2009.
KATZ, Jack; Handbook of clinical audiology, 2002.

227-0396-00L EXCITE Interdisciplinary Summer School on Bio-
Medical Imaging
The school admits 60 MSc or PhD students with
backgrounds in biology, chemistry, mathematics, physics,
computer science or engineering based on a selection
process.
 
Students have to apply for acceptance by April 20, 2020.
To apply a curriculum vitae and an application letter need
to be submitted. The notification of acceptance will be
given by May 22, 2020. Further information can be found
at: www.excite.ethz.ch.

O  4 credits 6G S. Kozerke, G. Csúcs, J. Klohs-
Füchtemeier, S. F. Noerrelykke,
M. P. Wolf

Abstract Two-week summer school organized by EXCITE (Center for EXperimental & Clinical Imaging TEchnologies Zurich) on biological and
medical imaging. The course covers X-ray imaging, magnetic resonance imaging, nuclear imaging, ultrasound imaging, infrared and optical
microscopy, electron microscopy, image processing and analysis.

Objective Students understand basic concepts and implementations of biological and medical imaging. Based on relative advantages and limitations
of each method they can identify preferred procedures and applications. Common foundations and conceptual differences of the methods
can be explained.

Content Two-week summer school on biological and medical imaging. The course covers concepts and implementations of X-ray imaging,
magnetic resonance imaging, nuclear imaging, ultrasound imaging, infrared and optical microscopy and electron microscopy. Multi-modal
and multi-scale imaging and supporting technologies such as image analysis and modeling are discussed. Dedicated modules for physical
and life scientists taking into account the various backgrounds are offered.

Lecture notes Hand-outs, Web links
Prerequisites /
notice

The school admits 60 MSc or PhD students with backgrounds in biology, chemistry, mathematics, physics, computer science or
engineering based on a selection process. To apply a curriculum vitae, a statement of purpose and applicants references need to be
submitted. Further information can be found at: http://www.excite.ethz.ch/education/summer-school.html
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 Specialization: Radiation Therapy
 Core Courses

Number Title Type ECTS Hours Lecturers

227-0968-00L Monte Carlo in Medical Physics O  4 credits 3G M. Stampanoni, M. K. Fix
Abstract Introduction in basics of Monte Carlo simulations in the field of medical radiation physics. General recipe for Monte Carlo simulations in

medical physics from code selection to fine-tuning the implementation. Characterization of radiation by means of Monte Carlo simulations.
Objective Understanding the concept of the Monte Carlo method. Getting familiar with the Monte Carlo technique, knowing different codes and

several applications of this method. Learn how to use Monte Carlo in the field of applied medical radiation physics. Understand the usage
of Monte Carlo to characterize the physical behaviour of ionizing radiation in medical physics. Share the enthusiasm about the potential of
the Monte Carlo technique and its usefulness in an interdisciplinary environment.

Content The lecture provides the basic principles of the Monte Carlo method in medical radiation physics. Some fundamental concepts on
applications of ionizing radiation in clinical medical physics will be reviewed. Several techniques in order to increase the simulation
efficiency of Monte Carlo will be discussed. A general recipe for performing Monte Carlo simulations will be compiled. This recipe will be
demonstrated for typical clinical devices generating ionizing radiation, which will help to understand implementation of a Monte Carlo
model. Next, more patient related effects including the estimation of the dose distribution in the patient, patient movements and imaging of
the patient's anatomy. A further part of the lecture covers the simulation of radioactive sources as well as heavy ion treatment modalities.
The field of verification and quality assurance procedures from the perspective of Monte Carlo simulations will be discussed. To complete
the course potential future applications of Monte Carlo methods in the evolving field of treating patients with ionizing radiation.

Lecture notes A script will be provided.

402-0342-00L Medical Physics II O  6 credits 2V+1U P. Manser
Abstract Applications of ionizing radiation in medicine such as radiation therapy, nuclear medicine and radiation diagnostics. Theory of dosimetry

based on cavity theory and clinical consequences. Fundamentals of dose calculation, optimization and evaluation. Concepts of external
beam radiation therapy and brachytherapy. Recent and future developments: IMRT, IGRT, SRS/SBRT, particle therapy.

Objective Getting familiar with the different medical applications of ionizing radiation in the fields of radiation therapy, nuclear medicine, and radiation
diagnostics. Dealing with concepts such as external beam radiation therapy as well as brachytherapy for the treatment of cancer patients.
Understanding the fundamental cavity theory for dose measurements and its consequences on clinical practice. Understanding different
delivery techniques such as IMRT, IGRT, SRS/SBRT, brachytherapy, particle therapy using protons, heavy ions or neutrons.
Understanding the principles of dose calculation, optimization and evaluation for radiation therapy, nuclear medicine and radiation
diagnostic applications. Finally, the lecture aims to demonstrate that medical physics is a fascinating and evolving discipline where physics
can directly be used for the benefits of patients and the society.

Content In this lecture, the use of ionizing radiation in different clinical applications is discussed. Primarily, we will concentrate on radiation therapy
and will cover applications such as external beam radiotherapy with photons and electrons, intensity modulated radiotherapy (IMRT),
image guided radiotherapy (IGRT), stereotactic radiotherapy and radiosurgery, brachytherapy, particle therapy using protons, heavy ions or
neutrons. In addition, dosimetric methods based on cavity theory are reviewed and principles of treatment planning (dose calculation,
optimization and evaluation) are discussed. Next to these topics, applications in nuclear medicine and radiation diagnostics are explained
with the clear focus on dosimetric concepts and behaviour.

Lecture notes A script will be provided.
Prerequisites /
notice

It is recommended that the students have taken the lecture Medical Physics I in advance.

465-0968-00L Medical Physics in Practice O  2 credits 2V P. Manser, Speakers
Abstract The aim of this lecture is to study different aspects of medical physics from the practical view. One main component is to assist the

students for getting in contact with medical physicists and to build a platform for a dialogue. For this purpose, a number of lecturers from
entire Switzerland are reportig about their work as a medical physicist.

Objective The aim of this lecture is to study different aspects of medical physics from the practical view.

 Practical Work
Number Title Type ECTS Hours Lecturers

465-0420-00L Radiation Protection Course
Only for MAS in Medical Physics

O  4 credits 6G external organisers

Abstract The course contains all topics in theory and practice, which are necessary for the officially recognized radiation protection officer working
with open radioactive materials in working areas B and C. After successful completed exams a BAG recognized certificate is issued. This
permits also an appointment as radiation protection delegate in the area of responsibility of the ENSI.

Objective The participants of this course will acquire the competence, the capabilities and the knowledge in order to fulfil the tasks of a radiation
protection officer working with open radioactive materials in working areas B and C in accordance with the ordinance of education in
radiation protection (814.501.261).

Content - Grundkenntnisse der Strahlenphysik und der Strahlenbiologie
- Dosisabschätzung bei interner und externer Bestrahlung
- Kenntnis der für den Umgang mit offenen und geschlossenen Strahlenquellen massgeblichen Gesetzen und Verordnungen
- Erkennen und abschätzen von Gefährdungspotenzialen
- Festlegen von Strahlenschutz-Betriebsvorschriften, Sicherheitsplänen sowie baulicher, organisatorischer und operationeller Massnahmen
- Kenntnis und Anwendung von Messgeräten
- Planung und Durchführung der Personen- und Arbeitsplatzüberwachung

 Specialization: General Medical Physics and Biomedical Engineering
 Major in Radiation Therapy

 Core Courses
Number Title Type ECTS Hours Lecturers

227-0968-00L Monte Carlo in Medical Physics W  4 credits 3G M. Stampanoni, M. K. Fix
Abstract Introduction in basics of Monte Carlo simulations in the field of medical radiation physics. General recipe for Monte Carlo simulations in

medical physics from code selection to fine-tuning the implementation. Characterization of radiation by means of Monte Carlo simulations.
Objective Understanding the concept of the Monte Carlo method. Getting familiar with the Monte Carlo technique, knowing different codes and

several applications of this method. Learn how to use Monte Carlo in the field of applied medical radiation physics. Understand the usage
of Monte Carlo to characterize the physical behaviour of ionizing radiation in medical physics. Share the enthusiasm about the potential of
the Monte Carlo technique and its usefulness in an interdisciplinary environment.
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Content The lecture provides the basic principles of the Monte Carlo method in medical radiation physics. Some fundamental concepts on
applications of ionizing radiation in clinical medical physics will be reviewed. Several techniques in order to increase the simulation
efficiency of Monte Carlo will be discussed. A general recipe for performing Monte Carlo simulations will be compiled. This recipe will be
demonstrated for typical clinical devices generating ionizing radiation, which will help to understand implementation of a Monte Carlo
model. Next, more patient related effects including the estimation of the dose distribution in the patient, patient movements and imaging of
the patient's anatomy. A further part of the lecture covers the simulation of radioactive sources as well as heavy ion treatment modalities.
The field of verification and quality assurance procedures from the perspective of Monte Carlo simulations will be discussed. To complete
the course potential future applications of Monte Carlo methods in the evolving field of treating patients with ionizing radiation.

Lecture notes A script will be provided.

402-0342-00L Medical Physics II W  6 credits 2V+1U P. Manser
Abstract Applications of ionizing radiation in medicine such as radiation therapy, nuclear medicine and radiation diagnostics. Theory of dosimetry

based on cavity theory and clinical consequences. Fundamentals of dose calculation, optimization and evaluation. Concepts of external
beam radiation therapy and brachytherapy. Recent and future developments: IMRT, IGRT, SRS/SBRT, particle therapy.

Objective Getting familiar with the different medical applications of ionizing radiation in the fields of radiation therapy, nuclear medicine, and radiation
diagnostics. Dealing with concepts such as external beam radiation therapy as well as brachytherapy for the treatment of cancer patients.
Understanding the fundamental cavity theory for dose measurements and its consequences on clinical practice. Understanding different
delivery techniques such as IMRT, IGRT, SRS/SBRT, brachytherapy, particle therapy using protons, heavy ions or neutrons.
Understanding the principles of dose calculation, optimization and evaluation for radiation therapy, nuclear medicine and radiation
diagnostic applications. Finally, the lecture aims to demonstrate that medical physics is a fascinating and evolving discipline where physics
can directly be used for the benefits of patients and the society.

Content In this lecture, the use of ionizing radiation in different clinical applications is discussed. Primarily, we will concentrate on radiation therapy
and will cover applications such as external beam radiotherapy with photons and electrons, intensity modulated radiotherapy (IMRT),
image guided radiotherapy (IGRT), stereotactic radiotherapy and radiosurgery, brachytherapy, particle therapy using protons, heavy ions or
neutrons. In addition, dosimetric methods based on cavity theory are reviewed and principles of treatment planning (dose calculation,
optimization and evaluation) are discussed. Next to these topics, applications in nuclear medicine and radiation diagnostics are explained
with the clear focus on dosimetric concepts and behaviour.

Lecture notes A script will be provided.
Prerequisites /
notice

It is recommended that the students have taken the lecture Medical Physics I in advance.

 Practical Work
Number Title Type ECTS Hours Lecturers

465-0420-00L Radiation Protection Course
Only for MAS in Medical Physics

W  4 credits 6G external organisers

Abstract The course contains all topics in theory and practice, which are necessary for the officially recognized radiation protection officer working
with open radioactive materials in working areas B and C. After successful completed exams a BAG recognized certificate is issued. This
permits also an appointment as radiation protection delegate in the area of responsibility of the ENSI.

Objective The participants of this course will acquire the competence, the capabilities and the knowledge in order to fulfil the tasks of a radiation
protection officer working with open radioactive materials in working areas B and C in accordance with the ordinance of education in
radiation protection (814.501.261).

Content - Grundkenntnisse der Strahlenphysik und der Strahlenbiologie
- Dosisabschätzung bei interner und externer Bestrahlung
- Kenntnis der für den Umgang mit offenen und geschlossenen Strahlenquellen massgeblichen Gesetzen und Verordnungen
- Erkennen und abschätzen von Gefährdungspotenzialen
- Festlegen von Strahlenschutz-Betriebsvorschriften, Sicherheitsplänen sowie baulicher, organisatorischer und operationeller Massnahmen
- Kenntnis und Anwendung von Messgeräten
- Planung und Durchführung der Personen- und Arbeitsplatzüberwachung

465-0800-00L Practical Work
Only for MAS in Medical Physics

W  4 credits external organisers

Abstract The practical work is designed to train the students in the solution of a specific problem and provides insights in the field of the selected
MAS specialization. Tutors propose the subject of the project, the project plan, and the roadmap together with the student, as well as
monitor the overall execution.

Objective The practical work is aimed at training the student’s capability to apply and connect specific skills acquired during the MAS specialization
program towards the solution of a focused problem.

 Electives
Number Title Type ECTS Hours Lecturers

227-0390-00L Elements of Microscopy W  4 credits 3G M. Stampanoni, G. Csúcs,
A. Sologubenko

Abstract The lecture reviews the basics of microscopy by discussing wave propagation, diffraction phenomena and aberrations. It gives the basics
of light microscopy, introducing fluorescence, wide-field, confocal and multiphoton imaging. It further covers 3D electron microscopy and
3D X-ray tomographic micro and nanoimaging.

Objective Solid introduction to the basics of microscopy, either with visible light, electrons or X-rays.
Content It would be impossible to imagine any scientific activities without the help of microscopy.  Nowadays, scientists can count on very powerful

instruments that allow investigating sample down to the atomic level.
The lecture includes a general introduction to the principles of microscopy, from wave physics to image formation. It provides the physical
and engineering basics to understand visible light, electron and X-ray microscopy. 
During selected exercises in the lab, several sophisticated instrument will be explained and their capabilities demonstrated.

Literature Available Online.

227-0946-00L Molecular Imaging - Basic Principles and Biomedical
Applications

W  2 credits 2V M. Rudin

Abstract Concept: What is molecular imaging.
Discussion/comparison of the various imaging modalities used in molecular imaging.
Design of target specific probes: specificity, delivery, amplification strategies.
Biomedical Applications.

Objective Molecular Imaging is a rapidly emerging discipline that translates concepts developed in molecular biology and cellular imaging to in vivo
imaging in animals and ultimatly in humans. Molecular imaging techniques allow the study of molecular events in the full biological context
of an intact organism and will therefore become an indispensable tool for biomedical research.
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Content Concept: What is molecular imaging.
Discussion/comparison of the various imaging modalities used in molecular imaging.
Design of target specific probes: specificity, delivery, amplification strategies.
Biomedical Applications.

227-0948-00L Magnetic Resonance Imaging in Medicine W  4 credits 3G S. Kozerke, M. Weiger Senften
Abstract Introduction to magnetic resonance imaging and spectroscopy, encoding and contrast mechanisms and their application in medicine.
Objective Understand the basic principles of signal generation, image encoding and decoding, contrast manipulation and the application thereof to

assess anatomical and functional information in-vivo.
Content Introduction to magnetic resonance imaging including basic phenomena of nuclear magnetic resonance; 2- and 3-dimensional imaging

procedures; fast and parallel imaging techniques; image reconstruction; pulse sequences and image contrast manipulation; equipment;
advanced techniques for identifying activated brain areas; perfusion and flow; diffusion tensor imaging and fiber tracking; contrast agents;
localized magnetic resonance spectroscopy and spectroscopic imaging; diagnostic applications and applications in research.

Lecture notes D. Meier, P. Boesiger, S. Kozerke
Magnetic Resonance Imaging and Spectroscopy

376-1984-00L Lasers in Medicine W  3 credits 3G M. Frenz
Abstract The lecture will provide answers to questions such as: Why lasers? How do lasers work? How does light interact with tissue? We will

concentrate on three major interaction categories: Therapeutic (from cell surgery to vision correction and general surgery), Diagnostics
(from detection of neural cell activity to diagnostics of cancer), and Imaging (from single molecules to optical tomography).

Objective Knowledge about the physical principles of a laser. You know the properties of laser light and how they can be used for medical
applications. You understand the physical principles underlyingthe light-tissue interaction. You can explain what resolution, contrast and
magnification means. You are able to order the right safety google for your laser system. You are able to determine the optimum laser
parameters for a specific clinical application.

Content Lasers become increasingly important in almost all medical disciplines especially where they can be used selectively to treat soft and hard
tissue in a non-invasive manner or for diagnostic purposes. Basic mechanisms of light propagation in tissue as well as laser-
tissue-interactions i.e. photochemical, photothermal and photomechanical interaction will be discussed. The influence of laser wavelength
and pulse duration on the interaction process will be studied. Different laser and beam delivery systems used in medicine will be presented.
Different clinical laser applications in ophthalmology, urology, gynecology and ENT-surgery will be discussed. Diagnostic applications as
well as biomedical imaging techniques are considered. Laser safety.

Lecture notes will be published in the Internet (ILIAS)
Literature - M. Born, E. Wolf, "Principles of Optics", Pergamon Press

- B.E.A. Saleh, M.C. Teich, "Fundamentals of Photonics", John Wiley and Sons, Inc.
- A.E. Siegman, "Lasers", University Science Books
- O. Svelto, "Principles of Lasers", Plenum Press
- J. Eichler, T. Seiler, "Lasertechnik in der Medizin", Springer Verlag
- M.H. Niemz, "Laser-Tissue Interaction", Springer Verlag
- A.J. Welch, M.J.C. van Gemert, "Optical-thermal response of laser-irradiated
  tissue", Plenum Press

402-0343-00L Physics Against Cancer: The Physics of Imaging and
Treating Cancer
Special Students UZH must book the module PHY361
directly at UZH.

W  6 credits 2V+1U A. J. Lomax, U. Schneider

Abstract Radiotherapy is a rapidly developing and technology driven medical discipline that is heavily dependent on physics and engineering. In this
lecture series, we will review and describe some of the current developments in radiotherapy, particularly from the physics and
technological view point, and will indicate in which direction future research in radiotherapy will lie.

Objective Radiotherapy is a rapidly developing and technology driven medical discipline that is heavily dependent on physics and engineering. In the
last few years, a multitude of new techniques, equipment and technology have been introduced, all with the primary aim of more accurately
targeting and treating cancerous tissues, leading to a precise, predictable and effective therapy technique. In this lecture series, we will
review and describe some of the current developments in radiotherapy, particularly from the physics and technological view point, and will
indicate in which direction future research in radiotherapy will lie. Our ultimate aim is to provide the student with a taste for the critical role
that physics plays in this rapidly evolving discipline and to show that there is much interesting physics still to be done.

Content The lecture series will begin with a short introduction to radiotherapy and an overview of the lecture series (lecture 1). Lecture 2 will cover
the medical imaging as applied to radiotherapy, without which it would be impossible to identify or accurately calculate the deposition of
radiation in the patient. This will be followed by a detailed description  of the treatment planning process, whereby the distribution of
deposited energy within the tumour and patient can be accurately calculated, and the optimal treatment defined (lecture 3). Lecture 4 will
follow on with this theme, but concentrating on the more theoretical and mathematical techniques that can be used to evaluate different
treatments, using mathematically based biological models for predicting the outcome of treatments. The role of physics modeling, in order
to accurately calculate the dose deposited from radiation in the patient, will be examined in lecture 5, together with a review of
mathematical tools that can be used to optimize patient treatments. Lecture 6 will investigate a rather different issue, that is the
standardization of data sets for radiotherapy and the importance of medical data bases in modern therapy. In lecture 7 we will look in some
detail at one of the most advanced radiotherapy delivery techniques, namely Intensity Modulated Radiotherapy (IMRT). In lecture 8, the two
topics of imaging and therapy will be somewhat combined, when we will describe the role of imaging in the daily set-up and assessment of
patients. Lecture 9 follows up on this theme, in which a major problem of radiotherapy, namely organ motion and changes in patient and
tumour geometry during therapy, will be addressed, together with methods for dealing with such problems. Finally, in lectures 10-11, we will
describe in some of the multitude of different delivery techniques that are now available, including particle based therapy, rotational (tomo)
therapy approaches and robot assisted radiotherapy. In the final lecture, we will provide an overview of the likely avenues of research in the
next 5-10 years in radiotherapy. The course will be rounded-off with an opportunity to visit a modern radiotherapy unit, in order to see some
of the techniques and delivery methods described in the course in action.

Prerequisites /
notice

Although this course is seen as being complimentary to the Medical Physics I and II course of Dr Manser, no previous knowledge of
radiotherapy is necessarily expected or required for interested students who have not attended the other two courses.

465-0968-00L Medical Physics in Practice W  2 credits 2V P. Manser, Speakers
Abstract The aim of this lecture is to study different aspects of medical physics from the practical view. One main component is to assist the

students for getting in contact with medical physicists and to build a platform for a dialogue. For this purpose, a number of lecturers from
entire Switzerland are reportig about their work as a medical physicist.

Objective The aim of this lecture is to study different aspects of medical physics from the practical view.

402-0787-00L Therapeutic Applications of Particle Physics:
Principles and Practice of Particle Therapy

W  6 credits 2V+1U A. J. Lomax

Abstract Physics and medical physics aspects of particle physics
Subjects: Physics interactions and beam characteristics; medical accelerators; beam delivery; pencil beam scanning; dosimetry and QA;
treatment planning; precision and uncertainties; in-vivo dose verification; proton therapy biology.
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Objective The lecture series is focused on the physics and medical physics aspects of particle therapy. The radiotherapy of tumours using particles
(particularly protons) is a rapidly expanding discipline, with many new proton and particle therapy facilities currently being planned and built
throughout Europe.  In this lecture series, we study in detail the physics background to particle therapy, starting from the fundamental
physics interactions of particles with tissue, through to treatment delivery, treatment planning and in-vivo dose verification. The course is
aimed at students with a good physics background and an interest in the application of physics to medicine.

Prerequisites /
notice

The former title of this course was "Medical Imaging and Therapeutic Applications of Particle Physics".

227-0384-00L Ultrasound Fundamentals, Imaging, and Medical
Applications
Course is offered for the last time in Spring Semester
2020.

W  4 credits 3G O. Göksel

Abstract Ultrasound is the only imaging modality that is nonionizing (safe), real-time, cost-effective, and portable, with many medical uses in
diagnosis, intervention guidance, surgical navigation, and as a therapeutic option. In this course, we introduce conventional and
prospective applications of ultrasound, starting with the fundamentals of ultrasound physics and imaging.

Objective Students can use the fundamentals of ultrasound, to analyze and evaluate ultrasound imaging techniques and applications, in particular in
the field of medicine, as well as to design and implement basic applications.

Content Ultrasound is used in wide range of products, from car parking sensors, to assessing fault lines in tram wheels. Medical imaging is the eye
of the doctor into body; and ultrasound is the only imaging modality that is nonionizing (safe), real-time, cheap, and portable. Some of its
medical uses include diagnosing breast and prostate cancer, guiding needle insertions/biopsies, screening for fetal anomalies, and
monitoring cardiac arrhythmias. Ultrasound physically interacts with the tissue, and thus can also be used therapeutically, e.g., to deliver
heat to treat tumors, break kidney stones, and targeted drug delivery. Recent years have seen several novel ultrasound techniques and
applications – with many more waiting in the horizon to be discovered.

This course covers ultrasonic equipment, physics of wave propagation, numerical methods for its simulation, image generation,
beamforming (basic delay-and-sum and advanced methods), transducers (phased-, linear-, convex-arrays), near- and far-field effect,
imaging modes (e.g., A-, M-, B-mode), Doppler and harmonic imaging, ultrasound signal processing techniques (e.g., filtering, time-
gain-compensation, displacement tracking), image analysis techniques (deconvolution, real-time processing, tracking, segmentation,
computer-assisted interventions), acoustic-radiation force, plane-wave imaging, contrast agents, micro-bubbles, elastography,
biomechanical characterization, high-intensity focused ultrasound and therapy, lithotripsy, histotripsy, photo-acoustics phenomenon and
opto-acoustic imaging, as well as sample non-medical applications such as the basics of non-destructive testing (NDT).

Hands-on exercises: These will help to apply the concepts learned in the course, using simulation environments (such as Matlab k-Wave
and FieldII toolboxes).  The exercises will involve a mix of design, implementation, and evaluation examples commonly encountered in
practical applications.

Project: Current and relevant applications in the field of ultrasound are offered as project topics. Projects will be carried out throughout the
course, where the project reporting and presentations will be due towards the end of the semester. These will be part of the assessment in
grading.

Prerequisites /
notice

Prerequisites: Familiarity with basic numerical methods.
Basic programming skills in Matlab.

 Major in Biomechanics
 Core Courses

Number Title Type ECTS Hours Lecturers

376-1712-00L Finite Element Analysis in Biomedical Engineering W  3 credits 2V S. J. Ferguson, B. Helgason
Abstract This course provides an introduction to finite element analysis, with a specific focus on problems and applications from biomedical

engineering.
Objective Finite element analysis is a powerful simulation method for the (approximate) solution of boundary value problems. While its traditional

roots are in the realm of structural engineering, the methods have found wide use in the biomedical engineering domain for the simulation
of the mechanical response of the human body and medical devices. This course provides an introduction to finite element analysis, with a
specific focus on problems and applications from biomedical engineering. This domain offers many unique challenges, including multi-scale
problems, multi-physics simulation, complex and non-linear material behaviour, rate-dependent response, dynamic processes and fluid-
solid interactions. Theories taught are reinforced through practical applications in self-programmed and commercial simulation software,
using e.g. MATLAB, ANSYS, FEBIO.
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Content (Theory) The Finite Element and Finite Difference methods 
Gallerkin, weighted residuals, discretization

(Theory) Mechanical analysis of structures 
Trusses, beams, solids and shells, DOFs, hand calculations of simple FE problems, underlying PDEs

(Application) Mechanical analysis of structures 
Truss systems, beam systems, 2D solids, meshing, organ level analysis of bones

(Theory and Application) Mechanical analysis of structures 
Micro- and multi-scale analysis, voxel models, solver limitations, large scale solvers

(Theory) Non-linear mechanical analysis of structures 
Large strain, Newton-Rhapson, plasticity

(Application) Non-linear mechanical analysis of structures 
Plasticity (bone), hyperelasticity, viscoelasticity

(Theory and Application) Contact analysis 
Friction, bonding, rough contact, implants, bone-cement composites, pushout tests

(Theory) Flow in Porous Media
Potential problems, Terzhagi's consolidation

(Application) Flow in Porous Media
Confined and unconfined compression of cartilage

(Theory) Heat Transfer and Mass Transport
Diffusion, conduction and convection, equivalency of equations

(Application) Heat Transfer and Mass Transport
Sequentially-coupled poroelastic and transport models for solute transport

(Theory) Computational Biofluid Dynamics
Newtonian vs. Non-Newtonian fluid, potential flow

(Application) Computational Biofluid Dynamics
Flow between micro-rough parallel plates

Lecture notes Handouts consisting of (i) lecturers' script, (ii) selected excerpts from relevant textbooks, (iii) selected excerpts from theory manuals of
commercial simulation software, (iv) relevant scientific publications.

Prerequisites /
notice

Familiarity with basic numerical methods.
Programming experience with MATLAB.

376-1397-00L Orthopaedic Biomechanics
Number of participants limited to 48.

W  3 credits 2G R. Müller, P. Atkins, J. Schwiedrzik

Abstract This course is aimed at studying the mechanical and structural engineering of the musculoskeletal system alongside the analysis and
design of orthopaedic solutions to musculoskeletal failure.

Objective To apply engineering and design principles to orthopaedic biomechanics, to quantitatively assess the musculoskeletal system and model it,
and to review rigid-body dynamics in an interesting context.

Content Engineering principles are very important in the development and application of quantitative approaches in biology and medicine. This
course includes a general introduction to structure and function of the musculoskeletal system: anatomy and physiology of musculoskeletal
tissues and joints; biomechanical methods to assess and quantify tissues and large joint systems. These methods will also be applied to
musculoskeletal failure, joint replacement and reconstruction; implants; biomaterials and tissue engineering.

Lecture notes Stored on Moodle.
Literature Orthopaedic Biomechanics:

Mechanics and Design in Musculoskeletal Systems 
 
Authors: Donald L. Bartel, Dwight T. Davy, Tony M. Keaveny
Publisher: Prentice Hall; Copyright: 2007
ISBN-10: 0130089095; ISBN-13: 9780130089090

Prerequisites /
notice

Lectures will be given in English.

376-1392-00L Mechanobiology: Implications for Development,
Regeneration and Tissue Engineering

W  3 credits 2G A. Ferrari, G. Shivashankar,
M. Zenobi-Wong

Abstract This course will emphasize the importance of mechanobiology to cell determination and behavior. Its importance to regenerative medicine
and tissue engineering will also be addressed. Finally, this course will discuss how age and disease adversely alter major
mechanosensitive developmental programs.

Objective This course is designed to illuminate the importance of mechanobiological processes to life as well as to teach good experimental
strategies to investigate mechanobiological phenomena.

Content Typically, cell differentiation is studied under static conditions (cells grown on rigid plastic tissue culture dishes in two-dimensions), an
experimental approach that, while simplifying the requirements considerably, is short-sighted in scope. It is becoming increasingly apparent
that many tissues modulate their developmental programs to specifically match the mechanical stresses that they will encounter in later life.
Examples of known mechanosensitive developmental programs include osteogenesis (bones), chondrogenesis (cartilage), and
tendogenesis (tendons). Furthermore, general forms of cell behavior such as migration, extracellular matrix deposition, and complex tissue
differentiation are also regulated by mechanical stimuli.  Mechanically-regulated cellular processes are thus ubiquitous, ongoing and of
great clinical importance.

The overall importance of mechanobiology to humankind is illustrated by the fact that nearly 80% of our entire body mass arises from
tissues originating from mechanosensitive developmental programs, principally bones and muscles. Unfortunately, our ability to regenerate
mechanosensitive tissue diminishes in later life. As it is estimated that the fraction of the western world population over 65 years of age will
double in the next 25 years, an urgency in the global biomedical arena exists to better understand how to optimize complex tissue
development under physiologically-relevant mechanical environments for purposes of regenerative medicine and tissue engineering.

Lecture notes n/a
Literature Topical Scientific Manuscripts
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 Practical Work
Number Title Type ECTS Hours Lecturers

465-0800-00L Practical Work
Only for MAS in Medical Physics

O  4 credits external organisers

Abstract The practical work is designed to train the students in the solution of a specific problem and provides insights in the field of the selected
MAS specialization. Tutors propose the subject of the project, the project plan, and the roadmap together with the student, as well as
monitor the overall execution.

Objective The practical work is aimed at training the student’s capability to apply and connect specific skills acquired during the MAS specialization
program towards the solution of a focused problem.

 Electives
Number Title Type ECTS Hours Lecturers

151-0630-00L Nanorobotics W  4 credits 2V+1U S. Pané Vidal
Abstract Nanorobotics is an interdisciplinary field that includes topics from nanotechnology and robotics. The aim of this course is to expose

students to the fundamental and essential aspects of this emerging field.
Objective The aim of this course is to expose students to the fundamental and essential aspects of this emerging field. These topics include basic

principles of nanorobotics, building parts for nanorobotic systems, powering and locomotion of nanorobots, manipulation, assembly and
sensing using nanorobots, molecular motors, and nanorobotics for nanomedicine.

151-0980-00L Biofluiddynamics W  4 credits 2V+1U D. Obrist, P. Jenny
Abstract Introduction to the fluid dynamics of the human body and the modeling of physiological flow processes (biomedical fluid dynamics).
Objective A basic understanding of fluid dynamical processes in the human body. Knowledge of the basic concepts of fluid dynamics and the ability

to apply these concepts appropriately.
Content This lecture is an introduction to the fluid dynamics of the human body (biomedical fluid dynamics). For selected topics of human

physiology, we introduce fundamental concepts of fluid dynamics (e.g., creeping flow, incompressible flow, flow in porous media, flow with
particles, fluid-structure interaction) and use them to model physiological flow processes. The list of studied topics includes the
cardiovascular system and related diseases,  blood rheology, microcirculation, respiratory fluid dynamics and fluid dynamics of the inner
ear.

Lecture notes Lecture notes are provided electronically.
Literature A list of books on selected topics of biofluiddynamics can be found on the course web page.

376-1150-00L Clinical Challenges in Musculoskeletal Disorders W  2 credits 2G M. Leunig, S. J. Ferguson, A. Müller
Abstract This course reviews musculoskeletal disorders focusing on the clinical presentation, current treatment approaches and future challenges

and opportunities to overcome failures. 
Objective Appreciation of the surgical and technical challenges, and future perspectives offered through advances in surgical technique, new

biomaterials and advanced medical device construction methods.
Content Foot deformities, knee injuries, knee OA, hip disorders in the child and adolescent, hip OA, spine deformities, degenerative spine disease,

shoulder in-stability, hand, rheumatoid diseases, neuromuscular diseases, sport injuries and prevention

376-1168-00L Sports Biomechanics W  3 credits 2V S. Lorenzetti
Abstract Various types of sport are studied from a mechanical point of view. Of particular interest are the key parameters of a sport as well as the

performance relevant indicators.
Objective The aim of this lecture is to enable the students to study a sport from a biomechanical viewpoint and to develop significant models for

which evaluations of the limitations and verifications can be carried out.
Content Sport biomechanics is concerned with the physical and mechanical basic principles of sports. The lecture requires an in-depth mechanical

understanding on the side of the student. In this respect, the pre-attendance of the lectures Biomechanics II and Movement and Sports
Biomechanics or an equivalent course is expected. The human body is treated as a mechanical system during sport. The interaction of the
active and passive movements and outside influences is analysed. Using sports such as ski-jumping, cycling, or weight training, applicable
models are created, analyzed and suitable measuring methods are introduced. In particular, the constraints as well as the limitations of the
models are of great relevance. The students develop their own models for different sport types, critically discuss the advantages and
disadvantages and evaluate applicable measurement methods.

Lecture notes Handout will be distributed.

376-1217-00L Rehabilitation Engineering I: Motor Functions W  4 credits 2V+1U R. Riener, E. Wilhelm
Abstract Rehabilitation engineering is the application of science and technology to ameliorate the handicaps of individuals with disabilities in order to

reintegrate them into society. The goal of this lecture is to present classical and new rehabilitation engineering principles and examples
applied to compensate or enhance especially motor deficits.

Objective Provide theoretical and practical knowledge of principles and applications used to rehabilitate individuals with motor disabilities.
Content Rehabilitation is the (re)integration of an individual with a disability into society. Rehabilitation engineering is the application of science and

technology to ameliorate the handicaps of individuals with disability. Such handicaps can be classified into motor, sensor, and cognitive
(also communicational) disabilities. In general, one can distinguish orthotic and prosthetic methods to overcome these disabilities. Orthoses
support existing but affected body functions (e.g., glasses, crutches), while prostheses compensate for lost body functions (e.g., cochlea
implant, artificial limbs). In case of sensory disorders, the lost function can also be substituted by other modalities (e.g. tactile Braille display
for vision impaired persons). 

The goal of this lecture is to present classical and new technical principles as well as specific examples applied to compensate or enhance
mainly motor deficits. Modern methods rely more and more on the application of multi-modal and interactive techniques. Multi-modal
means that visual, acoustical, tactile, and kinaesthetic sensor channels are exploited by displaying the patient with a maximum amount of
information in order to compensate his/her impairment. Interaction means that the exchange of information and energy occurs bi-
directionally between the rehabilitation device and the human being. Thus, the device cooperates with the patient rather than imposing an
inflexible strategy (e.g., movement) upon the patient. Multi-modality and interactivity have the potential to increase the therapeutical
outcome compared to classical rehabilitation strategies.
In the 1 h exercise the students will learn how to solve representative problems with computational methods applied to exoprosthetics,
wheelchair dynamics, rehabilitation robotics and neuroprosthetics.
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Literature Introductory Books

Neural prostheses - replacing motor function after desease or disability. Eds.: R. Stein, H. Peckham, D. Popovic. New York and Oxford:
Oxford University Press.

Advances in Rehabilitation Robotics  Human-Friendly Technologies on Movement Assistance and Restoration for People with Disabilities.
Eds: Z.Z. Bien, D. Stefanov (Lecture Notes in Control and Information Science, No. 306). Springer Verlag Berlin 2004.

Intelligent Systems and Technologies in Rehabilitation Engineering. Eds: H.N.L. Teodorescu, L.C. Jain (International Series on
Computational Intelligence). CRC Press Boca Raton, 2001.

Control of Movement for the Physically Disabled. Eds.: D. Popovic, T. Sinkjaer. Springer Verlag London, 2000.

Interaktive und autonome Systeme der Medizintechnik - Funktionswiederherstellung und Organersatz. Herausgeber: J. Werner,
Oldenbourg Wissenschaftsverlag 2005. 

Biomechanics and Neural Control of Posture and Movement. Eds.: J.M. Winters, P.E. Crago. Springer New York, 2000.

Selected Journal Articles

Abbas, J., Riener, R. (2001) Using mathematical models and advanced control systems techniques to enhance neuroprosthesis function.
Neuromodulation 4, pp. 187-195. 

Burdea, G., Popescu, V., Hentz, V., and Colbert, K. (2000): Virtual reality-based orthopedic telerehabilitation, IEEE Trans. Rehab. Eng., 8,
pp. 430-432

Colombo, G., Jörg, M., Schreier, R., Dietz, V. (2000) Treadmill training of paraplegic patients using a robotic orthosis. Journal of
Rehabilitation Research and Development, vol. 37, pp. 693-700.

Colombo, G., Jörg, M., Jezernik, S. (2002) Automatisiertes Lokomotionstraining auf dem Laufband. Automatisierungstechnik at, vol. 50, pp.
287-295.

Cooper, R. (1993) Stability of a wheelchair controlled by a human. IEEE Transactions on Rehabilitation Engineering 1, pp. 193-206. 

Krebs, H.I., Hogan, N., Aisen, M.L., Volpe, B.T. (1998): Robot-aided neurorehabilitation, IEEE Trans. Rehab. Eng., 6, pp. 75-87

Leifer, L. (1981): Rehabilitive robotics, Robot Age, pp. 4-11

Platz, T. (2003): Evidenzbasierte Armrehabilitation: Eine systematische Literaturübersicht, Nervenarzt, 74, pp. 841-849

Quintern, J. (1998) Application of functional electrical stimulation in paraplegic patients. NeuroRehabilitation 10, pp. 205-250.

Riener, R., Nef, T., Colombo, G. (2005) Robot-aided neurorehabilitation for the upper extremities. Medical & Biological Engineering &
Computing 43(1), pp. 2-10.

Riener, R., Fuhr, T., Schneider, J. (2002) On the complexity of biomechanical models used for neuroprosthesis development. International
Journal of Mechanics in Medicine and Biology 2, pp. 389-404.

Riener, R. (1999) Model-based development of neuroprostheses for paraplegic patients. Royal Philosophical Transactions: Biological
Sciences 354, pp. 877-894.

Prerequisites /
notice

Target Group: 
Students of higher semesters and PhD students of 
- D-MAVT, D-ITET, D-INFK
- Biomedical Engineering 
- Medical Faculty, University of Zurich 
Students of other departments, faculties, courses are also welcome

376-1308-00L Development Strategies for Medical Implants
Number of participants limited to 25 until 30.
Assignments will be considered chronological.

W  3 credits 2V+1U J. Mayer-Spetzler, M. Rubert

Abstract Introduction to development strategies for implantable devices considering the interdependecies of biocompatibility, clinical and economical
requirements ; discussion of the state of the art and actual trends in in orthopedics, sports medicine, traumatology and cardio-vascular
surgery as well as regenerative medicine (tissue engineering).

Objective Basic considerations in implant development
Concept of structural and surface biocompatiblity and its relevance for the design of implant and surgical technique
Understanding of conflicting factors, e.g. clinical need, economics and regulatory requirements
Concepts of tissue engineering, its strengths and weaknesses as current and future clinical solution

Content Biocompatibility as bionic guide line for the development of medical implants; implant and implantation related tissue reactions,
biocompatible materials and material processing technologies; implant testing and regulatory procedures; discussion of the state of the art
and actual trends in implant development in orthopedics, sports medicine, traumatology, spinal and cardio-vascular surgery; introduction to
tissue engineering. Selected topics will be further illustrated by commented movies from surgeries. 

Seminar: 
Group seminars on selected controversial topics in implant development. Participation is mandatory

Planned excursions (limited availability, not mandatory, to be confirmed): 
1. Participation (as visitor) on a life surgery  (travel at own expense)

Lecture notes Scribt (electronically available): 
- presented slides
- selected scientific papers for further reading

Literature Reference to key papers will be provided during the lectures
Prerequisites /
notice

Only Master students, achieved Bachelor degree is a pre-condition

The number of participants in the course is limited to 30 students in total.

Students will be exposed to surgical movies which may cause emotional reactions. The viewing of the surgical movies is voluntary and is
on the student's own responsability.
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376-1721-00L Bone Biology and Consequences for Human Health W  2 credits 2V G. A. Kuhn, J. Goldhahn, E. Wehrle
Abstract Bone is a complex tissue that continuously adapts to mechanical and metabolic demands. Failure of this remodeling results in reduced

mechanic stability ot the skeleton. This course will provide the basic knowledge to understand the biology and pathophysiology of bone
necessary for engineering of bone tissue and design of implants.

Objective After completing this course, students will be able to understand:
a) the biological and mechanical aspects of normal bone remodeling
b) pathological changes and their consequences for the musculoskeletal system
c) the consequences for implant design, tissue engineering and treatment interventions.

Content Bone adapts continuously to mechanical and metabolic demands by complex remodeling processes. This course will deal with biological
processes in bone tissue from cell to tissue level. This lecture will cover mechanisms of bone building (anabolic side), bone resorption
(catabolic side), their coupling, and regulation mechanisms. It will also cover pathological changes and typical diseases like osteoporosis.
Consequences for musculoskeletal health and their clinical relevance will be discussed. Requirements for tissue engineering as well as
implant modification will be presented. Actual examples from research and development will be utilized for illustration.

 Major in Bioimaging
 Core Courses

Number Title Type ECTS Hours Lecturers

227-0390-00L Elements of Microscopy W  4 credits 3G M. Stampanoni, G. Csúcs,
A. Sologubenko

Abstract The lecture reviews the basics of microscopy by discussing wave propagation, diffraction phenomena and aberrations. It gives the basics
of light microscopy, introducing fluorescence, wide-field, confocal and multiphoton imaging. It further covers 3D electron microscopy and
3D X-ray tomographic micro and nanoimaging.

Objective Solid introduction to the basics of microscopy, either with visible light, electrons or X-rays.
Content It would be impossible to imagine any scientific activities without the help of microscopy.  Nowadays, scientists can count on very powerful

instruments that allow investigating sample down to the atomic level.
The lecture includes a general introduction to the principles of microscopy, from wave physics to image formation. It provides the physical
and engineering basics to understand visible light, electron and X-ray microscopy. 
During selected exercises in the lab, several sophisticated instrument will be explained and their capabilities demonstrated.

Literature Available Online.

227-0946-00L Molecular Imaging - Basic Principles and Biomedical
Applications

W  2 credits 2V M. Rudin

Abstract Concept: What is molecular imaging.
Discussion/comparison of the various imaging modalities used in molecular imaging.
Design of target specific probes: specificity, delivery, amplification strategies.
Biomedical Applications.

Objective Molecular Imaging is a rapidly emerging discipline that translates concepts developed in molecular biology and cellular imaging to in vivo
imaging in animals and ultimatly in humans. Molecular imaging techniques allow the study of molecular events in the full biological context
of an intact organism and will therefore become an indispensable tool for biomedical research.

Content Concept: What is molecular imaging.
Discussion/comparison of the various imaging modalities used in molecular imaging.
Design of target specific probes: specificity, delivery, amplification strategies.
Biomedical Applications.

227-0948-00L Magnetic Resonance Imaging in Medicine W  4 credits 3G S. Kozerke, M. Weiger Senften
Abstract Introduction to magnetic resonance imaging and spectroscopy, encoding and contrast mechanisms and their application in medicine.
Objective Understand the basic principles of signal generation, image encoding and decoding, contrast manipulation and the application thereof to

assess anatomical and functional information in-vivo.
Content Introduction to magnetic resonance imaging including basic phenomena of nuclear magnetic resonance; 2- and 3-dimensional imaging

procedures; fast and parallel imaging techniques; image reconstruction; pulse sequences and image contrast manipulation; equipment;
advanced techniques for identifying activated brain areas; perfusion and flow; diffusion tensor imaging and fiber tracking; contrast agents;
localized magnetic resonance spectroscopy and spectroscopic imaging; diagnostic applications and applications in research.

Lecture notes D. Meier, P. Boesiger, S. Kozerke
Magnetic Resonance Imaging and Spectroscopy

227-0384-00L Ultrasound Fundamentals, Imaging, and Medical
Applications
Course is offered for the last time in Spring Semester
2020.

W  4 credits 3G O. Göksel

Abstract Ultrasound is the only imaging modality that is nonionizing (safe), real-time, cost-effective, and portable, with many medical uses in
diagnosis, intervention guidance, surgical navigation, and as a therapeutic option. In this course, we introduce conventional and
prospective applications of ultrasound, starting with the fundamentals of ultrasound physics and imaging.

Objective Students can use the fundamentals of ultrasound, to analyze and evaluate ultrasound imaging techniques and applications, in particular in
the field of medicine, as well as to design and implement basic applications.
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Content Ultrasound is used in wide range of products, from car parking sensors, to assessing fault lines in tram wheels. Medical imaging is the eye
of the doctor into body; and ultrasound is the only imaging modality that is nonionizing (safe), real-time, cheap, and portable. Some of its
medical uses include diagnosing breast and prostate cancer, guiding needle insertions/biopsies, screening for fetal anomalies, and
monitoring cardiac arrhythmias. Ultrasound physically interacts with the tissue, and thus can also be used therapeutically, e.g., to deliver
heat to treat tumors, break kidney stones, and targeted drug delivery. Recent years have seen several novel ultrasound techniques and
applications – with many more waiting in the horizon to be discovered.

This course covers ultrasonic equipment, physics of wave propagation, numerical methods for its simulation, image generation,
beamforming (basic delay-and-sum and advanced methods), transducers (phased-, linear-, convex-arrays), near- and far-field effect,
imaging modes (e.g., A-, M-, B-mode), Doppler and harmonic imaging, ultrasound signal processing techniques (e.g., filtering, time-
gain-compensation, displacement tracking), image analysis techniques (deconvolution, real-time processing, tracking, segmentation,
computer-assisted interventions), acoustic-radiation force, plane-wave imaging, contrast agents, micro-bubbles, elastography,
biomechanical characterization, high-intensity focused ultrasound and therapy, lithotripsy, histotripsy, photo-acoustics phenomenon and
opto-acoustic imaging, as well as sample non-medical applications such as the basics of non-destructive testing (NDT).

Hands-on exercises: These will help to apply the concepts learned in the course, using simulation environments (such as Matlab k-Wave
and FieldII toolboxes).  The exercises will involve a mix of design, implementation, and evaluation examples commonly encountered in
practical applications.

Project: Current and relevant applications in the field of ultrasound are offered as project topics. Projects will be carried out throughout the
course, where the project reporting and presentations will be due towards the end of the semester. These will be part of the assessment in
grading.

Prerequisites /
notice

Prerequisites: Familiarity with basic numerical methods.
Basic programming skills in Matlab.

 Practical Work
Number Title Type ECTS Hours Lecturers

465-0800-00L Practical Work
Only for MAS in Medical Physics

O  4 credits external organisers

Abstract The practical work is designed to train the students in the solution of a specific problem and provides insights in the field of the selected
MAS specialization. Tutors propose the subject of the project, the project plan, and the roadmap together with the student, as well as
monitor the overall execution.

Objective The practical work is aimed at training the student’s capability to apply and connect specific skills acquired during the MAS specialization
program towards the solution of a focused problem.

 Electives
Number Title Type ECTS Hours Lecturers

151-0622-00L Measuring on the Nanometer Scale W  2 credits 2G A. Stemmer
Abstract Introduction to theory and practical application of measuring techniques suitable for the nano domain.
Objective Introduction to theory and practical application of measuring techniques suitable for the nano domain.
Content Conventional techniques to analyze nano structures using photons and electrons: light microscopy with dark field and differential

interference contrast; scanning electron microscopy, transmission electron microscopy. Interferometric and other techniques to measure
distances. Optical traps. Foundations of scanning probe microscopy: tunneling, atomic force, optical near-field. Interactions between
specimen and probe. Current trends, including spectroscopy of material parameters.

Lecture notes Class notes and special papers will be distributed.

227-0391-00L Medical Image Analysis
Basic knowledge of computer vision would be helpful.

W  3 credits 2G E. Konukoglu, M. A. Reyes Aguirre

Abstract It is the objective of this lecture to introduce the basic concepts used 
in Medical Image Analysis. In particular the lecture focuses on shape 
representation schemes, segmentation techniques, machine learning based predictive models and various image registration methods
commonly used in Medical Image Analysis applications.

Objective This lecture aims to give an overview of the basic concepts of Medical Image Analysis and its application areas.
Prerequisites /
notice

Prerequisites: 
Basic concepts of mathematical analysis and linear algebra.

Preferred:
Basic knowledge of computer vision and machine learning would be helpful.

The course will be held in English.

227-0966-00L Quantitative Big Imaging: From Images to Statistics W  4 credits 2V+1U P. A. Kaestner, M. Stampanoni
Abstract The lecture focuses on the challenging task of extracting robust, quantitative metrics from imaging data and is intended to bridge the gap

between pure signal processing and the experimental science of imaging. The course will focus on techniques, scalability, and science-
driven analysis.

Objective 1.    Introduction of applied image processing for research science covering basic image processing, quantitative methods, and statistics.
2.    Understanding of imaging as a means to accomplish a scientific goal. 
3.    Ability to apply quantitative methods to complex 3D data to determine the validity of a hypothesis
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Content Imaging is a well established field and is rapidly growing as technological improvements push the limits of resolution in space, time,
material and functional sensitivity. These improvements have meant bigger, more diverse datasets being acquired at an ever increasing
rate. With methods varying from focused ion beams to X-rays to magnetic resonance, the sources for these images are exceptionally
heterogeneous; however, the tools and techniques for processing these images and transforming them into quantitative, biologically or
materially meaningful information are similar. 
The course consists of equal parts theory and practical analysis of first synthetic and then real imaging datasets. Basic aspects of image
processing are covered such as filtering, thresholding, and morphology. From these concepts a series of tools will be developed for
analyzing arbitrary images in a very generic manner. Specifically a series of methods will be covered, e.g. characterizing shape, thickness,
tortuosity, alignment, and spatial distribution of material features like pores. From these metrics the statistics aspect of the course will be
developed where reproducibility, robustness, and sensitivity will be investigated in order to accurately determine the precision and accuracy
of these quantitative measurements. A major emphasis of the course will be scalability and the tools of the 'Big Data' trend will be
discussed and how cluster, cloud, and new high-performance large dataset techniques can be applied to analyze imaging datasets. In
addition, given the importance of multi-scale systems, a data-management and analysis approach based on modern databases will be
presented for storing complex hierarchical information in a flexible manner. Finally as a concluding project the students will apply the
learned methods on real experimental data from the latest 3D experiments taken from either their own work / research or partnered with an
experimental imaging group.
The course provides the necessary background to perform the quantitative evaluation of complicated 3D imaging data in a minimally
subjective or arbitrary manner to answer questions coming from the fields of physics, biology, medicine, material science, and
paleontology.

Lecture notes Available online.
Literature Will be indicated during the lecture.
Prerequisites /
notice

Ideally students will have some familiarity with basic manipulation and programming in languages like Python, Matlab, or R. Interested
students who are worried about their skill level in this regard are encouraged to contact Per Anders Kaestner directly
(anders.kaestner@psi.ch).

More advanced students who are familiar with Python, C++, (or in some cases Java) will have to opportunity to develop more of their own
tools.

227-0967-00L Computational Neuroimaging Clinic W  3 credits 2V K. Stephan
Abstract This seminar teaches problem solving skills for computational neuroimaging (incl. associated computational analyses of behavioural data).

It deals with a wide variety of real-life problems that are brought to this meeting from the neuroimaging community at Zurich, e.g.,
concerning mass-univariate and multivariate analyses of fMRI/EEG data, or generative models of fMRI, EEG, or behavioural data.

Objective 1. Consolidation of theoretical knowledge (obtained in one of the following courses: 'Methods & models for fMRI data analysis',
'Translational Neuromodeling', 'Computational Psychiatry') in a practical setting.
2. Acquisition of practical problem solving strategies for computational modeling of neuroimaging data.

Content This seminar teaches problem solving skills for computational neuroimaging (incl. associated computational analyses of behavioural data).
It deals with a wide variety of real-life problems that are brought to this meeting from the neuroimaging community at Zurich, e.g.,
concerning mass-univariate and multivariate analyses of fMRI/EEG data, or generative models of fMRI, EEG, or behavioural data.

Prerequisites /
notice

The participants are expected to be familiar with general principles of statistics and have successfully completed at least one of the
following courses:
'Methods & models for fMRI data analysis',
'Translational Neuromodeling',
'Computational Psychiatry'

227-1034-00L Computational Vision (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: INI402

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  6 credits 2V+1U D. Kiper

Abstract This course focuses on neural computations that underlie visual perception. We study how visual signals are processed in the retina, LGN
and visual cortex. We study the morpholgy and functional architecture of cortical circuits responsible for pattern, motion, color, and three-
dimensional vision.

Objective This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Content This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Literature Books: (recommended references, not required)
1. An Introduction to Natural Computation, D. Ballard (Bradford Books, MIT Press) 1997.
2. The Handbook of Brain Theorie and Neural Networks, M. Arbib (editor), (MIT Press) 1995.

 Major in Bioengineering
 Core Courses

Number Title Type ECTS Hours Lecturers

376-1392-00L Mechanobiology: Implications for Development,
Regeneration and Tissue Engineering

W  3 credits 2G A. Ferrari, G. Shivashankar,
M. Zenobi-Wong

Abstract This course will emphasize the importance of mechanobiology to cell determination and behavior. Its importance to regenerative medicine
and tissue engineering will also be addressed. Finally, this course will discuss how age and disease adversely alter major
mechanosensitive developmental programs.
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Objective This course is designed to illuminate the importance of mechanobiological processes to life as well as to teach good experimental
strategies to investigate mechanobiological phenomena.

Content Typically, cell differentiation is studied under static conditions (cells grown on rigid plastic tissue culture dishes in two-dimensions), an
experimental approach that, while simplifying the requirements considerably, is short-sighted in scope. It is becoming increasingly apparent
that many tissues modulate their developmental programs to specifically match the mechanical stresses that they will encounter in later life.
Examples of known mechanosensitive developmental programs include osteogenesis (bones), chondrogenesis (cartilage), and
tendogenesis (tendons). Furthermore, general forms of cell behavior such as migration, extracellular matrix deposition, and complex tissue
differentiation are also regulated by mechanical stimuli.  Mechanically-regulated cellular processes are thus ubiquitous, ongoing and of
great clinical importance.

The overall importance of mechanobiology to humankind is illustrated by the fact that nearly 80% of our entire body mass arises from
tissues originating from mechanosensitive developmental programs, principally bones and muscles. Unfortunately, our ability to regenerate
mechanosensitive tissue diminishes in later life. As it is estimated that the fraction of the western world population over 65 years of age will
double in the next 25 years, an urgency in the global biomedical arena exists to better understand how to optimize complex tissue
development under physiologically-relevant mechanical environments for purposes of regenerative medicine and tissue engineering.

Lecture notes n/a
Literature Topical Scientific Manuscripts

376-1614-00L Principles in Tissue Engineering W  3 credits 2V K. Maniura, M. Rottmar, M. Zenobi-
Wong

Abstract Fundamentals in blood coagulation; thrombosis, blood rheology, immune system, inflammation, foreign body reaction on the molecular
level and the entire body are discussed. Applications of biomaterials for tissue engineering in different tissues are introduced.
Fundamentals in medical implantology, in situ drug release, cell transplantation and stem cell biology are discussed.

Objective Understanding of molecular aspects for the application of biodegradable and biocompatible Materials. Fundamentals of tissue reactions
(eg. immune responses) against implants and possible clinical consequences will be discussed.

Content This class continues with applications of biomaterials and devices introduced in Biocompatible Materials I. Fundamentals in blood
coagulation; thrombosis, blood rheology; immune system, inflammation, foreign body reaction on the level of the entire body and on the
molecular level are introduced. Applications of biomaterials for tissue engineering in the vascular system, skeletal muscle, heart muscle,
tendons and ligaments, bone, teeth, nerve and brain, and drug delivery systems are introduced. Fundamentals in medical implantology, in
situ drug release, cell transplantation and stem cell biology are discussed.

Lecture notes Handouts provided during the classes and references therin.
Literature The molecular Biology of the Cell, Alberts et al.,  5th Edition, 2009.

Principles in Tissue Engineering, Langer et al., 2nd Edition, 2002

 Practical Work
Number Title Type ECTS Hours Lecturers

465-0800-00L Practical Work
Only for MAS in Medical Physics

O  4 credits external organisers

Abstract The practical work is designed to train the students in the solution of a specific problem and provides insights in the field of the selected
MAS specialization. Tutors propose the subject of the project, the project plan, and the roadmap together with the student, as well as
monitor the overall execution.

Objective The practical work is aimed at training the student’s capability to apply and connect specific skills acquired during the MAS specialization
program towards the solution of a focused problem.

 Electives
376-1622-00L Practical Methods in Tissue Engineering (offered in the Autumn Semester) and 376-1624-00L Practical Methods in Biofabrication (offered
in the Spring Semester) are mutually exclusive to be eligible for credits.

Number Title Type ECTS Hours Lecturers

151-0622-00L Measuring on the Nanometer Scale W  2 credits 2G A. Stemmer
Abstract Introduction to theory and practical application of measuring techniques suitable for the nano domain.
Objective Introduction to theory and practical application of measuring techniques suitable for the nano domain.
Content Conventional techniques to analyze nano structures using photons and electrons: light microscopy with dark field and differential

interference contrast; scanning electron microscopy, transmission electron microscopy. Interferometric and other techniques to measure
distances. Optical traps. Foundations of scanning probe microscopy: tunneling, atomic force, optical near-field. Interactions between
specimen and probe. Current trends, including spectroscopy of material parameters.

Lecture notes Class notes and special papers will be distributed.

151-0630-00L Nanorobotics W  4 credits 2V+1U S. Pané Vidal
Abstract Nanorobotics is an interdisciplinary field that includes topics from nanotechnology and robotics. The aim of this course is to expose

students to the fundamental and essential aspects of this emerging field.
Objective The aim of this course is to expose students to the fundamental and essential aspects of this emerging field. These topics include basic

principles of nanorobotics, building parts for nanorobotic systems, powering and locomotion of nanorobots, manipulation, assembly and
sensing using nanorobots, molecular motors, and nanorobotics for nanomedicine.

227-0946-00L Molecular Imaging - Basic Principles and Biomedical
Applications

W  2 credits 2V M. Rudin

Abstract Concept: What is molecular imaging.
Discussion/comparison of the various imaging modalities used in molecular imaging.
Design of target specific probes: specificity, delivery, amplification strategies.
Biomedical Applications.

Objective Molecular Imaging is a rapidly emerging discipline that translates concepts developed in molecular biology and cellular imaging to in vivo
imaging in animals and ultimatly in humans. Molecular imaging techniques allow the study of molecular events in the full biological context
of an intact organism and will therefore become an indispensable tool for biomedical research.

Content Concept: What is molecular imaging.
Discussion/comparison of the various imaging modalities used in molecular imaging.
Design of target specific probes: specificity, delivery, amplification strategies.
Biomedical Applications.

376-1624-00L Practical Methods in Biofabrication
Number of participants limited to 12.

W  5 credits 4P M. Zenobi-Wong, S. J. Ferguson,
S. Schürle-Finke

Abstract Biofabrication involves the assembly of materials, cells, and biological building blocks into grafts for tissue engineering and in vitro models.
The student learns techniques involving the fabrication and characterization of tissue engineered scaffolds and the design of 3D models
based on medical imaging data.  They apply this knowledge to design, manufacture and evaluate a biofabricated graft.
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Objective The objective of this course is to give students hands-on experience with the tools required to fabricate tissue engineered grafts. During the
first part of this course, students will gain practical knowledge in hydrogel synthesis and characterization, fuse deposition modelling and
stereolithography, bioprinting and bioink design, electrospinning, and cell culture and viability testing.  They will also learn the properties of
common biocompatible materials used in fabrication and how to select materials based on the application requirements.   The students
learn principles for design of 3D models.    Finally the students will apply their knowledge to a problem-based Project in the second half of
the Semester.  The Project requires significant time outside of class Hours, strong commitment and ability to work independently.

Prerequisites /
notice

Not recommended if passed 376-1622-00 Practical Methods in Tissue Engineering

 Major in Bioelectronics
 Core Courses

Number Title Type ECTS Hours Lecturers

227-0390-00L Elements of Microscopy W  4 credits 3G M. Stampanoni, G. Csúcs,
A. Sologubenko

Abstract The lecture reviews the basics of microscopy by discussing wave propagation, diffraction phenomena and aberrations. It gives the basics
of light microscopy, introducing fluorescence, wide-field, confocal and multiphoton imaging. It further covers 3D electron microscopy and
3D X-ray tomographic micro and nanoimaging.

Objective Solid introduction to the basics of microscopy, either with visible light, electrons or X-rays.
Content It would be impossible to imagine any scientific activities without the help of microscopy.  Nowadays, scientists can count on very powerful

instruments that allow investigating sample down to the atomic level.
The lecture includes a general introduction to the principles of microscopy, from wave physics to image formation. It provides the physical
and engineering basics to understand visible light, electron and X-ray microscopy. 
During selected exercises in the lab, several sophisticated instrument will be explained and their capabilities demonstrated.

Literature Available Online.

 Practical Work
Number Title Type ECTS Hours Lecturers

465-0800-00L Practical Work
Only for MAS in Medical Physics

O  4 credits external organisers

Abstract The practical work is designed to train the students in the solution of a specific problem and provides insights in the field of the selected
MAS specialization. Tutors propose the subject of the project, the project plan, and the roadmap together with the student, as well as
monitor the overall execution.

Objective The practical work is aimed at training the student’s capability to apply and connect specific skills acquired during the MAS specialization
program towards the solution of a focused problem.

 Electives
Number Title Type ECTS Hours Lecturers

151-0172-00L Microsystems II: Devices and Applications W  6 credits 3V+3U C. Hierold, C. I. Roman
Abstract The students are introduced to the fundamentals and physics of microelectronic devices as well as to microsystems in general (MEMS).

They will be able to apply this knowledge for system research and development and to assess and apply principles, concepts and methods
from a broad range of technical and scientific disciplines for innovative products.

Objective The students are introduced to the fundamentals and physics of microelectronic devices as well as to microsystems in general (MEMS),
basic electronic circuits for sensors, RF-MEMS, chemical microsystems, BioMEMS and microfluidics, magnetic sensors and optical
devices, and in particular to the concepts of Nanosystems (focus on carbon nanotubes), based on the respective state-of-research in the
field. They will be able to apply this knowledge for system research and development and to assess and apply principles, concepts and
methods from a broad range of technical and scientific disciplines for innovative products. 

During the weekly 3 hour module on Mondays dedicated to Übungen the students will learn the basics of Comsol Multiphysics and utilize
this software to simulate MEMS devices to understand their operation more deeply and optimize their designs.

Content Transducer fundamentals and test structures
Pressure sensors and accelerometers
Resonators and gyroscopes
RF MEMS
Acoustic transducers and energy harvesters
Thermal transducers and energy harvesters
Optical and magnetic transducers
Chemical sensors and biosensors, microfluidics and bioMEMS
Nanosystem concepts
Basic electronic circuits for sensors and microsystems

Lecture notes Handouts (on-line)

151-0622-00L Measuring on the Nanometer Scale W  2 credits 2G A. Stemmer
Abstract Introduction to theory and practical application of measuring techniques suitable for the nano domain.
Objective Introduction to theory and practical application of measuring techniques suitable for the nano domain.
Content Conventional techniques to analyze nano structures using photons and electrons: light microscopy with dark field and differential

interference contrast; scanning electron microscopy, transmission electron microscopy. Interferometric and other techniques to measure
distances. Optical traps. Foundations of scanning probe microscopy: tunneling, atomic force, optical near-field. Interactions between
specimen and probe. Current trends, including spectroscopy of material parameters.

Lecture notes Class notes and special papers will be distributed.

151-0980-00L Biofluiddynamics W  4 credits 2V+1U D. Obrist, P. Jenny
Abstract Introduction to the fluid dynamics of the human body and the modeling of physiological flow processes (biomedical fluid dynamics).
Objective A basic understanding of fluid dynamical processes in the human body. Knowledge of the basic concepts of fluid dynamics and the ability

to apply these concepts appropriately.
Content This lecture is an introduction to the fluid dynamics of the human body (biomedical fluid dynamics). For selected topics of human

physiology, we introduce fundamental concepts of fluid dynamics (e.g., creeping flow, incompressible flow, flow in porous media, flow with
particles, fluid-structure interaction) and use them to model physiological flow processes. The list of studied topics includes the
cardiovascular system and related diseases,  blood rheology, microcirculation, respiratory fluid dynamics and fluid dynamics of the inner
ear.

Lecture notes Lecture notes are provided electronically.
Literature A list of books on selected topics of biofluiddynamics can be found on the course web page.
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227-1046-00L Computer Simulations of Sensory Systems
Does not take place this semester.

W  3 credits 3G

Abstract This course deals with computer simulations of the human auditory, visual, and balance system. The lecture will cover the physiological
and mechanical mechanisms of these sensory systems. And in the exercises, the simulations will be implemented with Python. The
simulations will be such that their output could be used as input for actual neuro-sensory prostheses.

Objective Our sensory systems provide us with information about what is happening in the world surrounding us. Thereby they transform incoming
mechanical, electromagnetic, and chemical signals into action potentials, the language of the central nervous system.
The main goal of this lecture is to describe how our sensors achieve these transformations, how they can be reproduced with
computational tools. For example, our auditory system performs approximately a Fourier transformation of the incoming sound waves; our
early visual system is optimized for finding edges in images that are projected onto our retina; and our balance system can be well
described with a control system that transforms linear and rotational movements into nerve impulses.
In the exercises that go with this lecture, we will use Python to reproduce the transformations achieved by our sensory systems. The goal is
to write programs whose output could be used as input for actual neurosensory prostheses: such prostheses have become commonplace
for the auditory system, and are under development for the visual and the balance system. For the corresponding exercises, at least some
basic programing experience is required!!

Content The following topics will be covered:
 Introduction into the signal processing in nerve cells.
 Introduction into Python.
 Simplified simulation of nerve cells (Hodgkins-Huxley model).
 Description of the auditory system, including the application of Fourier transforms on recorded sounds.
 Description of the visual system, including the retina and the information processing in the visual cortex. The corresponding exercises will
provide an introduction to digital image processing.
 Description of the mechanics of our balance system, and the Control System-language that can be used for an efficient description of the
corresponding signal processing (essentially Laplace transforms and control systems).

Lecture notes For each module additional material will be provided on the e-learning platform "moodle". The main content of the lecture is also available
as a wikibook, under http://en.wikibooks.org/wiki/Sensory_Systems

Literature Open source information is available as wikibook http://en.wikibooks.org/wiki/Sensory_Systems

For good overviews I recommend:

 Principles of Neural Science (5th Ed, 2012), by Eric Kandel, James Schwartz, Thomas Jessell, Steven Siegelbaum, A.J. Hudspeth     
ISBN 0071390111 / 9780071390118
THE standard textbook on neuroscience.

 L. R. Squire, D. Berg, F. E. Bloom, Lac S. du, A. Ghosh, and N. C. Spitzer. Fundamental Neuroscience, Academic Press - Elsevier, 2012
[ISBN: 9780123858702].
This book covers the biological components, from the functioning of an individual ion channels through the various senses, all the way to
consciousness. And while it does not cover the computational aspects, it nevertheless provides an excellent overview of the underlying
neural processes of sensory systems. 

 G. Mather. Foundations of Sensation and Perception, 2nd Ed Psychology Press, 2009 [ISBN: 978-1-84169-698-0 (hardcover), oder 978-
1-84169-699-7 (paperback)]
A coherent, up-to-date introduction to the basic facts and theories concerning human sensory perception.

 The best place to get started with Python programming are the https://scipy-lectures.org/
Prerequisites /
notice

 Since I have to gravel from Linz, Austria, to Zurich to give this lecture, I plan to hold this lecture in blocks (every 2nd week).
 In addition to the lectures, this course includes external lab visits to institutes actively involved in research on the relevant sensory
systems.

376-1614-00L Principles in Tissue Engineering W  3 credits 2V K. Maniura, M. Rottmar, M. Zenobi-
Wong

Abstract Fundamentals in blood coagulation; thrombosis, blood rheology, immune system, inflammation, foreign body reaction on the molecular
level and the entire body are discussed. Applications of biomaterials for tissue engineering in different tissues are introduced.
Fundamentals in medical implantology, in situ drug release, cell transplantation and stem cell biology are discussed.

Objective Understanding of molecular aspects for the application of biodegradable and biocompatible Materials. Fundamentals of tissue reactions
(eg. immune responses) against implants and possible clinical consequences will be discussed.

Content This class continues with applications of biomaterials and devices introduced in Biocompatible Materials I. Fundamentals in blood
coagulation; thrombosis, blood rheology; immune system, inflammation, foreign body reaction on the level of the entire body and on the
molecular level are introduced. Applications of biomaterials for tissue engineering in the vascular system, skeletal muscle, heart muscle,
tendons and ligaments, bone, teeth, nerve and brain, and drug delivery systems are introduced. Fundamentals in medical implantology, in
situ drug release, cell transplantation and stem cell biology are discussed.

Lecture notes Handouts provided during the classes and references therin.
Literature The molecular Biology of the Cell, Alberts et al.,  5th Edition, 2009.

Principles in Tissue Engineering, Langer et al., 2nd Edition, 2002

 Major in Neuroinformatics
 Core Courses

Number Title Type ECTS Hours Lecturers

227-1034-00L Computational Vision (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: INI402

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  6 credits 2V+1U D. Kiper

Abstract This course focuses on neural computations that underlie visual perception. We study how visual signals are processed in the retina, LGN
and visual cortex. We study the morpholgy and functional architecture of cortical circuits responsible for pattern, motion, color, and three-
dimensional vision.
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Objective This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Content This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Literature Books: (recommended references, not required)
1. An Introduction to Natural Computation, D. Ballard (Bradford Books, MIT Press) 1997.
2. The Handbook of Brain Theorie and Neural Networks, M. Arbib (editor), (MIT Press) 1995.

 Practical Work
Number Title Type ECTS Hours Lecturers

465-0800-00L Practical Work
Only for MAS in Medical Physics

O  4 credits external organisers

Abstract The practical work is designed to train the students in the solution of a specific problem and provides insights in the field of the selected
MAS specialization. Tutors propose the subject of the project, the project plan, and the roadmap together with the student, as well as
monitor the overall execution.

Objective The practical work is aimed at training the student’s capability to apply and connect specific skills acquired during the MAS specialization
program towards the solution of a focused problem.

 Electives
Number Title Type ECTS Hours Lecturers

227-1046-00L Computer Simulations of Sensory Systems
Does not take place this semester.

W  3 credits 3G

Abstract This course deals with computer simulations of the human auditory, visual, and balance system. The lecture will cover the physiological
and mechanical mechanisms of these sensory systems. And in the exercises, the simulations will be implemented with Python. The
simulations will be such that their output could be used as input for actual neuro-sensory prostheses.

Objective Our sensory systems provide us with information about what is happening in the world surrounding us. Thereby they transform incoming
mechanical, electromagnetic, and chemical signals into action potentials, the language of the central nervous system.
The main goal of this lecture is to describe how our sensors achieve these transformations, how they can be reproduced with
computational tools. For example, our auditory system performs approximately a Fourier transformation of the incoming sound waves; our
early visual system is optimized for finding edges in images that are projected onto our retina; and our balance system can be well
described with a control system that transforms linear and rotational movements into nerve impulses.
In the exercises that go with this lecture, we will use Python to reproduce the transformations achieved by our sensory systems. The goal is
to write programs whose output could be used as input for actual neurosensory prostheses: such prostheses have become commonplace
for the auditory system, and are under development for the visual and the balance system. For the corresponding exercises, at least some
basic programing experience is required!!

Content The following topics will be covered:
 Introduction into the signal processing in nerve cells.
 Introduction into Python.
 Simplified simulation of nerve cells (Hodgkins-Huxley model).
 Description of the auditory system, including the application of Fourier transforms on recorded sounds.
 Description of the visual system, including the retina and the information processing in the visual cortex. The corresponding exercises will
provide an introduction to digital image processing.
 Description of the mechanics of our balance system, and the Control System-language that can be used for an efficient description of the
corresponding signal processing (essentially Laplace transforms and control systems).

Lecture notes For each module additional material will be provided on the e-learning platform "moodle". The main content of the lecture is also available
as a wikibook, under http://en.wikibooks.org/wiki/Sensory_Systems

Literature Open source information is available as wikibook http://en.wikibooks.org/wiki/Sensory_Systems

For good overviews I recommend:

 Principles of Neural Science (5th Ed, 2012), by Eric Kandel, James Schwartz, Thomas Jessell, Steven Siegelbaum, A.J. Hudspeth     
ISBN 0071390111 / 9780071390118
THE standard textbook on neuroscience.

 L. R. Squire, D. Berg, F. E. Bloom, Lac S. du, A. Ghosh, and N. C. Spitzer. Fundamental Neuroscience, Academic Press - Elsevier, 2012
[ISBN: 9780123858702].
This book covers the biological components, from the functioning of an individual ion channels through the various senses, all the way to
consciousness. And while it does not cover the computational aspects, it nevertheless provides an excellent overview of the underlying
neural processes of sensory systems. 

 G. Mather. Foundations of Sensation and Perception, 2nd Ed Psychology Press, 2009 [ISBN: 978-1-84169-698-0 (hardcover), oder 978-
1-84169-699-7 (paperback)]
A coherent, up-to-date introduction to the basic facts and theories concerning human sensory perception.

 The best place to get started with Python programming are the https://scipy-lectures.org/
Prerequisites /
notice

 Since I have to gravel from Linz, Austria, to Zurich to give this lecture, I plan to hold this lecture in blocks (every 2nd week).
 In addition to the lectures, this course includes external lab visits to institutes actively involved in research on the relevant sensory
systems.

376-1792-00L Introductory Course in Neuroscience II (University of
Zurich)

W  2 credits 2V University lecturers
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No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: SPV0Y020

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

Abstract This course discusses behavioral aspects in neuroscience. Modern brain imaging methods are described. Clinical issues including
diseases of the nervous system are studied. Sleep research and neuroimmunology are discussed. Finally, the course deals with the basic
concepts in psychiatry.

Prerequisites /
notice

Für Doktorierende des Zentrums für Neurowissenschaften Zürich.

 Major in Biocompatible Materials
 Core Courses

376-1622-00L Practical Methods in Tissue Engineering (offered in the Autumn Semester) and 376-1624-00L Practical Methods in Biofabrication (offered
in the Spring Semester) are mutually exclusive to be eligible for credits.

Number Title Type ECTS Hours Lecturers

151-0980-00L Biofluiddynamics W  4 credits 2V+1U D. Obrist, P. Jenny
Abstract Introduction to the fluid dynamics of the human body and the modeling of physiological flow processes (biomedical fluid dynamics).
Objective A basic understanding of fluid dynamical processes in the human body. Knowledge of the basic concepts of fluid dynamics and the ability

to apply these concepts appropriately.
Content This lecture is an introduction to the fluid dynamics of the human body (biomedical fluid dynamics). For selected topics of human

physiology, we introduce fundamental concepts of fluid dynamics (e.g., creeping flow, incompressible flow, flow in porous media, flow with
particles, fluid-structure interaction) and use them to model physiological flow processes. The list of studied topics includes the
cardiovascular system and related diseases,  blood rheology, microcirculation, respiratory fluid dynamics and fluid dynamics of the inner
ear.

Lecture notes Lecture notes are provided electronically.
Literature A list of books on selected topics of biofluiddynamics can be found on the course web page.

376-1308-00L Development Strategies for Medical Implants
Number of participants limited to 25 until 30.
Assignments will be considered chronological.

W  3 credits 2V+1U J. Mayer-Spetzler, M. Rubert

Abstract Introduction to development strategies for implantable devices considering the interdependecies of biocompatibility, clinical and economical
requirements ; discussion of the state of the art and actual trends in in orthopedics, sports medicine, traumatology and cardio-vascular
surgery as well as regenerative medicine (tissue engineering).

Objective Basic considerations in implant development
Concept of structural and surface biocompatiblity and its relevance for the design of implant and surgical technique
Understanding of conflicting factors, e.g. clinical need, economics and regulatory requirements
Concepts of tissue engineering, its strengths and weaknesses as current and future clinical solution

Content Biocompatibility as bionic guide line for the development of medical implants; implant and implantation related tissue reactions,
biocompatible materials and material processing technologies; implant testing and regulatory procedures; discussion of the state of the art
and actual trends in implant development in orthopedics, sports medicine, traumatology, spinal and cardio-vascular surgery; introduction to
tissue engineering. Selected topics will be further illustrated by commented movies from surgeries. 

Seminar: 
Group seminars on selected controversial topics in implant development. Participation is mandatory

Planned excursions (limited availability, not mandatory, to be confirmed): 
1. Participation (as visitor) on a life surgery  (travel at own expense)

Lecture notes Scribt (electronically available): 
- presented slides
- selected scientific papers for further reading

Literature Reference to key papers will be provided during the lectures
Prerequisites /
notice

Only Master students, achieved Bachelor degree is a pre-condition

The number of participants in the course is limited to 30 students in total.

Students will be exposed to surgical movies which may cause emotional reactions. The viewing of the surgical movies is voluntary and is
on the student's own responsability.

376-1392-00L Mechanobiology: Implications for Development,
Regeneration and Tissue Engineering

W  3 credits 2G A. Ferrari, G. Shivashankar,
M. Zenobi-Wong

Abstract This course will emphasize the importance of mechanobiology to cell determination and behavior. Its importance to regenerative medicine
and tissue engineering will also be addressed. Finally, this course will discuss how age and disease adversely alter major
mechanosensitive developmental programs.

Objective This course is designed to illuminate the importance of mechanobiological processes to life as well as to teach good experimental
strategies to investigate mechanobiological phenomena.

Content Typically, cell differentiation is studied under static conditions (cells grown on rigid plastic tissue culture dishes in two-dimensions), an
experimental approach that, while simplifying the requirements considerably, is short-sighted in scope. It is becoming increasingly apparent
that many tissues modulate their developmental programs to specifically match the mechanical stresses that they will encounter in later life.
Examples of known mechanosensitive developmental programs include osteogenesis (bones), chondrogenesis (cartilage), and
tendogenesis (tendons). Furthermore, general forms of cell behavior such as migration, extracellular matrix deposition, and complex tissue
differentiation are also regulated by mechanical stimuli.  Mechanically-regulated cellular processes are thus ubiquitous, ongoing and of
great clinical importance.

The overall importance of mechanobiology to humankind is illustrated by the fact that nearly 80% of our entire body mass arises from
tissues originating from mechanosensitive developmental programs, principally bones and muscles. Unfortunately, our ability to regenerate
mechanosensitive tissue diminishes in later life. As it is estimated that the fraction of the western world population over 65 years of age will
double in the next 25 years, an urgency in the global biomedical arena exists to better understand how to optimize complex tissue
development under physiologically-relevant mechanical environments for purposes of regenerative medicine and tissue engineering.

Lecture notes n/a
Literature Topical Scientific Manuscripts
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376-1614-00L Principles in Tissue Engineering W  3 credits 2V K. Maniura, M. Rottmar, M. Zenobi-
Wong

Abstract Fundamentals in blood coagulation; thrombosis, blood rheology, immune system, inflammation, foreign body reaction on the molecular
level and the entire body are discussed. Applications of biomaterials for tissue engineering in different tissues are introduced.
Fundamentals in medical implantology, in situ drug release, cell transplantation and stem cell biology are discussed.

Objective Understanding of molecular aspects for the application of biodegradable and biocompatible Materials. Fundamentals of tissue reactions
(eg. immune responses) against implants and possible clinical consequences will be discussed.

Content This class continues with applications of biomaterials and devices introduced in Biocompatible Materials I. Fundamentals in blood
coagulation; thrombosis, blood rheology; immune system, inflammation, foreign body reaction on the level of the entire body and on the
molecular level are introduced. Applications of biomaterials for tissue engineering in the vascular system, skeletal muscle, heart muscle,
tendons and ligaments, bone, teeth, nerve and brain, and drug delivery systems are introduced. Fundamentals in medical implantology, in
situ drug release, cell transplantation and stem cell biology are discussed.

Lecture notes Handouts provided during the classes and references therin.
Literature The molecular Biology of the Cell, Alberts et al.,  5th Edition, 2009.

Principles in Tissue Engineering, Langer et al., 2nd Edition, 2002

376-1624-00L Practical Methods in Biofabrication
Number of participants limited to 12.

W  5 credits 4P M. Zenobi-Wong, S. J. Ferguson,
S. Schürle-Finke

Abstract Biofabrication involves the assembly of materials, cells, and biological building blocks into grafts for tissue engineering and in vitro models.
The student learns techniques involving the fabrication and characterization of tissue engineered scaffolds and the design of 3D models
based on medical imaging data.  They apply this knowledge to design, manufacture and evaluate a biofabricated graft.

Objective The objective of this course is to give students hands-on experience with the tools required to fabricate tissue engineered grafts. During the
first part of this course, students will gain practical knowledge in hydrogel synthesis and characterization, fuse deposition modelling and
stereolithography, bioprinting and bioink design, electrospinning, and cell culture and viability testing.  They will also learn the properties of
common biocompatible materials used in fabrication and how to select materials based on the application requirements.   The students
learn principles for design of 3D models.    Finally the students will apply their knowledge to a problem-based Project in the second half of
the Semester.  The Project requires significant time outside of class Hours, strong commitment and ability to work independently.

Prerequisites /
notice

Not recommended if passed 376-1622-00 Practical Methods in Tissue Engineering

 Practical Work
Number Title Type ECTS Hours Lecturers

465-0800-00L Practical Work
Only for MAS in Medical Physics

O  4 credits external organisers

Abstract The practical work is designed to train the students in the solution of a specific problem and provides insights in the field of the selected
MAS specialization. Tutors propose the subject of the project, the project plan, and the roadmap together with the student, as well as
monitor the overall execution.

Objective The practical work is aimed at training the student’s capability to apply and connect specific skills acquired during the MAS specialization
program towards the solution of a focused problem.

 Electives
Number Title Type ECTS Hours Lecturers

151-0622-00L Measuring on the Nanometer Scale W  2 credits 2G A. Stemmer
Abstract Introduction to theory and practical application of measuring techniques suitable for the nano domain.
Objective Introduction to theory and practical application of measuring techniques suitable for the nano domain.
Content Conventional techniques to analyze nano structures using photons and electrons: light microscopy with dark field and differential

interference contrast; scanning electron microscopy, transmission electron microscopy. Interferometric and other techniques to measure
distances. Optical traps. Foundations of scanning probe microscopy: tunneling, atomic force, optical near-field. Interactions between
specimen and probe. Current trends, including spectroscopy of material parameters.

Lecture notes Class notes and special papers will be distributed.

 Major in Molecular Biology and Biophysics
 Core Courses

Number Title Type ECTS Hours Lecturers

551-1402-00L Molecular and Structural Biology VI: Biophysical
Analysis of Macromolecular Mechanisms
This course is strongly recommended for the Masters
Major "Biology and Biophysics".

W  4 credits 2V R. Glockshuber, T. Ishikawa,
S. Jonas, B. Schuler, E. Weber-Ban

Abstract The course is focussed on biophysical methods for characterising conformational transitions and reaction mechanisms of proteins and
biological mecromolecules, with focus on methods that have not been covered in the Biology Bachelor Curriculum.

Objective The goal of the course is to give the students a broad overview on biopyhsical techniques available for studying conformational transitions
and complex reaction mechanisms of biological macromolecules. The course is particularly suited for students enrolled in the Majors
"Structural Biology and Biophysics", "Biochemistry" and "Chemical Biology" of the Biology MSc curriculum, as well as for MSc students of
Chemistry and Interdisciplinary Natural Sciences".

Content The biophysical methods covered in the course include advanced reaction kinetics, methods for the thermodynamic and kinetic analysis of
protein-ligand interactions, static and dynamic light scattering, analytical ultracentrifugation, spectroscopic techniques such as fluorescence
anisotropy, fluorescence resonance energy transfer (FRET) and single molecule fluorescence spectrosopy, modern electron microscopy
techniques, atomic force microscopy, and isothermal and differential scanning calorimetry.

Lecture notes Course material from the individual lecturers wil be made available at the sharepoint website 

https://team.biol.ethz.ch/e-learn/551-1402-00L

Prerequisites /
notice

Finished BSc curriculum in Biology, Chemistry or Interdisciplinary Natural Sciences. The course is also adequate for doctoral students with
research projects in structural biology, biophysics, biochemistry and chemical biology.

 Practical Work
Number Title Type ECTS Hours Lecturers

465-0800-00L Practical Work
Only for MAS in Medical Physics

O  4 credits external organisers
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Abstract The practical work is designed to train the students in the solution of a specific problem and provides insights in the field of the selected
MAS specialization. Tutors propose the subject of the project, the project plan, and the roadmap together with the student, as well as
monitor the overall execution.

Objective The practical work is aimed at training the student’s capability to apply and connect specific skills acquired during the MAS specialization
program towards the solution of a focused problem.

 Electives
Number Title Type ECTS Hours Lecturers

151-0622-00L Measuring on the Nanometer Scale W  2 credits 2G A. Stemmer
Abstract Introduction to theory and practical application of measuring techniques suitable for the nano domain.
Objective Introduction to theory and practical application of measuring techniques suitable for the nano domain.
Content Conventional techniques to analyze nano structures using photons and electrons: light microscopy with dark field and differential

interference contrast; scanning electron microscopy, transmission electron microscopy. Interferometric and other techniques to measure
distances. Optical traps. Foundations of scanning probe microscopy: tunneling, atomic force, optical near-field. Interactions between
specimen and probe. Current trends, including spectroscopy of material parameters.

Lecture notes Class notes and special papers will be distributed.

376-1392-00L Mechanobiology: Implications for Development,
Regeneration and Tissue Engineering

W  3 credits 2G A. Ferrari, G. Shivashankar,
M. Zenobi-Wong

Abstract This course will emphasize the importance of mechanobiology to cell determination and behavior. Its importance to regenerative medicine
and tissue engineering will also be addressed. Finally, this course will discuss how age and disease adversely alter major
mechanosensitive developmental programs.

Objective This course is designed to illuminate the importance of mechanobiological processes to life as well as to teach good experimental
strategies to investigate mechanobiological phenomena.

Content Typically, cell differentiation is studied under static conditions (cells grown on rigid plastic tissue culture dishes in two-dimensions), an
experimental approach that, while simplifying the requirements considerably, is short-sighted in scope. It is becoming increasingly apparent
that many tissues modulate their developmental programs to specifically match the mechanical stresses that they will encounter in later life.
Examples of known mechanosensitive developmental programs include osteogenesis (bones), chondrogenesis (cartilage), and
tendogenesis (tendons). Furthermore, general forms of cell behavior such as migration, extracellular matrix deposition, and complex tissue
differentiation are also regulated by mechanical stimuli.  Mechanically-regulated cellular processes are thus ubiquitous, ongoing and of
great clinical importance.

The overall importance of mechanobiology to humankind is illustrated by the fact that nearly 80% of our entire body mass arises from
tissues originating from mechanosensitive developmental programs, principally bones and muscles. Unfortunately, our ability to regenerate
mechanosensitive tissue diminishes in later life. As it is estimated that the fraction of the western world population over 65 years of age will
double in the next 25 years, an urgency in the global biomedical arena exists to better understand how to optimize complex tissue
development under physiologically-relevant mechanical environments for purposes of regenerative medicine and tissue engineering.

Lecture notes n/a
Literature Topical Scientific Manuscripts

 Master's Thesis (for both Directions)
Number Title Type ECTS Hours Lecturers

465-0900-00L Master's Thesis
Only for MAS in Medical Physics

O  15 credits 32D Supervisors

Abstract The master's thesis concludes the study program. The master thesis should prove the students' ability to independently, structurally and
scientifically work on a topic in the field of the selected specialization.

Objective The thesis is aimed at enhancing the student's capability to apply and connect methods and procedures of imparted content during the
MAS program in the field of the selected specialization towards the solution of a problem.

MAS in Medical Physics - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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MAS in Future Transport Systems
Four-semester, part-time MAS programme.

Start of the next course: Spring Semester 2021.

 Major in Systemic Aspects of Future Transport
The Major in "Systemic Aspects of Future Transport" takes place only in Spring Semester.

Number Title Type ECTS Hours Lecturers

166-0100-00L Transport Systems: Dynamics and Future
Developments
Does not take place this semester.
Only for MAS in Future Transport Systems and CAS in
Systemic Aspects of Future Transport.

O  3 credits 2G

Abstract Interrelationships and dynamic change and the impact of these on mobility and transportation are being investigated in this module. The
module addresses desirable future development of urban transport systems in Switzerland by covering and critically examining authentic,
existing transport scenarios (e.g. ARE) in an exercise setting which deploys backcasting.

Objective Participants
- understand the complexity of the transport system status quo as a whole, and are able to describe it qualitatively and create an
operational and/or working context (K1);
- understand the development of transport systems and future transport scenarios over time, and can infer objectives from the latter (K2);
- understand how digitisation drives new mobility services (mobility as a service), and are able to qualitatively estimate the changes these
bring to transport systems as a whole (K3);
- are able to pinpoint the challenges and potential of the transition to autonomous transport forms (K4).

Content - Deepen understanding of complex transport systems and their dynamics past – status quo – future
- Consolidate a foundation in the dynamics of transport systems: elements and their interrelationships
- Overview and selection of methods/approaches for the development and analysis of scenarios
- Future perspectives (ARE), target scenarios
- Transformation and change in systems
- Transport policy and the potential of regulation
- Excursion: “Autonomous transport”

Methods selected
- System analysis, scenario analysis, foresight, indicators for sustainable mobility, case study learning via a pilot project on future transport
systems

Lecture notes Distributed at start of module
Literature Distributed at start of module
Prerequisites /
notice

Announced to students of the of the MAS / CAS at the beginning of the term

166-0101-00L Development and Assessment of Transport Scenarios
Does not take place this semester.
Only for MAS in Future Transport Systems and CAS in
Systemic Aspects of Future Transport.

O  4 credits 3G

Abstract This module familiarises participants with current methods of developing and evaluating transport scenarios. These include analysis of the
interrelationship of space and traffic; traffic modelling methods; and evaluation according to economic and planning criteria.

Objective Participants

- are familiar with suitable methods for developing transport scenarios and how to analyse and evaluate them. In particular, they know how
to address the challenges of evaluating future forms of transport;
- are able to select a suitable method and determine an evaluation concept with relation to a specific problem.

Content - Methodological foundations of traffic modelling (44-level model, activity-based model,agent-based simulation)
- Design and evaluation of transport scenarios using MATSim (traffic simulation) with a focus on transport with autonomous vehicles
- Interrelationship of space and traffic (accessibility measurement, settlement density and mixed usage) and what to consider in designing
and evaluating transport scenarios
- Approaches to evaluation of traffic scenarios (cost-benefit analyses and their foundations, methodological limits), analysis of effects taking
into account user group and space type
- Ecobalancing with Life Cycle Assessment (LCA) in addressing passenger and goods transport issues
- Backcasting as a tool for defining political measures which generate sustainable transport scenarios

Lecture notes Distributed at start of module
Literature Distributed at start of module
Prerequisites /
notice

Announced to students of the of the MAS / CAS til the beginning of the term.

166-0102-00L Foundations for the Design of Transport System
Innovation and Change Processes
Does not take place this semester.
Only for MAS in Future Transport Systems and CAS in
Systemic Aspects of Future Transport.

O  4 credits 3G

Abstract The module establishes the fundamentals for an understanding and for designing innovation and change processes in transport systems
on different levels (individual, economy, company) and from technology, macro und microeconomic or socio-technical perspectives.
Success factors, barriers and also changed parameters shall be discussed.

Objective Particiants are able
- to understand the economic fundamentals of innovation and change processes in the area of transport
- to analyse the foundations and challenges of disruption in transport and mobility systems
- and to set these concepts and frameworks in context to their own work practice.

Content In this module, innovation, transformation and change in transportation systems on different levels are discussed from different
complementary perspectives. Respective theories and methods are introduced: 
- Concepts and frameworks
- Emerging trends as new opportunities for innovation 
- Innovation today in the transport/mobility system: theoretical basis and concrete examples
- Transformation of socio-technical systems

Lecture notes Distributed at start of module
Literature Distributed at start of module
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Prerequisites /
notice

Announced to students of the of the MAS / CAS at the beginning of the term

166-0190-00L CAS Thesis on System Aspects
Does not take place this semester.
Only for MAS in Future Transport Systems and CAS in
Systemic Aspects of Future Transport.

O  3 credits 5D J. Schippl

Abstract The participants deal with a current problem from the topics of CAS System Aspects.
Objective - Deal with a specific problem from the CAS System Aspects subject area.

- Deepen selected content from module independently
- Be able to work interdisciplinary and across sectors, where appropriate together with relevant other parties.
- Communicate the results appropriately.

Content In der CAS-Arbeit zeigen die Studierenden, dass sie in der Lage sind eine fundiert aufbereitete Auseinandersetzung mit technischen und
nicht-technischen Entwicklungen im Mobilitätsystem und deren mögliche Auswirkungen auf das Schweizer Verkehrssystem oder auf
Teilbereiche desselben anzufertigen.  

Die Teilnehmenden setzen sich dabei aktiv mit aktuellen und/oder zukünftig erwarteten Entwicklungen im Mobilitätssektor auseinander,
übersetzen mögliche Entwicklungen in verkehrliche Parameter (=Zukunft der Mobilität); greifen auf Lerninhalte des Studiums zurück;
entwickeln ausgewählte Themen selbständig (bzw. im Rahmen einer Arbeitsgruppe) weiter und setzen sich mit der Relevanz für die Praxis
auseinander (Relevanz für Stakeholdergruppen wie z.B. politische Entscheidungsträger, Verkehrsunternehmen, Industrie,
Umweltverbände, Energieversorger sowie auch andere gesellschaftliche Gruppen, z.B. für Menschen im Rentenalter).

Lecture notes Distributed at start of module.
Literature Distributed at start of module.
Prerequisites /
notice

Announced to students of the of the MAS / CAS at the beginning of the term.

 Major in Technology Potential
The Major in "Major in Technology Potential" takes place only in Autumn Semester 

Start of the next course: Autumn Semester 2021
Course duration: Six months part time
Periodicity: Every two years

 Major in New Business Models
The Major in "New Business Models" takes place only in Spring Semester 

Start of the next course: Spring Semester 2020  
Course duration: Six months part time
Periodicity: Every two years

Number Title Type ECTS Hours Lecturers

166-0300-00L Framework Conditions and Transport Behaviour
Only for MAS in Future Transport Systems and CAS in
Future Transport Systems: New Business Models

O  4 credits 3G P. J. de Haan van der Weg

Abstract This module addresses the demand for new business models for future transport systems. Why and in what way do people wish to be
mobile? What are the economic, social and legal framework conditions, and how will these develop? What approaches leading to new
value propositions will follow?

Objective Participants
• can tell the difference between drivers of mobility which cannot really change and those which can change;
• are able to identify the effects of path dependence on transport systems and future transport systems;
• are familiar with the socio-psychological factors involved in transport vehicle acquisition and transport behaviour, and can apply them in
ideas for new business models;
• are able to judge the significance of travel time, driving time and fixed costs and use this knowledge to identify new business models;
• are able to design incentives which will trigger maximum changes in behaviour and/or facilitate cooperative behaviour;
• are able to embed electric mobility conceptually such that its potential is realised and the associated risks are minimised;
• are familiar with the framework conditions and efficient drivers required to replace overland transport with air transport;
• are able to assemble combinations of political and market instruments on the basis of their efficiency profiles and side-effects in order to
realise efficiency potentials and changes in behaviour;
• are able to design policy and market measures in such a way that they minimise rebound effects (including those in connection with
automatic and fully autonomous vehicles);
• are able to recognise the properties of automatic and fully autonomous vehicles which are particularly suitable for new business models.

Content Content
• Why are people mobile? What resources (time, money, space) do they invest in mobility?
• What are the various qualities of transport services (comfort/stress, risk/safety, plannability, multifunctionality)?
• What are the various resource and quality profiles of current transport services, and what mutual dependencies are there?
• What current mobility demands are unsated? Why are they unsated? What future key technologies might change this?
• What current forms of mobility might be substituted by other transport services? If they were substituted, how would the necessary
resources and transport service qualities change?

Methods
• Group work (groups of four and groups of two)
• Creative methods for generating value propositions
• Tasks in preparation for the fourth course day: design, implementation and analysis of a small survey of potential target clients regarding
a not-yet-existing business model

Case studies
• Reciprocal presentation of personally compiled case studies

Lecture notes Distributed at start of module.
Literature Distributed at start of module.
Prerequisites /
notice

Announced to students of the of the MAS | CAS at the beginning of the term.

166-0301-00L New Business Models for Future Transport Systems
Only for MAS in Future Transport Systems and CAS in
Future Transport Systems: New Business Models

O  3 credits 2G A. Müller
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Abstract This module addresses the implementation of (digital) strategies and innovative business models of the future and elucidates the drivers,
inhibitors and challenges of business model innovation. Using suitable methods and procedures, participants in the module develop,
evaluate and refine prototypes of sustainable future business models.

Objective Participants
• are able to understand and explain the core issues, concepts and strategies of business model innovation;
• are able to describe the relevance and the process of business model development;
• are able to translate a personally developed business case into a sustainable business model;
• are able to apply suitable design strategies to optimise a personally developed business model;
• are able to appropriately embed new business models into a corporate or business segment strategy;
• are able to assess the strengths, weaknesses, opportunities and risks of a business model;
• are able to convincingly present their own business case / business model in a structured manner to relevant stakeholder groups
(investors, board members, clients, partners);
• are able to engage with and develop various points of view to assess business models;
• are able to shape a modelling process for themselves and reflect on it.

Content Business model innovation:
• Conceptual foundations of business model innovation
• Drivers, inhibitors and challenges of business model innovation
• Business model innovation in established organisations and structures
• Case study and mini cases in the context of transport system / mobility business model innovation

Business modelling (essentials):
• Business model thinking and modelling 
• The Business Model Canvas as a conceptual and methodological tool
     o Customer benefits / value propositions
     o Demand side
     o Supply side
• Business model patterns

Business modelling (application)
• Creation of a real business case for business modelling
• Business model prototyping (basis: Business Model Canvas)
• Evaluation and review/re-prototyping of participants’ own business cases / business models

Incorporating new business models into corporate / business segment strategies
• Fit with strategic analysis
• Compliance with corporate or business segment strategy
• Contribution to strategy implementation

Presenting business models convincingly (basics/application)
• Basics of business model presentation
• Development of participants’ own storylines and presentation structure (business value concept)
• Pitching of own business case / business model

Methods
• Blended learning elements to prepare for classroom sessions
• Case studies and examples; group work (4-person and 2-person groups)
• Classroom discussions to introduce relevant concepts and instruments
• Homework for the 4th and 5th NG-2 course days: Develop a structured presentation of a personally developed business case (business
model) for delivery to relevant stakeholder groups (investors, board members, clients, partners)

Case studies
• Reciprocal presentations of personally developed business cases

Lecture notes Distributed at start of module.
Literature Distributed at start of module.
Prerequisites /
notice

Announced to students of the of the MAS | CAS at the beginning of the term. 

166-0302-00L Implementing New Strategies and Business Models
for Future Transport Systems
Only for MAS in Future Transport Systems and CAS in
Future Transport Systems: New Business Models

O  4 credits 3G C. G. C. Marxt

Abstract In order to be successful, new strategies / innovative business models have to be implemented in the market as well as in the company
itself. This requires proactively managed transition processes. This module deals with such transition processes on three levels: change
management theory – best-practice examples – one’s own practice.

Objective Participants…
• know and understand selected classic and current theories regarding change (management) in systems
• know how to design and initiate participative transition processes 
• are familiar with / know how to apply selected tools of change management
• have discussed best-practice cases with responsible managers within the mobility/transportation sector
• have reflected theory and best-practice cases in regard to their own practice
• have developed management options and approaches for their own practice

Content Content
• Classic and current change management approaches
• Communication in transition processes
• Participation: integration of stakeholders
• Dealing with resistances
• Discussions with guests from practice regarding the management of transition processes related to the implementation of new strategies /
business models

Methods
• Selected change management methods and tools

Case studies
• Various good/best practice cases within the mobility sector
• Change cases of students

Lecture notes Distributed at start of module.
Literature Distributed at start of module.
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Prerequisites /
notice

 Announced to students of the of the MAS | CAS at the beginning of the term. 

166-0390-00L CAS Project: New Business Models
Only for MAS in Future Transport Systems and CAS in
Future Transport Systems: New Business Models

O  3 credits 5D K. Oswald

Abstract The participants, in heterogeneous teams, deal with a current problem from the topics of the CAS New Business Models.
Objective - Deal with a specific problem from the CAS New Business Models subject area.

- Be able to work interdisciplinary and across sectors, where appropriate together with relevant other parties.
- Communicate the results appropriately. 

Lecture notes Distributed at start of module.
Literature Distributed at start of module.
Prerequisites /
notice

 Announced to students of the of the MAS | CAS at the beginning of the term. 

 Integration Modules
Depending on the need, the "Integration" Module takes place every Semester. 

Course duration: Six months part time

Number Title Type ECTS Hours Lecturers

166-0401-00L Shaping Cooperation Processes
Only for MAS in Future Transport Systems.

O  3 credits 2G C. G. C. Marxt

Abstract In the dynamic and complex environment of transport and traffic systems it is essential to involve various internal and external actors and
cooperation partners. This module introduces various management models and methods for implementing interbranch and interdisciplinary
cooperation when developing new products, services and business models.

Objective - Ability to understand change processes in the transport system and to participatively design and monitor change processes in various
contexts
- Ability to collaborate with relevant actors in projects across branches in an interdisciplinary and/or participative manner
- Ability to communicate future-ready transport solutions within and outside of the organisation in a manner appropriate to the target group

Content Escalating complexity, increased international competition and reduced time to market are forcing organisations to focus on their core
competences and to implement new products, services and business models as efficiently and effectively as possible. Corporate
entrepreneurship combined with internal and external alliance management has shown itself to be very effective as a framework for this
rapid transformation. The module addresses the following themes in detail:
- Theoretical foundations and the management-oriented implementation of a corporate entrepreneurship framework
- Understanding the management of alliances and cooperation
- Analysis, management and inclusion of various stakeholder groups
- Creation, management and evolution of cooperation efforts and networks
- Strategic and structural aspects of collaboration
- Cultural barriers and their positive uses
- Structures and processes
- Analysing and managing the risk aspects of collaboration (e.g. IP)
- Exchange of knowledge and mutual learning
- Communicating information in a manner suitable to the target group, internally and externally

Lecture notes Distributed at start of module
Literature Distributed at start of module
Prerequisites /
notice

Announced to students of the MAS / of the CAS at the beginning of the term

 Master's Thesis
Number Title Type ECTS Hours Lecturers

166-0490-00L Master’s Thesis
Only for MAS in Future Transport Systems.

O  15 credits 27D K. Oswald

Abstract Individually and independently, students address a practice-related problem in the area of future transport systems. To do this they deploy,
under the supervision of an expert, what they have learned in the MAS programme. They set out the problem, the procedure and the
solution in a written report which they present and defend in front of a specialist audience.

Objective - Ability to draw up solutions in the context of future transport systems.
- Ability to communicate these solutions in a manner suited to a particular target audience.

Content - Introductory colloquium: Refresher Working scientifically and presenting and discussing a project idea
- Individual and independent work on a problem selected by the participant
- Interim colloquium: Presentation and discussion of the status quo
- Individual supervision by the lecturer
- compilation of the written thesis and preparation of the presentation
- Examination colloquium: Presentation and defence

Lecture notes Distributed at start of module
Literature Distributed at start of module
Prerequisites /
notice

Announced to students of the of the MAS at the beginning of the term.

MAS in Future Transport Systems - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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MAS in Spatial Planning
Four-semester, part-time MAS programme.

Start of the next course: Autumne Semester 2021.

 Lectures and Seminars
Number Title Type ECTS Hours Lecturers

115-0505-00L Lecture Week 05: Traffic Systems
Only for MAS, DAS and CAS in Spatial Planning.

W  2 credits 1G K. W. Axhausen, F. Corman

Abstract Interrelationships between networks, supply, and space; Demand and demand models; Evaluation of changes in infrastructure; traffic
systems: rail infrastructure, passenger transportation; case study.

Objective Understanding of the life cycle costs and effects of infrastructure on spatial development as accessibility producing and /or vital network
industries. Understanding planning processes for network infrastructure operation and production as well as the challenges of network
operation. 

115-0506-00L Lecture Week 06: Communication and Negotiation
Only for MAS, DAS and CAS in Spatial Planning.

W  2 credits 1G M. Ambühl, M. Gutmann

Abstract This module introduces students to the basic theories and competencies of public sector management, with an emphasis on negotiation
and communication, through lectures, case studies and group exercises.

Objective By the end of the module students are able to plan, manage and assess projects and negotiations, and have accurately reflected on their
management and communication strengths and deficits.

115-0507-00L Lecture Week 07: Spatial Economy
Only for MAS, DAS and CAS in Spatial Planning.

W  2 credits 1G J. Aring, M. Gmünder

Abstract Main features of regional and urban economics; Land and landscape economics; Regional structural analysis and benchmarking;
Globalisation; Digital transformation; company and locational competition; Regional economic policy, locational management; Real estate
development; Market based land-use planning instruments; Federalism, financial equalisation, regional planning policy; Swiss regional
policy

Objective Economic background and requirements for spatial planning related to intensifying regional competitiveness in a changing world.
Understanding of spatially relevant economic relationships and driving forces. Assessment of spatial concepts, policies and measures.
Development of new concepts for the spatial development policy at different levels (local, regional, national, international).

115-0508-00L Lecture Week 08: Spatial Sociology
Only for MAS, DAS and CAS in Spatial Planning.

W  2 credits 1G C. Schmid, P. Klaus

Abstract Spatial Planning is strongly linked with social processes. Thus, planning measures have impacts on the people, and changes in society
influence planning processes. Concepts such as urbanisation, gentrification, segregation and density are discussed in the course.
Instruments related to practice such as participation and ethnography are presented.

Objective Aim of the course is to present the most important interrelations between society and spatial planning and spatial development.  The main
focus is on a better understanding of topics, pro-cedures and methods in social sciences. The course presents new approaches to urban
quality, working with statistics and interviews, as well as the ethnographic exploration of neighbor-hoods. Finally, it highlights the variety
and the possibilities of the collaboration with the popu-lation in planning processes - the participation process - and to make it useful for
practice.

115-0509-00L Lecture Week 09: Planning and Politics
Only for MAS, DAS and CAS in Spatial Planning.

W  2 credits 1G D. Kaufmann, W. Schenkel

Abstract Introduction to political science as a discipline; The Swiss political system; Spatial planning in the Swiss political system context; Planning
and governance: steering by the state and new coordination mechanisms, concepts and examples of governance proposals; Trends,
drivers and policies in urban regions.

Objective Approaching, understanding and structured discussion of the political science approach to spatial planning. Apply political science toolbox
in practical processes and projects. Recognize and utilize relevance of political science approach for personal and professional interests or
requirements.

 Projects and Individual Work
Number Title Type ECTS Hours Lecturers

115-0701-01L Study Project 1
Only for MAS in Spatial Planning

O  10 credits 10U D. Arnold, F. Argast, P. Bonzanigo,
D. L. Kolb, A. Näf-Clasen, B. Scholl,
E. Slongo-Millioud

Abstract Development of strategies for sustainable development in the City of Lucerne: spatial planning analysis of the situation (goals and
problems, potentials and risks, strengths and weaknesses); concept design (goals and measures); program development (objective and
temporal priorities); preparation for implementation (instruments and procedures) independent group work.

Objective Detect, assess and classify the main  conflicts of spatial developments and detect need for planning action. Concentrate resources and
design and evaluate different solutions and demonstrate their feasibility exemplarily. Recognize possibilities and limits of formal and
informal planning and applying them practically. Efficient and interdisciplinary work in groups, using individual knowledge and skills of the
group members optimally.

 Synopsis
Number Title Type ECTS Hours Lecturers

115-0800-00L Synopsis
Only for MAS in Spatial Planning.

O  10 credits 21A Supervisors

Abstract The synopsis is an independent written work highlighting a spatial problem of one's own discipline from different, spatially relevant
perspectives. The topic of the synopsis is arbitrary. However, it must be approved beforehand by the Director of Studies based on an
application.

Objective With the synopsis participants prove to be able to work scientifically and to think and argue in an interdisciplinary way.

 Master's Thesis
Offered in FS 2021.
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MAS in Spatial Planning - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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MAS in Science, Technology and Policy
The MAS STP programme will be offered again in autumn semester 2021.

 Core Courses
Will only be offered in the autumn semester.

 Research Project
Number Title Type ECTS Hours Lecturers

869-0200-00L Policy Analysis Project
Only for MAS in Science, Technology and Policy.

O  12 credits 26A Professors

Abstract Students focus on a specific policy problem and carry out applied policy research for a public or private sector institution of their own
choice. 

Objective Apply the policy analysis skills acquired during the first semester in an academic setting.

 Master's Thesis
Number Title Type ECTS Hours Lecturers

869-0300-00L Research Paper
Only for MAS in Science, Technology and Policy.

O  6 credits 13A Professors

Abstract Students focus on a specific policy problem of their own choice and engage in academically oriented policy analysis in addressing the
chosen problem.

Objective Apply the policy analysis skills acquired during the first semester in an academic setting.

MAS in Science, Technology and Policy - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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MAS in Sustainable Water Resources
The Master of Advanced Studies in Sustainable Water Resources is a 12 month full time postgraduate diploma programme. The focus of the
programme is on issues of sustainability and water resources in Latin America, with special attention given to the impacts of development and climate
change on water resources. The programme combines multidisciplinary coursework with high level research. Sample research topics include: water
quality, water quantity, water for agriculture, water for the environment, adaptation to climate change, and integrated water resource management.
Language: English. Credit hours: 66 ECTS. 
For further information please visit: http://www.mas-swr.ethz.ch/

 Core Courses
Foundation courses: 12 credits have to be achieved.

Number Title Type ECTS Hours Lecturers

118-0111-00L Sustainability and Water Resources
Number of participants limited to 16.

Suitable for MSc and PhD students. 
Automatic admittance is given to students of MAS
Sustainable Water Resources. All other registrations
accepted until capacity is reached.

O  3 credits 2G D. Molnar, P. Burlando

Abstract The block course on Sustainability and Water Resources features invited experts from a range of disciplines, who present their experiences
working with sustainability issues related to water resources. The students are exposed to many different perspectives, and learn how to
critically evaluate sustainability issues with respect to water resources management.

Objective The course provides the students with background information on sustainability in relation to water resources within an international and
multidisciplinary framework. The lectures challenge the students to consider sustainability and the importance of water availability and
water scarcity in a changing world, at the same time preparing them to face the challenges of the future, e.g. climate and land use change,
increased water use and population growth.

Content The course offers the students the opportunity to learn about sustainability and water resources in a multi-disciplinary fashion, with a focus
on case studies from around the world. Selected topics include: Sustainability Issues in Water Resources, the EU Water Framework
Directive, Mining in Latin America, Environmental Flows, and Water Quality Issues. Group exercises, which encourage debate and
discussion, are an important component of the course. For more information, please visit http://www.mas-
swr.ethz.ch/curriculum/courses/core-courses/sustainability-and-water-resources.html

Prerequisites /
notice

For further information, contact the MAS coordinator, Darcy Molnar (darcy.molnar@ifu.baug.ethz.ch)

118-0112-00L Participatory and Integrated Water Resources
Planning
Number of participants limited to 25.

The course is complementary to "Water Resources
Management" (102-0488-00L).

O  3 credits 4V A. Castelletti

Abstract The course develops basic knowledge and skills for modelling, planning and managing water resources systems in a balanced and
sustainable way. The emphasis will be on the operational aspects of water management, including: introduction to participatory decision-
making, modelling of the multiple stakes and socio-economic processes, introduction to dynamic and stochastic optimization approaches.

Objective The course aims at illustrating the complex framework of participatory approach in the field of water resources projects, with particular
focus on the modelling of the quantitative aspects of the combined dynamics of the physical and socio-economic processes.

Content Lec 00. Course introduction. The world water resources. Water crisis and the concept of Participatory and Integrated Water Resources
Management (PIWRM). Water trading.

Lec 01. Rationalizing the decision-making process. From traditional water resources planning and management to PIWRM: rationalizing
and supporting the decision-making process. The need for negotiations. Negotiation game.
Outline of the Participatory and Integrated Planning procedure proposed as a guidance to the decision-making process using a real world
case study. 

Lec 02. Cloosing the loop: how to plan the management. How to incorporate recurrent management decisions into a rational decision-
making framework. From model based decision-making to decision support systems. Full-rationality and partial-rationality. Underlying
example the Zambezi river system.

Lec 03. Actions and evaluation criteria. Identification of the actions suitable to pursue the overall objective of the planning exercise. Type of
actions and associated property.  Embedding actions into models. Stakeholders, sectors and evaluation criteria: how stakeholders evaluate
the planning alternatives. Criterion hierarchy and indicators: operationalize evaluation criteria. 

Lec 04. Criteria and indicators. Example of indicators. Validation of the indicators against the stakeholders. Numerical exercise. Underlying
examples from Red River System (Vietnam), Tono dam (Japan), Googong reservoir (Australia), Lake Maggiore and Lake Como (Italy). 

Lec 05. Re-operating the Kafue reservoir system. Real world case study developed interactively with the students, to experience all the
concepts provided in the previous lectures. Reading material will be assigned on 22.3

Lec 06. Models of a water system. The system analysis perspective on water resources modelling. Example of models of water system
components (reservoir, diversion dam, rivers, users). Implications of cooperation and information sharing on the model formulation.
Operational implications of model complexity. Case studies.

Lec 07. Formulation of the planning/management problem. Why we need it. What do we need to formulate the problem: from the indicators
to the objectives; time horizon; scenarios. Dealing with uncertainty. Problem formulation and classification. How do modelling choices affect
the final solution (hidden subjectivity).

Lec 08. Water resources optimal planning. The planning of water resources. Examples from real world problems at different scales (e.g.
Egypt Water plan; Controlling salt intrusion in Nauru (Pacific Island); planning water quality remediation interventions in lakes and
reservoirs (Googong reservoir, Australia)). Interactive lectures with students. Overview of the different approaches available to resolve the
problem, from exact solution to heuristic.

Lec 09. Planning the New Valley water system in Egypt. Real world case study developed interactively with the student, to experience all
the concepts provided in the previous lectures.

Lec 10. Planning in non stationary conditions: the Red River (Vietnam). Real world case study developed interactively with the student, to
experience all the concepts provided in the previous lectures.
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Lecture notes Course lectures are almost fully covered by the following two textbooks accordingly to the indications provided at the end of each lecture:

R. Soncini-Sessa, A. Castelletti, and E. Weber, 2007. Integrated and participatory water resources management. Theory. Elsevier, The
Netherlands.

R. Soncini-Sessa, F. Cellina, F. Pianosi, and E. Weber, 2007. Integrated and participatory water resources management. Practice.
Elsevier, The Netherlands.

Literature Additional readings:
S.P. Simonovic, 2009. Managing water resources: Methods and tools for a systems approach, Earthscan, London.
D.P. Loucks, E. van Beek, 2005. Water Resources Systems Planning and Management: An Introduction to Methods, Models and
Applications, UNESCO, Paris.
K.D.W. Nandalal, J. Bogardi, 2007. Dynamic Programming Based Operation of Reservoirs, Cambridge University Press, Cambridge.

Prerequisites /
notice

Lecture notes, slides and other material will be posted on the course web page the day before each lecture.

118-0112-01L Participatory and Integrated Water Resources
Planning Laboratory
Number of participants limited to 25.

This course (118-0112-01 laboratory) can only be taken in
combination with 118-0112-00 (theory part).

O  2 credits 1U A. Castelletti, M. Giuliani

Abstract The course allows the students to apply concepts and methods concerning planning and management of water resources systems by
developing a numerical exercise based on the real-world case study.
The theoretical framework will be given in the course "Participatory and Integrated Water Resources Planning" (118-0112-00)

Objective Analyse and model the relationship between hydropower generation and other water related interests (both socio-economic and
environmental) in the proposed real-world case study.
Explore the effects of different hydropower reservoirs' operation strategies on the identified relationships and identify potential fair tradeoffs
in water resources allocation.

Content Students will develop a project in small groups.
The group work is organized according to the following structure
- Water system analysis
- Identification of criteria and indicators for water related interests
- Coding of water system model and indicators
- Scenario definition
- Design of the reservoir operation strategies
- Comparison and selection of interesting strategies

Lecture notes Reading material (scientific papers, reports, etc.).
Handouts for each step of the group work.
Examples of code (basic programming and Matlab knowledge required)

Prerequisites /
notice

This course (118-0112-01 exercises)  can only be taken in combination with 118-0112-00 (theory part).
Basic programming and Matlab knowledge required.

118-0113-00L Water Governance: Challenges and Solutions
Number of participants is limited to 16. 

Suitable for MSc and PhD Students. Automatic admittance
is given to students of the MAS in Sustainable Water
Resources.  All other registrations are accepted until
capacity is reached.

O  1 credit 2G P. Burlando, D. Molnar

Abstract The block course on "Water Governance: Challenges and Solutions" features invited experts with backgrounds in international relations,
law, politics, and diplomacy. Through theoretical input and case studies, students learn about the realities of water conflicts and the
intricacies of cooperation and diplomacy.

Objective The course provides students with insights into the complex realities of addressing water conflicts with sustainable solutions that promote
cooperation.

Content The course offers students the opportunity to learn from experts who have worked on domestic and transboundary river basin issues, both
in Europe and internationally. Through case studies and group exercises, students gain a deeper understanding of the complexities of
water governance and current global challenges. Topics that will be addressed include stakeholder involvement, institutional legal
frameworks, and solutions for cooperation.

Prerequisites /
notice

Course details at:https://mas-swr.ethz.ch/curriculum/courses/core-courses/water-governance-challenges-solutions.html

For further information, contact the MAS coordinator, Darcy Molnar (darcy.molnar@ifu.baug.ethz.ch)

 Foundation Courses
Number Title Type ECTS Hours Lecturers

102-0218-00L Process Engineering II (Physical-Chemical Processes) O  6 credits 4G K. M. Udert
Abstract Description and design of physical, chemical and biological processes and process combinations in drinking water and wastewater

treatment.
Objective Understanding of critical water quality parameters in water resources and wastewater and process engineering knowledge for the removal

of drinking water and environmental hazards. The aims of the lecture are basic understanding of mainly physico-chemical water treatment
processes, design and modeling tools of single processes and process combinations.

Content The following prcesses and process combination will be discussed in detail:
Gas transfer
Particle characterization
Sedimentation
Flocculation
Filtration
Membrane processes
Precipitation processes
Chemical oxidation and disinfection
Ion exchange
Activated carbon adsorption
Process combinations wastewater
      Removal of nitrogen
      Removal of micropollutants
Process combinations potable water
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Literature M&E: Tchobanoglous, G., Stensel, H.D., Tsuchihashi, R. and Burton, F.L., 2013. Wastewater engineering: treatment and resource
recovery. 5th edition. Volume 1 & 2. New York, McGraw-Hill.
MWH: Crittenden, J.C., Trussel, R.R., Hand, D.W., Howe, K., Tchobanoglous, G., 2012. MWH's water treatment principles and design, 3rd
edition. ed. Wiley, Hoboken, N.J.

Prerequisites /
notice

Pre-condition: Lecture Process Engineering Ia

102-0248-00L Infrastructure Systems in Urban Water Management
Prerequisites: 102-0214-02L Urban Water Management I
and 102-0215-00L Urban Water Management II.

O  3 credits 2G J. P. Leitão Correia , M. Maurer,
A. Scheidegger

Abstract An increasing demand for infrastructure management skills can be observed in the environmental engineering practice. This course gives
an introductory overview of infrastructure management skills needed for urban water infrastructures, with a specific focus on pipe
deterioration and engineering economics.

Objective After successfully finishing the class, the participants will have the following skills and knowledge:
  - They can perform basic engineering economic analysis
  - Know the typical value and costs involved in running a wastewater infrastructure
  - Know the key principles of infrastructure management
  - Know how to quantify the future rehabilitation demand

Content The nationwide coverage of water distribution and wastewater treatment is one of the major public works achievements in Switzerland and
other countries.  Annually and per person, 135,000 kg of drinking water is produced and distributed and over 535,000 kg of stormwater and
wastewater is drained. These impressive services are done with a pipe network with a length of almost 200,000 km and a total replacement
value of 30,000 CHF per capita.

Water services in Switzerland are moving from a phase of new constructions into one of maintenance and optimization. The aim today
must be to ensure that existing infrastructure is professionally maintained, to reduce costs, and to ensure the implementation of modern,
improved technologies and approaches. These challenging tasks call for sound expertise and professional management.

This course gives an introduction into basic principles of water infrastructure management. The focus is primarily on Switzerland, but most
methods and conclusions are valid for many other countries.

Lecture notes The script 'Engineering Economics for Public Water Utilities' can be downloaded on the course website: 
http://www.sww.ifu.ethz.ch/education/lectures/infrastructure-systems

Literature See the reading resources on the course website:
http://www.sww.ifu.ethz.ch/education/lectures/infrastructure-systems

Prerequisites /
notice

Course website:
http://www.sww.ifu.ethz.ch/education/lectures/infrastructure-systems

102-0448-00L Groundwater II O  6 credits 4G M. Willmann, J. Jimenez-Martinez
Abstract The course is based on the course 'Groundwater I' and is a prerequisite for a deeper understanding of groundwater flow and contaminant

transport problems with a strong emphasis on numerical modeling.
Objective The course should enable students to understand advanced concepts of groundwater flow and transport and to apply groundwater flow and

transport modelling.

the student should be able to
a) formulate practical flow and contaminant transport problems.

b) solve steady-state and transient flow and transport problems in 2 and 3 spatial dimensions using numerical codes based on the finite
difference method and the finite element methods.

c) solve simple inverse flow problems for parameter estimation given measurements.

d) assess simple multiphase flow problems.

e) assess spatial variability of parameters and use of stochastic techniques in this task.

f) assess simple coupled reactive transport problems.

Content Introduction and basic flow and contaminant transport equation.

Numerical solution of the 3D flow equation using the finite difference method.

Numerical solution to the flow equation using the finite element equation

Numerical solution to the transport equation using the finite difference method.

Alternative methods for transport modeling like method of characteristics and the random walk method.

Two-phase flow and Unsaturated flow problems.

Spatial variability of parameters and its geostatistical representation -geostatistics and stochastic modelling.

Reactive transport modelling.

Lecture notes Handouts
Literature - Anderson, M. and W. Woessner, Applied Groundwater Modeling, Elsevier Science & Technology Books, 448 p., 2002


- J. Bear and A. Cheng, Modeling Groundwater Flow and Contaminant Transport, Springer, 2010

- Appelo, C.A.J. and D. Postma, Geochemistry, Groundwater and Pollution, Second Edition, Taylor & Francis, 2005

- Rubin, Y., Applied Stochastic Hydrology, Oxford University Press, 2003

- Chiang und Kinzelbach, 3-D Groundwater Modeling with PMWIN. Springer, 2001.

Prerequisites /
notice

Each afternoon will be divided into 2 h of lectures and 2h of exercises. Two thirds of the exercises of the course are organized as a
computer workshop to get hands-on experience with groundwater modelling.

102-0468-00L Watershed Modelling O  3 credits 2G P. Molnar
Abstract Introduction to watershed modelling with applications of GIS in hydrology, the use of semi- and fully-distributed continuous watershed

models, and their calibration and validation. The course contains substantive practical modelling experience in several assignments.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1158 of 1785

Objective Watershed Modelling is a course in the Master of Science in Environmental Engineering Programme. It is a practical course in which the
students learn to (a) use GIS in hydrological applications, (b) calibrate and validate models, (c) apply and interpret semi- and fully-
distributed continuous watershed models, and (d) discuss several modelling case studies. This course is a follow up of Hydrology 2 and
requires solid computer skills.

Content - Introduction to watershed modelling
- GIS in watershed modelling (ArcGIS exercise)
- Calibration and validation of models
- Semi-distributed modelling with PRMS (model description, application)
- Distributed watershed modelling with TOPKAPI (model description, application)
- Modelling applications and case studies (climate change scenarios, land use change, basin erosion)

Literature - Lecture presentations
- Exercise documentation
- Relevant scientific papers
all posted on the course website

102-0488-00L Water Resources Management O  3 credits 2G P. Burlando
Abstract Modern engineering approach to problems of sustainable water resources, planning and management of water allocation requires the

understanding of modelling techniques that allow to account for comprehensive water uses (thereby including ecological needs) and
stakeholders needs, long-term analysis and optimization. The course presents the most relevant approaches to address these problems.

Objective The course provides the essential knowledge and tools of water resources planning and management. Core of the course are the concepts
of data analysis, simulation, optimization and reliability assessment in relation to water projects and sustainable water resources
management.

Content The course is organized in four parts. 
Part 1 is a general introduction to the purposes and aims of sustainable water resources management, problem understanding and tools
identification. 
Part 2 recalls Time Series Analysis and Linear Stochastic Models. An introduction to Nonlinear Time Series Analysis and related
techniques will then be made in order to broaden the vision of how determinism and stochasticity might sign hydrological and geophysical
variables. 
Part 3 deals with the optimal allocation of water resources and introduces to several tools traditionally used in WRM, such as linear and
dynamic programming. Special attention will be devoted to optimization (deterministic and stochastic) and compared to simulation
techniques as design methods for allocation of water resources in complex and competitive systems, with focus on sustainability and
stakeholders needs.
Part 4 will introduce to basic indexes used in economical and reliability analyses, and will focus on multicriteria analysis methods as a tool
to assess the reliability of water systems in relation to design alternatives.

Lecture notes A copy of the lecture handouts will be available on the webpage of the course. Complementary documentation in the form of scientific and
technical articles, as well as excerpts from books will be also made available.

Literature A number of book chapters and paper articles will be listed and suggested to read. They will also be part of discussion during the oral
examination.

Prerequisites /
notice

Suggested relevant courses: Hydrologie I (or a similar content course) and Wasserhaushalt (Teil "Wasserwirtschaft", 4. Sem. UmweltIng.,
or a similar content course) for those students not belonging to Environmental Engineering.

101-0269-00L River Morphodynamic Modelling W  3 credits 2G D. F. Vetsch, D. Vanzo
Abstract The course teaches the basics of morphodynamic modelling, relevant for civil and environemental engineers.The governing equations for

sediment transport in open channels and corresponding numerical solution strategies are introduced. The theoretical parts are discussed
by examples.

Objective The goal of the course is twofold. First, the the students develop a throughout understanding of the basics of river morphodynamic
processes. Second, they get familiar with numerical tools for the simulations in one- and two-dimensions of morphodynamics.

Content - fundamentals of river morphodynamics (Exner equation, bed-load, suspended-load)
- aggradation and degradation processes
- river bars
- non-uniform sediment morphodynamics: the Hirano model
- short and long term response of gravel bed rivers to change in sediment supply

Lecture notes Lecture notes, slides shown in the lecture and software can be downloaded
Literature Citations will be given in lecture.
Prerequisites /
notice

Exercises are based on the simulation software BASEMENT (www.basement.ethz.ch), the open-source GIS Qgis (www.qgis.org) and code
examples written in MATLAB. The applications comprise one- and two-dimensional approaches for the modelling of flow and sediment
transport. 

Requirements: Numerical Hydraulics, River Engineering, MATLAB and/or Python programming skills would be an advantage.

102-0617-01L Methodologies for Image Processing of Remote
Sensing Data

W  3 credits 2G I. Hajnsek, O. Frey, S. Leinss

Abstract The aim of this course is to get an overview of several methodologies/algorithms for analysis of different sensor specific information
products. It is focused at students that like to deepen their knowledge and understanding of remote sensing for environmental applications.

Objective The course is divided into two main parts, starting with a brief introduction to remote sensing imaging (4 lectures), and is followed by an
introduction to different methodologies (8 lectures) for the quantitative estimation of bio-/geo-physical parameters. The main idea is to
deepen the knowledge in remote sensing tools in order to be able to understand the information products, with respect to quality and
accuracy.

Content Each lecture will be composed of two parts:
Theory: During the first hour, we go trough the main concepts needed to understand the specific algorithm. 
Practice: During the second hour, the student will test/develop the actual algorithm over some real datasets using Matlab. The student will
not be asked to write all the code from scratch (especially during the first lectures), but we will provide some script with missing parts or
pseudo-code. However, in the later lectures the student is supposed to build up some working libraries.

Lecture notes Handouts for each topic will be provided.
Literature Suggested readings:

T. M. Lillesand, R.W. Kiefer, J.W. Chipman, Remote Sensing and Image Interpretation, John Wiley & Sons Verlag, 2008
J. R. Jensen, Remote Sensing of the Environment: An Earth Resource Perspective, Prentice Hall Series in Geograpic Information Science,
2000

 Elective Courses
Electives: 6 credits has to be achieved.

Number Title Type ECTS Hours Lecturers

101-0259-00L River Revitalization W 3 credits 2G V. Weitbrecht, M. Detert,
M. Koksch, C. Weber
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Abstract Channel formation of alluvial rivers (regime width, planforms) is presented. Fluvial hydraulics and sediment transport theory are
summarized. Principles of environmentally friendly hydraulic engineering are derived from river morphology. Special attention is given to
the application to flood protection and river revitalization projects.

Objective The main processes of alluvial river channel formation are presented. Fluvial hydraulics and sediment transport theories are summarized.
From these elements basic principles of environmentally friendly hydraulic engineering are derived.

Lecture notes no lecture notes
Prerequisites /
notice

River Engineering (Lecture 101-0258-00L)

101-0278-00L Flood Protection W  3 credits 2G R. Boes, J. Eberli
Abstract Concepts and structural measures to prevent or mitigate flood damage, planning methods to implement projects in practice
Objective To get to know processes leading to flood damage, the different concepts and structural measures allowing to prevent or mitigate flood

damage, as well as promising practical planning methods to implement flood protection measures in practice.
Content Explanation of relevant processes: flooding, aggradation, sedimentations, erosion, debris flows.

Concept of different objectives of protection for various land uses (from rural areas to industrial regions).
General possibilities of flood protection / control.
Land use planning on the basis of hazard zones.
Classical procedures against flood damage with the use of examples such as increase of flow capacity, release structures, flood detention
basins, polder.
Property protection as continuative measure.
Maintenance.
Considering of overload case, Emergency procedures.
Damage determination and risk analysis.
Management of residual risk.
Conflict of objective during implementation of procedures.
Situatively adjusted approach.
Case studies (group work).
Field trip.

Lecture notes Flood protection script
Literature Guidelines of Swiss federal administration (especially Federal Office for the Environment, FOEN)

102-0838-00L Water Supply, Sanitation and Waste Infrastructure and
Services in Developing Countries

W  3 credits 2G C. Zurbrügg

Abstract Introduction to water supply, excreta, wastewater and solid waste management in developing countries. Highlights links between
infrastructure, services and health, resource conservation and environmental protection. New concepts and approaches for sustainable
sanitation infrastructure and services for developing countries - especially poor urban areas.

Objective Students receive an introduction to issues of water supply, excreta, waste water and solid waste management in developing countries.
They understand the connections between water, wastewater and waste management, health, resource conservation and environmental
protection. Besides, they learn how water supply, wastewater and solid waste infrastructure and services can be combined and improved,
in order to achieve the development policy goals in terms of disease prevention, resource conservation, and environmental protection.

Content Overview of the global health situation, water supply, and liquid and solid waste management situation in developing countries. Technical
and scientific fundamentals of water supply, sanitation and solid waste management. Material flows in water supply, sanitation and waste
management. New concepts and approaches for sustainable sanitation infrastructure and services for developing countries - especially
poor urban areas. Exercises: students will work in groups on a case study and develop improvement options for water, sanitation and
waste management.

Lecture notes Course notes and further reading will be made available on the ETHZ Moodle portal.
Literature The selected literature references will be made available on Moodle.
Prerequisites /
notice

Students will work in groups on a case study and develop improvement options for water, sanitation and waste management. The case
study work will be marked (1/3 of final grade). Written Semesterendprüfung of 90 min (counts for 2/3 of final grade)

363-0514-00L Energy Economics and Policy
It is recommended for students to have taken a course in
introductory microeconomics. If not, they should be
familiar with microeconomics as in, for
example,"Microeconomics" by Mankiw & Taylor and the
appendices 4 and 7 of the book "Microeconomics" by
Pindyck & Rubinfeld.

W  3 credits 2G M. Filippini

Abstract An introduction to energy economics and policy that covers the following topics: energy demand, economics of energy efficiency,
investments and cost analysis, energy markets (fossil fuels,electricity and renewable energy sources), market failures and behavioral
anomalies, market-based and non-market based energy policy instruments and regulation of energy industries.

Objective The students will develop the understanding of economic principles and tools necessary to analyze energy issues and to formulate energy
policy instruments. Emphasis will be put on empirical analysis of energy demand and supply, market failures, behavioral anomalies, energy
policy instruments, investments in power plants and in energy efficiency technologies and the reform of the electric power sector.

Content The course provides an introduction to energy economics principles and policy applications. The first part of the course will introduce the
microeconomic foundation of energy demand and supply as well as market failures and behavioral anomalies. In a second part, we
introduce the concept of investment analysis (such as the NPV), in the context of energy efficient investments. In the last part, we use the
previously introduced concepts to analyze energy policies: from a government perspective, we discuss the mechanisms and implications of
market oriented and non-market oriented policy instruments as well as the regulation of energy industries.
 
Throughout the entire class, we combine the course material with insights from current research in energy economics. This combination will
enable students to understand standard scientific literature in the field of energy economics. Moreover, the class aims to show students
how to put real life situations in the energy sector in the context of insights from energy economics.

During the first part of the course a set of environmental and resource economics tools will be given to students through lectures. The
applied nature of the course is achieved by discussing several papers in a seminar. To this respect, students are required to work in groups
in order to prepare a presentation of a paper.

The evaluation policy is designed to verify the knowledge acquired by students during the course. For this purpose, a short group
presentation will be graded. At the end of the course there will be a written exam covering the topics of the course. The final grade is
obtained by averaging the presentation (20%) and the final exam (80%).

Prerequisites /
notice

It is recommended for students to have taken a course in introductory microeconomics. If not, they should be familiar with microeconomics
as in, for example, "Microeconomics" by Mankiw & Taylor and the appendices 4 and 7 of the book "Microeconomics" by Pindyck &
Rubinfeld.

401-6624-11L Applied Time Series W  5 credits 2V+1U M. Dettling
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Abstract The course starts with an introduction to time series analysis (examples, goal, mathematical notation). In the following, descriptive
techniques, modeling and prediction as well as advanced topics will be covered.

Objective Getting to know the mathematical properties of time series, as well as the requirements, descriptive techniques, models, advanced
methods and software that are necessary such that the student can independently run an applied time series analysis.

Content The course starts with an introduction to time series analysis that comprises of examples and goals. We continue with notation and
descriptive analysis of time series. A major part of the course will be dedicated to modeling and forecasting of time series using the flexible
class of ARMA models. More advanced topics that will be covered in the following are time series regression, state space models and
spectral analysis.

Lecture notes A script will be available.
Prerequisites /
notice

The course starts with an introduction to time series analysis that comprises of examples and goals. We continue with notation and
descriptive analysis of time series. A major part of the course will be dedicated to modeling and forecasting of time series using the flexible
class of ARMA models. More advanced topics that will be covered in the following are time series regression, state space models and
spectral analysis.

651-1504-00L Snowcover: Physics and Modelling W  4 credits 3G M.  Schneebeli, H. Löwe
Abstract Snow is a fascinating high-temperature material and relevant for applications in glaciology, hydrology, atmospheric sciences, polar

climatology, remote sensing and natural hazards. This course introduces key concepts and underlying physical principles of snow, ranging
from individual crystals to polar ice sheets.

Objective The course aims at a cross-disciplinary overview about the phenomenology of relevant processes in the snow cover, traditional and
advanced experimental methods for snow measurements and theoretical foundations with key equations required for snow modeling.
Tutorials and short presentations will also consider the bigger picture of snow physics with respect to climatology, hydrology and earth
science.

Content The lectures will treat snow formation, crystal growth, snow microstructure, metamorphism, ice physics, snow mechanics, heat and mass
transport in the snowcover, surface energy balance, snow models, wind transport, snow chemistry, electromagnetic properties,
experimental techniques.

The tutorials include a demonstration/exercise part and a presentation part. The demonstration/exercise part consolidates key subjects of
the lecture by means of small data sets, mathematical toy models, order of magnitude estimates, image analysis and visualization, small
simulation examples, etc. The presentation part comprises short presentations (about 15 min) based on selected papers in the subject.

First practical experience with modern methods measuring snow properties can be acquired in a field excursion.

Lecture notes Lecture notes and selected publications.
Prerequisites /
notice

We strongly recommend the field excursion to Davos on Saturday, March 14, 2020, in Davos. We will demonstrate traditional and modern
field-techniques (snow profile, Near-infrared photography, SnowMicroPen) and you will have the chance to use the instruments yourself.
The excursion includes a visit of the SLF cold laboratories with the micro-tomography setup and the snowmaker.

651-4095-01L Colloquium Atmosphere and Climate 1 W  1 credit 1K C. Schär, H. Wernli, D. N. Bresch,
D. Domeisen, N. Gruber, H. Joos,
R. Knutti, U. Lohmann, T. Peter,
S. I. Seneviratne, K. Steffen, M. Wild

Abstract The colloquium is a series of scientific talks by prominent invited speakers assembling interested students and researchers from around
Zürich. Students take part of the scientific discussions.

Objective -get insight into ongoing research in different fields related to atmospheric and climate science
Content The colloquium is a series of scientific talks by prominent invited speakers assembling interested students and researchers from around

Zürich. Students take part of the scientific discussions.
Prerequisites /
notice

To acquire credit points for this colloquium, please confirm your attendance of 8 colloquia per semester by using the form which is provided
at the course webpage.

651-4095-02L Colloquium Atmosphere and Climate 2 W  1 credit 1K C. Schär, H. Wernli, D. N. Bresch,
D. Domeisen, N. Gruber, H. Joos,
R. Knutti, U. Lohmann, T. Peter,
S. I. Seneviratne, K. Steffen, M. Wild

Abstract The colloquium is a series of scientific talks by prominent invited speakers assembling interested students and researchers from around
Zürich. Students take part of the scientific discussions.

Objective -get insight into ongoing research in different fields related to atmospheric and climate sciences
Prerequisites /
notice

To acquire credit points for this colloquium, please confirm your attendance of 8 colloquia per semester by using the form which is provided
at the course webpage.

651-4095-03L Colloquium Atmosphere and Climate 3 W  1 credit 1K C. Schär, H. Wernli, D. N. Bresch,
D. Domeisen, N. Gruber, H. Joos,
R. Knutti, U. Lohmann, T. Peter,
S. I. Seneviratne, K. Steffen, M. Wild

Abstract The colloquium is a series of scientific talks by prominent invited speakers assembling interested students and researchers from around
Zürich. Students take part of the scientific discussions.

Objective -get insight into ongoing research in different fields related to atmospheric and climate sciences
Prerequisites /
notice

To acquire credit points for this colloquium, please confirm your attendance of 8 colloquia per semester by using the form which is provided
at the course webpage.

701-1226-00L Inter-Annual Phenomena and Their Prediction W  2 credits 2G C. Appenzeller
Abstract This course provides an overview of the current ability to understand and predict intra-seasonal and inter-annual climate variability in the

tropical and extra-tropical region and provides insights on how operational weather and climate services are organized.
Objective Students will acquire an understanding of the key atmosphere and ocean processes involved, will gain experience in analyzing and

predicting sub-seasonal to inter-annual variability and learn how operational weather and climate services are organised and how scientific
developments can improve these services.
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Content The course covers the following topics: 

Part 1:
- Introduction, some basic concepts and examples of sub-seasonal and inter-annual variability
- Weather and climate data and the statistical concepts used for analysing inter-annual variability (e.g. correlation analysis, teleconnection
maps, EOF analysis)

Part 2:
- Inter-annual variability in the tropical region (e.g. ENSO, MJO)
- Inter-annual variability in the extra-tropical region (e.g. Blocking, NAO, PNA, regimes)

Part 3:
- Prediction of inter-annual variability (statistical methods, ensemble prediction systems, monthly and seasonal forecasts, seamless
forecasts)
- Verification and interpretation of probabilistic forecast systems
- Climate change and inter-annual variability

Part 4:
- Scientific challenges for operational weather and climate services
- A visit to the forecasting centre of MeteoSwiss

Lecture notes A pdf version of the slides will be available at 
http://www.iac.ethz.ch/edu/courses/master/modules/interannual-phenomena.html

Literature References are given during the lecture.

701-1232-00L Radiation and Climate Change W  3 credits 2G M. Wild
Abstract This lecture focuses on the prominent role of radiation in the energy balance of the Earth and in the context of past and future climate

change.
Objective The aim of this course is to develop a thorough understanding of the fundamental role of radiation in the context of Earth's energy balance

and climate change.
Content The course will cover the following topics:

Basic radiation laws; sun-earth relations; the sun as driver of climate change (faint sun paradox, Milankovic ice age theory, solar cycles);
radiative forcings in the atmosphere: aerosol, water vapour, clouds; radiation balance of the Earth (satellite and surface observations,
modeling approaches);  anthropogenic perturbation of the Earth radiation balance: greenhouse gases and enhanced greenhouse effect, air
pollution and global dimming; radiation-induced feedbacks in the climate system (water vapour feedback, snow albedo feedback);  climate
model scenarios under various radiative forcings.

Lecture notes Slides will be made available, lecture notes for part of the course
Literature As announced in the course

701-1252-00L Climate Change Uncertainty and Risk: From
Probabilistic Forecasts to Economics of Climate
Adaptation

W  3 credits 2V+1U D. N. Bresch, R. Knutti

Abstract The course introduces the concepts of predictability, probability, uncertainty and probabilistic risk modelling and their application to climate
modeling and the economics of climate adaptation.

Objective Students will acquire knowledge in uncertainty and risk quantification (probabilistic modelling) and an understanding of the economics of
climate adaptation. They will become able to construct their own uncertainty and risk assessment models (in Python), hence basic
understanding of scientific programming forms a prerequisite of the course.

Content The first part of the course covers methods to quantify uncertainty in detecting and attributing human influence on climate change and to
generate probabilistic climate change projections on global to regional scales. Model evaluation, calibration and structural error are
discussed. In the second part, quantification of risks associated with local climate impacts and the economics of different baskets of climate
adaptation options are assessed  leading to informed decisions to optimally allocate resources. Such pre-emptive risk management allows
evaluating a mix of prevention, preparation, response, recovery, and (financial) risk transfer actions, resulting in an optimal balance of
public and private contributions to risk management, aiming at a more resilient society.
The course provides an introduction to the following themes:
1) basics of probabilistic modelling and quantification of uncertainty from global climate change to local impacts of extreme events
2) methods to optimize and constrain model parameters using observations
3) risk management from identification (perception) and understanding (assessment, modelling) to actions (prevention, preparation,
response, recovery, risk transfer)
4) basics of economic evaluation, economic decision making in the presence of climate risks and pre-emptive risk management to optimally
allocate resources

Lecture notes Powerpoint slides will be made available.
Literature Many papers for in-depth study will be referred to during the lecture.
Prerequisites /
notice

Hands-on experience with probabilistic climate models and risk models will be acquired in the tutorials; hence good understanding of
scientific programming forms a prerequisite of the course, in Python (teaching language, object oriented) or similar. Basic understanding of
the climate system, e.g. as covered in the course 'Klimasysteme' is required.

Examination: graded tutorials during the semester (benotete Semesterleistung)

701-1260-00L Climatological and Hydrological Field Work
Number of participants limited to 30.

W  2.5 credits 5P D. Michel, L. Gudmundsson

Abstract Practical work using selected measurement techniques in meteorology and hydrology. The course consists of field work with different
measuring systems to determine turbulence, radiation, soil moisture, evapotranspiration, discharge and the atmospheric state as well as of
data analysis.

Objective Learning of elementary concepts and practical experience with meteorological and hydrological measuring systems as well as data
analysis.

Content Practical work using selected measurement techniques in meteorology and hydrology. The course consists of field work with different
measuring systems to determine turbulence, radiation, soil moisture, evapotranspiration, discharge and the atmospheric state as well as of
data analysis.

Prerequisites /
notice

The course takes place in the hydrological research catchment Rietholzbach (field work) and at ETH (data analysis) as a block course.

701-1342-00L Agriculture and Water Quality
Does not take place this semester.

W  3 credits 3G C. H. Stamm, E. Frossard,
W. Richner, H. Singer

Abstract Linking scientific basics of different disciplines (agronomy, soil science, aquatic chemistry) with practical questions in the context of real-
world problems of diffuse pollution due to agricultural production.
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Objective This course discusses the application of scientific understanding in the context of real-world situations of diffuse pollution caused by
agricultural production. It aims at understanding the relevant processes, analysing diffuse pollution and developing mitigation strategies
starting from legal requirements regarding water quality.

Content - Diversity of diffuse agrochemical pollution
- Agronomic background on the use of agrochemicals
- Transport of agrochemicals from soils to water bodies
- Development of legal requirements for water quality
- Monitoring strategies in water bodies
- Mitigation strategies

- Exercises including all major topics
- 1 field excursion

Lecture notes Handouts will be provided including reference list for each topic.
Prerequisites /
notice

Some exercises require R  (http://www.r-project.org/) and a laptop during the class.

701-1522-00L Multi-Criteria Decision Analysis
Number of participants limited to 25.

W  3 credits 2G J. Lienert

Abstract This introduction to "Multi-Criteria Decision Analysis" (MCDA) combines prescriptive Decision Theory (MAVT, MAUT) with practical
application and computer-based decision support systems. Aspects of descriptive Decision Theory (psychology) are introduced.
Participants apply the theory to an environmental decision problem (group work).

Objective The main objective is to learn the theory of "Multi-Attribute Value Theory" (MAVT) and "Multi-Attribute Utility Theory" (MAUT) and apply it
step-by-step using an environmental decision problem. The participants learn how to structure complex decision problems and break them
down into manageable parts. An important aim is to integrate the goals and preferences of different decision makers. The participants will
practice how to elicit subjective (personal) preferences from decision makers with structured interviews. They should have an
understanding of people's limitations to decision-making, based on insights from descriptive Decision Theory. They will use formal
computer-based tools to integrate "objective / scientific" data with "subjective / personal" preferences to find consensus solutions that are
acceptable to different decision makers.

Content GENERAL DESCRIPTION
Multi-Criteria Decision Analysis is an umbrella term for a set of methods to structure, formalize, and analyze complex decision problems
involving multiple objectives (aims, criteria), many different alternatives (options, choices), and different actors which may have conflicting
preferences. Uncertainty (e.g., of the future or of environmental data) adds to the complexity of environmental decisions. MCDA helps to
make decision problems more transparent and guides decision makers into making rational choices. Today, MCDA-methods are being
applied in many complex decision situations. This class is designed for participants interested in transdisciplinary approaches that help to
better understand real-world decision problems and that contribute to finding sustainable solutions. The course focuses on "Multi-Attribute
Value Theory" (MAVT) and "Multi-Attribute Utility Theory" (MAUT). It also gives a short introduction to behavioral Decision Theory, the
psychological field of decision-making.

STRUCTURE
The course consists of a combination of lectures, exercises in the class, exercises in small groups, reading, and one mandatory exam.
Some exercises are computer assisted, applying MCDA software. The participants will choose an environmental case study to work on in
small groups throughout the semester. Additional reading from the textbook Eisenführ et al. (2010) is required.

GRADING
There will be one written examination at the end of the course that covers the important theory (50 % of final grade). The group work
consists of two written reports (50 %).

Lecture notes No script (see below)
Literature The course is based on: Eisenführ, Franz; Weber, Martin; and Langer, Thomas (2010) Rational Decision Making. 1st edition, 447 p.,

Springer Verlag, ISBN 978-3-642-02850-2.

Additional reading material will be recommended during the course. Lecture slides will be made available for download.

Prerequisites /
notice

The course requires some understanding of (basic) mathematics. The "formal" parts are not too complicated and we will guide students
through the mathematical applications and use of software.

The course is limited to 25 participants (first come, first served).

701-1653-00L Policy and Economics of Ecosystem Services W  3 credits 2G R. Garrett, A. Müller
Abstract The course addresses ecosystem services, their value for society, the causes of their degradation, the stakeholders involved in their

provision and use, and policies to reduce their degradation. One focus is on environmental economics approaches, highlighting their
potential and limitations. During the spring of 2020 this course will focus on these issues through the case of the Brazilian Amazon.

Objective Students can describe, analyse and explain 
•    the basic concepts used to describe ecosystem services provision and management;
•    the basic social and natural science theory underlying ecosystem service degradation,
•    the role and characteristics of different key stakeholders involved in ecosystem services management, including their different value
systems;
•    the different types of policy instruments and institutional arrangements that can be used for improved ecosystem services management
and provision; and
•    empirical tools to assess the performance of various policy instruments and management systems for ecosystem services provision,
and to investigate the factors of success or failure of different policy instruments

Content Many of the world's ecosystem services are being degraded or used unsustainably, which has considerable impacts on human well-being.
Various aspects need to be taken into account to change this development, to work towards improved ecosystem services management
and to design appropriate policy instruments and institutional contexts. First, the societal value of different ecosystem services and the
trade-offs between them needs to be assessed. Second, an assessment of the causes of excessive ecosystem services degradation is
needed. Potential causes include the presence of externalities and public goods, improperly designed property rights systems, divergence
of private and social discount rates, and lack of information and knowledge. Third, we need to understand the drivers of human decision-
making in relation to ecosystem services use. Fourth, choosing an appropriate policy instrument (or a combination thereof) requires an
understanding of the relative strengths and weaknesses of different instruments, their preconditions for success and the political economy
of their implementation.
Finally, it is important to assess the actual impacts of different policy and management options. This requires a careful assessment of
appropriate baselines, of the situation after a policy or management change, and of the various stakeholder groups involved, etc. To
address all these issues, we will first work with some broad conceptual issues and theories relevant to this field and then deepen our
understanding through reading, presentations, and assignments focused on the case of the Brazilian Amazon.

Lecture notes Lecture notes, homework exercises and readings will be made available on Moodle.
Literature There is no single textbook for this class. Instead, a number of texts will be distributed and used during the lecture, and some texts for

further reading will be indicated.
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Prerequisites /
notice

The course consists of a combination of lectures, homework assignments and discussions in small groups. The final grade will be based on
the homework assignments, class participation, and a group project.
A prerequisite for this course is a bachelor-level course in Environmental Economics (e.g. 363-0537-00L Resource and Environmental
Economics) or Quantitative Policy Analysis and Management. In particular, students are expected to be familiar with basic environmental
economics' concepts such as externality, public good, market failure, opportunity cost, social optimum and market equilibrium, the basic
types of policy instruments, and methods of policy analysis. Students with no background in environmental economics or policy analysis
will be expected to come up to the required standards on their own, prior to starting the class.

 Master's Thesis
Number Title Type ECTS Hours Lecturers

118-0121-00L Master's Thesis
Only for MAS in Sustainable Water Resources.

O  24 credits 51D Lecturers

Abstract Students propose relevant research topics from their home countries, or from Latin American research projects, around which individual
study programmes are devised, and on which they write their thesis. The Master thesis is supervised by scientific staff at ETH and
collaborating institutions, and is based on the student's academic or professional experience. 

Objective The Master Thesis research takes place throughout the duration of the MAS Programme (12 months), complimented by Master level
coursework and Seminars focusing on Water Resources and Sustainability. Students become familiar with new research techniques, and
receive guidance from experts. The topic of the research should address a relevant water resources problem in the student's home country,
and is aimed at enhancing collaboration between academics and professionals in Latin America and in Switzerland. 

MAS in Sustainable Water Resources - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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MAS in Urban Design
The MAS in Urban Design is a one-year postgraduate master program in research and design, starting each autumn semester. 

Start of the next course: Autumn Semester 2021.

The program seeks design professionals interested in the investigation and development of tools for use in complex conditions. A culture of inquiry
within the studio encourages the development of strong outlooks on the development of urban scenarios. Emphasis is put on method, incremental
design, and tools of communication with the aim of preparing participants for interdisciplinary work within design offices, academic teams, or municipal
agencies.

The graduate is given the title of Master of Advanced Studies in Urban Design (MAS ETH UD).

 Core Courses
Number Title Type ECTS Hours Lecturers

068-0201-00L An Urban Design for Marseille; Phase 1: Research
Does not take place this semester.
Only for MAS Urban Design.

O  3 credits 2G to be announced

Abstract The design studio is the core component of the MAS UD. One specific urban case study is studied. The focus of the urban development is
a given urban context. Four overlapping phases form the methodological structure of each Design Studio: Research, Urban Strategy,
Typology and Prototyping.

Objective The results of each phase, worked out by students, are shared by the whole class. Like that, an open source urban toolbox is developed,
which offers the possibility to choose from different methods and strategies for future urban development tasks. 
The Design Studios - concerned with developing territories such as informal settlements in the Global South - engage local stakeholders in
the urban planning process from the first stage of design. The goal is ultimatly a strategy and an urban design proposal that allows to
engage with the local stakeholders and respond intelligently to the conditions of the site.

Content Within the framework of ‘Inclusive Urbanism,’ and after exploring the ‘Arrival City’ theme, the MAS program is tackling questions of
migration and urban space. Arguing that urban design is an innovative, resilient, and politically powerful tool for architects and planners to
address such complex matters, and moving away from emergency solutions (e.g. refugee camps, transit centers), we explore the notion of
‘staying’ somewhere.

Literature Reader "Inclusive Urbanism: Migration"
Prerequisites /
notice

Only for MAS Urban Design students

068-0202-00L An Urban Design for Marseille; Phase 2: Urban
Strategy
Does not take place this semester.
Only for MAS Urban Design.

O  8 credits 2G to be announced

Abstract The design studio is the core component of the MAS UD. One specific urban case study is studied. The focus of the urban development is
a given urban context. Four overlapping phases form the methodological structure of each Design Studio: Research, Urban Strategy,
Typology and Prototyping.

Objective The results of each phase, worked out by students, are shared by the whole class. Like that, an open source urban toolbox is developed,
which offers the possibility to
choose from different methods and strategies for future urban development tasks. The Design Studios - concerned with developing
territories such as informal settlements in the Global South - engage local stakeholders in the urban planning process from the first stage of
design. The goal is ultimatly a strategy and an urban design proposal that allows to engage with the local stakeholders and respond
intelligently to the conditions of the site.

Content Within the framework of ‘Inclusive Urbanism,’ and after exploring the ‘Arrival City’ theme, the MAS program is tackling questions of
migration and urban space. Arguing that urban design is an innovative, resilient, and politically powerful tool for architects and planners to
address such complex matters, and moving away from emergency solutions (e.g. refugee camps, transit centers), we explore the notion of
‘staying’ somewhere.

Literature Reader "Inclusive Urbanism: Migration"
Prerequisites /
notice

Only for MAS Urban Design students

068-0203-00L An Urban Design for Marseille: Phase 3: Typology
Does not take place this semester.
Only for MAS Urban Design.

O  5 credits 2G to be announced

Abstract The design studio is the core component of the MAS UD. One specific urban case study is studied. The focus of the urban development is
a given urban context. Four overlapping phases form the methodological structure of each Design Studio: Research, Urban Strategy,
Typology and Prototyping.

Objective The results of each phase, worked out by students, are shared by the whole class. Like that, an open source urban toolbox is developed,
which offers the possibility to
choose from different methods and strategies for future urban development tasks. The Design Studios - concerned with developing
territories such as informal settlements in the Global South - engage local stakeholders in the urban planning process from the first stage of
design. The goal is ultimatly a strategy and an urban design proposal that allows to engage with the local stakeholders and respond
intelligently to the conditions of the site.

Content Within the framework of ‘Inclusive Urbanism,’ and after exploring the ‘Arrival City’ theme, the MAS program is tackling questions of
migration and urban space. Arguing that urban design is an innovative, resilient, and politically powerful tool for architects and planners to
address such complex matters, and moving away from emergency solutions (e.g. refugee camps, transit centers), we explore the notion of
‘staying’ somewhere.

Literature Reader "Inclusive Urbanism: Migration"
Prerequisites /
notice

Only for MAS Urban Design students

068-0204-00L An Urban Design for Marseille; Phase 4: Prototyping
Does not take place this semester.
Only for MAS Urban Design.

O  5 credits 2G to be announced

Abstract The design studio is the core component of the MAS UD. One specific urban case study is studied. The focus of the urban development is
a given urban context. Four overlapping phases form the methodological structure of each Design Studio: Research, Urban Strategy,
Typology and Prototyping.
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Objective The results of each phase, worked out by students, are shared by the whole class. Like that, an open source urban toolbox is developed,
which offers the possibility to
choose from different methods and strategies for future urban development tasks. The Design Studios - concerned with developing
territories such as informal settlements in the Global South - engage local stakeholders in the urban planning process from the first stage of
design. The goal is ultimatly a strategy and an urban design proposal that allows to engage with the local stakeholders and respond
intelligently to the conditions of the site.

Content Within the framework of ‘Inclusive Urbanism,’ and after exploring the ‘Arrival City’ theme, the MAS program is tackling questions of
migration and urban space. Arguing that urban design is an innovative, resilient, and politically powerful tool for architects and planners to
address such complex matters, and moving away from emergency solutions (e.g. refugee camps, transit centers), we explore the notion of
‘staying’ somewhere.

Literature Reader "Inclusive Urbanism: Migration"
Prerequisites /
notice

Only for MAS Urban Design students

068-0205-00L An Urban Design for Marseille; Phase 5: Presentation
Does not take place this semester.
Only for MAS Urban Design.

O  1 credit 2G to be announced

Abstract The last phase is the Presentation phase, where students are asked to demonstrate their ability to deliver a clear discourse, explain their
approach and strategy in a convincing manner.

Objective The final review of the Design Studios, to which local actors are invited to, guarantee a feedback loop of those inputs and give criteria for
the evaluation of the work.

Content Within the framework of ‘Inclusive Urbanism,’ and after exploring the ‘Arrival City’ theme, the MAS program is tackling questions of
migration and urban space. Arguing that urban design is an innovative, resilient, and politically powerful tool for architects and planners to
address such complex matters, and moving away from emergency solutions (e.g. refugee camps, transit centers), we explore the notion of
‘staying’ somewhere.

Literature Reader "Inclusive Urbanism: Migration"
Prerequisites /
notice

Only for MAS Urban Design students

052-0712-00L Sessions on Territory (FS) W 1 credit 1V M. Topalovic
Abstract SESSIONS ON TERRITORY are public debates on the political economy of architecture and territory within and beyond the neoliberal

order.
Objective SESSION ON TERRITORY is a series of public debates on the political economy of architecture and territory. Focusing on how the epoch

of the Anthropocene reframes our conceptions of the urban and shapes new ecologies, the seminar’s objective is to unravel contemporary
forces at work in the formation of the built and natural environment, and, as importantly, to spur debates that challenge the status quo.
Every intervention by a guest speaker is followed by a panel discussion with invited respondents.

Lecture notes Texts to accompany each presentation will be sent via email before each weekly session.

 Workshop
Number Title Type ECTS Hours Lecturers

068-0300-00L Marseille-Migration for An Urban Design for Marseille
Does not take place this semester.
Only for MAS Urban Design.

O  4 credits 2G to be announced

Abstract The mandatory trip into the planning areas gives the opportunity to engage with the Urban Actors in the design development and show the
students the complex levels of a Urban Design Process while understanding complex conditions and realities of a site.

Objective The meetings, talks and interviews with the local stakeholders give a base for the decision making process of the students.
Content Excursion and workshop in Marseille.
Literature Reader "Inclusive Urbanism: Migration"
Prerequisites /
notice

Only for MAS Urban Design students

 Documentation
Number Title Type ECTS Hours Lecturers

068-0402-00L Theory Seminar: Essay Part 2
Does not take place this semester.
Only for MAS Urban Design.

O  3 credits 6A to be announced

Abstract Theorizing the contemporary city
The theory seminar Sessions on Territory investigates contemporary urban phenomena – phenomena emerging predomi-nantly as a result
of accelerating modernization, globalization and neo-liberalism.

Objective Rather than being located at the urban ‘centres’ of the twentieth century such as New York, London or Tokyo, these phenomena are
increasingly situated at what was formally known as the ‘edge’, in locales such as peripheral urban set-ups and informal settlements of
Cairo, São Paulo, Nairobi, Mumbay, etc.
In parallel to the presentation and discussion of a variety of emerging urban phenomena – producing an inventory of selected con-
temporary urban mutations - the seminar course foregrounds the question of methodology in urban research. Rather than making a call for
a purely scientific approach to research methodology, the course supports an awareness of the instrumentality of methodolo-gy and the
modes by which research may be communicated.

Content The course touches upon both methods and tools native to the disci-pline of architecture and urban design, and also those situated in the
broader interdisciplinary field of urban studies, incorporating disciplines such as urban sociology, urban geography and urban economics.

Prerequisites /
notice

Only for MAS Urban Design students

068-0403-00L Migration - Inclusive Urbanism
Does not take place this semester.
Only for MAS Urban Design.

O  9 credits 2G to be announced

Abstract Evaluation, documentation and publication.
The publication module is a key component of the program and completes the academic year.

Objective The main focus is the traceability of the studio’s research and design process.
Content Students collect and edit their projects in order to communicate their work with partners in the teaching, research and practice fields.
Prerequisites /
notice

Only for MAS Urban Design students
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MAS in Urban Design - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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MAS Mediation in Peace Processes
 Modules

Number Title Type ECTS Hours Lecturers

868-0002-00L Module 2: Mediation Methods
Only for MAS Mediation in Peace Processes.

O  7 credits 6G A. Wenger

Abstract This module introduces students to different types and phases of negotiation and mediation, along with providing them with frequent
opportunities to practice related principles, skills, and attitudes. The module focuses on the most fundamental interpersonal skills on the
micro level that provide the basis for mediation in more complex conflict settings.

Objective Building on the understanding that mediation is a form of assisted negotiation, this module introduces various theoretical and practical
methods of negotiation and mediation. The module introduces students to different types and phases of both negotiation and mediation,
providing them with frequent opportunities to practice related principles, skills, and attitudes. The module focuses on the most fundamental
interpersonal skills on the micro level that provide the basis for mediation in more complex conflict settings. Additionally, the module
touches on the role of emotions and identities in conflict resolution. The module also gives an overview of the state of the art of mediation
research and theory, delving into core topics, such as the effectiveness of mediation, mediation mandates and different types of third party
mediators.

868-0003-00L Module 3: Mediation Content
Does not take place this semester.
Only for MAS Mediation in Peace Processes.

O  10 credits 9G A. Wenger, L.-E. Cederman

Abstract Students learn about the content of peace processes in this module. This module combines various approaches to developing options with
an examination of contemporary cases and how various content issues are managed and interlinked. The module focuses on security,
power-sharing, justice, socioeconomic and environmental arrangements.

Objective Mediators learn about the content of peace negotiations and peace agreements in this module. The module builds on the understanding
that the goal of mediation is not to eliminate the issues that are tearing a society apart, but rather to find mechanisms to deal with
differences in a non-violent manner. Mediators need a sufficient understanding of various thematic topics related to peace processes (e.g.,
security, power-sharing, justice, economics) in order to create linkages between them and the specific content issues therein. An adequate
level of knowledge of core themes will also help mediators understand how to work with expert advisors to support a mediation process.
This module both introduces relevant theory on ways of dealing with content issues and looks at how such issues were managed and
interlinked in specific contemporary cases. This module also begins to address the teamwork dimension of mediation, which will be further
elaborated on in the following modules.

868-0005-00L Module 5: Advanced Mediation Methods
Does not take place this semester.

O 7 credits 6G A. Wenger

Abstract This module focuses on deepening and consolidating the core skills from the first four modules and applying them in complex and high-
stress environments. This module also touches on the topic of evaluation and effectiveness in peace mediation, looking at current trends
and approaches to measuring impact in conflict resolution.

Objective This module focuses on deepening and consolidating the core skills from the first four modules and applying them to macro level complex
conflict settings. The module focuses on providing students with opportunities to apply knowledge and skills from the previous modules in
contexts of high stress and high complexity, thereby allowing them to practice, diverse coping strategies for dealing with physical, cognitive,
and emotional challenges during a mediation process. Additionally, this module puts emphasis on the team dimension of mediation,
requiring participants to put into practice interpersonal skills learnt and internalized throughout the program. This module also touches on
the topic of evaluation and effectiveness in peace mediation, looking at current trends and approaches to measuring impact in conflict
resolution.

868-0006-00L Module 6: Mediation Processes
Does not take place this semester.

O 6 credits 6G A. Wenger

Abstract This module seeks to integrate all the knowledge, skills, and techniques from previous modules in a multi-day mediation simulation based
on a real-life mediation case. It focuses on linking theory and practice, communicating with actors in conflict, and transferring the
programme’s content to a professional environment.

Objective This module seeks to integrate all the knowledge, skills, and techniques from Modules 1-5 in a multi-day mediation simulation. The module
focuses on how to link theory and practice, how to communicate this to actors in conflict, and how the content of the programme can be
transferred into the professional environment of the participants. On a more strategic/political level, this final module allows participants to
introduce, discuss – and maybe influence – the future path of the field in the various countries represented and analysed.

 Projects
Number Title Type ECTS Hours Lecturers

868-0100-00L Literature Project
Only for MAS Mediation in Peace Processes.

O  5 credits 11A A. Wenger

Abstract In this multidisciplinary literature review paper, students are required to review, discuss, and critically evaluate the conflict and mediation
literature relating to a specific topic of their choice. Participants are encouraged to consult their employers as they pick a topic so as to
ensure its relevance to their work environment.

Objective In this multidisciplinary literature review paper, students are required to review, discuss, and critically evaluate the conflict and mediation
literature relating to a specific topic of their choice. Participants are encouraged to consult their employers as they pick a topic so as to
ensure its relevance to their work environment.

868-0102-00L Practice-oriented Paper
Does not take place this semester.
Only for MAS Mediation in Peace Processes.

O  5 credits 11A A. Wenger

Abstract This paper requires students to reflect on a partciular practice of mediation as it relates to ones own experience as a mediation practitioner.
While a practice-oriented paper, it must still be grounded in conflict and mediation literature. Students will be required to present their
papers orally and will receive detailed instructions in this regard from instructors.

MAS Mediation in Peace Processes - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Mechanical Engineering Bachelor
 2. Semester

 First Year Examinations: Compulsory Courses
Number Title Type ECTS Hours Lecturers

401-0262-G0L Analysis II O  8 credits 5V+3U A. Steiger
Abstract Differential and integral calculus for functions of one and several variables; vector analysis; ordinary differential equations of first and of

higher order, systems of ordinary differential equations; power series.
For each of these topics many examples from mechanics, physics and other areas.

Objective Introduction to the mathematical foundations of engineering sciences, as far as concerning differential and integral calculus.
Content Differential- und Integralrechnung von Funktionen einer und mehrerer Variablen; Vektoranalysis; gewöhnliche Differentialgleichungen

erster und höherer Ordnung, Differentialgleichungssysteme; Potenzreihen. In jedem Teilbereich eine grosse Anzahl von
Anwendungsbeispielen aus Mechanik, Physik und anderen Lehrgebieten des Ingenieurstudiums.

Lecture notes U. Stammbach: Analysis I/II
Prerequisites /
notice

Exercises and online quizzes are an important aspect of this course. Attempts at solving these problems will be honored with a bonus on
the final grade. See "Performance assessment" for more information.

401-0172-00L Linear Algebra II O  3 credits 2V+1U N. Hungerbühler
Abstract This course is the continuation of the course Linear algebra I. Linear algebra is an indispensable tool of engineering mathematics. The

course offers an introduction into the theory with many applications. The new notions are practised in the accompanying exercise classes.
Objective Upon completion of this course, students will be able to recognize linear structures, and to solve corresponding problems in theory and in

practice.
Content Linear maps, kernel and image, coordinates and matrices, coordinate transformations, norm of a matrix, orthogonal matrices, eigenvalues

and eigenvectors, algebraic and geometric multiplicity, eigenbasis, diagonalizable matrices, symmetric matrices, orthonormal basis,
condition number, linear differential equations, Jordan decomposition, singular value decomposition, examples in MATLAB, applications.

Literature * K. Nipp / D. Stoffer, Lineare Algebra, vdf Hochschulverlag, 5. Auflage 2002
* K. Meyberg / P. Vachenauer, Höhere Mathematik 2, Springer 2003

151-0502-00L Mechanics 2: Deformable Solids and Structures
Prerequisite: 151-0501-00L  Mechanics 1: Kinematics and
Statics 

This course is only for students of Mechanical
Engineering, Civil Engineering and Human Movement
Sciences.

Students in Human Movement Sciences and Sport must
enrol in "Mechanics 1" and "Mechanics 2" as a two-
semester course.

O  6 credits 4V+2U D. Mohr

Abstract Stress tensor, deformations, linear elastic solids, bending of prismatic beams, numerical methods, bending, torsion, plastic work and
deformation energy, energy methods, buckling.

Objective For the mechanical design of systems, knowledge about basic concepts of continuum mechanics are indispensable. These include
mechanical stress, deformations, etc. which are demonstrated on simple examples resulting in an understanding which is both
mathematically correct and intuitive. In this course students learn the basic concepts of the mechanics of deformable media that they will
later apply in other courses such as Dimensioning which are closer to real engineering applications.

Content Spannungstensor, Verzerrungen, linearelastische Körper, spezielle Biegung prismatischer Balken, numerische Methoden, allgemeinere
Biegeprobleme, Torsion, Arbeit und Deformationsenergie, Energiesätze und -verfahren, Knickung.

Literature Mahir B. Sayir, Jürg Dual, Stephan Kaufmann
Ingenieurmechanik 2: Deformierbare Körper, Teubner Verlag

151-0712-00L Engineering Materials and Production II O  4 credits 3V+1U K. Wegener
Abstract Knowledge about the properties and application area of metals. Understanding the fundamentals of high polymers and ceramics for

engineers that can be confronted with material decisions in construction and production.
Objective Knowledge about the properties and application area of metals. Understanding the fundamentals of high polymers and ceramics for

engineers that can be confronted with material decisions in construction and production.
Content The lecture contains two parts:

For metallic materials fatigue and heat treatment will be discussed. Physical properties such as thermal, electric and magnetic properties
will be examined. Important iron- and non-iron- alloys will be introduced and their cases of applications will be discussed. 
In the second part of the lecture the structure and the properties of the high polymers and ceramics will be discussed. Important subareas
are the crystalline and non-crystalline materials and the porous solid bodies, the thermal- mechanical engineering material behaviour, as
well as the probabilistic fracture mechanics. Beside the mechanic- the physical-properties will be also discussed. Engineering material
related fundamentals of the productions engineering will be discussed.

Lecture notes yes
Prerequisites /
notice

Prerequisite: Lecture "Engineering Materials and Production I"

Examination: Session examination; Written examination in Engineering Materials and Production I. and II.;  Allowed resources: Scripts
Engineering Materials and Production I and II, pocket calculator, No laptop nor mobile phone;  Duration: 2 Hours.
Repetition only in the examination session after FS

151-0302-00L Innovation Process O  2 credits 1V+1U M. Meboldt, Q. Lohmeyer
Abstract The lecture focuses on the basics of agile product development, in which development processes are structured in the form of several short

sprints. The lecture deepens the relevant technical and methodological knowledge for the implementation of the characteristic core
activities: Design, Build, Test.

Objective Students understand the concept of agile product development and know the most important elements for planning and executing a sprint.
They know individual methods for finding and selecting solutions and can apply basic methods for risk and cost analysis. Students are also
able to calculate drives and mechanisms for different operating conditions.
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Content - Agile product development
- Creativity and selection methods
- Mechanical mechanisms
- Electric motors
- Design principles
- Risk and cost analysis
- Prototyping and testing
- Market and innovation

Lecture notes Lecture slides are distributed via Ilias.
Prerequisites /
notice

For Bachelor studies in Mechanical and Process Engineering the lecture "Maschinenelemente" (HS) is examined together with
"Innovationsprozess" (FS).

252-0832-00L Computer Science O  4 credits 2V+2U H. Lehner, M. Schwerhoff
Abstract The course covers the fundamental concepts of computer programming with a focus on systematic algorithmic problem solving. Taught

language is C++. No programming experience is required.
Objective Primary educational objective is to learn programming with C++. When successfully attended the course, students have a good command

of the mechanisms to construct a program. They know the fundamental control and data structures and understand how an algorithmic
problem is mapped to a computer program. They have an idea of what happens "behind the scenes" when a program is translated and
executed.
Secondary goals are an algorithmic computational thinking, understanding the possibilities and limits of programming and to impart the way
of thinking of a computer scientist.

Content The course covers fundamental data types, expressions and statements, (Limits of) computer arithmetic, control statements, functions,
arrays, structural types and pointers. The part on object orientation deals with classes, inheritance and polymorphy, simple dynamic data
types are introduced as examples. 
In general, the concepts provided in the course are motivated and illustrated with algorithms and applications.

Lecture notes A script written in English will be provided during the semester. The script and slides will be made available for download on the course
web page.

Literature Bjarne Stroustrup: Einführung in die Programmierung mit C++, Pearson Studium, 2010
Stephen Prata, C++ Primer Plus, Sixth Edition, Addison Wesley, 2012
Andrew Koenig and Barbara E. Moo: Accelerated C++, Addison-Wesley, 2000.

 Additional First Year Courses
Number Title Type ECTS Hours Lecturers

151-0300-00L Innovation Project O  2 credits 2U M. Meboldt
Abstract The students are going through a product development process starting with the first idea to the functional product. The participants will

learn to work on a complex development task in a team (5-6 pers.), to structure a given problem, to generate and evaluate ideas as well as
the design and realization of the product with subsequent verification.

Objective The students learn and experience the principles of product development.  In addition to acquiring development methodical responsibilities,
the main focus is on working together as a team. The participants are taught how to structure a complex development objective and how to
achieve this objective in team work. In the end, the students will master the basics of development processes and development methodical
tools. 

Prerequisites /
notice

Successfull completion of the project is mandatory for lecture certificate. 
 

 Engineering Tools
The Engineering Tools courses are for MAVT Bachelor’s degree students only.

Number Title Type ECTS Hours Lecturers

252-0861-00L Engineering Tool: Introduction to C++ Programming
The Engineering Tool-courses are for MAVT Bachelor’s
degree students only. 

O  0.4 credits 1K H. Lehner

Abstract The event provides an introduction to programming in C++ by means of an interactive tutorial.
Objective Build up an understanding of basic concepts of imperative programming. Reading and writing of first simple programs.
Content In this course we will gently introduce you to the basics of computer programming. To program a computer means to give it a sequence of

commands (a computer program) so that it exactly does what you want it to do.
Prerequisites /
notice

Belegung der Lerneinheit nur möglich, wenn das Programmierprojekt bearbeitet und abgegeben wird. Wird im Falle einer Belegung das
Programmierprojekt nicht abgegeben, so wird die Lerneinheit als nicht bestanden bewertet («Abbruch»).

 4. Semester
 Compulsory Courses

 Examination Block 2
Number Title Type ECTS Hours Lecturers

402-0034-10L Physics II O 4 credits 2V+2U W. Wegscheider
Abstract This is a two-semester course introducing students into the foundations of Modern Physics. Topics include electricity and magnetism, light,

waves, quantum physics, solid state physics, and semiconductors. Selected topics with important applications in industry will also be
considered.

Objective The lecture is intended to promote critical, scientific thinking. Key concepts of Physics will be acquired, with a focus on technically relevant
applications. At the end of the two semesters, students will have a good overview over the topics of classical and modern Physics.

Content Introduction into Quantum Physics, Absorption and Emission of Electromagnetic Radiation, Basics of Solid State Physics, Semiconductors
Lecture notes Lecture notes will be available in German.
Literature Paul A. Tipler, Gene Mosca, Michael Basler und Renate Dohmen

Physik: für Wissenschaftler und Ingenieure
Spektrum Akademischer Verlag, 2009, 1636 Seiten, ca. 80 Euro.

Paul A. Tipler, Ralph A. Llewellyn
Moderne Physik
Oldenbourg Wissenschaftsverlag, 2009, 982 Seiten, ca. 75 Euro.

Prerequisites /
notice

No testat requirements for this lecture.

227-0075-00L Electrical Engineering I O  3 credits 2V+2U J. Leuthold

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1171 of 1785

Abstract Basic course in electrical engineering with the following topics: Concepts of voltage and currents; Analyses of dc and ac networks; Series
and parallel resistive circuits, circuits including capacitors and inductors; Kirchhoff's laws and other network theorems; Transient responses;
Basics of electrical and magnetic fields;

Objective Understanding of the basic concepts in electrical engineering with focus on network theory. The successful student knows the basic
components of electrical circuits and the network theorems after attending the course.

Content Diese Vorlesung vermittelt Grundlagenkenntnisse im Fachgebiet Elektrotechnik. Ausgehend von den grundlegenden Konzepten der
Spannung und des Stroms wird die Analyse von Netzwerken bei Gleich- und Wechselstrom behandelt. Dabie werden folgende Themen
behandelt:
Kapitel 1 Das elektrostatische Feld 
Kapitel 2 Das stationäre elektrische Strömungsfeld 
Kapitel 3 Einfache elektrische Netzwerke 
Kapitel 4 Halbleiterbauelemente (Dioden, der Transistor)  
Kapitel 5 Das stationäre Magnetfeld 
Kapitel 6 Das zeitlich veränderliche elektromagnetische Feld
Kapitel 7 Der Übergang zu den zeitabhängigen Strom- und Spannungsformen  
Kapitel 8 Wechselspannung und Wechselstrom

Lecture notes Die Vorlesungsfolien werden auf Moodle bereitgestellt.
Als ausführliches Skript wird das Buch "Manfred Albach. Elektrotechnik, Person Verlag, Ausgabe vom 1.8.2011" empfohlen.

Literature Für das weitergehende Studium werden in der Vorlesung verschiedene Bücher vorgestellt.

151-0102-00L Fluid Dynamics I O  6 credits 4V+2U T. Rösgen
Abstract An introduction to the physical and mathematical foundations of fluid dynamics is given.

Topics include dimensional analysis, integral and differential conservation laws, inviscid and viscous flows, Navier-Stokes equations,
boundary layers, turbulent pipe flow. Elementary solutions and examples are presented.

Objective An introduction to the physical and mathematical principles of fluid dynamics. Fundamental terminology/principles and their application to
simple problems.

Content Phenomena, applications, foundations
dimensional analysis and similitude; kinematic description; conservation laws (mass, momentum, energy), integral and differential
formulation; inviscid flows: Euler equations, stream filament theory, Bernoulli equation; viscous flows: Navier-Stokes equations; boundary
layers; turbulence

Lecture notes Lecture notes (extended formulary) for the course are made available electronically.
Literature Recommended book: Fluid Mechanics,  Kundu  &  Cohen  &  Dowling, 6th ed., Academic Press / Elsevier (2015).
Prerequisites /
notice

Voraussetzungen: Physik, Analysis

151-0052-00L Thermodynamics II O  4 credits 2V+2U K. Boulouchos, D. Poulikakos
Abstract Introduction to thermodynamics of reactive systems and to the fundamentals of heat transfer.
Objective Introduction to the theory and to the fundamentals of the technical thermodynamics. Main focus: Chemical thermodynamics and heat

transfer
Content 1st and 2nd law of thermodynamics for chemically reactive systems, chemical exergy, fuel cells and kinetic gas theory.

General mechanisms of heat transfer. Introduction to heat conductivity. Stationary 1-D and 2-D heat conduction. Instationary conduction.
Convection. Forced convection - flow around and through bodies. Natural convection. Evaporation (boiling) and condensation. Heat
radiation. Combined heat transfer.

Lecture notes Slides and lecture notes in German.
Literature F.P. Incropera, D.P. DeWitt, T.L. Bergman, and A.S. Lavine, Fundamentals of Heat and Mass Transfer, John Wiley & Sons, 6th edition,

2006.

M.J. Moran, H.N. Shapiro, Fundamentals of Engineering Thermodynamics, John Wiley & Sons, 2007.

 Electives
Number Title Type ECTS Hours Lecturers

151-0304-00L Engineering Design II W  4 credits 4G K. Wegener
Abstract Dimensioning (strength calculation) of machine parts, 

shaft - hub - connections, welded and brazed joints, springs, screws, roller and slide bearings, transmissions, gears, clutch and brake as
well as their practical applications.

Objective The students extend in that course their knowledge on the correct application of machine parts and machine elements including
dimensioning. Focus is laid on the acquisition of competency to solve technical problems and judge technical solutions and to correctly
apply their knowledge according to operation conditions, functionality and strength calculations.

Content Machine parts as shaft - hub - connections, welded and brazed joints, springs, screws, roller and slide bearings, transmissions, gears,
clutch and brake are discussed. The course covers for all the machine elements their functionality, their application and limits of
applicability and the dimensioning is as well as their practical applications. Exercises show the solution of practical problems. Partly
practical problems are solved by the students for their own.

Lecture notes Script exists. Price: SFr. 40.-
Prerequisites /
notice

Prerequisites: 
Basics in design and product development  
Dimensioning 1 

Credit-conditions / examination: 
Partly practical problems are solved by the students for their own. The examination will be in the following examination session. Credits are
given after passing the examination.

151-0431-00L Models, Algorithms and Data: Introduction to
Computing

W  4 credits 2V+1U J. H. Walther, G. Arampatzis

Abstract Fundamental Computational Methods for data analysis, modeling and simulation relevant to Engineering applications. The course
emphasizes the implementation of these methods in Python with application examples drawn from Engineering applications

Objective The course aims to introduce Engineering students to fundamentals of Interpolation, Solution of non-linear equations, Filtering and
Numerical Integration as well as the use of novel methods such as Machine Learning and Bayesian Uncertainty Quantification. The course
aims to integrate numerical methods with enhancing the students programming skills.

Lecture notes https://www.cse-lab.ethz.ch/teaching/mad_fs20
Lecture Notes

Literature 1. Introduction to Applied Mathematics, G. Strang
2. Analysis of Numerical Methods, Isaacson and Keller
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Prerequisites /
notice

A course on the interface of classical (first principle) and Data driven models in computing. Fundamental algorithms for inference,
approximation and optimisation. Bridging the gap of Computational and Data sciences.

151-0590-00L Control Systems II W  4 credits 2V+2U L. Guzzella
Abstract For SISO systems: Controller design (PID, cascades, predictors, numerical methods), compensation of nonlinearities, controller realization.

For MIMO systems: Design of state feedback controllers, state observers and observer-based controllers in time domain, in particular LQR
and LQG approaches. Robustness analysis and approaches for robustness recovery. Controller design in frequency domain.

Objective Part I: The students are able to design and implement effective SISO controllers and to compensate the most important nonlinearities. 
Part II: The students understand the differences between SISO and MIMO control systems and can apply the most important analysis and
synthesis methods for MIMO control loops.

Content Part I: More effective design methods for SISO controllers (PID, cascaded control loops, predictors, numerical methods). Compensation of
the most important nonlinearities. Controller realization with analog and digital elements.
Part II: Extension of the basic SISO ideas (time and frequency domain, controllability, observability, eigenvalues, poles, zeros, frequency
response, etc.) to MIMO systems. Design of state feedback controllers in time domain, in particular LQR approaches. Design of state
observers and observer-based controllers with state feedback, in particular LQG approaches. Robustness analysis for MIMO control loops
and approaches to increase robustness. Outlook to controller design in frequency domain. Several case studies.

Lecture notes Script (will be offered for sale for CHF 5.00 during the first lecture hours).

Parts from Analysis and Synthesis of Single-Input Single-Output Control Systems, Lino Guzzella, vdf Hochschulverlag. 

In addition, the slides of the lecture will be made available online.

Literature - Analysis and Synthesis of Single-Input Single-Output Control Systems, Lino Guzzella, vdf Hochschulverlag. 

- S. Skogestad and I. Postlethwaite. Multivariable Feedback Control, Analysis and design, 2nd ed. John Wiley and Sons.

- K. Zhou with J. C. Doyle. Essentials of Robust Control. Prentice Hall.

- Feedback Systems: An Introduction for Scientists and Engineers Karl J. Åström and Richard M. Murray

Prerequisites /
notice

Knowledge of the classical control theory (e.g. from the "151-0591-00 - Control Systems I" course).

151-0700-00L Manufacturing W  4 credits 2V+2U K. Wegener
Abstract Fundamental terms of productions engineering, plastic deformation, machining, Lasermachining, Mechatronic in the productions machine

construction, Quality assurance, Process chain planning.
Objective - Knowledge of principal terms of manufacturing engineering

- Basic knowledge of some processes, their mode of operation and 
  design (forming, separative processes, Laser technics)
- Knowledge of product defining properties and limitations of applications
- In competition of processes make the right decisions
- Procedure for process chain planning
- Basic knowledge for quality assurance

Content Explanation of basic principles of manufacturing technics and insight into the functionality of a manufacturing shop. Plastic deformation-
and separative- manufacturing processes, as well as laser machining (welding and cutting), and their layouts, product defining properties
and limitations of applications such as the associated workshop facilities, will be introduced in different details. Further basic principles of
the industrial measurement technique and mechatronics concepts in machine tool construction will be discussed.

Lecture notes Yes
Literature Herbert Fritz, Günter Schulze (Hrsg.) Fertigungstechnik. 6. Aufl. Springer Verlag 2003
Prerequisites /
notice

An excursion to one or two manufacturing engineering plant is planned.

151-0966-00L Introduction to Quantum Mechanics for Engineers W 4 credits 2V+2U D. J. Norris
Abstract This course provides fundamental knowledge in the principles of quantum mechanics and connects it to applications in engineering.
Objective To work effectively in many areas of modern engineering, such as renewable energy and nanotechnology, students must possess a basic

understanding of quantum mechanics. The aim of this course is to provide this knowledge while making connections to applications of
relevancy to engineers. After completing this course, students will understand the basic postulates of quantum mechanics and be able to
apply mathematical methods for solving various problems including atoms, molecules, and solids. Additional examples from engineering
disciplines will also be integrated.

Content Fundamentals of Quantum Mechanics 
-    Historical Perspective 
-    Schrödinger Equation
-    Postulates of Quantum Mechanics
-    Operators 
-    Harmonic Oscillator
-    Hydrogen atom
-    Multielectron Atoms
-    Crystalline Systems
-    Spectroscopy
-    Approximation Methods
-    Applications in Engineering

Lecture notes Class Notes and Handouts
Literature Text: David J. Griffiths, Introduction to Quantum Mechanics, 2nd Edition, Pearson International Edition.
Prerequisites /
notice

Analysis III, Mechanics III, Physics I, Linear Algebra II

327-3002-00L Materials for Mechanical Engineers W  4 credits 2V+1U R. Spolenak, A. R. Studart, R. Style
Abstract This course provides a basic foundation in materials science for mechanical engineers. Students learns how to select the right material for

the application at hand. In addition, the appropriate processing-microstructure-property relationship will lead to the fundamental
understanding of concepts that determines the mechanical and functional properties. 

Objective At the end of the course, the student will able to:
• choose the appropriate material for mechanical engineering applications
• find the optimal compromise between materials property, cost and ecological impact
• understand the most important concepts that allow for the tuning of mechanical and functional properties of materials 
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Content Block A: Materials Selection 
• Principles of Materials Selection
• Introduction to the Cambridge Engineering Selector
• Cost optimization and penalty functions
• Ecoselection

Block B: Mechanical properties across materials classes
• Young's modulus from 1 Pa to 1 TPa
• Failure:  yield strength, toughness,  fracture toughness, and fracture energy
• Strategies to toughen materials from gels to metals.

Block C: Structural Light Weight Materials
• Aluminum and magnesium alloys
• Engineering and fiber-reinforced polymers

Block D: Structural Materials in the Body
• Strength, stiffness and wear resistance
• Processing, structure and properties of load-bearing implants

Block E: Structural High Temperature Materials 
• Superalloys and refractory metals
• Structural high-temperature ceramics

Block F: Materials for Sensors 
• Semiconductors
• Piezoelectrica

Block G: Dissipative dynamics and bonding
• Frequency dependent materials properties (from rheology of soft materials to vibration damping in structural materials)
• Adhesion energy and contact mechanics
• Peeling and delamination

Block H: Materials for 3D Printing
• Deposition methods and their consequences for materials (deposition by sintering, direct ink writing, fused deposition modeling,
stereolithography)
• Additive manufacturing of structural and active Materials 

Literature • Kalpakjian, Schmid, Werner, Werkstofftechnik
• Ashby, Materials Selection in Mechanical Design
• Meyers, Chawla, Mechanical Behavior of Materials
• Rösler, Harders, Bäker, Mechanisches Verhalten der Werkstoffe

626-0012-00L Bioengineering
For the Focus Biomedical Engineering this course is
strongly recommended to be chosen among the Electives.

W 4 credits 3G S. Panke, J. G. Snedeker

Abstract An introduction to biology for engineers: basic biochemistry, cell metabolism (principles of energy and mass transfer in cellular systems),
cell biology (structure and composition of cells, transport processes across cell membranes, growth and reproduction of cells), cellular and
molecular biophysics, quantitative tools used in bio- and biomedical engineering

Objective Students that already posses an engineering background will be exposed to a broad introduction of fundamental concepts in the fields of
biology and chemistry. Focus will be given to aspects relevant to research and development projects in the fields of biotechnology,
bioprocess engineering, or biomedical devices. The course will highlight technically exploitable elements in biology and chemistry, to
provide the basic understanding and a necessary vocabulary for interdisciplinary communication with biologists / biotechnologists.

Content Basic biochemistry, cell metabolism (principles of energy and mass transfer in the cell, biocatalysis and enzymes, cellular respiration,
protein synthesis, regulation), cellular biology (structure and composition of cells, transport processes across cell membranes, growth and
reproduction of cells) , introduction to biotechnology tools and applications of molecular and cellular engineering.

Lecture notes Lecture slides and supporting material made available for download on ILIAS.
Literature NA Campbell, JB Reece : Biology, Oxford University Press;  B. Alberts et al : Molecular Biology of the Cell , Garland Science; J. Koolman ,

Roehm KH : Color Atlas of Biochemistry, Thieme-Verlag.; CR Jacobs, H Huang, RY Kwon: Introduction to Cell Mechanics and
Mechanobiology, Garland Science;

 Engineering Tools
The Engineering Tools courses are for MAVT Bachelor’s degree students only.

Number Title Type ECTS Hours Lecturers

151-0021-00L Engineering Tool: Introduction to MATLAB
The Engineering Tools courses are for MAVT Bachelor’s
degree students only.

Note: previous course title in German until HS18
"Ingenieur-Tool: Numerisches Rechnen".

W+  0.4 credits 1K B. Berisha

Abstract Introduction to MATLAB; vectors and matrices; graphics in MATLAB; calculus, differential equations; programming with MATLAB; data
analysis and statistics; interpolation and polynomials. Excercises with solutions: using MATLAB commands, technical applications.

Objective Introduction to numerical calculations with MATLAB.
Content Introduction to MATLAB; vectors and matrices; graphics in MATLAB; calculus, differential equations; programming with MATLAB; data

analysis and statistics; interpolation and polynomials. Excercises with solutions: using MATLAB commands, technical applications.
Lecture notes Course material: 

http://www.ivp.ethz.ch/studium/vorlesungen/ingenieur-tool-ii--numerisches-rechnen.html
Prerequisites /
notice

Der Kurs findet in einem Hörsaal statt und es stehen keine Rechner zur Verfügung. Es wird empfohlen, dass pro zwei Studierenden
mindestens ein Laptop mit installiertem Matlab mitgebracht wird.

Installation Matlab:

- es funktionieren alle Versionen
- netzunabhängige Node-Lizenz (z.B. zum Download im ETH IT Shop)
- folgende Toolboxes/Features müssen installiert sein: Simulink (wird für RT1 benutzt), Curve Fitting Toolbox, Optimization Toolbox,
Symbolic Toolbox, Global Optimization Toolbox
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252-0862-00L Engineering Tool: Modelling
The Engineering Tool-courses are for MAVT Bachelor’s
degree students only. 

W+  0.4 credits 1K M. Schwerhoff

Abstract This course provides an introduction to modelling, i.e. the representation of real-world entities and systems in computer programs. Basic
modelling techniques will be introduced and illustrated, and students will apply these techniques in small projects, by modelling parts of
systems such as a lift or a railway network.

Objective Students develop an intuition for modelling the essential aspects of simple applications from their field. They learn how to transform such a
model into a computer program.

Prerequisites /
notice

Lecture Series Informatik 252-0832-00L or equivalent knowledge in programming with C++. Engineering Tool: Advanced Programming with
C++ is recommended, but not mandatory.

Work on a programming project. Course can only be taken if the programming project is executed and submitted. If no solution to the
programming project is submitted, the course is considered failed ("drop out").

 6. Semester
 Focus Project

 Focus Projects in Energy, Flows and Processes
Number Title Type ECTS Hours Lecturers

151-0076-11L Hybrid Rocket Engine
Prerequisite: Enrollment for 151-0076-10L Hybrid Rocket
Engine in HS19.

W  14 credits 15A L. Guzzella

Abstract Students develop and build a product from A-Z! They work in teams and independently, learn to structure problems, to identify solutions,
system analysis and simulations, as well as presentation and documentation techniques. They build the product with access to a machine
shop and state of the art engineering tools (Matlab, Simulink, etc).

Objective The various objectives of the Focus Project are: 
- Synthesizing and deepening the theoretical knowledge from the basic courses of the 1. - 4. semester 
- Team organization, work in teams, increase of interpersonal skills
- Independence, initiative, independent learning of new topic contents 
- Problem structuring, solution identification in indistinct problem definitions, searches of information 
- System description and simulation 
- Presentation methods, writing of a document
- Ability to make decisions, implementation skills
- Workshop and industrial contacts
- Learning and recess of special knowledge 
- Control of most modern engineering tools (Matlab, Simulink, CAD, CAE, PDM) 

 Focus Projects in Mechatronics
Number Title Type ECTS Hours Lecturers

151-0073-11L Search and Rescue Worm-Robot
Prerequisite: Enrollment for 151-0073-10L Search and
Rescue Worm-Robot in HS19.

W  14 credits 15A R. Siegwart

Abstract Students develop and build a product from A-Z! They work in teams and independently, learn to structure problems, to identify solutions,
system analysis and simulations, as well as presentation and documentation techniques. They build the product with access to a machine
shop and state of the art engineering tools (Matlab, Simulink, etc).

Objective The various objectives of the Focus Project are: 
- Synthesizing and deepening the theoretical knowledge from the basic courses of the 1. - 4. semester 
- Team organization, work in teams, increase of interpersonal skills
- Independence, initiative, independent learning of new topic contents 
- Problem structuring, solution identification in indistinct problem definitions, searches of information 
- System description and simulation 
- Presentation methods, writing of a document
- Ability to make decisions, implementation skills
- Workshop and industrial contacts
- Learning and recess of special knowledge 
- Control of most modern engineering tools (Matlab, Simulink, CAD, CAE, PDM) 

151-0073-21L Drone-Catching Drone
Prerequisite: Enrollment for 151-0073-20L Drone-Catching
Drone in HS19.

W  14 credits 15A R. Siegwart

Abstract Students develop and build a product from A-Z! They work in teams and independently, learn to structure problems, to identify solutions,
system analysis and simulations, as well as presentation and documentation techniques. They build the product with access to a machine
shop and state of the art engineering tools (Matlab, Simulink, etc).

Objective The various objectives of the Focus Project are: 
- Synthesizing and deepening the theoretical knowledge from the basic courses of the 1. - 4. semester 
- Team organization, work in teams, increase of interpersonal skills
- Independence, initiative, independent learning of new topic contents 
- Problem structuring, solution identification in indistinct problem definitions, searches of information 
- System description and simulation 
- Presentation methods, writing of a document
- Ability to make decisions, implementation skills
- Workshop and industrial contacts
- Learning and recess of special knowledge 
- Control of most modern engineering tools (Matlab, Simulink, CAD, CAE, PDM) 

151-0073-31L Swissloop
Prerequisite: Enrollment for 151-0073-30L Swissloop in
HS19.

W  14 credits 15A L. Guzzella

Abstract  Students develop and build a product from A-Z! They work in teams and independently, learn to structure problems, to identify solutions,
system analysis and simulations, as well as presentation and documentation techniques. They build the product with access to a machine
shop and state of the art engineering tools (Matlab, Simulink, etc). 
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Objective The various objectives of the Focus Project are: 
- Synthesizing and deepening the theoretical knowledge from the basic courses of the 1. - 4. semester 
- Team organization, work in teams, increase of interpersonal skills
- Independence, initiative, independent learning of new topic contents 
- Problem structuring, solution identification in indistinct problem definitions, searches of information 
- System description and simulation 
- Presentation methods, writing of a document
- Ability to make decisions, implementation skills
- Workshop and industrial contacts
- Learning and recess of special knowledge 
- Control of most modern engineering tools (Matlab, Simulink, CAD, CAE, PDM) 

151-0073-41L GrowBot - Autonomous Phenotyping, Fertilizing,
Weeding & Harvesting Robot
Prerequisite: Enrollment for 151-0073-40L GrowBot -
Autonomous Phenotyping, Fertilizing, Weeding &
Harvesting Robot in HS19.

W  14 credits 15A M. Hutter

Abstract Students develop and build a product from A-Z! They work in teams and independently, learn to structure problems, to identify solutions,
system analysis and simulations, as well as presentation and documentation techniques. They build the product with access to a machine
shop and state of the art engineering tools (Matlab, Simulink, etc).

Objective The various objectives of the Focus Project are: 
- Synthesizing and deepening the theoretical knowledge from the basic courses of the 1. - 4. semester 
- Team organization, work in teams, increase of interpersonal skills
- Independence, initiative, independent learning of new topic contents 
- Problem structuring, solution identification in indistinct problem definitions, searches of information 
- System description and simulation 
- Presentation methods, writing of a document
- Ability to make decisions, implementation skills
- Workshop and industrial contacts
- Learning and recess of special knowledge 
- Control of most modern engineering tools (Matlab, Simulink, CAD, CAE, PDM) 

Content Several teams of 4-8 students of the ETH as well as students from other universities realize a product during two semesters. On the basis
of a vision and provocative problem definition, all processes of product development are beat down close-to-reality: conception, design,
engineering, simulation, draft and production. The teams are coached by experienced staff who gives them the possibility of a unique
learning experience.
Innovative ideas of the research labs of the ETH, of industrial partners or students are selected and realized by the teams.

 Focus Projects in Manufacturing
Number Title Type ECTS Hours Lecturers

151-0075-11L Ethec Sid-e
Prerequisite: Enrollment for 151-0075-10L Ethec Sid-e in
HS19.

W  14 credits 15A K. Wegener, A. Kunz

Abstract Students develop and build a product from A-Z! They work in teams and independently, learn to structure problems, to identify solutions,
system analysis and simulations, as well as presentation and documentation techniques. They build the product with access to a machine
shop and state of the art engineering tools (Matlab, Simulink, etc).

Objective The various objectives of the Focus Project are: 
- Synthesizing and deepening the theoretical knowledge from the basic courses of the 1. - 4. semester 
- Team organization, work in teams, increase of interpersonal skills
- Independence, initiative, independent learning of new topic contents 
- Problem structuring, solution identification in indistinct problem definitions, searches of information 
- System description and simulation 
- Presentation methods, writing of a document
- Ability to make decisions, implementation skills
- Workshop and industrial contacts
- Learning and recess of special knowledge 
- Control of most modern engineering tools (Matlab, Simulink, CAD, CAE, PDM) 

151-0075-21L Formula Student Electric - Chassis
Prerequisite: Enrollment for 151-0075-20L Formula
Student Electric - Chassis in HS19.

W  14 credits 15A D. Mohr

Abstract Students develop and build a product from A-Z! They work in teams and independently, learn to structure problems, to identify solutions,
system analysis and simulations, as well as presentation and documentation techniques. They build the product with access to a machine
shop and state of the art engineering tools (Matlab, Simulink, etc).

Objective The various objectives of the Focus Project are: 
- Synthesizing and deepening the theoretical knowledge from the basic courses of the 1. - 4. semester 
- Team organization, work in teams, increase of interpersonal skills
- Independence, initiative, independent learning of new topic contents 
- Problem structuring, solution identification in indistinct problem definitions, searches of information 
- System description and simulation 
- Presentation methods, writing of a document
- Ability to make decisions, implementation skills
- Workshop and industrial contacts
- Learning and recess of special knowledge 
- Control of most modern engineering tools (Matlab, Simulink, CAD, CAE, PDM) 

151-0075-41L Formula Student Electric - Drivetrain
Prerequisite: Enrollment for 151-0075-40L Formula
Student Electric - Drivetrain in HS19.

W  14 credits 15A D. Mohr

Abstract Students develop and build a product from A-Z! They work in teams and independently, learn to structure problems, to identify solutions,
system analysis and simulations, as well as presentation and documentation techniques. They build the product with access to a machine
shop and state of the art engineering tools (Matlab, Simulink, etc).
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Objective The various objectives of the Focus Project are: 
- Synthesizing and deepening the theoretical knowledge from the basic courses of the 1. - 4. semester 
- Team organization, work in teams, increase of interpersonal skills
- Independence, initiative, independent learning of new topic contents 
- Problem structuring, solution identification in indistinct problem definitions, searches of information 
- System description and simulation 
- Presentation methods, writing of a document
- Ability to make decisions, implementation skills
- Workshop and industrial contacts
- Learning and recess of special knowledge 
- Control of most modern engineering tools (Matlab, Simulink, CAD, CAE, PDM) 

 Focus Projects in Design, Mechanics and Materials
Number Title Type ECTS Hours Lecturers

151-0079-11L Augmented Reality in Cardiac Surgery
Prerequisite: Enrollment for 151-0079-10L Augmented
Reality in Cardiac Surgery in HS19. 

W  14 credits 15A M. Meboldt

Abstract Students develop and build a product from A-Z! They work in teams and independently, learn to structure problems, to identify solutions,
system analysis and simulations, as well as presentation and documentation techniques. They build the product with access to a machine
shop and state of the art engineering tools (Matlab, Simulink, etc).

Objective The various objectives of the Focus Project are: 
- Synthesizing and deepening the theoretical knowledge from the basic courses of the 1. - 4. semester 
- Team organization, work in teams, increase of interpersonal skills
- Independence, initiative, independent learning of new topic contents 
- Problem structuring, solution identification in indistinct problem definitions, searches of information 
- System description and simulation 
- Presentation methods, writing of a document
- Ability to make decisions, implementation skills
- Workshop and industrial contacts
- Learning and recess of special knowledge 
- Control of most modern engineering tools (Matlab, Simulink, CAD, CAE, PDM) 

 Courses Eligible for Focus Projects
Number Title Type ECTS Hours Lecturers

151-0662-00L Programming for Robotics - Introduction to ROS
Number of participants limited to 70.

This course targets senior Bachelor students as well as
Master students focusing on Robotics, Systems, and
Control. Priority is given to people conducting a project
work in the field.

W  1 credit 2G M. Hutter

Abstract This course gives an introduction to the Robot Operating System (ROS) including many of the available tools that are commonly used in
robotics. With the help of different examples, the course should provide a good starting point for students to work with robots. They learn
how to create software including simulation, to interface sensors and actuators, and to integrate control algorithms.

Objective - ROS Basics: Navigating in Linux and ROS, package creation and compilation
- ROS Basics: Publisher and subscriber, services, actions
- Hardware interfaces, static and dynamic transforms
- Introduction to GAZEBO simulator, AR tag recognition
- (optional) Localization & mapping
- (optional) Navigation, ROS control
- Good practice in programming

Content This course consists of a guided tutorial and independent exercises with different robots (i.e. mobile robot, industrial robot arm,...). You
learn how to setup such a system from scratch using ROS, how to interface the individual sensors and actuators, and finally how to
implement first closed loop control systems.

Lecture notes slides, homepage (http://www.rsl.ethz.ch/education-students/lectures/ros.html)
Literature slides, homepage (http://www.rsl.ethz.ch/education-students/lectures/ros.html)
Prerequisites /
notice

C++ programming basics, Linux Basics. Students need to bring their own laptop to the lecture. Instructions how to prepare the laptop are
provided on the lecture homepage one week prior to the start of the course.

151-3204-00L Coaching Innovation Projects W  2 credits 2V R. P. Haas
Abstract The course is building up skills and experience in coaching engineering teams. To gain experience and to reflect real coaching situations,

the participants of the course have the role of teaching assistance of the innovation project (151-0300-00L). In this framework the
participants coach teams and professionalize the knowledge in the area product development methods.

Objective - Critical thinking and reasoned judgements
- Basic knowledge about role and mindset of a coach
- Understanding the challenges of engineering projects and design teams
- Development of personal skills to apply and train product development methods 
- Knowledge and know-how about applying methods 
- Reflection and exchange of experiences about personal coaching situations
- Inspiration and learning from good cases regarding organizational and team management aspects 
- Decision-making under uncertainty
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Content Basic knowledge about role and mindset of a coach
- Introduction into coaching: definition & models
- Introduction into the coaching process 
Knowledge and reflection about the problems in coaching an innovation project
- Knowledge about team development
- Reflection about critical phases in the innovation process for an innovation team
- Know-how about reference model for analysis critical situations
Development of personal coaching competencies, e.g. active listening, asking questions, giving feedback
- Competencies in theoretical models
- Coaching competencies: exercises and reflection
Knowledge and know-how about coaching methods
- Knowledge about basic coaching methods for technical projects/innovations projects
- Know-how about usage of methods in the coaching process
Reflection and exchange of experiences about personal coaching situations
- Self-reflection
- Exchange of experiences in the lecture group
Facilitating conflict situations
- Sample cases from former teams
- Actual cases of participants
Role of coaches between examinator and "friend"
- Facilitating decisions
- Using and applying coaches opinions and knokwledge

Lecture notes Slides, script and other documents will be distributed electronically 
(access only for paticipants registered to this course).

Literature Please refer to a lecture script.
Prerequisites /
notice

Only for participants (Bachelor Students, Master Students) who are teaching assistants in the innovation project).

 Focus Specialization
 Energy, Flows and Processes

Focus Coordinator: Prof. Christoph Müller
In order to achieve the required 20 credit points for the Focus Specialization Energy, Flows and Processes you need to choose at least 2 compulsory
courses (HS/FS) and at least 2 of the elective courses (HS/FS). One course could be selected among all the courses offered by D-MAVT (Bachelor and
Masters).

Number Title Type ECTS Hours Lecturers

151-0206-00L Energy Systems and Power Engineering O  4 credits 2V+2U R. S. Abhari, A. Steinfeld
Abstract Introductory first course for the specialization in ENERGY. The course provides an overall view of the energy field and pertinent global

problems, reviews some of the thermodynamic basics in energy conversion, and presents the state-of-the-art technology for power
generation and fuel processing.

Objective Introductory first course for the specialization in ENERGY. The course provides an overall view of the energy field and pertinent global
problems, reviews some of the thermodynamic basics in energy conversion, and presents the state-of-the-art technology for power
generation and fuel processing.

Content World primary energy resources and use: fossil fuels, renewable energies, nuclear energy; present situation, trends, and future
developments. Sustainable energy system and environmental impact of energy conversion and use: energy, economy and society. Electric
power and the electricity economy worldwide and in Switzerland; production, consumption, alternatives. The electric power distribution
system. Renewable energy and power: available techniques and their potential. Cost of electricity. Conventional power plants and their
cycles; state-of-the -art and advanced cycles. Combined cycles and cogeneration; environmental benefits. Solar thermal power generation
and solar photovoltaics. Hydrogen as energy carrier. Fuel cells: characteristics, fuel reforming and combined cycles. Nuclear power plant
technology.

Lecture notes Vorlesungsunterlagen werden verteilt

151-0208-00L Computational Methods for Flow, Heat and Mass
Transfer Problems

O  4 credits 4G D. W. Meyer-Massetti

Abstract Numerical methods for the solution of flow, heat & mass transfer problems are presented and illustrated by analytical & computer
exercises.

Objective Knowledge of and practical experience with discretization and solution methods for computational fluid dynamics and heat and mass
transfer problems

Content - Introduction with application examples, steps to a numerical solution
- Classification of PDEs, application examples
- Finite differences
- Finite volumes
- Method of weighted residuals, spectral methods, finite elements
- Stability analysis, consistency, convergence
- Numerical solution methods, linear solvers
The learning materials are illustrated with practical examples.

Lecture notes Slides to be completed during the lecture will be handed out.
Literature References are provided during the lecture. Notes in close agreement with the lecture material are available (in German).
Prerequisites /
notice

Basic knowledge in fluid dynamics, thermodynamics and programming (lecture: "Models, Algorithms and Data: Introduction to Computing")

151-0928-00L CO2 Capture and Storage and the Industry of Carbon-
Based Resources

W  4 credits 3G M. Mazzotti, L. Bretschger,
N. Gruber, C. Müller, M. Repmann,
T. Schmidt, D. Sutter

Abstract Carbon-based resources (coal, oil, gas): origin, production, processing, resource economics. Climate change: science, policies. CCS
systems: CO2 capture in power/industrial plants, CO2 transport and storage. Besides technical details, economical, legal and societal
aspects are considered (e.g. electricity markets, barriers to deployment).

Objective The goal of the lecture is to introduce carbon dioxide capture and storage (CCS) systems, the technical solutions developed so far and the
current research questions. This is done in the context of the origin, production, processing and economics of carbon-based resources, and
of climate change issues. After this course, students are familiar with important technical and non-technical issues related to use of carbon
resources, climate change, and CCS as a transitional mitigation measure.

The class will be structured in 2 hours of lecture and one hour of exercises/discussion. At the end of the semester a group project is
planned.
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Content Both the Swiss and the European energy system face a number of significant challenges over the coming decades. The major concerns
are the security and economy of energy supply and the reduction of greenhouse gas emissions. Fossil fuels will continue to satisfy the
largest part of the energy demand in the medium term for Europe, and they could become part of the Swiss energy portfolio due to the
planned phase out of nuclear power. Carbon capture and storage is considered an important option for the decarbonization of the power
sector and it is the only way to reduce emissions in CO2 intensive industrial plants (e.g. cement- and steel production).  
Building on the previously offered class "Carbon Dioxide Capture and Storage (CCS)", we have added two specific topics: 1) the industry of
carbon-based resources, i.e. what is upstream of the CCS value chain, and 2) the science of climate change, i.e. why and how CO2
emissions are a problem.
The course is devided into four parts:
I) The first part will be dedicated to the origin, production, and processing of conventional as well as of unconventional carbon-based
resources. 
II) The second part will comprise two lectures from experts in the field of climate change sciences and resource economics.
III) The third part will explain the technical details of CO2 capture (current and future options) as well as of CO2 storage and utilization
options, taking again also economical, legal, and sociatel aspects into consideration.
IV) The fourth part will comprise two lectures from industry experts, one with focus on electricity markets, the other on the experiences
made with CCS technologies in the industry.
Throughout the class, time will be allocated to work on a number of tasks related to the theory, individually, in groups, or in plenum.
Moreover, the students will apply the theoretical knowledge acquired during the course in a case study covering all the topics.

Lecture notes Power Point slides and distributed handouts
Literature IPCC Special Report on Global Warming of 1.5°C, 2018.

http://www.ipcc.ch/report/sr15/

IPCC AR5 Climate Change 2014: Synthesis Report, 2014. www.ipcc.ch/report/ar5/syr/

IPCC Special Report on Carbon dioxide Capture and Storage, 2005. www.ipcc.ch/activity/srccs/index.htm

The Global Status of CCS: 2014. Published by the Global CCS Institute, Nov 2014. 
http://www.globalccsinstitute.com/publications/global-status-ccs-2014

Prerequisites /
notice

External lecturers from the industry and other institutes will contribute with specialized lectures according to the schedule distributed at the
beginning of the semester.

151-0946-00L Macromolecular Engineering: Networks and Gels W  4 credits 4G M. Tibbitt
Abstract This course will provide an introduction to the design and physics of soft matter with a focus on polymer networks and hydrogels. The

course will integrate fundamental aspects of polymer physics, engineering of soft materials, mechanics of viscoelastic materials,
applications of networks and gels in biomedical applications including tissue engineering, 3D printing, and drug delivery.

Objective The main learning objectives of this course are: 1. Identify the key characteristics of soft matter and the properties of ideal and non-ideal
macromolecules. 2. Calculate the physical properties of polymers in solution. 3. Predict macroscale properties of polymer networks and
gels based on constituent chemical structure and topology. 4. Design networks and gels for industrial and biomedical applications. 5. Read
and evaluate research papers on recent research on networks and gels and communicate the content orally to a multidisciplinary audience.

Lecture notes Class notes and handouts.
Literature Polymer Physics by M. Rubinstein and R.H. Colby; samplings from other texts.
Prerequisites /
notice

Physics I+II, Thermodynamics I+II

151-0966-00L Introduction to Quantum Mechanics for Engineers W  4 credits 2V+2U D. J. Norris
Abstract This course provides fundamental knowledge in the principles of quantum mechanics and connects it to applications in engineering.
Objective To work effectively in many areas of modern engineering, such as renewable energy and nanotechnology, students must possess a basic

understanding of quantum mechanics. The aim of this course is to provide this knowledge while making connections to applications of
relevancy to engineers. After completing this course, students will understand the basic postulates of quantum mechanics and be able to
apply mathematical methods for solving various problems including atoms, molecules, and solids. Additional examples from engineering
disciplines will also be integrated.

Content Fundamentals of Quantum Mechanics 
-    Historical Perspective 
-    Schrödinger Equation
-    Postulates of Quantum Mechanics
-    Operators 
-    Harmonic Oscillator
-    Hydrogen atom
-    Multielectron Atoms
-    Crystalline Systems
-    Spectroscopy
-    Approximation Methods
-    Applications in Engineering

Lecture notes Class Notes and Handouts
Literature Text: David J. Griffiths, Introduction to Quantum Mechanics, 2nd Edition, Pearson International Edition.
Prerequisites /
notice

Analysis III, Mechanics III, Physics I, Linear Algebra II

 Mechatronics
Focus Coordinator: Prof. Bradley Nelson
To achieve the 20 credits for Focus Specialization Mechatronics, 151-0640-00L Studies on Mechatronics is compulsory.

Number Title Type ECTS Hours Lecturers

151-0640-00L Studies on Mechatronics
This course is not available to incoming exchange
students. 

O  5 credits 5A Supervisors

Abstract Overview of Mechatronics topics and study subjects. Identification of minimum 10 pertinent refereed articles or works in the literature in
consultation with supervisor or instructor. After 4 weeks, submission of a 2-page proposal outlining the value, state-of-the art and study
plan based on these articles. After feedback on the substance and technical writing by the instructor, project commences.

Objective The goal of this class is to familiarize the students with this fascinating but rapidly evolving engineering discipline. The students learn to
find, read and critically evaluate the pertinent literature and methods through in depth studying, presenting, debating of and writing about
selected topics or case studies addressing mechatronics engineering.
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Content Overview of Mechatronics topics and study subjects. Identification of minimum ten pertinent refereed articles or works in the literature in
consultation with supervisor orinstructor. After four weeks, submission of a 2-page proposal outlining the value, state-of-the art and study
plan based on these articles. After detailed feedback on the substance and technical writing on the proposal by the instructor, project
commences. Three to four weeks prior to the end of the semester, a 15 minute oral progress report (presentation) is given by the student
that is critiqued by the instructor with detailed comments on substance and effectiveness of lecture and response on questions from
audience. At the last day of the semester the student submits a written report that is no longer than 10-pages text following the format of a
representative journal article. Throughout the semester the student attends and actively participates in the interactive class lectures given
in the form of seminars and debates with active question and answer sessions inviting student and instructor participation.

Literature Will be available.
Prerequisites /
notice

Language: English or German - depending on the lecturer.

151-0206-00L Energy Systems and Power Engineering W  4 credits 2V+2U R. S. Abhari, A. Steinfeld
Abstract Introductory first course for the specialization in ENERGY. The course provides an overall view of the energy field and pertinent global

problems, reviews some of the thermodynamic basics in energy conversion, and presents the state-of-the-art technology for power
generation and fuel processing.

Objective Introductory first course for the specialization in ENERGY. The course provides an overall view of the energy field and pertinent global
problems, reviews some of the thermodynamic basics in energy conversion, and presents the state-of-the-art technology for power
generation and fuel processing.

Content World primary energy resources and use: fossil fuels, renewable energies, nuclear energy; present situation, trends, and future
developments. Sustainable energy system and environmental impact of energy conversion and use: energy, economy and society. Electric
power and the electricity economy worldwide and in Switzerland; production, consumption, alternatives. The electric power distribution
system. Renewable energy and power: available techniques and their potential. Cost of electricity. Conventional power plants and their
cycles; state-of-the -art and advanced cycles. Combined cycles and cogeneration; environmental benefits. Solar thermal power generation
and solar photovoltaics. Hydrogen as energy carrier. Fuel cells: characteristics, fuel reforming and combined cycles. Nuclear power plant
technology.

Lecture notes Vorlesungsunterlagen werden verteilt

151-0516-00L Non-smooth Dynamics W  5 credits 5G C. Glocker
Abstract Inequality problems in dynamics, in particular friction and impact problems with discontinuities in velocity and acceleration. Mechanical

models of unilateral contacts, friction, sprag clutches, pre-stressed springs. Formulation by set-valued maps as linear complementarity
problems. Numerical time integration of the combined friction impact contact problem.

Objective The lecture provides the students an introduction to modern methods for inequality problems in dynamics. The contents of the lecture are
fitted to frictional contact problems in mechanics, but can be transferred to a large class of inequality problems in technical sciences. The
purpose of the lecture is to acquaint the students with a consistent generalization of classical mechanics towards systems with
discontinuities, and to make them familiar with inequalities treated as set-valued constitutive laws.

Content 1. Kinematik: Drehung, Geschwindigkeit, Beschleunigung, virtuelle Verschiebung.
2. Aufbau der Mechanik: Definition der Kraft, virtuelle Arbeit, innere und äussere Kräfte, Wechselwirkungsprinzip, Erstarrungsprinzip,
mathematische Form des Freischneidens, Definition der idealen Bindung.
3. Starre Körper: Variationelle Form der Gleichgewichtsbedingungen, Systeme starrer Körper, Übergang auf Minimalkoordinaten.
4. Einfache generalisierte Kräfte: Generalisierte Kraftrichtungen, Kinematik der Kraftelemente, Kraftgesetze, Parallel- und Reihenschaltung.
5. Darstellung mengenwertiger Kraftgesetze: Normalkegel, proximale Punkte, exakte Regularisierung. Anwendung auf einseitige Kontakte
und Coulomb-Reibgesetze.
6. Stossfreie und stossbehaftete Bewegung: Bewegungsgleichung, Stossgleichung, Newton-Stossgesetze, Diskussion von
Mehrfachstössen, Kane's Paradoxon.
7. Numerische Behandlung: Lineares Komplementaritätsproblem (LCP), Zeitdiskretisierung nach Moreau, Kontaktproblem in lokalen
Koordinaten als LCP.

Lecture notes Es gibt kein Vorlesungsskript. Den Studierenden wird empfohlen, eine eigene Mitschrift der Vorlesung anzufertigen. Ein Katalog mit
Übungsaufgaben und den zugehörigen Musterlösungen wird ausgegeben.

Prerequisites /
notice

Kinematik und Statik & Dynamics

151-0540-00L Experimental Mechanics
Does not take place this semester.

W  4 credits 2V+1U J. Dual

Abstract 1. General aspects like transfer functions, vibrations, modal analysis, statistics, digital signal processing, phase locked loop, 2. Optical
methods 3. Piezoelectricity 4. Electromagnetic excitation and detection 5. Capacitive Detection

Objective Understanding, quantitative modelling and practical application of experimental methods for producing and measuring mechanical
quantities (motion, deformation, stresses,..)

Content 1. General Aspects: Measurement chain, transfer functions, vibrations and waves in continuous systems, modal analysis, statistics, digital
signal analysis, phase locked loop. 2. Optical methods ( acousto optic modulation, interferometry, holography, photoelasticity, shadow
optics, Moire methods ) 3. Piezoelectric materials: basic equations, applications, accelerometer ) 4. Electomagnetic excitation and
detection, 5. Capacitive detection
Practical training and homeworks

Lecture notes no
Prerequisites /
notice

Prerequisites: Mechanics I to III, Physics, Elektrotechnik

151-0630-00L Nanorobotics W  4 credits 2V+1U S. Pané Vidal
Abstract Nanorobotics is an interdisciplinary field that includes topics from nanotechnology and robotics. The aim of this course is to expose

students to the fundamental and essential aspects of this emerging field.
Objective The aim of this course is to expose students to the fundamental and essential aspects of this emerging field. These topics include basic

principles of nanorobotics, building parts for nanorobotic systems, powering and locomotion of nanorobots, manipulation, assembly and
sensing using nanorobots, molecular motors, and nanorobotics for nanomedicine.

151-0641-00L Introduction to Robotics and Mechatronics
Number of participants limited to 60.

Enrollment is only valid through registration on the MSRL
website (www.msrl.ethz.ch). Registrations per e-mail is no
longer accepted!

W  4 credits 2V+2U B. Nelson, N. Shamsudhin

Abstract The aim of this lecture is to expose students to the fundamentals of mechatronic and robotic systems. Over the course of these lectures,
topics will include how to interface a computer with the real world, different types of sensors and their use, different types of actuators and
their use.
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Objective An ever-increasing number of mechatronic systems are finding their way into our daily lives. Mechatronic systems synergistically combine
computer science, electrical engineering, and mechanical engineering. Robotics systems can be viewed as a subset of mechatronics that
focuses on sophisticated control of moving devices. 

The aim of this course is to practically and theoretically expose students to the fundamentals of mechatronic and robotic systems. Over the
course of the semester, the lecture topics will include an overview of robotics, an introduction to different types of sensors and their use, the
programming of microcontrollers and interfacing these embedded computers with the real world, signal filtering and processing, an
introduction to different types of actuators and their use, an overview of computer vision, and forward and inverse kinematics. Throughout
the course, students will periodically attend laboratory sessions and implement lessons learned during lectures on real mechatronic
systems. By the end of the course, you will be able to independently choose, design and integrate these different building blocks into a
working mechatronic system.

Content The course consists of weekly lectures and lab sessions. The weekly topics are the following:
0. Course Introduction
1. C Programming
2. Sensors
3. Data Acquisition
4. Signal Processing
5. Digital Filtering
6. Actuators
7. Computer Vision and Kinematics
8. Modeling and Control
9. Review and Outlook

The lecture schedule can be found on our course page on the MSRL website (www.msrl.ethz.ch)

Prerequisites /
notice

The students are expected to be familiar with C programming.

151-1224-00L Oil-Hydraulics and Pneumatics W  4 credits 2V+2U J.  Lodewyks
Abstract Introduction to the physical and technical basics of oilhydraulic and pneumatic systems and their components as pumps, motors, cylinders

and control valves, with emphasis on servo- and proportional techniques and feedback- controlled drives. In parallel an overview on
application examples will be given

Objective the student
-  can interpret and explain the function of an oilhydraulic or pneumatic system and can create basic circuit concepts
-  can discribe the architecture and function of needed components and can select and design them to desired properties
-  can simulate the dynamical behaviour of a servohydraulic cylinder- drive and can design an optimal state-feedback-control with observer

Content Significans of hydraulic and pneumatic systems, general definitions and typical application examples. 
Review of important fluid-mechanical principles as compressibility, flow through orifices and friction losses in line-systems.
Components of hydraulic and pneumatic systems as pumps, motors, cylinders, control valves for direction, pressure and flow, proportional-
and servo-valves,  their function and structural composition.
Basic circuit concepts of hydraulic and pneumatic control systems.
Dynamical behaviour and state-feedback-control of servohydraulic and -pneumatic drives.
Exercices
Design of a oilhydraulic drive-system
Measurement of the flow characteristic of an orifice, a pressure valve and a pump.
Simulation and experimental investigation of a state-feedback-controlled servo-cylinder-drive.

Lecture notes Autography  Oelhydraulik
Skript          Zustandsregelung eines Servohydraulischen Zylinderantriebes
Skript          Elemente einer Druckluftversorgung
Skript          Modellierung eines Servopneumatischen Zylinderantriebes

Prerequisites /
notice

The course is suitable for students as of 5th semester.

151-0135-00L Additional Case for the Focus Specialization
Exclusive for D-MAVT Bachelor's students in Focus
Specialization. 
For enrollment, please contact the D-MAVT Student
Administration. 

W  1 credit 2A Professors

Abstract Independent studies on a defined field within the selected Focus Specialization.
Objective Independent studies on a defined field within the selected Focus Specialization.

 Microsystems and Nanoscale Engineering
Focus Coordinator: Prof. Christofer Hierold

Number Title Type ECTS Hours Lecturers

151-0060-00L Thermodynamics and Transport Phenomena in
Nanotechnology

W 4 credits 2V+2U T. Schutzius

Abstract The lecture deals with thermodynamics and transport phenomena in nano- and microscale systems. Typical areas of applications are
microelectronics manufacturing and cooling, manufacturing of novel materials and coatings, surface technologies, wetting phenomena and
related technologies, and micro- and nanosystems and devices.

Objective The student will acquire fundamental knowledge of micro and nanoscale interfacial thermofluidics including light interaction with surfaces.
Furthermore, the student will be exposed to a host of applications ranging from superhydrophobic surfaces and microelectronics cooling to
solar energy, all of which will be discussed in the context of the course.

Content Thermodynamic aspects of intermolecular forces; Interfacial phenomena; Surface tension; Wettability and contact angle; Wettability of
Micro/Nanoscale textured surfaces: superhydrophobicity and superhydrophilicity.

Physics of micro- and nanofluidics.

Principles of thermoplasmonics and applications.

Lecture notes yes

151-0172-00L Microsystems II: Devices and Applications W  6 credits 3V+3U C. Hierold, C. I. Roman
Abstract The students are introduced to the fundamentals and physics of microelectronic devices as well as to microsystems in general (MEMS).

They will be able to apply this knowledge for system research and development and to assess and apply principles, concepts and methods
from a broad range of technical and scientific disciplines for innovative products.
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Objective The students are introduced to the fundamentals and physics of microelectronic devices as well as to microsystems in general (MEMS),
basic electronic circuits for sensors, RF-MEMS, chemical microsystems, BioMEMS and microfluidics, magnetic sensors and optical
devices, and in particular to the concepts of Nanosystems (focus on carbon nanotubes), based on the respective state-of-research in the
field. They will be able to apply this knowledge for system research and development and to assess and apply principles, concepts and
methods from a broad range of technical and scientific disciplines for innovative products. 

During the weekly 3 hour module on Mondays dedicated to Übungen the students will learn the basics of Comsol Multiphysics and utilize
this software to simulate MEMS devices to understand their operation more deeply and optimize their designs.

Content Transducer fundamentals and test structures
Pressure sensors and accelerometers
Resonators and gyroscopes
RF MEMS
Acoustic transducers and energy harvesters
Thermal transducers and energy harvesters
Optical and magnetic transducers
Chemical sensors and biosensors, microfluidics and bioMEMS
Nanosystem concepts
Basic electronic circuits for sensors and microsystems

Lecture notes Handouts (on-line)

151-0516-00L Non-smooth Dynamics W  5 credits 5G C. Glocker
Abstract Inequality problems in dynamics, in particular friction and impact problems with discontinuities in velocity and acceleration. Mechanical

models of unilateral contacts, friction, sprag clutches, pre-stressed springs. Formulation by set-valued maps as linear complementarity
problems. Numerical time integration of the combined friction impact contact problem.

Objective The lecture provides the students an introduction to modern methods for inequality problems in dynamics. The contents of the lecture are
fitted to frictional contact problems in mechanics, but can be transferred to a large class of inequality problems in technical sciences. The
purpose of the lecture is to acquaint the students with a consistent generalization of classical mechanics towards systems with
discontinuities, and to make them familiar with inequalities treated as set-valued constitutive laws.

Content 1. Kinematik: Drehung, Geschwindigkeit, Beschleunigung, virtuelle Verschiebung.
2. Aufbau der Mechanik: Definition der Kraft, virtuelle Arbeit, innere und äussere Kräfte, Wechselwirkungsprinzip, Erstarrungsprinzip,
mathematische Form des Freischneidens, Definition der idealen Bindung.
3. Starre Körper: Variationelle Form der Gleichgewichtsbedingungen, Systeme starrer Körper, Übergang auf Minimalkoordinaten.
4. Einfache generalisierte Kräfte: Generalisierte Kraftrichtungen, Kinematik der Kraftelemente, Kraftgesetze, Parallel- und Reihenschaltung.
5. Darstellung mengenwertiger Kraftgesetze: Normalkegel, proximale Punkte, exakte Regularisierung. Anwendung auf einseitige Kontakte
und Coulomb-Reibgesetze.
6. Stossfreie und stossbehaftete Bewegung: Bewegungsgleichung, Stossgleichung, Newton-Stossgesetze, Diskussion von
Mehrfachstössen, Kane's Paradoxon.
7. Numerische Behandlung: Lineares Komplementaritätsproblem (LCP), Zeitdiskretisierung nach Moreau, Kontaktproblem in lokalen
Koordinaten als LCP.

Lecture notes Es gibt kein Vorlesungsskript. Den Studierenden wird empfohlen, eine eigene Mitschrift der Vorlesung anzufertigen. Ein Katalog mit
Übungsaufgaben und den zugehörigen Musterlösungen wird ausgegeben.

Prerequisites /
notice

Kinematik und Statik & Dynamics

151-0540-00L Experimental Mechanics
Does not take place this semester.

W  4 credits 2V+1U J. Dual

Abstract 1. General aspects like transfer functions, vibrations, modal analysis, statistics, digital signal processing, phase locked loop, 2. Optical
methods 3. Piezoelectricity 4. Electromagnetic excitation and detection 5. Capacitive Detection

Objective Understanding, quantitative modelling and practical application of experimental methods for producing and measuring mechanical
quantities (motion, deformation, stresses,..)

Content 1. General Aspects: Measurement chain, transfer functions, vibrations and waves in continuous systems, modal analysis, statistics, digital
signal analysis, phase locked loop. 2. Optical methods ( acousto optic modulation, interferometry, holography, photoelasticity, shadow
optics, Moire methods ) 3. Piezoelectric materials: basic equations, applications, accelerometer ) 4. Electomagnetic excitation and
detection, 5. Capacitive detection
Practical training and homeworks

Lecture notes no
Prerequisites /
notice

Prerequisites: Mechanics I to III, Physics, Elektrotechnik

151-0622-00L Measuring on the Nanometer Scale W 2 credits 2G A. Stemmer
Abstract Introduction to theory and practical application of measuring techniques suitable for the nano domain.
Objective Introduction to theory and practical application of measuring techniques suitable for the nano domain.
Content Conventional techniques to analyze nano structures using photons and electrons: light microscopy with dark field and differential

interference contrast; scanning electron microscopy, transmission electron microscopy. Interferometric and other techniques to measure
distances. Optical traps. Foundations of scanning probe microscopy: tunneling, atomic force, optical near-field. Interactions between
specimen and probe. Current trends, including spectroscopy of material parameters.

Lecture notes Class notes and special papers will be distributed.

151-0630-00L Nanorobotics W 4 credits 2V+1U S. Pané Vidal
Abstract Nanorobotics is an interdisciplinary field that includes topics from nanotechnology and robotics. The aim of this course is to expose

students to the fundamental and essential aspects of this emerging field.
Objective The aim of this course is to expose students to the fundamental and essential aspects of this emerging field. These topics include basic

principles of nanorobotics, building parts for nanorobotic systems, powering and locomotion of nanorobots, manipulation, assembly and
sensing using nanorobots, molecular motors, and nanorobotics for nanomedicine.

151-0643-00L Studies on Micro and Nano Systems
This course is not available to incoming exchange
students.


W 5 credits 5A Supervisors

Abstract The students get familiarized with the challenges of the fascinating and interdisciplinary field of Micro- and Nanosystems. They are
introduced to the basics of independent non-experimental scientific research and are able to summarize and to present the results
efficiently.

Objective The students get familiarized with the challenges of the fascinating and interdisciplinary field of Micro- and Nanosystems. They are
introduced to the basics of independent non-experimental scientific research and are able to summarize and to present the results
efficiently.
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Content Students work independently on a study of selected topics in the field of Micro- and Nanosystems. They start with a selection of scientific
papers, and continue with an independent iterature research. The results (e.g. state-of-the-art, methods) are evaluated with respect to
predefined criteria. Then the results are presented in an oral presentation and summarized in a report, which takes the discussion of the
presentation into account.

Literature Literature will be provided

151-0902-00L Micro- and Nanoparticle Technology W 6 credits 2V+2U S. E. Pratsinis, M. Eggersdorfer,
A. Güntner, G. Kelesidis, K. Wegner

Abstract Introduction to fundamentals of micro- and nanoparticle synthesis and processing. Characterization of suspensions, sampling and
measuring techniques; basics of gas-solid and liquid-solid systems; fragmentation, coagulation, growth, separation, fluidization, filtration,
mixing, transport, coatings. Particle processing in manufacture of catalysts, sensors, nanocomposites and chemical commodities.

Objective Introduction to design methods of mechanical processes, scale-up laws and optimal use of materials and energy
Content Characterisation of particle suspensions and corresponding measuring techniques; basic laws of gas / solids resp. Liquid / solids systems;

unit operations of mechanical processing:
desintegration, agglomeration, screening, air classifying, sedimentation, filtration, particle separation from gas streams, mixing, pneumatic
conveying. Synthesis of unit operations to process systems in chemical industry, cement industry etc.

Lecture notes Mechanical Process Engineering I

151-0966-00L Introduction to Quantum Mechanics for Engineers W 4 credits 2V+2U D. J. Norris
Abstract This course provides fundamental knowledge in the principles of quantum mechanics and connects it to applications in engineering.
Objective To work effectively in many areas of modern engineering, such as renewable energy and nanotechnology, students must possess a basic

understanding of quantum mechanics. The aim of this course is to provide this knowledge while making connections to applications of
relevancy to engineers. After completing this course, students will understand the basic postulates of quantum mechanics and be able to
apply mathematical methods for solving various problems including atoms, molecules, and solids. Additional examples from engineering
disciplines will also be integrated.

Content Fundamentals of Quantum Mechanics 
-    Historical Perspective 
-    Schrödinger Equation
-    Postulates of Quantum Mechanics
-    Operators 
-    Harmonic Oscillator
-    Hydrogen atom
-    Multielectron Atoms
-    Crystalline Systems
-    Spectroscopy
-    Approximation Methods
-    Applications in Engineering

Lecture notes Class Notes and Handouts
Literature Text: David J. Griffiths, Introduction to Quantum Mechanics, 2nd Edition, Pearson International Edition.
Prerequisites /
notice

Analysis III, Mechanics III, Physics I, Linear Algebra II

151-0135-00L Additional Case for the Focus Specialization
Exclusive for D-MAVT Bachelor's students in Focus
Specialization. 
For enrollment, please contact the D-MAVT Student
Administration. 

W  1 credit 2A Professors

Abstract Independent studies on a defined field within the selected Focus Specialization.
Objective Independent studies on a defined field within the selected Focus Specialization.

 Manufacturing Science
Focus Coordinator: Prof. Konrad Wegener
To achieve the required 20 credit points for the focus specialization you need to pass all 3 compulsory courses (HS/FS). The other 8 credit points can
be achieved from the elective courses.

Number Title Type ECTS Hours Lecturers

151-0720-00L Production Machines I O  4 credits 4G K. Wegener, S. Weikert
Abstract First part of the lecture on production machines. Introduction to the special features of production machines on the basis of metal cutting

and forming machine tools. Dimensioning and design, as well as specific functional components.
Objective Elaboration of the special requirements on the machine tools, such as precision, dynamics, long-life and their realisation. Development and

respectively assortment of the most important components.
Content Basics of the machine tool design, Six-point principal is shown. Components of machine tools (foundations, frames, bearings, guides,

measuring systems, drives and their control) and their types of machine designs. Terminology, classification and quality characteristics.
Special components and selected types of forming machines and there design and dimensioning. Insight into safety of machinery and
automation.

Lecture notes yes

151-0306-00L Visualization, Simulation and Interaction - Virtual
Reality I

W+  4 credits 4G A. Kunz

Abstract Technology of Virtual Reality. Human factors, Creation of virtual worlds, Lighting models, Display- and acoustic- systems, Tracking,
Haptic/tactile interaction, Motion platforms, Virtual prototypes, Data exchange, VR Complete systems, Augmented reality, Collaboration
systems; VR and Design; Implementation of the VR in the industry; Human Computer Interfaces (HCI).

Objective The product development process in the future will be characterized by the Digital Product which is the center point for concurrent
engineering with teams spreas worldwide. Visualization and simulation of complex products including their physical behaviour at an early
stage of development will be relevant in future. The lecture will give an overview to techniques for virtual reality, to their ability to visualize
and to simulate objects. It will be shown how virtual reality is already used in the product development process.

Content Introduction to the world of virtual reality; development of new VR-techniques; introduction to 3D-computergraphics; modelling; physical
based simulation; human factors; human interaction; equipment for virtual reality; display technologies; tracking systems; data gloves;
interaction in virtual environment; navigation; collision detection; haptic and tactile interaction; rendering; VR-systems; VR-applications in
industry, virtual mockup; data exchange, augmented reality.

Lecture notes A complete version of the handout is also available in English.
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Prerequisites /
notice

Voraussetzungen:
keine
Vorlesung geeignet für D-MAVT, D-ITET, D-MTEC und D-INF

Testat/ Kredit-Bedingungen/ Prüfung:
 Teilnahme an Vorlesung und Kolloquien
 Erfolgreiche Durchführung von Übungen in Teams 
 Mündliche Einzelprüfung 30 Minuten

151-0516-00L Non-smooth Dynamics W+  5 credits 5G C. Glocker
Abstract Inequality problems in dynamics, in particular friction and impact problems with discontinuities in velocity and acceleration. Mechanical

models of unilateral contacts, friction, sprag clutches, pre-stressed springs. Formulation by set-valued maps as linear complementarity
problems. Numerical time integration of the combined friction impact contact problem.

Objective The lecture provides the students an introduction to modern methods for inequality problems in dynamics. The contents of the lecture are
fitted to frictional contact problems in mechanics, but can be transferred to a large class of inequality problems in technical sciences. The
purpose of the lecture is to acquaint the students with a consistent generalization of classical mechanics towards systems with
discontinuities, and to make them familiar with inequalities treated as set-valued constitutive laws.

Content 1. Kinematik: Drehung, Geschwindigkeit, Beschleunigung, virtuelle Verschiebung.
2. Aufbau der Mechanik: Definition der Kraft, virtuelle Arbeit, innere und äussere Kräfte, Wechselwirkungsprinzip, Erstarrungsprinzip,
mathematische Form des Freischneidens, Definition der idealen Bindung.
3. Starre Körper: Variationelle Form der Gleichgewichtsbedingungen, Systeme starrer Körper, Übergang auf Minimalkoordinaten.
4. Einfache generalisierte Kräfte: Generalisierte Kraftrichtungen, Kinematik der Kraftelemente, Kraftgesetze, Parallel- und Reihenschaltung.
5. Darstellung mengenwertiger Kraftgesetze: Normalkegel, proximale Punkte, exakte Regularisierung. Anwendung auf einseitige Kontakte
und Coulomb-Reibgesetze.
6. Stossfreie und stossbehaftete Bewegung: Bewegungsgleichung, Stossgleichung, Newton-Stossgesetze, Diskussion von
Mehrfachstössen, Kane's Paradoxon.
7. Numerische Behandlung: Lineares Komplementaritätsproblem (LCP), Zeitdiskretisierung nach Moreau, Kontaktproblem in lokalen
Koordinaten als LCP.

Lecture notes Es gibt kein Vorlesungsskript. Den Studierenden wird empfohlen, eine eigene Mitschrift der Vorlesung anzufertigen. Ein Katalog mit
Übungsaufgaben und den zugehörigen Musterlösungen wird ausgegeben.

Prerequisites /
notice

Kinematik und Statik & Dynamics

151-0718-00L Metrology for Production - Metrology of Workpieces W+  4 credits 2V+2U A. Günther
Abstract The course "Metrology of workpieces" deals with definition and measurement of errors in size, location, form and roughness of workpieces,

with typical measuring instruments and their measurement uncertainties, including coordinate measuring machines and vision systems, QS
according to ISO 9001, statistical process control, as well as with the thermal influences on geometrical measurements.

Objective Knowledge of
- basics of geometrical metrology
- evaluation of size, location, form and roughness of workpieces
- typical measuring instruments and their measurement uncertainties
- coordinate metrology
- vision systems
- quality assurance system according to ISO 9001
- statistical process control
- application in the manufacturing process and for the evaluation of machine tool capability

Content Metrology for production - metrology of workpieces
- basics, like kinematic mounting
- definition and evaluation of size, location, form, roughness
- thermal influences on size, location, form
- measurement uncertainty
- coordinate metrology and 3D coordinate measuring machines
- areal form testing (vision systems)
- quality assurance system according to ISO 9001
- statistical process control
- metrology in the manufacturing process
- statistical process control, process and machine tool capability

Lecture notes Documents are provided during the course.
Prerequisites /
notice

Exercises in the laboratories and with the measuring instruments of the institute for machine tools and manufacturing (IWF) provide the
practical background for this course.

151-0802-00L Automation Technology W+  4 credits 2V+1U H. Wild, K. Wegener
Abstract The automation of production lines will be dealt as interdisciplinary topic. The course contains:

- elementary elements of automatized systems
- Chain of action: sensors, signalisation, control and closed loop control, power electronics, actors
- Conception, description, computation, layout, design and simulation
- Availability and reliability
- Modern concepts

Objective The students shall acquire knowledge for projection and realization of highly automatized production systems. They will be trained to
understand, overview and supervise the whole value chain from the definition of task the specification tender, conception and projection,
the detailed design and startup. They shall know and be able to evaluate the solution possibilities, and the concepts in research and
development.
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Content Highly developed industrialized nations are necessarily bound to automatization of manufacturing processes for their competitiveness.
Conception, realization, startup and run in of automatized production lines, "to make them alive", is one of the most exciting businesses in
engineering. For the layout of automatized systems mechatronic design is of greatest importance to achieve optimal and overall supreme
solutions. The course focuses on the interdisciplinary solution space, spanned by mechanical engineering, process technology, electronics
and electrical engineering, information technology and more and more optics.  subsystems , the information and optical  subsystems.  The
complete processing chain, from sensing to action, sensors, signalization, control and closed loop control, power electronics and actors is
discussed.

Basic elements, sensors and actors, transmitting from mechanics to electronics and vice versa, as well as control systems and interfaces
and bus systems are presented. In production technology these are applied in the different automation devices and then condensed to full
production lines.

Different concepts for automation, layout planning, description and simulation and the interface to and safety of humans are topics.  The
economic boundary conditions are taken into account and lead to concepts for availability and reliability of complex systems and to the
discussion of today's research concepts for fault tolerancing systems, to autodiagnosis and self repair, cognitive systems and agent
systems.      
In theoretical and experimental exercises the students can gain experience, that qualify them for the conception, computation and startup
of automatized systems.

Lecture notes Manuscripts are distributed per chapter

151-0834-00L Forming Technology II - Introduction Virtual Process
Modelling

W+  4 credits 2V+2U P. Hora

Abstract The lecture imparts the principles of the nonlinear Finite-Element-Methods (FEM), implicit and explicit FEM-integration procedures for
quasistatic applications, modeling of coupled thermo-mechanical problems, modeling of time dependent contact conditions, modeling of the
nonlinear material behaviour, modeling of friction, FEM-based prediction of failure by means of cracks and crinkles.

Objective Prozess optimization through numerical methods
Content Application of virtual simulation methods for planning and optimization of metal-forming processes. Fundamentals of virtual simulation

processes, based on Finite-Element-Methods (FEM) and Finite-Difference-Methods (FDM). Introduction to the basics of continuum and
plasto mechanics to mathematically describe the plastic material flow of metals. The procedures to acquire process relevant features. The
exercises include the application of industrial simulation tools for deep drawing in automotive applications, high pressure inner metal
working (space frame) and rod extrusion.

Lecture notes yes

151-0836-00L Virtual Process Control in Forming Manufacturing
Systems

W+  5 credits 2V+2U P. Hora

Abstract Introduction to the methods of virtual modeling of manufacturing processes, illustrated with examples from the digital automotive plant and
others. The lecture presents an opportunity to learn the application of non-linear finite element analysis and  optimization methods and also
adresses stochastical methods for the control of the robust processes.

Objective Integral study of virtual planning technologies in forming manufacturing systems
Content Introduction to the methods of digital plant modeling. Examples: digital automitive plant, digital space-frame manufacturing, digital extrusion

plant. Methods: virtual modeling of complex forming processes, non-linear FEA, optimization methods, stochastical methods.
Lecture notes yes

151-0840-00L Principles of FEM-Based Optimization and
Robustness Analysis

W+  5 credits 2V+2U B. Berisha, P. Hora, N. Manopulo

Abstract The course provides fundamentals of stochastic simulation and non-linear optimization methods. Methods of non-linear optimizaion for
complex mechanical systems will be introduced und applied on real processes. Typical applications of stochastical methods for the
prediction of process stability and robustness analysis will be discussed.

Objective Real systems are, in general, of non-linear nature. Moreover, they are submitted to process parameter variations. In spite of this, most
research is performed assuming deterministic boundary conditions, in which all parameters are constant. As a consequence, such research
cannot draw conclusions on real system behavior, but only on behavior under singular conditions. Hence, the objective of this course is to
give an insight into stochastic simulations and non-linear optimization methods. 

Students will learn mathematical methods e.g. gradient based and gradient free methods like genetic algorithm, and optimization tools
(Matlab Optimization Toolbox) to solve basic optimization and stochastic problems. 

Furthermore, special attention will be paid to the modeling of engineering problems using a commercial finite element program e.g.
ABAQUS to evaluate the mechanical response of a system, and an optimization tool e.g. LS-Opt for the mathematical optimization and
robustness analysis.

Content Principles of nonlinear optimization

-    Introduction into nonlinear optimization and stochastic process simulation
-    Principles of nonlinear optimization
-    Introduction into the design optimization and probabilistic tool LS-Opt
-    Design of Experiments DoE
-    Introduction into nonlinear finite element methods

Optimization of nonlinear systems

-    Application: Optimization of simple structures using LS-Opt and ABAQUS
-    Optimization based on meta modeling techniques
-    Introduction into structure optimization
-    Introduction into geometry parametrization for shape and topology optimization

Robustness and sensitivity of multiparameter systems

-    Introduction into stochastics and robustness of processes
-    Sensitivity analysis
-    Application examples

Lecture notes yes

151-0304-00L Engineering Design II W  4 credits 4G K. Wegener
Abstract Dimensioning (strength calculation) of machine parts, 

shaft - hub - connections, welded and brazed joints, springs, screws, roller and slide bearings, transmissions, gears, clutch and brake as
well as their practical applications.
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Objective The students extend in that course their knowledge on the correct application of machine parts and machine elements including
dimensioning. Focus is laid on the acquisition of competency to solve technical problems and judge technical solutions and to correctly
apply their knowledge according to operation conditions, functionality and strength calculations.

Content Machine parts as shaft - hub - connections, welded and brazed joints, springs, screws, roller and slide bearings, transmissions, gears,
clutch and brake are discussed. The course covers for all the machine elements their functionality, their application and limits of
applicability and the dimensioning is as well as their practical applications. Exercises show the solution of practical problems. Partly
practical problems are solved by the students for their own.

Lecture notes Script exists. Price: SFr. 40.-
Prerequisites /
notice

Prerequisites: 
Basics in design and product development  
Dimensioning 1 

Credit-conditions / examination: 
Partly practical problems are solved by the students for their own. The examination will be in the following examination session. Credits are
given after passing the examination.

151-0515-00L Continuum Mechanics 2 W  4 credits 2V+1U E. Mazza, R. Hopf
Abstract An introduction to finite deformation continuum mechanics and nonlinear material behavior.  Coverage of basic tensor- manipulations and

calculus, descriptions of kinematics, and balance laws .  Discussion of invariance principles and mechanical response functions for elastic
materials.

Objective To provide a modern introduction to the foundations of continuum mechanics and prepare students for further studies in solid
mechanics and related disciplines.

Content 1. Tensors: algebra, linear operators
2. Tensors: calculus
3. Kinematics: motion, gradient, polar decomposition
4. Kinematics: strain
5. Kinematics: rates
6. Global Balance: mass, momentum
7. Stress: Cauchy's theorem
8. Stress: alternative measures
9. Invariance: observer
10. Material Response: elasticity

Lecture notes None.
Literature Recommended texts:  

(1) Nonlinear solid mechanics, G.A. Holzapfel (2000).  
(2) An introduction to continuum mechanics, M.B. Rubin (2003).

151-0540-00L Experimental Mechanics
Does not take place this semester.

W  4 credits 2V+1U J. Dual

Abstract 1. General aspects like transfer functions, vibrations, modal analysis, statistics, digital signal processing, phase locked loop, 2. Optical
methods 3. Piezoelectricity 4. Electromagnetic excitation and detection 5. Capacitive Detection

Objective Understanding, quantitative modelling and practical application of experimental methods for producing and measuring mechanical
quantities (motion, deformation, stresses,..)

Content 1. General Aspects: Measurement chain, transfer functions, vibrations and waves in continuous systems, modal analysis, statistics, digital
signal analysis, phase locked loop. 2. Optical methods ( acousto optic modulation, interferometry, holography, photoelasticity, shadow
optics, Moire methods ) 3. Piezoelectric materials: basic equations, applications, accelerometer ) 4. Electomagnetic excitation and
detection, 5. Capacitive detection
Practical training and homeworks

Lecture notes no
Prerequisites /
notice

Prerequisites: Mechanics I to III, Physics, Elektrotechnik

151-0630-00L Nanorobotics W  4 credits 2V+1U S. Pané Vidal
Abstract Nanorobotics is an interdisciplinary field that includes topics from nanotechnology and robotics. The aim of this course is to expose

students to the fundamental and essential aspects of this emerging field.
Objective The aim of this course is to expose students to the fundamental and essential aspects of this emerging field. These topics include basic

principles of nanorobotics, building parts for nanorobotic systems, powering and locomotion of nanorobots, manipulation, assembly and
sensing using nanorobots, molecular motors, and nanorobotics for nanomedicine.

151-0641-00L Introduction to Robotics and Mechatronics
Number of participants limited to 60.

Enrollment is only valid through registration on the MSRL
website (www.msrl.ethz.ch). Registrations per e-mail is no
longer accepted!

W  4 credits 2V+2U B. Nelson, N. Shamsudhin

Abstract The aim of this lecture is to expose students to the fundamentals of mechatronic and robotic systems. Over the course of these lectures,
topics will include how to interface a computer with the real world, different types of sensors and their use, different types of actuators and
their use.

Objective An ever-increasing number of mechatronic systems are finding their way into our daily lives. Mechatronic systems synergistically combine
computer science, electrical engineering, and mechanical engineering. Robotics systems can be viewed as a subset of mechatronics that
focuses on sophisticated control of moving devices. 

The aim of this course is to practically and theoretically expose students to the fundamentals of mechatronic and robotic systems. Over the
course of the semester, the lecture topics will include an overview of robotics, an introduction to different types of sensors and their use, the
programming of microcontrollers and interfacing these embedded computers with the real world, signal filtering and processing, an
introduction to different types of actuators and their use, an overview of computer vision, and forward and inverse kinematics. Throughout
the course, students will periodically attend laboratory sessions and implement lessons learned during lectures on real mechatronic
systems. By the end of the course, you will be able to independently choose, design and integrate these different building blocks into a
working mechatronic system.
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Content The course consists of weekly lectures and lab sessions. The weekly topics are the following:
0. Course Introduction
1. C Programming
2. Sensors
3. Data Acquisition
4. Signal Processing
5. Digital Filtering
6. Actuators
7. Computer Vision and Kinematics
8. Modeling and Control
9. Review and Outlook

The lecture schedule can be found on our course page on the MSRL website (www.msrl.ethz.ch)

Prerequisites /
notice

The students are expected to be familiar with C programming.

151-1224-00L Oil-Hydraulics and Pneumatics W  4 credits 2V+2U J.  Lodewyks
Abstract Introduction to the physical and technical basics of oilhydraulic and pneumatic systems and their components as pumps, motors, cylinders

and control valves, with emphasis on servo- and proportional techniques and feedback- controlled drives. In parallel an overview on
application examples will be given

Objective the student
-  can interpret and explain the function of an oilhydraulic or pneumatic system and can create basic circuit concepts
-  can discribe the architecture and function of needed components and can select and design them to desired properties
-  can simulate the dynamical behaviour of a servohydraulic cylinder- drive and can design an optimal state-feedback-control with observer

Content Significans of hydraulic and pneumatic systems, general definitions and typical application examples. 
Review of important fluid-mechanical principles as compressibility, flow through orifices and friction losses in line-systems.
Components of hydraulic and pneumatic systems as pumps, motors, cylinders, control valves for direction, pressure and flow, proportional-
and servo-valves,  their function and structural composition.
Basic circuit concepts of hydraulic and pneumatic control systems.
Dynamical behaviour and state-feedback-control of servohydraulic and -pneumatic drives.
Exercices
Design of a oilhydraulic drive-system
Measurement of the flow characteristic of an orifice, a pressure valve and a pump.
Simulation and experimental investigation of a state-feedback-controlled servo-cylinder-drive.

Lecture notes Autography  Oelhydraulik
Skript          Zustandsregelung eines Servohydraulischen Zylinderantriebes
Skript          Elemente einer Druckluftversorgung
Skript          Modellierung eines Servopneumatischen Zylinderantriebes

Prerequisites /
notice

The course is suitable for students as of 5th semester.

 Biomedical Engineering
Focus Coordinator: Prof. Edoardo Mazza

Number Title Type ECTS Hours Lecturers

151-0515-00L Continuum Mechanics 2 W  4 credits 2V+1U E. Mazza, R. Hopf
Abstract An introduction to finite deformation continuum mechanics and nonlinear material behavior.  Coverage of basic tensor- manipulations and

calculus, descriptions of kinematics, and balance laws .  Discussion of invariance principles and mechanical response functions for elastic
materials.

Objective To provide a modern introduction to the foundations of continuum mechanics and prepare students for further studies in solid
mechanics and related disciplines.

Content 1. Tensors: algebra, linear operators
2. Tensors: calculus
3. Kinematics: motion, gradient, polar decomposition
4. Kinematics: strain
5. Kinematics: rates
6. Global Balance: mass, momentum
7. Stress: Cauchy's theorem
8. Stress: alternative measures
9. Invariance: observer
10. Material Response: elasticity

Lecture notes None.
Literature Recommended texts:  

(1) Nonlinear solid mechanics, G.A. Holzapfel (2000).  
(2) An introduction to continuum mechanics, M.B. Rubin (2003).

151-0540-00L Experimental Mechanics
Does not take place this semester.

W 4 credits 2V+1U J. Dual

Abstract 1. General aspects like transfer functions, vibrations, modal analysis, statistics, digital signal processing, phase locked loop, 2. Optical
methods 3. Piezoelectricity 4. Electromagnetic excitation and detection 5. Capacitive Detection

Objective Understanding, quantitative modelling and practical application of experimental methods for producing and measuring mechanical
quantities (motion, deformation, stresses,..)

Content 1. General Aspects: Measurement chain, transfer functions, vibrations and waves in continuous systems, modal analysis, statistics, digital
signal analysis, phase locked loop. 2. Optical methods ( acousto optic modulation, interferometry, holography, photoelasticity, shadow
optics, Moire methods ) 3. Piezoelectric materials: basic equations, applications, accelerometer ) 4. Electomagnetic excitation and
detection, 5. Capacitive detection
Practical training and homeworks

Lecture notes no
Prerequisites /
notice

Prerequisites: Mechanics I to III, Physics, Elektrotechnik

151-0630-00L Nanorobotics W 4 credits 2V+1U S. Pané Vidal
Abstract Nanorobotics is an interdisciplinary field that includes topics from nanotechnology and robotics. The aim of this course is to expose

students to the fundamental and essential aspects of this emerging field.
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Objective The aim of this course is to expose students to the fundamental and essential aspects of this emerging field. These topics include basic
principles of nanorobotics, building parts for nanorobotic systems, powering and locomotion of nanorobots, manipulation, assembly and
sensing using nanorobots, molecular motors, and nanorobotics for nanomedicine.

151-0641-00L Introduction to Robotics and Mechatronics
Number of participants limited to 60.

Enrollment is only valid through registration on the MSRL
website (www.msrl.ethz.ch). Registrations per e-mail is no
longer accepted!

W 4 credits 2V+2U B. Nelson, N. Shamsudhin

Abstract The aim of this lecture is to expose students to the fundamentals of mechatronic and robotic systems. Over the course of these lectures,
topics will include how to interface a computer with the real world, different types of sensors and their use, different types of actuators and
their use.

Objective An ever-increasing number of mechatronic systems are finding their way into our daily lives. Mechatronic systems synergistically combine
computer science, electrical engineering, and mechanical engineering. Robotics systems can be viewed as a subset of mechatronics that
focuses on sophisticated control of moving devices. 

The aim of this course is to practically and theoretically expose students to the fundamentals of mechatronic and robotic systems. Over the
course of the semester, the lecture topics will include an overview of robotics, an introduction to different types of sensors and their use, the
programming of microcontrollers and interfacing these embedded computers with the real world, signal filtering and processing, an
introduction to different types of actuators and their use, an overview of computer vision, and forward and inverse kinematics. Throughout
the course, students will periodically attend laboratory sessions and implement lessons learned during lectures on real mechatronic
systems. By the end of the course, you will be able to independently choose, design and integrate these different building blocks into a
working mechatronic system.

Content The course consists of weekly lectures and lab sessions. The weekly topics are the following:
0. Course Introduction
1. C Programming
2. Sensors
3. Data Acquisition
4. Signal Processing
5. Digital Filtering
6. Actuators
7. Computer Vision and Kinematics
8. Modeling and Control
9. Review and Outlook

The lecture schedule can be found on our course page on the MSRL website (www.msrl.ethz.ch)

Prerequisites /
notice

The students are expected to be familiar with C programming.

151-0946-00L Macromolecular Engineering: Networks and Gels W 4 credits 4G M. Tibbitt
Abstract This course will provide an introduction to the design and physics of soft matter with a focus on polymer networks and hydrogels. The

course will integrate fundamental aspects of polymer physics, engineering of soft materials, mechanics of viscoelastic materials,
applications of networks and gels in biomedical applications including tissue engineering, 3D printing, and drug delivery.

Objective The main learning objectives of this course are: 1. Identify the key characteristics of soft matter and the properties of ideal and non-ideal
macromolecules. 2. Calculate the physical properties of polymers in solution. 3. Predict macroscale properties of polymer networks and
gels based on constituent chemical structure and topology. 4. Design networks and gels for industrial and biomedical applications. 5. Read
and evaluate research papers on recent research on networks and gels and communicate the content orally to a multidisciplinary audience.

Lecture notes Class notes and handouts.
Literature Polymer Physics by M. Rubinstein and R.H. Colby; samplings from other texts.
Prerequisites /
notice

Physics I+II, Thermodynamics I+II

151-0980-00L Biofluiddynamics W 4 credits 2V+1U D. Obrist, P. Jenny
Abstract Introduction to the fluid dynamics of the human body and the modeling of physiological flow processes (biomedical fluid dynamics).
Objective A basic understanding of fluid dynamical processes in the human body. Knowledge of the basic concepts of fluid dynamics and the ability

to apply these concepts appropriately.
Content This lecture is an introduction to the fluid dynamics of the human body (biomedical fluid dynamics). For selected topics of human

physiology, we introduce fundamental concepts of fluid dynamics (e.g., creeping flow, incompressible flow, flow in porous media, flow with
particles, fluid-structure interaction) and use them to model physiological flow processes. The list of studied topics includes the
cardiovascular system and related diseases,  blood rheology, microcirculation, respiratory fluid dynamics and fluid dynamics of the inner
ear.

Lecture notes Lecture notes are provided electronically.
Literature A list of books on selected topics of biofluiddynamics can be found on the course web page.

376-0022-00L Imaging and Computing in Medicine W 4 credits 3G R. Müller, P. Christen, C. J. Collins
Abstract Imaging and computing methods are key to advances and innovation in medicine. This course introduces established fundamental as well

as modern techniques and methods of imaging and computing in medicine.
Objective 1.    Understanding and practical implementation of biosignal processes methods for imaging 

2.    Understanding of imaging techniques including radiation imaging, radiographic imaging systems, computed tomography imaging,
diagnostic ultrasound imaging, and magnetic resonance imaging
3.    Knowledge of computing, programming, modelling and simulation fundamentals
4.    Computational and systems thinking as well as scripting and programming skills
5.    Understanding and practical implementation of emerging computational methods and their application in medicine including artificial
intelligence, deep learning, big data, and complexity
6.    Understanding of the emerging concept of personalised and in silico medicine
7.    Encouragement of critical thinking and creating an environment for independent and self-directed studying
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Content Imaging and computing methods are key to advances and innovation in medicine. This course introduces established fundamental as well
as modern techniques and methods of imaging and computing in medicine. For the imaging portion of the course, biosignal processing,
radiation imaging, radiographic imaging systems, computed tomography imaging, diagnostic ultrasound imaging, and magnetic resonance
imaging are covered. For the computing portion of the course, computing, programming, and modelling and simulation fundamentals are
covered as well as their application in artificial intelligence and deep learning; complexity and systems medicine; big data and personalised
medicine; and computational physiology and in silico medicine.
The course is structured as a seminar in three parts of 45 minutes with video lectures and a flipped classroom setup: in the first part
(TORQUEs: Tiny, Open-with-Restrictions courses focused on QUality and Effectiveness), students study the basic concepts in short video
lectures on the online learning platform Moodle. At the end of this first part, students must post a number of questions in the Moodle forum
that will be addressed in the second part of the lectures using a flipped classroom concept. First, the lecturers may prepare additional
teaching material to answer the posted questions and potentially discuss further questions (Q&A). Second, the students will form small
groups to acquire additional knowledge online or from additionally distributed material and to present their findings to the rest of the class.

Lecture notes Stored on Moodle.
Prerequisites /
notice

Lectures will be given in English.

376-0210-00L Biomechatronics
Primarily designed for HSTstudents

The Biomechatronics lecture is not appropriate for
students who already attended the lecture "Physical
Human-Robot Interaction"(376-1504-00L), because it
covers similar topics.

Matlab skills are beneficial-> online Tutorial
http://www.imrtweb.ethz.ch/matlab/

W  4 credits 3G R. Riener, R. Gassert

Abstract Development of mechatronic systems (i.e. mechanics, electronics, computer science and system integration) with inspiration from biology
and application in the living (human) organism.

Objective The objective of this course is to give an introduction to the fundamentals of biomechatronics, through lectures on the underlying
theoretical/mechatronics aspects and application fields. In the exercises, these concepts will be intensified and trained on the basis of
specific examples. The course will guide students through the design and evaluation process of such systems, and highlight a number of
applications.

By the end of this course, you should understand the critical elements of biomechatronics and their interaction with biological systems, both
in terms of engineering metrics and human factors. You will be able to apply the learned methods and principles to the design,
improvement and evaluation of safe and efficient biomechatronics systems.

Content The course will cover the interdisciplinary elements of biomechatronics, ranging from human factors to sensor and actuator technologies,
real-time signal processing, system kinematics and dynamics, modeling and simulation, controls and graphical rendering as well as
safety/ethical aspects, and provide an overview of the diverse applications of biomechatronics technology.

Lecture notes Slides will be distributed through moodle before the lectures.
Literature Brooker, G. (2012). Introduction to Biomechatronics. SciTech Publishing.

Riener, R., Harders, M. (2012) Virtual Reality in Medicine. Springer, London.
Prerequisites /
notice

None

 Management, Technology and Economics
Focus Coordinators: Prof. Stefano Brusoni D-MTEC and Dr. Jost Hamschmidt D-MTEC

Number Title Type ECTS Hours Lecturers

151-0700-00L Manufacturing W 4 credits 2V+2U K. Wegener
Abstract Fundamental terms of productions engineering, plastic deformation, machining, Lasermachining, Mechatronic in the productions machine

construction, Quality assurance, Process chain planning.
Objective - Knowledge of principal terms of manufacturing engineering

- Basic knowledge of some processes, their mode of operation and 
  design (forming, separative processes, Laser technics)
- Knowledge of product defining properties and limitations of applications
- In competition of processes make the right decisions
- Procedure for process chain planning
- Basic knowledge for quality assurance

Content Explanation of basic principles of manufacturing technics and insight into the functionality of a manufacturing shop. Plastic deformation-
and separative- manufacturing processes, as well as laser machining (welding and cutting), and their layouts, product defining properties
and limitations of applications such as the associated workshop facilities, will be introduced in different details. Further basic principles of
the industrial measurement technique and mechatronics concepts in machine tool construction will be discussed.

Lecture notes Yes
Literature Herbert Fritz, Günter Schulze (Hrsg.) Fertigungstechnik. 6. Aufl. Springer Verlag 2003
Prerequisites /
notice

An excursion to one or two manufacturing engineering plant is planned.

351-0578-00L Introduction to Economic Policy
Does not take place this semester.

W  2 credits 2V

Abstract First approach to the theory of economic policy.
Objective First approach to the theory of economic policy.
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Content Wirtschaftspolitik ist die Gesamtheit aller Massnahmen von staatlichen Institutionen mit denen das Wirtschaftsgeschehen geregelt und
gestaltet wird. Die Vorlesung bietet einen ersten Zugang zur Theorie der Wirtschaftspolitik. 

Gliederung der Vorlesung:

1.) Wohlfahrtsökonomische Grundlagen: Wohlfahrtsfunktion, Pareto-Optimalität, Wirtschaftspolitik als Mittel-Zweck-Analyse u.a.

2.) Wirtschaftsordnungen: Geplante und ungeplante Ordnung
3.) Wettbewerb und Effizienz: Hauptsätze der Wohlfahrtsökonomik, Effizienz von Wettbewerbsmärkten
4.) Wettbewerbspolitik: Sicherstellung einer wettbewerblichen Ordnung

Gründe für Marktversagen:
5.) Externe Effekte 
6.) Öffentliche Güter 
7.) Natürliche Monopole 
8.) Informationsasymmetrien
9.) Anpassungskosten
10.) Irrationalität

11.) Wirtschaftspolitik und Politische Ökonomie

Die Vorlesung beinhaltet Anwendungsbeispiele und Exkurse, um eine Verbindung zwischen Theorie und Praxis der Wirtschaftspolitik
herzustellen. Z. B. Verteilungseffekte von wirtschaftspolitischen Massnahmen, Kartellpolitik am Ölmarkt, Internalisierung externer Effekte
durch Emissionshandel, moralisches Risiko am Finanzmarkt, Nudging, zeitinkonsistente Präferenzen im Bereich der Gesundheitspolitik

Lecture notes Nein.

351-0778-00L Discovering Management
Entry level course in management for BSc, MSc and PHD
students at all levels not belonging to D-MTEC. 
This course can be complemented with Discovering
Management (Excercises) 351-0778-01L.

W 3 credits 3G L. De Cuyper, S. Brusoni,
B. Clarysse, S. Feuerriegel,
V. Hoffmann, T. Netland,
G. von Krogh

Abstract Discovering Management offers an introduction to the field of business management and entrepreneurship for engineers and natural
scientists. The module provides an overview of the principles of management, teaches knowledge about management that is highly
complementary to the students' technical knowledge, and provides a basis for advancing the knowledge of the various subjects offered at
D-MTEC.

Objective The objective of this course is to introduce the students to the relevant topics of the management literature and give them a good
introduction in entrepreneurship topics too. The course is a series of lectures on the topics of strategy, innovation, marketing, corporate
social responsibility, and productions and operations management. These different lectures provide the theoretical and conceptual
foundations of management. In addition, students are required to work in teams on a project. The purpose of this project is to analyse the
innovative needs of a large multinational company and develop a business case for the company to grow.

Content Discovering Management aims to broaden the students' understanding of the principles of business management, emphasizing the
interdependence of various topics in the development and management of a firm. The lectures introduce students not only to topics
relevant for managing large corporations, but also touch upon the different aspects of starting up your own venture. The lectures will be
presented by the respective area specialists at D-MTEC.
The course broadens the view and understanding of technology by linking it with its commercial applications and with society. The lectures
are designed to introduce students to topics related to strategy, corporate innovation,  corporate social responsibility, and business model
innovation. Practical examples from industry will stimulate the students to critically assess these issues.

Prerequisites /
notice

Discovering Management is designed to suit the needs and expectations of Bachelor students at all levels as well as Master and PhD
students not belonging to D-MTEC. By providing an overview of Business Management, this course is an ideal enrichment of the standard
curriculum at ETH Zurich.
No prior knowledge of business or economics is required to successfully complete this course.

351-0778-01L Discovering Management (Exercises)
Complementary exercises for the module Discovering
Managment.

Prerequisite: Participation and successful completion of
the module Discovering Management (351-0778-00L) is
mandatory.

W  1 credit 1U B. Clarysse

Abstract This course is offered complementary to the basis course 351-0778-00L, "Discovering Management". The course offers an additional
exercise in the form of a project conducted in team.

Objective This course is offered to complement the course 351-0778-00L. The course offers an additional exercise to the more theoretical and
conceptual content of Discovering Management. 

While Discovering Management offers an introduction to various management topics, in this course, creative skills will be trained by the
business game exercise. It is a participant-centered, team-based learning activity, which provides students with the opportunity to place
themselves in the role of Chief Innovation Officer of a large multinational company.

Content As the students learn more about the specific case and identify the challenge they are faced with, they will have to develop an innovative
business case for this multinational corporation. Doing so, this exercise will provide an insight into the context of managerial problem-
solving and corporate innovation, and enhance the students' appreciation for the complex tasks companies and managers deal with. The
exercise presents a realistic model of a company and provides a valuable learning platform to integrate the increasingly important
development of the skills and competences required to identify entrepreneurial opportunities, analyse the future business environment and
successfully respond to it by taking systematic decisions, e.g. critical assessment of technological possibilities.

363-0302-00L Human Resource Management: Leading Teams W+  3 credits 2G G. Grote
Abstract The basic processes of human resource management are discussed (selection, reward systems, performance evaluation, career

development) and embedded in the broader context of leadership in teams. Leadership concepts and group processes are presented.
Practical instruments supporting leadership functions are introduced and applied in business settings.

Objective - Understand basic HRM functions and their relationship to leadership
- Know instruments for selection, performance appraisal, compensation, and development
- Understand leadership requirements and success factors in leadership
- Know fundamental processes in teams
- Apply and expand theoretical knowledge on a specific topic in self-guided learning
- Manage team processes and diversity during self-guided learning in a project group
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Content Human Resource Management (HRM) concerns the policies, practices, and systems that influence employees' behavior, attitudes, and
performance. It aims at applying human resources within organizations such that people succeed and organizational performance
improves. Concepts and instruments for selection, performance management, and personnel development are discussed with respect to
team leaders' role in HRM, not from the perspective of HR managers. Fundamentals of effective leadership and dynamics in teams are
presented. In semester projects, students apply HRM instruments in company contexts.

Lecture notes There is no script.
Literature A reading list and the respective documents are provided via moodle.

363-0302-02L Human Resource Management: Leading Teams
(Additional Cases)
Only for Mechanical Engineering BSc Focus MTEC

W+  1 credit 2A G. Grote

Abstract In this additional course students work on case studies they developed during the regular course as part of their semester projects. 
Objective Work together with companies to analyze problems and provide sulutions related to issues such as pay-for-performance systems,

personnel assessment, and flexible working schemes
Prerequisites /
notice

The lecture 363-0302-00L Human Resource Management: Leading Teams needs to be taken in order to participate in this module

363-0764-00L Project Management W  2 credits 2V C. G. C. Marxt
Abstract The course gives a detailed introduction into various aspects of classic and agile project management. Established concepts and methods

for initiating, planning and executing  projects are introduced and major challenges discussed. Additionally the course covers different agile
and hybrid project management concepts.

Objective Projects are not only the base of work in modern enterprises but also the primary type of cooperation with customers. Students of ETH will
often work in or manage projects in the course of their career. Good project management knowledge is not only a guarantee for individual
but also for company wide success.

The goal of this course is to give a detailed introduction into project management, more specific participants
- will understand the basics of successful classic and agile project management
- are able to apply the concepts and methods of project management in their day to day work
- are able to identify different project management practices and are able to suggest improvements 
- will contribute to projects in your organization in a positive way 
- will be able to plan and execute projects successfully.

Content The competitiveness of companies is driven by the development of a concise strategy and its successful implementation. Especially
strategy execution poses several challenges to senior management: clear communication of goals, ongoing follow up of activities, a sound
monitoring and control system. All these aspect are covered by successfully implementing and applying program and project management.
As an introductory course we will focus mainly on project management.
In the last decade project management has become an important discipline in management and several internationally recognized project
management methods can be found: PMBOK, IPMA ICB, PRINCE 2, etc. These frameworks have proven to be very useful in day-to-day
work. 
Unfortunately the environment companies are working in has changed parallel to the rise of PM as a discipline. Incremental but even more
important fundamental changes happen more often and much faster than a decade ago. Experience has shown that the classic PM
approaches lack the inherent dynamics to cope with these challenges. So overtime new methods have surfaced, such as SCRUM. These
methods are called Agile Project Management methods and follow a dynamic model of reality, called complex adaptive systems
perspective.
This course will cover both classic and agile project management topics. The first part of the semester will lay the basics by discussing the
classic way of planning, organizing and executing a project based on its life cycle. Topics covered include: drafting project proposals, stake
holder analysis, different aspects of project planning, project organization, project risk management, project execution, project control,
leadership in projects incl. conflict mitigation strategies, termination and documentation. In the second part basic conceptual topics for agile
project management such as the agile manifesto, SCRUM, Lean, Kanban, XP, rapid results are covered. The course tries to tap into pre-
existing knowledge of the participants using a very interactive approach including in-class discussion, short exercises and case studies.

Lecture notes No
The lecture slides and other additional material (papers, book chapters, case studies, etc.) will be available for download from Moodle
before each class.

363-1017-00L Risk and Insurance Economics W  3 credits 2G I. Gemmo
Abstract The course covers economics of risk and insurance. Topics covered are fundamentals of risk, individual decision making under risk,

fundamentals of insurance, information asymmetries in insurance markets, and the macroeconomic role of insurers.
Objective The goal is to introduce students to basic concepts of risk, risk management and economics of insurance.
Content - fundamentals of risk

- individual decision making under risk 
- fundamentals of insurance
- information asymmetries in insurance markets 
- the macroeconomic role of insurers

Literature Main literature:

- Eeckhoudt, L., Gollier, C., & Schlesinger, H. (2005). Economic and Financial Decisions under Risk. Princeton University Press.
- Zweifel, P., & Eisen, R. (2012). Insurance Economics. Springer.


Further readings: 

- Dionne, G. (Ed.). (2013). Handbook of Insurance (2nd ed.). Springer.
- Hufeld, F., Koijen, R. S., & Thimann, C. (Eds.). (2017). The Economics, Regulation, and Systemic Risk of Insurance Markets. Oxford
University Press.
- Niehaus, H., & Harrington, S. (2003). Risk Management and Insurance (2nd ed.). McGraw Hill.
- Rees, R., & Wambach, A. (2008). The Microeconomics of Insurance, Foundations and Trends® in Microeconomics, 4(1–2), 1-163.

363-1038-00L Sustainability Start-Up Seminar
Number of participants limited to 30.

W  3 credits 2G A.-K. Zobel, A. H. Sägesser

Abstract Experts lead participants through a venturing process inspired by Lean and Design Thinking methodologies. The course contains problem
identification, idea generation and evaluation, team formation, and the development of one entrepreneurial idea per team. A special focus
is put on sustainability, in particular on climate change and renewable energy technologies specifically.

Objective 1.    Students have experienced and know how to take the first steps towards co-creating a venture and potentially company
2.    Students reflect deeply on sustainability issues (with a focus on climate change & energy) and can formulate a problem statement
3.    Students believe in their ability to bring change to the world with their own ideas
4.    Students are able to apply entrepreneurial practices such as the lean startup approach
5.    Students have built a first network and know how to proceed and who to approach in case they would like to take their ventures further.
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Content This course is aimed at people with a keen interest to address sustainability issues (with a focus on climate change and renewable energy),
with a curious mindset, and potentially first entrepreneurial ideas!

The seminar consists of a mix of lectures, workshops, individual working sessions, teamwork, and student presentations/pitches. This class
will be co-taught by an academic expert (studying innovation, entrepreneurship, and sustainability) and an entrepreneurship and
sustainability “practitioner”. Real-world climate entrepreneurs and experts from the Swiss start-up and sustainability community will be
invited to support individual sessions.

All course content is based on latest international entrepreneurship practices. 
 
The seminar starts with an introduction to sustainability (with a special focus on climate change & energy) and entrepreneurship. Students
are asked to self-select into an area of their interest in which they will develop entrepreneurial ideas throughout the course. 
 
The first part of the course then focuses on deeply understanding sustainability problems within the area of interest. Through workshops
and self-study, students will identify key design challenges, generate ideas, as well as provide systematic and constructive feedback to
their peers. 
 
In the second part of the course, students will form teams around their generated ideas. In these teams they will develop a business model
and, following the lean start-up process, conduct real-life testing, as well as pivoting of these business models. 
 
In the final part of the course, students present their insights gained from the lean start-up process, as well as pitch their entrepreneurial
ideas and business models to an expert jury. The course will conclude with a session that provides students with a network and resources
to further pursue their entrepreneurial journey.

Lecture notes All material will be made available to the participants.
Prerequisites /
notice

Prerequisite:
Interest in sustainability & entrepreneurship.

Notes: 
1. It is not required that participants already have a business idea at the beginning of the course. 
2. No legal entities (e.g. GmbH, Association, AG) need to be founded for this course.

Target participants:
PhD students, Msc students and MAS students from all departments. The number of participants is limited to max.30.

Waiting list:
After subscribing you will be added to the waiting list.
The lecturers will contact you a few weeks before the start of the seminar to confirm your interest and to ensure a good mixture of study
backgrounds, only then you're accepted to the course.

 Design, Mechanics and Materials
Focus Coordinator: Prof. Dirk Mohr
In order to achieve the required 20 credit points for the Focus Specialization Design, Mechanics and Material you are free to choose any of the courses
offered within the focus and are encouraged to select among those recommended. If you wish to take one of the Master level courses, you must get
approval from the lecturer.

Number Title Type ECTS Hours Lecturers

151-0304-00L Engineering Design II W 4 credits 4G K. Wegener
Abstract Dimensioning (strength calculation) of machine parts, 

shaft - hub - connections, welded and brazed joints, springs, screws, roller and slide bearings, transmissions, gears, clutch and brake as
well as their practical applications.

Objective The students extend in that course their knowledge on the correct application of machine parts and machine elements including
dimensioning. Focus is laid on the acquisition of competency to solve technical problems and judge technical solutions and to correctly
apply their knowledge according to operation conditions, functionality and strength calculations.

Content Machine parts as shaft - hub - connections, welded and brazed joints, springs, screws, roller and slide bearings, transmissions, gears,
clutch and brake are discussed. The course covers for all the machine elements their functionality, their application and limits of
applicability and the dimensioning is as well as their practical applications. Exercises show the solution of practical problems. Partly
practical problems are solved by the students for their own.

Lecture notes Script exists. Price: SFr. 40.-
Prerequisites /
notice

Prerequisites: 
Basics in design and product development  
Dimensioning 1 

Credit-conditions / examination: 
Partly practical problems are solved by the students for their own. The examination will be in the following examination session. Credits are
given after passing the examination.

151-0306-00L Visualization, Simulation and Interaction - Virtual
Reality I

W  4 credits 4G A. Kunz

Abstract Technology of Virtual Reality. Human factors, Creation of virtual worlds, Lighting models, Display- and acoustic- systems, Tracking,
Haptic/tactile interaction, Motion platforms, Virtual prototypes, Data exchange, VR Complete systems, Augmented reality, Collaboration
systems; VR and Design; Implementation of the VR in the industry; Human Computer Interfaces (HCI).

Objective The product development process in the future will be characterized by the Digital Product which is the center point for concurrent
engineering with teams spreas worldwide. Visualization and simulation of complex products including their physical behaviour at an early
stage of development will be relevant in future. The lecture will give an overview to techniques for virtual reality, to their ability to visualize
and to simulate objects. It will be shown how virtual reality is already used in the product development process.

Content Introduction to the world of virtual reality; development of new VR-techniques; introduction to 3D-computergraphics; modelling; physical
based simulation; human factors; human interaction; equipment for virtual reality; display technologies; tracking systems; data gloves;
interaction in virtual environment; navigation; collision detection; haptic and tactile interaction; rendering; VR-systems; VR-applications in
industry, virtual mockup; data exchange, augmented reality.

Lecture notes A complete version of the handout is also available in English.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1192 of 1785

Prerequisites /
notice

Voraussetzungen:
keine
Vorlesung geeignet für D-MAVT, D-ITET, D-MTEC und D-INF

Testat/ Kredit-Bedingungen/ Prüfung:
 Teilnahme an Vorlesung und Kolloquien
 Erfolgreiche Durchführung von Übungen in Teams 
 Mündliche Einzelprüfung 30 Minuten

151-0324-00L Engineering Design with Polymers and Polymer
Composites

W  4 credits 2V+1U G. P. Terrasi

Abstract Scope of neat and fibre reinforced polymers (FRP) for load bearing applications. State-of-the-art and trends. Design procedures for neat
polymers under sustained, combined, and fatigue loading conditions. Stability and brittle fracture issues. Composition of FRP. Properties of
fibre and matrix materials. Processing and design of FRP: laminate and net theory, stability, creep and fatigue behaviour.

Objective Impart the basics to future mechanical, civil, and materials engineers for the engineering design with neat polymers and fibre reinforced
polymers (FRP) for load bearing applications. In parallel to the presentation of the basics many practical applications will be treated in
detail.
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Content 1.    Introduction

1.1    Retrospective view
1.2    State-of-the-art
1.3    Prospects for the future
1.4    References

2.    Engineering design with neat polymers and with random-oriented fibre
                reinforced polymers

2.1    Scope of applications
2.2    Static loading
2.21    Tensile- and compressive loading
2.22    Flexural loading
2.23    Combined loading
2.24    Buckling
2.3    Fatigue
2.4    Brittle failure
2.5    Variable loading
2.6    Thermal stresses
2.7    To be subjected to aggressive chemicals
2.8         Processing of neat polymers
2.9    References

3.    Composition and manufacturing techniques for fibre reinforced
                polymers

3.1    Introduction
3.2    Materials
3.21    Matrices
3.22    Fibres
3.3    Manufacturing techniques
3.31    Hand lay-up moulding
3.32    Directed fibre spray-up moulding
3.33    Low pressure compression moulding
3.34    High pressure compression moulding
3.35    Pultrusion
3.36    Centrifugal casting
3.37    Filament winding
3.38    Robots
3.39    Remarks about the design of moulds
3.4    References

4.    Engineering design with high performance fibre reinforced polymers

4.1    Introduction
4.2    The unidirectional ply (or lamina)
4.21    Stiffness of the unidirectional ply
4.22    Thermal properties of the unidirectional ply
4.23    Failure criteria for the unidirectional ply
4.3    rules fort he design of components made out of high performance fibre
                reinforced polymers
4.4    Basics of the net theory
4.41    Assumptions and definitions
4.42    Estimation of the fibre forces in a plies
4.5    Basics of the classical laminate theory (CLT)
4.51    Assumptions and definitions
4.52    Elastic constants of multilayer laminate
4.53    Strains and curvatures in a multilayer laminate due to mechanical
                loading
4.54    Calculation of the stresses in the unidirectional plies due to mechanical loading
4.55    Strains and curvatures in a multilayer laminate due to mechanical and thermal loading
4.56    Calculation of the stresses in the unidirectional plies due to mechanical and thermal loading
4.57    Procedure of stress analysis
4.58    Taking account of the non-linear behaviour of the matrix
4.59    Admissible stresses, evaluation of existing stresses
4.6        Pucks action plane fracture criteria
4.7    Selected problems of buckling
4.8    Selected problems of fatigue
4.9    References

Lecture notes The script will be distributed at the beginning of the course
Literature The script is including a comprehensive list of references

151-0332-00L Interdisciplinary Product Development: Definition,
Realisation and Validation of Product Concepts
Number of participants limited to: 5 (ETHZ) + 20 (ZHdK)

To apply for the course please create a pdf of 2+ Pages
describing yourself and your motivation for the course as
well as one or more of your former development projects.
Please add minimum one picture and your CV as well,
send the pdf to martin.schuetz@mavt.ethz.ch.

W+  4 credits 2G+4A M. Schütz

Abstract This course is offered by the Design and Technology Lab Zurich, a platform where students from the disciplines industrial design (ZHdK)
and mechanical engineering (ETH) can learn, meet and perform projects together. In interdisciplinary teams the students develop a product
by applying methods used in the different disciplines within the early stages of product development. 
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Objective This interdisciplinary course has the following learning objectives:
- to learn and apply methods of the early stages of product development from both fields: mechanical engineering and industrial design
- to use iterative and prototyping-based development (different types of prototypes and test scenarios)
- to run through a development process from product definition to final prototype and understand the mechanisms behind it
- to experience collaboration with the other discipline and learn how to approach and deal with any appearing challenge
- to understand and experience consequences which may result of decision taken within the development process 

Content At the end of the course each team should present an innovative product concept which convinces from both, the technical as well as the
design perspective. The product concept should be presented as functioning prototype.

The learning objectives will be reached with the following repeating cycle:
1) input lectures
The relevant theoretical basics will be taught in short lectures by different lecturers from both disciplines, mechanical engineering an
industrial design. The focus is laid on methods, processes and principles of product development. 
2) team development
The students work on their projects individually and apply the taught methods. At the same time, they will be coached and supported by
mentors to pass through the product development process successfully.
3) presentation
Important milestones are presented and discussed during the course, thus allowing teams to learn from each other.
4) reflection
The students deepen their understanding of the new knowledge and learn from failures. This is especially important if different disciplines
work together and use methods from both fields.

Lecture notes Hands out after input lectures
Prerequisites /
notice

Number of participants limited to: 5 (ETHZ) + 20 (ZHdK)

To apply for the course please create a pdf of 2+ Pages describing yourself and your motivation for the course as well as one or more of
your former development projects. Please add minimum one picture and Your CV as well, send the pdf to martin.schuetz@mavt.ethz.ch.

151-0515-00L Continuum Mechanics 2 W  4 credits 2V+1U E. Mazza, R. Hopf
Abstract An introduction to finite deformation continuum mechanics and nonlinear material behavior.  Coverage of basic tensor- manipulations and

calculus, descriptions of kinematics, and balance laws .  Discussion of invariance principles and mechanical response functions for elastic
materials.

Objective To provide a modern introduction to the foundations of continuum mechanics and prepare students for further studies in solid
mechanics and related disciplines.

Content 1. Tensors: algebra, linear operators
2. Tensors: calculus
3. Kinematics: motion, gradient, polar decomposition
4. Kinematics: strain
5. Kinematics: rates
6. Global Balance: mass, momentum
7. Stress: Cauchy's theorem
8. Stress: alternative measures
9. Invariance: observer
10. Material Response: elasticity

Lecture notes None.
Literature Recommended texts:  

(1) Nonlinear solid mechanics, G.A. Holzapfel (2000).  
(2) An introduction to continuum mechanics, M.B. Rubin (2003).

151-0516-00L Non-smooth Dynamics W  5 credits 5G C. Glocker
Abstract Inequality problems in dynamics, in particular friction and impact problems with discontinuities in velocity and acceleration. Mechanical

models of unilateral contacts, friction, sprag clutches, pre-stressed springs. Formulation by set-valued maps as linear complementarity
problems. Numerical time integration of the combined friction impact contact problem.

Objective The lecture provides the students an introduction to modern methods for inequality problems in dynamics. The contents of the lecture are
fitted to frictional contact problems in mechanics, but can be transferred to a large class of inequality problems in technical sciences. The
purpose of the lecture is to acquaint the students with a consistent generalization of classical mechanics towards systems with
discontinuities, and to make them familiar with inequalities treated as set-valued constitutive laws.

Content 1. Kinematik: Drehung, Geschwindigkeit, Beschleunigung, virtuelle Verschiebung.
2. Aufbau der Mechanik: Definition der Kraft, virtuelle Arbeit, innere und äussere Kräfte, Wechselwirkungsprinzip, Erstarrungsprinzip,
mathematische Form des Freischneidens, Definition der idealen Bindung.
3. Starre Körper: Variationelle Form der Gleichgewichtsbedingungen, Systeme starrer Körper, Übergang auf Minimalkoordinaten.
4. Einfache generalisierte Kräfte: Generalisierte Kraftrichtungen, Kinematik der Kraftelemente, Kraftgesetze, Parallel- und Reihenschaltung.
5. Darstellung mengenwertiger Kraftgesetze: Normalkegel, proximale Punkte, exakte Regularisierung. Anwendung auf einseitige Kontakte
und Coulomb-Reibgesetze.
6. Stossfreie und stossbehaftete Bewegung: Bewegungsgleichung, Stossgleichung, Newton-Stossgesetze, Diskussion von
Mehrfachstössen, Kane's Paradoxon.
7. Numerische Behandlung: Lineares Komplementaritätsproblem (LCP), Zeitdiskretisierung nach Moreau, Kontaktproblem in lokalen
Koordinaten als LCP.

Lecture notes Es gibt kein Vorlesungsskript. Den Studierenden wird empfohlen, eine eigene Mitschrift der Vorlesung anzufertigen. Ein Katalog mit
Übungsaufgaben und den zugehörigen Musterlösungen wird ausgegeben.

Prerequisites /
notice

Kinematik und Statik & Dynamics

151-0518-00L Computational Mechanics I: Intro to FEA W  4 credits 4G D. Kochmann
Abstract Numerical methods and techniques for solving initial boundary value problems in solid mechanics (heat conduction, static and dynamic

mechanics problems of solids and structures). Finite difference methods, indirect and direct techniques, variational methods, finite element
(FE) method, FE analysis in small strains for applications in structural mechanics and solid mechanics.

Objective To understand the concepts and application of numerical techniques for the solution of initial boundary value problems in solid and
structural mechanics, particularly including the finite element method for static and dynamic problems.

Content 1. Introduction, dimensionless forms, direct and indirect numerical methods. 2. Finite differences, stability analysis. 3. Variational methods.
4. Finite element method. 5. Structural elements (bars and beams). 6. 2D and 3D elements (isoparametric and simplicial elements),
numerical quadrature. 7. Assembly, solvers, finite element technology. 8. Dynamics, transient analysis, vibrations. 9. Selected topics in
finite element analysis.

Lecture notes Lecture notes will be provided for reference. Students are strongly encouraged to take their own notes during class.
Literature No textbook required; relevant reference material will be suggested.
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Prerequisites /
notice

Mechanics 1 & 2 and Dynamics.

151-0540-00L Experimental Mechanics
Does not take place this semester.

W+  4 credits 2V+1U J. Dual

Abstract 1. General aspects like transfer functions, vibrations, modal analysis, statistics, digital signal processing, phase locked loop, 2. Optical
methods 3. Piezoelectricity 4. Electromagnetic excitation and detection 5. Capacitive Detection

Objective Understanding, quantitative modelling and practical application of experimental methods for producing and measuring mechanical
quantities (motion, deformation, stresses,..)

Content 1. General Aspects: Measurement chain, transfer functions, vibrations and waves in continuous systems, modal analysis, statistics, digital
signal analysis, phase locked loop. 2. Optical methods ( acousto optic modulation, interferometry, holography, photoelasticity, shadow
optics, Moire methods ) 3. Piezoelectric materials: basic equations, applications, accelerometer ) 4. Electomagnetic excitation and
detection, 5. Capacitive detection
Practical training and homeworks

Lecture notes no
Prerequisites /
notice

Prerequisites: Mechanics I to III, Physics, Elektrotechnik

151-0544-00L Metal Additive Manufacturing - Mechanical Integrity
and Numerical Analysis

W  4 credits 3G E. Hosseini

Abstract An introduction to Metal Additive Manufacturing (MAM) (e.g. different techniques, the metallurgy of common alloy-systems, existing
challenges) will be given. The focus of the lecture will be on the employment of different simulation approaches to address MAM challenges
and to enable exploiting the full advantage of MAM for the manufacture of structures with desired property and functionality.

Objective The main objectives of this lecture are:
- Acknowledging the possibilities and challenges for MAM (with a particular focus on mechanical integrity aspects),
- Understanding the importance of material science and metallurgical considerations in MAM,
- Appreciating the importance of thermal, fluid, mechanical and microstructural simulations for efficient use of MAM technology,
- Using different commercial analysis tools (COMSOL, ANSYS, ABAQUS) for simulation of the MAM process.

Content Preliminary lecture schedule:
- Introduction to MAM (concept, application examples, pros & cons),
- 2x Powder-bed and powder-blown metal additive manufacturing,
- Thermo-fluid analysis of additive manufacturing,
- Continuum-based thermal modelling and experimental validation techniques,
- Residual stress and distortion simulation and verification methods,
- 2x Microstructural simulation (basics, analytical, kinetic Monte Carlo, cellular automata, phase-field),
- Mechanical property prediction for MAM,
- 3x Microstructure and mechanical response of MAM material (steels, Ti6Al4V, Inconel, Al alloys),
- Design for additive manufacturing
- Artificial intelligence for AM
Exercise sessions use COMSOL, ANSYS, ABAQUS packages for analysis of MAM process.  Detailed video-instructions will be provided to
enable students setting up their own simulations.  COMSOL, ANSYS and ABAQUS agreed to support the course by providing licenses for
the course attendees and therefore the students can install the packages on their own systems.

Lecture notes Handouts of the presented slides.
Literature No textbook is available for the course (unfortunately), since it is a dynamic and relatively new topic. In addition to the material presented in

the course slides, suggestions/recommendations for additional literature/publications will be given  (for each individual topic).
Prerequisites /
notice

A basic knowledge of mechanical analysis, metallurgy, thermodynamics is recommended.

151-3202-00L Product Development and Engineering Design
Does not take place this semester.
Number of participants limited to 60.

W+  4 credits 2G K. Shea

Abstract The course introduces students to the product development process. In a team, you will explore the early phases of conceptual
development and product design, from ideation and concept generation through to hands-on prototyping. This is an opportunity to gain
product development experience and improve your skills in prototyping and presenting your product ideas. The project topic changes each
year.

Objective The course introduces you to the product development process and methods in engineering design for: product planning, user-centered
design, creating product specifications, ideation including concept generation and selection methods, material selection methods and
prototyping. Further topics include product lifecycle and sustainable design as well as design for manufacture, focusing on additive
manufacture. You will actively apply the process and methods learned throughout the semester in a team on a product development project
including hands-on prototyping.

Content Weekly topics accompanying the product development project include:
1      Introduction to Product Development and Engineering Design
2    Product Planning and Social-Economic-Technology (SET) Factors
3    User-Centered Design and Product Specification
4    Concept Generation and Selection Methods
5    System Design and Embodiment Design
6    Hands-On Prototyping and Prototype Planning
7    Material Selection in Engineering Design
8    Product Lifecycle and Sustainability
9    Design for Manufacture and Design for Additive Manufacture

Lecture notes available on Moodle
Literature Ulrich and Eppinger, Product Design and Development, 6th Edition, McGraw Hill Education, 2016.


Cagan and Vogel, Creating Breakthrough Products: Revealing the Secrets that Drive Global Innovation, 2nd Edition, Pearson Education,
2013.

Prerequisites /
notice

Although the course is offered to ME (BSc and MSc) and CS (BSc and MSc) students, priority will be given to ME BSc students in the
Focus Design, Mechanics, and Materials if the course is full.

151-3204-00L Coaching Innovation Projects W  2 credits 2V R. P. Haas
Abstract The course is building up skills and experience in coaching engineering teams. To gain experience and to reflect real coaching situations,

the participants of the course have the role of teaching assistance of the innovation project (151-0300-00L). In this framework the
participants coach teams and professionalize the knowledge in the area product development methods.
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Objective - Critical thinking and reasoned judgements
- Basic knowledge about role and mindset of a coach
- Understanding the challenges of engineering projects and design teams
- Development of personal skills to apply and train product development methods 
- Knowledge and know-how about applying methods 
- Reflection and exchange of experiences about personal coaching situations
- Inspiration and learning from good cases regarding organizational and team management aspects 
- Decision-making under uncertainty

Content Basic knowledge about role and mindset of a coach
- Introduction into coaching: definition & models
- Introduction into the coaching process 
Knowledge and reflection about the problems in coaching an innovation project
- Knowledge about team development
- Reflection about critical phases in the innovation process for an innovation team
- Know-how about reference model for analysis critical situations
Development of personal coaching competencies, e.g. active listening, asking questions, giving feedback
- Competencies in theoretical models
- Coaching competencies: exercises and reflection
Knowledge and know-how about coaching methods
- Knowledge about basic coaching methods for technical projects/innovations projects
- Know-how about usage of methods in the coaching process
Reflection and exchange of experiences about personal coaching situations
- Self-reflection
- Exchange of experiences in the lecture group
Facilitating conflict situations
- Sample cases from former teams
- Actual cases of participants
Role of coaches between examinator and "friend"
- Facilitating decisions
- Using and applying coaches opinions and knokwledge

Lecture notes Slides, script and other documents will be distributed electronically 
(access only for paticipants registered to this course).

Literature Please refer to a lecture script.
Prerequisites /
notice

Only for participants (Bachelor Students, Master Students) who are teaching assistants in the innovation project).

 Engineering Tools
The Engineering Tools courses are for MAVT Bachelor’s degree students only.

Number Title Type ECTS Hours Lecturers

151-0018-10L Engineering Tool: Simulation of System Failures
The Engineering Tools courses are for MAVT Bachelor’s
degree students only.

Number of participants limited to 25.


W  0.4 credits 1K P. Probst

Abstract Analyzing failures of technical systems using traditionally mathematical tools often becomes difficult due to their inherent complexities.
Therefore, it is vital to adopt advanced techniques such as computer-aided tools to model those failures. This course intends to help
students to gain knowledge  and experiences for the development of a  simulation tool through agent based modeling approach.

Objective Introduction to and practice of agent based modeling (ABM) of dynamic processes with the simulation tool AnyLogic. The goal is to
estimate the availability of technical systems in the fields of mechanical and electrical engineering.

Content  Introduction of basic knowledge of modeling und simulation of dynamic discrete processes (related to mechanical and electrical
engineering)
 Basic knowledge about redundant systems and their reliability
 Introduction to AnyLogic
 Model and simulation practice: Model building of a redundant system via agents; simulative evaluation of system availability; analysis of
results

Basics will be explained by means of a case study . Practice via "e-Learnig" .

Lecture notes Hand-outs will be distributed
Literature Tool Manual
Prerequisites /
notice

Practice via e-Learnig. Students need to bring their own laptop to the course. 

151-0024-10L Engineering Tool: Digital Automotive Plant Simulation
Methods
The Engineering Tools courses are for MAVT Bachelor’s
degree students only.
This course is offered FS20 the last time.

Number of participants limited to 25.


W  0.4 credits 1K P. Hora

Abstract Application of the special-purpose simulation and planning tool AUTOFORM for the digital modelling of manufacturing processes in sheet
metal forming (car panels production). Introduction to virtual methods. Demonstration of industrial examples.

Objective Modern FEM tools for virtual modeling of forming processes. The course provides following concepts:
- Fundamentals of non linear Finite-Element-Methods (FEM)
- The development of the virtual model
   - Material properties
   - Tool and contact conditions
   -  Process evolution
- Introduction to AUTOFORM software
- Independent simulation exercises

Content The simulation tool AUTOFORM allows the design of metal working manufacturing processes, optimization and additionally the possibility
to examine the expected process robustness of fabrication processes. The methods are exemplified and the application of the software is
exercised in the scope of this course.
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Lecture notes Course documentation
Prerequisites /
notice

maximal number of participants: 25

151-0026-10L Engineering Tool: Computing with Fortran
The Engineering Tools courses are for MAVT Bachelor’s
degree students only.

Number of participants limited to 30.


W 0.4 credits 1K A. Haselbacher

Abstract The course introduces students to writing, testing, and debugging simple programs with Fortran. 
Objective Students can write, test, and debug a well-structured Fortran program to solve a simple problem requiring computing.
Content Data types, control flow, input/output, functions and subroutines, modules, program design, testing and debugging
Lecture notes Slides will be distributed.
Literature None required. 
Prerequisites /
notice

A laptop and a Fortran compiler. A free Fortran compiler can be downloaded from https://gcc.gnu.org/wiki/Gfortran. Prior knowledge of
Fortran or other computer languages is not required. 

151-0027-10L Engineering Tool: Programming with LabView
The Engineering Tools courses are for MAVT Bachelor’s
degree students only.

Only one course can be chosen per semester. 


W 0.4 credits 1K L. Prochazka

Abstract An introduction is given to the LabView programming environment. The basic concepts of "virtual instruments" and data flow programming
are presented. Computer-based exercises are solved during class.  A simple electronic data acquisition module is used to demonstrate
basic concepts of interface management and data acquisition.

Objective Introduction to the LabView programming environment.
Understanding of fundamental concepts: virtual instruments, data flow programming, control structures, data types etc.  
Development of basic programming skills using in-class exercises on computers.

151-0034-10L Engineering Tool: Introduction to Design of
Experiments (DOE)
The Engineering Tools courses are for MAVT Bachelor’s
degree students only.

Number of participants limited to 36.


W  0.4 credits 1K B. G. Rüttimann

Abstract The course introduces to linear and non-linear modelling of processes via "Design of Experiments". DOE is an actively generated
regression analysis for fast and economic determination of input parameters to achieve an optimal output with a reduced number of
experiments.

Objective The students gain insight into theory and practice of DOE. They learn the most important terms, DOE types, full and fractional-factorial
modelling and what has to be respected during the factor selection and investigational procedure, everything enriched by a practical
exercise. The course provides indispensable basic knowledge for target-oriented scientific experimentation.

Content 1. Einführung
 - T&E, OFAT, DOE, Vorteile von DOE
 - Auffrischung Multiple Regression
 - Multiple Regression vs DOE 
 - DOE Typen: Screening, Refining, Optimizing
 
2. Theoretische Grundlagen
 - Vertiefung refining DOE
 - Voll-, teilfaktorielle DOE, confounding
 - Design generator, design resolution, factor levels, blocking
 - Beta-Risiko, Power, Replicates, Repeats, Mid-Points, Lack-of-fit

3. Versuchsplanung und -durchführung, Resultatanalyse
 - CNX Variablen
 - Experiment set-up mittels Software
 - Main effects, interaction plots
 - Modellreduzierung, Residualanalyse
 - Response optimizer
 - Einblick in die nicht-lineare Modellierung

4. Praktische Übung "Katapultschiessen"
 - Prozessverständnis
 - Versuchsdurchführung
 - Auswertung, Modellbildung, Wettbewerb

Lecture notes wird bereitgestellt und kann von den Kursteilnehmer heruntergeladen werden
Prerequisites /
notice

Voraussetzung für die Kursteilnahme: Studenten des Maschinenbaus, der Betriebswirtschaft o.ä.; Kenntnisse der Statistikgrundlagen sind
von Vorteil aber nicht zwingend (kurze Einführung in die inferentielle Statistik und multiple Regression wird vermittelt)

151-0055-10L Engineering Tool: Planning of Human Work
The Engineering Tools courses are for MAVT Bachelor’s
degree students only.

Number of participants limited to 23.

W  0.4 credits 1K P. Acél

Abstract This course gives an introduction into the planning and optimization of human work procedures in industry as a basis for the determination
of personnel requirements. By using Methods of Time Management (MTM) it is shown, how work procedures are modelled in the different
abstracted layers.
MTM is the benchmark for time in process elements - an international standard.

Objective The participants learn the basics in planning and optimizing of human work. They recognize that the problem solving based on work-
organisation (e.g. efficiency of the staff members, pulsing) and ergonomical issues (e.g. overload of staff members) is made easier to
achieve through the planning with MTM.
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Content This educational-objective will be shown by machine demonstrations, movies and lecture/theory. The contents will be engrossed in practice
oriented group works.

1. The input by MTM to solve operational tasks
- definition and application of MTM (process elements)
- 7 wastes
- comparison MTM, stopwatch, estimation
- planning of working-systems (personnel requirements and optimized operational procedures)

2. The MTM-System and the respective main attributes
- system elements
- information content of MTM-application flow diagram
- simulations ability

3. Development of processes
- description of shortage, flow, rhythm, layout, standards, complexity, amount of parts etc.
- is (analysis) - should-be (synthesis) in CHF

4. Application of MTM for the entire process chain
- 3-stage model: development, scheduling, operation in fabrication and assembly
- assembly fitting production engineering in the development, structuring appendage
- work in the rated range, transparency and staff member motivation
- ergonomically assessment of the working area, norm for human effort

5. MTM-systems and border lines (compression)
- differences in the application MTM 1, MEK, UAS
- IT-support: Ticon, Prokon
- classification REFA, IE, stopwatch, ROM; Value Stream, KAIZEN, KVP, 5S, Lean Management etc.
- other applications for logistic, administration, hospital etc.

Lecture notes - Script: Copies of the foils will be distributed to the participants
- downloadable movies from real examples as extension
- MTM-Time card with 5S and the 7 wastes

Prerequisites /
notice

Requirements for the participation in the course: Students in MAVT, MTEC or the like.

This is a praxis-oriented course. Your entire attendance is therefore expected.

Your inscription to this course is binding.

151-0057-10L Engineering Tool: Systems Engineering for Project
Work
The Engineering Tools courses are for MAVT Bachelor’s
degree students only.

Number of participants limited to 60.


W  0.4 credits 1K R. Züst

Abstract The course is about a methodical basis of systematic project work, with a focus on demanding interdisciplinary problems.  The participants
will be shown how to use it appropriately and correctly in their projects.  This short course is based on the "Systems Engineering" (SE)
method, which was developed at the ETH.

Objective The goals of this compact course are:
- Goal-oriented identification and perception of relevant problem areas and project goal setting.
- Deduction and development of procedures for a promising project, including systematic planning of the project content.
- Development of work packages including efficient methodology
- Simple embedding of the projects in the organization, including relationships with buyers, users and securing project participation.

Content 1. Nachmittag:
-    Einstieg ins Systems Engineering; Entstehung, Inhalt und Werdegang; Voraussetzungen (anspruchsvolle Fragestellungen, institutionelle
Einbettung, Systemdenken und heuristische Prinzipien); 
-    Grundstruktur und Inhalt Lebensphasenmodell;  Grundstruktur in Inhalt Problemlösungszyklus; 
-    Zusammenspiel von Lebensphasenmodell & Problemlösungszyklus in Projekten
2. Nachmittag: 
-    Situationsanalyse: Systemanalyse (Systemabgrenzung (gestaltbarer Bereich, relevante Bereiche des Umsystems)), Methoden der
Analyse und Modellierung, Umgang mit Vernetzung, Dynamik und Unsicherheit; wichtigste Methoden der IST-Zustands- und
Zukunftsanalyse), 
-    Zielformulierung (wichtigste Methoden der Zielformulieren),
-    Konzeptsynthese und Konzeptanalyse (u.a. Kreativität; wichtigste Methoden der Synthese und Analyse), 
3. Nachmittag: 
-    Beurteilung (u.a. Methoden für mehrdimensionale Kriterienvergleich, z.B. Kosten-Wirksamkeits-Analyse); Diskussion von
Planungsbeispielen
-    Diskussion von Planungsbeispielen: Analyse des Methodeneinsatzes, Entwickeln alternativer Vorgehensschritte und Auswahl des
zweckmässigsten Vorgehens

Lecture notes Zusammenfassung wird in elektronischer Form abgegeben; 
Lehrbuch: die Grundlagen sind in einem Lehrbuch beschrieben
Anwendungsbeispiele: 8 konkrete Anwendungen von Systems Engineering sind in einem Case-Book beschrieben

Prerequisites /
notice

Zielpublikum: Der Kurs richtet sich insbesondere an Personen, welche anspruchsvolle Projekte initiieren, planen und leiten müssen
Lernmethode: Der Stoff wird mittels kurzer Vorträge vermittelt und an kurzen Fallbeispielen/Übungen vertieft. Zudem sollen die Lehrinhalte
durch selbständiges Studium der Lehrmittel vertieft bzw. ergänzt werden.

151-0061-10L Engineering Tool: Scientific Writing with LaTeX and
Vector Graphics
The Engineering Tools courses are for MAVT Bachelor’s
degree students only.

Number of participants limited to 80.


W  0.4 credits 1K R. Gassert

Abstract This course provides insights into the structure and compilation of scientific papers and publications using LaTeX as well as open source
software for image editing and the creation of vector graphics. LaTeX is a typesetting tool that separates text format and layout. It is widely
used for reports and publications in the scientific domain.
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Objective By looking at specific examples during class you will obtain an overview on composing scientific papers (e.g. bachelor theses, semester
theses, master theses) using LaTeX and acquire the most important commands to typeset complex formulas, tables and graphics.

Content -- layout of scientific reports
-- writing with LaTeX (structure, formatting, formulas, tables, graphics, references, table of contents, hyperlinks, packages) based on a
template for bachelor/ semester/ master theses.
-- graphic design and illustration using open source software and Matlab
-- including PDF files in the report (project description, data sheets)
-- managing bibliography databases

Literature http://www.relab.ethz.ch/education/courses/engineering-tools-latex.html
Prerequisites /
notice

Particular:
The exercises will be done on your personal laptop (at least one laptop per two students). The entire LaTeX package, Inkscape and Gimp
should be installed in advance.

151-0068-10L Engineering Tool: Reduction of Production Costs and
Value Analysis
The Engineering Tools courses are for MAVT Bachelor’s
degree students only.




W  0.4 credits 1K F. Waldern

Abstract Manufacturing costs are the largest challenge for manufacturing companies in high-wage countries. To reduce the manufacturing costs
significantly, all areas of the product development process have to be taken into consideration. This tool course teaches the most important
instruments for cost reduction in product development using concrete project and product examples. 

Objective A methodical approach to estimate and reduce manufacturing costs is taught using a combination of theory and case studies. The
participants learn the most important tools for cost reduction in development and practice their application in concrete case studies. 

Content Provide methodical approach using best-practices from concrete project examples
-    As-is analysis – the “systematics” of cost reduction
-    Potential analysis – the “creativity” of cost reduction
-    Cost transparency and visualization
-    Development for manufacturing / assembly and cost
-    Lean production

Lecture notes Is provided.

151-0069-10L Engineering Tool: Design Optimization and CAD
The Engineering Tools courses are for MAVT Bachelor’s
degree students only.

Number of participants limited to 25.


W  0.4 credits 1K T. Stankovic

Abstract Participants will learn about the Computer-Aided Engineering fundamentals and methods that are necessary for successful design of
modern technical products. The focus will be placed on the simulation-driven design in the context of product development process as well
as on the fundamentals of the design optimization.

Objective Basic Computer-Aided Engineering (CAE) knowledge and skills will be acquired to enable students to recognize both the advantages and
the limitations of current CAE tools. Examples of how to build feature-based and parametric models for simulation-driven design
automation will be given along with common pitfalls. The CAE environment will be the Siemens NX 8.5 which couples the simulation
modeling (e.g. structural, thermal, flow, motion, and multiphysics) with design optimization and Feature-Based Design (FBD). After taking
the course students should be able to independently create effective feature-based and parametric models to suit the requirements of
simulation-driven design.

Content 1. Computer-Aided Engineering (CAE) methods and tools in context of design process (2 afternoons): 
* CAE in the context of the design process
* Simulation-driven design
* Introduction to design optimization
* Features, parameterization and synchronous modeling technology
* Basic design optimization examples
* Introduction to Finite-Element Method (FEM) with basic examples

2. Simulation-Driven Design with application to structural design (1 afternoon):
* Coupling simulation with structural design optimization and feature based-design
* Simulation driven design examples (single parts and assemblies)

Lecture notes Handouts in the lecture
Literature 1. CAD NX:

Schmid, M. 2012: CAD mit NX: NX 8, Wilburgstetten : Schlembach Fachverlag , ISBN: 978-3-935340-72-4 
2. CAE NX:
Reiner, A. and Peter, B. 2010: Simulationen mit NX Kinematik, FEM, CFD und Datenmanagement Mit zahlreichen Beispielen für NX 7.5,
Carl Hanser Verlag GmbH & Co. KG, eISBN: 978-3-446-42611-5

Prerequisites /
notice

Max. 25 participants

151-0912-10L Engineering Tool: Patents
All Engineering Tool courses are for MAVT-Bachelor
students only.

Number of participants limited to 50.



W 0.4 credits 1K F. Gross

Abstract The students will learn to use patent documents, the legal basis for patents and the use of patent databases through practical examples.
Objective Knowledge and expericene in using patent documents and patent databases
Lecture notes Lecture notes will be made accessible.
Prerequisites /
notice

none

252-0867-00L Engineering Tool: Case Study Physics Simulations
The Engineering Tool-courses are for MAVT Bachelor’s
degree students only. 

W  0.4 credits 1K B. Solenthaler

Abstract The course provides an introduction to physics simulations and in particular discusses the fundamentals and numerical solution of an
Eulerian fluid simulation. The students will implement the discussed techniques by extending the provided code framework.
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Objective Participants will learn about the fundamentals of Eulerian fluid simulations and how to implement a fluid solver numerically.
Content The lecture includes theoretical and practical parts. The practical exercises include multiple smaller tasks and will be implemented in the

provided C++ code framework.
Lecture notes Hand-outs and code framework can be downloaded.
Literature No textbooks required.
Prerequisites /
notice

Fundamentals of calculus and physics, knowledge in programming with C++.

 Laboratory Practice
Students attend at least 10 Laboratory Practices during the 4th and 5th semester. 4 of them must be Physics laboratories. All laboratory works are
graded "pass" or "fail". After completion of 10 laboratory training units, 2 credit points will be issued.

Please register online at www.mavt.ethz.ch/praktika

Number Title Type ECTS Hours Lecturers

151-0029-10L Laboratory Practice
Enrollment is only possible under
www.mavt.ethz.ch/praktika.
No registration required via myStudies.

O 2 credits 4P Lecturers

Abstract Selected laboratory experiments in physics, mechanical and process engineering. With the Laboratory Training held during the fourth and
fifth semester, the students learn how to handle and apply measurement methods and devices. Students are offered a diversified choice of
laboratory experiments at least ten of which must be completed. Four of the chosen experiments must be in physics.

Objective With the Laboratory Training held during the fourth and fifth semester, the students learn how to handle and apply measurement methods
and devices.

Prerequisites /
notice

Der Link zur Website, welche alle Informationen für das Physikpraktikum bietet: https://ap.phys.ethz.ch

 Workshop Training
Number Title Type ECTS Hours Lecturers

151-0003-00L Workshop Training
Placement of internships and request for recognition
under www.mavt.ethz.ch/praxis.

O  5 credits external organisers

Abstract The main objective of the minimum five-week internship is to provide Bachelor’s students with practical experience in producing
components as well as knowledge and understanding about materials and their machining and finishing. 

Objective The main objective is to provide Bachelor’s students with practical experience in producing components as well as knowledge and
understanding about materials and their machining and finishing. 

Prerequisites /
notice

The minimum duration of the workshop training is five weeks.

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
MAVT

see Science in Perspective: Language Courses ETH/UZH

 Bachelor's Thesis
Number Title Type ECTS Hours Lecturers

151-0001-10L Bachelor's Thesis
Supervisor for the Bachelor's Thesis:
- All D-MAVT professors (https://www.mavt.ethz.ch/the-
department/people/professors.html)
- Professors in other departments who are accredited to
D-MAVT (https://www.mavt.ethz.ch/the-
department/people/accredited-professors.html)
- D-MAVT titular professors (https://www.mavt.ethz.ch/the-
department/people/titular-professors.html). For enrollment
with a titular professor, please contact the D-MAVT
Student Administration.

W  14 credits 30D Supervisors

Abstract The Bachelor's Thesis is the culmination of the program. The thesis corresponds to a work load of 420 hours and can be done in part- or
full-time.

Objective The students develop, enhance and demonstrate their methodological abilities to independently tackle and solve a given research problem.
Content The topics for the Bachelor's Thesis are published by the professorship or they can be set in consultation between the professors and the

students. Thesis projects in cooperation with the industry are also possible.
Prerequisites /
notice

The Bachelor's Thesis can be only started when the First Year Examinations, the Additional First Year Courses, the Examination Block 1
and 2 are passed. It is insistently recommended for students to only begin the Bachelor's Thesis if 150 credit points have been achieved.
The declaration of originality is an integral part of the Bachelor's Thesis

151-3630-00L Bachelor's Thesis (Focus Specialization Management,
Technology and Economics)
Supervisor for the Bachelor's Thesis: All D-MTEC
professors
(https://www.mtec.ethz.ch/people/professors.html)

W  14 credits 30D Professors

Abstract The Bachelor's Thesis is the culmination of the program. The thesis corresponds to a work load of 420 hours and can be done in part- or
full-time.

Objective The students develop, enhance and demonstrate their methodological abilities to independently tackle and solve a given research problem.
Content The topics for the Bachelor's Thesis are defined by the professorship or can be set in consultation between the professors and the

students.
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Prerequisites /
notice

The Bachelor's Thesis can be only started when the First Year Examinations, the Additional First Year Courses, the Examination Block 1
and 2 are passed. Exclusively D-MAVT students who have enrolled for the Focus Specialization Management, Technology and Economy
are eligible for this type of Bachelor's Thesis. 
It is strongly recommended for students to only begin the Bachelor's Thesis if 150 credit points have been achieved. 
The declaration of originality is an integral part of the Bachelor's Thesis

Mechanical Engineering Bachelor - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Mechanical Engineering Master
 Core Courses

 Energy, Flows and Processes
The courses listed in this category “Core Courses” are recommended. Alternative courses can be chosen in agreement with the tutor.

Number Title Type ECTS Hours Lecturers

151-0106-00L Orbital Dynamics W  4 credits 3G A. A. Kubik
Abstract Principles of the motion of natural and artificial satellites, rocket dynamics, orbital maneuvers and interplanetary missions.
Objective Knowledge of the basic theory of satellite dynamics. Ability to apply the acquired theory to simple examples.
Content The two-body problem, rocket dynamics, orbital maneuvers, interplanetary missions, the restricted three-body problem, perturbation

equations, satellite attitude dynamics.

151-0110-00L Compressible Flows W  4 credits 2V+1U T. Rösgen
Abstract Topics: unsteady one-dimensional subsonic and supersonic flows, acoustics, sound propagation, supersonic flows with shocks and

Prandtl-Meyer expansions, flow around slender bodies, shock tubes, reaction fronts (deflagration and detonation). 
Mathematical tools: method of characteristics and selected numerical methods.

Objective Illustration of compressible flow phenomena and introduction to the corresponding mathematical description methods.
Content The interaction of compressibility and inertia is responsible for wave generation in a fluid. The compressibility plays an important role for

example in unsteady phenomena, such as oscillations in gas pipelines or exhaust pipes. Compressibility effects are also important in
steady subsonic flows with high Mach numbers (M>0.3) and in supersonic flows (e.g. aeronautics, turbomachinery).
The first part of the lecture deals with wave propagation phenomena in one-dimensional subsonic and supersonic flows. The discussion
includes waves with small amplitudes in an acoustic approximation and waves with large amplitudes with possible shock formation.
The second part deals with plane, steady supersonic flows. Slender bodies in a parallel flow are considered as small perturbations of the
flow and can be treated by means of acoustic methods. The description of the two-dimensional supersonic flow around bodies with
arbitrary shapes includes oblique shocks and Prandtl-Meyer expansions etc.. Various boundary conditions, which are imposed for example
by walls or free-jet boundaries, and interactions, reflections etc. are taken into account.

Lecture notes not available
Literature a list of recommended textbooks is handed out at the beginning of the lecture.
Prerequisites /
notice

prerequisites: Fluiddynamics I and II

151-0116-10L High Performance Computing for Science and
Engineering (HPCSE) for Engineers II

W 4 credits 4G P. Koumoutsakos, S. M. Martin

Abstract This course focuses on programming methods and tools for parallel computing on multi and many-core architectures. Emphasis will be
placed on practical and computational aspects of Uncertainty Quantification and Propagation including the implementation of relevant
algorithms on HPC architectures.

Objective The course will teach 
- programming models and tools for multi and many-core architectures
- fundamental concepts of Uncertainty Quantification and Propagation (UQ+P) for computational models of systems in Engineering and Life
Sciences

Content High Performance Computing:
- Advanced topics in shared-memory programming
- Advanced topics in MPI
- GPU architectures and CUDA programming

Uncertainty Quantification:
- Uncertainty quantification under parametric and non-parametric modeling uncertainty
- Bayesian inference with model class assessment
- Markov Chain Monte Carlo simulation

Lecture notes https://www.cse-lab.ethz.ch/teaching/hpcse-ii_fs20/
Class notes, handouts

Literature - Class notes
- Introduction to High Performance Computing for Scientists and Engineers, G. Hager and G. Wellein
- CUDA by example, J. Sanders and E. Kandrot
- Data Analysis: A Bayesian Tutorial, D. Sivia and J. Skilling
- An introduction to Bayesian Analysis - Theory and Methods, J. Gosh, N. Delampady and S. Tapas 
- Bayesian Data Analysis, A. Gelman, J. Carlin, H. Stern, D. Dunson, A. Vehtari and D. Rubin
- Machine Learning: A Bayesian and Optimization Perspective, S. Theodorides

Prerequisites /
notice

Students must be familiar with the content of High Performance Computing for Science and Engineering I (151-0107-20L)

151-0118-00L Applied Machine Learning for Engineers
Number of participants limited to 40.

W  4 credits 3G B. Vennemann

Abstract Introduction to the most frequently used methods of machine learning, including regression, classification, dimensionality reduction and
selected topics of deep learning, including artificial neural networks, convolutional neural networks, recurrent neural networks and
autoencoders. This lecture has a strong practical focus with programming sessions. 

Objective An understanding of the various tools within the machine learning landscape. Ability to select an appropriate method and to build, train and
evaluate a model using Scikit-learn and Keras.

Content Data preprocessing, regression, classification, dimensionality reduction, artificial neural networks, convolutional neural networks, recurrent
neural networks, autoencoders.

Lecture notes Lecture notes will be distributed electronically.
Prerequisites /
notice

Basic knowledge of the Python programming language. This course is mainly targeted towards master-level students of mechanical or
process engineering.

151-0156-00L Safety of Nuclear Power Plants W  4 credits 2V+1U H.-M. Prasser, V. Dang,
L. Podofillini

Abstract Knowledge about safety concepts and requirements of nuclear power plants and their implementation in deterministic safety concepts and
safety systems. Knowledge about behavior under accident conditions and about the methods of probabilistic risk analysis and how to
handle results. Introduction into key elements of the enhanced safety of nuclear systems for the future.

Objective Deep understanding of safety requirements, concepts and system of nuclear power plants, knowledge of deterministic and probabilistic
methods for safety analysis, aspects of nuclear safety research, licensing of nuclear power plant operation. Overview on key elements of
the enhanced safety of nuclear systems for the future.
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Content (1) Introduction into the specific safety issues of nuclear power plants, main facts of health effects of ionizing radiation, defense in depth
approach. (2) Reactor protection and reactivity control, reactivity induced accidents (RIA). (3) Loss-of-coolant accidents (LOCA),
emergency core cooling systems. (4) Short introduction into severe accidents (Beyond Design Base Accidents, BDBA). (5)  Probabilistic
risk analysis (PRA level 1,2,3). (6) Passive safety systems. (7) Safety of innovative reactor concepts.

Lecture notes Script: 
Hand-outs of lecture slides will be distributed
Audio recording of lectures will be provided
Script "Short introduction into basics of nuclear power"

Literature S. Glasston & A. Sesonke: Nuclear Reactor Engineering, Reactor System Engineering, Ed. 4, Vol. 2., Chapman & Hall, NY, 1994
Prerequisites /
notice

Prerequisites: 
Recommended in advance (not binding): 151-0163-00L Nuclear Energy Conversion

151-0160-00L Nuclear Energy Systems W 4 credits 2V+1U H.-M. Prasser, P. Burgherr,
I. Günther-Leopold, W. Hummel,
T. Kämpfer, T. Kober, X. Zhang

Abstract Nuclear energy and sustainability, uranium production, uranium enrichment, nuclear fuel production, reprocessing of spent fuel, nuclear
waste disposal, Life Cycle Analysis, energy and materials balance of Nuclear Power Plants.

Objective Students get an overview on the physical and chemical fundamentals, the technological processes and  the environmental impact of the full
energy conversion chain of nuclear power generation. The are enabled to assess to potentials and risks arising from embedding nuclear
power in a complex energy system.

Content (1) survey on the cosmic and geological origin of uranium, methods of uranium mining, separation of uranium from the ore, (2) enrichment
of uranium (diffusion cells, ultra-centrifuges, alternative methods), chemical conversion uranium oxid - fluorid - oxid, fuel rod fabrication
processes, (3) fuel reprocessing (hydrochemical, pyrochemical) including modern developments of deep partitioning as well as methods to
treat and minimize the amount and radiotoxicity of nuclear waste. (4) nuclear waste disposal, waste categories and origin, geological and
engineered barriers in deep geological repositories, the project of a deep geological disposal for radioactive waste in Switzerland, (5)
methods to measure the sustainability of energy systems, comparison of nuclear energy with other energy sources, environmental impact
of the nuclear energy system as a whole, including the question of CO2 emissions, CO2 reduction costs, radioactive releases from the
power plant, the fuel chain and the final disposal. The material balance of different fuel cycles with thermal and fast reactors isdiscussed.

Lecture notes Lecture slides will be distributed as handouts and in digital form

151-0166-00L Physics of Nuclear Reactor II W 4 credits 3G S. Pelloni, K. Mikityuk, A. Pautz
Abstract Reactor physics calculations for assessing the performance and safety of nuclear power plants are, in practice, carried out using large

computer codes simulating different key phenomena. This course provides a basis for understanding state-of-the-art calculational
methodologies in the above context.

Objective Students are introduced to advanced methods of reactor physics analysis for nuclear power plants.
Content Cross-sections preparation. Slowing down theory. Differential form of the neutron transport equation and method of discrete ordinates (Sn).

Integral form of the neutron transport equation and method of characteristics. Method of Monte-Carlo. Modeling of fuel depletion. Lattice
calculations and cross-section parametrization. Modeling of full core neutronics using nodal methods. Modeling of feedbacks from fuel
behavior and thermal hydraulics. Point and spatial reactor kinetics. Uncertainty and sensitivity analysis.

Lecture notes Hand-outs will be provided on the website.
Literature Chapters from various text books on Reactor Theory, etc.

151-0212-00L Advanced CFD Methods W  4 credits 2V+1U P. Jenny
Abstract Fundamental and advanced numerical methods used in commercial and open-source CFD codes will be explained. The main focus is on

numerical methods for conservation laws with discontinuities, which is relevant for trans- and hypersonic gas dynamics problems, but also
CFD of incompressible flows, Direct Simulation Monte Carlo and the Lattice Boltzmann method are explained.

Objective Knowing what's behind a state-of-the-art CFD code is not only important for developers, but also for users in order to choose the right
methods and to achieve meaningful and accurate numerical results. Acquiring this knowledge is the main goal of this course.

Established numerical methods to solve the incompressible and compressible Navier-Stokes equations are explained, whereas the focus
lies on finite volume methods for compressible flow simulations. In that context, first the main theory and then numerical schemes related to
hyperbolic conservation laws are explained, whereas not only examples from fluid mechanics, but also simpler, yet illustrative ones are
considered (e.g. Burgers and traffic flow equations). In addition, two less commonly used yet powerful approaches, i.e., the Direct
Simulation Monte Carlo (DSMC) and Lattice Boltzmann methods, are introduced.

For most exercises a C++ code will have to be modified and applied.

Content - Finite-difference vs. finite-element vs. finite-volume methods
- Basic approach to simulate incompressible flows
- Brief introduction to turbulence modeling
- Theory and numerical methods for compressible flow simulations
- Direct Simulation Monte Carlo (DSMC)
- Lattice Boltzmann method

Lecture notes Part of the course is based on the referenced books. In addition, the participants receive a manuscript and the slides.
Literature "Computational Fluid Dynamics" by H. K. Versteeg and W. Malalasekera.

"Finite Volume Methods for Hyperbolic Problems" by R. J. Leveque.
Prerequisites /
notice

Basic knowledge in
- fluid dynamics
- numerical mathematics
- programming (programming language is not important, but C++ is of advantage)

151-0224-00L Fuel Synthesis Engineering W  4 credits 3V B. Bulfin
Abstract This course will include a revision of chemical engineering fundamentals and the basics of processes modelling for fuel synthesis

technologies. Using this as a background we will then study a range of fuel production technologies, including established fossil fuel
processing and emerging renewable fuel production processes.

Objective 1) Develop an understanding of the fundamentals of chemical process engineering, including chemical thermodynamics, molecular theory
and kinetics.  
2) Learn to perform basic process modelling using some computational methods in order to analyse fuel production processes.
3) Using the fundamentals as a background, we will study a number of different fuel production processes, both conventional and emerging
technologies.
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Content Theory: Chemical equilibrium thermodynamics, reaction kinetics, and catalysis. 

Processes modelling: An introduction to using cantera to model chemical processes. This part of the course includes an optional   project,
where the student will perform a basic analysis of a natural gas to methanol conversion process.

Fuel synthesis topics: Conventional fuel production including oil refinery, upgrading of coal and natural gas, and biofuel. Emerging
renewable fuel technologies including the conversion of renewable electricity to fuels via electrolysis, the conversion of heat to fuels via
thermochemical cycles, and some other speculative fuel production processes.

Lecture notes Will be available electronically.
Literature A) Physical Chemistry, 3rd edition, A. Alberty and J. Silbey,  2001

B) Chemical Reaction Engineering, 3rd Edition, Octave Levenspiel, 1999
C) Fundamentals of industrial catalytic processes, C. H. Bartholomew, R. J. Farrauto, 2011;

Prerequisites /
notice

Some previous studies in chemistry and chemical engineering are recommended, but not absolutely necessary. Experience with either
Python or Matlab is also recommended.

151-0226-00L Energy and Transport Futures W  4 credits 3G K. Boulouchos,
P. J. de Haan van der Weg,
G. Georges

Abstract The course teaches to view local energy solutions as part of the larger energy system. Because it powers all sectors, local changes can
have consequences reaching well beyond one sector. While we explore all sectors, we put a particular emphasis on mobility and its unique
challenges. We not only cover engineering aspects, but also policymaking and behavioral economics.

Objective The main objectives of this lecture are:
(i) Systemic view on the Energy Sytem with emphasis on Transport Applications
(ii) Students can assess the reduction of energy demand (or greenhouse gas emissions) of sectoral solutions.
(iii) Students understand the advantages and disadvantages of technology options in mobility
(iv) Students know policy tools to affect change in mobility, and understand the rebound effect.

Content The course describes the role of energy system plays for the well-being of modern societies, and drafts a future energy system based on
renewable energy sources, able to meet the demands of the sectors building, industry and transport. The projected Swiss energy system is
used as an example. Students learn how all sectoral solutions feedback on the whole system and how sector coupling could lead to optimal
transformation paths. The course then focuses on the history, status quo and technical potentials of the transport sector. Policy mixes to
reduce energy demand and CO2 emissions from transport are introduced. Both direct and indirect effects of different policy types are
discussed. Concepts from behavioral economics (car purchase behavior and rebound effects) are presented.

Preliminary schedule:
Block 1.  Energy technologies and policies.
                 Climate, Environment, Security of Supply.Technology options and policies in power generation,   building and industrial sectors . 
Block 2. Transport technologies. 
                Technology options in mobility and their physical aspects 
Block 3. Transport policies 
                Regulation, policy tools and technological potential to affect change in mobility
Block 4. Energy and Transport Futures
                Closing loop across all sectors. Sector-coupling.

Lecture notes t.b.d.
Literature t.b.d.

151-0232-00L Engineering Acoustics II W  4 credits 3G N. Noiray, S. M. Schoenwald,
B. Van Damme, A. Zemp

Abstract This course presents the application of fundamental elements in engineering acoustics. It consists of three parts: elastic wave propagation
in fluids and solids (including nonlinear, anisotropic and complex materials),  sound radiation and transmission in structures, and aero- and
thermo-acoustic sources and instabilities.

Objective Application of the basic concepts of engineering acoustics: acoustic absorption, solid wave propagation, acoustic transmission and sound
radiation by reacting and non-reacting flows  in complex engineering systems that are relevant to noise control practice. We cover the
broad field of modelling, analysis, design and testing of flows, materials and structures with the aim of developing systems which exhibit the
targeted acoustical behavior.

Content Wave Attenuation, Vibration Damping, Acoustic Absorption, Sound Transmission, Radiation, Broadband and Tonal Aeroacoustic Noise,
Active and Passive Control of Thermoacoustic Instabilities.

Lecture notes Download during semester.
Literature Literature is given in course material.
Prerequisites /
notice

Required: Fundamentals of Mechanics and Dynamics / Recommended: Engineering Acoustics I.

151-0252-00L Gasturbines: Cycles and Combustion Systems W  4 credits 2V+1U P. Jansohn
Abstract Gasturbines are used in various applications such as power generation, mechanical drives, jet engines and ship propulsion because they

offer high efficiency and low emissions. For all operating conditions the chosen combustion concepts (mainly lean premix combustion) have
to maintain stable heat release (combustion reactions) and low pollutant (NOx, CO) formation.

Objective Get familiar with the basics of combustion systems in various gas turbine types; acquire knowledge about gas turbine applications and gas
turbine based thermodynamic cycles; process efficiency at various operating conditions;
learn about gas turbine combustor geometries and design rules;
understand combustion characteristics for specific conditions relevant to gas turbines; emission characteristics (NOx, CO, soot) of gas
turbine combustors; flame stability and thermoacoustics; combustion properties of a range of gas turbine fuels (liquid/gas; fossil/renewable)

Content gasturbine types and applications
- aero engines, stationary gas turbines, mechanical drives, industrial gas turbines mobile applications
gasturbine cycles (thermodynamics)
- cycle characteristics, efficiency, specific power, process parameters (temp., pressure).
energy balance & mass flows
- compression work, expansion work, heat release, secondary air system, exhaust gas losses.
gasturbine components (introduction, basics)
- compressor, combustor, turbine, heat exchanger, ... .
burner/combustor systems
- fuel/air mixing, fuels, combustor geometries, burner configurations, flame stabilization, heat exchange/cooling schemes, emission
characteristics.
flame stabilization and thermoacoustics.
combustion technologies
- lean premix combustion, staged combustion, piloting, swirl flames, operating concepts.
new technologies/current research topics
- catalytic combustion, flameless combustion, wet combustion, Zero Emission Concepts (incl. CO2 separation), combustion of hydrogen/H2
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Lecture notes booklet of slides (printing cost will be charged) and online (Ilias)
Literature suggestions/recommendations for additional literature studies given in the script (for each individual chapter/topic)
Prerequisites /
notice

basics in thermodynamics / thermodynamic cycles of heat engines;
basics in combustion technologies

151-0254-00L Environmental Aspects of IC-Engines W  4 credits 2V+1U K. Boulouchos, C. Barro,
P. Dimopoulos Eggenschwiler,
Y. Wright

Abstract Turbulent flowfield in IC engines. Ignition, premixed flame propagation, knock in homogeneous charge, external ignition engines (otto).
Compression-ignition diesel engines, incl. mixture formation and HCCI concepts. Direct ignition. Pollutant formation mechanism (NOx,
particulates, unburned hydrocarbons) and their minimization. Catalytic exhaust aftertreatment methods for all pollutant categories.

Objective The students get a further insight in the internal combustion engine by means of the topics mentioned in the abstract. This knowledge is
applied in several calculation exercises and lab exercises at the engine test bench. The students additionally get an introduction in exhaust
gas aftertreatment systems.

Lecture notes Handouts are in German and English.
Literature J.B. Heywood, Internal Combustion Engine Fundamentals, McGraw-Hill Mechanical Engineering
Prerequisites /
notice

This course is a natural extension of the course 'IC-Engines and Propulsion Systems I' (151-0251-00L). The content of that lecture is
assumed known.
Basic knowledge of thermodynamics and combustion is required.
It is beneficial to have attended the course 'Combustion and Reactive Processes in Energy and Materials Technology' (151-0293-00L).

151-0280-00L Advanced Techniques for the Risk Analysis of
Technical Systems

W 4 credits 2V+1U G. Sansavini

Abstract The course provides advanced tools for the risk/vulnerability analysis and engineering of complex technical systems and critical
infrastructures. It covers application of modeling techniques and design management concepts for strengthening the performance and
robustness of such systems, with reference to energy, communication and transportation systems.

Objective Students will be able to model complex technical systems and critical infrastructures including their dependencies and interdependencies.
They will learn how to select and apply appropriate numerical techniques to quantify the technical risk and vulnerability in different contexts
(Monte Carlo simulation, Markov chains, complex network theory). Students will be able to evaluate which method for quantification and
propagation of the uncertainty of the vulnerability is more appropriate for various complex technical systems. At the end of the course, they
will be able to propose design improvements and protection/mitigation strategies to reduce risks and vulnerabilities of these systems.

Content Modern technical systems and critical infrastructures are complex, highly integrated and interdependent. Examples of these are highly
integrated energy supply, energy supply with high penetrations of renewable energy sources, communication, transport, and other
physically networked critical infrastructures that provide vital social services. As a result, standard risk-assessment tools are insufficient in
evaluating the levels of vulnerability, reliability, and risk. 
This course offers suitable analytical models and computational methods to tackle this issue with scientific accuracy. Students will develop
competencies which are typically requested for the formation of experts in reliability design, safety and protection of complex technical
systems and critical infrastructures.
Specific topics include: 
- Introduction to complex technical systems and critical infrastructures
- Basics of the Markov approach to system modeling for reliability and availability analysis
- Monte Carlo simulation for reliability and availability analysis
- Markov Chain Monte Carlo for applications to reliability and availability analysis
- Dependent, common cause and cascading failures
- Complex network theory for the vulnerability analysis of complex technical systems and critical infrastructures
- Basic concepts of uncertainty and sensitivity analysis in support to the analysis of the reliability and risk of complex systems under
incomplete knowledge of their behavior
Practical exercitations and computational problems will be carried out and solved both during classroom tutorials and as homework.

Lecture notes Slides and other materials will be available online
Literature The class will be largely based on the books:

- "Computational Methods For Reliability And Risk Analysis" by E. Zio, World Scientific Publishing Company
- "Vulnerable Systems" by W. Kröger and E. Zio, Springer
- additional recommendations for text books will be covered in the class

Prerequisites /
notice

Fundamentals of Probability

151-0530-00L Nonlinear Dynamics and Chaos II W 4 credits 4G G. Haller
Abstract The internal structure of chaos; Hamiltonian dynamical systems; Normally hyperbolic invariant manifolds; Geometric singular perturbation

theory; Finite-time dynamical systems
Objective The course introduces the student to advanced, comtemporary concepts of nonlinear dynamical systems analysis.
Content I. The internal structure of chaos: symbolic dynamics, Bernoulli shift map,  sub-shifts of finite type; chaos is numerical iterations.


II.Hamiltonian dynamical systems: conservation and recurrence, stability of fixed points, integrable systems,  invariant tori, Liouville-
Arnold-Jost Theorem, KAM theory.

III. Normally hyperbolic invariant manifolds: Crash course on differentiable manifolds,  existence, persistence, and smoothness,
applications.
IV. Geometric singular perturbation theory:  slow manifolds  and their stability, physical examples. V. Finite-time dynamical system;
detecting  Invariant manifolds and coherent structures  in finite-time flows

Lecture notes Students have to prepare their own lecture notes
Literature Books will be recommended in class
Prerequisites /
notice

Nonlinear Dynamics I (151-0532-00) or equivalent

151-0928-00L CO2 Capture and Storage and the Industry of Carbon-
Based Resources

W 4 credits 3G M. Mazzotti, L. Bretschger,
N. Gruber, C. Müller, M. Repmann,
T. Schmidt, D. Sutter

Abstract Carbon-based resources (coal, oil, gas): origin, production, processing, resource economics. Climate change: science, policies. CCS
systems: CO2 capture in power/industrial plants, CO2 transport and storage. Besides technical details, economical, legal and societal
aspects are considered (e.g. electricity markets, barriers to deployment).
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Objective The goal of the lecture is to introduce carbon dioxide capture and storage (CCS) systems, the technical solutions developed so far and the
current research questions. This is done in the context of the origin, production, processing and economics of carbon-based resources, and
of climate change issues. After this course, students are familiar with important technical and non-technical issues related to use of carbon
resources, climate change, and CCS as a transitional mitigation measure.

The class will be structured in 2 hours of lecture and one hour of exercises/discussion. At the end of the semester a group project is
planned.

Content Both the Swiss and the European energy system face a number of significant challenges over the coming decades. The major concerns
are the security and economy of energy supply and the reduction of greenhouse gas emissions. Fossil fuels will continue to satisfy the
largest part of the energy demand in the medium term for Europe, and they could become part of the Swiss energy portfolio due to the
planned phase out of nuclear power. Carbon capture and storage is considered an important option for the decarbonization of the power
sector and it is the only way to reduce emissions in CO2 intensive industrial plants (e.g. cement- and steel production).  
Building on the previously offered class "Carbon Dioxide Capture and Storage (CCS)", we have added two specific topics: 1) the industry of
carbon-based resources, i.e. what is upstream of the CCS value chain, and 2) the science of climate change, i.e. why and how CO2
emissions are a problem.
The course is devided into four parts:
I) The first part will be dedicated to the origin, production, and processing of conventional as well as of unconventional carbon-based
resources. 
II) The second part will comprise two lectures from experts in the field of climate change sciences and resource economics.
III) The third part will explain the technical details of CO2 capture (current and future options) as well as of CO2 storage and utilization
options, taking again also economical, legal, and sociatel aspects into consideration.
IV) The fourth part will comprise two lectures from industry experts, one with focus on electricity markets, the other on the experiences
made with CCS technologies in the industry.
Throughout the class, time will be allocated to work on a number of tasks related to the theory, individually, in groups, or in plenum.
Moreover, the students will apply the theoretical knowledge acquired during the course in a case study covering all the topics.

Lecture notes Power Point slides and distributed handouts
Literature IPCC Special Report on Global Warming of 1.5°C, 2018.

http://www.ipcc.ch/report/sr15/

IPCC AR5 Climate Change 2014: Synthesis Report, 2014. www.ipcc.ch/report/ar5/syr/

IPCC Special Report on Carbon dioxide Capture and Storage, 2005. www.ipcc.ch/activity/srccs/index.htm

The Global Status of CCS: 2014. Published by the Global CCS Institute, Nov 2014. 
http://www.globalccsinstitute.com/publications/global-status-ccs-2014

Prerequisites /
notice

External lecturers from the industry and other institutes will contribute with specialized lectures according to the schedule distributed at the
beginning of the semester.

151-0944-00L Case Studies on Earth's Natural Resources
Does not take place this semester.

W  3 credits 3S M. Mazzotti

Abstract By working on case studies, built around everyday consumer products, and by applying engineering principles (e.g. material and energy
balances), students will gain insight into natural resources, their usage in today's society, the challenges and the opportunities ensuing from
the need to make their use long-term sustainable.

Objective The students are supposed to gain insight about our natural resources, and how their usage and supply relate to our society and to us as
individuals. The students will analyse how the natural resources form and change, how they are extracted and used, and how we can
utilize them in a sustainable way.

Content The students will analyze processes and products in terms of their use of natural resources. The study will use everyday consumer
products as examples, will use engineering principles together with physics and chemistry fro the analysis,  and will be based on
documentation collected by the students withe the help of lecturer and assistants. Through these examples, the students will be made
familiar with issues about the circular economy and recycling. 

Lecture notes Handouts during the class.
Literature Walther, John V., "Earth's natural resources", (2014)  Jones & Bartlett Learning //  Oberle, B., Bringezu, S., Hatfield-Dodds, S., Hellweg, S.,

Schandl, H., Clement, J., "Global Resources Outlook 2019: Natural resources for the future we want - A Report of the International
Resource Panel", (2019) United Nations Environment Programme.

Prerequisites /
notice

Students must be enrolled in a MSc or doctoral program at ETH Zurich. 

151-0946-00L Macromolecular Engineering: Networks and Gels W  4 credits 4G M. Tibbitt
Abstract This course will provide an introduction to the design and physics of soft matter with a focus on polymer networks and hydrogels. The

course will integrate fundamental aspects of polymer physics, engineering of soft materials, mechanics of viscoelastic materials,
applications of networks and gels in biomedical applications including tissue engineering, 3D printing, and drug delivery.

Objective The main learning objectives of this course are: 1. Identify the key characteristics of soft matter and the properties of ideal and non-ideal
macromolecules. 2. Calculate the physical properties of polymers in solution. 3. Predict macroscale properties of polymer networks and
gels based on constituent chemical structure and topology. 4. Design networks and gels for industrial and biomedical applications. 5. Read
and evaluate research papers on recent research on networks and gels and communicate the content orally to a multidisciplinary audience.

Lecture notes Class notes and handouts.
Literature Polymer Physics by M. Rubinstein and R.H. Colby; samplings from other texts.
Prerequisites /
notice

Physics I+II, Thermodynamics I+II

151-0980-00L Biofluiddynamics W  4 credits 2V+1U D. Obrist, P. Jenny
Abstract Introduction to the fluid dynamics of the human body and the modeling of physiological flow processes (biomedical fluid dynamics).
Objective A basic understanding of fluid dynamical processes in the human body. Knowledge of the basic concepts of fluid dynamics and the ability

to apply these concepts appropriately.
Content This lecture is an introduction to the fluid dynamics of the human body (biomedical fluid dynamics). For selected topics of human

physiology, we introduce fundamental concepts of fluid dynamics (e.g., creeping flow, incompressible flow, flow in porous media, flow with
particles, fluid-structure interaction) and use them to model physiological flow processes. The list of studied topics includes the
cardiovascular system and related diseases,  blood rheology, microcirculation, respiratory fluid dynamics and fluid dynamics of the inner
ear.

Lecture notes Lecture notes are provided electronically.
Literature A list of books on selected topics of biofluiddynamics can be found on the course web page.

151-1115-00L Aircraft Aerodynamics and Flight Mechanics W  4 credits 3G J. Wildi
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Abstract Equations of motion. Aircraft flight perfomance, flight envelope. Aircraft static stability and control, longituadinal and lateral stbility. Dynamic
longitudinal and lateral stability.
Flight test. Wind tunnel test.

Objective - Knowledge of methods to solve flight mechanic problems
- To be able to apply basic methods for flight performence calculation and stability investigations
- Basic knowledge of flight and wind tunnel tests and test evaluation methods

Content Equations of motion. Aircraft flight perfomance, flight envelope. Aircraft static stability and control, longituadinal and lateral stbility. Dynamic
longitudinal and lateral stability.
Flight testing. Wind tunnel testing.

Lecture notes Ausgewählte Kapitel der Flugtechnik (J. Wildi)
Literature Mc Cormick, B.W.: Aerodynamics, Aeronautics and Flight Mechanics (John Wiley and Sons), 1979 / 1995


Anderson, J: Fundamentals of Aerodynamics (McGraw-Hill Comp Inc), 2010

Prerequisites /
notice

Recommended: Lecture 'Basics of Aircraft und Vehicle Aerodynamics' (FS)

151-1906-00L Multiphase Flow W  4 credits 3G H.-M. Prasser
Abstract Basics in multiphase flow systems,, mainly gas-liquid, is presented in this course. An introduction summarizes the characteristics of multi

phase flows, some theoretical models are discussed. Following we focus on pipe flow, film and bubbly/droplet flow. Finally specific
measuring methods are shown and a summary of the CFD models for multiphases is presented.

Objective This course contributes to a deep understanding of complex multiphase systems and allows to predict multiphase conditions to design
appropriate systems/apparatus. Actual examples and new developments are presented.

Content The course gives an overview on following subjects: Basics in multiphase systems, pipeflow, films, bubbles and bubble columns, droplets,
measuring techniques, multiphase flow in microsystems, numerical procedures with multiphase flows.

Lecture notes Lecturing notes are available (copy of slides or a german script) partly in english
Literature Special literature is recommended for each chapter.
Prerequisites /
notice

The course builds on the basics in fluidmechanics.

151-2016-00L Radiation Imaging for Industrial Applications W  4 credits 2V+1U H.-M. Prasser, R. Adams
Abstract The course gives an overview of the physics and practical principles of imaging techniques using ionizing radiation such as X-rays, gamma

photons, and neutrons in the context of various industrial (non-medical) challenges. This includes the interaction of radiation with matter,
parameters affecting imaging performance, source and detector technology, image processing, and tomographic techniques.

Objective Understanding of the principles and applicability of various radiation-based imaging techniques including radiography and tomography to
various industrial challenges.

Content principles of radiation imaging; physics of interaction of radiation with matter (X-ray, gamma, neutron); X-ray source physics and
technology; neutron source physics and technology; radiation detection principles; radiation detection as applied to imaging; radiography
(image quality parameters, image processing); computed tomography (image reconstruction techniques, artifacts, image processing);
overview of more exotic techniques (e.g. dual modality, fast neutrons, time of flight); general industrial applications, security applications;
special issues in dynamic imaging and example applications; PET/PEPT imaging; nuclear energy applications

Lecture notes Lecture slides will be provided, as well as references for further reading
Literature - Wang, Industrial Tomography: Systems and Applications

- Knoll, Radiation Detection and Measurement
- Kak & Slaney, Principles of Computerized Tomographic Imaging

Prerequisites /
notice

Recommended courses (not binding): 151-0163-00L Nuclear Energy Conversion, 151-2035-00L, Radiobiology and Radiation Protection,
151-0123-00L, Experimental Methods for Engineers, MATLAB skills for exercises.

151-2017-00L Nuclear Fuels and Materials W  4 credits 3G M. A. Pouchon, P. J.-P. Spätig
Abstract Materials for nuclear power plants and fuel are discussed. The course is a basic introduction into this topic and it is mainly concerned with

light water reactors. Structural materials for pressure boundaries (reactor pressure vessel, pipings) and reactor internals are introduced.
Fuel and fuel claddings are also discussed. Main emphasize is on damage and degradation mechanisms during service.

Objective The students
know the most important structural materials in nuclear reactors
know fuel and its behaviour in a reactor
know important ageing and degradation mechanisms in nuclear power plants

Content  Brief review of materials science basics
 LWRs and their structural materials, damage mechanisms
 Cladding materials, corrosion, failure modes
 Pressure-boundary components, ageing, degradation
 Structural integrity, surveillance, lifetime management
 Structural materials for future advanced NPPs
 General description of nuclear fuels, introduction to radiation damage
 Fuel thermal performance
 Fuel thermo-mechanical behaviour
 Production, evolution of fission products
 Fission gas release mechanisms
 Fuel related safety limits
 Advanced fuels for future NPPs

Literature Distributed documents, recommended book chapters
Prerequisites /
notice

Prerequisite for: Advanced Topics in Nuclear Reactor Materials (2nd
sem.)

151-0228-00L Management of Air Transport (Aviation II) W  4 credits 3G P. Wild
Abstract Providing an overview in management, planning, processes and operations in air transport, the lecture shall enable students to operate and

lead a unit within that industry. In addition, the modules provide a good understanding for other transport modes and are a sort of "Mini
MBA" (topics see below). Ideally, students complete first "Basics in Air Transport" yet there is no requirement for it.

Objective After completion of the course, they shall be familiar with tasks, processes and interactions and have the ability to understand implications
of developments in the airlines industry and its environment. This shall enable them to work within the air transport industry.

Content Weekly: 1h independent preparation; 2h lectures and 1 h training with an expert in the respective field
Overall concept: This lecture build on the content of the lecture "Basics in Air Transport" (101-0499-00L) and provides deeper insights into
the airline industry.
Content: Strategy, Alliances & Joint Ventures, Negotiations with Stakeholder, Environmental Protection, Safety & Risk Management, Airline
Economics, Network Management, Revenue Management & Pricing, Sales & Distribution, Airline Marketing, Scheduling & Slot
Management, Fleet Management & Leasing, Continuing Airworthiness Management, Supply Chain Management, Operational Steering
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Lecture notes No offical lecture notes. Lecturers' slides will be made available
Literature Literature will be provided by the lecturers respective there will be additional Information upon registration

151-0230-00L Plasma Science in Engineering W  4 credits 2V+1U R. S. Abhari, A. Giovannini
Abstract In this course students will learn about the physical fundamentals and the main applications of plasma, the fourth state of matter.  The

course will give first an overview of what a plasma is, and where it can be found in nature. Then, the course will cover the fundamentals of
plasma physics that will be used and extended during the main part of the course.

Objective Students should be able to describe the fundamental behaviors that characterize a plasma and physical processes that involve this state of
matter. In addition, the students should be able to apply this knowledge to explain existing and develop new engineering applications that
exploit plasma.

Content The course will give first an overview about plasma, including its definition and where plasma is found in nature. Then, the course will cover
the fundamentals of plasma physics that will be used and extended during the main part of the course, which is devoted at the main
applications of plasma in today's technology and research.

In detail, the topics follow below:
1- Fundamental definitions and occurrences of plasma in nature (from interstellar to pulling a wool sweater on)
2- Characterization of the plasma state, equilibrium and non-equilibrium state; steady versus pulsed
3- From Vlasov equations to magnetohydrodynamic model, derivation and underlying assumptions
4- Main methods used for plasma generation: gas discharge,  laser produced and microwave generated plasmas, including hybrids
5- Plasma - matter interaction and ways for protecting surfaces: confinement challenge
6- Impact of pressure (including charge transfer) on plasma dynamics
7- Low temperature plasmas generation and application
8- Mid temperature plasmas generation and application
9- High temperature plasmas generation and application

Lecture notes Download during semester.
Literature Literature and internet links are given in downloadable slides.
Prerequisites /
notice

Recommended knowledge of Physics and Thermodynamics equivalent to Bachelor's degree (engineering or physics path).

227-0455-00L Terahertz: Technology and Applications W  5 credits 3G+3A K. Sankaran
Abstract This block course will provide a solid foundation for understanding physical principles of THz applications. We will discuss various building

blocks of THz technology - components dealing with generation, manipulation, and detection of THz electromagnetic radiation. We will
introduce THz applications in the domain of imaging, sensing, communications, non-destructive testing and evaluations.

Objective This is an introductory course on Terahertz (THz) technology and applications. Devices operating in THz frequency range (0.1 to 10 THz)
have been increasingly studied in the recent years. Progress in nonlinear optical materials, ultrafast optical and electronic techniques has
strengthened research in THz application developments. Due to unique interaction of THz waves with materials, applications with new
capabilities can be developed. In theory, they can penetrate somewhat like X-rays, but are not considered harmful radiation, because THz
energy level is low. They should be able to provide resolution as good as or better than magnetic resonance imaging (MRI), possibly with
simpler equipment. Imaging, very-high bandwidth communication, and energy harvesting are the most widely explored THz application
areas. We will study the basics of THz generation, manipulation, and detection. Our emphasis will be on the physical principles and
applications of THz in the domain of imaging, sensing, communications, non-destructive testing and evaluations. 

The second part of the block course will be a short project work related to the topics covered in the lecture. The learnings from the project
work should be presented in the end.

Content PART I:

- INTRODUCTION -
Chapter 1: Introduction to THz Physics
Chapter 2: Components of THz Technology

- THz TECHNOLOGY MODULES -
Chapter 3: THz Generation
Chapter 4: THz Detection
Chapter 5: THz Manipulation

- APPLICATIONS -
Chapter 6: THz Imaging / Sensing / Communication
Chapter 7: THz Non-destructive Testing
Chapter 8: THz Applications in Plastic & Recycling Industries

PART 2:
 
- PROJECT WORK -
Short project work related to the topics covered in the lecture.
Short presentation of the learnings from the project work.
Full guidance and supervision will be given for successful completion of the short project work.

Lecture notes Soft-copy of lectures notes will be provided.
Literature - Yun-Shik Lee, Principles of Terahertz Science and Technology, Springer 2009

- Ali Rostami, Hassan Rasooli, and Hamed Baghban, Terahertz Technology: Fundamentals and Applications, Springer 2010
Prerequisites /
notice

Basic foundation in physics, particularly, electromagnetics is required. 
Students who want to refresh their electromagnetics fundamentals can get additional material required for the course.

252-0834-00L Information Systems for Engineers
Wird ab HS20 nur in Herbstsemester angeboten.

W  4 credits 2V+1U G. Fourny

Abstract This course provides the basics of relational databases from the perspective of the user.

We will discover why tables are so incredibly powerful to express relations, learn the SQL query language, and how to make the most of it.
The course also covers support for data cubes (analytics).
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Objective This lesson is complementary with Big Data for Engineers as they cover different time periods of database history and practices -- you can
even take both lectures at the same time.

After visiting this course, you will be capable to:

1. Explain, in the big picture, how a relational database works and what it can do in your own words.

2. Explain the relational data model (tables, rows, attributes, primary keys, foreign keys), formally and informally, including the relational
algebra operators (select, project, rename, all kinds of joins, division, cartesian product, union, intersection, etc).

3. Perform non-trivial reading SQL queries on existing relational databases, as well as insert new data, update and delete existing data.

4. Design new schemas to store data in accordance to the real world's constraints, such as relationship cardinality

5. Explain what bad design is and why it matters.

6. Adapt and improve an existing schema to make it more robust against anomalies, thanks to a very good theoretical knowledge of what is
called "normal forms".

7. Understand how indices work (hash indices, B-trees), how they are implemented, and how to use them to make queries faster.

8. Access an existing relational database from a host language such as Java, using bridges such as JDBC.

9. Explain what data independence is all about and didn't age a bit since the 1970s.

10. Explain, in the big picture, how a relational database is physically implemented.

11. Know and deal with the natural syntax for relational data, CSV.

12. Explain the data cube model including slicing and dicing.

13. Store data cubes in a relational database.

14. Map cube queries to SQL.

15. Slice and dice cubes in a UI.

And of course, you will think that tables are the most wonderful object in the world.

Content Using a relational database
=================
1. Introduction
2. The relational model
3. Data definition with SQL
4. The relational algebra
5. Queries with SQL

Taking a relational database to the next level
=================
6. Database design theory
7. Databases and host languages
8. Databases and host languages
9. Indices and optimization
10. Database architecture and storage

Analytics on top of a relational database
=================
12. Data cubes

Outlook
=================
13. Outlook

Literature - Lecture material (slides).

- Book: "Database Systems: The Complete Book", H. Garcia-Molina, J.D. Ullman, J. Widom
(It is not required to buy the book, as the library has it)

Prerequisites /
notice

For non-CS/DS students only, BSc and MSc
Elementary knowledge of set theory and logics
Knowledge as well as basic experience with a programming language such as Pascal, C, C++, Java, Haskell, Python

 Mechanics, Materials, Structures
The courses listed in this category “Core Courses” are recommended. Alternative courses can be chosen in agreement with the tutor.


Number Title Type ECTS Hours Lecturers

151-0116-10L High Performance Computing for Science and
Engineering (HPCSE) for Engineers II

W 4 credits 4G P. Koumoutsakos, S. M. Martin

Abstract This course focuses on programming methods and tools for parallel computing on multi and many-core architectures. Emphasis will be
placed on practical and computational aspects of Uncertainty Quantification and Propagation including the implementation of relevant
algorithms on HPC architectures.

Objective The course will teach 
- programming models and tools for multi and many-core architectures
- fundamental concepts of Uncertainty Quantification and Propagation (UQ+P) for computational models of systems in Engineering and Life
Sciences
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Content High Performance Computing:
- Advanced topics in shared-memory programming
- Advanced topics in MPI
- GPU architectures and CUDA programming

Uncertainty Quantification:
- Uncertainty quantification under parametric and non-parametric modeling uncertainty
- Bayesian inference with model class assessment
- Markov Chain Monte Carlo simulation

Lecture notes https://www.cse-lab.ethz.ch/teaching/hpcse-ii_fs20/
Class notes, handouts

Literature - Class notes
- Introduction to High Performance Computing for Scientists and Engineers, G. Hager and G. Wellein
- CUDA by example, J. Sanders and E. Kandrot
- Data Analysis: A Bayesian Tutorial, D. Sivia and J. Skilling
- An introduction to Bayesian Analysis - Theory and Methods, J. Gosh, N. Delampady and S. Tapas 
- Bayesian Data Analysis, A. Gelman, J. Carlin, H. Stern, D. Dunson, A. Vehtari and D. Rubin
- Machine Learning: A Bayesian and Optimization Perspective, S. Theodorides

Prerequisites /
notice

Students must be familiar with the content of High Performance Computing for Science and Engineering I (151-0107-20L)

151-0232-00L Engineering Acoustics II W  4 credits 3G N. Noiray, S. M. Schoenwald,
B. Van Damme, A. Zemp

Abstract This course presents the application of fundamental elements in engineering acoustics. It consists of three parts: elastic wave propagation
in fluids and solids (including nonlinear, anisotropic and complex materials),  sound radiation and transmission in structures, and aero- and
thermo-acoustic sources and instabilities.

Objective Application of the basic concepts of engineering acoustics: acoustic absorption, solid wave propagation, acoustic transmission and sound
radiation by reacting and non-reacting flows  in complex engineering systems that are relevant to noise control practice. We cover the
broad field of modelling, analysis, design and testing of flows, materials and structures with the aim of developing systems which exhibit the
targeted acoustical behavior.

Content Wave Attenuation, Vibration Damping, Acoustic Absorption, Sound Transmission, Radiation, Broadband and Tonal Aeroacoustic Noise,
Active and Passive Control of Thermoacoustic Instabilities.

Lecture notes Download during semester.
Literature Literature is given in course material.
Prerequisites /
notice

Required: Fundamentals of Mechanics and Dynamics / Recommended: Engineering Acoustics I.

151-0304-00L Engineering Design II W  4 credits 4G K. Wegener
Abstract Dimensioning (strength calculation) of machine parts, 

shaft - hub - connections, welded and brazed joints, springs, screws, roller and slide bearings, transmissions, gears, clutch and brake as
well as their practical applications.

Objective The students extend in that course their knowledge on the correct application of machine parts and machine elements including
dimensioning. Focus is laid on the acquisition of competency to solve technical problems and judge technical solutions and to correctly
apply their knowledge according to operation conditions, functionality and strength calculations.

Content Machine parts as shaft - hub - connections, welded and brazed joints, springs, screws, roller and slide bearings, transmissions, gears,
clutch and brake are discussed. The course covers for all the machine elements their functionality, their application and limits of
applicability and the dimensioning is as well as their practical applications. Exercises show the solution of practical problems. Partly
practical problems are solved by the students for their own.

Lecture notes Script exists. Price: SFr. 40.-
Prerequisites /
notice

Prerequisites: 
Basics in design and product development  
Dimensioning 1 

Credit-conditions / examination: 
Partly practical problems are solved by the students for their own. The examination will be in the following examination session. Credits are
given after passing the examination.

151-0306-00L Visualization, Simulation and Interaction - Virtual
Reality I

W  4 credits 4G A. Kunz

Abstract Technology of Virtual Reality. Human factors, Creation of virtual worlds, Lighting models, Display- and acoustic- systems, Tracking,
Haptic/tactile interaction, Motion platforms, Virtual prototypes, Data exchange, VR Complete systems, Augmented reality, Collaboration
systems; VR and Design; Implementation of the VR in the industry; Human Computer Interfaces (HCI).

Objective The product development process in the future will be characterized by the Digital Product which is the center point for concurrent
engineering with teams spreas worldwide. Visualization and simulation of complex products including their physical behaviour at an early
stage of development will be relevant in future. The lecture will give an overview to techniques for virtual reality, to their ability to visualize
and to simulate objects. It will be shown how virtual reality is already used in the product development process.

Content Introduction to the world of virtual reality; development of new VR-techniques; introduction to 3D-computergraphics; modelling; physical
based simulation; human factors; human interaction; equipment for virtual reality; display technologies; tracking systems; data gloves;
interaction in virtual environment; navigation; collision detection; haptic and tactile interaction; rendering; VR-systems; VR-applications in
industry, virtual mockup; data exchange, augmented reality.

Lecture notes A complete version of the handout is also available in English.
Prerequisites /
notice

Voraussetzungen:
keine
Vorlesung geeignet für D-MAVT, D-ITET, D-MTEC und D-INF

Testat/ Kredit-Bedingungen/ Prüfung:
 Teilnahme an Vorlesung und Kolloquien
 Erfolgreiche Durchführung von Übungen in Teams 
 Mündliche Einzelprüfung 30 Minuten

151-0314-00L Information Technologies in the Digital Product W  4 credits 3G E. Zwicker, R. Montau
Abstract Objectives, Concepts and Methods of Digitalization, Digital Product and Product Lifecycle Management (PLM), Industry 4.0

Concepts for Digitalization: Product Structures, Optimization of Engineering Processes with digital models in Sales, Production, Service,
Digital Twin versus Digital Thread
PLM Fundamentals: Objects, Structures, Processes, Integrations, Visualization
Best Practices
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Objective Students learn the fundamentals and concepts of Digitalization along the in the product lifecycle on the foundation of Product Lifecycle
Management (PLM) technologies, the usage of databases, the integration of CAx systems and Visualization/AR, the configuration of
computer-based collaboration leveraging IT-standards as well as variant and configuration management to enable an efficient utilization of
the digital product approach in industry 4.0.

Content Possibilities and potential of modern IT applications focussing on PLM and CAx technologies for targeted utilization in the context of
product platform - business processes - IT tools. Introduction to the concepts of Product Lifecycle Management (PLM): information
modeling, data management, revision, usage and distribution of product data. Structure and functional principles of PLM systems.
Integration of new IT technologies in business processes. Possibilities of publication and automatic configuration of product variants via the
Internet. Using state-of-the-art information and communication technologies to develop products globally across distributed locations.
Interfaces in computer-integrated product development. Selection, configuration, adaptation and introduction of PLM systems. Examples
and case studies for industrial usage of modern information technologies.

Learning modules:
-  Introduction to Digitalization (Digital Product, PLM technology)
-  Database technology (foundation of digitalization)
-  Object Management 
-  Object Classification 
-  Object identification with Part Numbering Systems 
-  CAx/PLM integration with Visualization/AR
-  Workflow & Change Management 
-  Interfaces of the Digital Product
-  Enterprise Application Integration (EAI)

Lecture notes Didactic concept / learning materials:
The course consists of lectures and exercises based on practical examples.
Provision of lecture handouts and script digitally in Moodle.

Prerequisites /
notice

Prerequisites: None
Recommended: Fokus-Project, interest in Digitalization
Lecture appropriate for D-MAVT, D-MTEC, D-ITET and D-INFK

Testat/Credit Requirements / Exam:
 - execution of exercises in teams (recommended)
 - Oral exam 30 minutes, based on concrete problem cases

151-0318-00L Ecodesign - Environmental-Oriented Product
Development

W 4 credits 3G R. Züst

Abstract Ecodesign has a great potential to improve the environmental performance of a product. 
Main topics of the lecture: Motivation for Ecodesign; Methodical basics (defining environmental aspects; improvement strageies and
measures); Ecodesign implementation (systematic guidance on integrating environmental considerations into product development) in a
small project.

Objective Experience shows that a significant part of the environmental impact of a business venture is caused by its own products in the pre and
post-production areas. The goal of eco design is to reduce the total effect of a product on the environment in all phases of product life. The
systematic derivation of promising improvement measures at the start of the product development process is a key skill that will be taught
in the lectures.
The participants will discover the economic and ecological potential of ECODESIGN and acquire competence in determining goal-oriented
and promising improvements and will be able to apply the knowledge acquired on practical examples.

Content Die Vorlesung ist in drei Blöcke unterteilt. Hier sollen die jeweiligen Fragen beantwortet werden:
A) Motivation und Einstieg ins Thema: Welche Material- und Energieflüsse werden durch Produkte über alle Lebensphasen, d.h. von der
Rohstoffgewinnung, Herstellung, Distribution, Nutzung und Entsorgungen verursacht? Welchen Einfluss hat die Produktentwicklung auf
diese Auswirkungen?
B) Grundlagen zum ECODESIGN PILOT: Wie können systematisch  über alle Produktlebensphasen hinweg betrachtet  bereits zu Beginn
der Produktentwicklung bedeutende Umweltauswirkungen erkannt werden? Wie können zielgerichtet diejenigen Ecodesign-Maßnahmen
ermittelt werden, die das größte ökonomische und ökologische Verbesserungspotential beinhalten? 
C) Anwendung des ECODESIGN PILOT: Welche Produktlebensphasen bewirken den größten Ressourcenverbrauch? Welche
Verbesserungsmöglichkeiten bewirken einen möglichst großen ökonomischen und ökologischen Nutzen? 
Im Rahmen der Vorlesung werden verschiedene Praktische Beispiel bearbeitet.

Lecture notes Für den Einstieg ins Thema ECODESIGN wurde verschiedene Lehrunterlagen entwickelt, die im Kurs zur Verfügung stehen und teilwesie
auch ein "distance learning" ermöglichen:

Lehrbuch: Wimmer W., Züst R.: ECODESIGN PILOT, Produkt-Innovations-, Lern- und Optimierungs-Tool für umweltgerechte
Produktgestaltung mit deutsch/englischer CD-ROM; Zürich, Verlag Industrielle Organisation, 2001. ISBN 3-85743-707-3

CD: im Lehrbuch inbegriffen (oder Teil "Anwenden" on-line via: www.ecodesign.at)
Internet: www.ecodesign.at vermittelt verschiedene weitere Zugänge zum Thema. Zudem werden CD's abgegeben, auf denen weitere
Lehrmodule vorhanden sind.

Literature Hinweise auf Literaturen werden on-line zur Verfügung gestellt.
Prerequisites /
notice

Testatbedingungen: Abgabe von zwei Übungen

151-0324-00L Engineering Design with Polymers and Polymer
Composites

W  4 credits 2V+1U G. P. Terrasi

Abstract Scope of neat and fibre reinforced polymers (FRP) for load bearing applications. State-of-the-art and trends. Design procedures for neat
polymers under sustained, combined, and fatigue loading conditions. Stability and brittle fracture issues. Composition of FRP. Properties of
fibre and matrix materials. Processing and design of FRP: laminate and net theory, stability, creep and fatigue behaviour.

Objective Impart the basics to future mechanical, civil, and materials engineers for the engineering design with neat polymers and fibre reinforced
polymers (FRP) for load bearing applications. In parallel to the presentation of the basics many practical applications will be treated in
detail.
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Content 1.    Introduction

1.1    Retrospective view
1.2    State-of-the-art
1.3    Prospects for the future
1.4    References

2.    Engineering design with neat polymers and with random-oriented fibre
                reinforced polymers

2.1    Scope of applications
2.2    Static loading
2.21    Tensile- and compressive loading
2.22    Flexural loading
2.23    Combined loading
2.24    Buckling
2.3    Fatigue
2.4    Brittle failure
2.5    Variable loading
2.6    Thermal stresses
2.7    To be subjected to aggressive chemicals
2.8         Processing of neat polymers
2.9    References

3.    Composition and manufacturing techniques for fibre reinforced
                polymers

3.1    Introduction
3.2    Materials
3.21    Matrices
3.22    Fibres
3.3    Manufacturing techniques
3.31    Hand lay-up moulding
3.32    Directed fibre spray-up moulding
3.33    Low pressure compression moulding
3.34    High pressure compression moulding
3.35    Pultrusion
3.36    Centrifugal casting
3.37    Filament winding
3.38    Robots
3.39    Remarks about the design of moulds
3.4    References

4.    Engineering design with high performance fibre reinforced polymers

4.1    Introduction
4.2    The unidirectional ply (or lamina)
4.21    Stiffness of the unidirectional ply
4.22    Thermal properties of the unidirectional ply
4.23    Failure criteria for the unidirectional ply
4.3    rules fort he design of components made out of high performance fibre
                reinforced polymers
4.4    Basics of the net theory
4.41    Assumptions and definitions
4.42    Estimation of the fibre forces in a plies
4.5    Basics of the classical laminate theory (CLT)
4.51    Assumptions and definitions
4.52    Elastic constants of multilayer laminate
4.53    Strains and curvatures in a multilayer laminate due to mechanical
                loading
4.54    Calculation of the stresses in the unidirectional plies due to mechanical loading
4.55    Strains and curvatures in a multilayer laminate due to mechanical and thermal loading
4.56    Calculation of the stresses in the unidirectional plies due to mechanical and thermal loading
4.57    Procedure of stress analysis
4.58    Taking account of the non-linear behaviour of the matrix
4.59    Admissible stresses, evaluation of existing stresses
4.6        Pucks action plane fracture criteria
4.7    Selected problems of buckling
4.8    Selected problems of fatigue
4.9    References

Lecture notes The script will be distributed at the beginning of the course
Literature The script is including a comprehensive list of references

151-0332-00L Interdisciplinary Product Development: Definition,
Realisation and Validation of Product Concepts
Number of participants limited to: 5 (ETHZ) + 20 (ZHdK)

To apply for the course please create a pdf of 2+ Pages
describing yourself and your motivation for the course as
well as one or more of your former development projects.
Please add minimum one picture and your CV as well,
send the pdf to martin.schuetz@mavt.ethz.ch.

W 4 credits 2G+4A M. Schütz

Abstract This course is offered by the Design and Technology Lab Zurich, a platform where students from the disciplines industrial design (ZHdK)
and mechanical engineering (ETH) can learn, meet and perform projects together. In interdisciplinary teams the students develop a product
by applying methods used in the different disciplines within the early stages of product development. 
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Objective This interdisciplinary course has the following learning objectives:
- to learn and apply methods of the early stages of product development from both fields: mechanical engineering and industrial design
- to use iterative and prototyping-based development (different types of prototypes and test scenarios)
- to run through a development process from product definition to final prototype and understand the mechanisms behind it
- to experience collaboration with the other discipline and learn how to approach and deal with any appearing challenge
- to understand and experience consequences which may result of decision taken within the development process 

Content At the end of the course each team should present an innovative product concept which convinces from both, the technical as well as the
design perspective. The product concept should be presented as functioning prototype.

The learning objectives will be reached with the following repeating cycle:
1) input lectures
The relevant theoretical basics will be taught in short lectures by different lecturers from both disciplines, mechanical engineering an
industrial design. The focus is laid on methods, processes and principles of product development. 
2) team development
The students work on their projects individually and apply the taught methods. At the same time, they will be coached and supported by
mentors to pass through the product development process successfully.
3) presentation
Important milestones are presented and discussed during the course, thus allowing teams to learn from each other.
4) reflection
The students deepen their understanding of the new knowledge and learn from failures. This is especially important if different disciplines
work together and use methods from both fields.

Lecture notes Hands out after input lectures
Prerequisites /
notice

Number of participants limited to: 5 (ETHZ) + 20 (ZHdK)

To apply for the course please create a pdf of 2+ Pages describing yourself and your motivation for the course as well as one or more of
your former development projects. Please add minimum one picture and Your CV as well, send the pdf to martin.schuetz@mavt.ethz.ch.

151-0366-00L Aircraft Structures W  4 credits 2V+1U P. Ermanni
Abstract This course deals with the structural design, stress analysis and sizing of aircraft structures. The course, which is building-up on

fundamental knowledge in mechanics and lightweight structures, also includes tutorials, discussion of practical cases and lab
demonstrations. The complementary exercises include hand calculations and the usage of finite element tools.

Objective Develop the necessary skills to identify and solve typical engineering problems related to structural design, stress analysis and sizing of
aircraft structures, such as wings and fuselage sections and their subcomponents. Familiarize yourself with the typical loads within aircraft
structures and with the function of the different structural elements found in fuselages and wings.

Content The course is addressing the following topics:

- Introduction
- Aircraft loads and aircraft design
- Materials and allowables in aircraft structures
- Wing and empennage structures: Design and Modelling aspects, Multi-Cell Design, ribs, cutouts, and shear lag
- Plane stress elements and load introduction
- Fuselage structures: Design and modelling aspects, buckling strength, design and analysis of fuselage frames
- Diagonal semi-tension field design
- Static and buckling analysis of cylindrical shells

Laboratory demonstrations:
- Structural test of a vertical empennage
- Stress concentration in panels with cutouts
- Buckling of cylindrical shells

Lecture notes Lecture notes, handouts, exercises, and the script are available for download in a digital format. The lecture materials can be found via the
lecture webpage (http://www.structures.ethz.ch/education/master/master/aircraftstructures.html) or directly via the moodle page
(https://moodle-app2.let.ethz.ch/course/view.php?id=12353).

Prerequisites /
notice

Attendance at Bachelor course "Leichtbau" (Lightweight Construction) or equivalent is recommended. Previous knowledge of buckling,
profile failure, shear flow, and calculation of semi monocoques is required.

151-0513-00L Mechanics of Soft Materials and Tissues W  4 credits 3G A. E. Ehret
Abstract An introduction to concepts for the constitutive modelling of highly deformable materials with non-linear properties is given in application to

rubber-like materials and soft biological tissues. Related experimental methods for materials characterization and computational methods
for simulation are addressed.

Objective The objective of the course is to provide an overview of the wide range of non-linear mechanical behaviors displayed by soft materials and
tissues together with a basic understanding of their physical origin, to familiarize students with appropriate mathematical concepts for their
modelling, and to illustrate the application of these concepts in different fields in mechanics.

Content Soft solids: rubber-like materials, gels, soft biological tissues
Non-linear continuum mechanics: kinematics, stress, balance laws
Mechanical characterization: experiments and their interpretation
Constitutive modeling: basic principles
Large strain elasticity: hyperelastic materials
Rubber-elasticity: statistical vs. phenomenological models
Biomechanics of soft tissues: composites, anisotropy, heterogeneity 
Dissipative behavior: examples and the concept of internal variables.

Lecture notes Accompanying learning materials will be provided or made available for download during the course.
Literature Recommended text: 

G.A. Holzapfel, Nonlinear Solid Mechanics - A  continuum approach for engineering, 2000
L.R.G. Treloar, The physics of rubber elasticity, 3rd ed., 2005
P. Haupt, Continuum Mechanics and Theory of Materials, 2nd ed., 2002

Prerequisites /
notice

Basic knowledge in continuum mechanics is recommended.

151-0515-00L Continuum Mechanics 2 W 4 credits 2V+1U E. Mazza, R. Hopf
Abstract An introduction to finite deformation continuum mechanics and nonlinear material behavior.  Coverage of basic tensor- manipulations and

calculus, descriptions of kinematics, and balance laws .  Discussion of invariance principles and mechanical response functions for elastic
materials.

Objective To provide a modern introduction to the foundations of continuum mechanics and prepare students for further studies in solid
mechanics and related disciplines.
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Content 1. Tensors: algebra, linear operators
2. Tensors: calculus
3. Kinematics: motion, gradient, polar decomposition
4. Kinematics: strain
5. Kinematics: rates
6. Global Balance: mass, momentum
7. Stress: Cauchy's theorem
8. Stress: alternative measures
9. Invariance: observer
10. Material Response: elasticity

Lecture notes None.
Literature Recommended texts:  

(1) Nonlinear solid mechanics, G.A. Holzapfel (2000).  
(2) An introduction to continuum mechanics, M.B. Rubin (2003).

151-0516-00L Non-smooth Dynamics W  5 credits 5G C. Glocker
Abstract Inequality problems in dynamics, in particular friction and impact problems with discontinuities in velocity and acceleration. Mechanical

models of unilateral contacts, friction, sprag clutches, pre-stressed springs. Formulation by set-valued maps as linear complementarity
problems. Numerical time integration of the combined friction impact contact problem.

Objective The lecture provides the students an introduction to modern methods for inequality problems in dynamics. The contents of the lecture are
fitted to frictional contact problems in mechanics, but can be transferred to a large class of inequality problems in technical sciences. The
purpose of the lecture is to acquaint the students with a consistent generalization of classical mechanics towards systems with
discontinuities, and to make them familiar with inequalities treated as set-valued constitutive laws.

Content 1. Kinematik: Drehung, Geschwindigkeit, Beschleunigung, virtuelle Verschiebung.
2. Aufbau der Mechanik: Definition der Kraft, virtuelle Arbeit, innere und äussere Kräfte, Wechselwirkungsprinzip, Erstarrungsprinzip,
mathematische Form des Freischneidens, Definition der idealen Bindung.
3. Starre Körper: Variationelle Form der Gleichgewichtsbedingungen, Systeme starrer Körper, Übergang auf Minimalkoordinaten.
4. Einfache generalisierte Kräfte: Generalisierte Kraftrichtungen, Kinematik der Kraftelemente, Kraftgesetze, Parallel- und Reihenschaltung.
5. Darstellung mengenwertiger Kraftgesetze: Normalkegel, proximale Punkte, exakte Regularisierung. Anwendung auf einseitige Kontakte
und Coulomb-Reibgesetze.
6. Stossfreie und stossbehaftete Bewegung: Bewegungsgleichung, Stossgleichung, Newton-Stossgesetze, Diskussion von
Mehrfachstössen, Kane's Paradoxon.
7. Numerische Behandlung: Lineares Komplementaritätsproblem (LCP), Zeitdiskretisierung nach Moreau, Kontaktproblem in lokalen
Koordinaten als LCP.

Lecture notes Es gibt kein Vorlesungsskript. Den Studierenden wird empfohlen, eine eigene Mitschrift der Vorlesung anzufertigen. Ein Katalog mit
Übungsaufgaben und den zugehörigen Musterlösungen wird ausgegeben.

Prerequisites /
notice

Kinematik und Statik & Dynamics

151-0518-00L Computational Mechanics I: Intro to FEA W  4 credits 4G D. Kochmann
Abstract Numerical methods and techniques for solving initial boundary value problems in solid mechanics (heat conduction, static and dynamic

mechanics problems of solids and structures). Finite difference methods, indirect and direct techniques, variational methods, finite element
(FE) method, FE analysis in small strains for applications in structural mechanics and solid mechanics.

Objective To understand the concepts and application of numerical techniques for the solution of initial boundary value problems in solid and
structural mechanics, particularly including the finite element method for static and dynamic problems.

Content 1. Introduction, dimensionless forms, direct and indirect numerical methods. 2. Finite differences, stability analysis. 3. Variational methods.
4. Finite element method. 5. Structural elements (bars and beams). 6. 2D and 3D elements (isoparametric and simplicial elements),
numerical quadrature. 7. Assembly, solvers, finite element technology. 8. Dynamics, transient analysis, vibrations. 9. Selected topics in
finite element analysis.

Lecture notes Lecture notes will be provided for reference. Students are strongly encouraged to take their own notes during class.
Literature No textbook required; relevant reference material will be suggested.
Prerequisites /
notice

Mechanics 1 & 2 and Dynamics.

151-0522-00L Case Studies in Computer Aided Engineering -
Applied FEM

W  4 credits 3G D. Valtorta

Abstract This is a modeling and simulation engineering class. The course shows how Simulation with the Finite Element Method proves itself to be
an useful tool in engineering problems to solve challenging and complex tasks and to deal with the physics of analyzed systems.

Objective The aim of the course is to introduce students to the simulation-based engineering design with CAE methods. Different case studies
demonstrating the application of CAE in different engineering disciplines will be disclosed with the contribution of experts and examples
from industries and research institutions. Class will focus on engineering approach to be used to analyze challenging problems. It will then
address problem idealization throughout modeling techniques, to be worked out by state of the art simulation selected from industries case
studies. Validation of simulation models compared to evidence from experimental method will then be discussed.

Content Different case studies demonstrating the application of CAE methods in a variety of engineering disciplines will be presented. Application of
CAE methods will be mainly focused  on structural mechanics area. However an overview of possible applications involving fluid dynamics
and electromagnetics will provide students with a complete scenario of multiphysics simulations. Students shall choose 2 different subjects
among the case studies presented, practice the engineering workflow and solve complex problems by building simplified simulation
models, using FEA software. The results of their investigations will be summarized in a technical report and a short presentation, which will
then be discussed during oral examination

Lecture notes Lecture notes will be shared with students on Moodle throughout the semester.
Literature No textbook required. Theory books will be recommended in each lecture for selected topics.
Prerequisites /
notice

FE Toolkurs recommended, but not mandatory.

151-0528-00L Theory of Phase Transitions W  4 credits 3G L. Guin, D. Kochmann
Abstract Phase transitions are responsible for various intriguing phenomena in physics and especially mechanics such as, e.g., superelasticity and

the shape memory effect in shape memory alloys, polarization reversal in ferroelectrics, or dendritic solidification in crystal growth. This
course surveys different theoretical approaches to phase transistions and introduces related modeling techniques.

Objective Students learn different approaches to describing phase transitions at the continuum scale (including the sharp-interface approach,
regularized and phase-field models) and at the discrete level (e.g., chains of interacting particles). By discussing various physical problems
involving phase transitions, while pointing out their common features and specific properties, students acquire a physical understanding of
those phenomena. In addition, students  learn basic concepts of modeling and numerically simulating problems involving phase transitions.
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Content 1. Introduction - review of continuum mechanics and thermodynamics.
2. Stability of equilibria, the Ericksen's bar problem.
3. Equilibrium phase mixtures and quasistatic processes in 1D.
4. Continuum theory of phase boundaries in 3D.
5. Mathematical aspects of phase transitions.
6. A discrete approach with an atomistic basis.
7. Regularized and phase-field models.
8. Polarization switching in ferroelectrics: the Ginzburg-Landau theory.
9. Phase-field modeling of polarization switching.
10. Fourier-based methods for phase-field models.
11. Propagation of solidification fronts: the Stefan problem.
12. Crystal growth on vicinal surfaces.
13. The framework of configurational forces.
14. Phase transitions in metamaterials.

Lecture notes Copies of the lecture notes will be provided for each class, however students are strongly encouraged to take their own notes. 
Literature Evolution of Phase Transitions: A Continuum Theory, R. Abeyaratne & J.K. Knwoles, Cambridge University Press

The Classical Stefan Problem, S.C. Gupta, Elsevier (recommended/not required background literature)
Prerequisites /
notice

Mechanics 1, 2 and 3. Ideally Continuum Mechanics.

151-0530-00L Nonlinear Dynamics and Chaos II W 4 credits 4G G. Haller
Abstract The internal structure of chaos; Hamiltonian dynamical systems; Normally hyperbolic invariant manifolds; Geometric singular perturbation

theory; Finite-time dynamical systems
Objective The course introduces the student to advanced, comtemporary concepts of nonlinear dynamical systems analysis.
Content I. The internal structure of chaos: symbolic dynamics, Bernoulli shift map,  sub-shifts of finite type; chaos is numerical iterations.


II.Hamiltonian dynamical systems: conservation and recurrence, stability of fixed points, integrable systems,  invariant tori, Liouville-
Arnold-Jost Theorem, KAM theory.

III. Normally hyperbolic invariant manifolds: Crash course on differentiable manifolds,  existence, persistence, and smoothness,
applications.
IV. Geometric singular perturbation theory:  slow manifolds  and their stability, physical examples. V. Finite-time dynamical system;
detecting  Invariant manifolds and coherent structures  in finite-time flows

Lecture notes Students have to prepare their own lecture notes
Literature Books will be recommended in class
Prerequisites /
notice

Nonlinear Dynamics I (151-0532-00) or equivalent

151-0534-00L Advanced Dynamics W 4 credits 3V+1U P. Tiso
Abstract Lagrangian dynamics - Principle of virtual work and virtual power - holonomic and non holonomic contraints - 3D rigid body dynamics  -

equilibrium - linearization - stability - vibrations - frequency response
Objective This course provides the students of mechanical engineering with fundamental analytical mechanics for the study of complex mechanical

systems .We introduce the powerful techniques of principle of virtual work and virtual power to systematically write the equation of motion
of arbitrary systems subjected to holonomic and non-holonomic constraints. The linearisation around equilibrium states is then presented,
together with the concept of linearised stability. Linearized models allow the study of small amplitude vibrations for unforced and forced
systems. For this, we introduce the concept of vibration modes and frequencies, modal superposition and modal truncation. The case of
the vibration of light damped systems is discussed. The kinematics and dynamics of 3D rigid bodies is also extensively treated.

Lecture notes Lecture notes are produced in class and are downloadable right after each lecture.
Literature The students will prepare their own notes. A copy of the lecture notes will be available.
Prerequisites /
notice

Mechanics III or equivalent; Analysis I-II, or equivalent; Linear Algebra I-II, or equivalent.

151-0540-00L Experimental Mechanics
Does not take place this semester.

W  4 credits 2V+1U J. Dual

Abstract 1. General aspects like transfer functions, vibrations, modal analysis, statistics, digital signal processing, phase locked loop, 2. Optical
methods 3. Piezoelectricity 4. Electromagnetic excitation and detection 5. Capacitive Detection

Objective Understanding, quantitative modelling and practical application of experimental methods for producing and measuring mechanical
quantities (motion, deformation, stresses,..)

Content 1. General Aspects: Measurement chain, transfer functions, vibrations and waves in continuous systems, modal analysis, statistics, digital
signal analysis, phase locked loop. 2. Optical methods ( acousto optic modulation, interferometry, holography, photoelasticity, shadow
optics, Moire methods ) 3. Piezoelectric materials: basic equations, applications, accelerometer ) 4. Electomagnetic excitation and
detection, 5. Capacitive detection
Practical training and homeworks

Lecture notes no
Prerequisites /
notice

Prerequisites: Mechanics I to III, Physics, Elektrotechnik

151-0544-00L Metal Additive Manufacturing - Mechanical Integrity
and Numerical Analysis

W  4 credits 3G E. Hosseini

Abstract An introduction to Metal Additive Manufacturing (MAM) (e.g. different techniques, the metallurgy of common alloy-systems, existing
challenges) will be given. The focus of the lecture will be on the employment of different simulation approaches to address MAM challenges
and to enable exploiting the full advantage of MAM for the manufacture of structures with desired property and functionality.

Objective The main objectives of this lecture are:
- Acknowledging the possibilities and challenges for MAM (with a particular focus on mechanical integrity aspects),
- Understanding the importance of material science and metallurgical considerations in MAM,
- Appreciating the importance of thermal, fluid, mechanical and microstructural simulations for efficient use of MAM technology,
- Using different commercial analysis tools (COMSOL, ANSYS, ABAQUS) for simulation of the MAM process.
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Content Preliminary lecture schedule:
- Introduction to MAM (concept, application examples, pros & cons),
- 2x Powder-bed and powder-blown metal additive manufacturing,
- Thermo-fluid analysis of additive manufacturing,
- Continuum-based thermal modelling and experimental validation techniques,
- Residual stress and distortion simulation and verification methods,
- 2x Microstructural simulation (basics, analytical, kinetic Monte Carlo, cellular automata, phase-field),
- Mechanical property prediction for MAM,
- 3x Microstructure and mechanical response of MAM material (steels, Ti6Al4V, Inconel, Al alloys),
- Design for additive manufacturing
- Artificial intelligence for AM
Exercise sessions use COMSOL, ANSYS, ABAQUS packages for analysis of MAM process.  Detailed video-instructions will be provided to
enable students setting up their own simulations.  COMSOL, ANSYS and ABAQUS agreed to support the course by providing licenses for
the course attendees and therefore the students can install the packages on their own systems.

Lecture notes Handouts of the presented slides.
Literature No textbook is available for the course (unfortunately), since it is a dynamic and relatively new topic. In addition to the material presented in

the course slides, suggestions/recommendations for additional literature/publications will be given  (for each individual topic).
Prerequisites /
notice

A basic knowledge of mechanical analysis, metallurgy, thermodynamics is recommended.

151-0548-00L Manufacturing of Polymer Composites
Number of participants limited to 32.

To apply for the course, please send a document in pdf
format of max. 1-2 pages to anicole@ethz.ch with the
following content:
- Motivation(s) for attending the course
- Specialization of the studies (related subjects, ETH tutor)

W 6 credits 3G+2P P. Ermanni

Abstract The course covers polymer and fibres, textile technologies, process modelling and simulation, manufacturing technologies, quality control
and testing, economic and ecological aspects. It combines lectures, tutorials and labs, to acquire a thorough knowledge and know-how in
main aspects related to manufacturing technologies of composites.

Objective To provide a thorough knowledge in the field of manufacturing science and technology of advanced polymer composites.
Content Introduction

Constituent materials (polymer materials, fibre, matrices)
Lab 1: constituent materials
Processing of thermoplastic fibre composites
Processing of thermoset fibre composites
Lab 2: Thermoplastics & Thermosets
Prepreg processing, Tooling /Out-of-Autoclave processing
Lab 3: Prepreg & OOA processing
Liquid Composite Moulding (LCM)
Lab 4: Liquid Composite Moulding
Textile Preforms
Design to Cost

Lecture notes Script and handouts are available in PDF-format on the CMASLab webpage.
Literature Literature list is included in the script.

151-0566-00L Recursive Estimation W 4 credits 2V+1U R. D'Andrea
Abstract Estimation of the state of a dynamic system based on a model and observations in a computationally efficient way.
Objective Learn the basic recursive estimation methods and their underlying principles.
Content Introduction to state estimation; probability review; Bayes' theorem; Bayesian tracking; extracting estimates from probability distributions;

Kalman filter; extended Kalman filter; particle filter; observer-based control and the separation principle.
Lecture notes Lecture notes available on course website: http://www.idsc.ethz.ch/education/lectures/recursive-estimation.html
Prerequisites /
notice

Requirements: Introductory probability theory and matrix-vector algebra.

151-0708-00L Manufacturing II W 4 credits 2V+1U K. Wegener, M. Schmid, S. Weikert
Abstract Exemplary discussion on modern manufacturing methods to add and delete material as well as modern measuring methods. Introduction to

general environmental problems of production up to the product disposal.
Objective Deepen the specialized knowledge of most modern mechanical manufacturing methods. Learn to consider aspects of environment and

resources at careful manufacturing.
Content Modern manufacturing methods like rapidly prototyping and rapid Tooling, high-speed cutting and processing of hard materials, machininig

with laser beams and waterjet, high performance casting technology. CAD - CAM coupling, strategies of the process selection. Devices,
principle considerations for relationship between production and environment. Waste disposal engineering, disposal-fair designing.

Lecture notes Yes
Prerequisites /
notice

Attendance of the lecture Manufacturing (151-0700-00L) recommended 

Combination with production machines I and II recommended

151-0718-00L Metrology for Production - Metrology of Workpieces W  4 credits 2V+2U A. Günther
Abstract The course "Metrology of workpieces" deals with definition and measurement of errors in size, location, form and roughness of workpieces,

with typical measuring instruments and their measurement uncertainties, including coordinate measuring machines and vision systems, QS
according to ISO 9001, statistical process control, as well as with the thermal influences on geometrical measurements.

Objective Knowledge of
- basics of geometrical metrology
- evaluation of size, location, form and roughness of workpieces
- typical measuring instruments and their measurement uncertainties
- coordinate metrology
- vision systems
- quality assurance system according to ISO 9001
- statistical process control
- application in the manufacturing process and for the evaluation of machine tool capability
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Content Metrology for production - metrology of workpieces
- basics, like kinematic mounting
- definition and evaluation of size, location, form, roughness
- thermal influences on size, location, form
- measurement uncertainty
- coordinate metrology and 3D coordinate measuring machines
- areal form testing (vision systems)
- quality assurance system according to ISO 9001
- statistical process control
- metrology in the manufacturing process
- statistical process control, process and machine tool capability

Lecture notes Documents are provided during the course.
Prerequisites /
notice

Exercises in the laboratories and with the measuring instruments of the institute for machine tools and manufacturing (IWF) provide the
practical background for this course.

151-0720-00L Production Machines I W 4 credits 4G K. Wegener, S. Weikert
Abstract First part of the lecture on production machines. Introduction to the special features of production machines on the basis of metal cutting

and forming machine tools. Dimensioning and design, as well as specific functional components.
Objective Elaboration of the special requirements on the machine tools, such as precision, dynamics, long-life and their realisation. Development and

respectively assortment of the most important components.
Content Basics of the machine tool design, Six-point principal is shown. Components of machine tools (foundations, frames, bearings, guides,

measuring systems, drives and their control) and their types of machine designs. Terminology, classification and quality characteristics.
Special components and selected types of forming machines and there design and dimensioning. Insight into safety of machinery and
automation.

Lecture notes yes

151-0802-00L Automation Technology W 4 credits 2V+1U H. Wild, K. Wegener
Abstract The automation of production lines will be dealt as interdisciplinary topic. The course contains:

- elementary elements of automatized systems
- Chain of action: sensors, signalisation, control and closed loop control, power electronics, actors
- Conception, description, computation, layout, design and simulation
- Availability and reliability
- Modern concepts

Objective The students shall acquire knowledge for projection and realization of highly automatized production systems. They will be trained to
understand, overview and supervise the whole value chain from the definition of task the specification tender, conception and projection,
the detailed design and startup. They shall know and be able to evaluate the solution possibilities, and the concepts in research and
development.

Content Highly developed industrialized nations are necessarily bound to automatization of manufacturing processes for their competitiveness.
Conception, realization, startup and run in of automatized production lines, "to make them alive", is one of the most exciting businesses in
engineering. For the layout of automatized systems mechatronic design is of greatest importance to achieve optimal and overall supreme
solutions. The course focuses on the interdisciplinary solution space, spanned by mechanical engineering, process technology, electronics
and electrical engineering, information technology and more and more optics.  subsystems , the information and optical  subsystems.  The
complete processing chain, from sensing to action, sensors, signalization, control and closed loop control, power electronics and actors is
discussed.

Basic elements, sensors and actors, transmitting from mechanics to electronics and vice versa, as well as control systems and interfaces
and bus systems are presented. In production technology these are applied in the different automation devices and then condensed to full
production lines.

Different concepts for automation, layout planning, description and simulation and the interface to and safety of humans are topics.  The
economic boundary conditions are taken into account and lead to concepts for availability and reliability of complex systems and to the
discussion of today's research concepts for fault tolerancing systems, to autodiagnosis and self repair, cognitive systems and agent
systems.      
In theoretical and experimental exercises the students can gain experience, that qualify them for the conception, computation and startup
of automatized systems.

Lecture notes Manuscripts are distributed per chapter

151-0834-00L Forming Technology II - Introduction Virtual Process
Modelling

W  4 credits 2V+2U P. Hora

Abstract The lecture imparts the principles of the nonlinear Finite-Element-Methods (FEM), implicit and explicit FEM-integration procedures for
quasistatic applications, modeling of coupled thermo-mechanical problems, modeling of time dependent contact conditions, modeling of the
nonlinear material behaviour, modeling of friction, FEM-based prediction of failure by means of cracks and crinkles.

Objective Prozess optimization through numerical methods
Content Application of virtual simulation methods for planning and optimization of metal-forming processes. Fundamentals of virtual simulation

processes, based on Finite-Element-Methods (FEM) and Finite-Difference-Methods (FDM). Introduction to the basics of continuum and
plasto mechanics to mathematically describe the plastic material flow of metals. The procedures to acquire process relevant features. The
exercises include the application of industrial simulation tools for deep drawing in automotive applications, high pressure inner metal
working (space frame) and rod extrusion.

Lecture notes yes

151-0836-00L Virtual Process Control in Forming Manufacturing
Systems

W  5 credits 2V+2U P. Hora

Abstract Introduction to the methods of virtual modeling of manufacturing processes, illustrated with examples from the digital automotive plant and
others. The lecture presents an opportunity to learn the application of non-linear finite element analysis and  optimization methods and also
adresses stochastical methods for the control of the robust processes.

Objective Integral study of virtual planning technologies in forming manufacturing systems
Content Introduction to the methods of digital plant modeling. Examples: digital automitive plant, digital space-frame manufacturing, digital extrusion

plant. Methods: virtual modeling of complex forming processes, non-linear FEA, optimization methods, stochastical methods.
Lecture notes yes

151-0840-00L Principles of FEM-Based Optimization and
Robustness Analysis

W  5 credits 2V+2U B. Berisha, P. Hora, N. Manopulo

Abstract The course provides fundamentals of stochastic simulation and non-linear optimization methods. Methods of non-linear optimizaion for
complex mechanical systems will be introduced und applied on real processes. Typical applications of stochastical methods for the
prediction of process stability and robustness analysis will be discussed.
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Objective Real systems are, in general, of non-linear nature. Moreover, they are submitted to process parameter variations. In spite of this, most
research is performed assuming deterministic boundary conditions, in which all parameters are constant. As a consequence, such research
cannot draw conclusions on real system behavior, but only on behavior under singular conditions. Hence, the objective of this course is to
give an insight into stochastic simulations and non-linear optimization methods. 

Students will learn mathematical methods e.g. gradient based and gradient free methods like genetic algorithm, and optimization tools
(Matlab Optimization Toolbox) to solve basic optimization and stochastic problems. 

Furthermore, special attention will be paid to the modeling of engineering problems using a commercial finite element program e.g.
ABAQUS to evaluate the mechanical response of a system, and an optimization tool e.g. LS-Opt for the mathematical optimization and
robustness analysis.

Content Principles of nonlinear optimization

-    Introduction into nonlinear optimization and stochastic process simulation
-    Principles of nonlinear optimization
-    Introduction into the design optimization and probabilistic tool LS-Opt
-    Design of Experiments DoE
-    Introduction into nonlinear finite element methods

Optimization of nonlinear systems

-    Application: Optimization of simple structures using LS-Opt and ABAQUS
-    Optimization based on meta modeling techniques
-    Introduction into structure optimization
-    Introduction into geometry parametrization for shape and topology optimization

Robustness and sensitivity of multiparameter systems

-    Introduction into stochastics and robustness of processes
-    Sensitivity analysis
-    Application examples

Lecture notes yes

151-1224-00L Oil-Hydraulics and Pneumatics W  4 credits 2V+2U J.  Lodewyks
Abstract Introduction to the physical and technical basics of oilhydraulic and pneumatic systems and their components as pumps, motors, cylinders

and control valves, with emphasis on servo- and proportional techniques and feedback- controlled drives. In parallel an overview on
application examples will be given

Objective the student
-  can interpret and explain the function of an oilhydraulic or pneumatic system and can create basic circuit concepts
-  can discribe the architecture and function of needed components and can select and design them to desired properties
-  can simulate the dynamical behaviour of a servohydraulic cylinder- drive and can design an optimal state-feedback-control with observer

Content Significans of hydraulic and pneumatic systems, general definitions and typical application examples. 
Review of important fluid-mechanical principles as compressibility, flow through orifices and friction losses in line-systems.
Components of hydraulic and pneumatic systems as pumps, motors, cylinders, control valves for direction, pressure and flow, proportional-
and servo-valves,  their function and structural composition.
Basic circuit concepts of hydraulic and pneumatic control systems.
Dynamical behaviour and state-feedback-control of servohydraulic and -pneumatic drives.
Exercices
Design of a oilhydraulic drive-system
Measurement of the flow characteristic of an orifice, a pressure valve and a pump.
Simulation and experimental investigation of a state-feedback-controlled servo-cylinder-drive.

Lecture notes Autography  Oelhydraulik
Skript          Zustandsregelung eines Servohydraulischen Zylinderantriebes
Skript          Elemente einer Druckluftversorgung
Skript          Modellierung eines Servopneumatischen Zylinderantriebes

Prerequisites /
notice

The course is suitable for students as of 5th semester.

151-1550-00L Seminar in Mechanics E- 0 credits 2S E. Mazza, J. Dual, G. Haller
Abstract Current problems in theoretical, numerical and experimental mechanics from academia and industry.
Objective Current problems in theoretical, numerical and experimental mechanics from academia and industry.

252-0220-00L Introduction to Machine Learning
Limited number of participants. Preference is given to
students in programmes in which the course is being
offered. All other students will be waitlisted. Please do not
contact Prof. Krause for any questions in this regard. If
necessary, please contact studiensekretariat@inf.ethz.ch 

W  8 credits 4V+2U+1A A. Krause

Abstract The course introduces the foundations of learning and making predictions based on data.
Objective The course will introduce the foundations of learning and making predictions from data. We will study basic concepts such as trading

goodness of fit and model complexitiy. We will discuss important machine learning algorithms used in practice, and provide hands-on
experience in a course project.

Content - Linear regression (overfitting, cross-validation/bootstrap, model selection, regularization, [stochastic] gradient descent)
- Linear classification: Logistic regression (feature selection, sparsity, multi-class)
- Kernels and the kernel trick (Properties of kernels; applications to linear and logistic regression); k-nearest neighbor
- Neural networks (backpropagation, regularization, convolutional neural networks)
- Unsupervised learning (k-means, PCA, neural network autoencoders)
- The statistical perspective (regularization as prior; loss as likelihood; learning as MAP inference)
- Statistical decision theory (decision making based on statistical models and utility functions)
- Discriminative vs. generative modeling (benefits and challenges in modeling joint vy. conditional distributions)
- Bayes' classifiers (Naive Bayes, Gaussian Bayes; MLE)
- Bayesian approaches to unsupervised learning (Gaussian mixtures, EM)

Literature Textbook: Kevin Murphy, Machine Learning: A Probabilistic Perspective, MIT Press
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Prerequisites /
notice

Designed to provide a basis for following courses:
- Advanced Machine Learning
- Deep Learning
- Probabilistic Artificial Intelligence 
- Seminar "Advanced Topics in Machine Learning"

252-0834-00L Information Systems for Engineers
Wird ab HS20 nur in Herbstsemester angeboten.

W  4 credits 2V+1U G. Fourny

Abstract This course provides the basics of relational databases from the perspective of the user.

We will discover why tables are so incredibly powerful to express relations, learn the SQL query language, and how to make the most of it.
The course also covers support for data cubes (analytics).

Objective This lesson is complementary with Big Data for Engineers as they cover different time periods of database history and practices -- you can
even take both lectures at the same time.

After visiting this course, you will be capable to:

1. Explain, in the big picture, how a relational database works and what it can do in your own words.

2. Explain the relational data model (tables, rows, attributes, primary keys, foreign keys), formally and informally, including the relational
algebra operators (select, project, rename, all kinds of joins, division, cartesian product, union, intersection, etc).

3. Perform non-trivial reading SQL queries on existing relational databases, as well as insert new data, update and delete existing data.

4. Design new schemas to store data in accordance to the real world's constraints, such as relationship cardinality

5. Explain what bad design is and why it matters.

6. Adapt and improve an existing schema to make it more robust against anomalies, thanks to a very good theoretical knowledge of what is
called "normal forms".

7. Understand how indices work (hash indices, B-trees), how they are implemented, and how to use them to make queries faster.

8. Access an existing relational database from a host language such as Java, using bridges such as JDBC.

9. Explain what data independence is all about and didn't age a bit since the 1970s.

10. Explain, in the big picture, how a relational database is physically implemented.

11. Know and deal with the natural syntax for relational data, CSV.

12. Explain the data cube model including slicing and dicing.

13. Store data cubes in a relational database.

14. Map cube queries to SQL.

15. Slice and dice cubes in a UI.

And of course, you will think that tables are the most wonderful object in the world.

Content Using a relational database
=================
1. Introduction
2. The relational model
3. Data definition with SQL
4. The relational algebra
5. Queries with SQL

Taking a relational database to the next level
=================
6. Database design theory
7. Databases and host languages
8. Databases and host languages
9. Indices and optimization
10. Database architecture and storage

Analytics on top of a relational database
=================
12. Data cubes

Outlook
=================
13. Outlook

Literature - Lecture material (slides).

- Book: "Database Systems: The Complete Book", H. Garcia-Molina, J.D. Ullman, J. Widom
(It is not required to buy the book, as the library has it)

Prerequisites /
notice

For non-CS/DS students only, BSc and MSc
Elementary knowledge of set theory and logics
Knowledge as well as basic experience with a programming language such as Pascal, C, C++, Java, Haskell, Python

363-0448-00L Global Operations Strategy
Does not take place this semester.

W  3 credits 3G T. Netland

Abstract This course provides students a theoretical fundament and practical skills for strategic configuration and coordination of global production
networks and facility planning and design.
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Objective Students will be able to analyze, plan, and design factory networks and single facilities.
1. Students can analyze strengths and weaknesses of a company’s global factory network.
2. Students can conduct a basic factory localization analysis and elaborate the risks involved and the limitations of the chosen method.
3. Students are familiar with key issues in managing global operations.
4. Students can analyze a global productivity improvement program.
5. Additional skills: Students acquire experience in teamwork, report writing and presentation.

Content This course deals with the configuration and coordination of global manufacturing operations.
Lecture notes See Moodle
Literature See Moodle
Prerequisites /
notice

Requirements: Preferably the course 363-0445-00L Production and Operations Management

363-0768-00L Lecture Cycle ETH and UZH: Logistics Management W  3 credits 2V T. Netland, H. Dietl
Abstract To show potentials for an efficient, flexible and rapid processing of material and information flows.
Objective To show potentials for an efficient, felxible and rapid processing of material and information flows.
Content New approaches and integral concepts to optimize business processes. Projects in industry, engineering tools
Lecture notes Am Ende der Vorlesungsreihe werden Präsentationsunterlagen abgegeben.

376-1178-00L Human Factors II W  3 credits 2V M. Menozzi Jäckli, R. Huang,
M. Siegrist

Abstract Strategies, abilities and needs of human at work as well as properties of products and systems are factors controlling quality and
performance in everyday interactions. In Human Factors II (HF II), cognitive aspects are in focus therefore complementing the more
physical oriented approach in HF I. A basic scientific approach is adopted and relevant links to practice are illustrated.

Objective The goal of the lecture is to empower students in designing products and systems enabling an efficient and qualitatively high standing
interaction between human and the environment, considering costs, benefits, health, well-being,  and safety as well. The goal is achieved
in addressing a broad variety of topics and embedding the discussion in macroscopic factors such as the behavior of consumers and
objectives of economy.

Content Cognitive factors in perception, information processing and action.  Experimental techniques in assessing human performance and well-
being, human factors and ergonomics in development of products and complex systems, innovation, decision taking, consumer behavior.

Literature Salvendy G. (ed), Handbook of Human Factors, Wiley & Sons, 2012

376-1217-00L Rehabilitation Engineering I: Motor Functions W 4 credits 2V+1U R. Riener, E. Wilhelm
Abstract Rehabilitation engineering is the application of science and technology to ameliorate the handicaps of individuals with disabilities in order to

reintegrate them into society. The goal of this lecture is to present classical and new rehabilitation engineering principles and examples
applied to compensate or enhance especially motor deficits.

Objective Provide theoretical and practical knowledge of principles and applications used to rehabilitate individuals with motor disabilities.
Content Rehabilitation is the (re)integration of an individual with a disability into society. Rehabilitation engineering is the application of science and

technology to ameliorate the handicaps of individuals with disability. Such handicaps can be classified into motor, sensor, and cognitive
(also communicational) disabilities. In general, one can distinguish orthotic and prosthetic methods to overcome these disabilities. Orthoses
support existing but affected body functions (e.g., glasses, crutches), while prostheses compensate for lost body functions (e.g., cochlea
implant, artificial limbs). In case of sensory disorders, the lost function can also be substituted by other modalities (e.g. tactile Braille display
for vision impaired persons). 

The goal of this lecture is to present classical and new technical principles as well as specific examples applied to compensate or enhance
mainly motor deficits. Modern methods rely more and more on the application of multi-modal and interactive techniques. Multi-modal
means that visual, acoustical, tactile, and kinaesthetic sensor channels are exploited by displaying the patient with a maximum amount of
information in order to compensate his/her impairment. Interaction means that the exchange of information and energy occurs bi-
directionally between the rehabilitation device and the human being. Thus, the device cooperates with the patient rather than imposing an
inflexible strategy (e.g., movement) upon the patient. Multi-modality and interactivity have the potential to increase the therapeutical
outcome compared to classical rehabilitation strategies.
In the 1 h exercise the students will learn how to solve representative problems with computational methods applied to exoprosthetics,
wheelchair dynamics, rehabilitation robotics and neuroprosthetics.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1221 of 1785

Literature Introductory Books

Neural prostheses - replacing motor function after desease or disability. Eds.: R. Stein, H. Peckham, D. Popovic. New York and Oxford:
Oxford University Press.

Advances in Rehabilitation Robotics  Human-Friendly Technologies on Movement Assistance and Restoration for People with Disabilities.
Eds: Z.Z. Bien, D. Stefanov (Lecture Notes in Control and Information Science, No. 306). Springer Verlag Berlin 2004.

Intelligent Systems and Technologies in Rehabilitation Engineering. Eds: H.N.L. Teodorescu, L.C. Jain (International Series on
Computational Intelligence). CRC Press Boca Raton, 2001.

Control of Movement for the Physically Disabled. Eds.: D. Popovic, T. Sinkjaer. Springer Verlag London, 2000.

Interaktive und autonome Systeme der Medizintechnik - Funktionswiederherstellung und Organersatz. Herausgeber: J. Werner,
Oldenbourg Wissenschaftsverlag 2005. 

Biomechanics and Neural Control of Posture and Movement. Eds.: J.M. Winters, P.E. Crago. Springer New York, 2000.

Selected Journal Articles

Abbas, J., Riener, R. (2001) Using mathematical models and advanced control systems techniques to enhance neuroprosthesis function.
Neuromodulation 4, pp. 187-195. 

Burdea, G., Popescu, V., Hentz, V., and Colbert, K. (2000): Virtual reality-based orthopedic telerehabilitation, IEEE Trans. Rehab. Eng., 8,
pp. 430-432

Colombo, G., Jörg, M., Schreier, R., Dietz, V. (2000) Treadmill training of paraplegic patients using a robotic orthosis. Journal of
Rehabilitation Research and Development, vol. 37, pp. 693-700.

Colombo, G., Jörg, M., Jezernik, S. (2002) Automatisiertes Lokomotionstraining auf dem Laufband. Automatisierungstechnik at, vol. 50, pp.
287-295.

Cooper, R. (1993) Stability of a wheelchair controlled by a human. IEEE Transactions on Rehabilitation Engineering 1, pp. 193-206. 

Krebs, H.I., Hogan, N., Aisen, M.L., Volpe, B.T. (1998): Robot-aided neurorehabilitation, IEEE Trans. Rehab. Eng., 6, pp. 75-87

Leifer, L. (1981): Rehabilitive robotics, Robot Age, pp. 4-11

Platz, T. (2003): Evidenzbasierte Armrehabilitation: Eine systematische Literaturübersicht, Nervenarzt, 74, pp. 841-849

Quintern, J. (1998) Application of functional electrical stimulation in paraplegic patients. NeuroRehabilitation 10, pp. 205-250.

Riener, R., Nef, T., Colombo, G. (2005) Robot-aided neurorehabilitation for the upper extremities. Medical & Biological Engineering &
Computing 43(1), pp. 2-10.

Riener, R., Fuhr, T., Schneider, J. (2002) On the complexity of biomechanical models used for neuroprosthesis development. International
Journal of Mechanics in Medicine and Biology 2, pp. 389-404.

Riener, R. (1999) Model-based development of neuroprostheses for paraplegic patients. Royal Philosophical Transactions: Biological
Sciences 354, pp. 877-894.

Prerequisites /
notice

Target Group: 
Students of higher semesters and PhD students of 
- D-MAVT, D-ITET, D-INFK
- Biomedical Engineering 
- Medical Faculty, University of Zurich 
Students of other departments, faculties, courses are also welcome

 Robotics, Systems and Control
The courses listed in this category “Core Courses” are recommended. Alternative courses can be chosen in agreement with the tutor.
.

Number Title Type ECTS Hours Lecturers

151-0310-00L Model Predictive Engine Control
Number of participants limited to 55.

W  4 credits 2V+1U T. Albin Rajasingham

Abstract For efficient and stable operation of an internal combustion engine a multitude of complex control tasks have to be handled. In this lecture
the application of model predictive control for these control challenges is introduced.

Objective - Learn how to design and implement model predictive control algorithms for the example system “combustion engine”. Get to know the
entire process from simulation-based control development to the application at a real-world combustion engine.
- Deepen the knowledge concerning the necessary control algorithms for a combustion engine.

Content - Physical phenomena and models for processes of the combustion engine such as air path and fuel path
- Analysis of the control tasks arising in engine systems
- Case studies for the application of model predictive control for combustion engines with the goal to handle the complex, multivariable
system dynamics
- Fundamentals of the implementation of model predictive control

Lecture notes Lecture slides will be provided after each lecture.
Literature L. Guzzella / C. Onder: "Introduction to Modeling and Control of Internal Combustion Engine Systems", J. Maciejowski: "Predictive Control

with Constraints"
Prerequisites /
notice

Engine Systems (recommended).

151-0314-00L Information Technologies in the Digital Product W  4 credits 3G E. Zwicker, R. Montau
Abstract Objectives, Concepts and Methods of Digitalization, Digital Product and Product Lifecycle Management (PLM), Industry 4.0

Concepts for Digitalization: Product Structures, Optimization of Engineering Processes with digital models in Sales, Production, Service,
Digital Twin versus Digital Thread
PLM Fundamentals: Objects, Structures, Processes, Integrations, Visualization
Best Practices
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Objective Students learn the fundamentals and concepts of Digitalization along the in the product lifecycle on the foundation of Product Lifecycle
Management (PLM) technologies, the usage of databases, the integration of CAx systems and Visualization/AR, the configuration of
computer-based collaboration leveraging IT-standards as well as variant and configuration management to enable an efficient utilization of
the digital product approach in industry 4.0.

Content Possibilities and potential of modern IT applications focussing on PLM and CAx technologies for targeted utilization in the context of
product platform - business processes - IT tools. Introduction to the concepts of Product Lifecycle Management (PLM): information
modeling, data management, revision, usage and distribution of product data. Structure and functional principles of PLM systems.
Integration of new IT technologies in business processes. Possibilities of publication and automatic configuration of product variants via the
Internet. Using state-of-the-art information and communication technologies to develop products globally across distributed locations.
Interfaces in computer-integrated product development. Selection, configuration, adaptation and introduction of PLM systems. Examples
and case studies for industrial usage of modern information technologies.

Learning modules:
-  Introduction to Digitalization (Digital Product, PLM technology)
-  Database technology (foundation of digitalization)
-  Object Management 
-  Object Classification 
-  Object identification with Part Numbering Systems 
-  CAx/PLM integration with Visualization/AR
-  Workflow & Change Management 
-  Interfaces of the Digital Product
-  Enterprise Application Integration (EAI)

Lecture notes Didactic concept / learning materials:
The course consists of lectures and exercises based on practical examples.
Provision of lecture handouts and script digitally in Moodle.

Prerequisites /
notice

Prerequisites: None
Recommended: Fokus-Project, interest in Digitalization
Lecture appropriate for D-MAVT, D-MTEC, D-ITET and D-INFK

Testat/Credit Requirements / Exam:
 - execution of exercises in teams (recommended)
 - Oral exam 30 minutes, based on concrete problem cases

151-0318-00L Ecodesign - Environmental-Oriented Product
Development

W  4 credits 3G R. Züst

Abstract Ecodesign has a great potential to improve the environmental performance of a product. 
Main topics of the lecture: Motivation for Ecodesign; Methodical basics (defining environmental aspects; improvement strageies and
measures); Ecodesign implementation (systematic guidance on integrating environmental considerations into product development) in a
small project.

Objective Experience shows that a significant part of the environmental impact of a business venture is caused by its own products in the pre and
post-production areas. The goal of eco design is to reduce the total effect of a product on the environment in all phases of product life. The
systematic derivation of promising improvement measures at the start of the product development process is a key skill that will be taught
in the lectures.
The participants will discover the economic and ecological potential of ECODESIGN and acquire competence in determining goal-oriented
and promising improvements and will be able to apply the knowledge acquired on practical examples.

Content Die Vorlesung ist in drei Blöcke unterteilt. Hier sollen die jeweiligen Fragen beantwortet werden:
A) Motivation und Einstieg ins Thema: Welche Material- und Energieflüsse werden durch Produkte über alle Lebensphasen, d.h. von der
Rohstoffgewinnung, Herstellung, Distribution, Nutzung und Entsorgungen verursacht? Welchen Einfluss hat die Produktentwicklung auf
diese Auswirkungen?
B) Grundlagen zum ECODESIGN PILOT: Wie können systematisch  über alle Produktlebensphasen hinweg betrachtet  bereits zu Beginn
der Produktentwicklung bedeutende Umweltauswirkungen erkannt werden? Wie können zielgerichtet diejenigen Ecodesign-Maßnahmen
ermittelt werden, die das größte ökonomische und ökologische Verbesserungspotential beinhalten? 
C) Anwendung des ECODESIGN PILOT: Welche Produktlebensphasen bewirken den größten Ressourcenverbrauch? Welche
Verbesserungsmöglichkeiten bewirken einen möglichst großen ökonomischen und ökologischen Nutzen? 
Im Rahmen der Vorlesung werden verschiedene Praktische Beispiel bearbeitet.

Lecture notes Für den Einstieg ins Thema ECODESIGN wurde verschiedene Lehrunterlagen entwickelt, die im Kurs zur Verfügung stehen und teilwesie
auch ein "distance learning" ermöglichen:

Lehrbuch: Wimmer W., Züst R.: ECODESIGN PILOT, Produkt-Innovations-, Lern- und Optimierungs-Tool für umweltgerechte
Produktgestaltung mit deutsch/englischer CD-ROM; Zürich, Verlag Industrielle Organisation, 2001. ISBN 3-85743-707-3

CD: im Lehrbuch inbegriffen (oder Teil "Anwenden" on-line via: www.ecodesign.at)
Internet: www.ecodesign.at vermittelt verschiedene weitere Zugänge zum Thema. Zudem werden CD's abgegeben, auf denen weitere
Lehrmodule vorhanden sind.

Literature Hinweise auf Literaturen werden on-line zur Verfügung gestellt.
Prerequisites /
notice

Testatbedingungen: Abgabe von zwei Übungen

151-0530-00L Nonlinear Dynamics and Chaos II W 4 credits 4G G. Haller
Abstract The internal structure of chaos; Hamiltonian dynamical systems; Normally hyperbolic invariant manifolds; Geometric singular perturbation

theory; Finite-time dynamical systems
Objective The course introduces the student to advanced, comtemporary concepts of nonlinear dynamical systems analysis.
Content I. The internal structure of chaos: symbolic dynamics, Bernoulli shift map,  sub-shifts of finite type; chaos is numerical iterations.


II.Hamiltonian dynamical systems: conservation and recurrence, stability of fixed points, integrable systems,  invariant tori, Liouville-
Arnold-Jost Theorem, KAM theory.

III. Normally hyperbolic invariant manifolds: Crash course on differentiable manifolds,  existence, persistence, and smoothness,
applications.
IV. Geometric singular perturbation theory:  slow manifolds  and their stability, physical examples. V. Finite-time dynamical system;
detecting  Invariant manifolds and coherent structures  in finite-time flows

Lecture notes Students have to prepare their own lecture notes
Literature Books will be recommended in class
Prerequisites /
notice

Nonlinear Dynamics I (151-0532-00) or equivalent
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151-0534-00L Advanced Dynamics W  4 credits 3V+1U P. Tiso
Abstract Lagrangian dynamics - Principle of virtual work and virtual power - holonomic and non holonomic contraints - 3D rigid body dynamics  -

equilibrium - linearization - stability - vibrations - frequency response
Objective This course provides the students of mechanical engineering with fundamental analytical mechanics for the study of complex mechanical

systems .We introduce the powerful techniques of principle of virtual work and virtual power to systematically write the equation of motion
of arbitrary systems subjected to holonomic and non-holonomic constraints. The linearisation around equilibrium states is then presented,
together with the concept of linearised stability. Linearized models allow the study of small amplitude vibrations for unforced and forced
systems. For this, we introduce the concept of vibration modes and frequencies, modal superposition and modal truncation. The case of
the vibration of light damped systems is discussed. The kinematics and dynamics of 3D rigid bodies is also extensively treated.

Lecture notes Lecture notes are produced in class and are downloadable right after each lecture.
Literature The students will prepare their own notes. A copy of the lecture notes will be available.
Prerequisites /
notice

Mechanics III or equivalent; Analysis I-II, or equivalent; Linear Algebra I-II, or equivalent.

151-0566-00L Recursive Estimation W 4 credits 2V+1U R. D'Andrea
Abstract Estimation of the state of a dynamic system based on a model and observations in a computationally efficient way.
Objective Learn the basic recursive estimation methods and their underlying principles.
Content Introduction to state estimation; probability review; Bayes' theorem; Bayesian tracking; extracting estimates from probability distributions;

Kalman filter; extended Kalman filter; particle filter; observer-based control and the separation principle.
Lecture notes Lecture notes available on course website: http://www.idsc.ethz.ch/education/lectures/recursive-estimation.html
Prerequisites /
notice

Requirements: Introductory probability theory and matrix-vector algebra.

151-0630-00L Nanorobotics W 4 credits 2V+1U S. Pané Vidal
Abstract Nanorobotics is an interdisciplinary field that includes topics from nanotechnology and robotics. The aim of this course is to expose

students to the fundamental and essential aspects of this emerging field.
Objective The aim of this course is to expose students to the fundamental and essential aspects of this emerging field. These topics include basic

principles of nanorobotics, building parts for nanorobotic systems, powering and locomotion of nanorobots, manipulation, assembly and
sensing using nanorobots, molecular motors, and nanorobotics for nanomedicine.

151-0634-00L Perception and Learning for Robotics
Number of participants limited to: 30

To apply for the course please create a CV in pdf of max.
2 pages, including your machine learning and/or robotics
experience. Please send the pdf to cesarc@ethz.ch for
approval.

W  4 credits 9A C. D. Cadena Lerma, J. J. Chung

Abstract This course covers tools from statistics and machine learning enabling the participants to deploy these algorithms as building blocks for
perception pipelines on robotic tasks. All mathematical methods provided within the course will be discussed in context of and motivated by
example applications mostly from robotics. The main focus of this course are student projects on robotics.

Objective Applying Machine Learning methods for solving real-world robotics problems.
Content Deep Learning for Perception; (Deep) Reinforcement Learning; Graph-Based Simultaneous Localization and Mapping
Lecture notes Slides will be made available to the students.
Literature Will be announced in the first lecture.
Prerequisites /
notice

The students are expected to be familiar with material of the "Recursive Estimation" and the "Introduction to Machine Learning" lectures.
Particularly understanding of basic machine learning concepts, stochastic gradient descent for neural networks, reinforcement learning
basics, and knowledge of Bayesian Filtering are required. Furtheremore, good knowledge of programming in C++ and Python is required.

151-0641-00L Introduction to Robotics and Mechatronics
Number of participants limited to 60.

Enrollment is only valid through registration on the MSRL
website (www.msrl.ethz.ch). Registrations per e-mail is no
longer accepted!

W 4 credits 2V+2U B. Nelson, N. Shamsudhin

Abstract The aim of this lecture is to expose students to the fundamentals of mechatronic and robotic systems. Over the course of these lectures,
topics will include how to interface a computer with the real world, different types of sensors and their use, different types of actuators and
their use.

Objective An ever-increasing number of mechatronic systems are finding their way into our daily lives. Mechatronic systems synergistically combine
computer science, electrical engineering, and mechanical engineering. Robotics systems can be viewed as a subset of mechatronics that
focuses on sophisticated control of moving devices. 

The aim of this course is to practically and theoretically expose students to the fundamentals of mechatronic and robotic systems. Over the
course of the semester, the lecture topics will include an overview of robotics, an introduction to different types of sensors and their use, the
programming of microcontrollers and interfacing these embedded computers with the real world, signal filtering and processing, an
introduction to different types of actuators and their use, an overview of computer vision, and forward and inverse kinematics. Throughout
the course, students will periodically attend laboratory sessions and implement lessons learned during lectures on real mechatronic
systems. By the end of the course, you will be able to independently choose, design and integrate these different building blocks into a
working mechatronic system.

Content The course consists of weekly lectures and lab sessions. The weekly topics are the following:
0. Course Introduction
1. C Programming
2. Sensors
3. Data Acquisition
4. Signal Processing
5. Digital Filtering
6. Actuators
7. Computer Vision and Kinematics
8. Modeling and Control
9. Review and Outlook

The lecture schedule can be found on our course page on the MSRL website (www.msrl.ethz.ch)

Prerequisites /
notice

The students are expected to be familiar with C programming.

151-0660-00L Model Predictive Control W  4 credits 2V+1U M. Zeilinger
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Abstract Model predictive control is a flexible paradigm that defines the control law as an optimization problem, enabling the specification of time-
domain objectives, high performance control of complex multivariable systems and the ability to explicitly enforce constraints on system
behavior. This course provides an introduction to the theory and practice of MPC and covers advanced topics.             

Objective Design and implement Model Predictive Controllers (MPC) for various system classes to provide high performance controllers with desired
properties (stability, tracking, robustness,..) for constrained systems.              

Content - Review of required optimal control theory
- Basics on optimization
- Receding-horizon control (MPC) for constrained linear systems
- Theoretical properties of MPC: Constraint satisfaction and stability
- Computation: Explicit and online MPC
- Practical issues: Tracking and offset-free control of constrained systems, soft constraints
- Robust MPC: Robust constraint satisfaction
- Nonlinear MPC: Theory and computation
- Hybrid MPC: Modeling hybrid systems and logic, mixed-integer optimization
- Simulation-based project providing practical experience with MPC             

Lecture notes Script / lecture notes will be provided.
Prerequisites /
notice

One semester course on automatic control, Matlab, linear algebra.
Courses on signals and systems and system modeling are recommended. Important concepts to start the course: State-space modeling,
basic concepts of stability, linear quadratic regulation / unconstrained optimal control. 
Expected student activities: Participation in lectures, exercises and course project; homework (~2hrs/week).          

151-0854-00L Autonomous Mobile Robots W 5 credits 4G R. Siegwart, M. Chli, N. Lawrance
Abstract The objective of this course is to provide the basics required to develop autonomous mobile robots and systems. Main emphasis is put on

mobile robot locomotion and kinematics, environment perception, and probabilistic environment modeling, localizatoin, mapping and
navigation. Theory will be deepened by exercises with small mobile robots and discussed accross application examples.

Objective The objective of this course is to provide the basics required to develop autonomous mobile robots and systems. Main emphasis is put on
mobile robot locomotion and kinematics, environment perception, and probabilistic environment modeling, localizatoin, mapping and
navigation.

Lecture notes This lecture is enhanced by around 30 small videos introducing the core topics, and multiple-choice questions for continuous self-
evaluation.   It is developed along the TORQUE (Tiny, Open-with-Restrictions courses focused on QUality and Effectiveness) concept,
which is ETH's response to the popular MOOC (Massive Open Online Course) concept.

Literature This lecture is based on the Textbook: 
Introduction to Autonomous Mobile Robots
Roland Siegwart, Illah Nourbakhsh, Davide Scaramuzza, The MIT Press, Second Edition 2011, ISBN: 978-0262015356

151-1115-00L Aircraft Aerodynamics and Flight Mechanics W  4 credits 3G J. Wildi
Abstract Equations of motion. Aircraft flight perfomance, flight envelope. Aircraft static stability and control, longituadinal and lateral stbility. Dynamic

longitudinal and lateral stability.
Flight test. Wind tunnel test.

Objective - Knowledge of methods to solve flight mechanic problems
- To be able to apply basic methods for flight performence calculation and stability investigations
- Basic knowledge of flight and wind tunnel tests and test evaluation methods

Content Equations of motion. Aircraft flight perfomance, flight envelope. Aircraft static stability and control, longituadinal and lateral stbility. Dynamic
longitudinal and lateral stability.
Flight testing. Wind tunnel testing.

Lecture notes Ausgewählte Kapitel der Flugtechnik (J. Wildi)
Literature Mc Cormick, B.W.: Aerodynamics, Aeronautics and Flight Mechanics (John Wiley and Sons), 1979 / 1995


Anderson, J: Fundamentals of Aerodynamics (McGraw-Hill Comp Inc), 2010

Prerequisites /
notice

Recommended: Lecture 'Basics of Aircraft und Vehicle Aerodynamics' (FS)

151-0116-10L High Performance Computing for Science and
Engineering (HPCSE) for Engineers II

W  4 credits 4G P. Koumoutsakos, S. M. Martin

Abstract This course focuses on programming methods and tools for parallel computing on multi and many-core architectures. Emphasis will be
placed on practical and computational aspects of Uncertainty Quantification and Propagation including the implementation of relevant
algorithms on HPC architectures.

Objective The course will teach 
- programming models and tools for multi and many-core architectures
- fundamental concepts of Uncertainty Quantification and Propagation (UQ+P) for computational models of systems in Engineering and Life
Sciences

Content High Performance Computing:
- Advanced topics in shared-memory programming
- Advanced topics in MPI
- GPU architectures and CUDA programming

Uncertainty Quantification:
- Uncertainty quantification under parametric and non-parametric modeling uncertainty
- Bayesian inference with model class assessment
- Markov Chain Monte Carlo simulation

Lecture notes https://www.cse-lab.ethz.ch/teaching/hpcse-ii_fs20/
Class notes, handouts

Literature - Class notes
- Introduction to High Performance Computing for Scientists and Engineers, G. Hager and G. Wellein
- CUDA by example, J. Sanders and E. Kandrot
- Data Analysis: A Bayesian Tutorial, D. Sivia and J. Skilling
- An introduction to Bayesian Analysis - Theory and Methods, J. Gosh, N. Delampady and S. Tapas 
- Bayesian Data Analysis, A. Gelman, J. Carlin, H. Stern, D. Dunson, A. Vehtari and D. Rubin
- Machine Learning: A Bayesian and Optimization Perspective, S. Theodorides

Prerequisites /
notice

Students must be familiar with the content of High Performance Computing for Science and Engineering I (151-0107-20L)

101-0521-10L Machine Learning for Predictive Maintenance
Applications
The number of participants in the course is limited to 25

W  8 credits 4G O. Fink
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students.

Students interested in attending the lecture are requested
to upload their transcript and a short motivation
responding the following two questions (max. 200 words):
-How does this course fit to the other courses you have
attended so far?
-How does the course support you in achieving your goal?
The following link can be used to upload the documents.
https://polybox.ethz.ch/index.php/s/3S9ZlyxQTiOS3fM

Abstract The course aims at developing machine learning algorithms that are able to use condition monitoring data efficiently and detect occurring
faults in complex industrial assets, isolate their root cause and ultimately predict the remaining useful lifetime.

Objective Students will 
- be able to understand the main challenges faced by predictive maintenance systems
- learn to extract relevant features from condition monitoring data
-learn to select appropriate machine learning algorithms for fault detection, diagnostics and prognostics
-learn to define the learning problem in way that allows its solution based on existing constrains such as lack of fault samples. 
- learn to design end-to-end machine learning algorithms for fault detection and diagnostics 
-be able to evaluate the performance of the applied algorithms.

At the end of the course, the students will be able to design data-driven predictive maintenance applications for complex engineered
systems from raw condition monitoring data.

Content Early and reliable detection, isolation and prediction of faulty system conditions enables the operators to take recovery actions to prevent
critical system failures and ensure a high level of availability and safety. This is particularly crucial for complex systems such as
infrastructures, power plants and aircraft engines. Therefore, their system condition is increasingly tightly monitored by a large number of
diverse condition monitoring sensors. With the increased availability of data on system condition on the one hand, and the increased
complexity of explicit system physics-based models on the other hand, the application of data-driven approaches for predictive
maintenance has been recently increasing. 
This course provides insights and hands-on experience in selecting, designing, optimizing and evaluating machine learning algorithms to
tackle the challenges faced by maintenance systems of complex engineered systems.

Specific topics include:

-Introduction to condition monitoring and predictive maintenance systems 
-Feature extraction and selection methodology
-Machine learning algorithms for fault detection and fault isolation
-End-to-end learning architectures (including feature learning) for fault detection and fault isolation
-Unsupervised and semi-supervised learning algorithms for predictive maintenance
-Machine learning algorithms for prediction of the remaining useful life 
-Performance evaluation
-Predictive maintenance systems at fleet level
-Domain adaptation for fault diagnostics
-Introduction to decision support systems for maintenance applications

Lecture notes Slides and other materials will be available online.
Literature Relevant scientific papers will be discussed in the course.
Prerequisites /
notice

Strong analytical skills.
Programming skills in python are strongly recommended.

103-0848-00L Industrial Metrology and Machine Vision
Number of participants limited to 30.

W  4 credits 3G K. Schindler, A. Wieser

Abstract This course introduces contact and non-contact techniques for 3D coordinate, shape and motion determination as used for 3D inspection,
dimensional control, reverse engineering, motion capture and similar industrial applications.

Objective Understanding the physical basis of photographic sensors and imaging; familiarization with a broader view of image-based 3D geometry
estimation beyond the classical photogrammetric approach; understanding the concepts of measurement traceability and uncertainty;
acquiring an overview of general 3D image metrology including contact and non-contact techniques (coordinate measurement machines;
optical tooling; laser-based high-precision instruments).

Content CCD and CMOS technology; structured light and active stereo; shading models, shape from shading and photometric stereo; shape from
focus; laser interferometry, laser tracker, laser radar; contact and non-contact coordinate measurement machines; optical tooling;
measurement traceability, measurement uncertainty, calibration of measurement systems; 3d surface representations; case studies.

Lecture notes Lecture slides and further literature will be made available on the course webpage.

227-0216-00L Control Systems II W  6 credits 4G R. Smith
Abstract Introduction to basic and advanced concepts of modern feedback control.
Objective Introduction to basic and advanced concepts of modern feedback control.
Content This course is designed as a direct continuation of the course "Regelsysteme" (Control Systems). The primary goal is to further familiarize

students with various dynamic phenomena and their implications for the analysis and design of feedback controllers. Simplifying
assumptions on the underlying plant that were made in the course "Regelsysteme" are relaxed, and advanced concepts and techniques
that allow the treatment of typical industrial control problems are presented. Topics include control of systems with multiple inputs and
outputs, control of uncertain systems (robustness issues), limits of achievable performance, and controller implementation issues.

Lecture notes The slides of the lecture are available to download.
Literature Skogestad, Postlethwaite: Multivariable Feedback Control - Analysis and Design. Second Edition. John Wiley, 2005.
Prerequisites /
notice

Prerequisites:
Control Systems or equivalent

227-0224-00L Stochastic Systems W 4 credits 2V+1U F. Herzog
Abstract Probability. Stochastic processes. Stochastic differential equations. Ito. Kalman filters. St Stochastic optimal control. Applications in

financial engineering.
Objective Stochastic dynamic systems. Optimal control and filtering  of stochastic systems. Examples in technology and finance.
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Content - Stochastic processes
- Stochastic calculus (Ito)
- Stochastic differential equations
- Discrete time stochastic difference equations
- Stochastic processes AR, MA, ARMA, ARMAX, GARCH
- Kalman filter
- Stochastic optimal control
- Applications in finance and engineering

Lecture notes H. P. Geering et al., Stochastic Systems, Measurement and Control Laboratory, 2007 and handouts

227-0690-11L Advanced Topics in Control (Spring 2020)
New topics are introduced every year.

W  4 credits 2V+2U G. Banjac

Abstract Advanced Topics in Control (ATIC) covers advanced research topics in control theory. It is offered each Spring semester with the topic
rotating from year to year. Repetition for credit is possible, with consent of the instructor.

Objective During Spring 2020 the course will cover a range of topics in large-scale convex optimization. The students should be able to apply various
numerical methods to solve large-scale optimization problems arising in control, machine learning, signal processing, and finance.

Content Convex analysis and methods for large-scale optimization. Topics will include: convex sets and functions ; duality theory ; optimality and
infeasibility conditions ; structured optimization problems ; gradient-based methods ; operator splitting methods ; distributed and
decentralized optimization ; applications in various research areas.

Lecture notes Copies of the projection slides will be made available on the course Moodle platform.
Literature The course will be largely based on the Large-Scale Convex Optimization course taught at Lund University: https://archive.control.lth.se/ls-

convex-2015/


Prerequisites /
notice

Sufficient mathematical maturity, in particular in linear algebra and analysis.


252-0220-00L Introduction to Machine Learning
Limited number of participants. Preference is given to
students in programmes in which the course is being
offered. All other students will be waitlisted. Please do not
contact Prof. Krause for any questions in this regard. If
necessary, please contact studiensekretariat@inf.ethz.ch 

W  8 credits 4V+2U+1A A. Krause

Abstract The course introduces the foundations of learning and making predictions based on data.
Objective The course will introduce the foundations of learning and making predictions from data. We will study basic concepts such as trading

goodness of fit and model complexitiy. We will discuss important machine learning algorithms used in practice, and provide hands-on
experience in a course project.

Content - Linear regression (overfitting, cross-validation/bootstrap, model selection, regularization, [stochastic] gradient descent)
- Linear classification: Logistic regression (feature selection, sparsity, multi-class)
- Kernels and the kernel trick (Properties of kernels; applications to linear and logistic regression); k-nearest neighbor
- Neural networks (backpropagation, regularization, convolutional neural networks)
- Unsupervised learning (k-means, PCA, neural network autoencoders)
- The statistical perspective (regularization as prior; loss as likelihood; learning as MAP inference)
- Statistical decision theory (decision making based on statistical models and utility functions)
- Discriminative vs. generative modeling (benefits and challenges in modeling joint vy. conditional distributions)
- Bayes' classifiers (Naive Bayes, Gaussian Bayes; MLE)
- Bayesian approaches to unsupervised learning (Gaussian mixtures, EM)

Literature Textbook: Kevin Murphy, Machine Learning: A Probabilistic Perspective, MIT Press
Prerequisites /
notice

Designed to provide a basis for following courses:
- Advanced Machine Learning
- Deep Learning
- Probabilistic Artificial Intelligence 
- Seminar "Advanced Topics in Machine Learning"

252-0526-00L Statistical Learning Theory W  7 credits 3V+2U+1A J. M. Buhmann, C. Cotrini Jimenez
Abstract The course covers advanced methods of statistical learning: 


- Variational methods and optimization.
- Deterministic annealing. 
- Clustering for diverse types of data.
- Model validation by information theory.

Objective The course surveys recent methods of statistical learning. The fundamentals of machine learning, as presented in the courses "Introduction
to Machine Learning" and "Advanced Machine Learning", are expanded from the perspective of statistical learning.

Content - Variational methods and optimization. We consider optimization approaches for problems where the optimizer is a probability distribution.
We will discuss concepts like maximum entropy, information bottleneck, and deterministic annealing.

- Clustering. This is the problem of sorting data into groups without using training samples. We discuss alternative notions of "similarity"
between data points and adequate optimization procedures.

- Model selection and validation. This refers to the question of how complex the chosen model should be. In particular, we present an
information theoretic approach for model validation.

- Statistical physics models. We discuss approaches for approximately optimizing large systems, which originate in statistical physics (free
energy minimization applied to spin glasses and other models). We also study sampling methods based on these models.

Lecture notes A draft of a script will be provided. Lecture slides will be made available.
Literature Hastie, Tibshirani, Friedman: The Elements of Statistical Learning, Springer, 2001.


L. Devroye, L. Gyorfi, and G. Lugosi: A probabilistic theory of pattern recognition. Springer, New York, 1996

Prerequisites /
notice

Knowledge of machine learning (introduction to machine learning and/or advanced machine learning)
Basic knowledge of statistics.

252-0579-00L 3D Vision W  5 credits 3G+1A M. Pollefeys, V. Larsson
Abstract The course covers camera models and calibration, feature tracking and matching, camera motion estimation via simultaneous localization

and mapping (SLAM) and visual odometry (VO), epipolar and mult-view geometry, structure-from-motion, (multi-view) stereo, augmented
reality, and image-based (re-)localization.
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Objective After attending this course, students will:
   1. understand the core concepts for recovering 3D shape of objects and scenes from images and video.
   2. be able to implement basic systems for vision-based robotics and simple virtual/augmented reality applications.
   3. have a good overview over the current state-of-the art in 3D vision.
   4. be able to critically analyze and asses current research in this area.

Content The goal of this course is to teach the core techniques required for robotic and augmented reality applications: How to determine the
motion of a camera and how to estimate the absolute position and orientation of a camera in the real world. This course will introduce the
basic concepts of 3D Vision in the form of short lectures, followed by student presentations discussing the current state-of-the-art. The
main focus of this course are student projects on 3D Vision topics, with an emphasis on robotic vision and virtual and augmented reality
applications.

252-0834-00L Information Systems for Engineers
Wird ab HS20 nur in Herbstsemester angeboten.

W  4 credits 2V+1U G. Fourny

Abstract This course provides the basics of relational databases from the perspective of the user.

We will discover why tables are so incredibly powerful to express relations, learn the SQL query language, and how to make the most of it.
The course also covers support for data cubes (analytics).

Objective This lesson is complementary with Big Data for Engineers as they cover different time periods of database history and practices -- you can
even take both lectures at the same time.

After visiting this course, you will be capable to:

1. Explain, in the big picture, how a relational database works and what it can do in your own words.

2. Explain the relational data model (tables, rows, attributes, primary keys, foreign keys), formally and informally, including the relational
algebra operators (select, project, rename, all kinds of joins, division, cartesian product, union, intersection, etc).

3. Perform non-trivial reading SQL queries on existing relational databases, as well as insert new data, update and delete existing data.

4. Design new schemas to store data in accordance to the real world's constraints, such as relationship cardinality

5. Explain what bad design is and why it matters.

6. Adapt and improve an existing schema to make it more robust against anomalies, thanks to a very good theoretical knowledge of what is
called "normal forms".

7. Understand how indices work (hash indices, B-trees), how they are implemented, and how to use them to make queries faster.

8. Access an existing relational database from a host language such as Java, using bridges such as JDBC.

9. Explain what data independence is all about and didn't age a bit since the 1970s.

10. Explain, in the big picture, how a relational database is physically implemented.

11. Know and deal with the natural syntax for relational data, CSV.

12. Explain the data cube model including slicing and dicing.

13. Store data cubes in a relational database.

14. Map cube queries to SQL.

15. Slice and dice cubes in a UI.

And of course, you will think that tables are the most wonderful object in the world.

Content Using a relational database
=================
1. Introduction
2. The relational model
3. Data definition with SQL
4. The relational algebra
5. Queries with SQL

Taking a relational database to the next level
=================
6. Database design theory
7. Databases and host languages
8. Databases and host languages
9. Indices and optimization
10. Database architecture and storage

Analytics on top of a relational database
=================
12. Data cubes

Outlook
=================
13. Outlook

Literature - Lecture material (slides).

- Book: "Database Systems: The Complete Book", H. Garcia-Molina, J.D. Ullman, J. Widom
(It is not required to buy the book, as the library has it)

Prerequisites /
notice

For non-CS/DS students only, BSc and MSc
Elementary knowledge of set theory and logics
Knowledge as well as basic experience with a programming language such as Pascal, C, C++, Java, Haskell, Python

263-5806-00L Computational Models of Motion for Character
Animation and Robotics

W  6 credits 2V+2U+1A S. Coros, M. Bächer,
B. Thomaszewski
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Abstract This course covers fundamentals of physics-based modelling and numerical optimization from the perspective of character animation and
robotics applications. The methods discussed in class derive their theoretical underpinnings from applied mathematics, control theory and
computational mechanics, and they will be richly illustrated using examples ranging from locomotion controllers and crowd simula

Objective Students will learn how to represent, model and algorithmically control the behavior of animated characters and real-life robots. The
lectures are accompanied by programming assignments (written in C++) and a capstone project.

Content Optimal control and trajectory optimization; multibody systems; kinematics; forward and inverse dynamics; constrained and unconstrained
numerical optimization; mass-spring models for crowd simulation; FEM; compliant systems; sim-to-real; robotic manipulation of elastically-
deforming objects. 

Prerequisites /
notice

Experience with C++ programming, numerical linear algebra and multivariate calculus. Some background in physics-based modeling,
kinematics and dynamics is helpful, but not necessary.


376-1217-00L Rehabilitation Engineering I: Motor Functions W 4 credits 2V+1U R. Riener, E. Wilhelm
Abstract Rehabilitation engineering is the application of science and technology to ameliorate the handicaps of individuals with disabilities in order to

reintegrate them into society. The goal of this lecture is to present classical and new rehabilitation engineering principles and examples
applied to compensate or enhance especially motor deficits.

Objective Provide theoretical and practical knowledge of principles and applications used to rehabilitate individuals with motor disabilities.
Content Rehabilitation is the (re)integration of an individual with a disability into society. Rehabilitation engineering is the application of science and

technology to ameliorate the handicaps of individuals with disability. Such handicaps can be classified into motor, sensor, and cognitive
(also communicational) disabilities. In general, one can distinguish orthotic and prosthetic methods to overcome these disabilities. Orthoses
support existing but affected body functions (e.g., glasses, crutches), while prostheses compensate for lost body functions (e.g., cochlea
implant, artificial limbs). In case of sensory disorders, the lost function can also be substituted by other modalities (e.g. tactile Braille display
for vision impaired persons). 

The goal of this lecture is to present classical and new technical principles as well as specific examples applied to compensate or enhance
mainly motor deficits. Modern methods rely more and more on the application of multi-modal and interactive techniques. Multi-modal
means that visual, acoustical, tactile, and kinaesthetic sensor channels are exploited by displaying the patient with a maximum amount of
information in order to compensate his/her impairment. Interaction means that the exchange of information and energy occurs bi-
directionally between the rehabilitation device and the human being. Thus, the device cooperates with the patient rather than imposing an
inflexible strategy (e.g., movement) upon the patient. Multi-modality and interactivity have the potential to increase the therapeutical
outcome compared to classical rehabilitation strategies.
In the 1 h exercise the students will learn how to solve representative problems with computational methods applied to exoprosthetics,
wheelchair dynamics, rehabilitation robotics and neuroprosthetics.

Literature Introductory Books

Neural prostheses - replacing motor function after desease or disability. Eds.: R. Stein, H. Peckham, D. Popovic. New York and Oxford:
Oxford University Press.

Advances in Rehabilitation Robotics  Human-Friendly Technologies on Movement Assistance and Restoration for People with Disabilities.
Eds: Z.Z. Bien, D. Stefanov (Lecture Notes in Control and Information Science, No. 306). Springer Verlag Berlin 2004.

Intelligent Systems and Technologies in Rehabilitation Engineering. Eds: H.N.L. Teodorescu, L.C. Jain (International Series on
Computational Intelligence). CRC Press Boca Raton, 2001.

Control of Movement for the Physically Disabled. Eds.: D. Popovic, T. Sinkjaer. Springer Verlag London, 2000.

Interaktive und autonome Systeme der Medizintechnik - Funktionswiederherstellung und Organersatz. Herausgeber: J. Werner,
Oldenbourg Wissenschaftsverlag 2005. 

Biomechanics and Neural Control of Posture and Movement. Eds.: J.M. Winters, P.E. Crago. Springer New York, 2000.

Selected Journal Articles

Abbas, J., Riener, R. (2001) Using mathematical models and advanced control systems techniques to enhance neuroprosthesis function.
Neuromodulation 4, pp. 187-195. 

Burdea, G., Popescu, V., Hentz, V., and Colbert, K. (2000): Virtual reality-based orthopedic telerehabilitation, IEEE Trans. Rehab. Eng., 8,
pp. 430-432

Colombo, G., Jörg, M., Schreier, R., Dietz, V. (2000) Treadmill training of paraplegic patients using a robotic orthosis. Journal of
Rehabilitation Research and Development, vol. 37, pp. 693-700.
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Prerequisites /
notice

Target Group: 
Students of higher semesters and PhD students of 
- D-MAVT, D-ITET, D-INFK
- Biomedical Engineering 
- Medical Faculty, University of Zurich 
Students of other departments, faculties, courses are also welcome

376-1308-00L Development Strategies for Medical Implants
Number of participants limited to 25 until 30.
Assignments will be considered chronological.

W  3 credits 2V+1U J. Mayer-Spetzler, M. Rubert

Abstract Introduction to development strategies for implantable devices considering the interdependecies of biocompatibility, clinical and economical
requirements ; discussion of the state of the art and actual trends in in orthopedics, sports medicine, traumatology and cardio-vascular
surgery as well as regenerative medicine (tissue engineering).

Objective Basic considerations in implant development
Concept of structural and surface biocompatiblity and its relevance for the design of implant and surgical technique
Understanding of conflicting factors, e.g. clinical need, economics and regulatory requirements
Concepts of tissue engineering, its strengths and weaknesses as current and future clinical solution

Content Biocompatibility as bionic guide line for the development of medical implants; implant and implantation related tissue reactions,
biocompatible materials and material processing technologies; implant testing and regulatory procedures; discussion of the state of the art
and actual trends in implant development in orthopedics, sports medicine, traumatology, spinal and cardio-vascular surgery; introduction to
tissue engineering. Selected topics will be further illustrated by commented movies from surgeries. 

Seminar: 
Group seminars on selected controversial topics in implant development. Participation is mandatory

Planned excursions (limited availability, not mandatory, to be confirmed): 
1. Participation (as visitor) on a life surgery  (travel at own expense)

Lecture notes Scribt (electronically available): 
- presented slides
- selected scientific papers for further reading

Literature Reference to key papers will be provided during the lectures
Prerequisites /
notice

Only Master students, achieved Bachelor degree is a pre-condition

The number of participants in the course is limited to 30 students in total.

Students will be exposed to surgical movies which may cause emotional reactions. The viewing of the surgical movies is voluntary and is
on the student's own responsability.

 Micro & Nanosystems
The courses listed in this category “Core Courses” are recommended. Alternative courses can be chosen in agreement with the tutor.


Number Title Type ECTS Hours Lecturers

151-0060-00L Thermodynamics and Transport Phenomena in
Nanotechnology

W  4 credits 2V+2U T. Schutzius

Abstract The lecture deals with thermodynamics and transport phenomena in nano- and microscale systems. Typical areas of applications are
microelectronics manufacturing and cooling, manufacturing of novel materials and coatings, surface technologies, wetting phenomena and
related technologies, and micro- and nanosystems and devices.

Objective The student will acquire fundamental knowledge of micro and nanoscale interfacial thermofluidics including light interaction with surfaces.
Furthermore, the student will be exposed to a host of applications ranging from superhydrophobic surfaces and microelectronics cooling to
solar energy, all of which will be discussed in the context of the course.

Content Thermodynamic aspects of intermolecular forces; Interfacial phenomena; Surface tension; Wettability and contact angle; Wettability of
Micro/Nanoscale textured surfaces: superhydrophobicity and superhydrophilicity.

Physics of micro- and nanofluidics.

Principles of thermoplasmonics and applications.

Lecture notes yes

151-0116-10L High Performance Computing for Science and
Engineering (HPCSE) for Engineers II

W  4 credits 4G P. Koumoutsakos, S. M. Martin

Abstract This course focuses on programming methods and tools for parallel computing on multi and many-core architectures. Emphasis will be
placed on practical and computational aspects of Uncertainty Quantification and Propagation including the implementation of relevant
algorithms on HPC architectures.

Objective The course will teach 
- programming models and tools for multi and many-core architectures
- fundamental concepts of Uncertainty Quantification and Propagation (UQ+P) for computational models of systems in Engineering and Life
Sciences

Content High Performance Computing:
- Advanced topics in shared-memory programming
- Advanced topics in MPI
- GPU architectures and CUDA programming

Uncertainty Quantification:
- Uncertainty quantification under parametric and non-parametric modeling uncertainty
- Bayesian inference with model class assessment
- Markov Chain Monte Carlo simulation

Lecture notes https://www.cse-lab.ethz.ch/teaching/hpcse-ii_fs20/
Class notes, handouts

Literature - Class notes
- Introduction to High Performance Computing for Scientists and Engineers, G. Hager and G. Wellein
- CUDA by example, J. Sanders and E. Kandrot
- Data Analysis: A Bayesian Tutorial, D. Sivia and J. Skilling
- An introduction to Bayesian Analysis - Theory and Methods, J. Gosh, N. Delampady and S. Tapas 
- Bayesian Data Analysis, A. Gelman, J. Carlin, H. Stern, D. Dunson, A. Vehtari and D. Rubin
- Machine Learning: A Bayesian and Optimization Perspective, S. Theodorides
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Prerequisites /
notice

Students must be familiar with the content of High Performance Computing for Science and Engineering I (151-0107-20L)

151-0172-00L Microsystems II: Devices and Applications W 6 credits 3V+3U C. Hierold, C. I. Roman
Abstract The students are introduced to the fundamentals and physics of microelectronic devices as well as to microsystems in general (MEMS).

They will be able to apply this knowledge for system research and development and to assess and apply principles, concepts and methods
from a broad range of technical and scientific disciplines for innovative products.

Objective The students are introduced to the fundamentals and physics of microelectronic devices as well as to microsystems in general (MEMS),
basic electronic circuits for sensors, RF-MEMS, chemical microsystems, BioMEMS and microfluidics, magnetic sensors and optical
devices, and in particular to the concepts of Nanosystems (focus on carbon nanotubes), based on the respective state-of-research in the
field. They will be able to apply this knowledge for system research and development and to assess and apply principles, concepts and
methods from a broad range of technical and scientific disciplines for innovative products. 

During the weekly 3 hour module on Mondays dedicated to Übungen the students will learn the basics of Comsol Multiphysics and utilize
this software to simulate MEMS devices to understand their operation more deeply and optimize their designs.

Content Transducer fundamentals and test structures
Pressure sensors and accelerometers
Resonators and gyroscopes
RF MEMS
Acoustic transducers and energy harvesters
Thermal transducers and energy harvesters
Optical and magnetic transducers
Chemical sensors and biosensors, microfluidics and bioMEMS
Nanosystem concepts
Basic electronic circuits for sensors and microsystems

Lecture notes Handouts (on-line)

151-0237-00L Advanced Optical Methods in Nanotechnology W  4 credits 2V+1U H. Eghlidi
Abstract The course covers both fundamental optical concepts for understanding micro/nano-optical studies as well as the principles and design

rules of the most common and emerging optical techniques and systems. This course benefits students who want to pursue
micro/nanoscopic non-invasive characterizations in various fields e.g. material sciences, mechanical engineering, biology, micro- and
nanofluidics.

Objective In the first part, students will learn about the necessary topics in optics, basic optical components and their important properties.  In the
second part, different optical characterization techniques, including optical imaging, spectroscopy and time-correlation measurements, and
their applications in nanoscale systems will be studied. Upon completion of the course, students will be able to understand, modify and
design optical systems for various micro/nanoscopic characterizations and studies.

Content Principles of optics (ray optics, beam optics, Fourier optics); Optical devices and components (light sources, fiber, lens, mirror, objective,
grating, beam splitter, filter, etc.); Characterization techniques and systems: microscopy (confocal, dark-field, fluorescence, interferrometric
scattering, super-resolution, etc.), spectroscopy, time-correlation measurements.

Literature Different book chapters and articles which will be announced/provided during the course.

151-0530-00L Nonlinear Dynamics and Chaos II W 4 credits 4G G. Haller
Abstract The internal structure of chaos; Hamiltonian dynamical systems; Normally hyperbolic invariant manifolds; Geometric singular perturbation

theory; Finite-time dynamical systems
Objective The course introduces the student to advanced, comtemporary concepts of nonlinear dynamical systems analysis.
Content I. The internal structure of chaos: symbolic dynamics, Bernoulli shift map,  sub-shifts of finite type; chaos is numerical iterations.


II.Hamiltonian dynamical systems: conservation and recurrence, stability of fixed points, integrable systems,  invariant tori, Liouville-
Arnold-Jost Theorem, KAM theory.

III. Normally hyperbolic invariant manifolds: Crash course on differentiable manifolds,  existence, persistence, and smoothness,
applications.
IV. Geometric singular perturbation theory:  slow manifolds  and their stability, physical examples. V. Finite-time dynamical system;
detecting  Invariant manifolds and coherent structures  in finite-time flows

Lecture notes Students have to prepare their own lecture notes
Literature Books will be recommended in class
Prerequisites /
notice

Nonlinear Dynamics I (151-0532-00) or equivalent

151-0620-00L Embedded MEMS Lab
Number of participants limited to 20.

W 5 credits 3P C. Hierold, S. Blunier, M. Haluska

Abstract Practical course: Students are introduced to the process steps required for the fabrication of MEMS (Micro Electro Mechanical System) and
carry out the fabrication and testing steps in the clean rooms themselves. Additionally, they learn the requirements for working in clean
rooms. Processing and characterization will be documented and analyzed in a final report.

Objective Students learn the individual process steps that are required to make a MEMS (Micro Electro Mechanical System). Students carry out the
process steps themselves in laboratories and clean rooms. Furthermore, participants become familiar with the special requirements
(cleanliness, safety, operation of equipment and handling hazardous chemicals) of working in the clean rooms and laboratories. The entire
production, processing, and characterization of the MEMS is documented and evaluated in a final report.

Content With guidance from a tutor, the individual silicon microsystem process steps that are required for the fabrication of an accelerometer are
carried out:
- Photolithography, dry etching, wet etching, sacrificial layer etching,  various cleaning procedures
- Packaging and electrical connection of a MEMS device
- Testing and characterization of the MEMS device
- Written documentation and evaluation of the entire production, processing and characterization

Lecture notes A document containing theory, background and practical course content is distributed in the informational meeting.
Literature The document provides sufficient information for the participants to successfully participate in the course.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1231 of 1785

Prerequisites /
notice

Participating students are required to attend all scheduled lectures and meetings of the course. 

Participating students are required to provide proof that they have personal accident insurance prior to the start of the laboratory portion of
the course. 

This master's level course is limited to 20 students per semester for safety and efficiency reasons.
If there are more than 20 students registered, we regret to restrict access to this course by the following rules:

Priority 1: master students of the master's program in "Micro and Nanosystems"

Priority 2: master students of the master's program in "Mechanical Engineering" with a specialization in Microsystems and Nanoscale
Engineering (MAVT-tutors Profs Dual, Hierold, Koumoutsakos, Nelson, Norris, Poulikakos, Pratsinis, Stemmer), who attended the bachelor
course "151-0621-00L Microsystems Technology" successfully.

Priority 3: master students, who attended the bachelor course "151-0621-00L Microsystems Technology" successfully.

Priority 4: all other students (PhD, bachelor, master) with a background in silicon or microsystems process technology.

If there are more students in one of these priority groups than places available, we will decide with respect to (in following order) best
achieved grade from 151-0621-00L Microsystems Technology, registration to this practicum at previous semester, and by drawing lots.
Students will be notified at the first lecture of the course (introductory lecture) as to whether they are able to participate.

The course is offered in autumn and spring semester.

151-0622-00L Measuring on the Nanometer Scale W  2 credits 2G A. Stemmer
Abstract Introduction to theory and practical application of measuring techniques suitable for the nano domain.
Objective Introduction to theory and practical application of measuring techniques suitable for the nano domain.
Content Conventional techniques to analyze nano structures using photons and electrons: light microscopy with dark field and differential

interference contrast; scanning electron microscopy, transmission electron microscopy. Interferometric and other techniques to measure
distances. Optical traps. Foundations of scanning probe microscopy: tunneling, atomic force, optical near-field. Interactions between
specimen and probe. Current trends, including spectroscopy of material parameters.

Lecture notes Class notes and special papers will be distributed.

151-0628-00L Scanning Probe Microscopy Lab
Limited number of participants.
Please address your application to Andreas Stemmer
(astemmer@ethz.ch).

Simultaneous enrolment in 151-0622-00L Measuring on
the Nanometer Scale is required.

W 2 credits 2P A. Stemmer

Abstract Practical application of scanning probe microscopy techniques in the field of nanoscale and molecular electronics. Limited access.
Objective Design, realisation, evaluation, and interpretation of experiments in scanning probe microscopy.
Prerequisites /
notice

Application required! The number of participants is limited.
Block course after the end of the semester.

Enrollment in the Master course 151-0622-00L Measuring on the Nanometer Scale is required.

Applications include (i) a summary of your research experience in micro and nanoscale science, (ii) a short description of your goals for the
next three years, and (iii) a statement of what you personally expect to gain from attending this course.
Send applications to Andreas Stemmer  astemmer@ethz.ch

151-0630-00L Nanorobotics W 4 credits 2V+1U S. Pané Vidal
Abstract Nanorobotics is an interdisciplinary field that includes topics from nanotechnology and robotics. The aim of this course is to expose

students to the fundamental and essential aspects of this emerging field.
Objective The aim of this course is to expose students to the fundamental and essential aspects of this emerging field. These topics include basic

principles of nanorobotics, building parts for nanorobotic systems, powering and locomotion of nanorobots, manipulation, assembly and
sensing using nanorobots, molecular motors, and nanorobotics for nanomedicine.

151-0642-00L Seminar on Micro and Nanosystems E-  0 credits 1S C. Hierold
Abstract Scientific presentations from the field of Micro- and Nanosystems
Objective The students will be informed about the latest news from the state-of-the-art in the field and will take the opportunity to start scientific and

challenging discussions with the presenters.
Content Selected and hot topics from Micro- and Nanosystems, progress reports from PhD projects.

151-0931-00L Seminar on Particle Technology E-  0 credits 3S S. E. Pratsinis
Abstract The latest advances in particle technology are highlighted focusing on aerosol fundamentals in connection to materials processing and

nanoscale engineering. Students attend and give research presentations for the research they plan to do and at the end of the semester
they defend their results and answer questions from research scientists. Familiarize the students with the latest in this field.

Objective The goal of the seminar is to introduce and discuss newest developments in particle science and engineering. Emphasis is placed on the
oral presentation of research results, validation and comparison with existing 
data from the literature. Students learn how to organize and deliver effectively a scientific presentation and how to articulate and debate
scientific results.

Content The seminar addresses synthesis, characterization, handling and modeling of particulate systems (aerosols, suspensions etc.) for
applications in ceramics, catalysis, reinforcements, pigments, composites etc. on the examples of newest research developments. It
comprises particle - particle interactions, particle - fluid interactions and the response of the particulate system to the specific application.

Prerequisites /
notice

Voraussetzungen: Particle Technology (30-902) or Particulate Processes (151-0903-00)

227-0455-00L Terahertz: Technology and Applications W  5 credits 3G+3A K. Sankaran
Abstract This block course will provide a solid foundation for understanding physical principles of THz applications. We will discuss various building

blocks of THz technology - components dealing with generation, manipulation, and detection of THz electromagnetic radiation. We will
introduce THz applications in the domain of imaging, sensing, communications, non-destructive testing and evaluations.
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Objective This is an introductory course on Terahertz (THz) technology and applications. Devices operating in THz frequency range (0.1 to 10 THz)
have been increasingly studied in the recent years. Progress in nonlinear optical materials, ultrafast optical and electronic techniques has
strengthened research in THz application developments. Due to unique interaction of THz waves with materials, applications with new
capabilities can be developed. In theory, they can penetrate somewhat like X-rays, but are not considered harmful radiation, because THz
energy level is low. They should be able to provide resolution as good as or better than magnetic resonance imaging (MRI), possibly with
simpler equipment. Imaging, very-high bandwidth communication, and energy harvesting are the most widely explored THz application
areas. We will study the basics of THz generation, manipulation, and detection. Our emphasis will be on the physical principles and
applications of THz in the domain of imaging, sensing, communications, non-destructive testing and evaluations. 

The second part of the block course will be a short project work related to the topics covered in the lecture. The learnings from the project
work should be presented in the end.

Content PART I:

- INTRODUCTION -
Chapter 1: Introduction to THz Physics
Chapter 2: Components of THz Technology

- THz TECHNOLOGY MODULES -
Chapter 3: THz Generation
Chapter 4: THz Detection
Chapter 5: THz Manipulation

- APPLICATIONS -
Chapter 6: THz Imaging / Sensing / Communication
Chapter 7: THz Non-destructive Testing
Chapter 8: THz Applications in Plastic & Recycling Industries

PART 2:
 
- PROJECT WORK -
Short project work related to the topics covered in the lecture.
Short presentation of the learnings from the project work.
Full guidance and supervision will be given for successful completion of the short project work.

Lecture notes Soft-copy of lectures notes will be provided.
Literature - Yun-Shik Lee, Principles of Terahertz Science and Technology, Springer 2009

- Ali Rostami, Hassan Rasooli, and Hamed Baghban, Terahertz Technology: Fundamentals and Applications, Springer 2010
Prerequisites /
notice

Basic foundation in physics, particularly, electromagnetics is required. 
Students who want to refresh their electromagnetics fundamentals can get additional material required for the course.

227-0662-00L Organic and Nanostructured Optics and Electronics
(Course)
Does not take place this semester.

W  3 credits 2G V. Wood

Abstract This course examines the optical and electronic properties of excitonic materials that can be leveraged to create thin-film light emitting
devices and solar cells. Laboratory sessions provide students with experience in synthesis and optical characterization of nanomaterials as
well as fabrication and characterization of thin film devices.

Objective Gain the knowledge and practical experience to begin research with organic or nanostructured materials and understand the key
challenges in this rapidly emerging field.

Content 0-Dimensional Excitonic Materials (organic molecules and colloidal quantum dots)

Energy Levels and Excited States (singlet and triplet states, optical absorption and luminescence).

Excitonic and Polaronic Processes (charge transport, Dexter and Förster energy transfer, and exciton diffusion).

Devices (photodetectors, solar cells, and light emitting devices).

Literature Lecture notes and reading assignments from current literature to be posted on website.

227-0662-10L Organic and Nanostructured Optics and Electronics
(Project)
Does not take place this semester.

W  3 credits 2A V. Wood

Abstract This course examines the optical and electronic properties of excitonic materials that can be leveraged to create thin-film light emitting
devices and solar cells. Laboratory sessions provide students with experience in synthesis and optical characterization of nanomaterials as
well as fabrication and characterization of thin film devices.

Objective Gain the knowledge and practical experience to begin research with organic or nanostructured materials and understand the key
challenges in this rapidly emerging field.

Content 0-Dimensional Excitonic Materials (organic molecules and colloidal quantum dots)

Energy Levels and Excited States (singlet and triplet states, optical absorption and luminescence).

Excitonic and Polaronic Processes (charge transport, Dexter and Förster energy transfer, and exciton diffusion).

Devices (photodetectors, solar cells, and light emitting devices).

Literature Lecture notes and reading assignments from current literature to be posted on website.
Prerequisites /
notice

Admission is conditional to passing 227-0662-00L  Organic and Nanostructured Optics and Electronics (Course)

252-0834-00L Information Systems for Engineers
Wird ab HS20 nur in Herbstsemester angeboten.

W  4 credits 2V+1U G. Fourny

Abstract This course provides the basics of relational databases from the perspective of the user.

We will discover why tables are so incredibly powerful to express relations, learn the SQL query language, and how to make the most of it.
The course also covers support for data cubes (analytics).
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Objective This lesson is complementary with Big Data for Engineers as they cover different time periods of database history and practices -- you can
even take both lectures at the same time.

After visiting this course, you will be capable to:

1. Explain, in the big picture, how a relational database works and what it can do in your own words.

2. Explain the relational data model (tables, rows, attributes, primary keys, foreign keys), formally and informally, including the relational
algebra operators (select, project, rename, all kinds of joins, division, cartesian product, union, intersection, etc).

3. Perform non-trivial reading SQL queries on existing relational databases, as well as insert new data, update and delete existing data.

4. Design new schemas to store data in accordance to the real world's constraints, such as relationship cardinality

5. Explain what bad design is and why it matters.

6. Adapt and improve an existing schema to make it more robust against anomalies, thanks to a very good theoretical knowledge of what is
called "normal forms".

7. Understand how indices work (hash indices, B-trees), how they are implemented, and how to use them to make queries faster.

8. Access an existing relational database from a host language such as Java, using bridges such as JDBC.

9. Explain what data independence is all about and didn't age a bit since the 1970s.

10. Explain, in the big picture, how a relational database is physically implemented.

11. Know and deal with the natural syntax for relational data, CSV.

12. Explain the data cube model including slicing and dicing.

13. Store data cubes in a relational database.

14. Map cube queries to SQL.

15. Slice and dice cubes in a UI.

And of course, you will think that tables are the most wonderful object in the world.

Content Using a relational database
=================
1. Introduction
2. The relational model
3. Data definition with SQL
4. The relational algebra
5. Queries with SQL

Taking a relational database to the next level
=================
6. Database design theory
7. Databases and host languages
8. Databases and host languages
9. Indices and optimization
10. Database architecture and storage

Analytics on top of a relational database
=================
12. Data cubes

Outlook
=================
13. Outlook

Literature - Lecture material (slides).

- Book: "Database Systems: The Complete Book", H. Garcia-Molina, J.D. Ullman, J. Widom
(It is not required to buy the book, as the library has it)

Prerequisites /
notice

For non-CS/DS students only, BSc and MSc
Elementary knowledge of set theory and logics
Knowledge as well as basic experience with a programming language such as Pascal, C, C++, Java, Haskell, Python

 Bioengineering
The courses listed in this category “Core Courses” are recommended. Alternative courses can be chosen in agreement with the tutor.


Number Title Type ECTS Hours Lecturers

151-0060-00L Thermodynamics and Transport Phenomena in
Nanotechnology

W  4 credits 2V+2U T. Schutzius

Abstract The lecture deals with thermodynamics and transport phenomena in nano- and microscale systems. Typical areas of applications are
microelectronics manufacturing and cooling, manufacturing of novel materials and coatings, surface technologies, wetting phenomena and
related technologies, and micro- and nanosystems and devices.

Objective The student will acquire fundamental knowledge of micro and nanoscale interfacial thermofluidics including light interaction with surfaces.
Furthermore, the student will be exposed to a host of applications ranging from superhydrophobic surfaces and microelectronics cooling to
solar energy, all of which will be discussed in the context of the course.
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Content Thermodynamic aspects of intermolecular forces; Interfacial phenomena; Surface tension; Wettability and contact angle; Wettability of
Micro/Nanoscale textured surfaces: superhydrophobicity and superhydrophilicity.

Physics of micro- and nanofluidics.

Principles of thermoplasmonics and applications.

Lecture notes yes

151-0116-10L High Performance Computing for Science and
Engineering (HPCSE) for Engineers II

W  4 credits 4G P. Koumoutsakos, S. M. Martin

Abstract This course focuses on programming methods and tools for parallel computing on multi and many-core architectures. Emphasis will be
placed on practical and computational aspects of Uncertainty Quantification and Propagation including the implementation of relevant
algorithms on HPC architectures.

Objective The course will teach 
- programming models and tools for multi and many-core architectures
- fundamental concepts of Uncertainty Quantification and Propagation (UQ+P) for computational models of systems in Engineering and Life
Sciences

Content High Performance Computing:
- Advanced topics in shared-memory programming
- Advanced topics in MPI
- GPU architectures and CUDA programming

Uncertainty Quantification:
- Uncertainty quantification under parametric and non-parametric modeling uncertainty
- Bayesian inference with model class assessment
- Markov Chain Monte Carlo simulation

Lecture notes https://www.cse-lab.ethz.ch/teaching/hpcse-ii_fs20/
Class notes, handouts

Literature - Class notes
- Introduction to High Performance Computing for Scientists and Engineers, G. Hager and G. Wellein
- CUDA by example, J. Sanders and E. Kandrot
- Data Analysis: A Bayesian Tutorial, D. Sivia and J. Skilling
- An introduction to Bayesian Analysis - Theory and Methods, J. Gosh, N. Delampady and S. Tapas 
- Bayesian Data Analysis, A. Gelman, J. Carlin, H. Stern, D. Dunson, A. Vehtari and D. Rubin
- Machine Learning: A Bayesian and Optimization Perspective, S. Theodorides

Prerequisites /
notice

Students must be familiar with the content of High Performance Computing for Science and Engineering I (151-0107-20L)

151-0237-00L Advanced Optical Methods in Nanotechnology W  4 credits 2V+1U H. Eghlidi
Abstract The course covers both fundamental optical concepts for understanding micro/nano-optical studies as well as the principles and design

rules of the most common and emerging optical techniques and systems. This course benefits students who want to pursue
micro/nanoscopic non-invasive characterizations in various fields e.g. material sciences, mechanical engineering, biology, micro- and
nanofluidics.

Objective In the first part, students will learn about the necessary topics in optics, basic optical components and their important properties.  In the
second part, different optical characterization techniques, including optical imaging, spectroscopy and time-correlation measurements, and
their applications in nanoscale systems will be studied. Upon completion of the course, students will be able to understand, modify and
design optical systems for various micro/nanoscopic characterizations and studies.

Content Principles of optics (ray optics, beam optics, Fourier optics); Optical devices and components (light sources, fiber, lens, mirror, objective,
grating, beam splitter, filter, etc.); Characterization techniques and systems: microscopy (confocal, dark-field, fluorescence, interferrometric
scattering, super-resolution, etc.), spectroscopy, time-correlation measurements.

Literature Different book chapters and articles which will be announced/provided during the course.

151-0306-00L Visualization, Simulation and Interaction - Virtual
Reality I

W  4 credits 4G A. Kunz

Abstract Technology of Virtual Reality. Human factors, Creation of virtual worlds, Lighting models, Display- and acoustic- systems, Tracking,
Haptic/tactile interaction, Motion platforms, Virtual prototypes, Data exchange, VR Complete systems, Augmented reality, Collaboration
systems; VR and Design; Implementation of the VR in the industry; Human Computer Interfaces (HCI).

Objective The product development process in the future will be characterized by the Digital Product which is the center point for concurrent
engineering with teams spreas worldwide. Visualization and simulation of complex products including their physical behaviour at an early
stage of development will be relevant in future. The lecture will give an overview to techniques for virtual reality, to their ability to visualize
and to simulate objects. It will be shown how virtual reality is already used in the product development process.

Content Introduction to the world of virtual reality; development of new VR-techniques; introduction to 3D-computergraphics; modelling; physical
based simulation; human factors; human interaction; equipment for virtual reality; display technologies; tracking systems; data gloves;
interaction in virtual environment; navigation; collision detection; haptic and tactile interaction; rendering; VR-systems; VR-applications in
industry, virtual mockup; data exchange, augmented reality.

Lecture notes A complete version of the handout is also available in English.
Prerequisites /
notice

Voraussetzungen:
keine
Vorlesung geeignet für D-MAVT, D-ITET, D-MTEC und D-INF

Testat/ Kredit-Bedingungen/ Prüfung:
 Teilnahme an Vorlesung und Kolloquien
 Erfolgreiche Durchführung von Übungen in Teams 
 Mündliche Einzelprüfung 30 Minuten

151-0522-00L Case Studies in Computer Aided Engineering -
Applied FEM

W  4 credits 3G D. Valtorta

Abstract This is a modeling and simulation engineering class. The course shows how Simulation with the Finite Element Method proves itself to be
an useful tool in engineering problems to solve challenging and complex tasks and to deal with the physics of analyzed systems.

Objective The aim of the course is to introduce students to the simulation-based engineering design with CAE methods. Different case studies
demonstrating the application of CAE in different engineering disciplines will be disclosed with the contribution of experts and examples
from industries and research institutions. Class will focus on engineering approach to be used to analyze challenging problems. It will then
address problem idealization throughout modeling techniques, to be worked out by state of the art simulation selected from industries case
studies. Validation of simulation models compared to evidence from experimental method will then be discussed.
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Content Different case studies demonstrating the application of CAE methods in a variety of engineering disciplines will be presented. Application of
CAE methods will be mainly focused  on structural mechanics area. However an overview of possible applications involving fluid dynamics
and electromagnetics will provide students with a complete scenario of multiphysics simulations. Students shall choose 2 different subjects
among the case studies presented, practice the engineering workflow and solve complex problems by building simplified simulation
models, using FEA software. The results of their investigations will be summarized in a technical report and a short presentation, which will
then be discussed during oral examination

Lecture notes Lecture notes will be shared with students on Moodle throughout the semester.
Literature No textbook required. Theory books will be recommended in each lecture for selected topics.
Prerequisites /
notice

FE Toolkurs recommended, but not mandatory.

151-0530-00L Nonlinear Dynamics and Chaos II W 4 credits 4G G. Haller
Abstract The internal structure of chaos; Hamiltonian dynamical systems; Normally hyperbolic invariant manifolds; Geometric singular perturbation

theory; Finite-time dynamical systems
Objective The course introduces the student to advanced, comtemporary concepts of nonlinear dynamical systems analysis.
Content I. The internal structure of chaos: symbolic dynamics, Bernoulli shift map,  sub-shifts of finite type; chaos is numerical iterations.


II.Hamiltonian dynamical systems: conservation and recurrence, stability of fixed points, integrable systems,  invariant tori, Liouville-
Arnold-Jost Theorem, KAM theory.

III. Normally hyperbolic invariant manifolds: Crash course on differentiable manifolds,  existence, persistence, and smoothness,
applications.
IV. Geometric singular perturbation theory:  slow manifolds  and their stability, physical examples. V. Finite-time dynamical system;
detecting  Invariant manifolds and coherent structures  in finite-time flows

Lecture notes Students have to prepare their own lecture notes
Literature Books will be recommended in class
Prerequisites /
notice

Nonlinear Dynamics I (151-0532-00) or equivalent

151-0630-00L Nanorobotics W 4 credits 2V+1U S. Pané Vidal
Abstract Nanorobotics is an interdisciplinary field that includes topics from nanotechnology and robotics. The aim of this course is to expose

students to the fundamental and essential aspects of this emerging field.
Objective The aim of this course is to expose students to the fundamental and essential aspects of this emerging field. These topics include basic

principles of nanorobotics, building parts for nanorobotic systems, powering and locomotion of nanorobots, manipulation, assembly and
sensing using nanorobots, molecular motors, and nanorobotics for nanomedicine.

151-0641-00L Introduction to Robotics and Mechatronics
Number of participants limited to 60.

Enrollment is only valid through registration on the MSRL
website (www.msrl.ethz.ch). Registrations per e-mail is no
longer accepted!

W  4 credits 2V+2U B. Nelson, N. Shamsudhin

Abstract The aim of this lecture is to expose students to the fundamentals of mechatronic and robotic systems. Over the course of these lectures,
topics will include how to interface a computer with the real world, different types of sensors and their use, different types of actuators and
their use.

Objective An ever-increasing number of mechatronic systems are finding their way into our daily lives. Mechatronic systems synergistically combine
computer science, electrical engineering, and mechanical engineering. Robotics systems can be viewed as a subset of mechatronics that
focuses on sophisticated control of moving devices. 

The aim of this course is to practically and theoretically expose students to the fundamentals of mechatronic and robotic systems. Over the
course of the semester, the lecture topics will include an overview of robotics, an introduction to different types of sensors and their use, the
programming of microcontrollers and interfacing these embedded computers with the real world, signal filtering and processing, an
introduction to different types of actuators and their use, an overview of computer vision, and forward and inverse kinematics. Throughout
the course, students will periodically attend laboratory sessions and implement lessons learned during lectures on real mechatronic
systems. By the end of the course, you will be able to independently choose, design and integrate these different building blocks into a
working mechatronic system.

Content The course consists of weekly lectures and lab sessions. The weekly topics are the following:
0. Course Introduction
1. C Programming
2. Sensors
3. Data Acquisition
4. Signal Processing
5. Digital Filtering
6. Actuators
7. Computer Vision and Kinematics
8. Modeling and Control
9. Review and Outlook

The lecture schedule can be found on our course page on the MSRL website (www.msrl.ethz.ch)

Prerequisites /
notice

The students are expected to be familiar with C programming.

151-0946-00L Macromolecular Engineering: Networks and Gels W  4 credits 4G M. Tibbitt
Abstract This course will provide an introduction to the design and physics of soft matter with a focus on polymer networks and hydrogels. The

course will integrate fundamental aspects of polymer physics, engineering of soft materials, mechanics of viscoelastic materials,
applications of networks and gels in biomedical applications including tissue engineering, 3D printing, and drug delivery.

Objective The main learning objectives of this course are: 1. Identify the key characteristics of soft matter and the properties of ideal and non-ideal
macromolecules. 2. Calculate the physical properties of polymers in solution. 3. Predict macroscale properties of polymer networks and
gels based on constituent chemical structure and topology. 4. Design networks and gels for industrial and biomedical applications. 5. Read
and evaluate research papers on recent research on networks and gels and communicate the content orally to a multidisciplinary audience.

Lecture notes Class notes and handouts.
Literature Polymer Physics by M. Rubinstein and R.H. Colby; samplings from other texts.
Prerequisites /
notice

Physics I+II, Thermodynamics I+II

151-0980-00L Biofluiddynamics W 4 credits 2V+1U D. Obrist, P. Jenny
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Abstract Introduction to the fluid dynamics of the human body and the modeling of physiological flow processes (biomedical fluid dynamics).
Objective A basic understanding of fluid dynamical processes in the human body. Knowledge of the basic concepts of fluid dynamics and the ability

to apply these concepts appropriately.
Content This lecture is an introduction to the fluid dynamics of the human body (biomedical fluid dynamics). For selected topics of human

physiology, we introduce fundamental concepts of fluid dynamics (e.g., creeping flow, incompressible flow, flow in porous media, flow with
particles, fluid-structure interaction) and use them to model physiological flow processes. The list of studied topics includes the
cardiovascular system and related diseases,  blood rheology, microcirculation, respiratory fluid dynamics and fluid dynamics of the inner
ear.

Lecture notes Lecture notes are provided electronically.
Literature A list of books on selected topics of biofluiddynamics can be found on the course web page.

227-0384-00L Ultrasound Fundamentals, Imaging, and Medical
Applications
Course is offered for the last time in Spring Semester
2020.

W  4 credits 3G O. Göksel

Abstract Ultrasound is the only imaging modality that is nonionizing (safe), real-time, cost-effective, and portable, with many medical uses in
diagnosis, intervention guidance, surgical navigation, and as a therapeutic option. In this course, we introduce conventional and
prospective applications of ultrasound, starting with the fundamentals of ultrasound physics and imaging.

Objective Students can use the fundamentals of ultrasound, to analyze and evaluate ultrasound imaging techniques and applications, in particular in
the field of medicine, as well as to design and implement basic applications.

Content Ultrasound is used in wide range of products, from car parking sensors, to assessing fault lines in tram wheels. Medical imaging is the eye
of the doctor into body; and ultrasound is the only imaging modality that is nonionizing (safe), real-time, cheap, and portable. Some of its
medical uses include diagnosing breast and prostate cancer, guiding needle insertions/biopsies, screening for fetal anomalies, and
monitoring cardiac arrhythmias. Ultrasound physically interacts with the tissue, and thus can also be used therapeutically, e.g., to deliver
heat to treat tumors, break kidney stones, and targeted drug delivery. Recent years have seen several novel ultrasound techniques and
applications – with many more waiting in the horizon to be discovered.

This course covers ultrasonic equipment, physics of wave propagation, numerical methods for its simulation, image generation,
beamforming (basic delay-and-sum and advanced methods), transducers (phased-, linear-, convex-arrays), near- and far-field effect,
imaging modes (e.g., A-, M-, B-mode), Doppler and harmonic imaging, ultrasound signal processing techniques (e.g., filtering, time-
gain-compensation, displacement tracking), image analysis techniques (deconvolution, real-time processing, tracking, segmentation,
computer-assisted interventions), acoustic-radiation force, plane-wave imaging, contrast agents, micro-bubbles, elastography,
biomechanical characterization, high-intensity focused ultrasound and therapy, lithotripsy, histotripsy, photo-acoustics phenomenon and
opto-acoustic imaging, as well as sample non-medical applications such as the basics of non-destructive testing (NDT).

Hands-on exercises: These will help to apply the concepts learned in the course, using simulation environments (such as Matlab k-Wave
and FieldII toolboxes).  The exercises will involve a mix of design, implementation, and evaluation examples commonly encountered in
practical applications.

Project: Current and relevant applications in the field of ultrasound are offered as project topics. Projects will be carried out throughout the
course, where the project reporting and presentations will be due towards the end of the semester. These will be part of the assessment in
grading.

Prerequisites /
notice

Prerequisites: Familiarity with basic numerical methods.
Basic programming skills in Matlab.

227-0455-00L Terahertz: Technology and Applications W  5 credits 3G+3A K. Sankaran
Abstract This block course will provide a solid foundation for understanding physical principles of THz applications. We will discuss various building

blocks of THz technology - components dealing with generation, manipulation, and detection of THz electromagnetic radiation. We will
introduce THz applications in the domain of imaging, sensing, communications, non-destructive testing and evaluations.

Objective This is an introductory course on Terahertz (THz) technology and applications. Devices operating in THz frequency range (0.1 to 10 THz)
have been increasingly studied in the recent years. Progress in nonlinear optical materials, ultrafast optical and electronic techniques has
strengthened research in THz application developments. Due to unique interaction of THz waves with materials, applications with new
capabilities can be developed. In theory, they can penetrate somewhat like X-rays, but are not considered harmful radiation, because THz
energy level is low. They should be able to provide resolution as good as or better than magnetic resonance imaging (MRI), possibly with
simpler equipment. Imaging, very-high bandwidth communication, and energy harvesting are the most widely explored THz application
areas. We will study the basics of THz generation, manipulation, and detection. Our emphasis will be on the physical principles and
applications of THz in the domain of imaging, sensing, communications, non-destructive testing and evaluations. 

The second part of the block course will be a short project work related to the topics covered in the lecture. The learnings from the project
work should be presented in the end.

Content PART I:

- INTRODUCTION -
Chapter 1: Introduction to THz Physics
Chapter 2: Components of THz Technology

- THz TECHNOLOGY MODULES -
Chapter 3: THz Generation
Chapter 4: THz Detection
Chapter 5: THz Manipulation

- APPLICATIONS -
Chapter 6: THz Imaging / Sensing / Communication
Chapter 7: THz Non-destructive Testing
Chapter 8: THz Applications in Plastic & Recycling Industries

PART 2:
 
- PROJECT WORK -
Short project work related to the topics covered in the lecture.
Short presentation of the learnings from the project work.
Full guidance and supervision will be given for successful completion of the short project work.

Lecture notes Soft-copy of lectures notes will be provided.
Literature - Yun-Shik Lee, Principles of Terahertz Science and Technology, Springer 2009

- Ali Rostami, Hassan Rasooli, and Hamed Baghban, Terahertz Technology: Fundamentals and Applications, Springer 2010
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Prerequisites /
notice

Basic foundation in physics, particularly, electromagnetics is required. 
Students who want to refresh their electromagnetics fundamentals can get additional material required for the course.

227-0945-10L Cell and Molecular Biology for Engineers II
This course is part II of a two-semester course.
Knowledge of part I is required.

W  3 credits 2G C. Frei

Abstract The course gives an introduction into cellular and molecular biology, specifically for students with a background in engineering. The focus
will be on the basic organization of eukaryotic cells, molecular mechanisms and cellular functions. Textbook knowledge will be combined
with results from recent research and technological innovations in biology.

Objective After completing this course, engineering students will be able to apply their previous training in the quantitative and physical sciences to
modern biology. Students will also learn the principles how biological models are established, and how these models can be tested.

Content Lectures will include the following topics: DNA, chromosomes, RNA, protein, genetics, gene expression, membrane structure and function,
vesicular traffic, cellular communication, energy conversion, cytoskeleton, cell cycle, cellular growth, apoptosis, autophagy, cancer,
development and stem cells.

In addition, 4 journal clubs will be held, where recent publications will be discussed (2 journal clubs in part I and 2 journal clubs in part II).
For each journal club, students (alone or in groups of up to three students) have to write a summary and discussion of the publication.
These written documents will be graded and count as 40% for the final grade.

Lecture notes Scripts of all lectures will be available.
Literature "Molecular Biology of the Cell" (6th edition) by Alberts, Johnson, Lewis, Morgan, Raff, Roberts, and Walter.

227-0946-00L Molecular Imaging - Basic Principles and Biomedical
Applications

W  2 credits 2V M. Rudin

Abstract Concept: What is molecular imaging.
Discussion/comparison of the various imaging modalities used in molecular imaging.
Design of target specific probes: specificity, delivery, amplification strategies.
Biomedical Applications.

Objective Molecular Imaging is a rapidly emerging discipline that translates concepts developed in molecular biology and cellular imaging to in vivo
imaging in animals and ultimatly in humans. Molecular imaging techniques allow the study of molecular events in the full biological context
of an intact organism and will therefore become an indispensable tool for biomedical research.

Content Concept: What is molecular imaging.
Discussion/comparison of the various imaging modalities used in molecular imaging.
Design of target specific probes: specificity, delivery, amplification strategies.
Biomedical Applications.

227-0948-00L Magnetic Resonance Imaging in Medicine W  4 credits 3G S. Kozerke, M. Weiger Senften
Abstract Introduction to magnetic resonance imaging and spectroscopy, encoding and contrast mechanisms and their application in medicine.
Objective Understand the basic principles of signal generation, image encoding and decoding, contrast manipulation and the application thereof to

assess anatomical and functional information in-vivo.
Content Introduction to magnetic resonance imaging including basic phenomena of nuclear magnetic resonance; 2- and 3-dimensional imaging

procedures; fast and parallel imaging techniques; image reconstruction; pulse sequences and image contrast manipulation; equipment;
advanced techniques for identifying activated brain areas; perfusion and flow; diffusion tensor imaging and fiber tracking; contrast agents;
localized magnetic resonance spectroscopy and spectroscopic imaging; diagnostic applications and applications in research.

Lecture notes D. Meier, P. Boesiger, S. Kozerke
Magnetic Resonance Imaging and Spectroscopy

252-0834-00L Information Systems for Engineers
Wird ab HS20 nur in Herbstsemester angeboten.

W  4 credits 2V+1U G. Fourny

Abstract This course provides the basics of relational databases from the perspective of the user.

We will discover why tables are so incredibly powerful to express relations, learn the SQL query language, and how to make the most of it.
The course also covers support for data cubes (analytics).
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Objective This lesson is complementary with Big Data for Engineers as they cover different time periods of database history and practices -- you can
even take both lectures at the same time.

After visiting this course, you will be capable to:

1. Explain, in the big picture, how a relational database works and what it can do in your own words.

2. Explain the relational data model (tables, rows, attributes, primary keys, foreign keys), formally and informally, including the relational
algebra operators (select, project, rename, all kinds of joins, division, cartesian product, union, intersection, etc).

3. Perform non-trivial reading SQL queries on existing relational databases, as well as insert new data, update and delete existing data.

4. Design new schemas to store data in accordance to the real world's constraints, such as relationship cardinality

5. Explain what bad design is and why it matters.

6. Adapt and improve an existing schema to make it more robust against anomalies, thanks to a very good theoretical knowledge of what is
called "normal forms".

7. Understand how indices work (hash indices, B-trees), how they are implemented, and how to use them to make queries faster.

8. Access an existing relational database from a host language such as Java, using bridges such as JDBC.

9. Explain what data independence is all about and didn't age a bit since the 1970s.

10. Explain, in the big picture, how a relational database is physically implemented.

11. Know and deal with the natural syntax for relational data, CSV.

12. Explain the data cube model including slicing and dicing.

13. Store data cubes in a relational database.

14. Map cube queries to SQL.

15. Slice and dice cubes in a UI.

And of course, you will think that tables are the most wonderful object in the world.

Content Using a relational database
=================
1. Introduction
2. The relational model
3. Data definition with SQL
4. The relational algebra
5. Queries with SQL

Taking a relational database to the next level
=================
6. Database design theory
7. Databases and host languages
8. Databases and host languages
9. Indices and optimization
10. Database architecture and storage

Analytics on top of a relational database
=================
12. Data cubes

Outlook
=================
13. Outlook

Literature - Lecture material (slides).

- Book: "Database Systems: The Complete Book", H. Garcia-Molina, J.D. Ullman, J. Widom
(It is not required to buy the book, as the library has it)

Prerequisites /
notice

For non-CS/DS students only, BSc and MSc
Elementary knowledge of set theory and logics
Knowledge as well as basic experience with a programming language such as Pascal, C, C++, Java, Haskell, Python

376-1178-00L Human Factors II W  3 credits 2V M. Menozzi Jäckli, R. Huang,
M. Siegrist

Abstract Strategies, abilities and needs of human at work as well as properties of products and systems are factors controlling quality and
performance in everyday interactions. In Human Factors II (HF II), cognitive aspects are in focus therefore complementing the more
physical oriented approach in HF I. A basic scientific approach is adopted and relevant links to practice are illustrated.

Objective The goal of the lecture is to empower students in designing products and systems enabling an efficient and qualitatively high standing
interaction between human and the environment, considering costs, benefits, health, well-being,  and safety as well. The goal is achieved
in addressing a broad variety of topics and embedding the discussion in macroscopic factors such as the behavior of consumers and
objectives of economy.

Content Cognitive factors in perception, information processing and action.  Experimental techniques in assessing human performance and well-
being, human factors and ergonomics in development of products and complex systems, innovation, decision taking, consumer behavior.

Literature Salvendy G. (ed), Handbook of Human Factors, Wiley & Sons, 2012

376-1217-00L Rehabilitation Engineering I: Motor Functions W 4 credits 2V+1U R. Riener, E. Wilhelm
Abstract Rehabilitation engineering is the application of science and technology to ameliorate the handicaps of individuals with disabilities in order to

reintegrate them into society. The goal of this lecture is to present classical and new rehabilitation engineering principles and examples
applied to compensate or enhance especially motor deficits.

Objective Provide theoretical and practical knowledge of principles and applications used to rehabilitate individuals with motor disabilities.
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Content Rehabilitation is the (re)integration of an individual with a disability into society. Rehabilitation engineering is the application of science and
technology to ameliorate the handicaps of individuals with disability. Such handicaps can be classified into motor, sensor, and cognitive
(also communicational) disabilities. In general, one can distinguish orthotic and prosthetic methods to overcome these disabilities. Orthoses
support existing but affected body functions (e.g., glasses, crutches), while prostheses compensate for lost body functions (e.g., cochlea
implant, artificial limbs). In case of sensory disorders, the lost function can also be substituted by other modalities (e.g. tactile Braille display
for vision impaired persons). 

The goal of this lecture is to present classical and new technical principles as well as specific examples applied to compensate or enhance
mainly motor deficits. Modern methods rely more and more on the application of multi-modal and interactive techniques. Multi-modal
means that visual, acoustical, tactile, and kinaesthetic sensor channels are exploited by displaying the patient with a maximum amount of
information in order to compensate his/her impairment. Interaction means that the exchange of information and energy occurs bi-
directionally between the rehabilitation device and the human being. Thus, the device cooperates with the patient rather than imposing an
inflexible strategy (e.g., movement) upon the patient. Multi-modality and interactivity have the potential to increase the therapeutical
outcome compared to classical rehabilitation strategies.
In the 1 h exercise the students will learn how to solve representative problems with computational methods applied to exoprosthetics,
wheelchair dynamics, rehabilitation robotics and neuroprosthetics.

Literature Introductory Books

Neural prostheses - replacing motor function after desease or disability. Eds.: R. Stein, H. Peckham, D. Popovic. New York and Oxford:
Oxford University Press.

Advances in Rehabilitation Robotics  Human-Friendly Technologies on Movement Assistance and Restoration for People with Disabilities.
Eds: Z.Z. Bien, D. Stefanov (Lecture Notes in Control and Information Science, No. 306). Springer Verlag Berlin 2004.

Intelligent Systems and Technologies in Rehabilitation Engineering. Eds: H.N.L. Teodorescu, L.C. Jain (International Series on
Computational Intelligence). CRC Press Boca Raton, 2001.

Control of Movement for the Physically Disabled. Eds.: D. Popovic, T. Sinkjaer. Springer Verlag London, 2000.

Interaktive und autonome Systeme der Medizintechnik - Funktionswiederherstellung und Organersatz. Herausgeber: J. Werner,
Oldenbourg Wissenschaftsverlag 2005. 

Biomechanics and Neural Control of Posture and Movement. Eds.: J.M. Winters, P.E. Crago. Springer New York, 2000.

Selected Journal Articles

Abbas, J., Riener, R. (2001) Using mathematical models and advanced control systems techniques to enhance neuroprosthesis function.
Neuromodulation 4, pp. 187-195. 

Burdea, G., Popescu, V., Hentz, V., and Colbert, K. (2000): Virtual reality-based orthopedic telerehabilitation, IEEE Trans. Rehab. Eng., 8,
pp. 430-432

Colombo, G., Jörg, M., Schreier, R., Dietz, V. (2000) Treadmill training of paraplegic patients using a robotic orthosis. Journal of
Rehabilitation Research and Development, vol. 37, pp. 693-700.

Colombo, G., Jörg, M., Jezernik, S. (2002) Automatisiertes Lokomotionstraining auf dem Laufband. Automatisierungstechnik at, vol. 50, pp.
287-295.

Cooper, R. (1993) Stability of a wheelchair controlled by a human. IEEE Transactions on Rehabilitation Engineering 1, pp. 193-206. 

Krebs, H.I., Hogan, N., Aisen, M.L., Volpe, B.T. (1998): Robot-aided neurorehabilitation, IEEE Trans. Rehab. Eng., 6, pp. 75-87

Leifer, L. (1981): Rehabilitive robotics, Robot Age, pp. 4-11

Platz, T. (2003): Evidenzbasierte Armrehabilitation: Eine systematische Literaturübersicht, Nervenarzt, 74, pp. 841-849

Quintern, J. (1998) Application of functional electrical stimulation in paraplegic patients. NeuroRehabilitation 10, pp. 205-250.

Riener, R., Nef, T., Colombo, G. (2005) Robot-aided neurorehabilitation for the upper extremities. Medical & Biological Engineering &
Computing 43(1), pp. 2-10.

Riener, R., Fuhr, T., Schneider, J. (2002) On the complexity of biomechanical models used for neuroprosthesis development. International
Journal of Mechanics in Medicine and Biology 2, pp. 389-404.

Riener, R. (1999) Model-based development of neuroprostheses for paraplegic patients. Royal Philosophical Transactions: Biological
Sciences 354, pp. 877-894.

Prerequisites /
notice

Target Group: 
Students of higher semesters and PhD students of 
- D-MAVT, D-ITET, D-INFK
- Biomedical Engineering 
- Medical Faculty, University of Zurich 
Students of other departments, faculties, courses are also welcome

376-1308-00L Development Strategies for Medical Implants
Number of participants limited to 25 until 30.
Assignments will be considered chronological.

W  3 credits 2V+1U J. Mayer-Spetzler, M. Rubert

Abstract Introduction to development strategies for implantable devices considering the interdependecies of biocompatibility, clinical and economical
requirements ; discussion of the state of the art and actual trends in in orthopedics, sports medicine, traumatology and cardio-vascular
surgery as well as regenerative medicine (tissue engineering).

Objective Basic considerations in implant development
Concept of structural and surface biocompatiblity and its relevance for the design of implant and surgical technique
Understanding of conflicting factors, e.g. clinical need, economics and regulatory requirements
Concepts of tissue engineering, its strengths and weaknesses as current and future clinical solution
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Content Biocompatibility as bionic guide line for the development of medical implants; implant and implantation related tissue reactions,
biocompatible materials and material processing technologies; implant testing and regulatory procedures; discussion of the state of the art
and actual trends in implant development in orthopedics, sports medicine, traumatology, spinal and cardio-vascular surgery; introduction to
tissue engineering. Selected topics will be further illustrated by commented movies from surgeries. 

Seminar: 
Group seminars on selected controversial topics in implant development. Participation is mandatory

Planned excursions (limited availability, not mandatory, to be confirmed): 
1. Participation (as visitor) on a life surgery  (travel at own expense)

Lecture notes Scribt (electronically available): 
- presented slides
- selected scientific papers for further reading

Literature Reference to key papers will be provided during the lectures
Prerequisites /
notice

Only Master students, achieved Bachelor degree is a pre-condition

The number of participants in the course is limited to 30 students in total.

Students will be exposed to surgical movies which may cause emotional reactions. The viewing of the surgical movies is voluntary and is
on the student's own responsability.

376-1392-00L Mechanobiology: Implications for Development,
Regeneration and Tissue Engineering

W  3 credits 2G A. Ferrari, G. Shivashankar,
M. Zenobi-Wong

Abstract This course will emphasize the importance of mechanobiology to cell determination and behavior. Its importance to regenerative medicine
and tissue engineering will also be addressed. Finally, this course will discuss how age and disease adversely alter major
mechanosensitive developmental programs.

Objective This course is designed to illuminate the importance of mechanobiological processes to life as well as to teach good experimental
strategies to investigate mechanobiological phenomena.

Content Typically, cell differentiation is studied under static conditions (cells grown on rigid plastic tissue culture dishes in two-dimensions), an
experimental approach that, while simplifying the requirements considerably, is short-sighted in scope. It is becoming increasingly apparent
that many tissues modulate their developmental programs to specifically match the mechanical stresses that they will encounter in later life.
Examples of known mechanosensitive developmental programs include osteogenesis (bones), chondrogenesis (cartilage), and
tendogenesis (tendons). Furthermore, general forms of cell behavior such as migration, extracellular matrix deposition, and complex tissue
differentiation are also regulated by mechanical stimuli.  Mechanically-regulated cellular processes are thus ubiquitous, ongoing and of
great clinical importance.

The overall importance of mechanobiology to humankind is illustrated by the fact that nearly 80% of our entire body mass arises from
tissues originating from mechanosensitive developmental programs, principally bones and muscles. Unfortunately, our ability to regenerate
mechanosensitive tissue diminishes in later life. As it is estimated that the fraction of the western world population over 65 years of age will
double in the next 25 years, an urgency in the global biomedical arena exists to better understand how to optimize complex tissue
development under physiologically-relevant mechanical environments for purposes of regenerative medicine and tissue engineering.

Lecture notes n/a
Literature Topical Scientific Manuscripts

376-1397-00L Orthopaedic Biomechanics
Number of participants limited to 48.

W 3 credits 2G R. Müller, P. Atkins, J. Schwiedrzik

Abstract This course is aimed at studying the mechanical and structural engineering of the musculoskeletal system alongside the analysis and
design of orthopaedic solutions to musculoskeletal failure.

Objective To apply engineering and design principles to orthopaedic biomechanics, to quantitatively assess the musculoskeletal system and model it,
and to review rigid-body dynamics in an interesting context.

Content Engineering principles are very important in the development and application of quantitative approaches in biology and medicine. This
course includes a general introduction to structure and function of the musculoskeletal system: anatomy and physiology of musculoskeletal
tissues and joints; biomechanical methods to assess and quantify tissues and large joint systems. These methods will also be applied to
musculoskeletal failure, joint replacement and reconstruction; implants; biomaterials and tissue engineering.

Lecture notes Stored on Moodle.
Literature Orthopaedic Biomechanics:

Mechanics and Design in Musculoskeletal Systems 
 
Authors: Donald L. Bartel, Dwight T. Davy, Tony M. Keaveny
Publisher: Prentice Hall; Copyright: 2007
ISBN-10: 0130089095; ISBN-13: 9780130089090

Prerequisites /
notice

Lectures will be given in English.

376-1614-00L Principles in Tissue Engineering W  3 credits 2V K. Maniura, M. Rottmar, M. Zenobi-
Wong

Abstract Fundamentals in blood coagulation; thrombosis, blood rheology, immune system, inflammation, foreign body reaction on the molecular
level and the entire body are discussed. Applications of biomaterials for tissue engineering in different tissues are introduced.
Fundamentals in medical implantology, in situ drug release, cell transplantation and stem cell biology are discussed.

Objective Understanding of molecular aspects for the application of biodegradable and biocompatible Materials. Fundamentals of tissue reactions
(eg. immune responses) against implants and possible clinical consequences will be discussed.

Content This class continues with applications of biomaterials and devices introduced in Biocompatible Materials I. Fundamentals in blood
coagulation; thrombosis, blood rheology; immune system, inflammation, foreign body reaction on the level of the entire body and on the
molecular level are introduced. Applications of biomaterials for tissue engineering in the vascular system, skeletal muscle, heart muscle,
tendons and ligaments, bone, teeth, nerve and brain, and drug delivery systems are introduced. Fundamentals in medical implantology, in
situ drug release, cell transplantation and stem cell biology are discussed.

Lecture notes Handouts provided during the classes and references therin.
Literature The molecular Biology of the Cell, Alberts et al.,  5th Edition, 2009.

Principles in Tissue Engineering, Langer et al., 2nd Edition, 2002

376-1721-00L Bone Biology and Consequences for Human Health W  2 credits 2V G. A. Kuhn, J. Goldhahn, E. Wehrle
Abstract Bone is a complex tissue that continuously adapts to mechanical and metabolic demands. Failure of this remodeling results in reduced

mechanic stability ot the skeleton. This course will provide the basic knowledge to understand the biology and pathophysiology of bone
necessary for engineering of bone tissue and design of implants.
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Objective After completing this course, students will be able to understand:
a) the biological and mechanical aspects of normal bone remodeling
b) pathological changes and their consequences for the musculoskeletal system
c) the consequences for implant design, tissue engineering and treatment interventions.

Content Bone adapts continuously to mechanical and metabolic demands by complex remodeling processes. This course will deal with biological
processes in bone tissue from cell to tissue level. This lecture will cover mechanisms of bone building (anabolic side), bone resorption
(catabolic side), their coupling, and regulation mechanisms. It will also cover pathological changes and typical diseases like osteoporosis.
Consequences for musculoskeletal health and their clinical relevance will be discussed. Requirements for tissue engineering as well as
implant modification will be presented. Actual examples from research and development will be utilized for illustration.

376-1984-00L Lasers in Medicine W 3 credits 3G M. Frenz
Abstract The lecture will provide answers to questions such as: Why lasers? How do lasers work? How does light interact with tissue? We will

concentrate on three major interaction categories: Therapeutic (from cell surgery to vision correction and general surgery), Diagnostics
(from detection of neural cell activity to diagnostics of cancer), and Imaging (from single molecules to optical tomography).

Objective Knowledge about the physical principles of a laser. You know the properties of laser light and how they can be used for medical
applications. You understand the physical principles underlyingthe light-tissue interaction. You can explain what resolution, contrast and
magnification means. You are able to order the right safety google for your laser system. You are able to determine the optimum laser
parameters for a specific clinical application.

Content Lasers become increasingly important in almost all medical disciplines especially where they can be used selectively to treat soft and hard
tissue in a non-invasive manner or for diagnostic purposes. Basic mechanisms of light propagation in tissue as well as laser-
tissue-interactions i.e. photochemical, photothermal and photomechanical interaction will be discussed. The influence of laser wavelength
and pulse duration on the interaction process will be studied. Different laser and beam delivery systems used in medicine will be presented.
Different clinical laser applications in ophthalmology, urology, gynecology and ENT-surgery will be discussed. Diagnostic applications as
well as biomedical imaging techniques are considered. Laser safety.

Lecture notes will be published in the Internet (ILIAS)
Literature - M. Born, E. Wolf, "Principles of Optics", Pergamon Press

- B.E.A. Saleh, M.C. Teich, "Fundamentals of Photonics", John Wiley and Sons, Inc.
- A.E. Siegman, "Lasers", University Science Books
- O. Svelto, "Principles of Lasers", Plenum Press
- J. Eichler, T. Seiler, "Lasertechnik in der Medizin", Springer Verlag
- M.H. Niemz, "Laser-Tissue Interaction", Springer Verlag
- A.J. Welch, M.J.C. van Gemert, "Optical-thermal response of laser-irradiated
  tissue", Plenum Press

 Design, Computation, Product Development & Manufacturing    

The courses listed in this category “Core Courses” are recommended. Alternative courses can be chosen in agreement with the tutor.

Number Title Type ECTS Hours Lecturers

151-0548-00L Manufacturing of Polymer Composites
Number of participants limited to 32.

To apply for the course, please send a document in pdf
format of max. 1-2 pages to anicole@ethz.ch with the
following content:
- Motivation(s) for attending the course
- Specialization of the studies (related subjects, ETH tutor)

W  6 credits 3G+2P P. Ermanni

Abstract The course covers polymer and fibres, textile technologies, process modelling and simulation, manufacturing technologies, quality control
and testing, economic and ecological aspects. It combines lectures, tutorials and labs, to acquire a thorough knowledge and know-how in
main aspects related to manufacturing technologies of composites.

Objective To provide a thorough knowledge in the field of manufacturing science and technology of advanced polymer composites.
Content Introduction

Constituent materials (polymer materials, fibre, matrices)
Lab 1: constituent materials
Processing of thermoplastic fibre composites
Processing of thermoset fibre composites
Lab 2: Thermoplastics & Thermosets
Prepreg processing, Tooling /Out-of-Autoclave processing
Lab 3: Prepreg & OOA processing
Liquid Composite Moulding (LCM)
Lab 4: Liquid Composite Moulding
Textile Preforms
Design to Cost

Lecture notes Script and handouts are available in PDF-format on the CMASLab webpage.
Literature Literature list is included in the script.

151-3202-00L Product Development and Engineering Design
Does not take place this semester.
Number of participants limited to 60.

W  4 credits 2G K. Shea

Abstract The course introduces students to the product development process. In a team, you will explore the early phases of conceptual
development and product design, from ideation and concept generation through to hands-on prototyping. This is an opportunity to gain
product development experience and improve your skills in prototyping and presenting your product ideas. The project topic changes each
year.

Objective The course introduces you to the product development process and methods in engineering design for: product planning, user-centered
design, creating product specifications, ideation including concept generation and selection methods, material selection methods and
prototyping. Further topics include product lifecycle and sustainable design as well as design for manufacture, focusing on additive
manufacture. You will actively apply the process and methods learned throughout the semester in a team on a product development project
including hands-on prototyping.
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Content Weekly topics accompanying the product development project include:
1      Introduction to Product Development and Engineering Design
2    Product Planning and Social-Economic-Technology (SET) Factors
3    User-Centered Design and Product Specification
4    Concept Generation and Selection Methods
5    System Design and Embodiment Design
6    Hands-On Prototyping and Prototype Planning
7    Material Selection in Engineering Design
8    Product Lifecycle and Sustainability
9    Design for Manufacture and Design for Additive Manufacture

Lecture notes available on Moodle
Literature Ulrich and Eppinger, Product Design and Development, 6th Edition, McGraw Hill Education, 2016.


Cagan and Vogel, Creating Breakthrough Products: Revealing the Secrets that Drive Global Innovation, 2nd Edition, Pearson Education,
2013.

Prerequisites /
notice

Although the course is offered to ME (BSc and MSc) and CS (BSc and MSc) students, priority will be given to ME BSc students in the
Focus Design, Mechanics, and Materials if the course is full.

151-3204-00L Coaching Innovation Projects W  2 credits 2V R. P. Haas
Abstract The course is building up skills and experience in coaching engineering teams. To gain experience and to reflect real coaching situations,

the participants of the course have the role of teaching assistance of the innovation project (151-0300-00L). In this framework the
participants coach teams and professionalize the knowledge in the area product development methods.

Objective - Critical thinking and reasoned judgements
- Basic knowledge about role and mindset of a coach
- Understanding the challenges of engineering projects and design teams
- Development of personal skills to apply and train product development methods 
- Knowledge and know-how about applying methods 
- Reflection and exchange of experiences about personal coaching situations
- Inspiration and learning from good cases regarding organizational and team management aspects 
- Decision-making under uncertainty

Content Basic knowledge about role and mindset of a coach
- Introduction into coaching: definition & models
- Introduction into the coaching process 
Knowledge and reflection about the problems in coaching an innovation project
- Knowledge about team development
- Reflection about critical phases in the innovation process for an innovation team
- Know-how about reference model for analysis critical situations
Development of personal coaching competencies, e.g. active listening, asking questions, giving feedback
- Competencies in theoretical models
- Coaching competencies: exercises and reflection
Knowledge and know-how about coaching methods
- Knowledge about basic coaching methods for technical projects/innovations projects
- Know-how about usage of methods in the coaching process
Reflection and exchange of experiences about personal coaching situations
- Self-reflection
- Exchange of experiences in the lecture group
Facilitating conflict situations
- Sample cases from former teams
- Actual cases of participants
Role of coaches between examinator and "friend"
- Facilitating decisions
- Using and applying coaches opinions and knokwledge

Lecture notes Slides, script and other documents will be distributed electronically 
(access only for paticipants registered to this course).

Literature Please refer to a lecture script.
Prerequisites /
notice

Only for participants (Bachelor Students, Master Students) who are teaching assistants in the innovation project).

151-3210-00L Structural Optimization
Number of participants limited to 45.

W  4 credits 4G T. Stankovic

Abstract The course covers fundamentals of structural optimization in terms of the optimal design of topology, shape, size and material for discrete
and continuous representations of structures. It develops skills to formally state and model structural design tasks as optimization problems
and select appropriate methods to solve them.

Objective The course covers fundamentals of structural optimization in terms of the optimal design of topology, shape, size and material for discrete
and continuous representations of structures. After taking the course students will be able to express structural design problems as formal
optimization problems. Students will also be able to select and apply a suitable optimization method given the nature of the optimization
model. They will understand the foundations of the state-of-the art structural optimization methods in order to design more efficient and
performance optimized technical products. The exercises are MATLAB based.

Content - Topology optimization of truss structures
- Topology optimization by distribution of isotropic material
- Structural optimization for additive manufacture

Lecture notes Available on Moodle.
Literature Suggested literature:

Haftka, R. T., & Gürdal, Z. (2012). Elements of structural optimization (Vol. 11). Springer Science & Business Media.
Bendsøe, M. P., & Sigmund, O. (2004). Optimization of structural topology, shape, and material (Vol. 414). Berlin etc: Springer.

Prerequisites /
notice

There are no direct prerequisites for taking this course. 
However, prior knowledge regarding the fundamentals of mathematical programming methods and structural analysis is advisable.

252-0834-00L Information Systems for Engineers
Wird ab HS20 nur in Herbstsemester angeboten.

W  4 credits 2V+1U G. Fourny

Abstract This course provides the basics of relational databases from the perspective of the user.

We will discover why tables are so incredibly powerful to express relations, learn the SQL query language, and how to make the most of it.
The course also covers support for data cubes (analytics).
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Objective This lesson is complementary with Big Data for Engineers as they cover different time periods of database history and practices -- you can
even take both lectures at the same time.

After visiting this course, you will be capable to:

1. Explain, in the big picture, how a relational database works and what it can do in your own words.

2. Explain the relational data model (tables, rows, attributes, primary keys, foreign keys), formally and informally, including the relational
algebra operators (select, project, rename, all kinds of joins, division, cartesian product, union, intersection, etc).

3. Perform non-trivial reading SQL queries on existing relational databases, as well as insert new data, update and delete existing data.

4. Design new schemas to store data in accordance to the real world's constraints, such as relationship cardinality

5. Explain what bad design is and why it matters.

6. Adapt and improve an existing schema to make it more robust against anomalies, thanks to a very good theoretical knowledge of what is
called "normal forms".

7. Understand how indices work (hash indices, B-trees), how they are implemented, and how to use them to make queries faster.

8. Access an existing relational database from a host language such as Java, using bridges such as JDBC.

9. Explain what data independence is all about and didn't age a bit since the 1970s.

10. Explain, in the big picture, how a relational database is physically implemented.

11. Know and deal with the natural syntax for relational data, CSV.

12. Explain the data cube model including slicing and dicing.

13. Store data cubes in a relational database.

14. Map cube queries to SQL.

15. Slice and dice cubes in a UI.

And of course, you will think that tables are the most wonderful object in the world.

Content Using a relational database
=================
1. Introduction
2. The relational model
3. Data definition with SQL
4. The relational algebra
5. Queries with SQL

Taking a relational database to the next level
=================
6. Database design theory
7. Databases and host languages
8. Databases and host languages
9. Indices and optimization
10. Database architecture and storage

Analytics on top of a relational database
=================
12. Data cubes

Outlook
=================
13. Outlook

Literature - Lecture material (slides).

- Book: "Database Systems: The Complete Book", H. Garcia-Molina, J.D. Ullman, J. Widom
(It is not required to buy the book, as the library has it)

Prerequisites /
notice

For non-CS/DS students only, BSc and MSc
Elementary knowledge of set theory and logics
Knowledge as well as basic experience with a programming language such as Pascal, C, C++, Java, Haskell, Python

263-5806-00L Computational Models of Motion for Character
Animation and Robotics

W  6 credits 2V+2U+1A S. Coros, M. Bächer,
B. Thomaszewski

Abstract This course covers fundamentals of physics-based modelling and numerical optimization from the perspective of character animation and
robotics applications. The methods discussed in class derive their theoretical underpinnings from applied mathematics, control theory and
computational mechanics, and they will be richly illustrated using examples ranging from locomotion controllers and crowd simula

Objective Students will learn how to represent, model and algorithmically control the behavior of animated characters and real-life robots. The
lectures are accompanied by programming assignments (written in C++) and a capstone project.

Content Optimal control and trajectory optimization; multibody systems; kinematics; forward and inverse dynamics; constrained and unconstrained
numerical optimization; mass-spring models for crowd simulation; FEM; compliant systems; sim-to-real; robotic manipulation of elastically-
deforming objects. 

Prerequisites /
notice

Experience with C++ programming, numerical linear algebra and multivariate calculus. Some background in physics-based modeling,
kinematics and dynamics is helpful, but not necessary.


 Multidisciplinary Courses
The students are free to choose individually from the Course Catalogue of ETH Zurich, ETH Lausanne and the Universities of Zurich and St. Gallen.

Course Catalogue of ETH Zurich

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1244 of 1785

 Semester Project
Number Title Type ECTS Hours Lecturers

151-1002-00L Semester Project Mechanical Engineering
Only for Mechanical Engineering MSc.

The subject of the Semester Project and the choice of the
supervisor (ETH-professor) are to be approved in advance
by the tutor.

O  8 credits 17A Professors

Abstract The semester project is designed to train the students in the solution of specific engineering problems. This makes use of the technical and
social skills acquired during the master's program. Tutors propose the subject of the project, elaborate the project plan, and define the
roadmap together with their students, as well as monitor the overall execution.

Objective The semester project is designed to train the students in the solution of specific engineering problems. This makes use of the technical and
social skills acquired during the master's program. 

 Industrial Internship
Number Title Type ECTS Hours Lecturers

151-1090-00L Industrial Internship
Access to the company list and request for recognition
under www.mavt.ethz.ch/praxis.

No registration required via myStudies.

O  8 credits external organisers

Abstract The main objective of the minimum twelve-week internship is to expose Master’s students to the industrial work environment. The aim of
the Industrial Internship is to apply engineering knowledge to practical situations.

Objective The aim of the Industrial Internship is to apply engineering knowledge to practical situations.

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Empfehlungen aus dem Bereich Wissenschaft im Kontext
(Typ B) für das D-MAVT

see Science in Perspective: Language Courses ETH/UZH

 Master's Thesis
Number Title Type ECTS Hours Lecturers

151-1001-00L Master's Thesis Mechanical Engineering
Students who fulfill the following criteria are allowed to
begin with their Master's Thesis:
a. successful completion of the bachelor program; 
b. fulfilling of any additional requirements necessary to
gain admission to the master programme;
c. successful completion of the semester project and
industrial internship;
d. achievement of 28 ECTS in the category "Core
Courses".

The Master's Thesis must be approved in advance by the
tutor and is supervised by a professor of ETH Zurich. 
To choose a titular professor as a supervisor, please
contact the D-MAVT Student Administration. 

O  30 credits 64D Professors

Abstract Master's programs are concluded by the master's thesis. The thesis is aimed at enhancing the student's capability to work independently
toward the solution of a theoretical or applied problem. The subject of the master's thesis, as well as the project plan and roadmap, are
proposed by the tutor and further elaborated with the student. 

Objective The thesis is aimed at enhancing the student's capability to work independently toward the solution of a theoretical or applied problem. 

 Course Units for Additional Admission Requirements
The courses below are only available to MSc students with additional admission requirements.

Number Title Type ECTS Hours Lecturers

406-0173-AAL Linear Algebra I and II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  6 credits 13R N. Hungerbühler

Abstract Linear algebra is an indispensable tool of engineering mathematics. The course is an introduction to basic methods and fundamental
concepts of linear algebra and its applications to engineering sciences.

Objective After completion of this course, students are able to recognize linear structures and to apply adequate tools from linear algebra in order to
solve corresponding problems from theory and applications. In addition, students have a basic knowledge of the software package Matlab.

Content Systems of linear equations, Gaussian elimination, solution space, matrices, LR decomposition, determinants, structure of linear spaces,
normed vector spaces, inner products, method of least squares, QR decomposition, introduction to MATLAB, applications.
Linear maps, kernel and image, coordinates and matrices, coordinate transformations, norm of a matrix, orthogonal matrices, eigenvalues
and eigenvectors, algebraic and geometric multiplicity, eigenbasis, diagonalizable matrices, symmetric matrices, orthonormal basis,
condition number, linear differential equations, Jordan decomposition, singular value decomposition, examples in MATLAB, applications.

Reading:

Gilbert Strang "Introduction to linear algebra", Wellesley-Cambridge Press: Chapters 1-6, 7.1-7.3, 8.1, 8.2, 8.6

A Practical Introduction to MATLAB: http://www.math.ethz.ch/~grsam/Numerik_MAVT_WS0203/docs/intro.pdf

Matlab Primer: http://www.math.ethz.ch/~grsam/Numerik_MAVT_WS0203/docs/primer.pdf
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Literature - Gilbert Strang: Introduction to linear algebra. Wellesley-Cambridge Press

- A Practical Introduction to MATLAB: http://www.math.ethz.ch/~grsam/Numerik_MAVT_WS0203/docs/intro.pdf

- Matlab Primer: http://www.math.ethz.ch/~grsam/Numerik_MAVT_WS0203/docs/primer.pdf

- K. Nipp / D. Stoffer, Lineare Algebra, vdf Hochschulverlag, 5. Auflage 2002

- K. Meyberg / P. Vachenauer, Höhere Mathematik 1, Springer 2003

406-0353-AAL Analysis III
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  4 credits 9R F. Da Lio

Abstract The focus lies on the simplest cases of three fundamental types of partial differential equations of second order: the Laplace equation, the
heat equation and the wave equation.

Literature Reference books and notes

Main books:

    Giovanni Felder: "Partielle Differenzialgleichungen für Ingenieurinnen und Ingenieure" (Download PDF:
http://www.math.ethz.ch/u/felder/Teaching/Partielle_Differenzialgleichungen ),
    Erwin Kreyszig: "Advanced Engineering Mathematics", John Wiley & Sons, just chapters 11, 16.


Extra readings:

    Norbert Hungerbühler: "Einführung in die partiellen Differentialgleichungen", vdf Hochschulverlag AG an der ETH Zürich,
    Yehuda Pinchover, Jacob Rubinstein: "Partial Differential Equations", Cambridge University Press 2005.


For reference/complement of the Analysis I/II courses:

    Christian Blatter: Ingenieur-Analysis (Download PDF)

Prerequisites /
notice

The precise content changes with the examiner. Candidates must therefore contact the examiner in person before studying the material.

Mechanical Engineering Master - Key for Type

Z Courses outside the curriculum
Dr Suitable for doctorate
W+ Eligible for credits and recommended

O Compulsory
W Eligible for credits
E- Recommended, not eligible for credits

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1246 of 1785

Mechanical and Process Engineering TC
Detailed information about the programme: www.didaktischeausbildung.ethz.ch

 Educational Science
General course offerings in the category Educational Science are listed under "Programme: Educational Science for Teaching Diploma and TC".

Number Title Type ECTS Hours Lecturers

851-0240-03L Introduction to Test Theory and Test Construction in
Educational Contexts (University of Zürich)
Does not take place this semester.
Enrolment only possible with Teaching Diploma or DC
matriculation.

No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: 200b800f

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  4 credits 2S University lecturers

Abstract The seminar will provide theoretical and applied knowledge in the construction of psychological questionnaires. The students will construct,
translate, and adapt instruments from different areas. Afterwards, data on these instruments will be gathered in an online survey. The
survey will be analyzed (under the guidance of the seminar leaders) and presented in a scientific report. 

Objective The learning outcomes are:
- Acquiring theoretical and applied knowledge in the construction, translation, and adaption of psychological instruments
- Conducting online surveys and statistical analyses
- Becoming more familiar with relevant statistical procedures (e.g., factor analysis, reliability, correlation, and regression analyses)
- Estimating and evaluating the psychometric properties of instruments
- Scientific description and communication of the results (using APA-style)

Content Die Lehrveranstaltung soll Studierenden theoretische und praktische Kenntnisse in der Konstruktion von Fragebogen vermitteln. Es werden
Instrumente aus verschiedenen Bereichen durch die Studierenden konstruiert, übersetzt und adaptiert. Danach erfolgt eine Online-
Erhebung dieser Instrumente, die anschliessend unter Anleitung ausgewertet und in einem wissenschaftlichen Bericht präsentiert wird.

Lecture notes Alle Unterlagen werden im OLAT-Kurs zur Verfügung gestellt
Voraussetzung für die Teilnahme ist ein eigener Laptop mit einem Statistikprogramm (z.B. SPSS) und einem Office-Paket.

Literature Alle Unterlagen werden zur Verfügung gestellt.
Prerequisites /
notice

Der Leistungsnachweis besteht aus einem schriftlichen Leistungsnachweis, der benotet wird, ausserdem werden die unten genannten
Aspekte von aktiver Teilnahme für das Bestehen des Moduls vorausgesetzt. Der schriftliche Leistungsnachweis besteht aus einem
wissenschaftlichen Bericht zur psychometrischen Prüfung einer im Rahmen des Seminars selbst adaptierten, konstruierten oder
übersetzten Skala. Die aktive Teilnahme besteht aus Vorbereitung auf die Sitzungen, Rekrutierung von Teilnehmenden für die
gemeinsame Datenerhebung, zwei kurzen Präsentationen zur praktischen Aufgabe sowie aktiver Teilnahme am Seminar.

Voraussetzung für die Teilnahme ist ein eigener Laptop mit einem Statistikprogramm (z.B. SPSS) und einem Office-Paket.

851-0240-17L Designing Learning Environments for School:
Educational Foundations (EW2 TC)
- Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".
- Addresses to students enrolled in "Teaching Certificate
in a non-college Discipline (TC)". 
- The simultaneous enrolment in course 851-0240-25
Designing Learning Environments for School: Vocational
Education  (EW2 TC)" is recommended, but not a
mandatory prerequisite.

O  2 credits 1V S. Peteranderl, P. Edelsbrunner,
U. Markwalder

Abstract Teaching is also a craft. In this lecture, students get to know and, wherever possible, also practice practical aspects of the teaching
profession within the framework of relevant theories rom the Learning Sciences. 

Objective Students acquire basic knowledge and skills needed for planning, preparing, and implementing effective instruction. They can reflect and
adapt these skills based on knowledge about findings from research in the learning sciences.  

Content We discuss characteristics of successful lessons and how to design such lessons by using curricula and lesson plans, teaching goals,
classroom management, and a variety of teaching methods.

Lecture notes The lecture comprises interactive parts where the participants  elaborate and extend their knowledge and skills. Thus, there is no
comprehensive written documentation of the lecture. The participants can download presentation slides, learning materials, and templates
from "Moodle".

Literature The necessary literature can be downloaded from "Moodle".
Prerequisites /
notice

The lecture EW2 can only be attended by students who already successfully completed the lecture Human Learning (EW1).
There will be two independent lectures for different groups of students. You will get further information in an email at the beginning of the
semester.

851-0240-25L Designing Learning Environments for School:
Vocational Education  (EW2 TC)
- Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".
- Addresses to students enrolled in "Teaching Certificate
in a non-college Discipline (TC)". 
- The simultaneous enrolment in course 851-0240-17L
Designing Learning Environments for School: Educational
Foundations (EW2 DZ)" is recommended, but not a
mandatory prerequisite.

O  2 credits 1V G. Kaufmann

Abstract Participants acquire knowledge in vocational training system and in theory and practice of vocational education. They get to know
characteristics of functions, tasks and roles in the professional world. They deduce consequences for the planning and execution of
learner-tailored and effective learning in vocational education taking into account the theory and practice of vocational education.

Objective Participants would be able to structure and execute learner-tailored and effective learning in vocational education taking into account the
theory and practice of vocational education.

851-0242-03L Introduction to General Pedagogy
Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate.

W  2 credits 2G L. Haag
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Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".

Abstract The basics of educational science and the field of activity of the school are conveyed in as much as they are of relevance to the field of
activity of the teachers. Basic knowledge is taught methodically by the lecturers which is further deepened by the reading of selected texts
and corresponding work assignments in individual and small groups.

Objective 1. Basics of educational science
1.1 Historical survey of education and school
1.2 Fundamental educational terms
- Education as field of activity of the school
- Education at school
- Socialization
2. Field of activity of the school
2.1 Theory of school
- Theory of school
- Curriculum theory
- School development
2.2 Theory of instruction
- Didactic analysis
- Principles of learning
- Handling of heterogeneity

851-0242-06L Cognitively Activating Instructions in MINT Subjects
Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

This course unit can only be enroled after successful
participation in, or during enrolment in the course 851-
0240-00L "Human Learning (EW 1)".

W  2 credits 2S R. Schumacher

Abstract This seminar focuses on teaching units in chemistry, physics and mathematics that have been developed at the MINT Learning Center of
the ETH Zurich. In the first meeting, the mission of the MINT Learning Center will be communicated. Furthermore, in groups of two, the
students will intensively work on, refine and optimize a teaching unit following a goal set in advance.

Objective - Get to know cognitively activating instructions in MINT subjects
- Get information about recent literature on learning and instruction

Prerequisites /
notice

Für eine reibungslose Semesterplanung wird um frühe Anmeldung und persönliches Erscheinen zum ersten Lehrveranstaltungstermin
ersucht.

851-0242-07L Human Intelligence
Number of participants limited to 30.

Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

This course unit can only be enroled after successful
participation in, or imultaneous enrolment in the course
851-0240-00L "Human Learning (EW 1)" .

W  1 credit 1S E. Stern

Abstract The focus will be on the book "Intelligenz: Grosse Unterschiede und ihre Folgen" by Stern and Neubauer. Participation at the first meeting
is obligatory. It is required that all participants read the complete book. Furthermore, in two meetings of 90 minutes, concept papers
developed in small groups (5 - 10 students) will be discussed.

Objective - Understanding of research methods used in the empirical human sciences
- Getting to know intelligence tests
- Understanding  findings relevant for education

851-0242-08L Research Methods in Educational Science
Number of participants limited to 30.

This course unit can only be enroled after successful
participation in, or imultaneous enrolment in the course
851-0240-00L "Human Learning (EW 1)" .

W  1 credit 1S P. Edelsbrunner, T. Braas,
C. M. Thurn

Abstract Literature from learning sciences will be read and discussed. Research methods will be in focus.
At the first meeting all participants will be allocated to working groups and two further meetings will be set up with the groups.
In the small groups students will write critical short essays about the read literature. The essays will be presented and discussed in the
plenum at the third meeting.

Objective - Understand research methods used in the empirical educational sciences
- Understand and critically examine information from scientific journals and media
- Understand pedagogically relevant findings from the empirical educational sciences

851-0242-11L Gender Issues In Education and STEM
Number of participants limited to 20.

Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

Prerequisite: students should be taking the course 851-
0240-00L Human Learning (EW1) in parallel, or to have
successfully completed it.

W  2 credits 2S M. Berkowitz Biran, T. Braas,
C. M. Thurn

Abstract In this seminar, we introduce some of the major gender-related  issues in the context of education and science learning, such as the under-
representation of girls and women in science, technology, engineering and mathematics (STEM). Different perspectives, controversies and
empirical evidence will be discussed.

Objective - To familiarize students with gender issues in the educational and STEM contexts and with controversies regarding these issues.
- To develop a critical view on existing perspectives. 
- To integrate this knowledge with teacher's work.
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Content Why do fewer women than men specialize in STEM (science, technology, engineering and mathematics)? Are girls better in language and
boys better in math? These and other questions about gender differences relevant to education and STEM learning have been occupying
researchers for decades. In this seminar, students will learn about major gender issues in the educational context and the different
perspectives for understanding them. 

Students will read and critically discuss selected publications on these topics and their implications for the classroom context. There will be
weekly (or bi-weekly) assignments as well as a final project in which students will integrate and elaborate on the topics learned in the
seminar.

Prerequisites /
notice

Recommended: Completion of the course 851-0240-00L Human Learning (EW1).

Active participation in the seminar.

 Subject Didactics and Professional Training
Important: You can only enrol in the courses of this category if you have not more than 12 CP left for possible additional requirements.

Number Title Type ECTS Hours Lecturers

151-1079-00L Teaching Internship Including Examination Lessons
Mechanical and Process Engineering
The teaching internship can just be visited if all other
courses of TC have been completed.
Repetition of the teaching internship is not possible, also if
the examination lessons have to be repeated.

W  6 credits 13P Q. Lohmeyer

Abstract The teaching internship offers students the opportunity to put the knowledge gained during their didactic education into practice at a
Fachhochschule or a Berufsfachschule. The internship comprises a total of 30 lessons, of which 10 lessons are observed and 20 lessons
are taught.

Objective Students can evaluate the teaching of others with regard to general didactic aspects and communicate their observations. They can also
fully prepare and conduct their own lessons. Students are able to guide learners through their lessons and actively involve them in the
lessons.

Content The teaching internship is led by an internship teacher who is assigned to the student by the lecturer of the subject didactics. In regard to
the observations, the internship teacher explains his or her professional and didactic considerations, on the basis of which he or she has
planned the lessons, and exchanges experiences and observations with the student during the internship. The internship teacher must
attend all lessons given by the student and discuss them with the student before and after the lessons. Two lessons at the end of the
internship are held as examination lessons, which are jointly assessed by the subject didactics teacher and a subject representative.

Prerequisites /
notice

Prerequisite is the successful completion of Subject Didactics I, Subject Didactics II and the Mentored Work.

 Further Subject Didactics
For students enrolled from HS 2019: The courses offered here are credited under the category «Subject Didactics and Professional Training».

Number Title Type ECTS Hours Lecturers

227-0858-00L Subject Didactics II for D-MAVT and D-ITET O  4 credits 3G Q. Lohmeyer, A. Colotti
Abstract Subject Didactics II addresses the opportunities provided by activating teaching elements and discusses the didactically meaningful use of

new digital technologies. Both main topics are deepened in application examples and teaching exercises.
Objective Students are familiar with various ways of activating learners in class. They can ask questions in a way that encourages learners to think

and participate. Students also understand how to use animation and simulation to help build conceptual understanding.
Content - Didactics and digitalisation

- Animation and simulation
- Think-Pair-Share
- Jigsaw method
- Questioning technique
- Practical training

Lecture notes The lecture slides are provided via Moodle.
Prerequisites /
notice

Prerequisite is the successful completion of Subject Didactics I.

151-1072-00L Mentored Work in Didactics of Mechanical and
Process Engineering

O  2 credits 4A Q. Lohmeyer

Abstract The Mentored Work aims at teaching students to combine theoretical topics from their didactic education with practical aspects and to
articulate the results in written form. The choice of the topic and the definition of the content is made in agreement between the students
and the lecturer.

Objective The topic of the thesis should be chosen in such a way that at least one of the following teaching objectives can be achieved:
- Students are able to reflect on their own or others teaching in terms of accepted criteria of learning effective teaching.
- Students learn to plan and conduct lessons based on a topic from their subject area.
- Students learn to deal with technical or didactic topics in depth from a pedagogical point of view.

Content The content of the work will be discussed individually in a preliminary meeting. In addition to the thematic frame, the methodical and
didactical focus of the work is defined.

Prerequisites /
notice

Prerequisite is the successful completion of Subject Didactics I and Subject Didactics II.

Mechanical and Process Engineering TC - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Materials Science Bachelor
 2. Semester

 Basis Courses Part 1
 First Year Examinations

Number Title Type ECTS Hours Lecturers

401-0262-G0L Analysis II O  8 credits 5V+3U A. Steiger
Abstract Differential and integral calculus for functions of one and several variables; vector analysis; ordinary differential equations of first and of

higher order, systems of ordinary differential equations; power series.
For each of these topics many examples from mechanics, physics and other areas.

Objective Introduction to the mathematical foundations of engineering sciences, as far as concerning differential and integral calculus.
Content Differential- und Integralrechnung von Funktionen einer und mehrerer Variablen; Vektoranalysis; gewöhnliche Differentialgleichungen

erster und höherer Ordnung, Differentialgleichungssysteme; Potenzreihen. In jedem Teilbereich eine grosse Anzahl von
Anwendungsbeispielen aus Mechanik, Physik und anderen Lehrgebieten des Ingenieurstudiums.

Lecture notes U. Stammbach: Analysis I/II
Prerequisites /
notice

Exercises and online quizzes are an important aspect of this course. Attempts at solving these problems will be honored with a bonus on
the final grade. See "Performance assessment" for more information.

529-3002-00L Chemistry II O  5 credits 2V+2U W. Uhlig, P. J. Walde, W. R. Caseri
Abstract General Chemistry II: Chemical bonding, Introduction to organic chemistry, Overview on important classes of inorganic compounds
Objective General base for understanding principles of organic chemistry (structure and reaktivity).
Content 1. Chemical Bonding

2. Alkanes, alkenes, alkines
3. Arenes
4. Halogenalkanes
5. Aldehydes and ketones
6. Carboxylic acids
7. Amines
8. Natural products
9. Overview on important classes of inorganic compounds

Literature C.E. Mortimer & U. Müller, CHEMIE, 12. Auflage, Thieme: Stuttgart, 2015 (ISBN -978-3-13-484312-5)

402-0040-00L Physics I O  5 credits 4V+2U A. Zheludev
Abstract Part A: 

Introduction to mechanics: kinematics, Newton's Laws, energy and momentum, rotation of solid bodies, movement in a central field,
oscillations and waves.

Part B: electrostatics, electric current, simple circuits, magnetic field, magnetic induction, Maxwell's equations, elements of optics.

Objective Fundamentals of mechanics, oscillations, waves, electricity and magnetism.
Content Part A: 

Introduction to mechanics: kinematics, Newton's Laws, energy and momentum, rotation of solid bodies, movement in a central field,
oscillations and waves.

Part B: electrostatics, electric current, simple circuits, magnetic field, magnetic induction, Maxwell's equations, elements of optics.

Lecture notes A detailed lecture script is made available online.
Literature (Fakultativ):

Paul A. Tippler und Gene Mosca, Physik für Wissenschaftler und Ingenieure.

327-0206-00L Mechanics O  5 credits 5G T. A. Tervoort
Abstract Mechanics of materials: stress and strain, linear elastic deformations, bending, torsion, buckling, plasticity, time-dependent behavior of

materials and fracture mechanics. Overview of the mechanical properties of the most important material classes: metals, ceramics and
polymers.

Objective This lecture is an introduction into the mechanical behavior of structures and materials. We will discuss both the continuum description of
stress and strain, and the atomistic and molecular mechanisms that determine the required material parameters.

Content Mechanics of materials: stress and strain, linear elastic deformations, bending, torsion, buckling, plasticity, time-dependent behavior of
materials and fracture mechanics. Overview of the mechanical properties of the most important material classes: metals, ceramics and
polymers.

 Additional Basic Courses
Number Title Type ECTS Hours Lecturers

327-0210-00L Research Lab O  2 credits 1S S. Morgenthaler Kobas
Abstract Students are introduced into different research areas of the department by accompanying doctoral students.
Objective The students are introduced into current research topics of D-MATL and discuss with doctoral students the scientific practice.
Content Each student gets to know three doctoral students and their research projects during the semester. At the end of the semester the students

present one research project in a short oral presentation in front of their peers.

The groups are assigned by the student office of the department.

327-0211-00L Practical Laboratory Course II O  5 credits 4P M. B. Willeke, M. R. Dusseiller,
S. Morgenthaler Kobas

Abstract Practical introduction into concepts and basic principles of Materials Science and Chemistry.  To become acquainted with important
chemical and physical methods.

Objective Practical introduction into concepts and basic principles of Materials Science and Chemistry.  To become acquainted with important
chemical and physical methods.

Content Experiments in the fields e.g. of synthetic and analytical chemistry (DC, IR- and UV-spec., DSC, DLS), fracture mechanics,
mechanical/thermal properties, particle tracking (DLS and classical microscopy), surface techniques (reflection spectroscopy),
thermodynamics,  corrosion, hardness of metals, electroplating, one computer theory experiment (simulation of molecular vibrations,
VASP), "forging, stone and wood processing", "mechanical workshop" (incl. technical drawing) and further.

Lecture notes Notes with information for each experiment (aim of the experiment, theory, experimental procedure, data analysis) can be downloaded from
the web (report center: https://praktikum.mat.ethz.ch or https://www.mat.ethz.ch/studies/bachelor/laborpraktische-
ausbildung/praktikum-i-und-ii.html).
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Prerequisites /
notice

Organisation: Arbeiten in 2er bzw. 4er Gruppen (Werkstoffteil) und alleine im Chemieteil.

 4. Semester
 Basic Courses Part 2

 Examination Block 3
Number Title Type ECTS Hours Lecturers

327-0401-00L Materials Science II
Planned to be offered for the last time in FS 2021.

O  3 credits 3G D. Opris, J. Kübler

Abstract Physical properties and fracture mechanics of brittle materials.
Introduction to polymers.

Objective The composition and microstructures of the most important ceramic materials are introduced. Microstructures and heterogenous phase
equilibria and the properties of the four most important structural ceramics and glass are given. An introduction to fracture mechanics of
brittle materials will allow to predict the survival probabilities and life time of components under static and dynamic load.

To achieve a basic understanding for what polymers are like, how one can make them accessible and characterize them and, finally, which
properties result from their chemical structure.

Content The basics of the chemical bonds of ceramics and glass will be presented. Heterogenous phase equilibria and the properties of the four
most important structural ceramics are given. An introduction to fracture mechanics of brittle materials will allow to predict the survival
probabilities and life time of components under static and dynamic load.

This introductory course discusses definitions, introduces types of polyreactions, and compares chain and step-growth polymerizations. It
also treats the constitution of homo- and copolymers and networks as well as the configuration and conformation of polymers. Topics of
interest are contour length, coil formation, the mobility in polymers, glass temperature, rubber elasticity, molecular weight distribution,
energetics of polyreactions, and examples for polyreactions (polyadditions, polycondensations, polymerizations). Selected polymerization
mechanisms and procedures are discussed. Some methods of molecular weight determination are introduced.

Lecture notes For ceramics see: http://www.complex.mat.ethz.ch/education/lectures.html
Literature - Physical Ceramics; Y.-M. Chiang, D. Birnie, D. Kingery, Wiley, 1997. 

- Neue keramische Werkstoffe; L. Michalowski (Hrsg.), Deutscher Verlag für Grundstoffindustrie, Leipzig und Stuttgart, 1994. 
- Modern Ceramic Engineering; David Richerson, Ed. 2, Dekker, 1992. 
- Introduction to Ceramics; W.D.Kingery, H.K.Bowen, D.K.Uhlmann, Ed. 2, Wiley, 1976.

L. Mandelkern An Introduction to Macromolecules, Springer 1972 (ISBN 0-387-90045-4)

J. M. G. Cowie Polymers: Chemistry and Physics of Modern Materials, Int. Textbook Comp. Ltd. Aylesbury (ISBN 0.7002 0222 6)

Both literatures will be made available in the course upon request.

Prerequisites /
notice

In the first part of the lecture the bases are obtained for structural ceramics. 

The  second  part of this lecture gives an introduction to polymers, their composition and properties.

327-0403-00L Chemistry IV
Planned to be offered for the last time in FS 2021.

O  4 credits 3G P. J. Walde, W. R. Caseri

Abstract Deepening of knowledge in inorganic and organic chemistry
Objective Deepening of knowledge in inorganic and oragnic chemistry
Content Nomenclature, stereochemistry, covalent bonds, ionic bonds, coordination bonds, hydrogen bonds, the most relevant reactions and

reaction mechanisms
Lecture notes will be distributed during the course

 Examination Block 4
Number Title Type ECTS Hours Lecturers

401-0654-00L Numerical Methods O  4 credits 2V+1U R. Käppeli
Abstract The course introduces numerical methods according to the type of problem they tackle. The tutorials will include both theoretical exercises

and practical tasks.
Objective This course intends to introduce students to fundamental numerical methods that form the foundation of numerical simulation in

engineering.  Students are to understand the principles of numerical methods, and will be taught how to assess, implement, and apply
them. The focus of this class is on the numerical solution of ordinary differential equations. During the course they will become familiar with
basic techniques and concepts of numerical analysis. They should be enabled to select and adapt suitable numerical methods for a
particular problem.

Content Quadrature, Newton method, initial value problems for ordinary differential equations: explicit one step methods, step length control,
stability analysis and implicit methods, structure preserving methods

Literature M. Hanke Bourgeois: Grundlagen der Numerischen Mathematik und des  Wissenschaftlichen Rechnens, BG Teubner, Stuttgart, 2002.

W. Dahmen, A. Reusken: Numerik für Ingenieure und Naturwissenschaftler, Springer, 2008.

Extensive study of the literature is not necessary for the understanding of the lectures.

Prerequisites /
notice

Prerequisite is familiarity with basic calculus and linear algebra.

401-0164-00L Multilinear Algebra and Its Applications
Planned to be offered for the last time in the Spring
Semester 2021.

O  3 credits 2V+1U L. Halbeisen

Abstract Review of the basic concepts of linear algebra, including  vector spaces, linear and multilinear maps. Introduction to tensors and multilinear
algebra.

Objective The goal of this course is to introduce the student to tensors, multilinear algebra and its applications.
Content Review of linear algebra with emphasis on vector spaces

and linear and multilinear transformations.
Tensors of first and second order
Higher order tensors.
Multilinear maps and tensor products of vector spaces 
Applications of tensors.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1252 of 1785

327-0406-00L Basic Principles of Materials Physics
Planned to be offered for the last time in FS 2021.

O  5 credits 2V+3U A. Gusev

Abstract Foundations and applications of equilibrium thermodynamics and statistical mechanics, supplemented by an elementary theory of transport
phenomena

Objective The course provides a solid working knowledge in thermodynamics (as the appropriate language for treating a variety of problems in
materials science)  and in statistical mechanics (as a systematic tool to find thermodynamic potentials for specific problems)

Content Thermodynamics, Statistical Mechanics
1. Introduction
2. Foundations of Thermodynamics
3. Applications of Thermodynamics
4. Foundations of Classical Statistical Mechanics
5. Applications of Classical Statistical Mechanics
6. Elementary Theory of Transport Phenomena

Lecture notes A guideline and a summary will be provided on the course website above.
Literature 1. K. Huang, Introduction to Statistical Physics (CRC Press, New York, 2010)

2. R. Kjellander, Thermodynamics Kept Simple: A Molecular Approach (CRC Press, Boca Raton, FL, 2016)
3. K. Huang, Statistical Physics (2nd ed., John Wiley & Sons, 1987)
4. D. Chandler, Introduction to Modern Statistical Mechanics (Oxford University Press, New York, 1987)

 Additional Basic Courses
Number Title Type ECTS Hours Lecturers

327-0410-00L Projects in Statistical Thermodynamics
Planned to be offered for the last time in FS 2021.

O  2 credits 2S J. Vermant, P. Derlet

Abstract Independent study of selected  topics in statistical thermodynamics (small projects with presentations)
Objective (1) Supplement to and illustration of the course "Foundations of Materials Physics A"

(2) Deeper understanding by independent study of selected  topics in statistical thermodynamics (small projects with presentations)
Content 1. Thermal Engines.

2. Boltzmann- life and work.
3. Phase Diagrams of Multicomponent Systems.
4. How does a fuel cell work?
5. Magnetic Systems: the Ising Model.   
6. The Gibbs-Thomson effect or "how difficult it is to be small".
7. Diffusion in fluids and soft solids: Fluctuations and motion.
8. Elastic response of soft solids: Entropic vs energetic elasticity. 
9. The ant in the labyrinth: A first approach to diffusion and transport in disordered media. 
10. Up or down? Thermodynamics and Statistical Mechanics illustrated for two-state systems. 
11. Real solids: Thermodynamics in equilibrium.
12. Batteries: Kinetics and irreversible thermodynamics.

327-0411-00L Practical Laboratory Course IV O  3 credits 4P M. B. Willeke, W. R. Caseri
Abstract To impart basic and advanced knowledge and experimental competence using selected examples from chemistry, physics and metal

physics.
Objective To impart basic knowledge and experimental competence using selected examples from chemistry, physics and metal physics.

First acquisition of independent scientific-technical skills.
Presenting a poster about the topic of one of the experiments.

Content Chemistry IV: "Lecture coordinated project based Praktikum" (Innovedum Project); project work coordinated with the inorganic part of the
Chemistry IV lecture. Details see:
 https://ww2.lehrbetrieb.ethz.ch/id-
workflows/pro/Innovedum/ProzessInnovedum/16045E9BFEAC11A7/showProject.ivp?id=1499&language=de






Physics II: Three experiments: two in the field of nonlinear optics and one computer experiment in the field of mesoscopic systems (incl. a
visit of the PSI in Villingen)

Metal physics I: Metallography/light microscophy; mechanical characterization

Lecture notes Notes with information for each experiment (aim of the experiment, theory, experimental procedure, data analysis) can be downloaded from
the report center  (https://praktikum.mat.ethz.ch, see also https://www.mat.ethz.ch/studies/bachelor/laborpraktische-
ausbildung/praktikum-iv.html).

Prerequisites /
notice

Erfolgreiche Teilnahme an den Praktika I - III des D-MATL. Über allfällige Ausnahmen entscheidet der Praktikumsleiter auf Anfrage.

 6. Semester
 Basic Courses Part 3

Number Title Type ECTS Hours Lecturers

327-0506-01L Materials Physics II W  3 credits 2V+1U P. Gambardella
Abstract This course provides physical foundations to understand the response of different classes of materials to electromagnetic fields, focusing

on the dielectric, optical, and magnetic properties of materials, and on the basic functioning of devices that exploit such properties,
including photodiodes, photovoltaic cells, LEDs, laser diodes, permanent magnet motors, transformers, and magnetic memories.

Objective This course aims at giving a deepened understanding of physical phenomena relevant to Materials Science.
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Content PART I: Introduction to the dielectric properties of matter
Microscopic origin of dipoles in matter: Electronic, ionic, molecular polarization. Electric field inside and outside dielectric materials.
Connection between macroscopic and microscopic polarization. Dielectric breakdown.

PART II: Interaction of electromagnetic waves with matter
The EM spectrum. Electromagnetic waves in vacuum; Energy, momentum, and angular momentum of EM waves; Sources of EM radiation;
EM waves in matter. The refractive index. Transmission, Reflection, and Refraction from a microscopic point of view. Optical anisotropy,
Optical activity, Dichroism.
Optical Materials: Crystalline Insulators and Semiconductors, Glasses, Metals
Photonic devices: Photodiodes, Photovoltaic cells, LEDs, Laser diodes

PART III: Magnetism
Magnetostatics: Classical concepts. Microscopic origin of magnetism. Diamagnetism, paramagnetism, ferromagnetism. Magnetic materials
and applications.

Lecture notes Lectures and script will be in English.
Lecture notes can be downloaded at 
http://www.intermag.mat.ethz.ch/education.html

Literature Electromagnetism and dielectric properties: E.M. Purcell and D.J. Morin, Electricity and Magnetism (Cambridge U. Press, 2013)
Optics and optical materials: E. Hecht, Optics (Lehmanns) ; M. Fox, Optical Properties of Solids (Oxford U. Press)
Photonic Devices: Simon Sze, Physics of Semiconductor Devices (Wiley)
Magnetism: J.M.D. Coey, Magnetism and magnetic materials (Cambridge U. Press, 2010).
General: C. Kittel, Introduction to Solid State Physics (Wiley, 2005), also available in German.

Prerequisites /
notice

Materials Physics I (327-0407-01)

327-0603-00L Ceramics II O 3 credits 2V+1U A. R. Studart, K. Conder
Abstract Understanding of the electrical, dielectric and optical properties of functional ceramics for materials engineers, physicists and electrical

engineers. An introduction is given to modern ceramics materials with multiple functions.
Objective Ceramics II covers the basic principles of functional ceramics such as linear and non-linear dielectrics, semiconductors, ionic and mixed

ionic-electronic conductors as well as materials aspects of high temperature superconductors. Examples of applications cover the range
from piezo-, pyro and opto-electronic materials over sensors and solid oxide fuel cells to squids and fault current limiters with
superconducting compounds. 
At the end of the course, the students should be able to select the chemistry, design the microstructure and devise processing routes to
fabricate functional ceramics for electronic, electromechanical, optical and magnetic applications.

Content - Applications of functional ceramics
- Dieletrics fundamentals & insulators
- Capacitors & resonators
- Ferroelectricity & piezoelectricity
- Pyroelectricity and electro-optic ceramics
- Defect chemistry
- Conductors
- Impedance spectroscopy
- Magnetic ceramics
- Superconductors

Lecture notes see:
https://www.complex.mat.ethz.ch/education/courses/ceramics2

Literature Electroceramics; J.A.Moulson
Free download of the book in ETH domain is possible following the link:
http://www3.interscience.wiley.com/cgi-bin/booktoc/104557643

Principles of Electronic Ceramics; L.L.Hench, J.K.West

327-0606-00L Polymers II O 3 credits 2V+1U T.-B. Schweizer, T. A. Tervoort
Abstract Principles of polymer technology
Objective To obtain an understanding of the engineering aspects of structure and properties of solid polymers. Influence of polymer processing on

properties of solid polymers.
Content 1. Crystallization of semi-crystalline polymers

2. Glass transition of amorphous polymers
3. Mechanical properties of solid polymers
4. Examples of polymer processing
5. Laboratory exercises

Lecture notes Moodle
Literature W. Kaiser, Kunststoffchemie für Ingenieure (Hanser, München, 2005)

327-0610-00L Composites O 3 credits 2V+1U F. J. Clemens, A. Winistörfer
Abstract Introduction of basic concepts for composites with polymer- metal- and ceramic matrix composites; production and properties of

composites reinforced with particles, whiskers, short and long fibres; selection criteria, case histories of applications, recycling, future
perspectives, and basic concepts for adaptive and functional composites

Objective Gain an insight into the diversity of opportunities to change the properties of composites, learn about the most important applications and
processing techniques
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Content 1.    Introduction
1.1    What are advanced composites?
1.2    What are materials by combination?
1.3    Are composites an idea of today?
1.4    Delphi foresight
1.5    Why composites?
1.6    References for chapter 1

2.    Basic modules
2.1    Particles
2.2    Short fibres including whiskers
2.3    Long fibres
2.4    Matrix materials
2.4.1    Polymers
2.4.2    Metals
2.4.3    Ceramics and glasses
2.5    References for chapter 2

3.    PMC: Polymer Matrix Composites
3.1    Historical background
3.2    Types of PMC-laminates
3.3    Production, processing and machining operation
3.4    Mechanics of reinforcement, microstructure, interfaces
3.5    Failure criteria
3.6    Fatigue behaviour of a multiply composite
3.7    Adaptive materials systems
3.8    References for chapter 3
 
4.    MMC: Metal matrix composites
4.1    Introduction: Definitions, selection criteria und "design"
4.2    Types von MMCs - examples und typical properties
4.3    Mechanical and physical properties of MMCs - basics of design, influencing variables and damage mechanisms
4.4    Production processes
4.5    Micro structure / interfaces
4.6    machining operations for MMC
4.7    Applications
4.8    References for chapter 4

5.    CMC: Ceramic Matrix Composites
5.1    Introduction and historical background
5.2    Modes of reinforcement
5.3    Production processes
5.4    Mechanisms of reinforcement
5.5    Micro structure / interfaces
5.6    Properties
5.7    Applications
5.8    Materials testing and quality assurance
5.9    References for chapter 5

Lecture notes The script will be delivered at the begin of the semester
Literature The script is including a comprehensive list of references
Prerequisites /
notice

Before each class, students will get a handout or they can be uploaded from the internet. 

The exercises take place in small groups. It is their goal to deepen knowledge gained in the classes

written end of semester examination

327-0612-00L Metals II O 3 credits 2V+1U R. Spolenak, M. Schinhammer,
A. Wahlen

Abstract Introduction to materials selection. Basic knowledge of major metallic materials: aluminium, magnesium, titanium, copper, iron and steel.
Selected topics in high temperature materials: nickel and iron-base superalloys, intermetallics and refractory metals.

Objective Introduction to materials selection. Basic knowledge of major metallic materials: aluminium, magnesium, titanium, copper, iron and steel.
Selected topics in high temperature materials: nickel and iron-base superalloys, intermetallics and refractory metals.

Content This course is devided into five parts:

A. Materials selection
Principles of materials properties maps
Introduction to the 'Materials selector' software package
Case studies

B. Light metals and alloys
Aluminium, magnesium, titanium
Properties and hardening mechanisms
Case studies in technological applications

C. Copper and its alloys

D. Iron and steel
The seven pros for steel
Fine grained steels, heat resistant steels
Steel and corrosion phenomena
Selection and application

E. High temperature alloys
Superalloys: iron, nickel, cobalt
Intermetallics: properties and application

Lecture notes Please visit the Moodle-link for this lecture
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Literature Gottstein, Physikalische Grundlagen der Materialkunde, Springer Verlag
Ashby/Jones, Engineering Materials 1 & 2, Pergamon Press
Ashby, Materials Selection in Mechanical Design, Pergamon Press
Porter/Easterling, Transformations in Metals and Alloys, Chapman & Hall
Bürgel, Handbuch Hochtemperatur-Werkstofftechnik, Vieweg Verlag

Prerequisites /
notice

Prerequisites: Metals I

 Compensatory Courses
Only possible after consultation with the Director of Studies.

 Industrial Internship or Project
Number Title Type ECTS Hours Lecturers

327-0001-00L Industrial Internship
Only for Materials Science BSc

W  10 credits external organisers

Abstract 12 weeks of industrial internship which is completed with a written report.
Objective The main objective of the 12-week internship is to expose bachelor's students to the industrial work environment. During this period,

students have the opportunity to be involved in on-going projects at the host institution.

327-0002-00L Project
Carrying out outside of D-MATL: Only possible after
consultation with the Director of Studies.

W  10 credits Lecturers

Abstract Project in a research group at ETH or at an University of 12 weeks. The project is completed with a written report.
Objective The main objective of the 12-week research project is to expose bachelor's students to the professional research environment. During this

period, students have the opportunity to be involved in on-going projects at the host institution.

 Bachelor's Thesis
Number Title Type ECTS Hours Lecturers

327-0620-00L Bachelor's Thesis O 10 credits 17D Professors
Abstract Independent scientific project in a D-MATL research group. A written report will be prepared on the scientific studies carried out, as well as

on the evaluation and discussion of the results.
Objective To develop the capability of independently analyzing and addressing scientific problems.
Content Independent work on a scientific research project. The project will be carried out either for two days per week during the 6th semester or in

a block within the first 6 weeks after the 6th semester.
Prerequisites /
notice

The entire project, including preparation of the report, needs to take place within the allotted time.

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
MATL

see Science in Perspective: Language Courses ETH/UZH

Materials Science Bachelor - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Materials Science Master
 Core Courses

Number Title Type ECTS Hours Lecturers

327-1206-00L Advanced Building Blocks for Soft Materials W Dr 5 credits 4G E. Dufresne, A. Anastasaki
Abstract Part 1 of the course (Spring semester) focuses on the chemistry of the building blocks and to learn how structures can be manipulated by

chemistry, composition and phase behaviour. The goal is to learn what can be done, both in an idealized research environment and in the
realm of industrial scale production.

Objective The goal of the two courses combined is to present the students with a toolbox for materials engineers to design, study and make soft
materials.

Content Where physics, chemistry and biology meet engineering.
Lecture notes Copies of the slides and a set of lecture notes will be provided.
Literature For the first and the second part combined there are a few books of recommended reading, but their is no textbook that we will rigorously

follow.

Introduction to Soft Matter: Synthetic and Biological Self-Assembling Materials Paperback by Ian W. Hamley
ISBN-13: 978-0470516102  ISBN-10: 0470516100 

Structured Fluids: Polymers, Colloids, Surfactants 
by Thomas A. Witten, Philip A. Pincus (OXford)
ISBN-13: 978-0199583829  ISBN-10: 019958382X

327-2201-00L Transport Phenomena II W Dr 5 credits 4G J. Vermant
Abstract Numerical and analytical methods for real-world "Transport Phenomena"; atomistic understanding of transport properties based on kinetic

theory and mesoscopic models; fundamentals, applications, and simulations
Objective The teaching goals of this course are on five different levels:

(1) Deep understanding of fundamentals: kinetic theory, mesoscopic models, ...
(2) Ability to use the fundamental concepts in applications
(3) Insight into the role of boundary conditions
(4) Knowledge of a number of applications
(5) Flavor of numerical techniques: finite elements, lattice Boltzmann, ...

Content Thermodynamics of Interfaces
Interfacial Balance Equations
Interfacial Force-Flux Relations
Polymer Processing
Transport Around a Sphere
Refreshing Topics in Equilibrium Statistical Mechanics
Kinetic Theory of Gases
Kinetic Theory of Polymeric Liquids
Transport in Biological Systems
Dynamic Light Scattering

Lecture notes The course is based on the book D. C. Venerus and H. C. Öttinger, A Modern Course in Transport Phenomena (Cambridge University
Press, 2018)

Literature 1. D. C. Venerus and H. C. Öttinger, A Modern Course in Transport Phenomena (Cambridge University Press, 2018)
2. R. B. Bird, W. E. Stewart, and E. N. Lightfoot, Transport Phenomena, 2nd Ed. (Wiley, 2001)
3. Deen,W. Analysis of Transport Phenomena, Oxford University Press, 2012
4. R. B. Bird, Five Decades of Transport Phenomena (Review Article), AIChE J. 50 (2004) 273-287

Prerequisites /
notice

Complex numbers. Vector analysis (integrability; Gauss' divergence theorem). Laplace and Fourier transforms. Ordinary differential
equations (basic ideas). Linear algebra (matrices; functions of matrices; eigenvectors and eigenvalues; eigenfunctions). Probability theory
(Gaussian distributions; Poisson distributions; averages; moments; variances; random variables). Numerical mathematics (integration).
Statistical thermodynamics (Gibbs' fundamental equation; thermodynamic potentials; Legendre transforms; Gibbs' phase rule; ergodicity;
partition functions; Einstein's fluctuation theory). Linear irreversible thermodynamics (forces and fluxes; Fourier's, Newton's and Fick's laws
for fluxes). Hydrodynamics (local equilibrium; balance equations for mass, momentum, energy and entropy). Programming and simulation
techniques (Matlab, Monte Carlo simulations).

327-2202-00L Size Effects in Materials W Dr 4 credits 4G R. Spolenak
Abstract The core of this course explains how the behavior of materials changes, when their external dimensions become small (usually on the

micro- to nanometer length scale) until quantum effects become dominant. This is illustrated by examples from all materials classes and
further substantiated by case studies of applications ranging from micro- and nanoelectronics to optoelectronics.

Objective Teaching goals:

to learn which materials are used in electronics, microelectronics and optoelectronics and why 

to understand how materials properties change when their external dimensions approach the micro- and nanoscale 

to grasp the materials and processing issues involved in miniaturized electronic, mechanical and optical systems 

to be exposed to state of the art technologies for fabrication and characterization of such systems
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Content The core of the course is the materials behavior in small dimensions. Focus will be put on scaling of electronic and mechanical properties,
thin film mechanics, device reliability and integration issues when dissimilar materials are joined. Advanced characterization techniques
specific to microcomponents will be presented. Finally possible future solutions to further miniaturization, such as carbon nanotubes or 3D
integration molecular electronics, will be critically discussed. Excursions to microelectronic companies are part of the course.

Topics include:

Basics
    Scaling laws and size effects
    Energy scales in materials science
    Length scales in materials science
    Size-dependent color effects
Mechanical properties 
Electronic properties
Measuring properties
Applications: 
    Fabrication of microcomponents
    Materials for Microelectronics and MEMS/NEMS
    Materials for Transistors
    Quantum dots
    Novel materials for optical telecommunication, optical     information processing, optical data storage and data display

Lecture notes Please visit the Moodle-link for this lecture
Literature "Thin Film Materials: Stress, Surface Evolution and Failure", L. B. Freund and S. Suresh, Cambridge University Press, 2003.


"Metal Based Thin Films for Electronics", K. Wetzig and C. M. Schneider (Eds.), Wiley-VCH, 2003

More literature will be announced in class.

Prerequisites /
notice

Excursion to IBM Laboratories, Rüschlikon

Prerequisites: Good understanding of materials science, equivalent to the Bachelor Degree in Materials Science at ETH Zurich

327-2203-00L Complex Materials II: Structure & Properties W Dr 5 credits 4G J. F. Löffler, M. Fiebig
Abstract The course presents structure-property relationships in complex materials, such as ferroic crystals, heterostructures and disordered

materials.
Objective The aim of the course is to impart detailed knowledge of the structure-property relationships in complex materials, such as ferroic crystals,

heterostructures and disordered materials. Students are encouraged to reflect critically on the topics taught in the lecture. They should give
critical feedback and in this way structure the progress of the lecture.

Content Part 1 focuses on the synthesis and processing of amorphous materials using physical routes. The resulting structure is discussed, as well
as their thermodynamics and kinetics. The course focuses in particular on the relationships between the structure of glassy metals and
other disordered materials and their resulting mechanical, thermophysical, biomedical and electronic properties. As to processing, new
manufacturing routes such as 3D printing of metals are also introduced.

In part 2, single crystals and heterostructures will be investigated for unconventional manifestations of ferroic order, such as (anti-)
ferromagnetism, ferroelectricity, ferrotoroidicity and in particular the coexistence of two or more of these. Domains and their interaction are
of particular interest. They are visualized by laser-optical and force microscopy techniques. Very often the (multi-)ferroic order is a
consequence of the competing interactions between spins, charges, orbitals, and lattices. This interplay is resolved by ultrafast laser
spectroscopy with access to the sub-picosecond timescale.

Lecture notes Lecture material is presented in the form of slides and assignments, with the aim that the students develop their own, critical perspective on
the subject. This results in a continuous adoption of the lecture content with respect to the feedback given by the students. A script is not
provided as it may generate a simple "read, memorize, and reproduce" learning perspective.

Literature References to original articles and reviews for further reading will be provided.
Prerequisites /
notice

Knowledge in the physics of materials, as provided by the ETH Zurich B.S. curriculum in Materials Science. Students are encouraged to
provide continuous feedback so that the topics covered by the lecture can be constantly adopted.

327-2204-00L Materials at Work II W Dr 4 credits 4S R. Spolenak, D. Hegemann,
E. Tervoort-Gorokhova

Abstract This course attempts to prepare the student for a job as a materials engineer in industry. The gap between fundamental materials science
and the materials engineering of products should be bridged. The focus lies on the practical application of fundamental knowledge allowing
the students to experience application related materials concepts with a strong emphasis on case-study mediated learning.

Objective Teaching goals:

to learn how materials are selected for a specific application

to understand how materials around us are produced and manufactured

to understand the value chain from raw material (feedstock, ores,...) to application

to be exposed to state of the art technologies for processing, joining and shaping

to be exposed to industry related materials issues and the corresponding language (terminology) and skills

to create an impression of how a job in industry "works", to improve the perception of the demands of a job in industry

Content The general outline for Materials at work is:

Strategic Materials (where do raw materials come from, who owns      them, who owns the IP and can they be substituted)
Materials Selection (what is the optimal material (class) for a specific application)
Materials systems (subdivisions include all classical materials classes)
    Processing
    Joining (assembly)
    Shaping
Materials and process scaling (from nm to m and vice versa, from mg to tons)
Sustainable materials manufacturing (cradle to cradle) Recycling (Energy recovery)
Materials testing

Materials at Work I focusses on Materials Selection, Polymers and Metals

Materials at Work II focusses on Metal processing, Ceramics and Surfaces
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Lecture notes Please use the Moodle-link
Literature Manufacturing, Engineering & Technology

Serope Kalpakjian, Steven Schmid
ISBN: 978-0131489653

Prerequisites /
notice

Metalle 1,2
Polymere 1,2
Keramik 1,2
Materials at Work I

327-2205-00L Surfaces, Interfaces and their Applications II W Dr 3 credits 3G P. Schmutz
Abstract Introduction to fundamental aspects of degradation induced on materials by (electro)chemical and mechanical interactions. Surface

physico-chemical processes on metal/alloys exposed to aggressive environments will be introduced. The different corrosion mechanisms
and protection strategies will be presented in combination with a description of experimental methods used for their characterization.

Objective The students should understand the fundamental mechanisms responsible for the most important corrosion phenomena affecting
"classical" industrial relevant metals/alloys and know the limitation in the use of these "standard" materials in aggressive environments.
They should also be able to transfer the aquired knowledge about corrosion mechanisms directly in the developments phase of new
materials/coatings in order to minimize the corrosive failure risks and increase the sustainability of new industrial products. They finally
should know how to approach a corrosion problem/failure and be able to propose the right characterization technique/methodology to
investigate each specific corrosion problems.

Content The most important types of corrosion mechanisms will be presented and discussed during the different lectures. For each specific
corrosion phenomenon, the most relevant experimental characterization methods will also be introduced directly after the corrosion part.
This combination allows the student to couple theoretical physico-chemical concepts with practical methodologies used in corrosion
research.  

Following topics will be presented:

- Thermodynamics related to corrosion processes prediction 

- Corrosion reaction kinetics / DC electrochemical methods 

- Passivation and passive film properties / XPS (X-Ray Photoelectron Spectroscopy) and EQCM (Electro-chemical Quartz Crystal
Microgravimetry)

- Uniform corrosion/Electrochemical Impedance Spectroscopy (EIS)/Magnesium biocorrosion

- Galvanic corrosion/AFM-SKPFM (Scanning Kelvin Probe Force Microscopy)

- Localized corrosion (pitting)/ Microcell technique

- Photoelectrochemistry and Crevice corrosion with description of specific electrochemical setups

- Intergranular corrosion and mathematical modelling concepts / Microtomography

- Stress corrosion cracking (SCC) / corrosion-fatigue

- Selected examples of more "exotic" corrosion mechanisms (Si, Ag, Ta, a.s.o), corrosion protection and surface functionalizing

Lecture notes A script in English covering the lecture content is available online on the ETHZ LSST (Laboratory for Surface Science and Technology)
website only to the student registering for the lecture.

Hardcopies of the script will be distributed during the lecture.

Literature The two following books cover pretty well the lecture content and offer additional and more detailed description of the phenomena/methods
presented in the lecture script:

- Corrosion mechanism: D. Landolt, "Corrosion and Surface Chemistry of Metals" EPFL Press (Distributed by CRC, Taylor and Francis
Group) (2007)

- Characterization methods: P. Marcus, "Analytical Methods in Corrosion Science and Engineering", CRC, Taylor and Francis Group (2006)

Prerequisites /
notice

Some background in the following fields should already be acquired by the student in order to optimally benefit from the lecture: 

Chemistry:
- General undergraduate chemistry (inorganic chemistry)
including basic chemical kinetics and thermodynamics
- Electrochemical characterization

Physics:
- General undergraduate physics
- Surface analysis

Materials Science:
- Metallurgy (in particuar of Steel and Al Alloy)

327-2207-00L Solid State Physics and Chemistry of Materials II
Prerequisite: Solid State Physics and Chemistry of
Materials I (327-1202-00L).

W Dr 5 credits 4G N. Spaldin

Abstract Continuation of Solid State Physics and Chemistry of Materials I
Objective Electronic properties and band theory description of conventional solids

Electron-lattice coupling and its consequences in functional materials
Electron-spin/orbit coupling and its consequences in functional materials
Structure/property relationships in strongly-correlated materials

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1259 of 1785

Content In this course we study how the properties of solids are determined from the chemistry and arrangement of the constituent atoms, with a
focus on materials that are not well described by conventional band theories because their behavior is governed by strong quantum-
mechanical interactions. We begin with a review of the successes of band theory in describing many properties of metals, semiconductors
and insulators, and we practise building up band structures from atoms and describing the resulting properties. Then we explore classes of
systems in which the coupling between the electrons and the lattice is so strong that it drives structural distortions such as Peierls
instabilities, Jahn-Teller distortions, and ferroelectric transitions. Next, we move on to strong couplings between electronic charge and spin-
and/or orbital- angular momentum, yielding materials with novel magnetic properties. We end with examples of the complete breakdown of
single-particle band theory in so-called strongly correlated materials, which comprise for example heavy-fermion materials, frustrated
magnets, materials with unusual metal-insulator transitions and the high-temperature superconductors.

Prerequisites /
notice

Solid State Physics and Chemistry of Materials I

 Elective Courses
The students are free to choose individually from the entire course offer of ETH Zürich on the Master level. Please consult the study administration in
case of questions.

Number Title Type ECTS Hours Lecturers

327-0613-00L Computer Applications: Finite Elements in Solids and
Structures
The course will only take place if at least 7 students are
enrolled.

W  4 credits 2V+2U A. Gusev

Abstract To introduce the Finite Element Method to the students with a general interest in the topic
Objective To introduce the Finite Element Method to the students with a general interest in the topic
Content Introduction; Energy formulations; Displacement finite elements; Solutions to the finite element equations; Linear elements; Convergence,

compatibility and completeness; Higher order elements; Beam and frame elements, Plate and shell elements; Dynamics and vibration;
Generalization of the Finite Element concepts (Galerkin-weighted residual and variational approaches)

Lecture notes Autographie
Literature - Astley R.J. Finite Elements in Solids and Structures, Chapman & Hill, 1992

- Zienkiewicz O.C., Taylor R.L. The Finite Element Method, 5th ed., vol. 1, Butterworth-Heinemann, 2000

327-2104-00L Inorganic Thin Films: Processing, Properties and
Applications

W  2 credits 2G T. Lippert, C. Schneider

Abstract Introduction to thin films growth and properties. The nucleation and growth of thin film theory is presented and the obtainable
microstructures are illustrated. Main processing and characterization techniques will be discussed.

Objective Achieve an understanding of major film growth methods, the most important growth mechanisms and characterization techniques. 
To obtain a basic knowledge of specific thin film properties and selected applications.

Content This course gives an introduction to the topic of thin films growth with an emphasis on oxides, respectively oxide thin films. The main
deposition techniques available for oxide thin film growth are physical and chemical vapor deposition techniques (PVD and CVD) as well as
so called wet techniques (e.g. spin coating and spray pyrolysis). A special emphasis will be given to techniques which are important for
industrial applications and basic research. A part of the course discusses vacuum technologies, materials selection and preparation. 
The second main topic is thin film characterization which includes structural, chemical, mechanical, magnetic and electrical properties as
well as the quantitative analysis of thin film composition. Finally, microfabrication and packaging are a topic of great technological
importance and the basis for industrial applications. 

I Table of Content

1    Introduction 

2    Thin Film Fundamentals
2.1    Thin Film Formation
2.2    Thin Film Microstructure
2.3    Grain Growth
2.4    Epitaxy and Texture

3    Deposition Techniques
3.1    Vacuum Deposition Techniques 
3.1.1    Evaporation and Molecular Beam Epitaxy (MBE) 
3.1.2    Sputtering 
3.1.3    Pulsed Laser Deposition (PLD) 
3.1.4    Chemical Vapor Deposition 
3.2    Non-Vacuum Deposition Techniques 
3.2.1    Spray Pyrolysis
3.2.2    Sol Gel Deposition
3.2.3    Electroplating and Electrophoresis

4    Properties and Characterization
4.1    Surface and Mechanical Properties 
4.2    Thermal Properties
4.3    Structural Properties 
4.4    Compositional Analysis
4.5    Chemical Properties 
4.6    Electrical and Magnetic Properties 
4.7    Optical Properties

5    Industrial Applications
Lecture notes Lecture notes will be provided.
Literature M. Ohring, Materials science of thin films, Academic Press

A. Elshabini-Riad, F.D. Barlow, Thin film technology handbook, Mc Graw Hill

327-2125-00L Microscopy Training SEM I - Introduction to SEM
Limited number of participants.

Master students will have priority over PhD students. PhD
students may still enroll, but will be asked for a fee.
(http://www.scopem.ethz.ch/education/MTP.html).

W  2 credits 3P P. Zeng, A. G. Bittermann, S. Gerstl,
L. Grafulha Morales, K. Kunze,
J. Reuteler
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Registration form:
(https://docs.google.com/forms/d/1JGcwHxx6pobT7RBRa
KnCEsgzK75O8y-ODQ7euxq5CzQ/edit)

Abstract The introductory course on Scanning Electron Microscopy (SEM) emphasizes hands-on learning. Using 2 SEM instruments, students have
the opportunity to study their own samples, or standard test samples, as well as solving exercises provided by ScopeM scientists.

Objective - Set-up, align and operate a SEM successfully and safely.
- Accomplish imaging tasks successfully and optimize microscope performances.
- Master the operation of a low-vacuum and field-emission SEM and EDX instrument.
- Perform sample preparation with corresponding techniques and equipment for imaging and analysis
- Acquire techniques in obtaining secondary electron and backscatter electron micrographs
- Perform EDX qualitative and semi-quantitative analysis

Content During the course, students learn through lectures, demonstrations, and hands-on sessions how to setup and operate SEM instruments,
including low-vacuum and low-voltage applications. 
This course gives basic skills for students new to SEM. At the end of the course, students with no prior experience are able to align a SEM,
to obtain secondary electron (SE) and backscatter electron (BSE) micrographs and to perform energy dispersive X-ray spectroscopy (EDX)
qualitative and semi-quantitative analysis. The procedures to better utilize SEM to solve practical problems and to optimize SEM analysis
for a wide range of materials will be emphasized.

- Discussion of students' sample/interest
- Introduction and discussion on Electron Microscopy and instrumentation
- Lectures on electron sources, electron lenses and probe formation 
- Lectures on beam/specimen interaction, image formation, image contrast and imaging modes.
- Lectures on sample preparation techniques for EM
- Brief description and demonstration of the SEM microscope
- Practice on beam/specimen interaction, image formation, image contrast (and image processing)
- Student participation on sample preparation techniques
- Scanning Electron Microscopy lab exercises: setup and operate the instrument under various imaging modalities
- Lecture and demonstrations on X-ray micro-analysis (theory and detection), qualitative and semi-quantitative EDX and point analysis,
linescans and spectral mapping
- Practice on real-world samples and report results

Literature - Detailed course manual
- Williams, Carter: Transmission Electron Microscopy, Plenum Press, 1996
- Hawkes, Valdre: Biophysical Electron Microscopy, Academic Press, 1990
- Egerton: Physical Principles of Electron Microscopy: an introduction to TEM, SEM and AEM, Springer Verlag, 2007

Prerequisites /
notice

No mandatory prerequisites. Please consider the prior attendance to EM Basic lectures (551- 1618-00V; 227-0390-00L; 327-0703-00L) as
suggested prerequisite.

327-2126-00L Microscopy Training TEM I - Introduction to TEM
Number of participants limited to 6. 
Master students will have priority over PhD students. PhD
students may still enroll, but will be asked for a fee
(http://www.scopem.ethz.ch/education/MTP.html).

TEM 1 registration form:
(https://scopem.ethz.ch/education/MTP/2019-
10-28-transmission-electron-microscopy-1--tem1-1.html)

W  2 credits 3P P. Zeng, E. J. Barthazy Meier,
A. G. Bittermann, F. Gramm,
A. Sologubenko, M. Willinger

Abstract The introductory course on Transmission Electron Microscopy (TEM) provides theoretical and hands-on learning for new operators, utilizing
lectures, demonstrations, and hands-on sessions.

Objective - Overview of TEM theory, instrumentation, operation and applications.
- Alignment and operation of a TEM, as well as acquisition and interpretation of images, diffraction patterns, accomplishing basic tasks
successfully.
- Knowledge of electron imaging modes (including Scanning Transmission Electron Microscopy), magnification calibration, and image
acquisition using CCD cameras.
- To set up the TEM to acquire diffraction patterns, perform camera length calibration, as well as measure and interpret diffraction patterns.
- Overview of techniques for specimen preparation.

Content Using two Transmission Electron Microscopes the students learn how to align a TEM, select parameters for acquisition of images in bright
field (BF) and dark field (DF), perform scanning transmission electron microscopy (STEM) imaging, phase contrast imaging, and acquire
electron diffraction patterns. The participants will also learn basic and advanced use of digital cameras and digital imaging methods.

- Introduction and discussion on Electron Microscopy and instrumentation.
- Lectures on electron sources, electron lenses and probe formation.
- Lectures on beam/specimen interaction, image formation, image contrast and imaging modes.
- Lectures on sample preparation techniques for EM.
- Brief description and demonstration of the TEM microscope.
- Practice on beam/specimen interaction, image formation, Image contrast (and image processing).
- Demonstration of Transmission Electron Microscopes and imaging modes (Phase contrast, BF, DF, STEM).
- Student participation on sample preparation techniques.
- Transmission Electron Microscopy lab exercises: setup and operate the instrument under various imaging modalities.
- TEM alignment, calibration, correction to improve image contrast and quality.
- Electron diffraction.
- Practice on real-world samples and report results.

Literature - Detailed course manual
- Williams, Carter: Transmission Electron Microscopy, Plenum Press, 1996
- Hawkes, Valdre: Biophysical Electron Microscopy, Academic Press, 1990
- Egerton: Physical Principles of Electron Microscopy: an introduction to TEM, SEM and AEM, Springer Verlag, 2007

Prerequisites /
notice

No mandatory prerequisites. Please consider the prior attendance to EM Basic lectures (551- 1618-00V; 227-0390-00L; 327-0703-00L) as
suggested prerequisite.

327-2130-00L Introducing Photons, Neutrons and Muons for
Materials Characterisation
Does not take place this semester.

W  2 credits 3G L. Heyderman

Abstract The course takes place at the campus of the Paul Scherrer Institute. The program consists of introductory lectures on the use of photons,
neutrons and muons for materials characterization, as well as tours of the large scale facilities of PSI.

Objective The aim of the course is that the students acquire a basic understanding on the interaction of photons, neutrons and muons with matter
and how one can use these as tools to solve specific problems. 
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Content The course runs for one week in June (15th to 19th). It takes place at the campus of the Paul Scherrer Institute. The morning consists of
introductory lectures on the use of photons, neutrons and muons for materials characterization. In the afternoon tours of the large scale
facilities of PSI (Swiss Light Source, Swiss Spallation Neutron Source, Swiss Muon Source, Swiss Free Electron Laser), are foreseen, as
well as in depth visits to some of the instruments. At the end of the week, the students are required to give an oral presentation about a
scientific topic involving the techniques discussed. Time for the presentation preparations will be allocated in the afternoon.
•Interaction of photons, neutrons and muons with matter 
• Production of photons, neutrons and muons 
• Experimental setups: optics and detectors
• Crystal symmetry, Bragg’s law, reciprocal lattice, structure factors
• Elastic and inelastic scattering with neutrons and photons
• X-ray absorption spectroscopy, x-ray magnetic circular dichroism
• Polarized neutron scattering for the study of magnetic materials
• Imaging techniques using x-rays and neutrons
• Introduction to muon spin rotation
• Applications of muon spin rotation

Lecture notes Slides from the lectures will be available on the internet prior to the lectures.
Literature •    Philip Willmott: An Introduction to Synchrotron Radiation: Techniques and Applications, Wiley, 2011

• J. Als-Nielsen and D. McMorrow: Elements of Modern X-Ray Physics, Wiley, 2011.
• G.L. Squires, Introduction to the Theory of Thermal Neutron Scattering, Dover Publications (1997). 
• Muon Spin Rotation, Relaxation, and Resonance, Applications to Condensed Matter"
Alain Yaouanc and Pierre Dalmas de Réotier, Oxford University Press, ISBN: 9780199596478 
• “Physics with Muons: from Atomic Physics to Condensed Matter Physics”, A. Amato
https://www.psi.ch/lmu/EducationLecturesEN/A_Amato_05_06_2018.pdf 

Prerequisites /
notice

This is a block course for students who have attended courses on condensed matter or materials physics. Registration at PSI website
required by March 17th, 2020.

327-2133-00L Advanced Joining Technologies W 3 credits 3G L. Da Silva Duarte
Abstract Introduction to fundamental aspects of joining technologies of (dis)similar materials for severe operating conditions. Interface reaction

processes of metal/alloys/ceramic. While focused on materials issues, issues related to joint design, processing, quality assurance,
process economics, and joint performance in service will also be addressed.

Objective Technical goals, the student will be able to:
1. Describe the fundamentals mechanisms of different joining technologies. Identify advantages and limitations of each method.
2. Be able to apply the basic knowledge on phase diagrams in order to choose the best alloys for joining, process parameters
(Temperature and time), joining methods and costs.
3. Describe common types of joining defects and be able to describe their potential influences during application/service.
4. Predict microstructures and/or phase transformations of materials after the joining process based on the phase diagrams information.
5. Identify suitable characterization techniques (destructive and non-destructive testing) and assess the joining properties.
6. Understand diffusion phenomena affecting joining interface during industrial applications and the materials limitations in aggressive
environments.
7. Identify and explain the influence of thermal stress affecting the joining interface of common engineering materials.

Content The most important types of joining and interface mechanisms will be presented and discussed during the different lectures. For each
specific joining technology, relevant technology aspects of the process, experimental characterization (destructive and non- destructive)
methods will be presented always bringing industry examples for each joining technology.
This combination allows the student to connect the basics of material science concepts with practical aspects of joining technology and the
research on joining technologies.
Following topics will be presented:
1. Introduction to Joining Technologies
2. Phase diagrams and thermodynamics; their importance in joining process
3. The basic metallurgy of welding: Brazing, Transient-Liquid-Phase Bonding and Soldering
4. Coatings and nano-reactive foils as filler materials
5. Advanced joining of alloys and intermetallic alloys
6. Advanced joining of polymers, ceramics and composites
7. Advanced joining with dissimilar materials
8. Characterization techniques: Destructive and Non-destructive methods
9. Defects and joining reliability
10. Corrosion environments and hydrogen embrittlement
11. Joining technologies as repairing technique
12. Other advanced joining methods (e.g. living tissue)

Lecture notes A script in English covering the lecture content is available online on the ETHZ website. Hardcopies of the script will be distributed during
the lecture.

Literature The following books help to deep lecture contents on Advanced Joining Technologies and offers additional and more detailed description of
the phenomena/methods presented in the lecture script:

1) Handbook of Plastics Joining: A Practical Guide, Edited by
The Welding Institute, Cambridge, UK, ISBN: 978-0-8155-1581-4

2) Solders and Soldering: Materials, Design, Production, and Analysis for Reliable Bonding; by Howard H., McGraw-Hill. ISBN-13: 978-
0070399709 

3) Principles of Soldering by Giles Humpston and David M. Jacobson. ASM International, 2004. ISBN: 978-0-87170-792-5

4) Principles of Brazing by Giles Humpston and David M. Jacobson. ASM International, 2004. ISBN: 0-87170-812-4

327-2134-00L Introduction to Metamaterials W Dr 2 credits 2G H. Galinski
Abstract The main course objectives are to introduce students to the exciting world of metamaterials designed for optical and mechanical

applications. Focus is on its most important physical concepts and fabrication techniques.
Objective The main course objectives are to introduce students to the exciting world of metamaterials designed for optical and mechanical

applications. Focus is on its most important physical concepts and fabrication techniques.
Content Metamaterials are artificial designer materials with properties that may not be found in nature. They can be designed to possess unique

electromagnetic or mechanical properties, which allow to explore new physical phenomena such as negative refraction and negative
Poisson's ratio, negative compressibility transitions, perfect lenses, optical and mechanical cloaking. In addition, metamaterials are
promising candidates to improve the environment by enhancing energy harvesting from the sun.

Topics to be covered: Metal optics and plasmonics, metamaterials and metasurfaces, epsilon-near-zero (ENZ) materials, negative
refraction, negative Poisson ratio materials, plasmonic-enhanced light harvesting.

327-2135-00L Advanced Analytical TEM W Dr 2 credits 3G A. Sologubenko, R. Erni,
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Number of participants limited to 12. 
Master students will have priority over PhD students. More
information here:
https://scopem.ethz.ch/education/MTP.html

R. Schäublin, M. Willinger, P. Zeng

Abstract The course focuses on the fundamental understanding and hands-on knowledge of analytical Transmission Electron Microscopy (ATEM)
techniques: electron dispersive X-ray analysis (EDX), energy filtered TEM and electron energy loss spectroscopy (EELS). The lectures will
be followed by demonstrations and acquisition sessions TEM instruments.The lectures on statistical treatment of raw data sets and on 

Objective • Setting-up the optimal operation conditions for reliable EDX analysis and quantification.
• Setting-up the optimal operation conditions for the reliable EFTEM analyses.
• Setting-up the optimal operation conditions for the reliable EELS analyses.
• EDX data acquisition, on-line analysis and quantification.
• EFTEM data acquisition and analysis.
• EELS acquisition analyses.

Content 1. Fundamentals of analytical TEM.
2. Electron Optics and Instrumentation. Spectrum Imaging.
3. Quantitative X-ray Spectrometry.
4. EELS.
5. EFTEM.
6. Statistical treatment of raw data.
7. EDX. Quantification and data evaluation.
8. Demonstrations on EDX, EELS, and EFTEM data acquisitions.
9. Practical sessions for students with provided specimens. Practical sessions for
students with their own specimens.
10. Questions and such: open discussion.
11. Student presentations.

Literature • Egerton: Physical Principles of Electron Microscopy: an introduction to TEM, SEM and AEM, Springer Verlag, 2007
• Williams, Carter: Transmission Electron Microscopy, Plenum Press, 2nd Edition 2009
• Egerton: Electron Energy-Loss Spectroscopy in the Electron Microscopy, 3rd Edition,
Springer, 2011. 

Prerequisites /
notice

No mandatory prerequisites. Prior attendance to EM Basic lectures (327-0703-00L, 227- 0390-00L) and to the Microscopy Training TEM I -
Introduction to TEM course (327-2126- 00L) is recommended.

327-2138-00L Polymer Surfaces in Materials Science and
Biotechnology
Does not take place this semester.

W  3 credits 3G to be announced

Abstract This course aims to introduce the students to the functionalization of materials using polymers, comprising synthetic aspects, applications
and the basics of characterization. The course includes an introduction to industrially relevant coatings for protection, chemical design of
adsorbates for surface functionalization, and the application of polymer interfaces in nanotechnology and biomaterials.

Objective The topics of this course are closely related to important industrial challenges, and additionally provide an overview of the most advanced
developments in materials functionalization strategies.  

By attending this course, the students (i) will gain a basic but robust knowledge of organic coatings that are relevant in industrial
applications, (ii) will acquire the fundamentals of surface functionalization using polymers, and (iii) will be introduced to the most advanced
applications of polymeric surfaces in biomaterials and nanobiotechnology.

Content - Protective coatings and paints
- Functionalization of inorganic surfaces with organic compounds
- Bio-repellent coatings: general aspects
- Marine biofouling
- From bio-passivity to bio-activity: application of polymer coatings on biomaterials
- Polymer surfaces in nanotechnology: assembly and patterning methods
- Application of polymer surfaces in sensors
- Polymers in drug delivery and nanobiotechnology
- Polymeric lubricants at surfaces
- Application of polymer/organic surfaces in optics and electronics

Lecture notes A script and copies of slides will be provided by the lecturer.
Prerequisites /
notice

This course will build upon prior basic knowledge in organic, inorganic and polymer chemistry, and requires an understanding of
undergraduate-level concepts of materials science. 

327-2139-00L Diffraction Physics in Materials Science W  3 credits 3G R. Erni
Abstract The lecture focuses on diffraction and scattering phenomena in materials science beyond basic Bragg diffraction. Introducing the 1st-order

Born approximation and Kirchoff’s theory, diffraction from ideal and non-ideal crystals is treated including, e.g., temperature and shape
effects, ordering phenomena, small-angle scattering and dynamical diffraction theories.

Objective • To become familiar with advanced diffraction phenomena in order to be able to explore the structure and properties of (solid) matter and
their defects. 
• To build up a generally applicable and fundamental theoretical understanding of scattering and diffraction effects. 
• To learn about limitations of the methods and the underlying theory which is commonly used to analyze diffraction data.

Content The course provides a general introduction to advanced diffraction phenomena in materials science. The lecture series covers the following
topics: derivation of a general scattering theory based on Green’s function as basis for the introduction of the first-order Born
approximation; Kirchhoff’s diffraction theory with its integral theorem and the specific cases of Fresnel and Fraunhofer diffraction; diffraction
from ideal crystals and diffraction from real crystals considering temperature effects expressed by the temperature Debye-Waller factor and
by thermal diffuse scattering, atomic size effects expressed by the static Debye-Waller factor and diffuse scattering due to the modulation
of the Laue monotonic scattering as a consequence of local order or clustering; the basics of small-angle scattering; and finally approaches
used to treat dynamical diffraction are introduced and exemplified by performing simulations. In addition, the specifics of X-ray, electron
and neutron scattering are being discussed. The course is complemented by a lab visit, live demos, selected exercises and short topical
presentations given by the participants.
 

Lecture notes Full-text script is available covering within about 100 pages the core topics of the lecture and all necessary derivations.
Literature - Diffraction Physics, 3rd ed., J. M. Cowley, Elsevier, 1994.

- X-Ray Diffraction, B. E. Warren, Dover, 1990.
- Diffraction from Materials, 2nd ed., L. H. Schwartz, J. B. Cohen, Springer, 1987.
- X-Ray Diffraction – In Crystals, Imperfect Crystals and Amorphous Bodies, A. Guinier, Dover, 1994.
- Aberration-corrected imaging in transmission electron microscopy, 2nd ed., R. Erni, Imperial College Press, 2015.


Prerequisites /
notice

Basics of crystallography and the concept of reciprocal space, basics of electromagnetic and particle waves (but not mandatory)
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327-2140-00L Microscopy Training FIB-SEM
Number of participants limited to 6. PhD students will be
asked for a fee.
https://scopem.ethz.ch/education/MTP.html

Registration form:
(https://scopem.ethz.ch/education/MTP/2019-
11-15-scanning-electron-microscopy1.html)

W Dr 1 credit 2P P. Zeng, A. G. Bittermann, S. Gerstl,
L. Grafulha Morales, K. Kunze,
J. Reuteler

Abstract The introductory course on Focused Ion Beam (FIB) provides theoretical and hands-on learning for new operators, utilizing lectures,
demonstrations and hands-on sessions. 

Objective - Set-up, align and operate a FIB-SEM successfully and safely.
- Accomplish operation tasks and optimize microscope performances. 
- Perform sample preparation (TEM lamella, APT probe…) using FIB-SEM. 
- Perform other FIB techniques, such as characterization 
- At the end of the course, students will know how to set-up FIB-SEM, how to prepare TEM lamella/APT probe and how to utilize FIB
techniques.

Content This course provides FIB techniques to students with previous SEM experience. 
- Overview of FIB theory, instrumentation, operation and applications. 
- Introduction and discussion on FIB and instrumentation. 
- Lectures on FIB theory. 
- Lectures on FIB applications. 
- Practicals on FIB-SEM set-up, cross-beam alignment.
- Practicals on site-specific cross-section and TEM lamellar preparation. 
- Lecture and demonstration on FIB automation. 

Literature - Detailed course manual. 
- Giannuzzi, Stevie: Introduction to focused ion beams instrumentation, theory, techniques, and practice, Springer, 2005.
- Orloff, Utlaut, Swanson: High resolution focused ion beams: FIB and its applications, Kluwer Academic/Plenum Publishers, 2003. 

Prerequisites /
notice

The students should fulfil one or more of these prerequisites:
- Prior attendance to the ScopeM Microscopy Training SEM I: Introduction to SEM (327-2125-00L).
- Prior SEM experience. 

327-2221-00L Advanced Surface Characterisation Techniques W 4 credits 2V+2U A. Rossi Elsener-Rossi
Abstract This course will be dedicated to the application of surface analytical techniques for the characterization of nanostructured materials and the

understanding of their reactivity. Applications to innovative materials relevant for industries will be provided during the course.
Objective Acquisition of a sound basis on qualitative and quantitative analysis of XPS, AES and SIMS data based on practical examples and

exercises from tribology, polymer science, biomaterials, passivity, nanostructured materials (according to the interests of participants).

Learn the capabilities and limitations of the techniques for materials characterization.

Content XPS and AES: Instrumental parameters (sources, analyzer); data acquisition; energy and intensity calibration; data processing (satellite
subtraction, background subtraction, curve-fitting); qualitative analysis (BE shifts, satellites); quantitative analysis of homogeneous, layered
and nanostructured surfaces.

Examples will cover chemical, physical, & electrical characterization of films, surfaces, particles & interfaces.

Errors in quantitative analysis; transmission function, comparison of data from different instruments; depth-profiling techniques; imaging
acquisition and processing

SIMS: Principle of the technique; overview on the instrumentation: Choice of primary ion; Mass scale calibration; Linearity of the intensity
scale (dead-time correction); Repeatability and reproducibility; an introduction to data interpretation and multivariate techniques will be also
provided.

Composition depth-profiling by XPS and Auger over 100's nm is presented by using noble gas ions (e.g. Ar+) sputtering while acquiring
spectra. The advantages and limitations of depth-profiling with C60 source that reduces or eliminates sputter induced artifacts for organic
materials will be discussed.
Angle Resolved XPS in combination with mathematical methods can provide gradient and layer ordering information within the first
monolayers down to 10 nm:practical examples will be presented.

ISO and ASTM standards will be also presented during the course.

Case studies, Visit to the laboratory, Computer-assisted data processing in the classroom.

Lecture notes Copy of the overheads will be available after the lecture.

Papers used for the case studies will be also distributed.

Literature D. Briggs, Surface analysis of polymers by XPS and static SIMS, Cambridge Solid State Science Series, 1998

J.C. Riviere and S. Myhra, Handbook of surface and Interface Analysis, Marcel Dekker Inc.

D. Briggs and M.P. Seah, Practical Surface Analysis, vol.1, John Wiley & Sons, Chichester.

J.C. Vickerman, Surface Analysis - the principal techniques, John Wiley & Sons, Chichester.

Prerequisites /
notice

The students should have attended and passed the following exams:
general chemistry, general physics and an introductory course on surface analysis techniques.

327-2222-00L Soft Materials: from Fundamentals to Applications
Does not take place this semester.

W 3 credits 2V+1U L. Isa

Abstract This course consists of a series of lectures, each focusing on a specific fundamental concept previously encountered by the student during
basic courses, and on its direct relevance for soft materials and their applications (e.g. colloidal crystals, dense suspensions, emulsions,
foams and liquid crystals).

Objective Soft materials, such as complex fluids, polymers, liquid crystals, foams etc. are of paramount importance in many technological
applications and consumer products. Additionally, they also work as "open laboratories", where basic phenomena, normally studied at the
atomic or molecular length and time scales, can be easily and directly observed at the micro and nanoscale. 
The aim of this course is to offer the student the possibility to connect fundamental concepts (e.g. entropy or thermodynamic equilibrium),
which too often stay as abstract constructions, to direct examples of soft materials. At the end of the course the student will have acquired
advanced knowledge of soft matter systems and strengthened his/her background in basic physics and physical chemistry.
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Content Each lecture will be divided into two parts. In the first part a specific concept will be introduced and discussed. In the second part the
implications for soft materials will be presented, often with practical demonstration in the class. 
Examples are:
- Entropy and phase transitions; application to colloidal crystals.
- Thermodynamics versus kinetics; application to Pickering emulsions.
- Excluded volume; application to liquid crystals.
The detailed series will be presented at the beginning of the course.

Lecture notes Notes will be handed out during the lectures and published online before each lecture.
Literature Provided in the lecture notes.
Prerequisites /
notice

Pre-existing notions of physics, thermodynamics, physical chemistry and statistical mechanics are necessary

327-2223-00L Atomic Force Microscopy in Materials Science
Does not take place this semester.
Number of participants limited to 18.

W  4 credits 6G N. Spencer

Abstract This course is a hands-on introduction to atomic force microscopy (AFM). It consists of lectures and practical exercises involving actual
AFM use, macroscopic mechanical models of AFM, and computer simulations.  Most lab work and the capstone research project will be
done in teams of two or three students.

Objective The objectives of the course are for students to become familiar with the concepts of and equipment for AFM, to understand their results,
and to competently use an AFM for a short research project.

Lecture notes YouTube.com/AtomicForceMicro, NaioAFM Tutorials 1-8, AFM Lessons 1-30

327-2224-00L MaP Distinguished Lecture Series on Additive
Manufacturing
This course is primarily designed for MSc and doctoral
students. Guests are welcome.

W Dr 1 credit 2S L. Schefer, M. Meboldt,
A. R. Studart

Abstract This course is an interdisciplinary colloquium on Additive Manufacturing (AM) involving different internationally renowned speakers from
academia and industry giving lectures about their cutting-edge research, which highlights the state-of-the-art and frontiers in the AM field.

Objective Participants become acquainted with the state-of-the-art and frontiers in Additive Manufacturing, which is a topic of global and future
relevance from the field of materials and process engineering. The self-study of relevant literature and active participation in discussions
following presentations by internationally renowned speaker stimulate critical thinking and allow participants to deliberately discuss
challenges and opportunities with leading academics and industrial experts and to exchange ideas within an interdisciplinary community.

Content This course is a colloquium involving a selected mix of internationally renowned speaker from academia and industry who present their
cutting-edge research in the field of Additive Manufacturing. The self-study of relevant pre-read literature provided in advance to each
lecture serves as a basis for active participation in the critical discussions following each presentation.

Lecture notes Selected scientific pre-read literature (max. three articles per lecture) relevant for and discussed at the end of each individual lecture is
posted in advance on the course web page

Prerequisites /
notice

Participants should have a solid background in materials science and/or engineering.

327-4105-00L Integrity of Materials and Structures W  4 credits 2V+2U M. Roth, M.  Barbezat, T. Graule
Abstract The course deals with failures in metallic and ceramic components as well as polymers and composites.
Objective 1) Understanding of failure mechanisms. 

2) Methodology of failure analysis.
3) Learn and understand how to apply the different investigation methods in an appropriate way.

Content METALS: Based on the fundamentals of the origination and appearance of fractures the influences of material, construction and fabrication
on failure mechanisms are discussed. Special interest is devoted to detrimental operative conditions (mechanical, corrosive, thermal
overload). This is demonstrated by case studies from different fields (aircrafts and turbines, machinery, building structures, etc.).
CERAMICS: Ceramics are used in applications where electrical insulation, resistance to wear, or the ability to withstand high temperatures
are needed. Failure mechanisms in ceramic components under operating conditions are analyzed: corrosion due to fluids, erosion due to
fluids loaded with particles, hot gas corrosion, creep.
POLYMERS: Methodology of failure analysis on polymer materials: system approach, mechanisms like aging in polymers, analysis of
thermoplast, thermosets and elastomer failures based on application oriented cases. Team exercises on selected failure cases.

327-4200-00L Bio-Inspired Active and Adaptive Materials W  3 credits 2G R. Nicolosi Libanori
Abstract This course offers a comprehensive description of the molecular mechanisms that are at the origin of the functions carried out by complex

out-of-equilibrium materials systems in living organisms. Through discussions, we will demonstrate strategies of implementing such
molecular-based vital functions found in biological systems into synthetic materials. 

Objective By the end of this course, students will be able to correlate dissipative molecular mechanisms with active and interactive functions found in
living organisms. They will be able to apply and integrate key out-of-equilibrium concepts towards functional active and adaptive devices
and material systems.

Content - Dynamic molecular systems
- Active, adaptive and autonomous molecular systems
- Temporal regulation in biological and bio-inspired systems
- Temporal control in biological systems
- Temporal control in bio-inspired systems
- Autonomous molecular structures
- Out-of-equilibrium biological and bio-inspired systems
- Decay of metastable and steady-state systems
- Transient self-assembly with active environments and active structural systems
- Motion and work generation
- Molecular motion mechanisms in biology
- Bio-inspired motors and walkers
- Harnessing molecular work at the macroscale
- Information processing in autonomous molecular systems
- Sensing, adaptation and communication in biology
- Reaction-diffusion in continuous systems

Literature Copies of the slides will be made available for download before each lecture.

101-0658-00L Concrete Material Science W  4 credits 2G R. J. Flatt, T. Wangler
Abstract Concrete Material Science examines how concrete properties are affected by its microstructure and how its microstructure is controlled by

processing and composition.  To achieve this, the course comprises a comprehensive presentation of the different techniques used to
characterize concrete and its constituents, both in research and construction practice.
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Objective In this course you will gain a thorough understanding of common techniques for characterizing engineering, microstructural, physical and
chemical properties of concrete. You will learn how this knowledge can be used both in research and industrial environments. In practice,
these techniques are used, for example, to evaluate new materials, diagnose causes of problems, determine responsibilities, handle
reclaims or quality insurance as well as devise an experimental program in research and development. Throughout the course various
references you will also learn about how concrete can be designed to have a reduced environmental impact and increased service life.

Content Program:
1. Introduction to Concrete Material Science
2. Thermodynamic modeling of cement hydration and its industrial relevance. Dr. Thomas Matschei (Holcim Group Support) 
3. Characterization techniques of cementitious materials I 
4. Characterization techniques of cementitious materials II 
5. Characterization techniques of cementitious materials III: Solid State NMR. Prof. Jean-Baptiste d'Espinose (ESPCI) 
6. Fresh properties of concrete - Rheology 
7. Chemical admixtures
8. Transport in porous media
9. Durability I
10. Alternative binders 
11. Durability II - Alkali-Silica Reaction. Dr. Andreas Lehmann (EMPA) 
12. Practical exercises I
13. Practical exercises II
14. Practical exercises III 

Lecture notes Students will receive all obligatory literature in printed form.
Literature Students will recieve all obligatory literature in printed form.
Prerequisites /
notice

Students with Bachelor Degree
Further degrees: Dipl. Ing. ETH or FH

101-0678-00L Wood Physics & Wood Materials W  3 credits 2G I. Burgert, T. Zimmermann
Abstract Fundamental relationships between structure and properties of wood and wood based materials are conveyed. Based on the hierarchical

structure of wood, aspects of nanostructural characterization and micromechanical analysis will be covered. In view of material
developments, concepts for the assembly of advanced wood materials and cellulose-based materials will be demonstrated.

Objective At a global scale wood is one of the most important building materials. Knowledge of significant physical properties of wood, wood based
materials and advanced wood materials as well as the relationship between structure and properties are conveyed. This knowledge is
fundamental for an appropriate use of wood and wood based materials as well as for a further improvement of the reliability of wood and for
establishing new fields of application.

Content The following topics are covered:
Hierarchical structure of wood and assembly of wood-based products
Physical properties (density, wood moisture, swelling and shrinkage)
Mechanical properties at different length scales
Nanostructural characterization
Materials from nanocellulose
Wood modification and durability
Wood polymer composites
Wood hybrid materials
Wood surfaces
Functional wood materials

Lecture notes Handouts will be sent to the students by e-mail prior to each lecture.
Literature Niemz, P.: Physik des Holzes und der Holzwerkstoffe, DRW Verlag 1993

Bodig, J.; Jayne, B.A.: Mechanics of wod and wood composites. Krieger, Malabar, Florida 1993
Dunky,M.; Niemz, P.: Holzwerkstoffe und Leime. Springer, Berlin 2002
Wagenführ,A.; Scholz,F.:Taschenbuch der Holztechnik (Kapitel 1.4 und 2, P.Niemz), Hanser Verlag 2008

151-0060-00L Thermodynamics and Transport Phenomena in
Nanotechnology

W  4 credits 2V+2U T. Schutzius

Abstract The lecture deals with thermodynamics and transport phenomena in nano- and microscale systems. Typical areas of applications are
microelectronics manufacturing and cooling, manufacturing of novel materials and coatings, surface technologies, wetting phenomena and
related technologies, and micro- and nanosystems and devices.

Objective The student will acquire fundamental knowledge of micro and nanoscale interfacial thermofluidics including light interaction with surfaces.
Furthermore, the student will be exposed to a host of applications ranging from superhydrophobic surfaces and microelectronics cooling to
solar energy, all of which will be discussed in the context of the course.

Content Thermodynamic aspects of intermolecular forces; Interfacial phenomena; Surface tension; Wettability and contact angle; Wettability of
Micro/Nanoscale textured surfaces: superhydrophobicity and superhydrophilicity.

Physics of micro- and nanofluidics.

Principles of thermoplasmonics and applications.

Lecture notes yes

151-0237-00L Advanced Optical Methods in Nanotechnology W  4 credits 2V+1U H. Eghlidi
Abstract The course covers both fundamental optical concepts for understanding micro/nano-optical studies as well as the principles and design

rules of the most common and emerging optical techniques and systems. This course benefits students who want to pursue
micro/nanoscopic non-invasive characterizations in various fields e.g. material sciences, mechanical engineering, biology, micro- and
nanofluidics.

Objective In the first part, students will learn about the necessary topics in optics, basic optical components and their important properties.  In the
second part, different optical characterization techniques, including optical imaging, spectroscopy and time-correlation measurements, and
their applications in nanoscale systems will be studied. Upon completion of the course, students will be able to understand, modify and
design optical systems for various micro/nanoscopic characterizations and studies.

Content Principles of optics (ray optics, beam optics, Fourier optics); Optical devices and components (light sources, fiber, lens, mirror, objective,
grating, beam splitter, filter, etc.); Characterization techniques and systems: microscopy (confocal, dark-field, fluorescence, interferrometric
scattering, super-resolution, etc.), spectroscopy, time-correlation measurements.

Literature Different book chapters and articles which will be announced/provided during the course.

151-0528-00L Theory of Phase Transitions W  4 credits 3G L. Guin, D. Kochmann
Abstract Phase transitions are responsible for various intriguing phenomena in physics and especially mechanics such as, e.g., superelasticity and

the shape memory effect in shape memory alloys, polarization reversal in ferroelectrics, or dendritic solidification in crystal growth. This
course surveys different theoretical approaches to phase transistions and introduces related modeling techniques.
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Objective Students learn different approaches to describing phase transitions at the continuum scale (including the sharp-interface approach,
regularized and phase-field models) and at the discrete level (e.g., chains of interacting particles). By discussing various physical problems
involving phase transitions, while pointing out their common features and specific properties, students acquire a physical understanding of
those phenomena. In addition, students  learn basic concepts of modeling and numerically simulating problems involving phase transitions.

Content 1. Introduction - review of continuum mechanics and thermodynamics.
2. Stability of equilibria, the Ericksen's bar problem.
3. Equilibrium phase mixtures and quasistatic processes in 1D.
4. Continuum theory of phase boundaries in 3D.
5. Mathematical aspects of phase transitions.
6. A discrete approach with an atomistic basis.
7. Regularized and phase-field models.
8. Polarization switching in ferroelectrics: the Ginzburg-Landau theory.
9. Phase-field modeling of polarization switching.
10. Fourier-based methods for phase-field models.
11. Propagation of solidification fronts: the Stefan problem.
12. Crystal growth on vicinal surfaces.
13. The framework of configurational forces.
14. Phase transitions in metamaterials.

Lecture notes Copies of the lecture notes will be provided for each class, however students are strongly encouraged to take their own notes. 
Literature Evolution of Phase Transitions: A Continuum Theory, R. Abeyaratne & J.K. Knwoles, Cambridge University Press

The Classical Stefan Problem, S.C. Gupta, Elsevier (recommended/not required background literature)
Prerequisites /
notice

Mechanics 1, 2 and 3. Ideally Continuum Mechanics.

151-0544-00L Metal Additive Manufacturing - Mechanical Integrity
and Numerical Analysis

W  4 credits 3G E. Hosseini

Abstract An introduction to Metal Additive Manufacturing (MAM) (e.g. different techniques, the metallurgy of common alloy-systems, existing
challenges) will be given. The focus of the lecture will be on the employment of different simulation approaches to address MAM challenges
and to enable exploiting the full advantage of MAM for the manufacture of structures with desired property and functionality.

Objective The main objectives of this lecture are:
- Acknowledging the possibilities and challenges for MAM (with a particular focus on mechanical integrity aspects),
- Understanding the importance of material science and metallurgical considerations in MAM,
- Appreciating the importance of thermal, fluid, mechanical and microstructural simulations for efficient use of MAM technology,
- Using different commercial analysis tools (COMSOL, ANSYS, ABAQUS) for simulation of the MAM process.

Content Preliminary lecture schedule:
- Introduction to MAM (concept, application examples, pros & cons),
- 2x Powder-bed and powder-blown metal additive manufacturing,
- Thermo-fluid analysis of additive manufacturing,
- Continuum-based thermal modelling and experimental validation techniques,
- Residual stress and distortion simulation and verification methods,
- 2x Microstructural simulation (basics, analytical, kinetic Monte Carlo, cellular automata, phase-field),
- Mechanical property prediction for MAM,
- 3x Microstructure and mechanical response of MAM material (steels, Ti6Al4V, Inconel, Al alloys),
- Design for additive manufacturing
- Artificial intelligence for AM
Exercise sessions use COMSOL, ANSYS, ABAQUS packages for analysis of MAM process.  Detailed video-instructions will be provided to
enable students setting up their own simulations.  COMSOL, ANSYS and ABAQUS agreed to support the course by providing licenses for
the course attendees and therefore the students can install the packages on their own systems.

Lecture notes Handouts of the presented slides.
Literature No textbook is available for the course (unfortunately), since it is a dynamic and relatively new topic. In addition to the material presented in

the course slides, suggestions/recommendations for additional literature/publications will be given  (for each individual topic).
Prerequisites /
notice

A basic knowledge of mechanical analysis, metallurgy, thermodynamics is recommended.

151-0622-00L Measuring on the Nanometer Scale W  2 credits 2G A. Stemmer
Abstract Introduction to theory and practical application of measuring techniques suitable for the nano domain.
Objective Introduction to theory and practical application of measuring techniques suitable for the nano domain.
Content Conventional techniques to analyze nano structures using photons and electrons: light microscopy with dark field and differential

interference contrast; scanning electron microscopy, transmission electron microscopy. Interferometric and other techniques to measure
distances. Optical traps. Foundations of scanning probe microscopy: tunneling, atomic force, optical near-field. Interactions between
specimen and probe. Current trends, including spectroscopy of material parameters.

Lecture notes Class notes and special papers will be distributed.

227-0161-00L Molecular and Materials Modelling W  4 credits 2V+2U D. Passerone, C. Pignedoli
Abstract The course introduces the basic techniques to interpret experiments with contemporary atomistic simulation, including force fields or ab

initio based molecular dynamics and Monte Carlo. Structural and electronic properties will be simulated hands-on for realistic systems.
The modern methods of "big data" analysis applied to the screening of chemical structures will be introduced with examples.

Objective The ability to select a suitable atomistic approach to model a nanoscale system, and to employ a simulation package to compute quantities
providing a theoretically sound explanation of a given experiment.  This includes knowledge of empirical force fields and insight in
electronic structure theory, in particular density functional theory (DFT). Understanding the advantages of Monte Carlo and molecular
dynamics (MD), and how these simulation methods can be used to compute various static and dynamic material properties. Basic
understanding on how to simulate different spectroscopies (IR, X-ray, UV/VIS). Performing a basic computational experiment: interpreting
the experimental input, choosing theory level and model approximations, performing the calculations, collecting and representing the
results, discussing the comparison to the experiment.

Content -Classical force fields in molecular and condensed phase systems
-Methods for finding stationary states in a potential energy surface
-Monte Carlo techniques applied to nanoscience
-Classical molecular dynamics: extracting quantities and relating to experimentally accessible properties
-From molecular orbital theory to quantum chemistry: chemical reactions
-Condensed phase systems: from periodicity to band structure
-Larger scale systems and their electronic properties: density functional theory and its approximations
-Advanced molecular dynamics: Correlation functions and extracting free energies
-The use of Smooth Overlap of Atomic Positions (SOAP) descriptors in the evaluation of the (dis)similarity of crystalline, disordered and
molecular compounds

Lecture notes A script will be made available and complemented by literature references.
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Literature D. Frenkel and B. Smit, Understanding Molecular Simulations, Academic Press, 2002.

M. P. Allen and D.J. Tildesley, Computer Simulations of Liquids, Oxford University   Press 1990.

C. J. Cramer, Essentials of Computational Chemistry. Theories and Models, Wiley 2004

G. L. Miessler, P. J. Fischer, and Donald A. Tarr, Inorganic Chemistry, Pearson 2014.

K. Huang, Statistical Mechanics, Wiley, 1987.

N. W. Ashcroft, N. D. Mermin, Solid State Physics, Saunders College 1976.

E. Kaxiras, Atomic and Electronic Structure of Solids, Cambridge University Press 2010.

227-0664-00L Technology and Policy of Electrical Energy Storage W  3 credits 2G V. Wood, T. Schmidt
Abstract With the global emphasis on decreasing CO2 emissions, achieving fossil fuel independence and growing the use of renewables,

developing & implementing energy storage solutions for electric mobility & grid stabilization represent a key technology & policy challenge.
This course uses lithium ion batteries as a case study to understand the interplay between technology, economics, and policy.

Objective The students will learn of the complexity involved in battery research, design, production, as well as in investment, economics and policy
making around batteries. Students from technical disciplines will gain insights into policy, while students from social science backgrounds
will gain insights into technology.

Content With the global emphasis on decreasing CO2 emissions, achieving fossil fuel independence, and integrating renewables on the electric
grid, developing and implementing energy storage solutions for electric mobility and grid stabilization represent a key technology and policy
challenge. The class will focus on lithium ion batteries since they are poised to enter a variety of markets where policy decisions will affect
their production, adoption, and usage scenarios. The course considers the interplay between technology, economics, and policy.

* intro to energy storage for electric mobility and grid-stabilization
* basics of battery operation, manufacturing, and integration
* intro to the role of policy for energy storage innovation & diffusion
* discussion of complexities involved in policy and politics of energy storage

Lecture notes Materials will be made available on the website.
Literature Materials will be made available on the website.
Prerequisites /
notice

Strong interest in energy and technology policy.

376-1614-00L Principles in Tissue Engineering W 3 credits 2V K. Maniura, M. Rottmar, M. Zenobi-
Wong

Abstract Fundamentals in blood coagulation; thrombosis, blood rheology, immune system, inflammation, foreign body reaction on the molecular
level and the entire body are discussed. Applications of biomaterials for tissue engineering in different tissues are introduced.
Fundamentals in medical implantology, in situ drug release, cell transplantation and stem cell biology are discussed.

Objective Understanding of molecular aspects for the application of biodegradable and biocompatible Materials. Fundamentals of tissue reactions
(eg. immune responses) against implants and possible clinical consequences will be discussed.

Content This class continues with applications of biomaterials and devices introduced in Biocompatible Materials I. Fundamentals in blood
coagulation; thrombosis, blood rheology; immune system, inflammation, foreign body reaction on the level of the entire body and on the
molecular level are introduced. Applications of biomaterials for tissue engineering in the vascular system, skeletal muscle, heart muscle,
tendons and ligaments, bone, teeth, nerve and brain, and drug delivery systems are introduced. Fundamentals in medical implantology, in
situ drug release, cell transplantation and stem cell biology are discussed.

Lecture notes Handouts provided during the classes and references therin.
Literature The molecular Biology of the Cell, Alberts et al.,  5th Edition, 2009.

Principles in Tissue Engineering, Langer et al., 2nd Edition, 2002

402-0318-00L Semiconductor Materials: Characterization,
Processing and Devices

W  6 credits 2V+1U S. Schön, W. Wegscheider

Abstract This course gives an introduction into the fundamentals of semiconductor materials. The main focus in this semester is on state-of-the-art
characterization, semiconductor processing and devices.

Objective Basic knowledge of semiconductor physics and technology. Application of this knowledge for state-of-the-art semiconductor device
processing

Content 1. Material characterization: structural and chemical methods
1.1 X-ray diffraction methods (Powder diffraction, HRXRD, XRR, RSM)
1.2 Electron microscopy Methods (SEM, EDX, TEM, STEM, EELS)
1.3 SIMS, RBS
2. Material characterization: electronic methods
2.1 van der Pauw techniquel2.2 Floating zone method
2.2 Hall effect
2.3 Cyclotron resonance spectroscopy
2.4. Quantum Hall effect
3. Material characterization: Optical methods
3.1 Absorption methods
3.2 Photoluminescence methods
3.3 FTIR, Raman spectroscopy
4. Semiconductor processing: lithography
4.1 Optical lithography methods
4.2 Electron beam lithography
4.3 FIB lithography
4.4 Scanning probe lithography
4.5 Direct growth methods (CEO, Nanowires)
5. Semiconductor processing: structuring of layers and devices
5.1 Wet etching methods
5.2 Dry etching methods (RIE, ICP, ion milling)
5.3 Physical vapor depositon methods (thermal, e-beam, sputtering)
5.4 Chemical vapor Deposition methods (PECVD, LPCVD, ALD)
5.5 Cleanroom basics & tour
6. Semiconductor devices
6.1 Semiconductor lasers
6.2 LED & detectors
6.3 Solar cells
6.4 Transistors (FET, HBT, HEMT)

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1268 of 1785

Lecture notes https://moodle-app2.let.ethz.ch/course/view.php?id=12230
Prerequisites /
notice

The "compulsory performance element" of this lecture is a short presentation of a research paper complementing the lecture topics.
Several topics and corresponding papers will be offered on the moodle page of this lecture.

402-0468-15L Nanomaterials for Photonics
Does not take place this semester.

W  6 credits 2V+1U R. Grange

Abstract The lecture describes various nanomaterials (semiconductor, metal, dielectric, carbon-based...) for photonic applications (optoelectronics,
plasmonics, photonic crystal...). It starts with nanophotonic concepts of light-matter interactions, then the fabrication methods, the optical
characterization techniques, the description of the properties and the state-of-the-art applications.

Objective The students will acquire theoretical and experimental knowledge in the different types of nanomaterials (semiconductors, metals,
dielectric, carbon-based, ...) and their uses as building blocks for advanced applications in photonics (optoelectronics, plasmonics, photonic
crystal, ...). Together with the exercises, the students will learn (1) to read, summarize and discuss scientific articles related to the lecture,
(2) to estimate order of magnitudes with calculations using the theory seen during the lecture, (3) to prepare a short oral presentation about
one topic related to the lecture, and (4) to imagine a useful photonic device.

Content 1.    Introduction to Nanomaterials for photonics
     a.    Classification of the materials in sizes and speed...
     b.    General info about scattering and absorption
     c.    Nanophotonics concepts 

2.    Analogy between photons and electrons
     a.    Wavelength, wave equation
     b.    Dispersion relation
     c.    How to confine electrons and photons
     d.    Tunneling effects

3.    Characterization of Nanomaterials
     a.    Optical microscopy: Bright and dark field, fluorescence, confocal, High resolution: PALM (STORM), STED
     b.    Electron microscopy : SEM, TEM
     c.    Scanning probe microscopy: STM, AFM
     d.    Near field microscopy: SNOM
     e.    X-ray diffraction: XRD, EDS

4.    Generation of Nanomaterials
     a.    Top-down approach
     b.    Bottom-up approach

5.    Plasmonics
     a.    What is a plasmon, Drude model
     b.    Surface plasmon and localized surface plasmon (sphere, rod, shell)
     c.    Theoretical models to calculate the radiated field: electrostatic approximation and Mie scattering
     d.    Fabrication of plasmonic structures: Chemical synthesis, Nanofabrication
     e.    Applications

6.    Organic nanomaterials
     a.    Organic quantum-confined structure: nanomers and quantum dots.
     b.    Carbon nanotubes: properties, bandgap description, fabrication
     c.    Graphene: motivation, fabrication, devices

7.    Semiconductors
     a.    Crystalline structure, wave function...
     b.    Quantum well: energy levels equation, confinement
     c.    Quantum wires, quantum dots
     d.    Optical properties related to quantum confinement
     e.    Example of effects: absorption, photoluminescence...
     f.    Solid-state-lasers : edge emitting, surface emitting, quantum cascade

8.    Photonic crystals
     a.    Analogy photonic and electronic crystal, in nature
     b.    1D, 2D, 3D photonic crystal
     c.    Theoretical modeling: frequency and time domain technique
     d.    Features: band gap, local enhancement, superprism...
  
9.    Optofluidic
     a.    What is optofluidic ?
     b.    History of micro-nano-opto-fluidic
     c.    Basic properties of fluids
     d.    Nanoscale forces and scale law
     e.    Optofluidic: fabrication
     f.    Optofluidic: applications
     g.    Nanofluidics

10.    Nanomarkers
     a.    Contrast in imaging modalities
     b.    Optical imaging mechanisms
     c.    Static versus dynamic probes

Lecture notes Slides and book chapter will be available for downloading
Literature References will be given during the lecture
Prerequisites /
notice

Basics of solid-state physics (i.e. energy bands) can help

402-0558-00L Crystal Optics in Intense Light Fields W 6 credits 2V+1U M. Fiebig
Abstract Because of their aesthetic nature crystals are termed "flowers of mineral kingdom". The aesthetic aspect is closely related to the symmetry

of the crystals which in turn determines their optical properties. It is the purpose of this course to stimulate the understanding of these
relations with a particular focus on those phenomena occurring in intense light fields as they are provided by lasers.
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Objective In this course students will at first acquire a systematic knowledge of classical crystal-optical phenomena and the experimental and
theoretical tools to describe them. This will be the basis for the core part of the lecture in which they will learn how to characterize
ferroelectric, (anti)ferromagnetic and other forms of ferroic order and their interaction by nonlinear optical techniques. See also
http://www.ferroic.mat.ethz.ch/research/index.

Content Crystal classes and their symmetry; basic group theory; optical properties in the absence and presence of external forces; focus on
magnetooptical phenomena; density-matrix formalism of light-matter interaction; microscopy of linear and nonlinear optical susceptibilities;
second harmonic generation (SHG); characterization of ferroic order by SHG; outlook towards other nonlinear optical effects: devices,
ultrafast processes, etc.

Lecture notes Extensive material will be provided throughout the lecture.
Literature (1) R. R. Birss, Symmetry and Magnetism, North-Holland (1966)

(2) R. E. Newnham: Properties of Materials: Anisotropy, Symmetry, Structure, Oxford University (2005)
(3) A. K. Zvezdin, V. A. Kotov: Modern Magnetooptics & Magnetooptical Materials, Taylor/Francis (1997)
(4) Y. R. Shen: The Principles of Nonlinear Optics, Wiley (2002) 
(5) K. H. Bennemann: Nonlinear Optics in Metals, Oxford University (1999)

Prerequisites /
notice

Basic knowledge in solid state physics and quantum (perturbation) theory will be very useful. The lecture is addressed to students in
physics and students in materials science with an affinity to physics.

529-0191-01L Electrochemical Energy Conversion and Storage
Technologies

W  4 credits 3G L. Gubler, E. Fabbri,
J. Herranz Salañer

Abstract The course provides an introduction to the principles and applications of electrochemical energy conversion (e.g. fuel cells) and storage
(e.g. batteries) technologies in the broader context of a renewable energy system.

Objective Students will discover the importance of electrochemical energy conversion and storage in energy systems of today and the future,
specifically in the framework of renewable energy scenarios. Basics and key features of electrochemical devices will be discussed, and
applications in the context of the overall energy system will be highlighted with focus on future mobility technologies and grid-scale energy
storage. Finally, the role of (electro)chemical processes in power-to-X and deep decarbonization concepts will be elaborated.

Content Overview of energy utilization: past, present and future, globally and locally; today’s and future challenges for the energy system; climate
changes; renewable energy scenarios; introduction to electrochemistry; electrochemical devices, basics and their applications: batteries,
fuel cells, electrolyzers, flow batteries, supercapacitors, chemical energy carriers: hydrogen & synthetic natural gas; electromobility; grid-
scale energy storage, power-to-gas, power-to-X and deep decarbonization, techno-economics and life cycle analysis.

Lecture notes all lecture materials will be available for download on the course website.
Literature - M. Sterner, I. Stadler (Eds.): Handbook of Energy Storage (Springer, 2019).

- C.H. Hamann, A. Hamnett, W. Vielstich; Electrochemistry, Wiley-VCH (2007).
- T.F. Fuller, J.N. Harb: Electrochemical Engineering, Wiley (2018)

Prerequisites /
notice

Basic physical chemistry background required, prior knowledge of electrochemistry basics desired.

860-0015-00L Supply and Responsible Use of Mineral Resources I W  3 credits 2G B. Wehrli, F. Brugger,
K. Dolejs Schlöglova, S. Hellweg,
C. Karydas

Abstract Students critically assess the economic, social, political, and environmental implications of extracting and using energy resources, metals,
and bulk materials along the mineral resource cycle for society. They explore various decision-making tools that support policies and
guidelines pertaining to mineral resources, and gain insight into different perspectives from government, industry, and NGOs.

Objective Students will be able to:
- Explain basic concepts applied in resource economics, economic geology, extraction, processing and recycling technologies,
environmental and health impact assessments, resource governance, and secondary materials.
- Evaluate the policies and guidelines pertaining to mineral resource extraction.
- Examine decision-making tools for mineral resource related projects. 
- Engage constructively with key actors from governmental organizations, mining and trading companies, and NGOs, dealing with issues
along the mineral resource cycle.

Prerequisites /
notice

Bachelor of Science, Architecture or Engineering, and enrolled in a Master's or PhD program at ETH Zurich. Students must be enrolled in
this course in order to participate in the case study module course 860-0016-00 Supply and Responsible Use of Mineral Resources II.

 Projects
Number Title Type ECTS Hours Lecturers

327-1210-00L Project I O  12 credits 23A Professors
Abstract Independent scientific practice of 8 weeks which is completed with a written report.
Objective Projects, with themes from the chosen scientific fields of interest, are intended to familiarise candidates with scientific procedures and

operational methodologies through supervised participation in current research work.

327-1211-00L Project II O  12 credits 23A Professors
Abstract Independent scientific practice of 8 weeks which is completed with a written report.
Objective Projects, with themes from the chosen scientific fields of interest, are intended to familiarise candidates with scientific procedures and

operational methodologies through supervised participation in current research work.

 Master's Thesis
Number Title Type ECTS Hours Lecturers

327-9000-00L Master's Thesis
Only students who fulfill the following criteria are allowed
to begin with their master's thesis:
a. successful completion of the bachelor programme; 
b. fulfilling of any additional requirements necessary to
gain admission to the master programme.

O 30 credits 64D Professors

Abstract Independent scientific work of current topics in the field of materials science. Duration 6 months. The work is documented in a written form.
Objective Master thesis is a six month fulltime project and will encourage the students to work independently and in a structured and scientific way. It

is guided by a professor of the Department of Materials.

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
MATL

see Science in Perspective: Language Courses ETH/UZH
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 Course Units for Additional Admission Requirements
The courses below are only available for MSc students with additional admission requirements.

Number Title Type ECTS Hours Lecturers

327-0501-AAL Metals I
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R R. Spolenak

Abstract Repetition and advancement of dislocation theory. Mechanical properties of metals: hardening mechanisms, high temperature plasticity,
alloying effects. Case studies in alloying to illustrate the mechanisms.

Objective Repetition and advancement of dislocation theory. Mechanical properties of metals: hardening mechanisms, high temperature plasticity,
alloying effects. Case studies in alloying to illustrate the mechanisms.

Content Dislocation theory:
Properties of dislocations, motion and kinetics of dislocations, dislocation-dislocation and dislocation-boundary interactions, consequences
of partial dislocations, sessile dislocations
Hardening theory:
a. solid solution hardening: case studies in copper-nickel and iron-carbon alloys
b. particle hardening: case studies on aluminium-copper alloys
High temperature plasticity:
thermally activated glide
power-law creep
diffusional creep: Coble, Nabarro-Herring
deformation mechanism maps
Case studies in turbine blades
superplasticity
alloying effects

Lecture notes https://www.met.mat.ethz.ch/education/lect_scripts
Literature Hull/Bacon, Introduction to Dislocations, Butterworth & Heinemann

Courtney, Mechanical Behaviour of Materials, McGraw-Hill
Porter/Easterling, Transformations in Metals and Alloys, Chapman & Hall

327-0612-AAL Metals II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R R. Spolenak, M. Schinhammer,
A. Wahlen

Abstract Introduction to materials selection. Basic knowledge of major metallic materials: aluminium, magnesium, titanium, copper, iron and steel.
Selected topics in high temperature materials: nickel and iron-base superalloys, intermetallics and refractory metals.

Objective Introduction to materials selection. Basic knowledge of major metallic materials: aluminium, magnesium, titanium, copper, iron and steel.
Selected topics in high temperature materials: nickel and iron-base superalloys, intermetallics and refractory metals.

Content This course is devided into five parts:

A. Materials selection
Principles of materials properties maps
Introduction to the 'Materials selector' software package
Case studies

B. Light metals and alloys
Aluminium, magnesium, titanium
Properties and hardening mechanisms
Case studies in technological applications

C. Copper and its alloys

D. Iron and steel
The seven pros for steel
Fine grained steels, heat resistant steels
Steel and corrosion phenomena
Selection and application

E. High temperature alloys
Superalloys: iron, nickel, cobalt
Intermetallics: properties and application

Lecture notes http://www.met.mat.ethz.ch/education/lect_scripts
Literature Ashby/Jones, Engineering Materials 1 & 2, Pergamon Press

Ashby, Materials Selection in Mechanical Design, Pergamon Press
Honeycombe, Steels, Microstructure and Properties, Edward Arnold publishers
Shackelford, Materials Science for Engineers
I.J. Polmear: Light Alloys, Metallurgy of the Light Metals
R.C. Reed: The Superalloys: Fundamentals and Applications, Cambridge

Prerequisites /
notice

Prerequisites: Metals I

327-0502-AAL Polymers I
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R M. Kröger

Abstract Physical foundations of single polymer molecules and interacting chains.
Objective The self-study course offers a modern approach to the understanding of universal static and dynamic properties of polymers by way of a

script and/or related references.
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Content Introduction to Polymer Physics, random walks, ideal chains
Semiflexible chains
Excluded volume
Lattice models
Scaling theory
Interacting chains
Structure factor and scattering experiments
Solvent and temperature effects
Phase separation and critical phenomena
Flory theory, self-consistent field theory
Dendrimers and polymer brushes
Blob model
Polymer mixtures
Block copolymers
Polymer gels, theory of rubber elasticity
Rouse and reptation models
Rheology, viscoelasticity
Computer experiments
Dynamic light scattering
Fokker-Planck equations, stochastic differential equations

Lecture notes The script is currently available in German, cf. http://www.polyphys.mat.ethz.ch/education/courses/polymers-I. It can be replaced by the
mentioned books.

Literature 1. M. Rubinstein and R. H. Colby, Polymer Physics (Oxford University Press, 2003)
2. P. G. de Gennes, Scaling Concepts in Polymer Physics (Cornell University Press, Ithaca, 1979)
3. M. Doi, Introduction to Polymer Physics (Oxford, Oxford, 2006)
4. M. Kröger, Models for polymeric and anisotropic liquids (Springer, Berlin, 2005)

Prerequisites /
notice

Lecture free self-study course.

327-0606-AAL Polymers II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R T.-B. Schweizer, T. A. Tervoort

Abstract Principles of polymer technology
Objective To obtain an understanding of the engineering aspects of structure and properties of solid polymers. Influence of polymer processing on

properties of solid polymers.
Content 1. Crystallization of semi-crystalline polymers

2. Glass transition of amorphous polymers
3. Mechanical properties of solid polymers
4. Examples of polymer processing
5. Laboratory exercises

Literature W. Kaiser, Kunststoffchemie für Ingenieure (Hanser, München, 2005)

327-0503-AAL Ceramics I
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R M. Niederberger, T. Graule,
A. R. Studart

Abstract Introduction to ceramic processing
Objective The aim is the understanding of the basic principles of ceramic processing
Content Basic chemical processes for powder production.

Liquid-phase synthesis methods.
Sol-Gel processes.
Solubility product.
Principle of Le Chatelier.
Classical crystallization theory.
Gas phase reactions.
Basics of the collidal chemistry for suspension preparation and control.
Characterization techniques for powders and colloids.
Shaping techniques for bulk components and thin films.
Sintering processes and microstructural control.

Literature Additional references are given on the lecture notes.

327-0610-AAL Advanced Composites
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R F. J. Clemens, A. Winistörfer

Abstract Introduction of basic concepts for composites with polymer- metal- and ceramic matrix composites; production and properties of
composites reinforced with particles, whiskers, short and long fibres; selection criteria, case histories of applications, recycling, future
perspectives, and basic concepts for adaptive and functional composites

Objective Gain an insight into the diversity of opportunities to change the properties of composites, learn about the most important applications and
processing techniques
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Content 1.    Introduction
1.1    What are advanced composites?
1.2    What are materials by combination?
1.3    Are composites an idea of today?
1.4    Delphi foresight
1.5    Why composites?
1.6    References for chapter 1

2.    Basic modules
2.1    Particles
2.2    Short fibres including whiskers
2.3    Long fibres
2.4    Matrix materials
2.4.1    Polymers
2.4.2    Metals
2.4.3    Ceramics and glasses
2.5    References for chapter 2

3.    PMC: Polymer Matrix Composites
3.1    Historical background
3.2    Types of PMC-laminates
3.3    Production, processing and machining operation
3.4    Mechanics of reinforcement, microstructure, interfaces
3.5    Failure criteria
3.6    Fatigue behaviour of a multiply composite
3.7    Adaptive materials systems
3.8    References for chapter 3
 
4.    MMC: Metal matrix composites
4.1    Introduction: Definitions, selection criteria und "design"
4.2    Types von MMCs - examples und typical properties
4.3    Mechanical and physical properties of MMCs - basics of design, influencing variables and damage mechanisms
4.4    Production processes
4.5    Micro structure / interfaces
4.6    machining operations for MMC
4.7    Applications
4.8    References for chapter 4

5.    CMC: Ceramic Matrix Composites
5.1    Introduction and historical background
5.2    Modes of reinforcement
5.3    Production processes
5.4    Mechanisms of reinforcement
5.5    Micro structure / interfaces
5.6    Properties
5.7    Applications
5.8    Materials testing and quality assurance
5.9    References for chapter 5

Lecture notes The script will be delivered at the begin of the semester
Literature The script is including a comprehensive list of references
Prerequisites /
notice

Before each class, students will get a handout. Students will get the power point presentation of each class by e-mail.

The exercises take place in small groups. It is their goal to deepen knowledge gained in the classes

written end of semester examination

Materials Science Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1273 of 1785

Mathematics (General Courses)
 Generally Accessible Seminars and Colloquia

Number Title Type ECTS Hours Lecturers

401-5000-00L Zurich Colloquium in Mathematics Z 0 credits R. Abgrall, P. L. Bühlmann,
M. Iacobelli, A. Iozzi, S. Mishra,
R. Pandharipande, further lecturers

Abstract The lectures try to give an overview of "what is going on" in important areas of contemporary mathematics, to a wider non-specialised
audience of mathematicians.

 Actuary SAA Education at ETH Zurich
Further pieces of information are available at Prof. M. Wüthrich's secretariat, HG F 42.

Number Title Type ECTS Hours Lecturers

401-3629-00L Quantitative Risk Management W 4 credits 2V+1U P. Cheridito
Abstract This course introduces methods from probability theory and statistics that can be used to model financial risks. Topics addressed include

loss distributions, risk measures, extreme value theory, multivariate models, copulas, dependence structures and operational risk.
Objective The goal is to learn the most important methods from probability theory and statistics used in financial risk modeling.
Content 1. Introduction 

2. Basic Concepts in Risk Management
3. Empirical Properties of Financial Data
4. Financial Time Series
5. Extreme Value Theory
6. Multivariate Models
7. Copulas and Dependence
8. Operational Risk

Lecture notes Course material is available on https://people.math.ethz.ch/~patrickc/qrm
Literature Quantitative Risk Management: Concepts, Techniques and Tools

AJ McNeil, R Frey and P Embrechts
Princeton University Press, Princeton, 2015 (Revised Edition)
http://press.princeton.edu/titles/10496.html

Prerequisites /
notice

The course corresponds to the Risk Management requirement for the SAA ("Aktuar SAV Ausbildung") as well as for the Master of Science
UZH-ETH in Quantitative Finance.

401-4920-00L Market-Consistent Actuarial Valuation W 4 credits 2V M. V. Wüthrich, H. Furrer
Abstract Introduction to market-consistent actuarial valuation. 

Topics: Stochastic discounting, full balance sheet approach, valuation portfolio in life and non-life insurance, technical and financial risks,
risk management for insurance companies.

Objective Goal is to give the basic mathematical tools for describing insurance products within a financial market and economic environment and
provide the basics of solvency considerations.

Content In this lecture we give a full balance sheet approach to the task of actuarial valuation of an insurance company. Therefore we introduce a
multidimensional valuation portfolio (VaPo) on the liability side of the balance sheet. The basis of this multidimensional VaPo is a set of
financial instruments. This approach makes the liability side of the balance sheet directly comparable to its asset side.

The lecture is based on four sections:
1) Stochastic discounting
2) Construction of a multidimensional Valuation Portfolio for life insurance products (with guarantees)
3) Construction of a multidimensional Valuation Portfolio for a run-off portfolio of a non-life insurance company
4) Measuring financial risks in a full balance sheet approach (ALM risks)

Literature Market-Consistent Actuarial Valuation, 3rd edition.
Wüthrich, M.V.
EAA Series, Springer 2016.
ISBN: 978-3-319-46635-4

Wüthrich, M.V., Merz, M. 
Claims run-off uncertainty: the full picture.
SSRN Manuscript ID 2524352 (2015).

England, P.D, Verrall, R.J., Wüthrich, M.V. 
On the lifetime and one-year views of reserve risk, with application to IFRS 17 and Solvency II risk margins.
Insurance: Mathematics and Economics 85 (2019), 74-88. 

Wüthrich, M.V., Embrechts, P., Tsanakas, A.
Risk margin for a non-life insurance run-off.
Statistics & Risk Modeling 28 (2011), no. 4, 299--317.

Financial Modeling, Actuarial Valuation and Solvency in Insurance.
Wüthrich, M.V., Merz, M.
Springer Finance 2013.
ISBN: 978-3-642-31391-2

Cheridito, P., Ery, J., Wüthrich, M.V.
Assessing asset-liability risk with neural networks. 
Risks 8/1 (2020), article 16.

Prerequisites /
notice

The exams ONLY take place during the official ETH examination period.

This course will be held in English and counts towards the diploma of "Aktuar SAV". 
For the latter, see details under www.actuaries.ch. 
 
Knowledge in probability theory, stochastic processes and statistics is assumed.

401-3917-00L Stochastic Loss Reserving Methods W 4 credits 2V R. Dahms
Abstract Loss Reserving is one of the central topics in non-life insurance. Mathematicians and actuaries need to estimate adequate reserves for

liabilities caused by claims. These claims reserves have influence all financial statements, future premiums and solvency margins. We
present the stochastics behind various methods that are used in practice to calculate those loss reserves.
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Objective Our goal is to present the stochastics behind various methods that are used in prctice to estimate claim reserves. These methods enable
us to set adequate reserves for liabilities caused by claims and to determine prediction errors of these predictions.

Content We will present the following stochastic claims reserving methods/models:
- Stochastic Chain-Ladder Method
- Bayesian Methods, Bornhuetter-Ferguson Method, Credibility Methods
- Distributional Models
- Linear Stochastic Reserving Models, with and without inflation
- Bootstrap Methods
- Claims Development Result (solvency view)
- Coupling of portfolios

Literature M. V. Wüthrich, M. Merz, Stochastic Claims Reserving Methods in Insurance, Wiley 2008.
Prerequisites /
notice

The exams ONLY take place during the official ETH examination periods.

This course will be held in English and counts towards the diploma "Aktuar SAV".
For the latter, see details under www.actuaries.ch.

Basic knowledge in probability theory is assumed, in particular conditional expectations.

401-3936-00L Data Analytics for Non-Life Insurance Pricing W 4 credits 2V C. M. Buser, M. V. Wüthrich
Abstract We study statistical methods in supervised learning for non-life insurance pricing such as generalized linear models, generalized additive

models, Bayesian models, neural networks, classification and regression trees, random forests and gradient boosting machines.
Objective The student is familiar with classical actuarial pricing methods as well as with modern machine learning methods for insurance pricing and

prediction.
Content We present the following chapters:

- generalized linear models (GLMs)
- generalized additive models (GAMs)
- neural networks
- credibility theory
- classification and regression trees (CARTs)
- bagging, random forests and boosting

Lecture notes The lecture notes are available from:
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2870308

Prerequisites /
notice

This course will be held in English and counts towards the diploma of "Aktuar SAV".
For the latter, see details under www.actuaries.ch

Good knowledge in probability theory, stochastic processes and statistics is assumed.

401-3923-00L Selected Topics in Life Insurance Mathematics W 4 credits 2V M. Koller
Abstract Stochastic Models for Life insurance 

1) Markov chains
2) Stochastic Processes for demography and interest rates
3) Cash flow streams and reserves
4) Mathematical Reserves and Thiele's differential equation
5) Theorem of Hattendorff 
6) Unit linked policies

401-3956-00L Economic Theory of Financial Markets
Does not take place this semester.

W 4 credits 2V M. V. Wüthrich

Abstract This lecture provides an introduction to the economic theory of financial markets. It presents the basic financial and economic concepts to
insurance mathematicians and actuaries.

Objective This lecture aims at providing the fundamental financial and economic concepts to insurance mathematicians and actuaries. It focuses on
portfolio theory, cash flow valuation and deflator techniques.

Content We treat the following topics:
- Fundamental concepts in economics
- Portfolio theory
- Mean variance analysis, capital asset pricing model
- Arbitrage pricing theory
- Cash flow theory
- Valuation principles
- Stochastic discounting, deflator techniques
- Interest rate modeling
- Utility theory

Prerequisites /
notice

The exams ONLY take place during the official ETH examination period.

This course will be held in English and counts towards the diploma of "Aktuar SAV". For the latter, see details under www.actuaries.ch. 
 
Knowledge in probability theory, stochastic processes and statistics is assumed.

363-1017-00L Risk and Insurance Economics W 3 credits 2G I. Gemmo
Abstract The course covers economics of risk and insurance. Topics covered are fundamentals of risk, individual decision making under risk,

fundamentals of insurance, information asymmetries in insurance markets, and the macroeconomic role of insurers.
Objective The goal is to introduce students to basic concepts of risk, risk management and economics of insurance.
Content - fundamentals of risk

- individual decision making under risk 
- fundamentals of insurance
- information asymmetries in insurance markets 
- the macroeconomic role of insurers
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Literature Main literature:

- Eeckhoudt, L., Gollier, C., & Schlesinger, H. (2005). Economic and Financial Decisions under Risk. Princeton University Press.
- Zweifel, P., & Eisen, R. (2012). Insurance Economics. Springer.


Further readings: 

- Dionne, G. (Ed.). (2013). Handbook of Insurance (2nd ed.). Springer.
- Hufeld, F., Koijen, R. S., & Thimann, C. (Eds.). (2017). The Economics, Regulation, and Systemic Risk of Insurance Markets. Oxford
University Press.
- Niehaus, H., & Harrington, S. (2003). Risk Management and Insurance (2nd ed.). McGraw Hill.
- Rees, R., & Wambach, A. (2008). The Microeconomics of Insurance, Foundations and Trends® in Microeconomics, 4(1–2), 1-163.

Mathematics (General Courses) - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

Z Courses outside the curriculum
Dr Suitable for doctorate
E- Recommended, not eligible for credits

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Mathematics Bachelor
 First Year

First Year Compulsory Courses

GESS Science in Perspective

Minor Courses

 First Year Compulsory Courses
 First Year Examination Block 1

Offered in the Autumn Semester

 First Year Examination Block 2
Number Title Type ECTS Hours Lecturers

401-1262-07L Analysis II O  10 credits 6V+3U P. S. Jossen
Abstract Introduction to differential and integral calculus in several real variables, vector calculus: differential, partial derivative, implicit functions,

inverse function theorem, minima with constraints; Riemann integral, vector fields, differential forms, path integrals, surface integrals,
divergence theorem, Stokes' theorem.

Content Calculus in several variables; curves and surfaces in R^n; extrema with constraints; integration in  n dimensions; vector calculus.
Literature H. Amann, J. Escher: Analysis II

https://link.springer.com/book/10.1007/3-7643-7402-0

J. Appell: Analysis in Beispielen und Gegenbeispielen
https://link.springer.com/book/10.1007/978-3-540-88903-8

R. Courant: Vorlesungen über Differential- und Integralrechnung
https://link.springer.com/book/10.1007/978-3-642-61973-1

O. Forster: Analysis 2
https://link.springer.com/book/10.1007/978-3-658-02357-7

H. Heuser: Lehrbuch der Analysis
https://link.springer.com/book/10.1007/978-3-322-96826-5

K. Königsberger: Analysis 2
https://link.springer.com/book/10.1007/3-540-35077-2

W. Walter: Analysis 2
https://link.springer.com/book/10.1007/978-3-642-97614-8

V. Zorich: Mathematical Analysis II (englisch)
https://link.springer.com/book/10.1007/978-3-662-48993-2

401-1152-02L Linear Algebra II O 7 credits 4V+2U T. H. Willwacher
Abstract Eigenvalues and eigenvectors, Jordan normal form, bilinear forms, euclidean and unitary vector spaces, selected applications.
Objective Basic knowledge of the fundamentals of linear algebra.
Literature Siehe Lineare Algebra I
Prerequisites /
notice

Linear Algebra I

401-1652-10L Numerical Analysis I O  6 credits 3V+2U C. Schwab
Abstract This course will give an introduction to numerical methods, aimed at mathematics majors. It covers numerical linear algebra, quadrature,

interpolation and approximation methods as well as their error analysis and implementation.
Objective Knowledge of the fundamental numerical methods as well as 

`numerical literacy': application of numerical methods for the solution
of application problems, mathematical foundations of numerical
methods, and basic mathematical methods of the analysis of
stability, consistency and convergence of numerical methods,
MATLAB implementation.

Content Rounding errors, solution of linear systems of equations, nonlinear equations, 
interpolation (polynomial as well as trigonometric),  least squares problems,
extrapolation, numerical quadrature, elementary optimization methods.

Lecture notes Lecture Notes and reading list will be available.
Literature Lecture Notes (german or english) will be made available to students of ETH BSc MATH.


Quarteroni, Sacco and Saleri, Numerische Mathematik 1 + 2, Springer Verlag 2002 (in German).

There is an English version of this text, containing both German volumes, from the same publisher. If you feel more comfortable with
English, you can follow this text as well. Content and Indexing are identical in the German and the English text.

Prerequisites /
notice

Admission Requirements:
Completed course 
Linear Algebra I, Analysis I in ETH BSc MATH
Parallel enrolment in
Linear Algebra II, Analysis II in ETH BSc MATH

Weekly homework assignments involving MATLAB programming
are an integral part of the course.
Turn-in of solutions will be graded.

402-1782-00L Physics II
Accompanying the lecture course "Physics II", among
GESS Science in Perspective is offered: 851-0147-01L
Philosophical Reflections on Physics II

O  7 credits 4V+2U R. Wallny
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Abstract Introduction to theory of waves, electricity and magnetism. This is the continuation of Physics I which introduced the fundamentals of
mechanics.

Objective basic knowledge of mechanics and electricity and magnetism as well as the capability to solve physics problems related to these subjects.

 Compulsory Courses
 Examination Block II

Number Title Type ECTS Hours Lecturers

401-2284-00L Measure and Integration O  6 credits 3V+2U F. Da Lio
Abstract Introduction to abstract measure and integration theory, including the following topics: Caratheodory extension theorem, Lebesgue

measure, convergence theorems, L^p-spaces, Radon-Nikodym theorem, product measures and Fubini's theorem, measures on topological
spaces

Objective Basic acquaintance with the abstract theory of measure and integration
Content Introduction to abstract measure and integration theory, including the following topics: Caratheodory extension theorem, Lebesgue

measure, convergence theorems, L^p-spaces, Radon-Nikodym theorem, product measures and Fubini's theorem, measures on topological
spaces

Lecture notes New lecture notes in English will be made available during the course
Literature 1. L. Evans and R.F. Gariepy " Measure theory and fine properties of functions"

2. Walter Rudin "Real and complex analysis"
3. R. Bartle The elements of Integration and Lebesgue Measure
4. The notes by Prof. Michael Struwe Springsemester 2013, https://people.math.ethz.ch/~struwe/Skripten/AnalysisIII-FS2013-12-9-13.pdf.
5. The notes by Prof. UrsLang  Springsemester 2019. https://people.math.ethz.ch/~lang/mi.pdf
6. P. Cannarsa & T. D'Aprile: Lecture notes on Measure Theory and Functional Analysis:
http://www.mat.uniroma2.it/~cannarsa/cam_0607.pdf
 .

401-2004-00L Algebra II O  5 credits 2V+2U R. Pink
Abstract The main topics are field extensions and Galois theory.
Objective Introduction to fundamentals of field extensions, Galois theory, and related topics.
Content The main topic is Galois Theory. Starting point is the problem of solvability of algebraic equations by radicals. Galois theory solves this

problem by making a connection between field extensions and group theory. Galois theory will enable us to prove the theorem of Abel-
Ruffini, that there are polynomials of degree 5 that are not solvable by radicals, as well as Galois' theorem characterizing those polynomials
which are solvable by radicals.

Literature Joseph J. Rotman, "Advanced Modern Algebra"  third edition, part 1,
                             Graduate Studies in Mathematics,Volume 165
                              American Mathematical Society

Galois Theory is the topic treated in Chapter A5.

401-2554-00L Topology O  6 credits 3V+2U A. Carlotto
Abstract Topics covered include: Topological and metric spaces, continuity, connectedness, compactness, product spaces, separation axioms,

quotient spaces, homotopy, fundamental group, covering spaces.
Objective An introduction to topology i.e. the domain of mathematics that studies how to define the notion of continuity on a mathematical structure,

and how to use it to study and classify these structures.
Literature We will follow these, freely available, standard references by Allen Hatcher:


i) http://pi.math.cornell.edu/~hatcher/Top/TopNotes.pdf

(for the part on General Topology)

ii) http://pi.math.cornell.edu/~hatcher/AT/ATch1.pdf

(for the part on basic Algebraic Topology).

Additional references include:

"Topology" by James Munkres (Pearson Modern Classics for Advanced Mathematics Series)

"Counterexamples in Topology" by Lynn Arthur Steen, J. Arthur Seebach Jr. (Springer)

"Algebraic Topology" by Edwin Spanier (Springer).

Prerequisites /
notice

The content of the first-year courses in the Bachelor program in Mathematics. In particular, each student is expected to be familiar with
notion of continuity for functions from/to Euclidean spaces, and with the content of the corresponding basic theorems (Bolzano, Weierstrass
etc..). In addition, some degree of scientific maturity in writing rigorous proofs (and following them when presented in class) is absolutely
essential.

401-2654-00L Numerical Analysis II O  6 credits 3V+2U H. Ammari
Abstract The central topic of this course is the numerical treatment of ordinary differential equations. It focuses on the derivation, analysis, efficient

implementation, and practical application of single step methods and pay particular attention to structure preservation.
Objective The course aims to impart knowledge about important numerical methods for the solution of ordinary differential equations. This includes

familiarity with their main ideas, awareness of their advantages and limitations, and techniques for investigating stability and convergence.
Further, students should know about structural properties of ordinary diferential equations and how to use them as guideline for the
selection of numerical integration schemes. They should also acquire the skills to implement numerical integrators in Python and test them
in numerical experiments.
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Content Chapter 1.    Some basics
1.1.    What is a differential equation?
1.2.    Some methods of resolution
1.3.    Important examples of ODEs
Chapter 2.    Existence, uniqueness, and regularity in the Lipschitz case
2.1.    Banach fixed point theorem
2.2.    Gronwall’s lemma
2.3.    Cauchy-Lipschitz theorem
2.4.    Stability
2.5.    Regularity
Chapter 3.    Linear systems
3.1.    Exponential of a matrix
3.2.    Linear systems with constant coefficients
3.3.    Linear system with non-constant real coefficients
3.4.    Second order linear equations
3.5.    Linearization and stability for autonomous systems
3.6     Periodic Linear Systems
Chapter 4.    Numerical solution of ordinary differential equations
4.1.    Introduction
4.2.    The general explicit one-step method
4.3.    Example of linear systems
4.4.    Runge-Kutta methods
4.5.    Multi-step methods
4.6.    Stiff equations and systems
4.7.    Perturbation theories for differential equations
Chapter 5.    Geometrical numerical integration methods for differential equation
5.1.    Introduction
5.2.    Structure preserving methods for Hamiltonian systems
5.3.    Runge-Kutta methods
5.4.    Long-time behaviour of numerical solutions
Chapter 6.    Finite difference methods
6.1.    Introduction
6.2.    Numerical algorithms for the heat equation
6.3.    Numerical algorithms for the wave equation
6.4.    Numerical algorithms for the Hamilton-Jacobi equation in one dimension
Chapter 7.    Stochastic differential equations
7.1.    Introduction
7.2.    Langevin equation
7.3.    Ornstein-Uhlenbeck equation
7.4.    Existence and uniqueness of solutions in dimension one
7.5.    Numerical solution of stochastic differential equations

Lecture notes Lecture notes including supplements will be provided electronically.

Please find the lecture homepage here:

https://www.sam.math.ethz.ch/~grsam/SS20/NAII/

All assignments and some previous exam problems will be available for download on lecture homepage.

Literature Note: Extra reading is not considered important for understanding the
course subjects.

Deuflhard and Bornemann: Numerische Mathematik II - Integration gewöhnlicher Differentialgleichungen, Walter de Gruyter & Co., 1994.

Hairer and Wanner: Solving ordinary differential equations II - Stiff and differential-algebraic problems, Springer-Verlag, 1996.

Hairer, Lubich and Wanner: Geometric numerical integration - Structure-preserving algorithms for ordinary differential equations}, Springer-
Verlag, Berlin, 2002.

L. Gruene, O. Junge "Gewoehnliche Differentialgleichungen", Vieweg+Teubner, 2009.

Hairer, Norsett and Wanner: Solving ordinary differential equations I - Nonstiff problems, Springer-Verlag, Berlin, 1993.

Walter: Gewöhnliche Differentialgleichungen - Eine Einführung, Springer-Verlag, Berlin, 1972.

Walter: Ordinary differential equations, Springer-Verlag, New York, 1998.

Prerequisites /
notice

Homework problems involve Python implementation of numerical algorithms.

401-2604-00L Probability and Statistics O  7 credits 4V+2U M. Schweizer
Abstract - Discrete probability spaces

- Continuous models
- Limit theorems
- Introduction to statistics

Objective The goal of this course is to provide an introduction to the basic ideas and concepts from probability theory and mathematical statistics.
This includes a mathematically rigorous treatment as well as intuition and getting acquainted with the ideas behind the definitions. The
course does not use measure theory systematically, but does point out where this is required and what the connections are.

Content - Discrete probability spaces: Basic concepts, Laplace models, random walks, conditional probabilities, independence
- Continuous models: general probability spaces, random variables and their distributions, expectation, multivariate random variables
- Limit theorems: weak and strong law of large numbers, central limit theorem
- Introduction to statistics: What is statistics?, point estimators, statistical tests, confidence intervals

Lecture notes There will be lecture notes (in German) that are continuously updated during the semester.
Literature A. DasGupta, Fundamentals of Probability: A First Course, Springer (2010)

J. A. Rice, Mathematical Statistics and Data Analysis, Duxbury Press, second edition (1995)

 Core Courses
 Core Courses: Pure Mathematics
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Number Title Type ECTS Hours Lecturers

401-3532-08L Differential Geometry II W  10 credits 4V+1U U. Lang
Abstract Introduction to Riemannian geometry in combination with some elements of modern metric geometry. Contents: Riemannian manifolds,

Levi-Civita connection, geodesics, Hopf-Rinow Theorem, curvature, second fundamental form, Riemannian submersions and coverings,
Hadamard-Cartan Theorem, triangle and volume comparison, relations between curvature and topology, spaces of Riemannian manifolds.

Objective Learn the basics of Riemannian geometry and some elements of modern metric geometry.
Literature - M. P. do Carmo, Riemannian Geometry, Birkhäuser 1992

- S. Gallot, D. Hulin, J. Lafontaine, Riemannian Geometry, Springer 2004
- B. O'Neill, Semi-Riemannian Geometry, With Applications to Relativity, Academic Press 1983

Prerequisites /
notice

Prerequisite is a working knowledge of elementary differential geometry (curves and surfaces in Euclidean space), differentiable manifolds,
and differential forms.

401-3462-00L Functional Analysis II W  10 credits 4V+1U M. Struwe
Abstract Sobolev spaces, weak solutions of elliptic boundary value problems, elliptic regularity
Objective Acquiring the methods for solving elliptic boundary value problems, Sobolev spaces, Schauder estimates
Lecture notes Funktionalanalysis II, Michael Struwe
Literature Funktionalanalysis II, Michael Struwe 


Functional Analysis, Spectral Theory and Applications.
Manfred Einsiedler and Thomas Ward, GTM Springer 2017

Prerequisites /
notice

Functional Analysis I and a solid background in measure theory, Lebesgue integration and L^p spaces.

401-3146-12L Algebraic Geometry W  10 credits 4V+1U D. Johnson
Abstract This course is an Introduction to Algebraic Geometry (algebraic varieties and schemes).
Objective Learning Algebraic Geometry.
Literature Primary reference:

* Ulrich Görtz and Torsten Wedhorn: Algebraic Geometry I, Advanced Lectures in Mathematics, Springer. 

Secondary reference:
* Qing Liu: Algebraic Geometry and Arithmetic Curves, Oxford Science Publications.
* Robin Hartshorne: Algebraic Geometry, Graduate Texts in Mathematics, Springer. 
* Siegfried Bosch: Algebraic Geometry and Commutative Algebra (Springer 2013).

Other good textbooks and online texts are:
* David Eisenbud, Joe Harris: The Geometry of Schemes, Graduate Texts in Mathematics, Springer.
* Ravi Vakil, Foundations of Algebraic Geometry, http://math.stanford.edu/~vakil/216blog/
* Jean Gallier and Stephen S. Shatz, Algebraic Geometry http://www.cis.upenn.edu/~jean/algeom/steve01.html

"Classical" Algebraic Geometry over an algebraically closed field:
* Joe Harris, Algebraic Geometry, A First Course, Graduate Texts in Mathematics, Springer. 
* J.S. Milne, Algebraic Geometry, http://www.jmilne.org/math/CourseNotes/AG.pdf

Further readings: 
* Günter Harder: Algebraic Geometry 1 & 2
* I. R. Shafarevich, Basic Algebraic geometry 1 & 2, Springer-Verlag. 
* Alexandre Grothendieck et al.: Elements de Geometrie Algebrique EGA
* Saunders MacLane: Categories for the Working Mathematician, Springer-Verlag.

Prerequisites /
notice

Requirement: Some knowledge of Commutative Algebra.

401-3002-12L Algebraic Topology II W  8 credits 4G A. Sisto
Abstract This is a continuation course to Algebraic Topology I. The course will cover more advanced topics in algebraic topology including:

cohomology of spaces, operations in homology and cohomology, duality.
Literature 1) A. Hatcher, "Algebraic topology",

Cambridge University Press, Cambridge, 2002.

The book can be downloaded for free at:
http://www.math.cornell.edu/~hatcher/AT/ATpage.html

2) G. Bredon, "Topology and geometry",
Graduate Texts in Mathematics, 139. Springer-Verlag, 1997.

3) E. Spanier, "Algebraic topology", Springer-Verlag

Prerequisites /
notice

General topology, linear algebra, singular homology of topological spaces (e.g. as taught in "Algebraic topology I").

Some knowledge of differential geometry and differential topology
is useful but not absolutely necessary.

401-3372-00L Dynamical Systems II W  10 credits 4V+1U W. Merry
Abstract This course is a continuation of Dynamical Systems I. This time the emphasis is on hyperbolic and complex dynamics.
Objective Mastery of the basic methods and principal themes of some aspects of hyperbolic and complex dynamical systems.
Content Topics covered include:


- Hyperbolic linear dynamical systems, hyperbolic fixed points, the Hartman-Grobman Theorem.
- Hyperbolic sets, Anosov diffeomorphisms.
- The (Un)stable Manifold Theorem.
- Shadowing Lemmas and stability.
- The Lambda Lemma. 
- Transverse homoclinic points, horseshoes, and chaos.
- Complex dynamics of rational maps on the Riemann sphere
- Julia sets and Fatou sets.
- Fractals and the Mandelbrot set.
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Lecture notes I will provide full lecture notes, available here:

https://www.merry.io/courses/dynamical-systems/

Literature The most useful textbook is

- Introduction to Dynamical Systems, Brin and Stuck, CUP, 2002.

Prerequisites /
notice

It will be assumed you are familiar with the material from Dynamical Systems I. Full lecture notes for this course are available here:

https://www.merry.io/courses/dynamical-systems/

However we will only really use material covered in the first 10 lectures of Dynamical Systems I, so if you did not attend Dynamical
Systems I, it is sufficient to read through the notes from the first 10 lectures.

In addition, it would be useful to have some familiarity with basic differential geometry and complex analysis.

Core Courses: Pure Mathematics (Mathematics Master)

 Core Courses: Applied Mathematics and Further Appl.-Oriented Fields
¬

Number Title Type ECTS Hours Lecturers

401-3052-10L Graph Theory W  10 credits 4V+1U B. Sudakov
Abstract Basics, trees, Caley's formula, matrix tree theorem, connectivity, theorems of Mader and Menger, Eulerian graphs, Hamilton cycles,

theorems of Dirac, Ore, Erdös-Chvatal, matchings, theorems of Hall, König, Tutte, planar graphs, Euler's formula,  Kuratowski's theorem,
graph colorings, Brooks' theorem, 5-colorings of planar graphs, list colorings, Vizing's theorem, Ramsey theory, Turán's theorem

Objective The students will get an overview over the most fundamental questions concerning graph theory. We expect them to understand the proof
techniques and to use them autonomously on related problems.

Lecture notes Lecture will be only at the blackboard.
Literature West, D.: "Introduction to Graph Theory"

Diestel, R.: "Graph Theory"

Further literature links will be provided in the lecture.

Prerequisites /
notice

Students are expected to have a mathematical background and should be able to write rigorous proofs.

401-3642-00L Brownian Motion and Stochastic Calculus W  10 credits 4V+1U W. Werner
Abstract This course covers some basic objects of stochastic analysis. In particular, the following topics are discussed: construction and properties

of Brownian motion, stochastic integration, Ito's formula and applications, stochastic differential equations and connection with partial
differential equations.

Objective This course covers some basic objects of stochastic analysis. In particular, the following topics are discussed: construction and properties
of Brownian motion, stochastic integration, Ito's formula and applications, stochastic differential equations and connection with partial
differential equations.

Lecture notes Lecture notes will be distributed in class.
Literature - J.-F. Le Gall, Brownian Motion, Martingales, and Stochastic Calculus, Springer (2016).

- I. Karatzas, S. Shreve, Brownian Motion and Stochastic Calculus, Springer (1991).
- D. Revuz, M. Yor, Continuous Martingales and Brownian Motion, Springer (2005).
- L.C.G. Rogers, D. Williams, Diffusions, Markov Processes and Martingales, vol. 1 and 2, Cambridge University Press (2000).
- D.W. Stroock, S.R.S. Varadhan, Multidimensional Diffusion Processes, Springer (2006).

Prerequisites /
notice

Familiarity with measure-theoretic probability as in the standard D-MATH course "Probability Theory" will be assumed. Textbook accounts
can be found for example in 
- J. Jacod, P. Protter, Probability Essentials, Springer (2004).
- R. Durrett, Probability: Theory and Examples, Cambridge University Press (2010).

401-3632-00L Computational Statistics W  8 credits 3V+1U M. H. Maathuis
Abstract We discuss modern statistical methods for data analysis, including methods for data exploration, prediction and inference. We pay attention

to algorithmic aspects, theoretical properties and practical considerations. The class is hands-on and methods are applied using the
statistical programming language R.

Objective The student obtains an overview of modern statistical methods for data analysis, including their algorithmic aspects and theoretical
properties. The methods are applied using the statistical programming language R.

Content See the class website
Prerequisites /
notice

At least one semester of (basic) probability and statistics.

Programming experience is helpful but not required.

401-3602-00L Applied Stochastic Processes
Does not take place this semester.

W  8 credits 3V+1U not available

Abstract Poisson processes; renewal processes; Markov chains in discrete and in continuous time; some applications.
Objective Stochastic processes are a way to describe and study the behaviour of systems that evolve in some random way. In this course, the

evolution will be with respect to a scalar parameter interpreted as time, so that we discuss the temporal evolution of the system. We
present several classes of stochastic processes, analyse their properties and behaviour and show by some examples how they can be
used. The main emphasis is on theory; in that sense, "applied" should be understood to mean "applicable".

Literature R. N. Bhattacharya and E. C. Waymire, "Stochastic Processes with Applications", SIAM (2009), available online:
http://epubs.siam.org/doi/book/10.1137/1.9780898718997
R. Durrett, "Essentials of Stochastic Processes", Springer (2012), available online: http://link.springer.com/book/10.1007/978-
1-4614-3615-7/page/1
M. Lefebvre, "Applied Stochastic Processes", Springer (2007), available online: http://link.springer.com/book/10.1007/978-
0-387-48976-6/page/1
S. I. Resnick, "Adventures in Stochastic Processes", Birkhäuser (2005)

Prerequisites /
notice

Prerequisites are familiarity with (measure-theoretic) probability theory as it is treated in the course "Probability Theory" (401-3601-00L).

401-3652-00L Numerical Methods for Hyperbolic Partial Differential
Equations (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: MAT827

W  10 credits 4V+2U University lecturers
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Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

Abstract This course treats numerical methods for hyperbolic initial-boundary value problems, ranging from wave equations to the equations of gas
dynamics. The principal methods discussed in the course are finite volume methods, including TVD, ENO and WENO schemes. Exercises
involve implementation of numerical methods in MATLAB.

Objective The goal of this course is familiarity with the fundamental ideas and mathematical 
consideration underlying modern numerical methods for conservation laws and wave equations.

Content * Introduction to hyperbolic problems: Conservation, flux modeling, examples and significance in physics and engineering.
 
* Linear Advection equations in one dimension: Characteristics, energy estimates, upwind schemes.
 
* Scalar conservation laws: shocks, rarefactions, solutions of the Riemann problem, weak and entropy solutions, some existence and
uniqueness results, finite volume schemes of the Godunov, Engquist-Osher and Lax-Friedrichs type. Convergence for monotone methods
and E-schemes.

* Second-order schemes: Lax-Wendroff, TVD schemes, limiters, strong stability preserving Runge-Kutta methods.

* Linear systems: explicit solutions, energy estimates, first- and high-order finite volume schemes.

* Non-linear Systems: Hugoniot Locus and integral curves, explicit Riemann solutions of shallow-water and Euler equations. Review of
available theory.

Lecture notes Lecture slides will be made available to participants. However, additional material might be covered in the course.
Literature H. Holden and N. H. Risebro, Front Tracking for Hyperbolic Conservation Laws, Springer 2011. Available online.


R. J. LeVeque, Finite Volume methods for hyperbolic problems, Cambridge university Press, 2002. Available online.

E. Godlewski and P. A. Raviart, Hyperbolic systems of conservation laws, Ellipses, Paris, 1991.

Prerequisites /
notice

Having attended the course on the numerical treatment of elliptic and parabolic problems is no prerequisite. 

Programming exercises in MATLAB

Former course title: "Numerical Solution of Hyperbolic Partial Differential Equations"

Core Courses: Applied Mathematics and Further Appl.-
Oriented Fields (Mathematics Master)

 Core Courses: Further Application-Oriented Fields
402-0204-00L Electrodynamics is eligible in the Bachelor's programme in Mathematics as an applied core course, but only if 402-0224-00L Theoretical
Physics (offered for the last time in FS 2016) isn't recognised for credits (neither in the Bachelor's nor in the Master's programme).
For the category assignment take contact with the Study Administration Office (www.math.ethz.ch/studiensekretariat) after having received the credits.

Number Title Type ECTS Hours Lecturers

402-0204-00L Electrodynamics W  7 credits 4V+2U R. Renner
Abstract Derivation and discussion of Maxwell's equations, from the static limit to the full dynamical case. Wave equation, waveguides, cavities.

Generation of electromagnetic radiation, scattering and diffraction of light. Structure of Maxwell's equations, relativity theory and
covariance, Lagrangian formulation. Dynamics of relativistic particles in the presence of fields and radiation properties.

Objective Develop a physical understanding for static and dynamic phenomena related to (moving) charged objects and understand the structure of
the classical field theory of electrodynamics (transverse versus longitudinal physics, invariances (Lorentz-, gauge-)). Appreciate the
interrelation between electric, magnetic, and optical phenomena and the influence of media. Understand a set of classic electrodynamical
phenomena and develop the ability to solve simple problems independently. Apply previously learned mathematical concepts (vector
analysis, complete systems of functions, Green's functions, co- and contravariant coordinates, etc.). Prepare for quantum mechanics
(eigenvalue problems, wave guides and cavities).

Content Classical field theory of electrodynamics: Derivation and discussion of Maxwell equations, starting from the static limit (electrostatics,
magnetostatics, boundary value problems) in the vacuum and in media and subsequent generalization to the full dynamical case
(Faraday's law, Ampere/Maxwell law; potentials and gauge invariance). Wave equation and solutions in full space, half-space (Snell's law),
waveguides, cavities, generation of electromagnetic radiation, scattering and diffraction of light (optics). Application to various specific
examples. Discussion of the structure of Maxwell's equations, Lorentz invariance, relativity theory and covariance, Lagrangian formulation.
Dynamics of relativistic particles in the presence of fields and their radiation properties (synchrotron).

Literature J.D. Jackson, Classical Electrodynamics
W.K.H Panovsky and M. Phillis, Classical electricity and magnetism
L.D. Landau, E.M. Lifshitz, and L.P. Pitaevskii, Electrodynamics of continuus media
A. Sommerfeld, Electrodynamics / Optics (Lectures on Theoretical Physics)
M. Born and E. Wolf, Principles of optics
R. Feynman, R. Leighton, and M. Sands, The Feynman Lectures of Physics, Vol II
W. Nolting, Elektrodynamik (Grundkurs Theoretische Physik 3)

 Electives
 Selection: Algebra, Number Thy, Topology, Discrete Mathematics, Logic

Number Title Type ECTS Hours Lecturers

401-3201-00L Algebraic Groups W  8 credits 4G P. D. Nelson
Abstract Introduction to the theory of linear algebraic groups. Lie algebras, the Jordan Chevalley decomposition, semisimple and reductive groups,

root systems, Borel subgroups, classification of reductive groups and their representations.
Literature A. L. Onishchik and E.B. Vinberg, Lie Groups and Algebraic Groups
Prerequisites /
notice

Abstract algebra: groups, rings, fields, tensor product, etc.

Some familiarity with the basics of Lie groups and their Lie algebras would be helpful, but is not absolutely necessary.

We will develop what we need from algebraic geometry, without assuming prior knowledge.

401-3109-65L Probabilistic Number Theory
Does not take place this semester.

W  8 credits 4G E. Kowalski
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Abstract The course presents some results of probabilistic number theory in a unified manner, including distribution properties of the number of
prime divisors of integers, probabilistic properties of the zeta function and statistical distribution of exponential sums.

Objective The goal of the course is to present some results of probabilistic number theory in a unified manner.
Content The main concepts will be presented in parallel with the proof of a few main theorems:

(1) the Erdős-Wintner and Erdős-Kac theorems concerning the distribution of values of arithmetic functions;
(2) the distribution of values of the Riemann zeta function, including Selberg's central limit theorem for the Riemann zeta function on the
critical line;
(3) the Chebychev bias for primes in arithmetic progressions;
(4) functional limit theorems for the paths of partial sums of families of exponential sums.

Lecture notes The lecture notes for the class are available at

https://www.math.ethz.ch/~kowalski/probabilistic-number-theory.pdf

Prerequisites /
notice

Prerequisites: Complex analysis, measure and integral; some probability theory is useful but the main concepts needed will be recalled.
Some knowledge of number theory is useful but the main results will be summarized.

401-3202-09L The Representation Theory of the Finite Symmetric
Groups
NOTICE: No physical class for the next few weeks until
further notice. Instead a video recording will be offered.

W  4 credits 2V L. Wu

Abstract This course is an Introduction to the Representation Theory of the Groups.
Objective Our goal is to give an introduction of the Representation Theory using the examples of the Finite Symmetry Groups.
Literature * Jean-Pierre Serre: Linear Representations of Finite Groups, Graduate Texts in Mathematics, Springer.


* William Fulton and Joe Harris: Representation Theory A First Course, Graduate Texts in Mathematics, Springer.

* G. D. James: The Representation Theory of the Symmetric Groups, Lecture Notes in Mathematics, Springer.

* Bruce E. Sagan: The Symmetric Group: Representations, Combinatorial Algorithms, and Symmetric Functions, Graduate Texts in
Mathematics, Springer.

Prerequisites /
notice

Some basic knowledge of the Group Theory and Linear Algebra.

401-8112-20L Geometry of Numbers (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: MAT548

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  9 credits 4V+1U University lecturers

Abstract The Geometry of Numbers studies distribution of lattice points in the n dimensional space, for instance, existence of lattice points in various
domains and existence of integral solutions of polynomial inequalities.
This subject is also closely related to the Theory of Diophantine Approximation, which seeks good rational approximations for real vectors.

Objective Learn basic techniques in the Geometry of Numbers
Literature 1. Cassels, An introduction to Diophantine Approximation

2. Cassels, An introduction to the Geometry of Numbers
3. Schmidt, Diophantine approximation
4. Siegel, Lectures on the Geometry of Numbers

401-3058-00L Combinatorics I
Does not take place this semester.

W  4 credits 2G N. Hungerbühler

Abstract The course Combinatorics I and II is an introduction into the field of enumerative combinatorics.
Objective Upon completion of the course, students are able to classify combinatorial problems and to apply adequate techniques to solve them.
Content Contents of the lectures Combinatorics I and II: congruence transformation of the plane, symmetry groups of geometric figures, Euler's

function, Cayley graphs, formal power series, permutation groups, cycles, Bunside's lemma, cycle index, Polya's theorems, applications to
graph theory and isomers.

Prerequisites /
notice

Recognition of credits as an elective course in the Mathematics Bachelor's or Master's Programmes is only possible if you have not
received credits for the course unit 401-3052-00L Combinatorics (which was for the last time taught in the spring semester 2008).

 Selection: Geometry
Number Title Type ECTS Hours Lecturers

401-3056-00L Finite Geometries I W  4 credits 2G N. Hungerbühler
Abstract Finite geometries I, II: Finite geometries combine aspects of geometry, discrete mathematics and the algebra of finite fields. In particular,

we will construct models of axioms of incidence and investigate closing theorems. Applications include test design in statistics, block
design, and the construction of orthogonal Latin squares.

Objective Finite geometries I, II: Students will be able to construct and analyse models of finite geometries. They are familiar with closing theorems of
the axioms of incidence and are able to design statistical tests by using the theory of finite geometries. They are able to construct
orthogonal Latin squares and know the basic elements of the theory of block design.

Content Finite geometries I, II: finite fields, rings of polynomials, finite affine planes, axioms of incidence, Euler's thirty-six officers problem, design of
statistical tests, orthogonal Latin squares, transformation of finite planes, closing theorems of Desargues and Pappus-Pascal, hierarchy of
closing theorems, finite coordinate planes, division rings, finite projective planes, duality principle, finite Moebius planes, error correcting
codes, block design

Literature - Max Jeger, Endliche Geometrien, ETH Skript 1988

- Albrecht Beutelspacher: Einführung in die endliche Geometrie I,II. Bibliographisches Institut 1983

- Margaret Lynn Batten: Combinatorics of Finite Geometries. Cambridge University Press
    
- Dembowski: Finite Geometries.

401-3556-20L Topics in Symplectic Topology W  6 credits 3V P. Biran
Abstract This will be an introductory course in symplectic geometry and topology.

We will cover the simplest instances of symplectic rigidity phenomena, and techniques to detect and study them. The last part of the course
will be devoted to more advanced techniques such as Floer theory.
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Objective Get acquainted with the basics of symplectic topology and phenomena
of symplectic rigidity.

Literature 1) Book: "Introduction to Symplectic Topology", 3'rd edition, by McDuff and Salamon.
Oxford Graduate Texts in Mathematics

2) Some published articles that will be announced during the semester.

401-3574-61L Introduction to Knot Theory
Does not take place this semester.

W  6 credits 3G

Abstract Introduction to the mathematical theory of knots. We will discuss some elementary topics in knot theory and we will repeatedly centre on
how this knowledge can be used in secondary school.

Objective The aim of this lecture course is to give an introduction to knot theory.  In the course we will discuss the definition of a knot and what is
meant by equivalence. The focus of the course will be on knot invariants. We will consider various knot invariants amongst which we will
also find the so called knot polynomials. In doing so we will again and again show how this knowledge can be transferred down to
secondary school.

Content Definition of a knot and of equivalent knots.
Definition of a knot invariant and some elementary examples.
Various operations on knots.
Knot polynomials (Jones, ev. Alexander.....)

Literature An extensive bibliography will be handed out in the course.
Prerequisites /
notice

Prerequisites are some elementary knowledge of algebra and topology.

 Selection: Analysis
No offering in this semester yet

 Selection: Numerical Analysis
No offering in this semester yet

 Selection: Probability Theory, Statistics
Number Title Type ECTS Hours Lecturers

401-6102-00L Multivariate Statistics
Does not take place this semester.

W  4 credits 2G not available

Abstract Multivariate Statistics deals with joint distributions of several random variables. This course introduces the basic concepts and provides an
overview over classical and modern methods of multivariate statistics. We will consider the theory behind the methods as well as their
applications.

Objective After the course, you should be able to:
- describe the various methods and the concepts and theory behind them
- identify adequate methods for a given statistical problem
- use the statistical software "R" to efficiently apply these methods
- interpret the output of these methods

Content Visualization / Principal component analysis / Multidimensional scaling / The multivariate Normal distribution / Factor analysis / Supervised
learning / Cluster analysis

Lecture notes None
Literature The course will be based on class notes and books that are available electronically via the ETH library.
Prerequisites /
notice

Target audience: This course is the more theoretical version of  "Applied Multivariate Statistics" (401-0102-00L) and is targeted at students
with a math background. 

Prerequisite: A basic course in probability and statistics. 

Note: The courses 401-0102-00L and 401-6102-00L are mutually exclusive. You may register for at most one of these two course units.

401-4626-00L Advanced Statistical Modelling: Mixed Models W  4 credits 2V M. Mächler
Abstract Mixed Models = (*| generalized| non-) linear Mixed-effects Models, extend traditional regression models by adding "random effect" terms.


In applications, such models are called "hierarchical models", "repeated measures" or "split plot designs". Mixed models are widely used
and appropriate in an aera of complex data measured from living creatures from biology to human sciences.

Objective - Becoming aware how mixed models are more realistic and more powerful in many cases than traditional ("fixed-effects only") regression
models. 

- Learning to fit such models to data correctly, critically interpreting results for such model fits, and hence learning to work the creative cycle
of responsible statistical data analysis:
    "fit -> interpret & diagnose -> modify the fit -> interpret & ...."

- Becoming aware of computational and methodological limitations of these models, even when using state-of-the art software.

Content The lecture will build on various examples, use R and notably the `lme4` package, to illustrate concepts. The relevant R scripts are made
available online.

Inference (significance of factors, confidence intervals) will focus on the more realistic *un*balanced situation where classical (ANOVA, sum
of squares etc) methods are known to be deficient.  Hence, Maximum Likelihood (ML) and its variant, "REML", will be used for estimation
and inference.

Lecture notes We will work with an unfinished book proposal from Prof Douglas Bates, Wisconsin, USA  which itself is a mixture of theory and worked R
code examples.

These lecture notes and all R scripts are made available from  
https://github.com/mmaechler/MEMo

Literature (see web page and lecture notes)
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Prerequisites /
notice

- We assume a good working knowledge about multiple linear regression ("the general linear model') and an intermediate (not beginner's)
knowledge about model based statistics (estimation, confidence intervals,..).

 Typically this means at least two classes of (math based) statistics, say
   1. Intro to probability and statistics
   2. (Applied) regression including  Matrix-Vector notation  Y = X b + E

- Basic (1 semester) "Matrix calculus" / linear algebra is also assumed.

- If familiarity with [R](https://www.r-project.org/) is not given, it should be acquired during the course (by the student on own initiative).

401-4627-00L Empirical Process Theory and Applications W  4 credits 2V S. van de Geer
Abstract Empirical process theory provides a rich toolbox for studying the properties of empirical risk minimizers, such as least squares and

maximum likelihood estimators, support vector machines, etc.
Content In this series of lectures, we will start with considering exponential inequalities, including concentration inequalities, for the deviation of

averages from their mean. We furthermore present some notions from approximation theory, because this enables us to assess the
modulus of continuity of empirical processes. We introduce e.g., Vapnik Chervonenkis dimension: a combinatorial concept (from learning
theory) of the "size" of a collection of sets or functions. As statistical applications, we study consistency and exponential inequalities for
empirical risk minimizers, and asymptotic normality in semi-parametric models. We moreover examine regularization and model selection.

 Selection: Financial and Insurance Mathematics
Number Title Type ECTS Hours Lecturers

401-3888-00L Introduction to Mathematical Finance
A related course is 401-3913-01L Mathematical
Foundations for Finance (3V+2U, 4 ECTS credits).
Although both courses can be taken independently of
each other, only one will be recognised for credits in the
Bachelor and Master degree. In other words, it is not
allowed to earn credit points with one for the Bachelor and
with the other for the Master degree.

W  10 credits 4V+1U C. Czichowsky

Abstract This is an introductory course on the mathematics for investment, hedging, portfolio management, asset pricing and financial derivatives in
discrete-time financial markets. We discuss arbitrage, completeness, risk-neutral pricing and utility maximisation. We prove the
fundamental theorem of asset pricing and the hedging duality theorems, and also study convex duality in utility maximization.

Objective This is an introductory course on the mathematics for investment, hedging, portfolio management, asset pricing and financial derivatives in
discrete-time financial markets. We discuss arbitrage, completeness, risk-neutral pricing and utility maximisation, and maybe other topics.
We prove the fundamental theorem of asset pricing and the hedging duality theorems in discrete time, and also study convex duality in
utility maximization.

Content This course focuses on discrete-time financial markets. It presumes a knowledge of measure-theoretic probability theory (as taught e.g. in
the course "Probability Theory"). The course is offered every year in the Spring semester.

This course is the first of a sequence of two courses on mathematical finance. The second course "Mathematical Finance" (MF II), 401-
4889-00, focuses on continuous-time models. It is advisable that the present course, MF I, is taken prior to MF II.

For an overview of courses offered in the area of mathematical finance, see https://www.math.ethz.ch/imsf/education/education-
in-stochastic-finance/overview-of-courses.html.

Lecture notes The course is based on different parts from different textbooks as well as on original research literature. Lecture notes will not be available.
Literature Literature:


Michael U. Dothan, "Prices in Financial Markets", Oxford University Press

Hans Föllmer and Alexander Schied, "Stochastic Finance: An Introduction in Discrete Time", de Gruyter

Marek Capinski and Ekkehard Kopp, "Discrete Models of Financial Markets", Cambridge University Press

Robert J. Elliott and P. Ekkehard Kopp, "Mathematics of Financial Markets", Springer

Prerequisites /
notice

A related course is "Mathematical Foundations for Finance" (MFF), 401-3913-01. Although both courses can be taken independently of
each other, only one will be given credit points for the Bachelor and the Master degree. In other words, it is also not possible to earn credit
points with one for the Bachelor and with the other for the Master degree.

This course is the first of a sequence of two courses on mathematical finance. The second course "Mathematical Finance" (MF II), 401-
4889-00, focuses on continuous-time models. It is advisable that the present course, MF I, is taken prior to MF II.

For an overview of courses offered in the area of mathematical finance, see https://www.math.ethz.ch/imsf/education/education-
in-stochastic-finance/overview-of-courses.html.

401-3629-00L Quantitative Risk Management W  4 credits 2V+1U P. Cheridito
Abstract This course introduces methods from probability theory and statistics that can be used to model financial risks. Topics addressed include

loss distributions, risk measures, extreme value theory, multivariate models, copulas, dependence structures and operational risk.
Objective The goal is to learn the most important methods from probability theory and statistics used in financial risk modeling.
Content 1. Introduction 

2. Basic Concepts in Risk Management
3. Empirical Properties of Financial Data
4. Financial Time Series
5. Extreme Value Theory
6. Multivariate Models
7. Copulas and Dependence
8. Operational Risk

Lecture notes Course material is available on https://people.math.ethz.ch/~patrickc/qrm
Literature Quantitative Risk Management: Concepts, Techniques and Tools

AJ McNeil, R Frey and P Embrechts
Princeton University Press, Princeton, 2015 (Revised Edition)
http://press.princeton.edu/titles/10496.html

Prerequisites /
notice

The course corresponds to the Risk Management requirement for the SAA ("Aktuar SAV Ausbildung") as well as for the Master of Science
UZH-ETH in Quantitative Finance.

401-3923-00L Selected Topics in Life Insurance Mathematics W  4 credits 2V M. Koller
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Abstract Stochastic Models for Life insurance 
1) Markov chains
2) Stochastic Processes for demography and interest rates
3) Cash flow streams and reserves
4) Mathematical Reserves and Thiele's differential equation
5) Theorem of Hattendorff 
6) Unit linked policies

401-3917-00L Stochastic Loss Reserving Methods W  4 credits 2V R. Dahms
Abstract Loss Reserving is one of the central topics in non-life insurance. Mathematicians and actuaries need to estimate adequate reserves for

liabilities caused by claims. These claims reserves have influence all financial statements, future premiums and solvency margins. We
present the stochastics behind various methods that are used in practice to calculate those loss reserves.

Objective Our goal is to present the stochastics behind various methods that are used in prctice to estimate claim reserves. These methods enable
us to set adequate reserves for liabilities caused by claims and to determine prediction errors of these predictions.

Content We will present the following stochastic claims reserving methods/models:
- Stochastic Chain-Ladder Method
- Bayesian Methods, Bornhuetter-Ferguson Method, Credibility Methods
- Distributional Models
- Linear Stochastic Reserving Models, with and without inflation
- Bootstrap Methods
- Claims Development Result (solvency view)
- Coupling of portfolios

Literature M. V. Wüthrich, M. Merz, Stochastic Claims Reserving Methods in Insurance, Wiley 2008.
Prerequisites /
notice

The exams ONLY take place during the official ETH examination periods.

This course will be held in English and counts towards the diploma "Aktuar SAV".
For the latter, see details under www.actuaries.ch.

Basic knowledge in probability theory is assumed, in particular conditional expectations.

401-3956-00L Economic Theory of Financial Markets
Does not take place this semester.

W  4 credits 2V M. V. Wüthrich

Abstract This lecture provides an introduction to the economic theory of financial markets. It presents the basic financial and economic concepts to
insurance mathematicians and actuaries.

Objective This lecture aims at providing the fundamental financial and economic concepts to insurance mathematicians and actuaries. It focuses on
portfolio theory, cash flow valuation and deflator techniques.

Content We treat the following topics:
- Fundamental concepts in economics
- Portfolio theory
- Mean variance analysis, capital asset pricing model
- Arbitrage pricing theory
- Cash flow theory
- Valuation principles
- Stochastic discounting, deflator techniques
- Interest rate modeling
- Utility theory

Prerequisites /
notice

The exams ONLY take place during the official ETH examination period.

This course will be held in English and counts towards the diploma of "Aktuar SAV". For the latter, see details under www.actuaries.ch. 
 
Knowledge in probability theory, stochastic processes and statistics is assumed.

401-3936-00L Data Analytics for Non-Life Insurance Pricing W  4 credits 2V C. M. Buser, M. V. Wüthrich
Abstract We study statistical methods in supervised learning for non-life insurance pricing such as generalized linear models, generalized additive

models, Bayesian models, neural networks, classification and regression trees, random forests and gradient boosting machines.
Objective The student is familiar with classical actuarial pricing methods as well as with modern machine learning methods for insurance pricing and

prediction.
Content We present the following chapters:

- generalized linear models (GLMs)
- generalized additive models (GAMs)
- neural networks
- credibility theory
- classification and regression trees (CARTs)
- bagging, random forests and boosting

Lecture notes The lecture notes are available from:
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2870308

Prerequisites /
notice

This course will be held in English and counts towards the diploma of "Aktuar SAV".
For the latter, see details under www.actuaries.ch

Good knowledge in probability theory, stochastic processes and statistics is assumed.

401-4920-00L Market-Consistent Actuarial Valuation W 4 credits 2V M. V. Wüthrich, H. Furrer
Abstract Introduction to market-consistent actuarial valuation. 

Topics: Stochastic discounting, full balance sheet approach, valuation portfolio in life and non-life insurance, technical and financial risks,
risk management for insurance companies.

Objective Goal is to give the basic mathematical tools for describing insurance products within a financial market and economic environment and
provide the basics of solvency considerations.

Content In this lecture we give a full balance sheet approach to the task of actuarial valuation of an insurance company. Therefore we introduce a
multidimensional valuation portfolio (VaPo) on the liability side of the balance sheet. The basis of this multidimensional VaPo is a set of
financial instruments. This approach makes the liability side of the balance sheet directly comparable to its asset side.

The lecture is based on four sections:
1) Stochastic discounting
2) Construction of a multidimensional Valuation Portfolio for life insurance products (with guarantees)
3) Construction of a multidimensional Valuation Portfolio for a run-off portfolio of a non-life insurance company
4) Measuring financial risks in a full balance sheet approach (ALM risks)
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Literature Market-Consistent Actuarial Valuation, 3rd edition.
Wüthrich, M.V.
EAA Series, Springer 2016.
ISBN: 978-3-319-46635-4

Wüthrich, M.V., Merz, M. 
Claims run-off uncertainty: the full picture.
SSRN Manuscript ID 2524352 (2015).

England, P.D, Verrall, R.J., Wüthrich, M.V. 
On the lifetime and one-year views of reserve risk, with application to IFRS 17 and Solvency II risk margins.
Insurance: Mathematics and Economics 85 (2019), 74-88. 

Wüthrich, M.V., Embrechts, P., Tsanakas, A.
Risk margin for a non-life insurance run-off.
Statistics & Risk Modeling 28 (2011), no. 4, 299--317.

Financial Modeling, Actuarial Valuation and Solvency in Insurance.
Wüthrich, M.V., Merz, M.
Springer Finance 2013.
ISBN: 978-3-642-31391-2

Cheridito, P., Ery, J., Wüthrich, M.V.
Assessing asset-liability risk with neural networks. 
Risks 8/1 (2020), article 16.

Prerequisites /
notice

The exams ONLY take place during the official ETH examination period.

This course will be held in English and counts towards the diploma of "Aktuar SAV". 
For the latter, see details under www.actuaries.ch. 
 
Knowledge in probability theory, stochastic processes and statistics is assumed.

 Selection: Mathematical Physics, Theoretical Physics
In the Bachelor's programme in Mathematics 402-0204-00L Electrodynamics is eligible as an elective course, but only if 402-0224-00L Theoretical
Physics isn't recognised for credits (neither in the Bachelor's nor in the Master's programme). For the category assignment take contact with the Study
Administration Office (www.math.ethz.ch/studiensekretariat) after having received the credits.

Number Title Type ECTS Hours Lecturers

401-3814-00L Quantum Mechanics for Mathematicians
NOTICE: The class scheduled for 5 March 2020 has been
cancelled.

W  4 credits 2V J. Wisniewska

Abstract Introduction to quantum mechanics aimed at mathematics students
Objective The course begins with the fundamentals of classical mechanics and its mathematical description i.e. Hamiltonian dynamics. We will

introduce the notion of states and observables in the classical setting and further on its counter parts in the quantum setting. We then will
discuss quantisation and the mathematical formulation of quantum mechanics. Further on we will study the Heisenberg’s uncertainty
relations and quantum entanglement. The course then goes on to study the dynamics of quantum systems described by the Schrödinger’s
equation.

Content 1. Hamiltonian mechanics and fundamentals of symplectic geometry
2. Classical observables and Poisson bracket
3. Basic principles of quantum mechanics and quantisation
4. Heisenberg’s uncertainty relations
5. Quantum entanglement and EPR paradox
6. Schrödinger’s equation

Literature Takhtajan, Leon A.
Quantum mechanics for mathematicians.
Graduate Studies in Mathematics, 95. American Mathematical Society, Providence, RI, 2008. xvi+387 pp. ISBN: 978-0-8218-4630-8

Prerequisites /
notice

Prerequisites:
Essential: Differential Geometry 1
Recommended: basic Functional Analysis and Algebraic Topology

401-2334-00L Methods of Mathematical Physics II W 6 credits 3V+2U G. Felder
Abstract Group theory: groups, representation of groups, unitary and orthogonal groups, Lorentz group. Lie theory: Lie algebras and Lie groups.

Representation theory: representation theory of finite groups, representations of Lie algebras and Lie groups, physical applications
(eigenvalue problems with symmetry).

402-0206-00L Quantum Mechanics II W  10 credits 3V+2U G. Blatter
Abstract Many-body quantum physics rests on symmetry considerations that lead to two kinds of particles, fermions and bosons. Formal techniques

include Hartree-Fock theory and second-quantization techniques, as well as quantum statistics with ensembles. Few- and many-body
systems include atoms, molecules, the Fermi sea, elastic chains, radiation and its interaction with matter, and ideal quantum gases.

Objective Basic command  of few- and many-particle physics for fermions and bosons, including second quantisation and quantum statistical
techniques. Understanding of elementary many-body systems such as atoms, molecules, the Fermi sea, electromagnetic radiation and its
interaction with matter, ideal quantum gases and relativistic theories.

Content The description of indistinguishable particles leads us to (exchange-) symmetrized wave functions for fermions and bosons. We discuss
simple few-body problems (Helium atoms, hydrogen molecule) und proceed with a systematic description of fermionic many body problems
(Hartree-Fock approximation, screening, correlations with applications on atomes and the Fermi sea). The second quantisation formalism
allows for the compact description of the Fermi gas, of elastic strings (phonons), and the radiation field (photons). We study the interaction
of radiation and matter and the associated phenomena of radiative decay, light scattering, and the Lamb shift. Quantum statistical
description of ideal Bose and Fermi gases at finite temperatures concludes the program. If time permits, we will touch upon of relativistic
one particle physics, the Klein-Gordon equation for spin-0 bosons and the Dirac equation describing spin-1/2 fermions.

Lecture notes Quanten Mechanik I und II in German.
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Literature G. Baym, Lectures on Quantum Mechanics (Benjamin, Menlo Park, California, 1969)
L.I. Schiff, Quantum Mechanics (Mc-Graw-Hill, New York, 1955)
A. Messiah, Quantum Mechanics I & II (North-Holland, Amsterdam, 1976)
E. Merzbacher, Quantum Mechanics (John Wiley, New York, 1998)
C. Cohen-Tannoudji, B. Diu, F. Laloe, Quantum Mechanics I & II (John Wiley, New York, 1977)
P.P. Feynman and A.R. Hibbs, Quantum Mechanics and Path Integrals (Mc Graw-Hill, New York, 1965)
A.L. Fetter and J.D. Walecka, Theoretical Mechanics of Particles and Continua (Mc Graw-Hill, New York, 1980)
J.J. Sakurai, Modern Quantum Mechanics (Addison Wesley, Reading, 1994)
J.J. Sakurai, Advanced Quantum mechanics (Addison Wesley)
F. Gross, Relativistic Quantum Mechanics and Field Theory (John Wiley, New York, 1993)

Prerequisites /
notice

Basic knowledge of single-particle Quantum Mechanics

 Selection: Mathematical Optimization, Discrete Mathematics
No offering in this semester yet

 Auswahl: Theoretical Computer Science
In the Bachelor's programme in Mathematics 401-3052-05L Graph Theory is eligible as an elective course, but only if 401-3052-10L Graph Theory isn't
recognised for credits (neither in the Bachelor's nor in the Master's programme). For the category assignment take contact with the Study Administration
Office (www.math.ethz.ch/studiensekretariat) after having received the credits.

Number Title Type ECTS Hours Lecturers

252-0408-00L Cryptographic Protocols W  6 credits 2V+2U+1A M. Hirt, U. Maurer
Abstract The course presents a selection of hot research topics in cryptography. The choice of topics varies and may include provable security,

interactive proofs, zero-knowledge protocols, secret sharing, secure multi-party computation, e-voting, etc.
Objective Indroduction to a very active research area with many gems and paradoxical

results. Spark interest in fundamental problems.
Content The course presents a selection of hot research topics in cryptography. The choice of topics varies and may include provable security,

interactive proofs, zero-knowledge protocols, secret sharing, secure multi-party computation, e-voting, etc.
Lecture notes the lecture notes are in German, but they are not required as the entire

course material is documented also in other course material (in english).
Prerequisites /
notice

A basic understanding of fundamental cryptographic concepts 
(as taught for example in the course Information Security or
in the course Cryptography Foundations) is useful, but not required.

263-4660-00L Applied Cryptography
Number of participants limited to 150.

W  8 credits 3V+2U+2P K. Paterson

Abstract This course will introduce the basic primitives of cryptography, using rigorous syntax and game-based security definitions. The course will
show how these primitives can be combined to build cryptographic protocols and systems.

Objective The goal of the course is to put students' understanding of cryptography on sound foundations, to enable them to start to build well-
designed cryptographic systems, and to expose them to some of the pitfalls that arise when doing so.

Content Basic symmetric primitives (block ciphers, modes, hash functions); generic composition; AEAD; basic secure channels; basic public key
primitives (encryption,signature, DH key exchange); ECC; randomness; applications.

Literature Textbook: Boneh and Shoup, “A Graduate Course in Applied Cryptography”,
https://crypto.stanford.edu/~dabo/cryptobook/BonehShoup_0_4.pdf.

Prerequisites /
notice

Ideally, students will have taken the D-INFK Bachelors course “Information Security" or an equivalent course at Bachelors level.

 Selection: Further Realms
Number Title Type ECTS Hours Lecturers

401-4944-20L Mathematics of Data Science W  8 credits 4G A. Bandeira
Abstract Mostly self-contained, but fast-paced, introductory masters level course on various theoretical aspects of algorithms that aim to extract

information from data.
Objective Introduction to various mathematical aspects of Data Science.
Content These topics lie in overlaps of (Applied) Mathematics with: Computer Science, Electrical Engineering, Statistics, and/or Operations

Research. Each lecture will feature a couple of Mathematical Open Problem(s) related to Data Science. The main mathematical tools used
will be Probability and Linear Algebra, and a basic familiarity with these subjects is required. There will also be some (although knowledge
of these tools is not assumed) Graph Theory, Representation Theory, Applied Harmonic Analysis, among others. The topics treated will
include Dimension reduction, Manifold learning, Sparse recovery, Random Matrices, Approximation Algorithms, Community detection in
graphs, and several others.

Lecture notes https://people.math.ethz.ch/~abandeira/TenLecturesFortyTwoProblems.pdf
Prerequisites /
notice

The main mathematical tools used will be Probability, Linear Algebra (and real analysis), and a working knowledge of these subjects is
required. In addition
to these prerequisites, this class requires a certain degree of mathematical maturity--including abstract thinking and the ability to
understand and write proofs.

We encourage students who are interested in mathematical data science to take both this course and ``227-0434-10L    Mathematics of
Information'' taught by Prof. H. Bölcskei. The two courses are designed to be 
complementary.
A. Bandeira and H. Bölcskei

252-0220-00L Introduction to Machine Learning
Limited number of participants. Preference is given to
students in programmes in which the course is being
offered. All other students will be waitlisted. Please do not
contact Prof. Krause for any questions in this regard. If
necessary, please contact studiensekretariat@inf.ethz.ch 

W  8 credits 4V+2U+1A A. Krause

Abstract The course introduces the foundations of learning and making predictions based on data.
Objective The course will introduce the foundations of learning and making predictions from data. We will study basic concepts such as trading

goodness of fit and model complexitiy. We will discuss important machine learning algorithms used in practice, and provide hands-on
experience in a course project.
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Content - Linear regression (overfitting, cross-validation/bootstrap, model selection, regularization, [stochastic] gradient descent)
- Linear classification: Logistic regression (feature selection, sparsity, multi-class)
- Kernels and the kernel trick (Properties of kernels; applications to linear and logistic regression); k-nearest neighbor
- Neural networks (backpropagation, regularization, convolutional neural networks)
- Unsupervised learning (k-means, PCA, neural network autoencoders)
- The statistical perspective (regularization as prior; loss as likelihood; learning as MAP inference)
- Statistical decision theory (decision making based on statistical models and utility functions)
- Discriminative vs. generative modeling (benefits and challenges in modeling joint vy. conditional distributions)
- Bayes' classifiers (Naive Bayes, Gaussian Bayes; MLE)
- Bayesian approaches to unsupervised learning (Gaussian mixtures, EM)

Literature Textbook: Kevin Murphy, Machine Learning: A Probabilistic Perspective, MIT Press
Prerequisites /
notice

Designed to provide a basis for following courses:
- Advanced Machine Learning
- Deep Learning
- Probabilistic Artificial Intelligence 
- Seminar "Advanced Topics in Machine Learning"

263-5300-00L Guarantees for Machine Learning W  5 credits 2V+2A F. Yang
Abstract This course teaches classical and recent methods in statistics and optimization commonly used to prove theoretical guarantees for

machine learning algorithms. The knowledge is then applied in project work that focuses on understanding phenomena in modern machine
learning.

Objective This course is aimed at advanced master and doctorate students who want to understand and/or conduct independent research on theory
for modern machine learning. For this purpose, students will learn common mathematical techniques from statistical learning theory. In
independent project work, they then apply their knowledge and go through the process of critically questioning recently published work,
finding relevant research questions and learning how to effectively present research ideas to a professional audience.

Content This course teaches some classical and recent methods in statistical learning theory aimed at proving theoretical guarantees for machine
learning algorithms, including topics in

- concentration bounds, uniform convergence
- high-dimensional statistics (e.g. Lasso)
- prediction error bounds for non-parametric statistics (e.g. in kernel spaces)
- minimax lower bounds
- regularization via optimization

The project work focuses on active theoretical ML research that aims to understand modern phenomena in machine learning, including but
not limited to

- how overparameterization could help generalization ( interpolating models, linearized NN )
- how overparameterization could help optimization ( non-convex optimization, loss landscape )
- complexity measures and approximation theoretic properties of randomly initialized and
trained NN
- generalization of robust learning ( adversarial robustness, standard and robust error tradeoff )
- prediction with calibrated confidence ( conformal prediction, calibration )

Prerequisites /
notice

It’s absolutely necessary for students to have a strong mathematical background (basic real analysis, probability theory, linear algebra) and
good knowledge of core concepts in machine learning taught in courses such as “Introduction to Machine Learning”, “Regression”/
“Statistical Modelling”. It's also helpful to have heard an optimization course or approximation theoretic course. In addition to these
prerequisites, this class requires a certain degree of mathematical maturity—including abstract thinking and the ability to understand and
write proofs.

401-3502-20L Reading Course
To start an individual reading course, contact an
authorised supervisor
https://www.ethz.ch/content/dam/ethz/special-
interest/math/department/Intranet/Students/Study_Admini
stration/Theses_Reading_Courses/berechtigungsliste.pdf
and register your reading course in myStudies.

W  2 credits 4A Supervisors

Abstract For this Reading Course proactive students make an individual agreement with a lecturer to acquire knowledge through independent
literature study.

401-3503-20L Reading Course
To start an individual reading course, contact an
authorised supervisor
https://www.ethz.ch/content/dam/ethz/special-
interest/math/department/Intranet/Students/Study_Admini
stration/Theses_Reading_Courses/berechtigungsliste.pdf
and register your reading course in myStudies.

W  3 credits 6A Supervisors

Abstract For this Reading Course proactive students make an individual agreement with a lecturer to acquire knowledge through independent
literature study.

401-3504-20L Reading Course
To start an individual reading course, contact an
authorised supervisor
https://www.ethz.ch/content/dam/ethz/special-
interest/math/department/Intranet/Students/Study_Admini
stration/Theses_Reading_Courses/berechtigungsliste.pdf
and register your reading course in myStudies.

W  4 credits 9A Supervisors

Abstract For this Reading Course proactive students make an individual agreement with a lecturer to acquire knowledge through independent
literature study.

 Core Courses and Electives (Mathematics Master)
Electives (Mathematics Master)

Core Courses (Mathematics Master)

 Further Courses Suitable for the Second Year
Number Title Type ECTS Hours Lecturers

401-2334-00L Methods of Mathematical Physics II W  6 credits 3V+2U G. Felder
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Abstract Group theory: groups, representation of groups, unitary and orthogonal groups, Lorentz group. Lie theory: Lie algebras and Lie groups.
Representation theory: representation theory of finite groups, representations of Lie algebras and Lie groups, physical applications
(eigenvalue problems with symmetry).

401-2200-13L Representation Theory of Finite Groups
Primarily for students Bachelor Mathematics 4th semester
(or 6th semester if not fully booked).
Number of participants limited to 12.

W  4 credits 2S R. Pink

Abstract -Grundlegende Begriffe aus der Darstellungstheorie
-Zerlegung in irreduzible Darstellungen
-Charaktertheorie
-Berechnung von Charaktertabellen
-Anwendungen zur Gruppentheorie, insbesondere Satz von Burnside

Objective Methoden und Resultate der Darstellungstheorie.
Vortragstechnik.

Literature Representations and Characters of Groups, Gordon James & Martin Liebeck, Cambridge Verlag.
Prerequisites /
notice

Das Seminar richtet sich primär an Studierende im 4. Semester, die die Vorlesung Algebra I bei mir besucht haben.
Am Donnerstag den 6. Januar um 15:00 im Raum HG G43 findet eine Vorbesprechung statt, an der Sie unbedingt teilnehmen sollten.

 Seminars
This semester, many seminars have a waiting list with special selection procedure. If no other criteria apply, a definitive registration will be granted first
of all to students who haven't got another seminar registration. Here is the best procedure for dealing with two waiting lists: first choose your preferred
seminar and afterwards choose an alternative seminar.

Number Title Type ECTS Hours Lecturers

401-2200-13L Representation Theory of Finite Groups
Primarily for students Bachelor Mathematics 4th semester
(or 6th semester if not fully booked).
Number of participants limited to 12.

W  4 credits 2S R. Pink

Abstract -Grundlegende Begriffe aus der Darstellungstheorie
-Zerlegung in irreduzible Darstellungen
-Charaktertheorie
-Berechnung von Charaktertabellen
-Anwendungen zur Gruppentheorie, insbesondere Satz von Burnside

Objective Methoden und Resultate der Darstellungstheorie.
Vortragstechnik.

Literature Representations and Characters of Groups, Gordon James & Martin Liebeck, Cambridge Verlag.
Prerequisites /
notice

Das Seminar richtet sich primär an Studierende im 4. Semester, die die Vorlesung Algebra I bei mir besucht haben.
Am Donnerstag den 6. Januar um 15:00 im Raum HG G43 findet eine Vorbesprechung statt, an der Sie unbedingt teilnehmen sollten.

401-3110-20L Quadratic Forms, Markov Numbers and Diophantine
Approximation
Number of participants limited to 22.

W  4 credits 2S P. Bengoechea Duro

Abstract In 1880 Andrei A. Markov discovered beautiful connections between minima of binary real quadratic forms, badly approximable numbers by
rationals, and a certain Diophantine equation which describes an affine cubic surface, now and days called Markov surface. We will use
Markov's theory as a unifying thread to talk about quadratic forms, Diophantine approximation and hyperbolic geometry.

Content Continued fractions; representation of real numbers by rationals; Hurwitz's theorem; Lagrange spectrum; badly approximable numbers;
binary quadratic forms; Markov numbers; Markov tree; geometric interpretation of Markov numbers; the still open Unicity Conjecture

401-3180-20L Introduction to Homotopy Theory and Model Category
Structure
Number of participants limited to 24.

W  4 credits 2S J. Ducoulombier

Abstract Introductory seminar about category theory and techniques in Algebraic topology such as model category structure and "homotopy" limits
and colimits.

Objective It is well known that topological spaces are endowed with a homotopy theory classifying objects up to continuous deformations. Model
categories provide a natural setting for homotopy theory and it has been used in some parts of algebraic K-theory, algebraic geometry and
algebraic topology, where homotopy-theoretic approaches led to deep results. 


The goal of this seminar is to get an introduction to model structures through examples (topological spaces, simplicial sets, chains
complexes...). To get further into this theory, we develop the notion of derived functors with applications to homotopy limits and colimits.

Literature "Homotopy theories and model categories" Dwyer and Spalinski

"A primer on homotopy colimits" Dugger

"Model categories" Hovey

Prerequisites /
notice

The students are expected to be familiar with topological spaces
and fundamental groups.

This seminar takes the form of a working group, where interactions are encouraged. Participants are expected to attend the seminar, give a
presentation and write a report. Topic will be assigned during the first meeting.

401-3200-69L A Survey of Geometric Group Theory
Number of participants limited to 24.

W  4 credits 2S M. Cordes

Abstract In this class we will cover some of the tools, techniques, and groups central to the study of geometric group theory. After introducing the
basic concepts (groups and metric spaces), we will branch out and sample different topics in geometric group theory based on the interest
of the participants.

Objective To learn and understand a wide range of tools and groups central to the field of geometric group theory.
Content Possible topics include: properties of free groups and groups acting on trees, large scale geometric invariants (Dehn functions,

hyperbolicity, ends of groups, asymptotic dimension, growth of groups), and examples of notable and interesting groups (Coxeter groups,
right-angled Artin groups, lamplighter groups, Thompson's group, mapping class groups, and braid groups).

Literature The topics will be chosen from "Office Hours with a Geometric Group Theorist" edited by Matt Clay and Dan Margalit.
Prerequisites /
notice

One should be familiar with the basics of groups, metric spaces, and topology (should be familiar with the fundamental group).

401-3030-19L The Axiom of Choice W  4 credits 2S L. Halbeisen
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Number of participants limited to 44. 
If the number of registrations exceeds 30, then the
seminar will be duplicated.

Abstract Es werden verschiedene Aspekte des Auswahlaxioms untersucht. Einerseits werden Konsequenzen des Auswahlaxioms behandelt,
andererseits werden auch Modelle der Mengenlehre konstruiert, in denen das Auswahlaxiom nicht gilt.

Content Es werden verschiedene Aspekte des Auswahlaxioms untersucht. 

Im Seminar A, von 13-15 Uhr, werden äquivalente Formen und Konsequenzen des Auswahlaxioms behandelt

Im Seminar B, von 15-17 Uhr, werden Modelle der Mengenlehre konstruiert, in denen nur abgeschwächte Formen des Auswahlaxioms
gelten, nicht aber das volle Auswahlaxiom.

401-3200-16L Power Sums of Coxeter Exponents (With Some
Insight Into the Evolution of an Article)
Number of participants limited to 12.

W  4 credits 2S R. Suter

Abstract In addition to its mathematical content, this seminar shall provide an insight into what is usually hidden away from the reader of an article.
Objective The gradual development from an initial wish to make progress on a certain topic towards a published article is usually hidden away in the

final text. The idea of this seminar is to have a look at the two author paper "Power sums of Coxeter exponents" (Advances in Mathematics
231 (2012), 1291-1307), that arose entirely by means of email correspondence, and to make accessible some excerpts from this
correspondence in order to gain some insight into how the article evolved. This might be instructive in particular with regard to the students'
own research ambitions.

Literature J. Burns, R. Suter: Power sums of Coxeter exponents, Adv. Math. 231 (2012), 1291-1307.
www.sciencedirect.com/science/article/pii/S0001870812002411

Prerequisites /
notice

No prior knowledge of Coxeter exponents is required because some relevant stuff about Coxeter groups and root systems shall be
explained in an early seminar talk.

401-3600-20L Student Seminar in Probability Theory
Limited number of participants.
Registration to the seminar will only be effective once
confirmed by email from the organizers.

W  4 credits 2S A.-S. Sznitman, J. Bertoin,
V. Tassion, W. Werner

401-3620-20L Student Seminar in Statistics: Inference in Non-
Classical Regression Models
Number of participants limited to 24.
Mainly for students from the Mathematics Bachelor and
Master Programmes who, in addition to the introductory
course unit 401-2604-00L Probability and Statistics, have
heard at least one core or elective course in statistics.
Also offered in the Master Programmes Statistics resp.
Data Science.

W  4 credits 2S F. Balabdaoui

Abstract Review of some non-standard regression models and the statistical properties of estimation methods in such models.
Objective The main goal is the students get to discover some less known regression models which either generalize the well-known linear model  (for

example monotone regression) or violate some of the most fundamental assumptions (as in shuffled or unlinked regression models).
Content Linear regression is one of the most used models for prediction and hence one of the most understood in statistical literature. However,

linearity might too simplistic to capture the actual relationship between some response and given covariates. Also, there are many real data
problems where linearity is plausible but the actual pairing between the observed covariates and responses is completely lost or at partially.
In this seminar, we review some of the non-classical regression models and the statistical properties of the estimation methods considered
by well-known statisticians and machine learners. This will encompass:
1. Monotone regression
2. Single index model
3. Unlinked regression
4. Partially unlinked regression

Lecture notes No script is necessary for this seminar
Literature In the following is the material that will read and studied by each pair of students  (all the items listed below are available through the ETH

electronic library or arXiv):

1. Chapter 2 from the book "Nonparametric estimation under shape constraints"  by P. Groeneboom and G. Jongbloed, 2014, Cambridge
University Press

2. "Nonparametric shape-restricted regression" by A. Guntuoyina and B. Sen, 2018, Statistical Science, Volume 33, 568-594

3. "Asymptotic distributions for two estimators of the single index model" by Y. Xia, 2006, Econometric Theory, Volume 22, 1112-1137   

4. "Least squares estimation in the monotone single index model" by F. Balabdaoui, C. Durot and H. K. Jankowski, Journal of Bernoulli,
2019, Volume 4B, 3276-3310

5. "Least angle regression"  by B. Efron, T. Hastie, I. Johnstone, and R. Tibshirani, 2004, Annals of Statsitics, Volume  32,  407-499.

6. "Sharp thresholds for high dimensional  and noisy sparsity recovery using l1-constrained quadratic programming (Lasso)" by M.
Wainwright, 2009, IEEE transactions in Information Theory, Volume 55, 1-19

7."Denoising linear models with permuted data" by A. Pananjady, M. Wainwright and T. A. Courtade and , 2017, IEEE International
Symposium on Information Theory, 446-450.

8. "Linear regression with shuffled data: statistical and computation limits of permutation recovery" by  A. Pananjady, M. Wainwright and T.
A. Courtade , 2018, IEEE transactions in Information Theory, Volume 64, 3286-3300

9. "Linear regression without correspondence" by D. Hsu, K. Shi and X. Sun, 2017, NIPS

10. "A pseudo-likelihood approach to linear regression with partially shuffled data" by M. Slawski, G. Diao, E. Ben-David, 2019, arXiv.

11. "Uncoupled isotonic  regression via minimum Wasserstein deconvolution" by P. Rigollet and J. Weed, 2019, Information and Inference,
Volume 00,  1-27

401-3900-16L Advanced Topics in Discrete Optimization
Number of participants limited to 12.

W  4 credits 2S C. Angelidakis, A. A. Kurpisz,
R. Zenklusen
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Abstract In this seminar we will discuss selected topics in discrete optimization. The main focus is on mostly recent research papers in the field of
Combinatorial Optimization.

Objective The goal of the seminar is twofold. First, we aim at improving students' presentation and communication skills. In particular, students are to
present a research paper to their peers and the instructors in a clear and understandable way. Second, students learn a selection of recent
cutting-edge approaches in the field of Combinatorial Optimization by attending the other students' talks. A very active participation in the
seminar helps students to build up the necessary skills for parsing and digesting advanced technical texts on a significantly higher
complexity level than usual textbooks.

A key goal is that students prepare their presentations in a concise and accessible way to make sure that other participants get a clear idea
of the presented results and techniques.

Students intending to do a project in optimization are strongly encouraged to participate.

Content The selected topics will cover various classical and modern results in Combinatorial Optimization.

Contrary to prior years, a very significant component of the seminar will be interactive discussions where active participation of the students
is required.

Literature The learning material will be in the form of scientific papers.
Prerequisites /
notice

Requirements: We expect students to have a thorough understanding of topics covered in the course "Mathematical Optimization".

401-3940-20L Student Seminar in Mathematics and Data:
Optimization of Random Functions
Number of participants limited to 12.

W  4 credits 2S A. Bandeira

Abstract More information at course webpage:
https://people.math.ethz.ch/~abandeira/Spring2020.StudentSeminar.html

401-3530-20L Stokes Phenomenon and Isomonodromy Equations
Does not take place this semester.
Number of participants limited to 12.
The seminar does not take place in the Spring Semester
2020.

W  4 credits 2S G. Felder

Abstract Ordinary differential equations with irregular singularities, Stokes phenomenon, isomonodromy deformations and appications.
Content This seminar is about the study of ordinary differential equations with poles and its application in mathematical physics. 

When a system of differential equations has an irregular singularity, such as a pole of order two or higher, a solution may fail to have a well-
defined asymptotic expansion at the singular locus. Instead, there is a collection of angular sectors surrounding the singular locus, in each
of which an asymptotic expansion is defined. The existence of such sectorial asymptotic expansions is what is called the “Stokes
phenomenon”.

The Stokes phenomenon has found remarkable applications in different areas of mathematics and physics, such as in cohomological field
theory, the study of stability conditions, noncommutative Hodge theory, cluster algebras, quantum groups and so on. In particular, the
Stokes phenomenon is the essential ingredient in an irregular version of the Riemann-Hilbert correspondence, where the moduli space of
differential equations with irregular singularities is described in terms of its associated generalized monodromy data (Stokes matrices).
Moreover, the crucial role of the Stokes phenomenon in the study of representation theory and integrable systems is only beginning to
emerge. The first 9 talks will include a general introduction to Stokes phenomenon and isomonodromy deformation. The last 3 talks of the
seminar will focus on its applications.

Literature Werner Balser, Formal Power Series and Linear Systems of Meromorphic Ordinary Differential Equations, Chapter 1-9, Springer.

P. Boalch, Stokes matrices, Poisson Lie groups and Frobenius manifolds, Invent. Math. 146 (2001), 479–506. 

P. Boalch, G-bundles, isomonodromy and quantum Weyl groups, Int. Math. Res. Not. (2002), no. 22, 1129–1166.

B. Dubrovin, Geometry of 2d topological field theory, Lecture 1-3, https://arxiv.org/pdf/hep-th/9407018.pdf.

B. Dubrovin, Painleve transcendents in two-dimensional topological field theory, The Painleve property, Springer, New York, 1999, pp.
287–412.

252-4102-00L Seminar on Randomized Algorithms and Probabilistic
Methods
The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

Number of participants limited to 24.

W  2 credits 2S A. Steger

Abstract The aim of the seminar is to study papers which bring the students to the forefront of today's research topics. This semester we will study
selected papers of the conference Symposium on Discrete Algorithms (SODA18).

Objective Read papers from the forefront of today's research; learn how to give a scientific talk.
Prerequisites /
notice

The seminar is open for both students from mathematics and students from computer science. As prerequisite we require that you passed
the course Randomized Algorithms and Probabilistic Methods (or equivalent, if you come from abroad).

263-4203-00L Geometry: Combinatorics and Algorithms
The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W  2 credits 2S B. Gärtner, M. Hoffmann, E. Welzl,
M. Wettstein

Abstract This seminar complements the course Geometry: Combinatorics & Algorithms. Students of the seminar will present original research
papers, some classic and some of them very recent. 

Objective Each student is expected to read, understand, and elaborate on a selected research paper. To this end, (s)he should give a 45-min.
presentation about the paper. The process includes

* getting an overview of the related literature;
* understanding and working out the background/motivation:
why and where are the questions addressed relevant?
* understanding the contents of the paper in all details;
* selecting parts suitable for the presentation;
* presenting the selected parts in such a way that an audience
with some basic background in geometry and graph theory can easily understand and appreciate it.
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Content This seminar is held once a year and complements the course Geometry: Combinatorics & Algorithms. Students of the seminar will present
original research papers, some classic and some of them very recent. The seminar is a good preparation for a master, diploma, or
semester thesis in the area.

Prerequisites /
notice

Prerequisite: Successful participation in the course "Geometry: Combinatorics & Algorithms" (takes place every HS) is required.

Seminars (Mathematics Master)

 Minor Courses
no minor course offered in this semester

 Bachelor's Thesis
Number Title Type ECTS Hours Lecturers

401-2000-00L Scientific Works in Mathematics
Target audience:
Third year Bachelor students;
Master students who cannot document to have received
an adequate training in working scientifically.

O  0 credits Ö. Imamoglu, E. Kowalski

Abstract Introduction to scientific writing for students with focus on publication standards and ethical issues, especially in the case of citations
(references to works of others.)

Objective Learn the basic standards of scientific works in mathematics.
Content - Types of mathematical works

 - Publication standards in pure and applied mathematics
 - Data handling
 - Ethical issues
 - Citation guidelines

Lecture notes Moodle of the Mathematics Library: https://moodle-app2.let.ethz.ch/course/view.php?id=519
Prerequisites /
notice

Directive https://www.ethz.ch/content/dam/ethz/common/docs/weisungssammlung/files-en/declaration-of-originality.pdf

401-2000-01L Lunch Sessions – Thesis Basics for Mathematics
Students
Details and registration for the optional MathBib training
course: https://www.math.ethz.ch/mathbib-schulungen

Z  0 credits Speakers

Abstract Optional course "Recherchieren in der Mathematik" (held in German) by the Mathematics Library.

401-3990-10L Bachelor's Thesis
Successful participation in the course unit 401-2000-00L
Scientific Works in Mathematics is required.
For more information, see
www.math.ethz.ch/intranet/students/study-
administration/theses.html

O 8 credits 11D Supervisors

Abstract The purpose of the BSc thesis is to deepen knowledge in a certain subject chosen by the student. In their BSc thesis, students should
demonstrate their ability to carry out independent work in mathematics and to organize results in a written report.

 GESS Science in Perspective
 Science in Perspective

see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
MATH

 Language Courses
see Science in Perspective: Language Courses ETH/UZH

 Additional Courses
Number Title Type ECTS Hours Lecturers

401-5000-00L Zurich Colloquium in Mathematics E-  0 credits R. Abgrall, P. L. Bühlmann,
M. Iacobelli, A. Iozzi, S. Mishra,
R. Pandharipande, further lecturers

Abstract The lectures try to give an overview of "what is going on" in important areas of contemporary mathematics, to a wider non-specialised
audience of mathematicians.

401-5990-00L Zurich Graduate Colloquium E-  0 credits A. Iozzi, University lecturers
Abstract The Graduate Colloquium is an informal seminar aimed at graduate students and postdocs whose purpose is to provide a forum for

communicating one's interests and thoughts in mathematics.

402-0101-00L The Zurich Physics Colloquium
Cancelled until further notice.

E-  0 credits 1K S. Huber, A. Refregier, University
lecturers

Abstract Research colloquium
Objective The goal of this event is to bring you closer to current day research in all fields of physics. In each semester we have a set of distinguished

speakers covering the full range of topics in physics. As a participating student should learn how to follow a research talk. In particular, you
should be able to extract key points from a colloquium where you don't necessarily understand every detail that is presented.

402-0800-00L The Zurich Theoretical Physics Colloquium E-  0 credits 1K O. Zilberberg, University lecturers
Abstract Research colloquium
Prerequisites /
notice

Talks in German are also possible.

251-0100-00L Computer Science Colloquium E-  0 credits 2K Lecturers
Abstract Invited talks on the entire spectrum of Computer Science. External guests are welcome. A detailed program is published at the beginning of

every semester.
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Content Eingeladene Vorträge aus dem gesamten Bereich der Informatik, zu denen auch Auswärtige kostenlos eingeladen sind. Zu
Semesterbeginn erscheint jeweils ein ausführliches Programm.

Mathematics Bachelor - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Mathematics TC
Detailed information on the programme at: www.didaktischeausbildung.ethz.ch

 Educational Science
General course offerings in the category Educational Science are listed under "Programme: Educational Science for Teaching Diploma and TC".

see Educational Science TC

 Subject Didactics and Professional Training
Important: You can only enrol in the courses of this category if you have not more than 12 CP left for possible additional requirements.

Enrolment in either Mathematics Didactics I (autumn semester) or Mathematics Didactics II is compulsory.

Number Title Type ECTS Hours Lecturers

401-3972-00L Mathematics Didactics II
Enrolment only possible with matriculation in Mathematics
Teaching Diploma or Mathematics TC at ETH or in
Mathematics Teaching Diploma at University of Zurich.

W  4 credits 2G N. Hungerbühler

Abstract Students learn about and learn to use findings from empirical research into mathematical didactics and best practice, as well as theoretical
approaches to teaching various topics in mathematics. Methodological suggestions are compared and draft tuition concepts discussed.

Objective On the basis of their understanding of mathematics, of the knowledge acquired from research into teaching/learning and subject teaching,
and also of best practice, students who have completed this course will be in a position to draft motivating learning arrangements, with
cognitive appeal, which trigger and maintain learning processes. The aim here is to implement a corresponding teaching plan, so that the
mathematics tuition that is given has a general-education value, on the one hand, and ensures that pupils acquire the fundamental
knowledge necessary for studying at university, on the other hand.

401-9987-00L Teaching Internship Including Examination Lessons
Mathematics
Teaching Internship Mathematics for TC.
Repetition of the Teaching Internship is excluded even if
Examination Lessons are to be repeated.

O  4 credits 9P N. Hungerbühler

Abstract Students apply the insights, abilities and skills they have acquired within the context of an educational institution. They observe 10 lessons
and teach 20 lessons independently. Two of them are as assessed as Examination Lessons.

Objective - Students use their specialist-subject, educational-science and subject-didactics training to draw up concepts for teaching.
- They are able to assess the significance of tuition topics for their subject from different angles (including interdisciplinary angles) and
impart these to their pupils. 
- They learn the skills of the teaching trade. 
- They practise finding the balance between instruction and openness so that pupils can and, indeed, must make their own cognitive
contribution.
- They learn to assess pupils' work.
- Together with the teacher in charge of their teacher training, the students constantly evaluate their own performance.

Content Die Studierenden sammeln Erfahrungen in der Unterrichtsführung, der Auseinandersetzung mit Lernenden, der Klassenbetreuung und der
Leistungsbeurteilung. Zu Beginn des Praktikums plant die Praktikumslehrperson gemeinsam mit dem/der Studierenden das Praktikum und
die Arbeitsaufträge. Die schriftlich dokumentierten Ergebnisse der Arbeitsaufträge sind Bestandteil des Portfolios der Studierenden.
Anlässlich der Hospitationen erläutert die Praktikumslehrperson ihre fachlichen, fachdidaktischen und pädagogischen Überlegungen, auf
deren Basis sie den Unterricht geplant hat und tauscht sich mit dem/der Studierenden aus. Die von dem/der Studierenden gehaltenen
Lektionen werden vor- und nachbesprochen. 
Die Themen für die beiden Prüfungslektionen am Schluss des Praktikums erfahren die Studierenden in der Regel eine Woche vor dem
Prüfungstermin. Sie erstellen eine Vorbereitung gemäss Anleitung und reichen sie bis am Vortrag um 12 Uhr den beiden Prüfungsexperten
(Fachdidaktiker/-in, Departementsvertreter/-in) ein. Die gehaltenen Lektionen werden kriteriumsbasiert beurteilt. Die Beurteilung umfasst
auch die schriftliche Vorbereitung und eine mündliche Reflexion des Kandidaten/der Kandidatin über die gehaltenen Lektionen im Rahmen
eines kurzen Kolloquiums.

Lecture notes Dokument: schriftliche Vorbereitung für Prüfungslektionen.
Literature Wird von der Praktikumslehrperson bestimmt.
Prerequisites /
notice

Das Praktikum findet verbindlich am Schluss der Ausbildung statt. Allfällige fachwissenschaftliche Auflagen sind ebenfalls vor Antritt des
Praktikums zu erfüllen.

401-9983-00L Mentored Work Subject Didactics Mathematics A
Mentored Work Subject Didactics in Mathematics for TC
and Teaching Diploma.

O  2 credits 4A M. Akveld, K. Barro, A. Barth,
L. Halbeisen, N. Hungerbühler,
C. Rüede

Abstract In their mentored work on subject didactics, students put into practice the contents of the subject-didactics lectures and go into these in
greater depth. Under supervision, they compile tuition materials that are conducive to learning and/or analyse and reflect on certain topics
from a subject-based and pedagogical angle.

Objective The objective is for the students: 
- to be able to familiarise themselves with a tuition topic by consulting different sources,  acquiring materials and reflecting on the relevance
of the topic and the access they have selected to this topic from a specialist, subject-didactics and pedagogical angle and potentially from a
social angle too.
- to show that they can independently compile a tuition sequence that is conducive to learning and develop this to the point where it is
ready for use.

Content Thematische Schwerpunkte
Die Gegenstände der mentorierten Arbeit in Fachdidaktik stammen in der Regel aus dem gymnasialen Unterricht.

Lernformen
Alle Studierenden erhalten ein individuelles Thema und erstellen dazu eine eigenständige Arbeit. Sie werden dabei von ihrer
Betreuungsperson begleitet. Gegebenenfalls stellen sie ihre Arbeit oder Aspekte daraus in einem Kurzvortrag vor. Die mentorierte Arbeit ist
Teil des Portfolios der Studierenden.

Lecture notes Eine kurze Anleitung zur mentorierten Arbeit in Fachdidaktik wird
zur Verfügung gestellt.

Literature Die Literatur ist themenspezifisch. Die Studierenden beschaffen sie sich in der Regel selber (siehe Lernziele). In besonderen Fällen wird
sie vom Betreuer zur Verfügung gestellt.

Prerequisites /
notice

Die Arbeit sollte vor Beginn des Praktikums abgeschlossen
werden.

 Specialized Courses in Respective Subject with Educational Focus
Number Title Type ECTS Hours Lecturers
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401-3058-00L Combinatorics I
Does not take place this semester.

W  4 credits 2G N. Hungerbühler

Abstract The course Combinatorics I and II is an introduction into the field of enumerative combinatorics.
Objective Upon completion of the course, students are able to classify combinatorial problems and to apply adequate techniques to solve them.
Content Contents of the lectures Combinatorics I and II: congruence transformation of the plane, symmetry groups of geometric figures, Euler's

function, Cayley graphs, formal power series, permutation groups, cycles, Bunside's lemma, cycle index, Polya's theorems, applications to
graph theory and isomers.

Prerequisites /
notice

Recognition of credits as an elective course in the Mathematics Bachelor's or Master's Programmes is only possible if you have not
received credits for the course unit 401-3052-00L Combinatorics (which was for the last time taught in the spring semester 2008).

401-3056-00L Finite Geometries I W  4 credits 2G N. Hungerbühler
Abstract Finite geometries I, II: Finite geometries combine aspects of geometry, discrete mathematics and the algebra of finite fields. In particular,

we will construct models of axioms of incidence and investigate closing theorems. Applications include test design in statistics, block
design, and the construction of orthogonal Latin squares.

Objective Finite geometries I, II: Students will be able to construct and analyse models of finite geometries. They are familiar with closing theorems of
the axioms of incidence and are able to design statistical tests by using the theory of finite geometries. They are able to construct
orthogonal Latin squares and know the basic elements of the theory of block design.

Content Finite geometries I, II: finite fields, rings of polynomials, finite affine planes, axioms of incidence, Euler's thirty-six officers problem, design of
statistical tests, orthogonal Latin squares, transformation of finite planes, closing theorems of Desargues and Pappus-Pascal, hierarchy of
closing theorems, finite coordinate planes, division rings, finite projective planes, duality principle, finite Moebius planes, error correcting
codes, block design

Literature - Max Jeger, Endliche Geometrien, ETH Skript 1988

- Albrecht Beutelspacher: Einführung in die endliche Geometrie I,II. Bibliographisches Institut 1983

- Margaret Lynn Batten: Combinatorics of Finite Geometries. Cambridge University Press
    
- Dembowski: Finite Geometries.

401-3574-61L Introduction to Knot Theory
Does not take place this semester.

W  6 credits 3G

Abstract Introduction to the mathematical theory of knots. We will discuss some elementary topics in knot theory and we will repeatedly centre on
how this knowledge can be used in secondary school.

Objective The aim of this lecture course is to give an introduction to knot theory.  In the course we will discuss the definition of a knot and what is
meant by equivalence. The focus of the course will be on knot invariants. We will consider various knot invariants amongst which we will
also find the so called knot polynomials. In doing so we will again and again show how this knowledge can be transferred down to
secondary school.

Content Definition of a knot and of equivalent knots.
Definition of a knot invariant and some elementary examples.
Various operations on knots.
Knot polynomials (Jones, ev. Alexander.....)

Literature An extensive bibliography will be handed out in the course.
Prerequisites /
notice

Prerequisites are some elementary knowledge of algebra and topology.

401-9985-00L Mentored Work Specialised Courses in the Respective
Subject with an Educational Focus Mathematics A
Mentored Work Specialised Courses in the Respective
Subject with an Educational Focus in Mathematics for TC
and Teaching Diploma.

O  2 credits 4A M. Akveld, K. Barro, A. Barth,
L. Halbeisen, N. Hungerbühler,
A. F. Müller, C. Rüede

Abstract In the mentored work on their subject specialisation, students link high-school and university aspects of the subject, thus strengthening
their teaching competence with regard to curriculum decisions and the future development of the tuition. They compile texts under
supervision that are directly comprehensible to the targeted readers - generally specialist-subject teachers at high-school level.

Objective The aim is for the students
- to familiarise themselves with a new topic by obtaining material and studying the sources, so that they can selectively extend their
specialist competence in this way.
- to independently develop a text on the topic, with special focus on its mathematical comprehensibility in respect of the level of knowledge
of the targeted readership.
- To try out different options for specialist further training in their profession.

Content Thematische Schwerpunkte:
Die mentorierte Arbeit in FV besteht in der Regel in einer Literaturarbeit über ein Thema, das einen Bezug zum gymnasialem Unterricht
oder seiner Weiterentwicklung hat. Die Studierenden setzen darin Erkenntnisse aus den Vorlesungen in FV praktisch um.

Lernformen:
Alle Studierenden erhalten ein individuelles Thema und erstellen dazu eine eigenständige Arbeit. Sie werden dabei von ihrer
Betreuungsperson begleitet. Gegebenenfalls stellen sie ihre Arbeit oder Aspekte daraus in einem Kurzvortrag vor. Die mentorierte
Arbeit ist Teil des Portfolios der Studierenden.

Lecture notes Eine Anleitung zur mentorierten Arbeit in FV wird zur Verfügung gestellt.
Literature Die Literatur ist themenspezifisch. Sie muss je nach Situation selber beschafft werden oder wird zur Verfügung gestellt.
Prerequisites /
notice

Die Arbeit sollte vor Beginn des Praktikums abgeschlossen werden.

 Colloquia
The Colloquium on Mathematics, Computer Science, and Education takes place in the autumn semester.

Mathematics TC - Key for Type

O Compulsory
W+ Eligible for credits and recommended
Dr Suitable for doctorate

W Eligible for credits
E- Recommended, not eligible for credits
Z Courses outside the curriculum
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Mathematics Teaching Diploma
Detailed information on the programme at: www.didaktischeausbildung.ethz.ch

 Educational Science
Course offerings in the category Educational Science are listed under "Programme: Educational Science for Teaching Diploma and TC".

see Educational Science Teaching Diploma

 Subject Didactics in Mathematics
Number Title Type ECTS Hours Lecturers

401-3972-00L Mathematics Didactics II
Enrolment only possible with matriculation in Mathematics
Teaching Diploma or Mathematics TC at ETH or in
Mathematics Teaching Diploma at University of Zurich.

O  4 credits 2G N. Hungerbühler

Abstract Students learn about and learn to use findings from empirical research into mathematical didactics and best practice, as well as theoretical
approaches to teaching various topics in mathematics. Methodological suggestions are compared and draft tuition concepts discussed.

Objective On the basis of their understanding of mathematics, of the knowledge acquired from research into teaching/learning and subject teaching,
and also of best practice, students who have completed this course will be in a position to draft motivating learning arrangements, with
cognitive appeal, which trigger and maintain learning processes. The aim here is to implement a corresponding teaching plan, so that the
mathematics tuition that is given has a general-education value, on the one hand, and ensures that pupils acquire the fundamental
knowledge necessary for studying at university, on the other hand.

401-9983-00L Mentored Work Subject Didactics Mathematics A
Mentored Work Subject Didactics in Mathematics for TC
and Teaching Diploma.

O  2 credits 4A M. Akveld, K. Barro, A. Barth,
L. Halbeisen, N. Hungerbühler,
C. Rüede

Abstract In their mentored work on subject didactics, students put into practice the contents of the subject-didactics lectures and go into these in
greater depth. Under supervision, they compile tuition materials that are conducive to learning and/or analyse and reflect on certain topics
from a subject-based and pedagogical angle.

Objective The objective is for the students: 
- to be able to familiarise themselves with a tuition topic by consulting different sources,  acquiring materials and reflecting on the relevance
of the topic and the access they have selected to this topic from a specialist, subject-didactics and pedagogical angle and potentially from a
social angle too.
- to show that they can independently compile a tuition sequence that is conducive to learning and develop this to the point where it is
ready for use.

Content Thematische Schwerpunkte
Die Gegenstände der mentorierten Arbeit in Fachdidaktik stammen in der Regel aus dem gymnasialen Unterricht.

Lernformen
Alle Studierenden erhalten ein individuelles Thema und erstellen dazu eine eigenständige Arbeit. Sie werden dabei von ihrer
Betreuungsperson begleitet. Gegebenenfalls stellen sie ihre Arbeit oder Aspekte daraus in einem Kurzvortrag vor. Die mentorierte Arbeit ist
Teil des Portfolios der Studierenden.

Lecture notes Eine kurze Anleitung zur mentorierten Arbeit in Fachdidaktik wird
zur Verfügung gestellt.

Literature Die Literatur ist themenspezifisch. Die Studierenden beschaffen sie sich in der Regel selber (siehe Lernziele). In besonderen Fällen wird
sie vom Betreuer zur Verfügung gestellt.

Prerequisites /
notice

Die Arbeit sollte vor Beginn des Praktikums abgeschlossen
werden.

401-9984-00L Mentored Work Subject Didactics Mathematics B
Mentored Work Subject Didactics in Mathematics for
Teaching Diploma and for students upgrading TC to
Teaching Diploma.

O  2 credits 4A M. Akveld, K. Barro, A. Barth,
L. Halbeisen, N. Hungerbühler,
C. Rüede

Abstract In their mentored work on subject didactics, students put into practice the contents of the subject-didactics lectures and go into these in
greater depth. Under supervision, they compile tuition materials that are conducive to learning and/or analyse and reflect on certain topics
from a subject-based and pedagogical angle.

Objective The objective is for the students: 
- to be able to familiarise themselves with a tuition topic by consulting different sources,  acquiring materials and reflecting on the relevance
of the topic and the access they have selected to this topic from a specialist, subject-didactics and pedagogical angle and potentially from a
social angle too.
- to show that they can independently compile a tuition sequence that is conducive to learning and develop this to the point where it is
ready for use.

Content Thematische Schwerpunkte
Die Gegenstände der mentorierten Arbeit in Fachdidaktik stammen in der Regel aus dem gymnasialen Unterricht.

Lernformen
Alle Studierenden erhalten ein individuelles Thema und erstellen dazu eine eigenständige Arbeit. Sie werden dabei von ihrer
Betreuungsperson begleitet. Gegebenenfalls stellen sie ihre Arbeit oder Aspekte daraus in einem Kurzvortrag vor. Die mentorierte Arbeit ist
Teil des Portfolios der Studierenden.

Lecture notes Eine kurze Anleitung zur mentorierten Arbeit in Fachdidaktik wird zur Verfügung gestellt.
Literature Die Literatur ist themenspezifisch. Die Studierenden beschaffen sie sich in der Regel selber (siehe Lernziele). In besonderen Fällen wird

sie vom Betreuer zur Verfügung gestellt.
Prerequisites /
notice

Die Arbeit sollte vor Beginn des Praktikums abgeschlossen
werden.

 Professional Training in Mathematics
Number Title Type ECTS Hours Lecturers

401-9970-00L Introductory Internship Mathematics
Enrolment only possible with matriculation in Mathematics
Teaching Diploma or Mathematics TC at ETH.
It is advisable to enrol in this course not prior to the first
Mathematics Didactics course and not after the second
Mathematics Didactics course.

O  3 credits 6P N. Hungerbühler
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Abstract During the introductory teaching practice, the students sit in on five lessons given by the teacher responsible for their teaching practice, and
teach five lessons themselves. The students are given observation and reflection assignments by the teacher responsible for their teaching
practice.

Objective Right at the start of their training, students acquire initial experience with the observation of teaching, the establishment of concepts for
teaching and the implementation of teaching. This early confrontation with the complexity of everything that teaching involves helps
students decide whether they wish to and, indeed, ought to, continue with the training. It forms a basis for the subsequent pedagogical and
subject-didactics training.

Content Den Studierenden bietet das Einführungspraktikum einen Einblick in den Berufsalltag einer Lehrperson. 
Die Praktikumslehrperson legt Beobachtungs- und Reflexionsaufträge und die Themen der zu erteilenden Lektionen fest. Die schriftlich
dokumentierten Ergebnisse der Arbeitsaufträge sind Bestandteil des Portfolios des/der Studierenden. Anlässlich der Hospitationen erläutert
die Praktikumslehrperson ihre fachlichen, fachdidaktischen und pädagogischen Überlegungen, auf deren Basis sie den Unterricht geplant
hat und tauscht sich mit der/dem Studierenden aus. Zu den Lektionen, die der/die Studierende selber hält, führt die Praktikumslehrperson
Vor- und Nachbesprechungen durch.

Literature Wird von der Praktikumslehrperson bestimmt.
Prerequisites /
notice

It is recommended to take the introductory internship not before
the first course in mathematics didactics, and not after the second course in mathematics didactics.

401-3972-99L Professional Exercises II
Enrolment only possible with matriculation in Mathematics
Teaching Diploma or Mathematics TC at ETH.
Simultaneous enrolment in Mathematics Didactics -
course unit 401-3972-00L - is compulsory.

O  1 credit 1G A. Barth, N. Hungerbühler

Abstract Students learn about and learn to use findings from empirical research into mathematical didactics and best practice, as well as theoretical
approaches to teaching mathematics. Methodological suggestions are compared and draft tuition concepts discussed.

Objective On the basis of their understanding of mathematics, of the knowledge acquired from research into teaching/learning and subject teaching,
and also of best practice, students who have completed this course will be in a position to draft motivating learning arrangements, with
cognitive appeal, which trigger and maintain learning processes. The aim here is to implement a corresponding teaching plan, so that the
mathematics tuition that is given has a general-education value, on the one hand, and ensures that pupils acquire the fundamental
knowledge necessary for studying at university, on the other hand.

Prerequisites /
notice

This course is to be chosen jointly with 401-3972-00L.

401-9988-00L Teaching Internship Mathematics O  8 credits 17P N. Hungerbühler
Abstract The teaching practice takes in 50 lessons: 30 are taught by the students, and the students sit in on 20 lessons. The teaching practice lasts

4-6 weeks. It gives students the opportunity to implement the contents of their specialist-subject, educational science and subject-didactics
training in the classroom. Students also conduct work assignments in parallel to their teaching practice.

Objective - Students use their specialist-subject, educational-science and subject-didactics training to draw up concepts for teaching.
- They are able to assess the significance of tuition topics in their subject from different angles (including interdisciplinary angles) and
impart these to their pupils.
- They acquire the skills of the teaching trade. 
- They practise finding the balance between instruction and openness so that pupils can and, indeed, must make their own cognitive
contribution.
- They learn to assess pupils' work.
- Together with the teacher in charge of their teacher training, the students constantly evaluate their own performance.

Content Die Studierenden sammeln Erfahrungen in der Unterrichtsführung, der Auseinandersetzung mit Lernenden, der Klassenbetreuung und der
Leistungsbeurteilung. Zu Beginn des Praktikums plant die Praktikumslehrperson gemeinsam mit dem/der Studierenden das Praktikum und
die Arbeitsaufträge. Die schriftlich dokumentierten Ergebnisse der Arbeitsaufträge sind Bestandteil des Portfolios der Studierenden.
Anlässlich der Hospitationen erläutert die Praktikumslehrperson ihre fachlichen, fachdidaktischen und pädagogischen Überlegungen, auf
deren Basis sie den Unterricht geplant hat und tauscht sich mit dem/der Studierenden aus. Die von dem/der Studierenden gehaltenen
Lektionen werden vor- und nachbesprochen. Die Praktikumslehrperson sorgt ausserdem dafür, dass der/die Studierende Einblick in den
schulischen Alltag erhält und die vielfältigen Verpflichtungen einer Lehrperson kennen lernt.

Literature Wird von der Praktikumslehrperson bestimmt.
Prerequisites /
notice

Das Praktikum findet verbindlich am Schluss der Ausbildung, vor dem Ablegen der Prüfungslektion statt. Allfällige fachwissenschaftliche
Auflagen sind ebenfalls vor Antritt des Praktkums zu erfüllen.

401-9989-00L Teaching Internship Mathematics II
Teaching Internship for students upgrading TC to
Teaching Diploma.

W  4 credits 9P N. Hungerbühler

Abstract This is a supplement to the Teaching Internship required to obtain a
Lehrdiplom für Maturitätsschulen in the corresponding subject. It is aimed at enlarging the already acquired teaching experience. Students
observe 10 lessons and teach 15 lessons independently.

Objective Die Studierenden können die Bedeutung von Unterrichtsthemen in ihrem Fach unter verschiedenen Blickwinkeln einschätzen. Sie kennen
und beherrschen das unterrichtliche Handwerk. Sie können ein gegebenes Unterrichtsthema für eine Gruppe von Lernenden fachlich und
didaktisch korrekt strukturieren und in eine adäquate Lernumgebung umsetzen. Es gelingt ihnen, die Balance zwischen Anleitung und
Offenheit zu finden, sodass die Lernenden sowohl über den nötigen Freiraum wie über ausreichend Orientierung verfügen, um aktiv und
effektiv flexibel nutzbares (Fach-)Wissen zu erwerben.

Content Das Aufbaupraktikum richtet sich an Studierende, die bereits das Didaktik-Zertifikat in ihrem Fach erworben haben und nun eine
Aufbauausbildung zum Lehrdiplom für Maturitätsschulen absolvieren. In diesem zusätzlichen Praktikum sollen die Studierenden vertiefte
unterrichtliche Erfahrungen machen. Auf der Grundlage der zusätzlich erworbenen Kenntnisse und mit Hilfe der ihnen jetzt zu Verfügung
stehenden Instrumente analysieren sie verschiedene Aspekte des hospitierten Unterrichts. In dem von ihnen selbst gestalteten Unterricht
nutzen sie beim Entwurf, bei der Durchführung und der Beurteilung ihrer Arbeit insbesondere die zusätzlich gewonnen Erkenntnisse aus
der allgemeinen und fachdidaktischen Lehr- und Lernforschung.

Prerequisites /
notice

Das Praktikum findet verbindlich am Schluss der Ausbildung, vor dem Ablegen der Prüfungslektion statt. Allfällige fachwissenschaftliche
Auflagen sind ebenfalls vor Antritt des Praktkums zu erfüllen.

401-9991-01L Examination Lesson I Mathematics
Simultaneous enrolment in "Examination Lesson II
Mathematics" (401-9991-02L) is compulsory.

O  1 credit 2P N. Hungerbühler

Abstract In the context of an examination lesson conducted and graded at a high school, the candidates provide evidence of the subject-
matter-based and didactic skills they have acquired in the course of their training.

Objective On the basis of a specified topic, the candidate shows that they are in a position
- to develop and conduct teaching that is conducive to learning at high school level, substantiating it in terms of the subject-matter and from
the didactic angle 
- to analyze the tuition they have given with regard to its strengths and weaknesses, and outline improvements.
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Content Die Studierenden erfahren das Lektionsthema in der Regel eine Woche vor dem Prüfungstermin. Von der zuständigen Lehrperson erhalten
sie Informationen über den Wissensstand der zu unterrichtenden Klasse und können sie vor dem Prüfungstermin besuchen.
Sie erstellen eine Vorbereitung gemäss Anleitung und reichen sie bis am Vortag um 12 Uhr den beiden Prüfungsexperten ein.
Die gehaltene Lektion wird kriteriumsbasiert beurteilt. Die Beurteilung umfasst auch die schriftliche Vorbereitung und eine mündliche
Reflexion des Kandidaten/ der Kandidatin über die gehaltene Lektion im Rahmen eines kurzen Kolloquiums.

Lecture notes Dokument: Schriftliche Vorbereitung für Prüfungslektionen.
Prerequisites /
notice

Nach Abschluss der übrigen Ausbildung.

401-9991-02L Examination Lesson II Mathematics
Simultaneous enrolment in "Examination Lesson I
Mathematics" (401-9991-01L) is compulsory.

O  1 credit 2P N. Hungerbühler

Abstract In the context of an examination lesson conducted and graded at a high school, the candidates provide evidence of the subject-
matter-based and didactic skills they have acquired in the course of their training.

Objective On the basis of a specified topic, the candidate shows that they are in a position
- to develop and conduct teaching that is conducive to learning at high school level, substantiating it in terms of the subject-matter and from
the didactic angle 
- to analyze the tuition they have given with regard to its strengths and weaknesses, and outline improvements.

Content Die Studierenden erfahren das Lektionsthema in der Regel eine Woche vor dem Prüfungstermin. Von der zuständigen Lehrperson erhalten
sie Informationen über den Wissensstand der zu unterrichtenden Klasse und können sie vor dem Prüfungstermin besuchen.
Sie erstellen eine Vorbereitung gemäss Anleitung und reichen sie bis am Vortag um 12 Uhr den beiden Prüfungsexperten ein.
Die gehaltene Lektion wird kriteriumsbasiert beurteilt. Die Beurteilung umfasst auch die schriftliche Vorbereitung und eine mündliche
Reflexion des Kandidaten/ der Kandidatin über die gehaltene Lektion im Rahmen eines kurzen Kolloquiums.

Lecture notes Dokument: Schriftliche Vorbereitung für Prüfungslektionen.
Prerequisites /
notice

Nach Abschluss der übrigen Ausbildung.

 Spec. Courses in Resp. Subj. w/ Educ. Focus & Further Subj. Didactics
Number Title Type ECTS Hours Lecturers

401-3058-00L Combinatorics I
Does not take place this semester.

W  4 credits 2G N. Hungerbühler

Abstract The course Combinatorics I and II is an introduction into the field of enumerative combinatorics.
Objective Upon completion of the course, students are able to classify combinatorial problems and to apply adequate techniques to solve them.
Content Contents of the lectures Combinatorics I and II: congruence transformation of the plane, symmetry groups of geometric figures, Euler's

function, Cayley graphs, formal power series, permutation groups, cycles, Bunside's lemma, cycle index, Polya's theorems, applications to
graph theory and isomers.

Prerequisites /
notice

Recognition of credits as an elective course in the Mathematics Bachelor's or Master's Programmes is only possible if you have not
received credits for the course unit 401-3052-00L Combinatorics (which was for the last time taught in the spring semester 2008).

401-3056-00L Finite Geometries I W  4 credits 2G N. Hungerbühler
Abstract Finite geometries I, II: Finite geometries combine aspects of geometry, discrete mathematics and the algebra of finite fields. In particular,

we will construct models of axioms of incidence and investigate closing theorems. Applications include test design in statistics, block
design, and the construction of orthogonal Latin squares.

Objective Finite geometries I, II: Students will be able to construct and analyse models of finite geometries. They are familiar with closing theorems of
the axioms of incidence and are able to design statistical tests by using the theory of finite geometries. They are able to construct
orthogonal Latin squares and know the basic elements of the theory of block design.

Content Finite geometries I, II: finite fields, rings of polynomials, finite affine planes, axioms of incidence, Euler's thirty-six officers problem, design of
statistical tests, orthogonal Latin squares, transformation of finite planes, closing theorems of Desargues and Pappus-Pascal, hierarchy of
closing theorems, finite coordinate planes, division rings, finite projective planes, duality principle, finite Moebius planes, error correcting
codes, block design

Literature - Max Jeger, Endliche Geometrien, ETH Skript 1988

- Albrecht Beutelspacher: Einführung in die endliche Geometrie I,II. Bibliographisches Institut 1983

- Margaret Lynn Batten: Combinatorics of Finite Geometries. Cambridge University Press
    
- Dembowski: Finite Geometries.

401-3574-61L Introduction to Knot Theory
Does not take place this semester.

W  6 credits 3G

Abstract Introduction to the mathematical theory of knots. We will discuss some elementary topics in knot theory and we will repeatedly centre on
how this knowledge can be used in secondary school.

Objective The aim of this lecture course is to give an introduction to knot theory.  In the course we will discuss the definition of a knot and what is
meant by equivalence. The focus of the course will be on knot invariants. We will consider various knot invariants amongst which we will
also find the so called knot polynomials. In doing so we will again and again show how this knowledge can be transferred down to
secondary school.

Content Definition of a knot and of equivalent knots.
Definition of a knot invariant and some elementary examples.
Various operations on knots.
Knot polynomials (Jones, ev. Alexander.....)

Literature An extensive bibliography will be handed out in the course.
Prerequisites /
notice

Prerequisites are some elementary knowledge of algebra and topology.

401-9985-00L Mentored Work Specialised Courses in the Respective
Subject with an Educational Focus Mathematics A
Mentored Work Specialised Courses in the Respective
Subject with an Educational Focus in Mathematics for TC
and Teaching Diploma.

O  2 credits 4A M. Akveld, K. Barro, A. Barth,
L. Halbeisen, N. Hungerbühler,
A. F. Müller, C. Rüede

Abstract In the mentored work on their subject specialisation, students link high-school and university aspects of the subject, thus strengthening
their teaching competence with regard to curriculum decisions and the future development of the tuition. They compile texts under
supervision that are directly comprehensible to the targeted readers - generally specialist-subject teachers at high-school level.
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Objective The aim is for the students
- to familiarise themselves with a new topic by obtaining material and studying the sources, so that they can selectively extend their
specialist competence in this way.
- to independently develop a text on the topic, with special focus on its mathematical comprehensibility in respect of the level of knowledge
of the targeted readership.
- To try out different options for specialist further training in their profession.

Content Thematische Schwerpunkte:
Die mentorierte Arbeit in FV besteht in der Regel in einer Literaturarbeit über ein Thema, das einen Bezug zum gymnasialem Unterricht
oder seiner Weiterentwicklung hat. Die Studierenden setzen darin Erkenntnisse aus den Vorlesungen in FV praktisch um.

Lernformen:
Alle Studierenden erhalten ein individuelles Thema und erstellen dazu eine eigenständige Arbeit. Sie werden dabei von ihrer
Betreuungsperson begleitet. Gegebenenfalls stellen sie ihre Arbeit oder Aspekte daraus in einem Kurzvortrag vor. Die mentorierte
Arbeit ist Teil des Portfolios der Studierenden.

Lecture notes Eine Anleitung zur mentorierten Arbeit in FV wird zur Verfügung gestellt.
Literature Die Literatur ist themenspezifisch. Sie muss je nach Situation selber beschafft werden oder wird zur Verfügung gestellt.
Prerequisites /
notice

Die Arbeit sollte vor Beginn des Praktikums abgeschlossen werden.

401-9986-00L Mentored Work Specialised Courses in the Respective
Subject with an Educational Focus Mathematics B
Mentored Work Specialised Courses in the Respective
Subject with an Educational Focus in Mathematics for
Teaching Diploma and for students upgrading TC to
Teaching Diploma.

O  2 credits 4A M. Akveld, K. Barro, A. Barth,
L. Halbeisen, N. Hungerbühler,
A. F. Müller, C. Rüede

Abstract In der mentorierten Arbeit in FV verknüpfen die Studierenden gymnasiale und universitäre Aspekte des Fachs mit dem Ziel, ihre
Lehrkompetenz im Hinblick auf curriculare Entscheidungen und auf die zukünftige Entwicklung des Unterrichts zu stärken. Angeleitet
erstellen sie Texte, welche die anvisierte Leserschaft, in der Regel gymnasiale Fachlehrpersonen, unmittelbar verstehen.

Objective The aim is for the students
- to familiarise themselves with a new topic by obtaining material and studying the sources, so that they can selectively extend their
specialist competence in this way.
- to independently develop a text on the topic, with special focus on its mathematical comprehensibility in respect of the level of knowledge
of the targeted readership.
- To try out different options for specialist further training in their profession.

Content Thematische Schwerpunkte:
Die mentorierte Arbeit in FV besteht in der Regel in einer Literaturarbeit über ein Thema, das einen Bezug zum gymnasialem Unterricht
oder seiner Weiterentwicklung hat. Die Studierenden setzen darin Erkenntnisse aus den Vorlesungen in FV praktisch um.

Lernformen:
Alle Studierenden erhalten ein individuelles Thema und erstellen dazu eine eigenständige Arbeit. Sie werden dabei von ihrer
Betreuungsperson begleitet. Gegebenenfalls stellen sie ihre Arbeit oder Aspekte daraus in einem Kurzvortrag vor. Die mentorierte
Arbeit ist Teil des Portfolios der Studierenden.

Lecture notes Eine Anleitung zur mentorierten Arbeit in FV wird zur Verfügung gestellt.
Literature Die Literatur ist themenspezifisch. Sie muss je nach Situation selber beschafft werden oder wird zur Verfügung gestellt.
Prerequisites /
notice

Die Arbeit sollte vor Beginn des Praktikums abgeschlossen
werden.

 Compulsory Elective Courses
Further course offerings from the category Educational Science are listed under "Programme: Educational Science for Teaching Diploma and TC".

Number Title Type ECTS Hours Lecturers

401-3058-00L Combinatorics I
Does not take place this semester.

W  4 credits 2G N. Hungerbühler

Abstract The course Combinatorics I and II is an introduction into the field of enumerative combinatorics.
Objective Upon completion of the course, students are able to classify combinatorial problems and to apply adequate techniques to solve them.
Content Contents of the lectures Combinatorics I and II: congruence transformation of the plane, symmetry groups of geometric figures, Euler's

function, Cayley graphs, formal power series, permutation groups, cycles, Bunside's lemma, cycle index, Polya's theorems, applications to
graph theory and isomers.

Prerequisites /
notice

Recognition of credits as an elective course in the Mathematics Bachelor's or Master's Programmes is only possible if you have not
received credits for the course unit 401-3052-00L Combinatorics (which was for the last time taught in the spring semester 2008).

401-3056-00L Finite Geometries I W  4 credits 2G N. Hungerbühler
Abstract Finite geometries I, II: Finite geometries combine aspects of geometry, discrete mathematics and the algebra of finite fields. In particular,

we will construct models of axioms of incidence and investigate closing theorems. Applications include test design in statistics, block
design, and the construction of orthogonal Latin squares.

Objective Finite geometries I, II: Students will be able to construct and analyse models of finite geometries. They are familiar with closing theorems of
the axioms of incidence and are able to design statistical tests by using the theory of finite geometries. They are able to construct
orthogonal Latin squares and know the basic elements of the theory of block design.

Content Finite geometries I, II: finite fields, rings of polynomials, finite affine planes, axioms of incidence, Euler's thirty-six officers problem, design of
statistical tests, orthogonal Latin squares, transformation of finite planes, closing theorems of Desargues and Pappus-Pascal, hierarchy of
closing theorems, finite coordinate planes, division rings, finite projective planes, duality principle, finite Moebius planes, error correcting
codes, block design

Literature - Max Jeger, Endliche Geometrien, ETH Skript 1988

- Albrecht Beutelspacher: Einführung in die endliche Geometrie I,II. Bibliographisches Institut 1983

- Margaret Lynn Batten: Combinatorics of Finite Geometries. Cambridge University Press
    
- Dembowski: Finite Geometries.

272-0300-00L Algorithmics for Hard Problems
Does not take place this semester.
This course  d o e s  n o t  include the Mentored Work
Specialised Courses with an Educational Focus in
Computer Science A.

W  5 credits 2V+1U+1A
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Abstract This course unit looks into algorithmic approaches to the solving of hard problems, particularly with moderately exponential-time algorithms
and parameterized algorithms.

The seminar is accompanied by a comprehensive reflection upon the significance of the approaches presented for computer science tuition
at high schools.

Objective To systematically acquire an overview of the methods for solving hard problems. To get deeper knowledge of exact and parameterized
algorithms.

Content First, the concept of hardness of computation is introduced (repeated for the computer science students). Then some methods for solving
hard problems are treated in a systematic way. For each algorithm design method, it is discussed what guarantees it can give and how we
pay for the improved efficiency. A special focus lies on moderately exponential-time algorithms and parameterized algorithms.

Lecture notes Unterlagen und Folien werden zur Verfügung gestellt.
Literature J. Hromkovic: Algorithmics for Hard Problems, Springer 2004.


R. Niedermeier: Invitation to Fixed-Parameter Algorithms, 2006.

M. Cygan et al.: Parameterized Algorithms, 2015.

F. Fomin, D. Kratsch: Exact Exponential Algorithms, 2010.

272-0302-00L Approximation and Online Algorithms W  5 credits 2V+1U+1A H.-J. Böckenhauer, D. Komm
Abstract This lecture deals with approximative algorithms for hard optimization problems and algorithmic approaches for solving online problems as

well as the limits of these approaches.
Objective Get a systematic overview of different methods for designing approximative algorithms for hard optimization problems and online problems.

Get to know methods for showing the limitations of these approaches.
Content Approximation algorithms are one of the most succesful techniques to attack hard optimization problems. Here, we study the so-called

approximation ratio, i.e., the ratio of the cost of the computed approximating solution and an optimal one (which is not computable
efficiently). 
For an online problem, the whole instance is not known in advance, but it arrives pieceweise and for every such piece a corresponding part
of the definite output must be given. The quality of an algorithm for such an online problem is measured by the competitive ratio, i.e., the
ratio of the cost of the computed solution and the cost of an optimal solution that could be given if the whole input was known in advance.

The contents of this lecture are
- the classification of optimization problems by the reachable approximation ratio, 
- systematic methods to design approximation algorithms (e.g., greedy strategies, dynamic programming, linear programming relaxation),
- methods to show non-approximability,
- classic online problem like paging or scheduling problems and corresponding algorithms,
- randomized online algorithms,
- the design and analysis principles for online algorithms, and
- limits of the competitive ratio and the advice complexity as a way to do a deeper analysis of the complexity of online problems.

Literature The lecture is based on the following books:

J. Hromkovic: Algorithmics for Hard Problems, Springer, 2004

D. Komm:  An Introduction to Online Computation: Determinism, Randomization, Advice, Springer, 2016

Additional literature: 

A. Borodin, R. El-Yaniv: Online Computation and Competitive Analysis, Cambridge University Press, 1998

see Compulsory Elective Courses Teaching Diploma

 Colloquia
The Colloquium on Mathematics, Computer Science, and Education takes place in the autumn semester.

Mathematics Teaching Diploma - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Mathematics Master
 Core Courses

For the Master's degree in Applied Mathematics the following additional condition (not manifest in myStudies) must be obeyed: At least 15 of the
required 28 credits from core courses and electives must be acquired in areas of applied mathematics and further application-oriented fields.

 Core Courses: Pure Mathematics
Number Title Type ECTS Hours Lecturers

401-3146-12L Algebraic Geometry W  10 credits 4V+1U D. Johnson
Abstract This course is an Introduction to Algebraic Geometry (algebraic varieties and schemes).
Objective Learning Algebraic Geometry.
Literature Primary reference:

* Ulrich Görtz and Torsten Wedhorn: Algebraic Geometry I, Advanced Lectures in Mathematics, Springer. 

Secondary reference:
* Qing Liu: Algebraic Geometry and Arithmetic Curves, Oxford Science Publications.
* Robin Hartshorne: Algebraic Geometry, Graduate Texts in Mathematics, Springer. 
* Siegfried Bosch: Algebraic Geometry and Commutative Algebra (Springer 2013).

Other good textbooks and online texts are:
* David Eisenbud, Joe Harris: The Geometry of Schemes, Graduate Texts in Mathematics, Springer.
* Ravi Vakil, Foundations of Algebraic Geometry, http://math.stanford.edu/~vakil/216blog/
* Jean Gallier and Stephen S. Shatz, Algebraic Geometry http://www.cis.upenn.edu/~jean/algeom/steve01.html

"Classical" Algebraic Geometry over an algebraically closed field:
* Joe Harris, Algebraic Geometry, A First Course, Graduate Texts in Mathematics, Springer. 
* J.S. Milne, Algebraic Geometry, http://www.jmilne.org/math/CourseNotes/AG.pdf

Further readings: 
* Günter Harder: Algebraic Geometry 1 & 2
* I. R. Shafarevich, Basic Algebraic geometry 1 & 2, Springer-Verlag. 
* Alexandre Grothendieck et al.: Elements de Geometrie Algebrique EGA
* Saunders MacLane: Categories for the Working Mathematician, Springer-Verlag.

Prerequisites /
notice

Requirement: Some knowledge of Commutative Algebra.

401-3002-12L Algebraic Topology II W  8 credits 4G A. Sisto
Abstract This is a continuation course to Algebraic Topology I. The course will cover more advanced topics in algebraic topology including:

cohomology of spaces, operations in homology and cohomology, duality.
Literature 1) A. Hatcher, "Algebraic topology",

Cambridge University Press, Cambridge, 2002.

The book can be downloaded for free at:
http://www.math.cornell.edu/~hatcher/AT/ATpage.html

2) G. Bredon, "Topology and geometry",
Graduate Texts in Mathematics, 139. Springer-Verlag, 1997.

3) E. Spanier, "Algebraic topology", Springer-Verlag

Prerequisites /
notice

General topology, linear algebra, singular homology of topological spaces (e.g. as taught in "Algebraic topology I").

Some knowledge of differential geometry and differential topology
is useful but not absolutely necessary.

401-3226-00L Symmetric Spaces W  8 credits 4G M. Burger
Abstract * Generalities on symmetric spaces: locally and globally symmetric spaces, groups of isometries, examples

* Symmetric spaces of non-compact type: flats and rank, roots and root spaces
* Iwasawa decomposition, Weyl group, Cartan decomposition
* Hints of the geometry at infinity of SL(n,R)/SO(n).

Objective Learn the basics of symmetric spaces

401-3372-00L Dynamical Systems II W  10 credits 4V+1U W. Merry
Abstract This course is a continuation of Dynamical Systems I. This time the emphasis is on hyperbolic and complex dynamics.
Objective Mastery of the basic methods and principal themes of some aspects of hyperbolic and complex dynamical systems.
Content Topics covered include:


- Hyperbolic linear dynamical systems, hyperbolic fixed points, the Hartman-Grobman Theorem.
- Hyperbolic sets, Anosov diffeomorphisms.
- The (Un)stable Manifold Theorem.
- Shadowing Lemmas and stability.
- The Lambda Lemma. 
- Transverse homoclinic points, horseshoes, and chaos.
- Complex dynamics of rational maps on the Riemann sphere
- Julia sets and Fatou sets.
- Fractals and the Mandelbrot set.

Lecture notes I will provide full lecture notes, available here:

https://www.merry.io/courses/dynamical-systems/

Literature The most useful textbook is

- Introduction to Dynamical Systems, Brin and Stuck, CUP, 2002.
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Prerequisites /
notice

It will be assumed you are familiar with the material from Dynamical Systems I. Full lecture notes for this course are available here:

https://www.merry.io/courses/dynamical-systems/

However we will only really use material covered in the first 10 lectures of Dynamical Systems I, so if you did not attend Dynamical
Systems I, it is sufficient to read through the notes from the first 10 lectures.

In addition, it would be useful to have some familiarity with basic differential geometry and complex analysis.

401-3532-08L Differential Geometry II W  10 credits 4V+1U U. Lang
Abstract Introduction to Riemannian geometry in combination with some elements of modern metric geometry. Contents: Riemannian manifolds,

Levi-Civita connection, geodesics, Hopf-Rinow Theorem, curvature, second fundamental form, Riemannian submersions and coverings,
Hadamard-Cartan Theorem, triangle and volume comparison, relations between curvature and topology, spaces of Riemannian manifolds.

Objective Learn the basics of Riemannian geometry and some elements of modern metric geometry.
Literature - M. P. do Carmo, Riemannian Geometry, Birkhäuser 1992

- S. Gallot, D. Hulin, J. Lafontaine, Riemannian Geometry, Springer 2004
- B. O'Neill, Semi-Riemannian Geometry, With Applications to Relativity, Academic Press 1983

Prerequisites /
notice

Prerequisite is a working knowledge of elementary differential geometry (curves and surfaces in Euclidean space), differentiable manifolds,
and differential forms.

401-3462-00L Functional Analysis II W  10 credits 4V+1U M. Struwe
Abstract Sobolev spaces, weak solutions of elliptic boundary value problems, elliptic regularity
Objective Acquiring the methods for solving elliptic boundary value problems, Sobolev spaces, Schauder estimates
Lecture notes Funktionalanalysis II, Michael Struwe
Literature Funktionalanalysis II, Michael Struwe 


Functional Analysis, Spectral Theory and Applications.
Manfred Einsiedler and Thomas Ward, GTM Springer 2017

Prerequisites /
notice

Functional Analysis I and a solid background in measure theory, Lebesgue integration and L^p spaces.

 Core Courses: Applied Mathematics and Further Appl.-Oriented Fields
¬

Number Title Type ECTS Hours Lecturers

401-3052-10L Graph Theory W  10 credits 4V+1U B. Sudakov
Abstract Basics, trees, Caley's formula, matrix tree theorem, connectivity, theorems of Mader and Menger, Eulerian graphs, Hamilton cycles,

theorems of Dirac, Ore, Erdös-Chvatal, matchings, theorems of Hall, König, Tutte, planar graphs, Euler's formula,  Kuratowski's theorem,
graph colorings, Brooks' theorem, 5-colorings of planar graphs, list colorings, Vizing's theorem, Ramsey theory, Turán's theorem

Objective The students will get an overview over the most fundamental questions concerning graph theory. We expect them to understand the proof
techniques and to use them autonomously on related problems.

Lecture notes Lecture will be only at the blackboard.
Literature West, D.: "Introduction to Graph Theory"

Diestel, R.: "Graph Theory"

Further literature links will be provided in the lecture.

Prerequisites /
notice

Students are expected to have a mathematical background and should be able to write rigorous proofs.

401-3642-00L Brownian Motion and Stochastic Calculus W  10 credits 4V+1U W. Werner
Abstract This course covers some basic objects of stochastic analysis. In particular, the following topics are discussed: construction and properties

of Brownian motion, stochastic integration, Ito's formula and applications, stochastic differential equations and connection with partial
differential equations.

Objective This course covers some basic objects of stochastic analysis. In particular, the following topics are discussed: construction and properties
of Brownian motion, stochastic integration, Ito's formula and applications, stochastic differential equations and connection with partial
differential equations.

Lecture notes Lecture notes will be distributed in class.
Literature - J.-F. Le Gall, Brownian Motion, Martingales, and Stochastic Calculus, Springer (2016).

- I. Karatzas, S. Shreve, Brownian Motion and Stochastic Calculus, Springer (1991).
- D. Revuz, M. Yor, Continuous Martingales and Brownian Motion, Springer (2005).
- L.C.G. Rogers, D. Williams, Diffusions, Markov Processes and Martingales, vol. 1 and 2, Cambridge University Press (2000).
- D.W. Stroock, S.R.S. Varadhan, Multidimensional Diffusion Processes, Springer (2006).

Prerequisites /
notice

Familiarity with measure-theoretic probability as in the standard D-MATH course "Probability Theory" will be assumed. Textbook accounts
can be found for example in 
- J. Jacod, P. Protter, Probability Essentials, Springer (2004).
- R. Durrett, Probability: Theory and Examples, Cambridge University Press (2010).

401-3632-00L Computational Statistics W  8 credits 3V+1U M. H. Maathuis
Abstract We discuss modern statistical methods for data analysis, including methods for data exploration, prediction and inference. We pay attention

to algorithmic aspects, theoretical properties and practical considerations. The class is hands-on and methods are applied using the
statistical programming language R.

Objective The student obtains an overview of modern statistical methods for data analysis, including their algorithmic aspects and theoretical
properties. The methods are applied using the statistical programming language R.

Content See the class website
Prerequisites /
notice

At least one semester of (basic) probability and statistics.

Programming experience is helpful but not required.

401-3602-00L Applied Stochastic Processes
Does not take place this semester.

W  8 credits 3V+1U not available

Abstract Poisson processes; renewal processes; Markov chains in discrete and in continuous time; some applications.
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Objective Stochastic processes are a way to describe and study the behaviour of systems that evolve in some random way. In this course, the
evolution will be with respect to a scalar parameter interpreted as time, so that we discuss the temporal evolution of the system. We
present several classes of stochastic processes, analyse their properties and behaviour and show by some examples how they can be
used. The main emphasis is on theory; in that sense, "applied" should be understood to mean "applicable".

Literature R. N. Bhattacharya and E. C. Waymire, "Stochastic Processes with Applications", SIAM (2009), available online:
http://epubs.siam.org/doi/book/10.1137/1.9780898718997
R. Durrett, "Essentials of Stochastic Processes", Springer (2012), available online: http://link.springer.com/book/10.1007/978-
1-4614-3615-7/page/1
M. Lefebvre, "Applied Stochastic Processes", Springer (2007), available online: http://link.springer.com/book/10.1007/978-
0-387-48976-6/page/1
S. I. Resnick, "Adventures in Stochastic Processes", Birkhäuser (2005)

Prerequisites /
notice

Prerequisites are familiarity with (measure-theoretic) probability theory as it is treated in the course "Probability Theory" (401-3601-00L).

401-3652-00L Numerical Methods for Hyperbolic Partial Differential
Equations (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: MAT827

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  10 credits 4V+2U University lecturers

Abstract This course treats numerical methods for hyperbolic initial-boundary value problems, ranging from wave equations to the equations of gas
dynamics. The principal methods discussed in the course are finite volume methods, including TVD, ENO and WENO schemes. Exercises
involve implementation of numerical methods in MATLAB.

Objective The goal of this course is familiarity with the fundamental ideas and mathematical 
consideration underlying modern numerical methods for conservation laws and wave equations.

Content * Introduction to hyperbolic problems: Conservation, flux modeling, examples and significance in physics and engineering.
 
* Linear Advection equations in one dimension: Characteristics, energy estimates, upwind schemes.
 
* Scalar conservation laws: shocks, rarefactions, solutions of the Riemann problem, weak and entropy solutions, some existence and
uniqueness results, finite volume schemes of the Godunov, Engquist-Osher and Lax-Friedrichs type. Convergence for monotone methods
and E-schemes.

* Second-order schemes: Lax-Wendroff, TVD schemes, limiters, strong stability preserving Runge-Kutta methods.

* Linear systems: explicit solutions, energy estimates, first- and high-order finite volume schemes.

* Non-linear Systems: Hugoniot Locus and integral curves, explicit Riemann solutions of shallow-water and Euler equations. Review of
available theory.

Lecture notes Lecture slides will be made available to participants. However, additional material might be covered in the course.
Literature H. Holden and N. H. Risebro, Front Tracking for Hyperbolic Conservation Laws, Springer 2011. Available online.


R. J. LeVeque, Finite Volume methods for hyperbolic problems, Cambridge university Press, 2002. Available online.

E. Godlewski and P. A. Raviart, Hyperbolic systems of conservation laws, Ellipses, Paris, 1991.

Prerequisites /
notice

Having attended the course on the numerical treatment of elliptic and parabolic problems is no prerequisite. 

Programming exercises in MATLAB

Former course title: "Numerical Solution of Hyperbolic Partial Differential Equations"

 Electives
For the Master's degree in Applied Mathematics the following additional condition (not manifest in myStudies) must be obeyed: At least 15 of the
required 28 credits from core courses and electives must be acquired in areas of applied mathematics and further application-oriented fields.

 Electives: Pure Mathematics
 Selection: Algebra, Number Thy, Topology, Discrete Mathematics, Logic

Number Title Type ECTS Hours Lecturers

401-3201-00L Algebraic Groups W  8 credits 4G P. D. Nelson
Abstract Introduction to the theory of linear algebraic groups. Lie algebras, the Jordan Chevalley decomposition, semisimple and reductive groups,

root systems, Borel subgroups, classification of reductive groups and their representations.
Literature A. L. Onishchik and E.B. Vinberg, Lie Groups and Algebraic Groups
Prerequisites /
notice

Abstract algebra: groups, rings, fields, tensor product, etc.

Some familiarity with the basics of Lie groups and their Lie algebras would be helpful, but is not absolutely necessary.

We will develop what we need from algebraic geometry, without assuming prior knowledge.

401-3109-65L Probabilistic Number Theory
Does not take place this semester.

W  8 credits 4G E. Kowalski

Abstract The course presents some results of probabilistic number theory in a unified manner, including distribution properties of the number of
prime divisors of integers, probabilistic properties of the zeta function and statistical distribution of exponential sums.

Objective The goal of the course is to present some results of probabilistic number theory in a unified manner.
Content The main concepts will be presented in parallel with the proof of a few main theorems:

(1) the Erdős-Wintner and Erdős-Kac theorems concerning the distribution of values of arithmetic functions;
(2) the distribution of values of the Riemann zeta function, including Selberg's central limit theorem for the Riemann zeta function on the
critical line;
(3) the Chebychev bias for primes in arithmetic progressions;
(4) functional limit theorems for the paths of partial sums of families of exponential sums.
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Lecture notes The lecture notes for the class are available at

https://www.math.ethz.ch/~kowalski/probabilistic-number-theory.pdf

Prerequisites /
notice

Prerequisites: Complex analysis, measure and integral; some probability theory is useful but the main concepts needed will be recalled.
Some knowledge of number theory is useful but the main results will be summarized.

401-3202-09L The Representation Theory of the Finite Symmetric
Groups
NOTICE: No physical class for the next few weeks until
further notice. Instead a video recording will be offered.

W  4 credits 2V L. Wu

Abstract This course is an Introduction to the Representation Theory of the Groups.
Objective Our goal is to give an introduction of the Representation Theory using the examples of the Finite Symmetry Groups.
Literature * Jean-Pierre Serre: Linear Representations of Finite Groups, Graduate Texts in Mathematics, Springer.


* William Fulton and Joe Harris: Representation Theory A First Course, Graduate Texts in Mathematics, Springer.

* G. D. James: The Representation Theory of the Symmetric Groups, Lecture Notes in Mathematics, Springer.

* Bruce E. Sagan: The Symmetric Group: Representations, Combinatorial Algorithms, and Symmetric Functions, Graduate Texts in
Mathematics, Springer.

Prerequisites /
notice

Some basic knowledge of the Group Theory and Linear Algebra.

401-8112-20L Geometry of Numbers (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: MAT548

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  9 credits 4V+1U University lecturers

Abstract The Geometry of Numbers studies distribution of lattice points in the n dimensional space, for instance, existence of lattice points in various
domains and existence of integral solutions of polynomial inequalities.
This subject is also closely related to the Theory of Diophantine Approximation, which seeks good rational approximations for real vectors.

Objective Learn basic techniques in the Geometry of Numbers
Literature 1. Cassels, An introduction to Diophantine Approximation

2. Cassels, An introduction to the Geometry of Numbers
3. Schmidt, Diophantine approximation
4. Siegel, Lectures on the Geometry of Numbers

401-3058-00L Combinatorics I
Does not take place this semester.

W  4 credits 2G N. Hungerbühler

Abstract The course Combinatorics I and II is an introduction into the field of enumerative combinatorics.
Objective Upon completion of the course, students are able to classify combinatorial problems and to apply adequate techniques to solve them.
Content Contents of the lectures Combinatorics I and II: congruence transformation of the plane, symmetry groups of geometric figures, Euler's

function, Cayley graphs, formal power series, permutation groups, cycles, Bunside's lemma, cycle index, Polya's theorems, applications to
graph theory and isomers.

Prerequisites /
notice

Recognition of credits as an elective course in the Mathematics Bachelor's or Master's Programmes is only possible if you have not
received credits for the course unit 401-3052-00L Combinatorics (which was for the last time taught in the spring semester 2008).

 Selection: Geometry
Number Title Type ECTS Hours Lecturers

401-3556-20L Topics in Symplectic Topology W  6 credits 3V P. Biran
Abstract This will be an introductory course in symplectic geometry and topology.

We will cover the simplest instances of symplectic rigidity phenomena, and techniques to detect and study them. The last part of the course
will be devoted to more advanced techniques such as Floer theory.

Objective Get acquainted with the basics of symplectic topology and phenomena
of symplectic rigidity.

Literature 1) Book: "Introduction to Symplectic Topology", 3'rd edition, by McDuff and Salamon.
Oxford Graduate Texts in Mathematics

2) Some published articles that will be announced during the semester.

401-3056-00L Finite Geometries I W  4 credits 2G N. Hungerbühler
Abstract Finite geometries I, II: Finite geometries combine aspects of geometry, discrete mathematics and the algebra of finite fields. In particular,

we will construct models of axioms of incidence and investigate closing theorems. Applications include test design in statistics, block
design, and the construction of orthogonal Latin squares.

Objective Finite geometries I, II: Students will be able to construct and analyse models of finite geometries. They are familiar with closing theorems of
the axioms of incidence and are able to design statistical tests by using the theory of finite geometries. They are able to construct
orthogonal Latin squares and know the basic elements of the theory of block design.

Content Finite geometries I, II: finite fields, rings of polynomials, finite affine planes, axioms of incidence, Euler's thirty-six officers problem, design of
statistical tests, orthogonal Latin squares, transformation of finite planes, closing theorems of Desargues and Pappus-Pascal, hierarchy of
closing theorems, finite coordinate planes, division rings, finite projective planes, duality principle, finite Moebius planes, error correcting
codes, block design

Literature - Max Jeger, Endliche Geometrien, ETH Skript 1988

- Albrecht Beutelspacher: Einführung in die endliche Geometrie I,II. Bibliographisches Institut 1983

- Margaret Lynn Batten: Combinatorics of Finite Geometries. Cambridge University Press
    
- Dembowski: Finite Geometries.

401-4532-20L Introduction to 3-Manifolds W  4 credits 2V M. Nagel
Abstract This course provides an introduction to the basic notions and tools of geometric topology with a special focus on three dimensional

manifolds.
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Objective In this course, we become familiar with the basic notions and tools of geometric topology, which concerns low-dimensional manifolds and
their embeddings. We will focus on 3–dimensional manifolds. While this class of manifolds is very rich, it still allows for many structural
results.
An important goal of the lecture is to learn how to manipulate these manifolds: build them from simple pieces, cut them apart, isotope and
simplify submanifolds etc. These techniques from differential topology are combined with invariants from algebraic topology, which are
incredibly powerful in encoding properties of a 3–manifold. We discuss applications, which give new intuition for these invariants, and
answer many questions about manifolds of dimension three or less.
There are many synergies with Algebraic Topology II, which I encourage you to take in parallel.

Content Background in differential topology
Foundational results on the topology of 3–manifolds
Knots and concordance

Literature Knots and links by D. Rolfsen
3–Manifolds by J. Hempel
Differential topology by T. Bröcker and K. Jänich

Prerequisites /
notice

Algebraic Topology I
Differential Geometry I

401-3574-61L Introduction to Knot Theory
Does not take place this semester.

W  6 credits 3G

Abstract Introduction to the mathematical theory of knots. We will discuss some elementary topics in knot theory and we will repeatedly centre on
how this knowledge can be used in secondary school.

Objective The aim of this lecture course is to give an introduction to knot theory.  In the course we will discuss the definition of a knot and what is
meant by equivalence. The focus of the course will be on knot invariants. We will consider various knot invariants amongst which we will
also find the so called knot polynomials. In doing so we will again and again show how this knowledge can be transferred down to
secondary school.

Content Definition of a knot and of equivalent knots.
Definition of a knot invariant and some elementary examples.
Various operations on knots.
Knot polynomials (Jones, ev. Alexander.....)

Literature An extensive bibliography will be handed out in the course.
Prerequisites /
notice

Prerequisites are some elementary knowledge of algebra and topology.

 Selection: Analysis
No offering in this semester yet

Number Title Type ECTS Hours Lecturers

401-3462-99L Reading Course: Functional Analysis II'
Not yet open for registration.
This supplementary reading course on functional analysis
is only for students who already got credits for the course
unit 401-3462-00L Functional Analysis II that was taught
in the Spring Semester 2019.

W  4 credits 4V+1U M. Struwe

 Selection: Further Realms
Number Title Type ECTS Hours Lecturers

401-3502-20L Reading Course
To start an individual reading course, contact an
authorised supervisor
https://www.ethz.ch/content/dam/ethz/special-
interest/math/department/Intranet/Students/Study_Admini
stration/Theses_Reading_Courses/berechtigungsliste.pdf
and register your reading course in myStudies.

W  2 credits 4A Supervisors

Abstract For this Reading Course proactive students make an individual agreement with a lecturer to acquire knowledge through independent
literature study.

401-3503-20L Reading Course
To start an individual reading course, contact an
authorised supervisor
https://www.ethz.ch/content/dam/ethz/special-
interest/math/department/Intranet/Students/Study_Admini
stration/Theses_Reading_Courses/berechtigungsliste.pdf
and register your reading course in myStudies.

W  3 credits 6A Supervisors

Abstract For this Reading Course proactive students make an individual agreement with a lecturer to acquire knowledge through independent
literature study.

401-3504-20L Reading Course
To start an individual reading course, contact an
authorised supervisor
https://www.ethz.ch/content/dam/ethz/special-
interest/math/department/Intranet/Students/Study_Admini
stration/Theses_Reading_Courses/berechtigungsliste.pdf
and register your reading course in myStudies.

W  4 credits 9A Supervisors

Abstract For this Reading Course proactive students make an individual agreement with a lecturer to acquire knowledge through independent
literature study.

401-4504-20L Reading Course
To start an individual reading course, contact an
authorised supervisor
https://www.ethz.ch/content/dam/ethz/special-
interest/math/department/Intranet/Students/Study_Admini
stration/Theses_Reading_Courses/berechtigungsliste.pdf
and register your reading course in myStudies.

W  4 credits 9A Supervisors

Abstract For this Reading Course proactive students make an individual agreement with a lecturer to acquire knowledge through independent
literature study.
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 Electives: Applied Mathematics and Further Application-Oriented Fields
¬

 Selection: Numerical Analysis
Number Title Type ECTS Hours Lecturers

401-4658-00L Computational Methods for Quantitative Finance: PDE
Methods

W  6 credits 3V+1U C. Schwab

Abstract Introduction to principal methods of option pricing. Emphasis on PDE-based methods. Prerequisite MATLAB programming
and knowledge of numerical mathematics at ETH BSc level.

Objective Introduce the main methods for efficient numerical valuation of derivative contracts in a
Black Scholes as well as in incomplete markets due Levy processes or due to stochastic volatility
models. Develop implementation of pricing methods in MATLAB. 
Finite-Difference/ Finite Element based methods for the solution of the pricing integrodifferential equation.

Content 1. Review of option pricing. Wiener and Levy price process models. Deterministic, local and stochastic
     volatility models.
2. Finite Difference Methods for option pricing. Relation to bi- and multinomial trees.
    European contracts.
3. Finite Difference methods for Asian, American and Barrier type contracts.
4. Finite element methods for European and American style contracts.
5. Pricing under local and stochastic volatility in Black-Scholes Markets.
6. Finite Element Methods for option pricing under Levy processes. Treatment of 
    integrodifferential operators.
7. Stochastic volatility models for Levy processes.
8. Techniques for multidimensional problems. Baskets in a Black-Scholes setting and 
    stochastic volatility models in Black Scholes and Levy markets.
9. Introduction to sparse grid option pricing techniques.

Lecture notes There will be english, typed lecture notes as well as MATLAB software for registered participants in the course.
Literature R. Cont and P. Tankov : Financial Modelling with Jump Processes, Chapman and Hall Publ. 2004.


Y. Achdou and O. Pironneau : Computational Methods for Option Pricing, SIAM Frontiers in Applied Mathematics, SIAM Publishers,
Philadelphia 2005.

D. Lamberton and B. Lapeyre : Introduction to stochastic calculus Applied to Finance (second edition), Chapman & Hall/CRC Financial
Mathematics Series, Taylor & Francis Publ. Boca Raton, London, New York 2008.

J.-P. Fouque, G. Papanicolaou and K.-R. Sircar : Derivatives in financial markets with stochastic volatility, Cambridge Univeristy Press,
Cambridge, 2000.

N. Hilber, O. Reichmann, Ch. Schwab and Ch. Winter: Computational Methods for Quantitative Finance, Springer Finance, Springer, 2013.

401-4788-16L Mathematics of (Super-Resolution) Biomedical
Imaging
NOTICE: The exercise class scheduled for 5 March has
been cancelled

W  8 credits 4G H. Ammari

Abstract The aim of this course is to review different methods used to address challenging problems in biomedical imaging. The emphasis will be on
scale separation techniques, hybrid imaging, spectroscopic techniques, and nanoparticle imaging.  These approaches allow one to
overcome the ill-posedness character of imaging reconstruction in biomedical applications and to achieve super-resolution imaging.

Objective Super-resolution imaging is a collective name for a number of emerging techniques that achieve resolution below the conventional
resolution limit, defined as the minimum distance that two point-source objects have to be in order to distinguish the two sources from each
other. 

In this course we describe recent advances in scale separation techniques, spectroscopic approaches, multi-wave imaging, and
nanoparticle imaging. The objective is fivefold: 
(i) To provide asymptotic expansions for both internal and boundary perturbations that are due to the presence 
of small anomalies; 
(ii) To apply those asymptotic formulas for the purpose of identifying the material parameters and certain geometric features of the
anomalies; 
(iii) To design efficient inversion algorithms in multi-wave modalities; 
(iv) to develop inversion techniques using multi-frequency measurements; 
(v) to develop a mathematical and numerical framework for nanoparticle imaging.

In this course we shall consider both analytical and computational 
matters in biomedical imaging. The issues we consider lead to the investigation of fundamental problems in various branches of
mathematics. These include asymptotic analysis,  inverse problems, mathematical imaging, optimal control, stochastic modelling, and
analysis of physical phenomena. On the other hand, deriving mathematical foundations, and new and efficient computational frameworks
and tools in biomedical imaging, requires a deep understanding of the different scales in the physical models, an accurate mathematical
modelling of the imaging techniques, and fine analysis of complex physical phenomena. 

An emphasis is put on mathematically analyzing acoustic-electric imaging, thermo-elastic imaging, Lorentz force based imaging,
elastography, multifrequency electrical impedance tomography, and plasmonic resonant nanoparticles.

 Selection: Probability Theory, Statistics
Number Title Type ECTS Hours Lecturers

401-4605-20L Selected Topics in Probability W  4 credits 2V A.-S. Sznitman
Abstract This course will discuss some questions of current interest in probability theory. Among examples of possible subjects are for instance

topics in random media, large deviations, random walks on graphs, branching random walks, random trees, percolation, concentration of
measures, large random matrices, stochastic calculus, stochastic partial differential equations.

Objective This course will discuss some questions of current interest in probability theory. Among examples of possible subjects are for instance
topics in random media, large deviations, random walks on graphs, branching random walks, random trees, percolation, concentration of
measures, large random matrices, stochastic calculus, stochastic partial differential equations.

Prerequisites /
notice

Lecture Probability Theory.

401-4626-00L Advanced Statistical Modelling: Mixed Models W  4 credits 2V M. Mächler
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Abstract Mixed Models = (*| generalized| non-) linear Mixed-effects Models, extend traditional regression models by adding "random effect" terms.

In applications, such models are called "hierarchical models", "repeated measures" or "split plot designs". Mixed models are widely used
and appropriate in an aera of complex data measured from living creatures from biology to human sciences.

Objective - Becoming aware how mixed models are more realistic and more powerful in many cases than traditional ("fixed-effects only") regression
models. 

- Learning to fit such models to data correctly, critically interpreting results for such model fits, and hence learning to work the creative cycle
of responsible statistical data analysis:
    "fit -> interpret & diagnose -> modify the fit -> interpret & ...."

- Becoming aware of computational and methodological limitations of these models, even when using state-of-the art software.

Content The lecture will build on various examples, use R and notably the `lme4` package, to illustrate concepts. The relevant R scripts are made
available online.

Inference (significance of factors, confidence intervals) will focus on the more realistic *un*balanced situation where classical (ANOVA, sum
of squares etc) methods are known to be deficient.  Hence, Maximum Likelihood (ML) and its variant, "REML", will be used for estimation
and inference.

Lecture notes We will work with an unfinished book proposal from Prof Douglas Bates, Wisconsin, USA  which itself is a mixture of theory and worked R
code examples.

These lecture notes and all R scripts are made available from  
https://github.com/mmaechler/MEMo

Literature (see web page and lecture notes)
Prerequisites /
notice

- We assume a good working knowledge about multiple linear regression ("the general linear model') and an intermediate (not beginner's)
knowledge about model based statistics (estimation, confidence intervals,..).

 Typically this means at least two classes of (math based) statistics, say
   1. Intro to probability and statistics
   2. (Applied) regression including  Matrix-Vector notation  Y = X b + E

- Basic (1 semester) "Matrix calculus" / linear algebra is also assumed.

- If familiarity with [R](https://www.r-project.org/) is not given, it should be acquired during the course (by the student on own initiative).

401-4627-00L Empirical Process Theory and Applications W  4 credits 2V S. van de Geer
Abstract Empirical process theory provides a rich toolbox for studying the properties of empirical risk minimizers, such as least squares and

maximum likelihood estimators, support vector machines, etc.
Content In this series of lectures, we will start with considering exponential inequalities, including concentration inequalities, for the deviation of

averages from their mean. We furthermore present some notions from approximation theory, because this enables us to assess the
modulus of continuity of empirical processes. We introduce e.g., Vapnik Chervonenkis dimension: a combinatorial concept (from learning
theory) of the "size" of a collection of sets or functions. As statistical applications, we study consistency and exponential inequalities for
empirical risk minimizers, and asymptotic normality in semi-parametric models. We moreover examine regularization and model selection.

401-4632-15L Causality W  4 credits 2G C. Heinze-Deml
Abstract In statistics, we are used to search for the best predictors of some random variable. In many situations, however, we are interested in

predicting a system's behavior under manipulations. For such an analysis, we require knowledge about the underlying causal structure of
the system. In this course, we study concepts and theory behind causal inference.

Objective After this course, you should be able to
- understand the language and concepts of causal inference
- know the assumptions under which one can infer causal relations from observational and/or interventional data
- describe and apply different methods for causal structure learning
- given data and a causal structure, derive causal effects and predictions of interventional experiments

Prerequisites /
notice

Prerequisites: basic knowledge of probability theory and regression

401-6102-00L Multivariate Statistics
Does not take place this semester.

W  4 credits 2G not available

Abstract Multivariate Statistics deals with joint distributions of several random variables. This course introduces the basic concepts and provides an
overview over classical and modern methods of multivariate statistics. We will consider the theory behind the methods as well as their
applications.

Objective After the course, you should be able to:
- describe the various methods and the concepts and theory behind them
- identify adequate methods for a given statistical problem
- use the statistical software "R" to efficiently apply these methods
- interpret the output of these methods

Content Visualization / Principal component analysis / Multidimensional scaling / The multivariate Normal distribution / Factor analysis / Supervised
learning / Cluster analysis

Lecture notes None
Literature The course will be based on class notes and books that are available electronically via the ETH library.
Prerequisites /
notice

Target audience: This course is the more theoretical version of  "Applied Multivariate Statistics" (401-0102-00L) and is targeted at students
with a math background. 

Prerequisite: A basic course in probability and statistics. 

Note: The courses 401-0102-00L and 401-6102-00L are mutually exclusive. You may register for at most one of these two course units.

401-4604-20L NCCR SwissMAP – Master Class in Mathematical
Physics: Minicourse "Percolation Theory"

W  2 credits 2G V. Tassion

Literature "Percolation" by Geoffrey Grimmett.
    " Introduction to percolation theory" Lecture notes by H. Duminil-Copin.

Prerequisites /
notice

Probability Theory

 Selection: Financial and Insurance Mathematics

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1309 of 1785

Number Title Type ECTS Hours Lecturers

401-3629-00L Quantitative Risk Management W  4 credits 2V+1U P. Cheridito
Abstract This course introduces methods from probability theory and statistics that can be used to model financial risks. Topics addressed include

loss distributions, risk measures, extreme value theory, multivariate models, copulas, dependence structures and operational risk.
Objective The goal is to learn the most important methods from probability theory and statistics used in financial risk modeling.
Content 1. Introduction 

2. Basic Concepts in Risk Management
3. Empirical Properties of Financial Data
4. Financial Time Series
5. Extreme Value Theory
6. Multivariate Models
7. Copulas and Dependence
8. Operational Risk

Lecture notes Course material is available on https://people.math.ethz.ch/~patrickc/qrm
Literature Quantitative Risk Management: Concepts, Techniques and Tools

AJ McNeil, R Frey and P Embrechts
Princeton University Press, Princeton, 2015 (Revised Edition)
http://press.princeton.edu/titles/10496.html

Prerequisites /
notice

The course corresponds to the Risk Management requirement for the SAA ("Aktuar SAV Ausbildung") as well as for the Master of Science
UZH-ETH in Quantitative Finance.

401-3923-00L Selected Topics in Life Insurance Mathematics W  4 credits 2V M. Koller
Abstract Stochastic Models for Life insurance 

1) Markov chains
2) Stochastic Processes for demography and interest rates
3) Cash flow streams and reserves
4) Mathematical Reserves and Thiele's differential equation
5) Theorem of Hattendorff 
6) Unit linked policies

401-3917-00L Stochastic Loss Reserving Methods W  4 credits 2V R. Dahms
Abstract Loss Reserving is one of the central topics in non-life insurance. Mathematicians and actuaries need to estimate adequate reserves for

liabilities caused by claims. These claims reserves have influence all financial statements, future premiums and solvency margins. We
present the stochastics behind various methods that are used in practice to calculate those loss reserves.

Objective Our goal is to present the stochastics behind various methods that are used in prctice to estimate claim reserves. These methods enable
us to set adequate reserves for liabilities caused by claims and to determine prediction errors of these predictions.

Content We will present the following stochastic claims reserving methods/models:
- Stochastic Chain-Ladder Method
- Bayesian Methods, Bornhuetter-Ferguson Method, Credibility Methods
- Distributional Models
- Linear Stochastic Reserving Models, with and without inflation
- Bootstrap Methods
- Claims Development Result (solvency view)
- Coupling of portfolios

Literature M. V. Wüthrich, M. Merz, Stochastic Claims Reserving Methods in Insurance, Wiley 2008.
Prerequisites /
notice

The exams ONLY take place during the official ETH examination periods.

This course will be held in English and counts towards the diploma "Aktuar SAV".
For the latter, see details under www.actuaries.ch.

Basic knowledge in probability theory is assumed, in particular conditional expectations.

401-3956-00L Economic Theory of Financial Markets
Does not take place this semester.

W  4 credits 2V M. V. Wüthrich

Abstract This lecture provides an introduction to the economic theory of financial markets. It presents the basic financial and economic concepts to
insurance mathematicians and actuaries.

Objective This lecture aims at providing the fundamental financial and economic concepts to insurance mathematicians and actuaries. It focuses on
portfolio theory, cash flow valuation and deflator techniques.

Content We treat the following topics:
- Fundamental concepts in economics
- Portfolio theory
- Mean variance analysis, capital asset pricing model
- Arbitrage pricing theory
- Cash flow theory
- Valuation principles
- Stochastic discounting, deflator techniques
- Interest rate modeling
- Utility theory

Prerequisites /
notice

The exams ONLY take place during the official ETH examination period.

This course will be held in English and counts towards the diploma of "Aktuar SAV". For the latter, see details under www.actuaries.ch. 
 
Knowledge in probability theory, stochastic processes and statistics is assumed.

401-3936-00L Data Analytics for Non-Life Insurance Pricing W  4 credits 2V C. M. Buser, M. V. Wüthrich
Abstract We study statistical methods in supervised learning for non-life insurance pricing such as generalized linear models, generalized additive

models, Bayesian models, neural networks, classification and regression trees, random forests and gradient boosting machines.
Objective The student is familiar with classical actuarial pricing methods as well as with modern machine learning methods for insurance pricing and

prediction.
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Content We present the following chapters:
- generalized linear models (GLMs)
- generalized additive models (GAMs)
- neural networks
- credibility theory
- classification and regression trees (CARTs)
- bagging, random forests and boosting

Lecture notes The lecture notes are available from:
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2870308

Prerequisites /
notice

This course will be held in English and counts towards the diploma of "Aktuar SAV".
For the latter, see details under www.actuaries.ch

Good knowledge in probability theory, stochastic processes and statistics is assumed.

401-4920-00L Market-Consistent Actuarial Valuation W 4 credits 2V M. V. Wüthrich, H. Furrer
Abstract Introduction to market-consistent actuarial valuation. 

Topics: Stochastic discounting, full balance sheet approach, valuation portfolio in life and non-life insurance, technical and financial risks,
risk management for insurance companies.

Objective Goal is to give the basic mathematical tools for describing insurance products within a financial market and economic environment and
provide the basics of solvency considerations.

Content In this lecture we give a full balance sheet approach to the task of actuarial valuation of an insurance company. Therefore we introduce a
multidimensional valuation portfolio (VaPo) on the liability side of the balance sheet. The basis of this multidimensional VaPo is a set of
financial instruments. This approach makes the liability side of the balance sheet directly comparable to its asset side.

The lecture is based on four sections:
1) Stochastic discounting
2) Construction of a multidimensional Valuation Portfolio for life insurance products (with guarantees)
3) Construction of a multidimensional Valuation Portfolio for a run-off portfolio of a non-life insurance company
4) Measuring financial risks in a full balance sheet approach (ALM risks)

Literature Market-Consistent Actuarial Valuation, 3rd edition.
Wüthrich, M.V.
EAA Series, Springer 2016.
ISBN: 978-3-319-46635-4

Wüthrich, M.V., Merz, M. 
Claims run-off uncertainty: the full picture.
SSRN Manuscript ID 2524352 (2015).

England, P.D, Verrall, R.J., Wüthrich, M.V. 
On the lifetime and one-year views of reserve risk, with application to IFRS 17 and Solvency II risk margins.
Insurance: Mathematics and Economics 85 (2019), 74-88. 

Wüthrich, M.V., Embrechts, P., Tsanakas, A.
Risk margin for a non-life insurance run-off.
Statistics & Risk Modeling 28 (2011), no. 4, 299--317.

Financial Modeling, Actuarial Valuation and Solvency in Insurance.
Wüthrich, M.V., Merz, M.
Springer Finance 2013.
ISBN: 978-3-642-31391-2

Cheridito, P., Ery, J., Wüthrich, M.V.
Assessing asset-liability risk with neural networks. 
Risks 8/1 (2020), article 16.

Prerequisites /
notice

The exams ONLY take place during the official ETH examination period.

This course will be held in English and counts towards the diploma of "Aktuar SAV". 
For the latter, see details under www.actuaries.ch. 
 
Knowledge in probability theory, stochastic processes and statistics is assumed.

401-3888-00L Introduction to Mathematical Finance
A related course is 401-3913-01L Mathematical
Foundations for Finance (3V+2U, 4 ECTS credits).
Although both courses can be taken independently of
each other, only one will be recognised for credits in the
Bachelor and Master degree. In other words, it is not
allowed to earn credit points with one for the Bachelor and
with the other for the Master degree.

W  10 credits 4V+1U C. Czichowsky

Abstract This is an introductory course on the mathematics for investment, hedging, portfolio management, asset pricing and financial derivatives in
discrete-time financial markets. We discuss arbitrage, completeness, risk-neutral pricing and utility maximisation. We prove the
fundamental theorem of asset pricing and the hedging duality theorems, and also study convex duality in utility maximization.

Objective This is an introductory course on the mathematics for investment, hedging, portfolio management, asset pricing and financial derivatives in
discrete-time financial markets. We discuss arbitrage, completeness, risk-neutral pricing and utility maximisation, and maybe other topics.
We prove the fundamental theorem of asset pricing and the hedging duality theorems in discrete time, and also study convex duality in
utility maximization.

Content This course focuses on discrete-time financial markets. It presumes a knowledge of measure-theoretic probability theory (as taught e.g. in
the course "Probability Theory"). The course is offered every year in the Spring semester.

This course is the first of a sequence of two courses on mathematical finance. The second course "Mathematical Finance" (MF II), 401-
4889-00, focuses on continuous-time models. It is advisable that the present course, MF I, is taken prior to MF II.

For an overview of courses offered in the area of mathematical finance, see https://www.math.ethz.ch/imsf/education/education-
in-stochastic-finance/overview-of-courses.html.

Lecture notes The course is based on different parts from different textbooks as well as on original research literature. Lecture notes will not be available.
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Literature Literature:

Michael U. Dothan, "Prices in Financial Markets", Oxford University Press

Hans Föllmer and Alexander Schied, "Stochastic Finance: An Introduction in Discrete Time", de Gruyter

Marek Capinski and Ekkehard Kopp, "Discrete Models of Financial Markets", Cambridge University Press

Robert J. Elliott and P. Ekkehard Kopp, "Mathematics of Financial Markets", Springer

Prerequisites /
notice

A related course is "Mathematical Foundations for Finance" (MFF), 401-3913-01. Although both courses can be taken independently of
each other, only one will be given credit points for the Bachelor and the Master degree. In other words, it is also not possible to earn credit
points with one for the Bachelor and with the other for the Master degree.

This course is the first of a sequence of two courses on mathematical finance. The second course "Mathematical Finance" (MF II), 401-
4889-00, focuses on continuous-time models. It is advisable that the present course, MF I, is taken prior to MF II.

For an overview of courses offered in the area of mathematical finance, see https://www.math.ethz.ch/imsf/education/education-
in-stochastic-finance/overview-of-courses.html.

 Selection: Mathematical Physics, Theoretical Physics
Number Title Type ECTS Hours Lecturers

401-3814-00L Quantum Mechanics for Mathematicians
NOTICE: The class scheduled for 5 March 2020 has been
cancelled.

W  4 credits 2V J. Wisniewska

Abstract Introduction to quantum mechanics aimed at mathematics students
Objective The course begins with the fundamentals of classical mechanics and its mathematical description i.e. Hamiltonian dynamics. We will

introduce the notion of states and observables in the classical setting and further on its counter parts in the quantum setting. We then will
discuss quantisation and the mathematical formulation of quantum mechanics. Further on we will study the Heisenberg’s uncertainty
relations and quantum entanglement. The course then goes on to study the dynamics of quantum systems described by the Schrödinger’s
equation.

Content 1. Hamiltonian mechanics and fundamentals of symplectic geometry
2. Classical observables and Poisson bracket
3. Basic principles of quantum mechanics and quantisation
4. Heisenberg’s uncertainty relations
5. Quantum entanglement and EPR paradox
6. Schrödinger’s equation

Literature Takhtajan, Leon A.
Quantum mechanics for mathematicians.
Graduate Studies in Mathematics, 95. American Mathematical Society, Providence, RI, 2008. xvi+387 pp. ISBN: 978-0-8218-4630-8

Prerequisites /
notice

Prerequisites:
Essential: Differential Geometry 1
Recommended: basic Functional Analysis and Algebraic Topology

402-0206-00L Quantum Mechanics II W  10 credits 3V+2U G. Blatter
Abstract Many-body quantum physics rests on symmetry considerations that lead to two kinds of particles, fermions and bosons. Formal techniques

include Hartree-Fock theory and second-quantization techniques, as well as quantum statistics with ensembles. Few- and many-body
systems include atoms, molecules, the Fermi sea, elastic chains, radiation and its interaction with matter, and ideal quantum gases.

Objective Basic command  of few- and many-particle physics for fermions and bosons, including second quantisation and quantum statistical
techniques. Understanding of elementary many-body systems such as atoms, molecules, the Fermi sea, electromagnetic radiation and its
interaction with matter, ideal quantum gases and relativistic theories.

Content The description of indistinguishable particles leads us to (exchange-) symmetrized wave functions for fermions and bosons. We discuss
simple few-body problems (Helium atoms, hydrogen molecule) und proceed with a systematic description of fermionic many body problems
(Hartree-Fock approximation, screening, correlations with applications on atomes and the Fermi sea). The second quantisation formalism
allows for the compact description of the Fermi gas, of elastic strings (phonons), and the radiation field (photons). We study the interaction
of radiation and matter and the associated phenomena of radiative decay, light scattering, and the Lamb shift. Quantum statistical
description of ideal Bose and Fermi gases at finite temperatures concludes the program. If time permits, we will touch upon of relativistic
one particle physics, the Klein-Gordon equation for spin-0 bosons and the Dirac equation describing spin-1/2 fermions.

Lecture notes Quanten Mechanik I und II in German.
Literature G. Baym, Lectures on Quantum Mechanics (Benjamin, Menlo Park, California, 1969)

L.I. Schiff, Quantum Mechanics (Mc-Graw-Hill, New York, 1955)
A. Messiah, Quantum Mechanics I & II (North-Holland, Amsterdam, 1976)
E. Merzbacher, Quantum Mechanics (John Wiley, New York, 1998)
C. Cohen-Tannoudji, B. Diu, F. Laloe, Quantum Mechanics I & II (John Wiley, New York, 1977)
P.P. Feynman and A.R. Hibbs, Quantum Mechanics and Path Integrals (Mc Graw-Hill, New York, 1965)
A.L. Fetter and J.D. Walecka, Theoretical Mechanics of Particles and Continua (Mc Graw-Hill, New York, 1980)
J.J. Sakurai, Modern Quantum Mechanics (Addison Wesley, Reading, 1994)
J.J. Sakurai, Advanced Quantum mechanics (Addison Wesley)
F. Gross, Relativistic Quantum Mechanics and Field Theory (John Wiley, New York, 1993)

Prerequisites /
notice

Basic knowledge of single-particle Quantum Mechanics

402-0844-00L Quantum Field Theory II
UZH students are not allowed to register this course unit
at ETH. They must book the corresponding module
directly at UZH.

W 10 credits 3V+2U G. Isidori

Abstract The subject of the course is modern applications of quantum field theory with emphasis on the quantization of non-abelian gauge theories.
Objective The goal of this course is to lay down the path integral formulation of quantum field theories and in particular to provide a solid basis for the

study of non-abelian gauge theories and of the Standard Model
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Content The following topics will be covered:
- path integral quantization
- non-abelian gauge theories and their quantization
- systematics of renormalization, including BRST symmetries,
  Slavnov-Taylor Identities and the Callan Symanzik equation 
- the Goldstone theorem and the Higgs mechanism
- gauge theories with spontaneous symmetry breaking and
  their quantization
- renormalization of spontaneously broken gauge theories and 
  quantum effective actions

Literature M.E. Peskin and D.V. Schroeder, "An introduction to Quantum Field Theory", Perseus (1995).
S. Pokorski, "Gauge Field Theories" (2nd Edition), Cambridge Univ. Press (2000)
P. Ramond, "Field Theory: A Modern Primer" (2nd Edition), Westview Press (1990)
S. Weinberg, "The Quantum Theory of Fields" (Volume 2), CUP (1996).

 Selection: Mathematical Optimization, Discrete Mathematics
Number Title Type ECTS Hours Lecturers

401-3903-11L Geometric Integer Programming W  6 credits 2V+1U J. Paat
Abstract Integer programming is the task of minimizing a linear function over all the integer points in a polyhedron. This lecture introduces the key

concepts of an algorithmic theory for solving such problems.
Objective The purpose of the lecture is to provide a geometric treatment of the theory of integer optimization.
Content Key topics are:


- Lattice theory and the polynomial time solvability of integer optimization problems in fixed dimension.

- Structural properties of integer sets that reveal other parameters affecting the complexity of integer problems

- Duality theory for integer optimization problems from the vantage point of lattice free sets.

Lecture notes not available, blackboard presentation
Literature Lecture notes will be provided. 


Other helpful materials include 

Bertsimas, Weismantel: Optimization over Integers, 2005

and

Schrijver: Theory of linear and integer programming, 1986.

Prerequisites /
notice

"Mathematical Optimization" (401-3901-00L)

 Selection: Theoretical Computer Science, Discrete Mathematics
In the Master's programme in Mathematics 401-3052-05L Graph Theory is eligible as an elective course, but only if 401-3052-10L Graph Theory isn't
recognised for credits (neither in the Bachelor's nor in the Master's programme). For the category assignment take contact with the Study Administration
Office (www.math.ethz.ch/studiensekretariat) after having received the credits.

Number Title Type ECTS Hours Lecturers

252-0408-00L Cryptographic Protocols W  6 credits 2V+2U+1A M. Hirt, U. Maurer
Abstract The course presents a selection of hot research topics in cryptography. The choice of topics varies and may include provable security,

interactive proofs, zero-knowledge protocols, secret sharing, secure multi-party computation, e-voting, etc.
Objective Indroduction to a very active research area with many gems and paradoxical

results. Spark interest in fundamental problems.
Content The course presents a selection of hot research topics in cryptography. The choice of topics varies and may include provable security,

interactive proofs, zero-knowledge protocols, secret sharing, secure multi-party computation, e-voting, etc.
Lecture notes the lecture notes are in German, but they are not required as the entire

course material is documented also in other course material (in english).
Prerequisites /
notice

A basic understanding of fundamental cryptographic concepts 
(as taught for example in the course Information Security or
in the course Cryptography Foundations) is useful, but not required.

263-4660-00L Applied Cryptography
Number of participants limited to 150.

W  8 credits 3V+2U+2P K. Paterson

Abstract This course will introduce the basic primitives of cryptography, using rigorous syntax and game-based security definitions. The course will
show how these primitives can be combined to build cryptographic protocols and systems.

Objective The goal of the course is to put students' understanding of cryptography on sound foundations, to enable them to start to build well-
designed cryptographic systems, and to expose them to some of the pitfalls that arise when doing so.

Content Basic symmetric primitives (block ciphers, modes, hash functions); generic composition; AEAD; basic secure channels; basic public key
primitives (encryption,signature, DH key exchange); ECC; randomness; applications.

Literature Textbook: Boneh and Shoup, “A Graduate Course in Applied Cryptography”,
https://crypto.stanford.edu/~dabo/cryptobook/BonehShoup_0_4.pdf.

Prerequisites /
notice

Ideally, students will have taken the D-INFK Bachelors course “Information Security" or an equivalent course at Bachelors level.

263-4400-00L Advanced Graph Algorithms and Optimization
Number of participants limited to 30.

W  5 credits 3G+1A R. Kyng

Abstract This course will cover a number of advanced topics in optimization and graph algorithms.
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Objective The course will take students on a deep dive into modern approaches to
 graph algorithms using convex optimization techniques. 

 By studying convex optimization through the lens of graph algorithms,
 students should develop a deeper understanding of fundamental
 phenomena in optimization.

 The course will cover some traditional discrete approaches to various graph
 problems, especially flow problems, and then contrast these approaches
 with modern, asymptotically faster methods based on combining convex
 optimization with spectral and combinatorial graph theory.

Content Students should leave the course understanding key
 concepts in optimization such as first and second-order optimization,
 convex duality, multiplicative weights and dual-based methods,
 acceleration, preconditioning, and non-Euclidean optimization.

 Students will also be familiarized with central techniques in the
 development of graph algorithms in the past 15 years, including graph
 decomposition techniques, sparsification, oblivious routing, and
 spectral and combinatorial preconditioning.

Prerequisites /
notice

This course is targeted toward masters and doctoral students with an
 interest in theoretical computer science. 

 Students should be comfortable with design and analysis of algorithms, probability, and linear algebra. 

 Having passed the course Algorithms, Probability, and Computing (APC)  is highly recommended, but not formally required. If you are not
 sure whether you're ready for this class or not, please consult the
 instructor.

263-4507-00L Advances in Distributed Graph Algorithms
Does not take place this semester.

W  6 credits 3V+1U+1A M. Ghaffari

Abstract How can a network of computers solve the graph problems needed for running that network?
Objective This course will familiarize the students with the algorithmic tools and techniques in local distributed graph algorithms, and overview the

recent highlights in the field. This will also prepare the students for independent research at the frontier of this area.

This is a special‐topics course in algorithm design. It should be accessible to any student with sufficient theoretical/algorithmic background.
In particular, it assumes no familiarity with distributed computing. We only expect that the students are comfortable with the basics of
algorithm design and analysis, as well as probability theory. It is possible to take this course simultaneously with the course “Principles of
Distributed Computing”. If you are not sure whether you are ready for this class or not, please consult the instructor.

Content How can a network of computers solve the graph problems needed for running that network?

Answering this and similar questions is the underlying motivation of the area of Distributed Graph Algorithms. The area focuses on the
foundational algorithmic aspects in these questions and provides methods for various distributed systems --- e.g., the Internet, a wireless
network, a multi-processor computer, etc --- to solve computational problems that can be abstracted as graph problems. For instance, think
about shortest path computation in routing, or about coloring and independent set computation in contention resolution.

Over the past decade, we have witnessed a renaissance in the area of Distributed Graph Algorithms, with tremendous progress in many
directions and solutions for a number of decades-old central problems. This course overviews the highlights of these results. The course
will mainly focus on one half of the field, which revolves around locality and local problems. The other half, which relates to the issue of
congestion and dealing with limited bandwidth in global problems, will not be addressed in this offering of the course.

The course will cover a sampling of the recent developments (and open questions) at the frontier of research of distributed graph
algorithms. The material will be based on a compilation of recent papers in this area, which will be provided throughout the semester. The
tentative list of topics includes:
-    The shattering technique for local graph problems and its necessity
-    Lovasz Local Lemma algorithms, their distributed variants, and distributed applications
-               Distributed Derandomization
-    Distributed Lower bounds 
-    Graph Coloring
-    Complexity Hierarchy and Gaps
-    Primal-Dual Techniques

Prerequisites /
notice

The class assumes no knowledge in distributed algorithms/computing. Our only prerequisite is the undergraduate class Algorithms,
Probability, and Computing (APC) or any other course that can be seen as the equivalent. In particular, much of what we will discuss uses
randomized algorithms and therefore, we will assume that the students are familiar with the tools and techniques in randomized algorithms
and analysis (to the extent covered in the APC class).

 Selection: Further Realms
Number Title Type ECTS Hours Lecturers

401-4944-20L Mathematics of Data Science W  8 credits 4G A. Bandeira
Abstract Mostly self-contained, but fast-paced, introductory masters level course on various theoretical aspects of algorithms that aim to extract

information from data.
Objective Introduction to various mathematical aspects of Data Science.
Content These topics lie in overlaps of (Applied) Mathematics with: Computer Science, Electrical Engineering, Statistics, and/or Operations

Research. Each lecture will feature a couple of Mathematical Open Problem(s) related to Data Science. The main mathematical tools used
will be Probability and Linear Algebra, and a basic familiarity with these subjects is required. There will also be some (although knowledge
of these tools is not assumed) Graph Theory, Representation Theory, Applied Harmonic Analysis, among others. The topics treated will
include Dimension reduction, Manifold learning, Sparse recovery, Random Matrices, Approximation Algorithms, Community detection in
graphs, and several others.

Lecture notes https://people.math.ethz.ch/~abandeira/TenLecturesFortyTwoProblems.pdf
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Prerequisites /
notice

The main mathematical tools used will be Probability, Linear Algebra (and real analysis), and a working knowledge of these subjects is
required. In addition
to these prerequisites, this class requires a certain degree of mathematical maturity--including abstract thinking and the ability to
understand and write proofs.

We encourage students who are interested in mathematical data science to take both this course and ``227-0434-10L    Mathematics of
Information'' taught by Prof. H. Bölcskei. The two courses are designed to be 
complementary.
A. Bandeira and H. Bölcskei

227-0434-10L Mathematics of Information W  8 credits 3V+2U+2A H. Bölcskei
Abstract The class focuses on mathematical aspects of 


1. Information science: Sampling theorems, frame theory, compressed sensing, sparsity, super-resolution, spectrum-blind sampling,
subspace algorithms, dimensionality reduction

2. Learning theory: Approximation theory, uniform laws of large numbers, Rademacher complexity, Vapnik-Chervonenkis dimension

Objective The aim of the class is to familiarize the students with the most commonly used mathematical theories in data science, high-dimensional
data analysis, and learning theory. The class consists of the lecture, exercise sessions with homework problems, and of a research project,
which can be carried out either individually or in groups. The research project consists of either 1. software development for the solution of
a practical signal processing or machine learning problem or 2. the analysis of a research paper or 3. a theoretical research problem of
suitable complexity. Students are welcome to propose their own project at the beginning of the semester. The outcomes of all projects have
to be presented to the entire class at the end of the semester.

Content Mathematics of Information

1. Signal representations: Frame theory, wavelets, Gabor expansions, sampling theorems, density theorems

2. Sparsity and compressed sensing: Sparse linear models, uncertainty relations in sparse signal recovery, matching pursuits, super-
resolution, spectrum-blind sampling, subspace algorithms (MUSIC, ESPRIT, matrix pencil), estimation in the high-dimensional noisy case,
Lasso

3. Dimensionality reduction: Random projections, the Johnson-Lindenstrauss Lemma

Mathematics of Learning

4. Approximation theory: Nonlinear approximation theory, fundamental limits on compressibility of signal classes, Kolmogorov-Tikhomirov
epsilon-entropy of signal classes, optimal compression of signal classes, recovery from incomplete data, information-based complexity,
curse of dimensionality

5. Uniform laws of large numbers: Rademacher complexity, Vapnik-Chervonenkis dimension, classes with polynomial discrimination,
blessings of dimensionality

Lecture notes Detailed lecture notes will be provided at the beginning of the semester and as we go along.
Prerequisites /
notice

This course is aimed at students with a background in basic linear algebra, analysis, statistics, and probability. 

We encourage students who are interested in mathematical data science to take both this course and "401-4944-20L Mathematics of Data
Science" by Prof. A. Bandeira. The two courses are designed to be complementary.

H. Bölcskei and A. Bandeira

263-5300-00L Guarantees for Machine Learning W  5 credits 2V+2A F. Yang
Abstract This course teaches classical and recent methods in statistics and optimization commonly used to prove theoretical guarantees for

machine learning algorithms. The knowledge is then applied in project work that focuses on understanding phenomena in modern machine
learning.

Objective This course is aimed at advanced master and doctorate students who want to understand and/or conduct independent research on theory
for modern machine learning. For this purpose, students will learn common mathematical techniques from statistical learning theory. In
independent project work, they then apply their knowledge and go through the process of critically questioning recently published work,
finding relevant research questions and learning how to effectively present research ideas to a professional audience.

Content This course teaches some classical and recent methods in statistical learning theory aimed at proving theoretical guarantees for machine
learning algorithms, including topics in

- concentration bounds, uniform convergence
- high-dimensional statistics (e.g. Lasso)
- prediction error bounds for non-parametric statistics (e.g. in kernel spaces)
- minimax lower bounds
- regularization via optimization

The project work focuses on active theoretical ML research that aims to understand modern phenomena in machine learning, including but
not limited to

- how overparameterization could help generalization ( interpolating models, linearized NN )
- how overparameterization could help optimization ( non-convex optimization, loss landscape )
- complexity measures and approximation theoretic properties of randomly initialized and
trained NN
- generalization of robust learning ( adversarial robustness, standard and robust error tradeoff )
- prediction with calibrated confidence ( conformal prediction, calibration )

Prerequisites /
notice

It’s absolutely necessary for students to have a strong mathematical background (basic real analysis, probability theory, linear algebra) and
good knowledge of core concepts in machine learning taught in courses such as “Introduction to Machine Learning”, “Regression”/
“Statistical Modelling”. It's also helpful to have heard an optimization course or approximation theoretic course. In addition to these
prerequisites, this class requires a certain degree of mathematical maturity—including abstract thinking and the ability to understand and
write proofs.

401-3502-20L Reading Course
To start an individual reading course, contact an
authorised supervisor
https://www.ethz.ch/content/dam/ethz/special-
interest/math/department/Intranet/Students/Study_Admini
stration/Theses_Reading_Courses/berechtigungsliste.pdf

W  2 credits 4A Supervisors
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and register your reading course in myStudies.
Abstract For this Reading Course proactive students make an individual agreement with a lecturer to acquire knowledge through independent

literature study.

401-3503-20L Reading Course
To start an individual reading course, contact an
authorised supervisor
https://www.ethz.ch/content/dam/ethz/special-
interest/math/department/Intranet/Students/Study_Admini
stration/Theses_Reading_Courses/berechtigungsliste.pdf
and register your reading course in myStudies.

W  3 credits 6A Supervisors

Abstract For this Reading Course proactive students make an individual agreement with a lecturer to acquire knowledge through independent
literature study.

401-3504-20L Reading Course
To start an individual reading course, contact an
authorised supervisor
https://www.ethz.ch/content/dam/ethz/special-
interest/math/department/Intranet/Students/Study_Admini
stration/Theses_Reading_Courses/berechtigungsliste.pdf
and register your reading course in myStudies.

W  4 credits 9A Supervisors

Abstract For this Reading Course proactive students make an individual agreement with a lecturer to acquire knowledge through independent
literature study.

 Application Area
Only necessary and eligible for the Master degree in Applied Mathematics.
One of the application areas specified must be selected for the category Application Area for the Master degree in Applied Mathematics. At least 8
credits are required in the chosen application area.

 Atmospherical Physics
Number Title Type ECTS Hours Lecturers

701-1216-00L Numerical Modelling of Weather and Climate W 4 credits 3G C. Schär, S. Soerland,
J. Vergara Temprado

Abstract The course provides an introduction to weather and climate models. It discusses how these models are built addressing both the dynamical
core and the physical parameterizations, and it provides an overview of how these models are used in numerical weather prediction and
climate research. As a tutorial, students conduct a term project and build a simple atmospheric model using the language PYTHON.

Objective At the end of this course, students understand how weather and climate models are formulated from the governing physical principles, and
how they are used for climate and weather prediction purposes.

Content The course provides an introduction into the following themes: numerical methods (finite differences and spectral methods); adiabatic
formulation of atmospheric models (vertical coordinates, hydrostatic approximation); parameterization of physical processes (e.g. clouds,
convection, boundary layer, radiation); atmospheric data assimilation and weather prediction; predictability (chaos-theory, ensemble
methods); climate models (coupled atmospheric, oceanic and biogeochemical models); climate prediction. Hands-on experience with
simple models will be acquired in the tutorials.

Lecture notes Slides and lecture notes will be made available at
http://www.iac.ethz.ch/edu/courses/master/modules/numerical-modelling-of-weather-and-climate.html

Literature List of literature will be provided.
Prerequisites /
notice

Prerequisites: to follow this course, you need some basic background in atmospheric science, numerical methods (e.g., "Numerische
Methoden in der Umweltphysik", 701-0461-00L) as well as experience in programming. Previous experience with PYTHON is useful but not
required.

 Biology
Number Title Type ECTS Hours Lecturers

551-0016-00L Biology II W 2 credits 2V M. Stoffel, E. Hafen, K. Köhler
Abstract The lecture course Biology II, together with the course Biology I of the previous winter semester, is a basic introductory course into biology

for students of materials sciences, of chemistry and of chemical engineering.
Objective The objective of the lecture course Biology II is the understanding of form, function, and development of animals and of the basic

underlying mechanisms.
Content The following numbers of chapters refer to the text-book "Biology" (Campbell & Rees, 10th edition, 2015) on which the course is based.


 Chapters 1-4 are a basic prerequisite. The sections "Structure of the Cell" (Chapters 5-10, 12, 17) and "General Genetics" (Chapters 13-
16, 18, 46) are covered by the lecture Biology I.

1. Genomes, DNA Technology, Genetic Basis of Development

Chapter 19: Eukaryotic Genomes: Organization, Regulation, and Evolution
Chapter 20: DNA Technology and Genomics
Chapter 21: The Genetic Basis of Development

2. Form, Function, and Development of Animals I

Chapter 40: Basic Principles of Animal Form and Function
Chapter 41: Animal Nutrition
Chapter 44: Osmoregulation and Excretion
Chapter 47: Animal Development

3. Form, Function, and Develeopment of Animals II

Chapter 42: Circulation and Gas Exchange
Chapter 43: The Immune System
Chapter 45: Hormones and the Endocrine System
Chapter 48: Nervous Systems
Chapter 49: Sensory and Motor Mechanisms

Lecture notes The course follows closely the recommended text-book. Additional handouts may be provided by the lecturers.
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Literature The following text-book is the basis for the courses Biology I and II:

Biology, Campbell and Rees, 10th Edition, 2015, Pearson/Benjamin Cummings, ISBN 978-3-8632-6725-4 

Prerequisites /
notice

Prerequisite: Lecture course Biology I of autumn semester

262-0200-00L Bayesian Phylodynamics W  4 credits 2G+2A T. Stadler, T. Vaughan
Abstract How fast was Ebola spreading in West Africa? Where and when did the epidemic outbreak start? How can we construct the phylogenetic

tree of great apes, and did gene flow occur between different apes? At the end of the course, students will have designed, performed,
presented, and discussed their own phylodynamic data analysis to answer such questions.

Objective Attendees will extend their knowledge of Bayesian phylodynamics obtained in the “Computational Biology” class (636-0017-00L) and will
learn how to apply this theory to real world data. The main theoretical concepts introduced are:
* Bayesian statistics
* Phylogenetic and phylodynamic models
* Markov Chain Monte Carlo methods
Attendees will apply these concepts to a number of applications yielding biological insight into:
* Epidemiology
* Pathogen evolution
* Macroevolution of species

Content In the first part of the semester, in each week, we will first present the theoretical concepts of Bayesian phylodynamics. The presentation
will be followed by attendees using the software package BEAST v2 to apply these theoretical concepts to empirical data. We use
previously published datasets on e.g. Ebola, Zika, Yellow Fever, Apes, and Penguins for analysis. Examples of these practical tutorials are
available on https://taming-the-beast.org/. 
In the second part of the semester, the students choose an empirical dataset of genetic sequencing data and possibly some non-genetic
metadata. They then design and conduct a research project in which they perform Bayesian phylogenetic analyses of their dataset. The
weekly class is intended to discuss and monitor progress and to address students’ questions very interactively. At the end of the semester,
the students present their research project in an oral presentation. The content of the presentation, the style of the presentation, and the
performance in answering the questions after the presentation will be marked.

Lecture notes Lecture slides will be available on moodle.
Literature The following books provide excellent background material:

•    Drummond, A. & Bouckaert, R. 2015. Bayesian evolutionary analysis with BEAST.
•    Yang, Z. 2014. Molecular Evolution: A Statistical Approach.
•    Felsenstein, J. 2003. Inferring Phylogenies.
The tutorials in this course are based on our Summer School “Taming the BEAST”: https://taming-the-beast.org/

Prerequisites /
notice

This class builds upon the content which we teach in the Computational Biology class (636-0017-00L). Attendees must have either taken
the Computational Biology class or acquired the content elsewhere.

 Control and Automation
Number Title Type ECTS Hours Lecturers

151-0660-00L Model Predictive Control W  4 credits 2V+1U M. Zeilinger
Abstract Model predictive control is a flexible paradigm that defines the control law as an optimization problem, enabling the specification of time-

domain objectives, high performance control of complex multivariable systems and the ability to explicitly enforce constraints on system
behavior. This course provides an introduction to the theory and practice of MPC and covers advanced topics.             

Objective Design and implement Model Predictive Controllers (MPC) for various system classes to provide high performance controllers with desired
properties (stability, tracking, robustness,..) for constrained systems.              

Content - Review of required optimal control theory
- Basics on optimization
- Receding-horizon control (MPC) for constrained linear systems
- Theoretical properties of MPC: Constraint satisfaction and stability
- Computation: Explicit and online MPC
- Practical issues: Tracking and offset-free control of constrained systems, soft constraints
- Robust MPC: Robust constraint satisfaction
- Nonlinear MPC: Theory and computation
- Hybrid MPC: Modeling hybrid systems and logic, mixed-integer optimization
- Simulation-based project providing practical experience with MPC             

Lecture notes Script / lecture notes will be provided.
Prerequisites /
notice

One semester course on automatic control, Matlab, linear algebra.
Courses on signals and systems and system modeling are recommended. Important concepts to start the course: State-space modeling,
basic concepts of stability, linear quadratic regulation / unconstrained optimal control. 
Expected student activities: Participation in lectures, exercises and course project; homework (~2hrs/week).          

227-0207-00L Nonlinear Systems and Control
Prerequisite: Control Systems (227-0103-00L)

W  6 credits 4G E. Gallestey Alvarez,
P. F. Al Hokayem

Abstract Introduction to the area of nonlinear systems and their control. Familiarization with tools for analysis of nonlinear systems. Discussion of the
various nonlinear controller design methods and their applicability to real life problems.

Objective On completion of the course, students understand the difference between linear and nonlinear systems, know the mathematical techniques
for analysing these systems, and have learnt various methods for designing controllers accounting for their characteristics.

Course puts the student in the position to deploy nonlinear control techniques in real applications. Theory and exercises are combined for
better understanding of the virtues and drawbacks present in the different methods.

Content Virtually all practical control problems are of nonlinear nature. In some cases application of linear control methods leads to satisfactory
controller performance. In many other cases however, only application of nonlinear analysis and control synthesis methods will guarantee
achievement of the desired objectives. 

During the past decades mature nonlinear controller design methods have been developed and have proven themselves in applications.
After an introduction of the basic methods for analysing nonlinear systems, these methods will be introduced together with a critical
discussion of their pros and cons. Along the course the students will be familiarized with the basic concepts of nonlinear control theory.

This course is designed as an introduction to the nonlinear control field and thus no prior knowledge of this area is required. The course
builds, however, on a good knowledge of the basic concepts of linear control and mathematical analysis.

Lecture notes An english manuscript will be made available on the course homepage during the course.
Literature H.K. Khalil: Nonlinear Systems, Prentice Hall, 2001.
Prerequisites /
notice

Prerequisites: Linear Control Systems, or equivalent.
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227-0224-00L Stochastic Systems W  4 credits 2V+1U F. Herzog
Abstract Probability. Stochastic processes. Stochastic differential equations. Ito. Kalman filters. St Stochastic optimal control. Applications in

financial engineering.
Objective Stochastic dynamic systems. Optimal control and filtering  of stochastic systems. Examples in technology and finance.
Content - Stochastic processes

- Stochastic calculus (Ito)
- Stochastic differential equations
- Discrete time stochastic difference equations
- Stochastic processes AR, MA, ARMA, ARMAX, GARCH
- Kalman filter
- Stochastic optimal control
- Applications in finance and engineering

Lecture notes H. P. Geering et al., Stochastic Systems, Measurement and Control Laboratory, 2007 and handouts

151-0530-00L Nonlinear Dynamics and Chaos II W  4 credits 4G G. Haller
Abstract The internal structure of chaos; Hamiltonian dynamical systems; Normally hyperbolic invariant manifolds; Geometric singular perturbation

theory; Finite-time dynamical systems
Objective The course introduces the student to advanced, comtemporary concepts of nonlinear dynamical systems analysis.
Content I. The internal structure of chaos: symbolic dynamics, Bernoulli shift map,  sub-shifts of finite type; chaos is numerical iterations.


II.Hamiltonian dynamical systems: conservation and recurrence, stability of fixed points, integrable systems,  invariant tori, Liouville-
Arnold-Jost Theorem, KAM theory.

III. Normally hyperbolic invariant manifolds: Crash course on differentiable manifolds,  existence, persistence, and smoothness,
applications.
IV. Geometric singular perturbation theory:  slow manifolds  and their stability, physical examples. V. Finite-time dynamical system;
detecting  Invariant manifolds and coherent structures  in finite-time flows

Lecture notes Students have to prepare their own lecture notes
Literature Books will be recommended in class
Prerequisites /
notice

Nonlinear Dynamics I (151-0532-00) or equivalent

151-0566-00L Recursive Estimation W  4 credits 2V+1U R. D'Andrea
Abstract Estimation of the state of a dynamic system based on a model and observations in a computationally efficient way.
Objective Learn the basic recursive estimation methods and their underlying principles.
Content Introduction to state estimation; probability review; Bayes' theorem; Bayesian tracking; extracting estimates from probability distributions;

Kalman filter; extended Kalman filter; particle filter; observer-based control and the separation principle.
Lecture notes Lecture notes available on course website: http://www.idsc.ethz.ch/education/lectures/recursive-estimation.html
Prerequisites /
notice

Requirements: Introductory probability theory and matrix-vector algebra.

 Economics
Number Title Type ECTS Hours Lecturers

363-0552-00L Economic Growth and Resource Use W  3 credits 2G C. Karydas
Abstract The course deals with the factors that contribute to economic development. Throughout the course theoretical economic modelling will be

used to discuss the effects of factors – such as land, human/physical capital, technology, fossil energy resources, and climate change – on
economic growth and to draw conclusions for the future.

Objective The general objective of the course is to provide students tools and intuition to:

 i) think in a structured way – though economic modelling – about the factors that have lead to the different growth experiences among
countries, and still shape our contemporary situation; 
ii) assess and design policies on the basis of economic development; 
iii) draw conclusions for the future of economic development, that take into account prevalent issues such as the scarcity of fossil energy
resources and climate change.
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Content Why is economic growth worth studying? Which are the factors behind economic growth? What is the role of natural resources in shaping
economic development? Is our finite planet able to support sustainable long-term economic growth? Economics aims at explaining human
behaviour; how do we model it and how can we steer it for the better? How do you design an efficient economic policy for a sustainable
future? What is sustainable anyway?  These are some of the questions you will learn to answer in this course. 

After spending the first lecture on overviewing the course, and the second lecture on building our mathematical and economic foundation,
we begin with the three main modules that comprise this course.

The first module – called “Land and Economic Growth” – deals with the historical evolution of the factors behind economic development
from the pre-industrial times to our modern growth experiences. By studying the history of economic growth, we understand change and
how the society we live in came to be. In this module we will develop economic models that capture the transition from an era of miniscule
economic growth that persisted for millennia before the industrial revolution – with land and human labour as the main inputs to economic
activity, to our modern growth experience where the continuous improvement in technology and services is our status quo. 

The second module – called “Non-Renewable Resources and Growth” – deals with the problem of optimal exploitation of non-renewable
resources, as well as with the issue of “Resource Curse” – i.e., the observed negative relationship between economic development and
resource abundance. Emerging in the 1970s due to two oil crises, the problem of the economy’s extreme dependence on fossil and
depletable energy resources sparked a great deal of research to guide our way forward. Some important questions we will formally answer
in this module are the following. How do we optimally exploit a given stock of a non-renewable resource? What affects the prices of non-
renewable resources? If fossil energy sources – a (so far) important input to production – are getting ever depleted, is long-term growth
possible? How do we explain the “Resource Curse” and what are the policies that allow a sustainable future in countries that suffer from
such a curse?  

The third module – called “Climate Change and Growth” – deals with the pressing problem of our changing climate. Greenhouse gas
emissions – so far essential for economic activity – accumulate in the atmosphere and alter environmental patterns. This phenomenon –
commonly known as climate change – is responsible for the increase in the frequency and the intensity of natural disasters, which damage
our stocks of capital and put a drag on economic growth. To derive appropriate policies for a sustainable future, we will incorporate these
aspects in workhorse models of the economics and finance literature. Students will learn how to derive and set the “correct” price on the
use of polluting energy resources from the perspective of policy-makers. Additionally, pricing of climate change risks for financial markets is
important, both for individual investors and central banks, as it is they who provide liquidity to firms to pursue their long-term growth targets.
Accordingly, we will close the lecture with the pricing of climate change risks from an investor’s perspective.
 
After the last lecture of each of the three modules students will be handed out an exercise set which will be submitted by the beginning of
the following week’s lecture. That lecture will be an exercise session where we will discuss the solutions in class. Each exercise set will be
graded. The average grade from the best two exercise sets will account for 25% of the final grade; the rest 75% will be determined by a
written exam.

Lecture notes Lecture Notes of the course will be sent by email to officially subscribed students.
Literature The main reference of the course is the set of lecture notes; students will also be encouraged to read some influential academic articles

dealing with the issues under study.
Prerequisites /
notice

Knowledge of basic calculus (differentiation - integration) and basic statistics (e.g. what is an expectation; variance-covariance) is
considered as a prerequisite. Elementary knowledge of dynamic systems analysis, optimal control theory and economic theory is a plus but
not a prerequisite.

363-0514-00L Energy Economics and Policy
It is recommended for students to have taken a course in
introductory microeconomics. If not, they should be
familiar with microeconomics as in, for
example,"Microeconomics" by Mankiw & Taylor and the
appendices 4 and 7 of the book "Microeconomics" by
Pindyck & Rubinfeld.

W  3 credits 2G M. Filippini

Abstract An introduction to energy economics and policy that covers the following topics: energy demand, economics of energy efficiency,
investments and cost analysis, energy markets (fossil fuels,electricity and renewable energy sources), market failures and behavioral
anomalies, market-based and non-market based energy policy instruments and regulation of energy industries.

Objective The students will develop the understanding of economic principles and tools necessary to analyze energy issues and to formulate energy
policy instruments. Emphasis will be put on empirical analysis of energy demand and supply, market failures, behavioral anomalies, energy
policy instruments, investments in power plants and in energy efficiency technologies and the reform of the electric power sector.

Content The course provides an introduction to energy economics principles and policy applications. The first part of the course will introduce the
microeconomic foundation of energy demand and supply as well as market failures and behavioral anomalies. In a second part, we
introduce the concept of investment analysis (such as the NPV), in the context of energy efficient investments. In the last part, we use the
previously introduced concepts to analyze energy policies: from a government perspective, we discuss the mechanisms and implications of
market oriented and non-market oriented policy instruments as well as the regulation of energy industries.
 
Throughout the entire class, we combine the course material with insights from current research in energy economics. This combination will
enable students to understand standard scientific literature in the field of energy economics. Moreover, the class aims to show students
how to put real life situations in the energy sector in the context of insights from energy economics.

During the first part of the course a set of environmental and resource economics tools will be given to students through lectures. The
applied nature of the course is achieved by discussing several papers in a seminar. To this respect, students are required to work in groups
in order to prepare a presentation of a paper.

The evaluation policy is designed to verify the knowledge acquired by students during the course. For this purpose, a short group
presentation will be graded. At the end of the course there will be a written exam covering the topics of the course. The final grade is
obtained by averaging the presentation (20%) and the final exam (80%).

Prerequisites /
notice

It is recommended for students to have taken a course in introductory microeconomics. If not, they should be familiar with microeconomics
as in, for example, "Microeconomics" by Mankiw & Taylor and the appendices 4 and 7 of the book "Microeconomics" by Pindyck &
Rubinfeld.

364-0576-00L Advanced Sustainability Economics
PhD course, open for MSc students

W  3 credits 3G L. Bretschger

Abstract The course covers current resource and sustainability economics, including ethical foundations of sustainability, intertemporal optimisation
in capital-resource economies, sustainable use of non-renewable and renewable resources, pollution dynamics, population growth, and
sectoral heterogeneity. A final part is on empirical contributions, e.g. the resource curse, energy prices, and the EKC.

Objective Understanding of the current issues and economic methods in sustainability research; ability to solve typical problems like the calculation of
the growth rate under environmental restriction with the help of appropriate model equations.

363-0575-00L Economic Growth, Cycles and Policy W  3 credits 2G H. Gersbach
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Abstract This intermediate course focuses on the core thinking devices and foundations in macroeconomics and monetary economics, and uses
these devices to understand economic growth, business cycles, crises as well as how to conduct monetary and fiscal policies and policies
to foster the stability of financial and economic systems.

Objective - Fundamental knowledge about the drivers of economic growth in the short and long run, key macroeconomic variables and observed
patterns in developed countries

- Comprehensive understanding of core macroeconomic frameworks and thinking devices

Content This intermediate course focuses on the core thinking devices and foundations in macroeconomics and monetary economics, and uses
these devices to understand economic growth, business cycles, crises as well as how to conduct monetary and fiscal policies and policies
to foster the stability of financial and economic systems. The course is structured in the following way:

Part I: Basics
 - Introduction
 - IS-LM Model in Closed Economy (Repetition)
 - Schools of Thought
 - Consumption and Investment
 - The Solow Growth Model

Part II: Special Themes
 - Money Holding, Inflation, and Monetary Policy
 - Crises in Market Economies
 - IS-LM Model and Open Economy
 - Theories of exchange rate determination
 - Technical Appendix

Lecture notes Copies of the slides will be made available.
Literature Chapters in

Manfred Gärtner (2009), Macroeconomics, Third Edition, Prentice Hall.
and selected chapters in other books and/or papers

Prerequisites /
notice

It is required that participants have attended the lecture "Principles of Macroeconomics" (363-0565-00L).

363-0515-00L Decisions and Markets W  3 credits 2V A. Bommier
Abstract This course provides an introduction to microeconomics. The course is open to students who have completed an undergraduate course in

economics principles and an undergraduate course in multivariate calculus. The course emphasizes the conceptual foundations of
microeconomics and contains concrete examples of their application.

Objective The purpose of this course is to provide master students with an introduction to graduate-level microeconomics, particularly for students
considering further graduate work in economics, business administration or management science. The course provides the fundamental
concepts and tools for graduate courses in economics offered at ETH and UZH.

After completing this course:
- Students will be able to understand and use existing models to make predictions of consumer and firm behavior.
- Students understand the fundamental welfare theorems and will be able to analyze equilibria of markets with perfect and imperfect
competition.
- Students will be able to analyze under which conditions market allocations are not efficient (market failure).

Content Microeconomics is the branch of economics which studies the decision-making by an individual, household, firm, industry or level of
government. The economic equilibrium is the result of agents' interactions. Microeconomics is an element of nearly every subfield in
economic analysis today. This course introduces the fundamental frameworks which form the basis of many economic models.

Theory of the consumer:
- Consumer preferences and utility
- Budget sets and optimal choice
- Demand functions
- Labor supply and intertemporal choice
- Welfare economics

Theory of the producer:
- Technological constraints and the production function
- Cost minimization
- Profit maximization

Market structure:
- Perfectly competitive markets
- Monopoly behavior
- Duopoly behavior

General equilibrium analysis:
- Market equilibrium in an exchange and production economy
- Market failure

Lecture notes The lecture will be based on lecture slides, which will be made available on Moodle.
Literature The course is mostly based on the textbook by R. Serrano and A. Feldman: "A Short Course in Intermediate Microeconomics with

Calculus" (Cambridge University Press, 2013). Another textbook of interest is "Intermediate Microeconomics: A Modern Approach" by H.
Varian (Norton, 2014). 
Exercises are available in the textbook by R. Serrano and A. Feldman ("A Short Course in Intermediate Microeconomics with Calculus",
Cambridge University Press, 2013). More exercises can be found in the book "Workouts in Intermediate Microeconomics" by T. Bergstrom
and H. Varian (Norton, 2010).

363-1017-00L Risk and Insurance Economics W  3 credits 2G I. Gemmo
Abstract The course covers economics of risk and insurance. Topics covered are fundamentals of risk, individual decision making under risk,

fundamentals of insurance, information asymmetries in insurance markets, and the macroeconomic role of insurers.
Objective The goal is to introduce students to basic concepts of risk, risk management and economics of insurance.
Content - fundamentals of risk

- individual decision making under risk 
- fundamentals of insurance
- information asymmetries in insurance markets 
- the macroeconomic role of insurers
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Literature Main literature:

- Eeckhoudt, L., Gollier, C., & Schlesinger, H. (2005). Economic and Financial Decisions under Risk. Princeton University Press.
- Zweifel, P., & Eisen, R. (2012). Insurance Economics. Springer.


Further readings: 

- Dionne, G. (Ed.). (2013). Handbook of Insurance (2nd ed.). Springer.
- Hufeld, F., Koijen, R. S., & Thimann, C. (Eds.). (2017). The Economics, Regulation, and Systemic Risk of Insurance Markets. Oxford
University Press.
- Niehaus, H., & Harrington, S. (2003). Risk Management and Insurance (2nd ed.). McGraw Hill.
- Rees, R., & Wambach, A. (2008). The Microeconomics of Insurance, Foundations and Trends® in Microeconomics, 4(1–2), 1-163.

 Finance
Number Title Type ECTS Hours Lecturers

401-8916-00L Advanced Corporate Finance II (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: MFOEC144

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  3 credits 2V University lecturers

Abstract To provide the students with good understanding of the problems and issues in corporate finance.
Objective To provide the students with good understanding of the problems and issues in corporate finance.
Content The following topics are covered in this course: the role of information and incentives in determining the forms of financing a firm chooses;

hedging; venture capital; initial public offerings; investment in very large projects; the setting up of a "bad" bank; the securitisation of
commercial and industrial loans; the transfer of catastrophe risk to financial markets; agency in insurance; and dealing with a run on an
insurance company.

Lecture notes See: http://www.isb.uzh.ch/institut/staff/habib.michel/teaching/
Literature See: http://www.isb.uzh.ch/institut/staff/habib.michel/teaching/

401-8915-00L Advanced Financial Economics (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: MFOEC206

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  6 credits 4G University lecturers

Abstract Portfolio Theory, CAPM, Financial Derivatives, Incomplete Markets, Corporate Finance, Behavioural Finance, Evolutionary Finance
Objective Students should get familiar with the cornerstones of modern financial economics.
Prerequisites /
notice

This course replaces "Advanced Financial Economics" (MFOEC105), which will be discontinued. Students who have taken "Advanced
Financial Economics" (MFOEC105) in the past, are not allowed to book this course "Advanced Financial Economics" (MFOEC206).
There will be a podcast for this lecture.

 Image Processing and Computer Vision
Number Title Type ECTS Hours Lecturers

227-0384-00L Ultrasound Fundamentals, Imaging, and Medical
Applications
Course is offered for the last time in Spring Semester
2020.

W  4 credits 3G O. Göksel

Abstract Ultrasound is the only imaging modality that is nonionizing (safe), real-time, cost-effective, and portable, with many medical uses in
diagnosis, intervention guidance, surgical navigation, and as a therapeutic option. In this course, we introduce conventional and
prospective applications of ultrasound, starting with the fundamentals of ultrasound physics and imaging.

Objective Students can use the fundamentals of ultrasound, to analyze and evaluate ultrasound imaging techniques and applications, in particular in
the field of medicine, as well as to design and implement basic applications.

Content Ultrasound is used in wide range of products, from car parking sensors, to assessing fault lines in tram wheels. Medical imaging is the eye
of the doctor into body; and ultrasound is the only imaging modality that is nonionizing (safe), real-time, cheap, and portable. Some of its
medical uses include diagnosing breast and prostate cancer, guiding needle insertions/biopsies, screening for fetal anomalies, and
monitoring cardiac arrhythmias. Ultrasound physically interacts with the tissue, and thus can also be used therapeutically, e.g., to deliver
heat to treat tumors, break kidney stones, and targeted drug delivery. Recent years have seen several novel ultrasound techniques and
applications – with many more waiting in the horizon to be discovered.

This course covers ultrasonic equipment, physics of wave propagation, numerical methods for its simulation, image generation,
beamforming (basic delay-and-sum and advanced methods), transducers (phased-, linear-, convex-arrays), near- and far-field effect,
imaging modes (e.g., A-, M-, B-mode), Doppler and harmonic imaging, ultrasound signal processing techniques (e.g., filtering, time-
gain-compensation, displacement tracking), image analysis techniques (deconvolution, real-time processing, tracking, segmentation,
computer-assisted interventions), acoustic-radiation force, plane-wave imaging, contrast agents, micro-bubbles, elastography,
biomechanical characterization, high-intensity focused ultrasound and therapy, lithotripsy, histotripsy, photo-acoustics phenomenon and
opto-acoustic imaging, as well as sample non-medical applications such as the basics of non-destructive testing (NDT).

Hands-on exercises: These will help to apply the concepts learned in the course, using simulation environments (such as Matlab k-Wave
and FieldII toolboxes).  The exercises will involve a mix of design, implementation, and evaluation examples commonly encountered in
practical applications.

Project: Current and relevant applications in the field of ultrasound are offered as project topics. Projects will be carried out throughout the
course, where the project reporting and presentations will be due towards the end of the semester. These will be part of the assessment in
grading.

Prerequisites /
notice

Prerequisites: Familiarity with basic numerical methods.
Basic programming skills in Matlab.

 Information and Communication Technology
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Number Title Type ECTS Hours Lecturers

227-0420-00L Information Theory II
Does not take place this semester.

W  6 credits 2V+2U A. Lapidoth

Abstract This course builds on Information Theory I. It introduces additional topics in single-user communication, connections between Information
Theory and Statistics, and Network Information Theory.

Objective The course has two objectives: to introduce the students to the key information theoretic results that underlay the design of communication
systems and to equip the students with the tools that are needed to conduct research in Information Theory.

Content Differential entropy, maximum entropy, the Gaussian channel and water filling, the entropy-power inequality, Sanov's Theorem, Fisher
information, the broadcast channel, the multiple-access channel, Slepian-Wolf coding, and the Gelfand-Pinsker problem.

Lecture notes n/a
Literature T.M. Cover and J.A. Thomas, Elements of Information Theory, second edition, Wiley 2006

 Material Modelling and Simulation
Number Title Type ECTS Hours Lecturers

327-2201-00L Transport Phenomena II W  5 credits 4G J. Vermant
Abstract Numerical and analytical methods for real-world "Transport Phenomena"; atomistic understanding of transport properties based on kinetic

theory and mesoscopic models; fundamentals, applications, and simulations
Objective The teaching goals of this course are on five different levels:

(1) Deep understanding of fundamentals: kinetic theory, mesoscopic models, ...
(2) Ability to use the fundamental concepts in applications
(3) Insight into the role of boundary conditions
(4) Knowledge of a number of applications
(5) Flavor of numerical techniques: finite elements, lattice Boltzmann, ...

Content Thermodynamics of Interfaces
Interfacial Balance Equations
Interfacial Force-Flux Relations
Polymer Processing
Transport Around a Sphere
Refreshing Topics in Equilibrium Statistical Mechanics
Kinetic Theory of Gases
Kinetic Theory of Polymeric Liquids
Transport in Biological Systems
Dynamic Light Scattering

Lecture notes The course is based on the book D. C. Venerus and H. C. Öttinger, A Modern Course in Transport Phenomena (Cambridge University
Press, 2018)

Literature 1. D. C. Venerus and H. C. Öttinger, A Modern Course in Transport Phenomena (Cambridge University Press, 2018)
2. R. B. Bird, W. E. Stewart, and E. N. Lightfoot, Transport Phenomena, 2nd Ed. (Wiley, 2001)
3. Deen,W. Analysis of Transport Phenomena, Oxford University Press, 2012
4. R. B. Bird, Five Decades of Transport Phenomena (Review Article), AIChE J. 50 (2004) 273-287

Prerequisites /
notice

Complex numbers. Vector analysis (integrability; Gauss' divergence theorem). Laplace and Fourier transforms. Ordinary differential
equations (basic ideas). Linear algebra (matrices; functions of matrices; eigenvectors and eigenvalues; eigenfunctions). Probability theory
(Gaussian distributions; Poisson distributions; averages; moments; variances; random variables). Numerical mathematics (integration).
Statistical thermodynamics (Gibbs' fundamental equation; thermodynamic potentials; Legendre transforms; Gibbs' phase rule; ergodicity;
partition functions; Einstein's fluctuation theory). Linear irreversible thermodynamics (forces and fluxes; Fourier's, Newton's and Fick's laws
for fluxes). Hydrodynamics (local equilibrium; balance equations for mass, momentum, energy and entropy). Programming and simulation
techniques (Matlab, Monte Carlo simulations).

151-0515-00L Continuum Mechanics 2 W  4 credits 2V+1U E. Mazza, R. Hopf
Abstract An introduction to finite deformation continuum mechanics and nonlinear material behavior.  Coverage of basic tensor- manipulations and

calculus, descriptions of kinematics, and balance laws .  Discussion of invariance principles and mechanical response functions for elastic
materials.

Objective To provide a modern introduction to the foundations of continuum mechanics and prepare students for further studies in solid
mechanics and related disciplines.

Content 1. Tensors: algebra, linear operators
2. Tensors: calculus
3. Kinematics: motion, gradient, polar decomposition
4. Kinematics: strain
5. Kinematics: rates
6. Global Balance: mass, momentum
7. Stress: Cauchy's theorem
8. Stress: alternative measures
9. Invariance: observer
10. Material Response: elasticity

Lecture notes None.
Literature Recommended texts:  

(1) Nonlinear solid mechanics, G.A. Holzapfel (2000).  
(2) An introduction to continuum mechanics, M.B. Rubin (2003).

 Quantum Chemistry
Number Title Type ECTS Hours Lecturers

529-0474-00L Quantum Chemistry W  6 credits 3G S. Knecht, T. Weymuth
Abstract Introduction into the basic concepts of electronic structure theory and into numerical methods of quantum chemistry. Exercise classes are

designed to deepen the theory; practical case studies using quantum chemical software to provide a 'hands-on' expertise in applying these
methods.

Objective Nowadays, chemical research can be carried out in silico, an intellectual achievement for which Pople and Kohn have been awarded the
Nobel prize of the year 1998. This lecture shows how that has been accomplished. It works out the many-particle theory of many-electron
systems (atoms and molecules) and discusses its implementation into computer programs. A complete picture of quantum chemistry shall
be provided that will allow students to carry out such calculations on molecules (for accompanying experimental work in the wet lab or as a
basis for further study of the theory).
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Content Basic concepts of many-particle quantum mechanics. Derivation of the many-electron theory for atoms and molecules; starting with the
harmonic approximation for the nuclear problem and with Hartree-Fock theory for the electronic problem to Moeller-Plesset perturbation
theory and configuration interaction and to coupled cluster and multi-configurational approaches. Density functional theory. Case studies
using quantum mechanical software.

Lecture notes Hand outs in German will be provided for each lecture (they are supplemented by (computer) examples that continuously illustrate how the
theory works).

Literature Textbooks on Quantum Chemistry:
F.L. Pilar, Elementary Quantum Chemistry, Dover Publications
I.N. Levine, Quantum Chemistry, Prentice Hall

Hartree-Fock in basis set representation:
A. Szabo and N. Ostlund, Modern Quantum Chemistry: Introduction to Advanced Electronic Structure Theory, McGraw-Hill

Textbooks on Computational Chemistry:
F. Jensen, Introduction to Computational Chemistry, John Wiley & Sons
C.J. Cramer, Essentials of Computational Chemistry, John Wiley & Sons

Prerequisites /
notice

Basic knowledge in quantum mechanics (e.g. through course physical chemistry III - quantum mechanics) required

 Simulation of Semiconductor Devices
 Simulation of Semiconductor Devices (not eligible for credits)

Number Title Type ECTS Hours Lecturers

227-0056-00L Semiconductor Devices E-  4 credits 2V+2U C. Bolognesi
Abstract The course covers the basic principles of semiconductor devices in micro-, opto-, and power electronics. It imparts knowledge both of the

basic physics and on the operation principles of pn-junctions, diodes, contacts, bipolar transistors, MOS devices, solar cells,
photodetectors, LEDs and laser diodes.

Objective Understanding of the basic principles of semiconductor devices in micro-, opto-, and power electronics.
Content Brief survey of the history of microelectronics. Basic physics: Crystal structure of solids, properties of silicon and other semiconductors,

principles of quantum mechanics, band model, conductivity, dispersion relation, equilibrium statistics, transport equations, generation-
recombination (G-R), Quasi-Fermi levels. Physical and electrical properties of the pn-junction. pn-diode: Characteristics, small-signal
behaviour, G-R currents, ideality factor, junction breakdown. Contacts: Schottky contact, rectifying barrier, Ohmic contact, Heterojunctions.
Bipolar transistor: Operation principles, modes of operation, characteristics, models, simulation. MOS devices: Band diagram, MOSFET
operation, CV- and IV characteristics, frequency limitations and non-ideal behaviour. Optoelectronic devices: Optical absorption, solar cells,
photodetector, LED, laser diode.

Lecture notes Lecture slides.
Literature The lecture course follows the book Neamen, Semiconductor Physics and Devices, ISBN 978-007-108902-9, Fr. 89.00
Prerequisites /
notice

Qualifications: Physics I+II

 Systems Design
Number Title Type ECTS Hours Lecturers

151-0530-00L Nonlinear Dynamics and Chaos II W  4 credits 4G G. Haller
Abstract The internal structure of chaos; Hamiltonian dynamical systems; Normally hyperbolic invariant manifolds; Geometric singular perturbation

theory; Finite-time dynamical systems
Objective The course introduces the student to advanced, comtemporary concepts of nonlinear dynamical systems analysis.
Content I. The internal structure of chaos: symbolic dynamics, Bernoulli shift map,  sub-shifts of finite type; chaos is numerical iterations.


II.Hamiltonian dynamical systems: conservation and recurrence, stability of fixed points, integrable systems,  invariant tori, Liouville-
Arnold-Jost Theorem, KAM theory.

III. Normally hyperbolic invariant manifolds: Crash course on differentiable manifolds,  existence, persistence, and smoothness,
applications.
IV. Geometric singular perturbation theory:  slow manifolds  and their stability, physical examples. V. Finite-time dynamical system;
detecting  Invariant manifolds and coherent structures  in finite-time flows

Lecture notes Students have to prepare their own lecture notes
Literature Books will be recommended in class
Prerequisites /
notice

Nonlinear Dynamics I (151-0532-00) or equivalent

363-0588-00L Complex Networks W  4 credits 2V+1U F. Schweitzer, G. Casiraghi
Abstract The course provides an overview of the methods and abstractions used in (i) the quantitative study of complex networks, (ii) empirical

network analysis, (iii) the study of dynamical processes in networked systems, (iv) the analysis of robustness of networked systems, (v) the
study of network evolution, and (vi) data mining techniques for networked data sets.

Objective * the network approach to complex systems, where actors are represented as nodes and interactions are represented as links
* learn about structural properties of classes of networks
* learn about feedback mechanism in the formation of networks
* learn about statistical inference and data mining techniques for data on networked systems
* learn methods and abstractions used in the growing literature on complex networks
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Content Networks matter! This holds for social and economic systems, for technical infrastructures as well as for information systems. Increasingly,
these networked systems are outside the control of a centralized authority but rather evolve in a distributed and self-organized way. How
can we understand their evolution and what are the local processes that shape their global features? How does their topology influence
dynamical processes like diffusion? And how can we characterize the importance of specific nodes? 

This course provides a systematic answer to such questions, by developing methods and tools which can be applied to networks in diverse
areas like infrastructure, communication, information systems, biology or (online) social networks. In a network approach, agents in such
systems (like e.g. humans, computers, documents, power plants, biological or financial entities) are represented as nodes, whereas their
interactions are represented as links. 

The first part of the course, "Introduction to networks: basic and advanced metrics", describes how networks can be represented
mathematically and how the properties of their link structures can be quantified empirically. 

In a second part "Stochastic Models of Complex Networks" we address how analytical statements about crucial properties like
connectedness or robustness can be made based on simple macroscopic stochastic models without knowing the details of a topology.

In the third part we address "Dynamical processes on complex networks". We show how a simple model for a random walk in networks can
give insights into the authority of nodes, the efficiency of diffusion processes as well as the existence of community structures.

A fourth part "Network Optimisation and Inference" introduces models for the emergence of complex topological features which are due to
stochastic optimization processes, as well as statistical methods to detect patterns in large data sets on networks.

In a fifth part, we address "Network Dynamics", introducing models for the emergence of complex features that are due to (i) feedback
phenomena in simple network growth processes or (iii) order correlations in systems with highly dynamic links.

A final part "Research Trends" introduces recent research on the application of data mining and machine learning techniques to relational
data.

Lecture notes The lecture slides are provided as handouts - including notes and literature sources - to registered students only. 
All material is to be found on Moodle at the following URL: https://moodle-app2.let.ethz.ch/course/view.php?id=12428

Literature See handouts. Specific literature is provided for download - for registered students, only.
Prerequisites /
notice

There are no pre-requisites for this course. Self-study tasks (to be solved analytically and by means of computer simulations) are provided
as home work. Weekly exercises (45 min) are used to discuss selected solutions. Active participation in the exercises is strongly suggested
for a successful completion of the final exam.

363-0543-00L Agent-Based Modelling of Social Systems W  3 credits 2V+1U F. Schweitzer
Abstract Agent-based modeling is introduced as a bottom-up approach to understand the complex dynamics of social systems. The course is based

on formal models of agents and their interactions. Computer simulations using Python allow the quantitative analysis of a wide range of
social phenomena, e.g. cooperation and competition, opinion dynamics, spatial interactions and behaviour in social networks.

Objective A successful participant of this course is able to
- understand the rationale of agent-based models of social systems
- understand the relation between rules implemented at the individual level and the emerging behavior at the global level
- learn to choose appropriate model classes to characterize different social systems
- grasp the influence of agent heterogeneity on the model output
- efficiently implement agent-based models using Python and visualize the output

Content This full-featured course on agent-based modeling (ABM) allows participants with no prior expertise to understand concepts, methods and
tools of ABM, to apply them in their master or doctoral thesis. We focus on a formal description of agents and their interactions, to allow for
a suitable implementation in computer simulations. Given certain rules for the agents, we are interested to model their collective dynamics
on the systemic level.

Agent-based modeling is introduced as a bottom-up approach to understand the complex dynamics of social systems.
Agents represent the basic constituents of such systems. The are described by internal states or degrees of freedom (opinions, strategies,
etc.), the ability to perceive and change their environment, and the ability to interact with other agents. Their individual (microscopic)
actions and interactions with other agents, result in macroscopic (collective, system) dynamics with emergent properties, which we want to
understand and to analyze.

The course is structured in three main parts. The first two parts introduce two main agent concepts - Boolean agents and Brownian agents,
which differ in how the internal dynamics of agents is represented. Boolean agents are characterized by binary internal states, e.g. yes/no
opinion, while Brownian agents can have a continuous spectrum of internal states, e.g. preferences and attitudes.  The last part introduces
models in which agents interact in physical space, e.g. migrate or move collectively.  

Throughout the course, we will discuss a wide variety of application areas, such as:
 - opinion dynamics and social influence,
 - cooperation and competition,
 - online social networks,
 - systemic risk
 - emotional influence and communication
 - swarming behavior
 - spatial competition
   
While the lectures focus on the theoretical foundations of agent-based modeling, weekly exercise classes provide practical skills. Using the
Python programming language, the participants implement agent-based models in guided and in self-chosen projects, which they present
and jointly discuss.

Lecture notes The lecture slides will be available on the Moodle platform, for registered students only.
Literature See handouts. Specific literature is provided for download, for registered students only.
Prerequisites /
notice

Participants of the course should have some background in mathematics and an interest in formal modeling and in computer simulations,
and should be motivated to learn about social systems from a quantitative perspective.

Prior knowledge of Python is not necessary.

Self-study tasks are provided as home work for small teams (2-4 members).
Weekly exercises (45 min) are used to discuss the solutions and guide the students.
 
The examination will account for 70% of the grade and will be conducted electronically. The "closed book" rule applies: no books, no
summaries, no lecture materials. The exam questions and answers will be only in English. The use of a paper-based dictionary is
permitted. 
The group project to be handed in at the beginning of July will count 30% to the final grade.
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 Theoretical Physics
In the Master's programme in Applied Mathematics 402-0204-00L Electrodynamics is eligible as a course unit in the application area Theoretical
Physics, but only if 402-0224-00L Theoretical Physics wasn't or isn't recognised for credits (neither in the Bachelor's nor in the Master's programme).
For the category assignment take contact with the Study Administration Office (www.math.ethz.ch/studiensekretariat) after having received the credits.

Number Title Type ECTS Hours Lecturers

402-0812-00L Computational Statistical Physics W 8 credits 2V+2U O. Zilberberg
Abstract Computer simulation methods in statistical physics. Classical Monte-Carlo-simulations: finite-size scaling, cluster algorithms, histogram-

methods, renormalization group. Application to Boltzmann machines. Simulation of non-equilibrium systems.

Molecular dynamics simulations: long range interactions, Ewald summation, discrete elements, parallelization.

Objective The lecture will give a deeper insight into computer simulation methods in statistical physics. Thus, it is an ideal continuation of the lecture
"Introduction to Computational Physics" of the autumn semester. In the first part students learn to apply the following methods: Classical
Monte Carlo-simulations, finite-size scaling, cluster algorithms, histogram-methods, renormalization group. Moreover, students learn about
the application of statistical physics methods to Boltzmann machines and how to simulate non-equilibrium systems.

In the second part, students apply molecular dynamics simulation methods. This part includes long range interactions, Ewald summation
and discrete elements.

Content Computer simulation methods in statistical physics. Classical Monte-Carlo-simulations: finite-size scaling, cluster algorithms, histogram-
methods, renormalization group. Application to Boltzmann machines. Simulation of non-equilibrium systems. Molecular dynamics
simulations: long range interactions, Ewald summation, discrete elements, parallelization.

Lecture notes Lecture notes and slides are available online and will be distributed if desired.
Literature Literature recommendations and references are included in the lecture notes.
Prerequisites /
notice

Some basic knowledge about statistical physics, classical mechanics and computational methods is recommended.

402-0810-00L Computational Quantum Physics
Special Students UZH must book the module PHY522
directly at UZH.

W  8 credits 2V+2U T. Neupert, M. H. Fischer

Abstract This course provides an introduction to simulation methods for quantum systems, starting with the one-body problem and finishing with
quantum field theory, with special emphasis on quantum many-body systems. Both approximate methods (Hartree-Fock, density functional
theory) and exact methods (exact diagonalization, quantum Monte Carlo) are covered.

Objective The goal is to become familiar with computer simulation techniques for quantum physics, through lectures and practical programming
exercises.

402-0206-00L Quantum Mechanics II W  10 credits 3V+2U G. Blatter
Abstract Many-body quantum physics rests on symmetry considerations that lead to two kinds of particles, fermions and bosons. Formal techniques

include Hartree-Fock theory and second-quantization techniques, as well as quantum statistics with ensembles. Few- and many-body
systems include atoms, molecules, the Fermi sea, elastic chains, radiation and its interaction with matter, and ideal quantum gases.

Objective Basic command  of few- and many-particle physics for fermions and bosons, including second quantisation and quantum statistical
techniques. Understanding of elementary many-body systems such as atoms, molecules, the Fermi sea, electromagnetic radiation and its
interaction with matter, ideal quantum gases and relativistic theories.

Content The description of indistinguishable particles leads us to (exchange-) symmetrized wave functions for fermions and bosons. We discuss
simple few-body problems (Helium atoms, hydrogen molecule) und proceed with a systematic description of fermionic many body problems
(Hartree-Fock approximation, screening, correlations with applications on atomes and the Fermi sea). The second quantisation formalism
allows for the compact description of the Fermi gas, of elastic strings (phonons), and the radiation field (photons). We study the interaction
of radiation and matter and the associated phenomena of radiative decay, light scattering, and the Lamb shift. Quantum statistical
description of ideal Bose and Fermi gases at finite temperatures concludes the program. If time permits, we will touch upon of relativistic
one particle physics, the Klein-Gordon equation for spin-0 bosons and the Dirac equation describing spin-1/2 fermions.

Lecture notes Quanten Mechanik I und II in German.
Literature G. Baym, Lectures on Quantum Mechanics (Benjamin, Menlo Park, California, 1969)

L.I. Schiff, Quantum Mechanics (Mc-Graw-Hill, New York, 1955)
A. Messiah, Quantum Mechanics I & II (North-Holland, Amsterdam, 1976)
E. Merzbacher, Quantum Mechanics (John Wiley, New York, 1998)
C. Cohen-Tannoudji, B. Diu, F. Laloe, Quantum Mechanics I & II (John Wiley, New York, 1977)
P.P. Feynman and A.R. Hibbs, Quantum Mechanics and Path Integrals (Mc Graw-Hill, New York, 1965)
A.L. Fetter and J.D. Walecka, Theoretical Mechanics of Particles and Continua (Mc Graw-Hill, New York, 1980)
J.J. Sakurai, Modern Quantum Mechanics (Addison Wesley, Reading, 1994)
J.J. Sakurai, Advanced Quantum mechanics (Addison Wesley)
F. Gross, Relativistic Quantum Mechanics and Field Theory (John Wiley, New York, 1993)

Prerequisites /
notice

Basic knowledge of single-particle Quantum Mechanics

402-0871-00L Solid State Theory
UZH students are not allowed to register this course unit
at ETH. They must book the corresponding module
directly at UZH.

W  10 credits 4V+1U M. Sigrist

Abstract The course is addressed to students in experimental and theoretical condensed matter physics and provides a theoretical introduction to a
variety of important concepts used in this field.

Objective The course provides a theoretical frame for the understanding of basic pinciples in solid state physics. Such a frame includes the topics of
symmetries, band structures, many body interactions, Landau Fermi-liquid theory, and specific topics such as transport, Quantum Hall
effect and magnetism. The exercises illustrate the various themes in the lecture and help to develop problem-solving skills. The student
understands basic concepts in solid state physics and is able to solve simple problems. No diagrammatic tools will be used.

Content The course is addressed to students in experimental and theoretical condensed matter physics and provides a theoretical introduction to a
variety of important concepts used in this field. The following subjects will be covered: Symmetries and their handling via group theoretical
concepts, electronic structure in crystals, insulators-semiconductors-metals, phonons, interaction effects, (un-)screened Fermi-liquids,
linear response theory, collective modes, screening, transport in semiconductors and metals, magnetism, Mott-insulators, quantum-Hall
effect.

Lecture notes in English

402-0844-00L Quantum Field Theory II
UZH students are not allowed to register this course unit
at ETH. They must book the corresponding module
directly at UZH.

W  10 credits 3V+2U G. Isidori

Abstract The subject of the course is modern applications of quantum field theory with emphasis on the quantization of non-abelian gauge theories.
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Objective The goal of this course is to lay down the path integral formulation of quantum field theories and in particular to provide a solid basis for the
study of non-abelian gauge theories and of the Standard Model

Content The following topics will be covered:
- path integral quantization
- non-abelian gauge theories and their quantization
- systematics of renormalization, including BRST symmetries,
  Slavnov-Taylor Identities and the Callan Symanzik equation 
- the Goldstone theorem and the Higgs mechanism
- gauge theories with spontaneous symmetry breaking and
  their quantization
- renormalization of spontaneously broken gauge theories and 
  quantum effective actions

Literature M.E. Peskin and D.V. Schroeder, "An introduction to Quantum Field Theory", Perseus (1995).
S. Pokorski, "Gauge Field Theories" (2nd Edition), Cambridge Univ. Press (2000)
P. Ramond, "Field Theory: A Modern Primer" (2nd Edition), Westview Press (1990)
S. Weinberg, "The Quantum Theory of Fields" (Volume 2), CUP (1996).

402-0394-00L Theoretical Cosmology
UZH students are not allowed to register this course unit
at ETH. They must book the corresponding module
directly at UZH.

W  10 credits 4V+2U L. M. Mayer, J. Yoo

Abstract This is the second of a two course series which starts with "General Relativity" and continues in the spring with "Theoretical Astrophysics
and Cosmology", where the focus will be on applying general relativity to cosmology as well as developing the modern theory of structure
formation in a cold dark matter Universe.

Objective Learning the fundamentals of modern physical cosmology. This
entails understanding the physical principles behind the description
of the homogeneous Universe on large scales in the first part of the
course, and moving on to the inhomogeneous Universe model where
perturbation theory is used to study the development of structure
through gravitational instability in the second part of the course.
Modern notions of dark matter and dark energy will also be introduced and discussed.

Content The course will cover the following topics:
- Homogeneous cosmology
- Thermal history of the universe, recombination, baryogenesis and nucleosynthesis
- Dark matter and Dark Energy
- Inflation
- Perturbation theory: Relativistic and Newtonian
- Model of structure formation and initial conditions from Inflation
- Cosmic microwave background anisotropies
- Spherical collapse and galaxy formation
- Large scale structure and cosmological probes

Literature Suggested textbooks:
H.Mo, F. Van den Bosch, S. White: Galaxy Formation and Evolution
S. Carroll: Space-Time and Geometry: An Introduction to General Relativity
S. Dodelson: Modern Cosmology
Secondary textbooks: 
S. Weinberg: Gravitation and Cosmology
V. Mukhanov: Physical Foundations of Cosmology
E. W. Kolb and M. S. Turner: The Early Universe
N. Straumann: General relativity with applications to astrophysics
A. Liddle and D. Lyth: Cosmological Inflation and Large Scale Structure

Prerequisites /
notice

Knowledge of General Relativity is recommended.

Electives Theoretical Physics

 Transportation Science
Number Title Type ECTS Hours Lecturers

101-0478-00L Measurement and Modelling of Travel Behaviour W  6 credits 4G K. W. Axhausen
Abstract Comprehensive introduction to survey methods in transport planning and modeling of travel behavior, using advanced discrete choice

models.
Objective Enabling the student to understand and apply the various measurement approaches and models of modelling travel behaviour.
Content Behavioral model and measurement; travel diary, design process, hypothetical markets, discrete choice model, parameter estimation,

pattern of travel behaviour, market segments, simulation, advanced discrete choice models
Lecture notes Various papers and notes are distributed during the course.

 Seminars and Semester Papers
 Seminars

This semester, many seminars have a waiting list with special selection procedure. If no other criteria apply, a definitive registration will be granted first
of all to students who haven't got another seminar registration. Here is the best procedure for dealing with two waiting lists: first choose your preferred
seminar and afterwards choose an alternative seminar.

Number Title Type ECTS Hours Lecturers

401-3110-20L Quadratic Forms, Markov Numbers and Diophantine
Approximation
Number of participants limited to 22.

W  4 credits 2S P. Bengoechea Duro

Abstract In 1880 Andrei A. Markov discovered beautiful connections between minima of binary real quadratic forms, badly approximable numbers by
rationals, and a certain Diophantine equation which describes an affine cubic surface, now and days called Markov surface. We will use
Markov's theory as a unifying thread to talk about quadratic forms, Diophantine approximation and hyperbolic geometry.

Content Continued fractions; representation of real numbers by rationals; Hurwitz's theorem; Lagrange spectrum; badly approximable numbers;
binary quadratic forms; Markov numbers; Markov tree; geometric interpretation of Markov numbers; the still open Unicity Conjecture

401-3180-20L Introduction to Homotopy Theory and Model Category
Structure
Number of participants limited to 24.

W  4 credits 2S J. Ducoulombier
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Abstract Introductory seminar about category theory and techniques in Algebraic topology such as model category structure and "homotopy" limits
and colimits.

Objective It is well known that topological spaces are endowed with a homotopy theory classifying objects up to continuous deformations. Model
categories provide a natural setting for homotopy theory and it has been used in some parts of algebraic K-theory, algebraic geometry and
algebraic topology, where homotopy-theoretic approaches led to deep results. 


The goal of this seminar is to get an introduction to model structures through examples (topological spaces, simplicial sets, chains
complexes...). To get further into this theory, we develop the notion of derived functors with applications to homotopy limits and colimits.

Literature "Homotopy theories and model categories" Dwyer and Spalinski

"A primer on homotopy colimits" Dugger

"Model categories" Hovey

Prerequisites /
notice

The students are expected to be familiar with topological spaces
and fundamental groups.

This seminar takes the form of a working group, where interactions are encouraged. Participants are expected to attend the seminar, give a
presentation and write a report. Topic will be assigned during the first meeting.

401-3200-69L A Survey of Geometric Group Theory
Number of participants limited to 24.

W  4 credits 2S M. Cordes

Abstract In this class we will cover some of the tools, techniques, and groups central to the study of geometric group theory. After introducing the
basic concepts (groups and metric spaces), we will branch out and sample different topics in geometric group theory based on the interest
of the participants.

Objective To learn and understand a wide range of tools and groups central to the field of geometric group theory.
Content Possible topics include: properties of free groups and groups acting on trees, large scale geometric invariants (Dehn functions,

hyperbolicity, ends of groups, asymptotic dimension, growth of groups), and examples of notable and interesting groups (Coxeter groups,
right-angled Artin groups, lamplighter groups, Thompson's group, mapping class groups, and braid groups).

Literature The topics will be chosen from "Office Hours with a Geometric Group Theorist" edited by Matt Clay and Dan Margalit.
Prerequisites /
notice

One should be familiar with the basics of groups, metric spaces, and topology (should be familiar with the fundamental group).

401-3030-19L The Axiom of Choice
Number of participants limited to 44. 
If the number of registrations exceeds 30, then the
seminar will be duplicated.

W  4 credits 2S L. Halbeisen

Abstract Es werden verschiedene Aspekte des Auswahlaxioms untersucht. Einerseits werden Konsequenzen des Auswahlaxioms behandelt,
andererseits werden auch Modelle der Mengenlehre konstruiert, in denen das Auswahlaxiom nicht gilt.

Content Es werden verschiedene Aspekte des Auswahlaxioms untersucht. 

Im Seminar A, von 13-15 Uhr, werden äquivalente Formen und Konsequenzen des Auswahlaxioms behandelt

Im Seminar B, von 15-17 Uhr, werden Modelle der Mengenlehre konstruiert, in denen nur abgeschwächte Formen des Auswahlaxioms
gelten, nicht aber das volle Auswahlaxiom.

401-4530-20L Analysis Aspects of Minimal Surfaces
Number of participants limited to 12.

W  4 credits 2S T. Rivière

401-3200-16L Power Sums of Coxeter Exponents (With Some
Insight Into the Evolution of an Article)
Number of participants limited to 12.

W  4 credits 2S R. Suter

Abstract In addition to its mathematical content, this seminar shall provide an insight into what is usually hidden away from the reader of an article.
Objective The gradual development from an initial wish to make progress on a certain topic towards a published article is usually hidden away in the

final text. The idea of this seminar is to have a look at the two author paper "Power sums of Coxeter exponents" (Advances in Mathematics
231 (2012), 1291-1307), that arose entirely by means of email correspondence, and to make accessible some excerpts from this
correspondence in order to gain some insight into how the article evolved. This might be instructive in particular with regard to the students'
own research ambitions.

Literature J. Burns, R. Suter: Power sums of Coxeter exponents, Adv. Math. 231 (2012), 1291-1307.
www.sciencedirect.com/science/article/pii/S0001870812002411

Prerequisites /
notice

No prior knowledge of Coxeter exponents is required because some relevant stuff about Coxeter groups and root systems shall be
explained in an early seminar talk.

401-3350-20L Topics in Partial Differential Equations
Number of participants limited to 12.

W  4 credits 2S M. Iacobelli

401-3650-19L Numerical Analysis Seminar: Mathematics of Deep
Neural Network Approximation
Number of participants limited to 6. Priority will be given to
MSc students who did not complete a seminar.

W  4 credits 2S C. Schwab

Abstract This seminar will review recent _mathematical results_ on approximation power of deep neural networks (DNNs). The focus will be on
mathematical proof techniques to obtain approximation rate estimates (in terms of neural network size and connectivity) on various classes
of input data including, in particular, selected types of PDE solutions.
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Content Presentation of the Seminar:
Deep Neural Networks (DNNs) have recently attracted substantial
interest and attention due to outperforming the best established
techniques in a number of tasks (Chess, Go, Shogi, 
autonomous driving, language translation, image classification, etc.).
In many cases, these successes have been achieved by 
heuristic implementations combined 
with massive compute power and training data.
For a (bird's eye) overview, see 
https://arxiv.org/abs/1901.05639
and, more mathematical and closer to the seminar theme,
https://arxiv.org/abs/1901.02220

This seminar will review recent _mathematical results_ 
on approximation power of deep neural networks (DNNs).
The focus will be on mathematical proof techniques to
obtain approximation rate estimates (in terms of neural network
size and connectivity) on various classes of input data
including, in particular, selected types of PDE solutions.
Mathematical results support that DNNs can
equalize or outperform the best mathematical results
known to date.

Particular cases comprise:
high-dimensional parametric maps,
analytic and holomorphic maps,
maps containing multi-scale features which arise as solution classes from PDEs,
classes of maps which are invariant under group actions.

Prerequisites /
notice

Each seminar topic will allow expansion to a semester or a 
master thesis in the MSc MATH or MSc Applied MATH.

The seminar format will be oral student presentations in 
the first half of May 2020, combined with a written report. 
Student presentations will be 
based on a recent research paper selected in two meetings 
at the start of the semester (end of February).

Disclaimer:
The seminar will _not_ address recent developments in DNN software, 
such as training heuristics, or programming techniques
for DNN training in various specific applications.

401-3660-20L Numerical Analysis Seminar: Tensor-Structured
Methods in Scientific Computing
Number of participants limited to 6. Priority will be given to
MSc students who did not complete a seminar.

W  4 credits 2S M. Rakhuba

Abstract In the last decade, there has been active development of tensor methods for high-dimensional problems emerging from scientific
computing and data analysis applications. Their goal is to approximate the arising multidimensional data with a small number of parameters
using tensor decompositions. In this seminar, we focus on the advances in this field in the context of partial differential equations.

401-4420-20L Gabor Frames
Does not take place this semester.
Number of participants limited to 6.

W  4 credits 2S R. Alaifari

Abstract The seminar will start with a brief introduction to the theory of frames in Hilbert spaces. Then, the seminar will be devoted to the
introduction and the study of the Gabor transform in time-frequency analysis which naturally fits into the theory of frames.
Every participant will be assigned a paper covering a central result concerning the Gabor transform in signal processing.

Objective Learning the fundamental notions and results in frame theory and Gabor analysis.

401-3600-20L Student Seminar in Probability Theory
Limited number of participants.
Registration to the seminar will only be effective once
confirmed by email from the organizers.

W  4 credits 2S A.-S. Sznitman, J. Bertoin,
V. Tassion, W. Werner

401-3620-20L Student Seminar in Statistics: Inference in Non-
Classical Regression Models
Number of participants limited to 24.
Mainly for students from the Mathematics Bachelor and
Master Programmes who, in addition to the introductory
course unit 401-2604-00L Probability and Statistics, have
heard at least one core or elective course in statistics.
Also offered in the Master Programmes Statistics resp.
Data Science.

W  4 credits 2S F. Balabdaoui

Abstract Review of some non-standard regression models and the statistical properties of estimation methods in such models.
Objective The main goal is the students get to discover some less known regression models which either generalize the well-known linear model  (for

example monotone regression) or violate some of the most fundamental assumptions (as in shuffled or unlinked regression models).
Content Linear regression is one of the most used models for prediction and hence one of the most understood in statistical literature. However,

linearity might too simplistic to capture the actual relationship between some response and given covariates. Also, there are many real data
problems where linearity is plausible but the actual pairing between the observed covariates and responses is completely lost or at partially.
In this seminar, we review some of the non-classical regression models and the statistical properties of the estimation methods considered
by well-known statisticians and machine learners. This will encompass:
1. Monotone regression
2. Single index model
3. Unlinked regression
4. Partially unlinked regression

Lecture notes No script is necessary for this seminar
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Literature In the following is the material that will read and studied by each pair of students  (all the items listed below are available through the ETH
electronic library or arXiv):

1. Chapter 2 from the book "Nonparametric estimation under shape constraints"  by P. Groeneboom and G. Jongbloed, 2014, Cambridge
University Press

2. "Nonparametric shape-restricted regression" by A. Guntuoyina and B. Sen, 2018, Statistical Science, Volume 33, 568-594

3. "Asymptotic distributions for two estimators of the single index model" by Y. Xia, 2006, Econometric Theory, Volume 22, 1112-1137   

4. "Least squares estimation in the monotone single index model" by F. Balabdaoui, C. Durot and H. K. Jankowski, Journal of Bernoulli,
2019, Volume 4B, 3276-3310

5. "Least angle regression"  by B. Efron, T. Hastie, I. Johnstone, and R. Tibshirani, 2004, Annals of Statsitics, Volume  32,  407-499.

6. "Sharp thresholds for high dimensional  and noisy sparsity recovery using l1-constrained quadratic programming (Lasso)" by M.
Wainwright, 2009, IEEE transactions in Information Theory, Volume 55, 1-19

7."Denoising linear models with permuted data" by A. Pananjady, M. Wainwright and T. A. Courtade and , 2017, IEEE International
Symposium on Information Theory, 446-450.

8. "Linear regression with shuffled data: statistical and computation limits of permutation recovery" by  A. Pananjady, M. Wainwright and T.
A. Courtade , 2018, IEEE transactions in Information Theory, Volume 64, 3286-3300

9. "Linear regression without correspondence" by D. Hsu, K. Shi and X. Sun, 2017, NIPS

10. "A pseudo-likelihood approach to linear regression with partially shuffled data" by M. Slawski, G. Diao, E. Ben-David, 2019, arXiv.

11. "Uncoupled isotonic  regression via minimum Wasserstein deconvolution" by P. Rigollet and J. Weed, 2019, Information and Inference,
Volume 00,  1-27

401-4910-20L Seminar on Mean-Field Games
Limited number of participants.
Registration to the seminar will only be effective once
confirmed by email from the organiser.

W  4 credits 2S C. Czichowsky

Abstract Mean-field games provide a tractable model of large population strategic games. Introduced in the seminal works of Lasry and Lions, and
Huang, Malhame and Caines, mean-field games enjoy growing interest by researchers and a wide variety of applications.
In this seminar we want to acquaint ourselves with the basic problem formulation and some approaches to study such games.

Objective Student should be at a sufficiently advanced level to present selected topics from research papers and books. The seminar will take an
intermediate form, somewhere between a student seminar and a graduate reading course. As such, participants should be motivated to
prepare a presentation based on research articles, but also willing to consult more senior participants for feedback and help if needed.
Roughly the first half of the planned talks is suitable for masters students with a firm understanding of the probabilistic and analytic
techniques, the remaining talks will be given by more advanced participants.

Content The seminar will begin by recalling classical control theory, known results from stochastic differential games and then quickly progress to
research-level topics on mean-field games. Over the course of the seminar we aim to gain a solid overview of current research on this
topic. The typical participant will be an advanced graduate student, doctoral student or a postdoc, not necessarily an expert on the topic but
interested in jointly learning the subject.
The mean-field games literature employs an interesting mix of techniques form PDEs, stochastic analysis and optimal transport theory. The
seminar provides a good staring point for students to write a M.Sc. thesis in this or related areas.

Literature The seminar outline and references are available on the course website:
https://metaphor.ethz.ch/x/2020/fs/401-4910-20L/

Prerequisites /
notice

Please contact Robert (rc@math.ethz.ch) upon registering for the Seminar.

Requirements:
Students are required to meet with an assistant for the seminar twice before their talk. The first meeting is intended to discuss the basic
outline and topics covered, the a second meeting to clarify questions and make sure the talk is coherently planed in order to lay the
foundations for the following talks. 

Prerequisites: 
Please consult the seminar website and outline for details.

401-3900-16L Advanced Topics in Discrete Optimization
Number of participants limited to 12.

W  4 credits 2S C. Angelidakis, A. A. Kurpisz,
R. Zenklusen

Abstract In this seminar we will discuss selected topics in discrete optimization. The main focus is on mostly recent research papers in the field of
Combinatorial Optimization.

Objective The goal of the seminar is twofold. First, we aim at improving students' presentation and communication skills. In particular, students are to
present a research paper to their peers and the instructors in a clear and understandable way. Second, students learn a selection of recent
cutting-edge approaches in the field of Combinatorial Optimization by attending the other students' talks. A very active participation in the
seminar helps students to build up the necessary skills for parsing and digesting advanced technical texts on a significantly higher
complexity level than usual textbooks.

A key goal is that students prepare their presentations in a concise and accessible way to make sure that other participants get a clear idea
of the presented results and techniques.

Students intending to do a project in optimization are strongly encouraged to participate.

Content The selected topics will cover various classical and modern results in Combinatorial Optimization.

Contrary to prior years, a very significant component of the seminar will be interactive discussions where active participation of the students
is required.

Literature The learning material will be in the form of scientific papers.
Prerequisites /
notice

Requirements: We expect students to have a thorough understanding of topics covered in the course "Mathematical Optimization".

401-3940-20L Student Seminar in Mathematics and Data:
Optimization of Random Functions
Number of participants limited to 12.

W  4 credits 2S A. Bandeira
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Abstract More information at course webpage:
https://people.math.ethz.ch/~abandeira/Spring2020.StudentSeminar.html

401-3530-20L Stokes Phenomenon and Isomonodromy Equations
Does not take place this semester.
Number of participants limited to 12.
The seminar does not take place in the Spring Semester
2020.

W  4 credits 2S G. Felder

Abstract Ordinary differential equations with irregular singularities, Stokes phenomenon, isomonodromy deformations and appications.
Content This seminar is about the study of ordinary differential equations with poles and its application in mathematical physics. 

When a system of differential equations has an irregular singularity, such as a pole of order two or higher, a solution may fail to have a well-
defined asymptotic expansion at the singular locus. Instead, there is a collection of angular sectors surrounding the singular locus, in each
of which an asymptotic expansion is defined. The existence of such sectorial asymptotic expansions is what is called the “Stokes
phenomenon”.

The Stokes phenomenon has found remarkable applications in different areas of mathematics and physics, such as in cohomological field
theory, the study of stability conditions, noncommutative Hodge theory, cluster algebras, quantum groups and so on. In particular, the
Stokes phenomenon is the essential ingredient in an irregular version of the Riemann-Hilbert correspondence, where the moduli space of
differential equations with irregular singularities is described in terms of its associated generalized monodromy data (Stokes matrices).
Moreover, the crucial role of the Stokes phenomenon in the study of representation theory and integrable systems is only beginning to
emerge. The first 9 talks will include a general introduction to Stokes phenomenon and isomonodromy deformation. The last 3 talks of the
seminar will focus on its applications.

Literature Werner Balser, Formal Power Series and Linear Systems of Meromorphic Ordinary Differential Equations, Chapter 1-9, Springer.

P. Boalch, Stokes matrices, Poisson Lie groups and Frobenius manifolds, Invent. Math. 146 (2001), 479–506. 

P. Boalch, G-bundles, isomonodromy and quantum Weyl groups, Int. Math. Res. Not. (2002), no. 22, 1129–1166.

B. Dubrovin, Geometry of 2d topological field theory, Lecture 1-3, https://arxiv.org/pdf/hep-th/9407018.pdf.

B. Dubrovin, Painleve transcendents in two-dimensional topological field theory, The Painleve property, Springer, New York, 1999, pp.
287–412.

252-4102-00L Seminar on Randomized Algorithms and Probabilistic
Methods
The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

Number of participants limited to 24.

W  2 credits 2S A. Steger

Abstract The aim of the seminar is to study papers which bring the students to the forefront of today's research topics. This semester we will study
selected papers of the conference Symposium on Discrete Algorithms (SODA18).

Objective Read papers from the forefront of today's research; learn how to give a scientific talk.
Prerequisites /
notice

The seminar is open for both students from mathematics and students from computer science. As prerequisite we require that you passed
the course Randomized Algorithms and Probabilistic Methods (or equivalent, if you come from abroad).

263-4203-00L Geometry: Combinatorics and Algorithms
The deadline for deregistering expires at the end of the
second week of the semester. Students who are still
registered after that date, but do not attend the seminar,
will officially fail the seminar.

W  2 credits 2S B. Gärtner, M. Hoffmann, E. Welzl,
M. Wettstein

Abstract This seminar complements the course Geometry: Combinatorics & Algorithms. Students of the seminar will present original research
papers, some classic and some of them very recent. 

Objective Each student is expected to read, understand, and elaborate on a selected research paper. To this end, (s)he should give a 45-min.
presentation about the paper. The process includes

* getting an overview of the related literature;
* understanding and working out the background/motivation:
why and where are the questions addressed relevant?
* understanding the contents of the paper in all details;
* selecting parts suitable for the presentation;
* presenting the selected parts in such a way that an audience
with some basic background in geometry and graph theory can easily understand and appreciate it.

Content This seminar is held once a year and complements the course Geometry: Combinatorics & Algorithms. Students of the seminar will present
original research papers, some classic and some of them very recent. The seminar is a good preparation for a master, diploma, or
semester thesis in the area.

Prerequisites /
notice

Prerequisite: Successful participation in the course "Geometry: Combinatorics & Algorithms" (takes place every HS) is required.

 Semester Papers
There are several course units "Semester Paper" that are all equivalent. If, during your studies, you write several semester papers, choose among the
different numbers in order to be able to obtain credits again.

Number Title Type ECTS Hours Lecturers

401-3750-01L Semester Paper
Successful participation in the course unit 401-2000-00L
Scientific Works in Mathematics is required.
For more information, see
www.math.ethz.ch/intranet/students/study-
administration/theses.html

W  8 credits 11A Supervisors

Abstract Semester Papers help to deepen the students' knowledge of a specific subject area. Students are offered a selection of topics. These
papers serve to develop the students' ability for independent mathematical work as well as to enhance skills in presenting mathematical
results in writing.

Prerequisites /
notice

There are several course units "Semester Paper" that are all equivalent. If, during your studies, you write several semester papers, choose
among the different numbers in order to be able to obtain credits again.
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401-3750-02L Semester Paper (No. 2)
Successful participation in the course unit 401-2000-00L
Scientific Works in Mathematics is required.
For more information, see
www.math.ethz.ch/intranet/students/study-
administration/theses.html

W  8 credits 11A Supervisors

Abstract Semester Papers help to deepen the students' knowledge of a specific subject area. Students are offered a selection of topics. These
papers serve to develop the students' ability for independent mathematical work as well as to enhance skills in presenting mathematical
results in writing.

Prerequisites /
notice

There are several course units "Semester Paper" that are all equivalent. If, during your studies, you write several semester papers, choose
among the different numbers in order to be able to obtain credits again.

401-3750-03L Semester Paper (No. 3)
Successful participation in the course unit 401-2000-00L
Scientific Works in Mathematics is required.
For more information, see
www.math.ethz.ch/intranet/students/study-
administration/theses.html

W  8 credits 11A Supervisors

Abstract Semester Papers help to deepen the students' knowledge of a specific subject area. Students are offered a selection of topics. These
papers serve to develop the students' ability for independent mathematical work as well as to enhance skills in presenting mathematical
results in writing.

Prerequisites /
notice

There are several course units "Semester Paper" that are all equivalent. If, during your studies, you write several semester papers, choose
among the different numbers in order to be able to obtain credits again.

 GESS Science in Perspective
Two credits are needed from the "Science in Perspective" programme with language courses excluded if three credits from language courses have
already been recognised for the Bachelor's degree.
see https://ethz.ch/content/dam/ethz/common/docs/weisungssammlung/files-en/science-in-perspective.pdf (Eight credits must be acquired in this
category: normally six during the Bachelor’s degree programme, and two during the Master’s degree programme. A maximum of three credits from
language courses from the range of the Language Center of the University of Zurich and ETH Zurich may be recognised. In addition, only advanced
courses (level B2 upwards) in the European languages English, French, Italian and Spanish are recognised. German language courses are recognised
from level C2 upwards.)

see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
MATH

see Science in Perspective: Language Courses ETH/UZH

 Master's Thesis
Number Title Type ECTS Hours Lecturers

401-2000-00L Scientific Works in Mathematics
Target audience:
Third year Bachelor students;
Master students who cannot document to have received
an adequate training in working scientifically.

O  0 credits Ö. Imamoglu, E. Kowalski

Abstract Introduction to scientific writing for students with focus on publication standards and ethical issues, especially in the case of citations
(references to works of others.)

Objective Learn the basic standards of scientific works in mathematics.
Content - Types of mathematical works

 - Publication standards in pure and applied mathematics
 - Data handling
 - Ethical issues
 - Citation guidelines

Lecture notes Moodle of the Mathematics Library: https://moodle-app2.let.ethz.ch/course/view.php?id=519
Prerequisites /
notice

Directive https://www.ethz.ch/content/dam/ethz/common/docs/weisungssammlung/files-en/declaration-of-originality.pdf

401-2000-01L Lunch Sessions – Thesis Basics for Mathematics
Students
Details and registration for the optional MathBib training
course: https://www.math.ethz.ch/mathbib-schulungen

Z  0 credits Speakers

Abstract Optional course "Recherchieren in der Mathematik" (held in German) by the Mathematics Library.

401-4990-00L Master's Thesis
Only students who fulfil the following criteria are allowed to
begin with their Master's thesis:
a. successful completion of the Bachelor's programme; 
b. fulfilling of any additional requirements necessary to
gain admission to the Master's programme.

Successful participation in the course unit 401-2000-00L
Scientific Works in Mathematics is required.
For more information, see
www.math.ethz.ch/intranet/students/study-
administration/theses.html

O  30 credits 57D Supervisors

Abstract The master's thesis concludes the study programme. Writing up the master's thesis allows students to independently produce a major
piece of work on a mathematical topic. It generally involves consulting the literature, solving any ensuing problems, and putting together the
results in writing.

 Additional Courses
Number Title Type ECTS Hours Lecturers

401-5000-00L Zurich Colloquium in Mathematics E-  0 credits R. Abgrall, P. L. Bühlmann,
M. Iacobelli, A. Iozzi, S. Mishra,
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R. Pandharipande, further lecturers
Abstract The lectures try to give an overview of "what is going on" in important areas of contemporary mathematics, to a wider non-specialised

audience of mathematicians.

401-5990-00L Zurich Graduate Colloquium E-  0 credits A. Iozzi, University lecturers
Abstract The Graduate Colloquium is an informal seminar aimed at graduate students and postdocs whose purpose is to provide a forum for

communicating one's interests and thoughts in mathematics.

401-4530-00L Geometry Graduate Colloquium E-  0 credits 1K Speakers

401-5110-00L Number Theory Seminar E-  0 credits 1K Ö. Imamoglu, P. S. Jossen,
E. Kowalski, P. D. Nelson, R. Pink,
G. Wüstholz

Abstract Research colloquium
Objective Talks on various topics of current research.
Content Research seminar in algebra, number theory and geometry. This seminar is aimed in particular to members of the research groups in these

areas and their graduate students.

401-5350-00L Analysis Seminar E-  0 credits 1K M. Struwe, A. Carlotto, F. Da Lio,
A. Figalli, N. Hungerbühler,
M. Iacobelli, L. Kobel-Keller,
T. Rivière, University lecturers

Abstract Research colloquium
Content Research seminar in Analysis

401-5370-00L Ergodic Theory and Dynamical Systems E-  0 credits 1K M. Einsiedler, University lecturers
Abstract Research colloquium

401-5530-00L Geometry Seminar E-  0 credits 1K M. Burger, M. Einsiedler, P. Feller,
A. Iozzi, U. Lang, A. Sisto, University
lecturers

Abstract Research colloquium

401-5580-00L Symplectic Geometry Seminar E-  0 credits 2K P. Biran, A. Cannas da Silva
Abstract Research colloquium

401-5330-00L Talks in Mathematical Physics E-  0 credits 1K A. Cattaneo, G. Felder,
M. Gaberdiel, G. M. Graf,
T. H. Willwacher, University
lecturers

Abstract Research colloquium
Content Forschungsseminar mit wechselnden Themen aus dem Gebiet der mathematischen Physik.

401-5650-00L Zurich Colloquium in Applied and Computational
Mathematics

E-  0 credits 1K R. Abgrall, R. Alaifari, H. Ammari,
R. Hiptmair, S. Mishra, S. Sauter,
C. Schwab

Abstract Research colloquium

401-5600-00L Seminar on Stochastic Processes E-  0 credits 1K J. Bertoin, A. Nikeghbali,
B. D. Schlein, A.-S. Sznitman,
V. Tassion, W. Werner

Abstract Research colloquium

401-5620-00L Research Seminar on Statistics E-  0 credits 1K P. L. Bühlmann, M. H. Maathuis,
N. Meinshausen, S. van de Geer,
A. Bandeira, R. Furrer, L. Held,
T. Hothorn, D. Kozbur, C. Uhler,
M. Wolf

Abstract Research colloquium

401-5640-00L ZüKoSt: Seminar on Applied Statistics E-  0 credits 1K M. Kalisch, A. Bandeira,
P. L. Bühlmann, R. Furrer, L. Held,
T. Hothorn, M. H. Maathuis,
M. Mächler, L. Meier,
N. Meinshausen, M. Robinson,
C. Strobl, C. Uhler, S. van de Geer

Abstract 5 to 6 talks on applied statistics.
Objective Kennenlernen von statistischen Methoden in ihrer Anwendung in verschiedenen Gebieten, besonders in Naturwissenschaft, Technik und

Medizin.
Content In 5-6 Einzelvorträgen pro Semester werden Methoden der Statistik einzeln oder überblicksartig vorgestellt, oder es werden Probleme und

Problemtypen aus einzelnen Anwendungsgebieten besprochen.
3 bis 4 der Vorträge stehen in der Regel unter einem Semesterthema.

Lecture notes Bei manchen Vorträgen werden Unterlagen verteilt. 
Eine Zusammenfassung ist kurz vor den Vorträgen im Internet unter http://stat.ethz.ch/talks/zukost  abrufbar. 
Ankündigunen der Vorträge werden auf Wunsch zugesandt.

Prerequisites /
notice

Dies ist keine Vorlesung. Es wird keine Prüfung durchgeführt, und es werden keine Kreditpunkte vergeben.
Nach besonderem Programm. Koordinator M. Kalisch, Tel. 044 632 3435 
Lehrsprache ist Englisch oder Deutsch je nach ReferentIn. 
Course language is English or German and may depend on the speaker.

401-5680-00L Foundations of Data Science Seminar E-  0 credits P. L. Bühlmann, A. Bandeira,
H. Bölcskei, J. M. Buhmann,
T. Hofmann, A. Krause, A. Lapidoth,
H.-A. Loeliger, M. H. Maathuis,
N. Meinshausen, G. Rätsch,
C. Uhler, S. van de Geer, F. Yang

Abstract Research colloquium

401-5910-00L Talks in Financial and Insurance Mathematics E-  0 credits 1K P. Cheridito, M. Schweizer,
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J. Teichmann, M. V. Wüthrich
Abstract Research colloquium
Objective Introduction to current research topics in "Insurance Mathematics and Stochastic Finance".
Content https://www.math.ethz.ch/imsf/courses/talks-in-imsf.html

401-5900-00L Optimization Seminar E-  0 credits 1K A. Bandeira, R. Weismantel,
R. Zenklusen

Abstract Lectures on current topics in optimization.
Objective This lecture series introduces graduate students to ongoing research activities (including applications) in the domain of optimization.
Content This seminar is a forum for researchers interested in optimization theory and its applications. Speakers, invited from both academic and

non-academic institutions, are expected to stimulate discussions on theoretical and applied aspects of optimization and related subjects.
The focus is on efficient (or practical) algorithms for continuous and discrete optimization problems, complexity analysis of algorithms and
associated decision problems, approximation algorithms, mathematical modeling and solution procedures for real-world optimization
problems in science, engineering, industries, public sectors etc.

402-0101-00L The Zurich Physics Colloquium
Cancelled until further notice.

E-  0 credits 1K S. Huber, A. Refregier, University
lecturers

Abstract Research colloquium
Objective The goal of this event is to bring you closer to current day research in all fields of physics. In each semester we have a set of distinguished

speakers covering the full range of topics in physics. As a participating student should learn how to follow a research talk. In particular, you
should be able to extract key points from a colloquium where you don't necessarily understand every detail that is presented.

251-0100-00L Computer Science Colloquium E-  0 credits 2K Lecturers
Abstract Invited talks on the entire spectrum of Computer Science. External guests are welcome. A detailed program is published at the beginning of

every semester.
Content Eingeladene Vorträge aus dem gesamten Bereich der Informatik, zu denen auch Auswärtige kostenlos eingeladen sind. Zu

Semesterbeginn erscheint jeweils ein ausführliches Programm.

252-4202-00L Seminar in Theoretical Computer Science E-  2 credits 2S E. Welzl, B. Gärtner, M. Ghaffari,
M. Hoffmann, J. Lengler, A. Steger,
D. Steurer, B. Sudakov

Abstract Presentation of recent publications in theoretical computer science, including results by diploma, masters and doctoral candidates.
Objective To get an overview of current research in the areas covered by the involved research groups. To present results from the literature.
Prerequisites /
notice

This seminar takes place as part of the joint research seminar of several theory groups. Intended participation is for students with excellent
performance only. Formal restriction is: prior successful participation in a master level seminar in theoretical computer science.

 Course Units for Additional Admission Requirements
The courses below are only available for MSc students with additional admission requirements.

Number Title Type ECTS Hours Lecturers

406-2004-AAL Algebra II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  5 credits 11R R. Pink

Abstract Galois theory and related topics.

The precise content changes with the examiner. Candidates must therefore contact the examiner in person before studying the material.

Objective Introduction to fundamentals of field extensions, Galois theory, and related topics.
Content The main topic is Galois Theory. Starting point is the problem of solvability of algebraic equations by radicals. Galois theory solves this

problem by making a connection between field extensions and group theory. Galois theory will enable us to prove the theorem of Abel-
Ruffini, that there are polynomials of degree 5 that are not solvable by radicals, as well as Galois' theorem characterizing those polynomials
which are solvable by radicals.

Literature Joseph J. Rotman, "Advanced Modern Algebra" third edition, part 1,
Graduate Studies in Mathematics,Volume 165
American Mathematical Society

Galois Theory is the topic treated in Chapter A5.

Prerequisites /
notice

Algebra I, in Rotman's book this corresponds to the topics treated in the Chapters A3 and A4.

406-2005-AAL Algebra I and II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  12 credits 26R R. Pink

Abstract Introduction and development of some basic algebraic structures - groups, rings, fields including Galois theory, representations of finite
groups, algebras.

The precise content changes with the examiner. Candidates must therefore contact the examiner in person before studying the material.
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Content Basic notions and examples of groups;
 Subgroups, Quotient groups  and Homomorphisms,
 Group actions and applications

Basic notions and examples of rings;
 Ring Homomorphisms,
 ideals, and quotient rings, rings of fractions
 Euclidean domains, Principal ideal domains, Unique factorization
domains

  Basic notions and examples of fields;
 Field extensions, Algebraic extensions, Classical straight edge and compass constructions

Fundamentals of Galois theory
Representation theory of finite groups and algebras

Literature Joseph J. Rotman, "Advanced Modern Algebra" third edition, part 1,
Graduate Studies in Mathematics,Volume 165
American Mathematical Society

406-2284-AAL Measure and Integration
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  6 credits 13R F. Da Lio

Abstract Introduction to abstract measure and integration theory, including the following topics: Caratheodory extension theorem, Lebesgue
measure, convergence theorems, L^p-spaces, Radon-Nikodym theorem, product measures and Fubini's theorem, measures on topological
spaces

Objective Basic acquaintance with the abstract theory of measure and integration
Content Introduction to abstract measure and integration theory, including the following topics: Caratheodory extension theorem, Lebesgue

measure, convergence theorems, L^p-spaces, Radon-Nikodym theorem, product measures and Fubini's theorem, measures on topological
spaces

Lecture notes no lecture notes
Literature 1. P.R. Halmos, "Measure Theory", Springer

2. Extra material: Lecture Notes by Emmanuel Kowalski and Josef Teichmann from spring semester 2012,
http://www.math.ethz.ch/~jteichma/measure-integral_120615.pdf
3. Extra material: P. Cannarsa & T. D'Aprile, "Lecture Notes on Measure Theory and Functional Analysis",
http://www.mat.uniroma2.it/~cannarsa/cam_0607.pdf

Prerequisites /
notice

The precise content changes with the examiner. Candidates must therefore contact the examiner in person before studying the material.

406-2303-AAL Complex Analysis
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  6 credits 13R P. Biran

Abstract Complex functions of one variable, Cauchy-Riemann equations, Cauchy theorem and integral formula, singularities, residue theorem, index
of closed curves, analytic continuation, conformal mappings, Riemann mapping theorem.

Literature L. Ahlfors: "Complex analysis. An introduction to the theory of analytic functions of one complex variable." International Series in Pure and
Applied Mathematics. McGraw-Hill Book Co.

B. Palka: "An introduction to complex function theory."
Undergraduate Texts in Mathematics. Springer-Verlag, 1991.

R.Remmert: Theory of Complex Functions.. Springer Verlag

E.Hille: Analytic Function Theory. AMS Chelsea Publication

Prerequisites /
notice

The precise content changes with the examiner. Candidates must therefore contact the examiner in person before studying the material.

406-2554-AAL Topology
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  6 credits 13R A. Carlotto

Abstract Topics covered include: Topological and metric spaces, continuity, connectedness, compactness, product spaces, separation axioms,
quotient spaces, homotopy, fundamental group, covering spaces.

Objective An introduction to topology i.e. the domain of mathematics that studies how to define the notion of continuity on a mathematical structure,
and how to use it to study and classify these structures.

Lecture notes See lecture homepage: https://metaphor.ethz.ch/x/2017/fs/401-2554-00L/
Literature James Munkres: Topology
Prerequisites /
notice

The precise content changes with the examiner. Candidates must therefore contact the examiner in person before studying the material.

406-2604-AAL Probability and Statistics
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  7 credits 15R M. Schweizer

Abstract - Discrete probability spaces
- Continuous models
- Limit theorems
- Introduction to statistics
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Objective The goal of this course is to provide an introduction to the basic ideas and concepts from probability theory and mathematical statistics.
This includes a mathematically rigorous treatment as well as intuition and getting acquainted with the ideas behind the definitions. The
course does not use measure theory systematically, but does point out where this is required and what the connections are.

Content - Probability: Chapters 1-12 from the book by DasGupta 
- Statistics: Chapters 8-11 from  the book by Rice

Lecture notes There will be lecture notes (in German) that are continuously updated during the semester.
Literature A. DasGupta, Fundamentals of Probability: A First Course, Springer (2010)

J. A. Rice, Mathematical Statistics and Data Analysis, Duxbury Press, second edition (1995)
Prerequisites /
notice

Some of the exercise classes associated to the original course (which is in German) will be offered in English.

Mathematics Master - Key for Type

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Micro- and Nanosystems Master
 Core Courses

 Recommended Core Courses
 Devices and Systems

Number Title Type ECTS Hours Lecturers

151-0172-00L Microsystems II: Devices and Applications W  6 credits 3V+3U C. Hierold, C. I. Roman
Abstract The students are introduced to the fundamentals and physics of microelectronic devices as well as to microsystems in general (MEMS).

They will be able to apply this knowledge for system research and development and to assess and apply principles, concepts and methods
from a broad range of technical and scientific disciplines for innovative products.

Objective The students are introduced to the fundamentals and physics of microelectronic devices as well as to microsystems in general (MEMS),
basic electronic circuits for sensors, RF-MEMS, chemical microsystems, BioMEMS and microfluidics, magnetic sensors and optical
devices, and in particular to the concepts of Nanosystems (focus on carbon nanotubes), based on the respective state-of-research in the
field. They will be able to apply this knowledge for system research and development and to assess and apply principles, concepts and
methods from a broad range of technical and scientific disciplines for innovative products. 

During the weekly 3 hour module on Mondays dedicated to Übungen the students will learn the basics of Comsol Multiphysics and utilize
this software to simulate MEMS devices to understand their operation more deeply and optimize their designs.

Content Transducer fundamentals and test structures
Pressure sensors and accelerometers
Resonators and gyroscopes
RF MEMS
Acoustic transducers and energy harvesters
Thermal transducers and energy harvesters
Optical and magnetic transducers
Chemical sensors and biosensors, microfluidics and bioMEMS
Nanosystem concepts
Basic electronic circuits for sensors and microsystems

Lecture notes Handouts (on-line)

227-0662-00L Organic and Nanostructured Optics and Electronics
(Course)
Does not take place this semester.

W  3 credits 2G V. Wood

Abstract This course examines the optical and electronic properties of excitonic materials that can be leveraged to create thin-film light emitting
devices and solar cells. Laboratory sessions provide students with experience in synthesis and optical characterization of nanomaterials as
well as fabrication and characterization of thin film devices.

Objective Gain the knowledge and practical experience to begin research with organic or nanostructured materials and understand the key
challenges in this rapidly emerging field.

Content 0-Dimensional Excitonic Materials (organic molecules and colloidal quantum dots)

Energy Levels and Excited States (singlet and triplet states, optical absorption and luminescence).

Excitonic and Polaronic Processes (charge transport, Dexter and Förster energy transfer, and exciton diffusion).

Devices (photodetectors, solar cells, and light emitting devices).

Literature Lecture notes and reading assignments from current literature to be posted on website.

227-0662-10L Organic and Nanostructured Optics and Electronics
(Project)
Does not take place this semester.

W  3 credits 2A V. Wood

Abstract This course examines the optical and electronic properties of excitonic materials that can be leveraged to create thin-film light emitting
devices and solar cells. Laboratory sessions provide students with experience in synthesis and optical characterization of nanomaterials as
well as fabrication and characterization of thin film devices.

Objective Gain the knowledge and practical experience to begin research with organic or nanostructured materials and understand the key
challenges in this rapidly emerging field.

Content 0-Dimensional Excitonic Materials (organic molecules and colloidal quantum dots)

Energy Levels and Excited States (singlet and triplet states, optical absorption and luminescence).

Excitonic and Polaronic Processes (charge transport, Dexter and Förster energy transfer, and exciton diffusion).

Devices (photodetectors, solar cells, and light emitting devices).

Literature Lecture notes and reading assignments from current literature to be posted on website.
Prerequisites /
notice

Admission is conditional to passing 227-0662-00L  Organic and Nanostructured Optics and Electronics (Course)

 Energy Conversion and Quantum Phenomena
Number Title Type ECTS Hours Lecturers

151-0060-00L Thermodynamics and Transport Phenomena in
Nanotechnology

W  4 credits 2V+2U T. Schutzius

Abstract The lecture deals with thermodynamics and transport phenomena in nano- and microscale systems. Typical areas of applications are
microelectronics manufacturing and cooling, manufacturing of novel materials and coatings, surface technologies, wetting phenomena and
related technologies, and micro- and nanosystems and devices.

Objective The student will acquire fundamental knowledge of micro and nanoscale interfacial thermofluidics including light interaction with surfaces.
Furthermore, the student will be exposed to a host of applications ranging from superhydrophobic surfaces and microelectronics cooling to
solar energy, all of which will be discussed in the context of the course.

Content Thermodynamic aspects of intermolecular forces; Interfacial phenomena; Surface tension; Wettability and contact angle; Wettability of
Micro/Nanoscale textured surfaces: superhydrophobicity and superhydrophilicity.

Physics of micro- and nanofluidics.

Principles of thermoplasmonics and applications.
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Lecture notes yes

151-0237-00L Advanced Optical Methods in Nanotechnology W  4 credits 2V+1U H. Eghlidi
Abstract The course covers both fundamental optical concepts for understanding micro/nano-optical studies as well as the principles and design

rules of the most common and emerging optical techniques and systems. This course benefits students who want to pursue
micro/nanoscopic non-invasive characterizations in various fields e.g. material sciences, mechanical engineering, biology, micro- and
nanofluidics.

Objective In the first part, students will learn about the necessary topics in optics, basic optical components and their important properties.  In the
second part, different optical characterization techniques, including optical imaging, spectroscopy and time-correlation measurements, and
their applications in nanoscale systems will be studied. Upon completion of the course, students will be able to understand, modify and
design optical systems for various micro/nanoscopic characterizations and studies.

Content Principles of optics (ray optics, beam optics, Fourier optics); Optical devices and components (light sources, fiber, lens, mirror, objective,
grating, beam splitter, filter, etc.); Characterization techniques and systems: microscopy (confocal, dark-field, fluorescence, interferrometric
scattering, super-resolution, etc.), spectroscopy, time-correlation measurements.

Literature Different book chapters and articles which will be announced/provided during the course.

402-0468-15L Nanomaterials for Photonics
Does not take place this semester.

W  6 credits 2V+1U R. Grange

Abstract The lecture describes various nanomaterials (semiconductor, metal, dielectric, carbon-based...) for photonic applications (optoelectronics,
plasmonics, photonic crystal...). It starts with nanophotonic concepts of light-matter interactions, then the fabrication methods, the optical
characterization techniques, the description of the properties and the state-of-the-art applications.

Objective The students will acquire theoretical and experimental knowledge in the different types of nanomaterials (semiconductors, metals,
dielectric, carbon-based, ...) and their uses as building blocks for advanced applications in photonics (optoelectronics, plasmonics, photonic
crystal, ...). Together with the exercises, the students will learn (1) to read, summarize and discuss scientific articles related to the lecture,
(2) to estimate order of magnitudes with calculations using the theory seen during the lecture, (3) to prepare a short oral presentation about
one topic related to the lecture, and (4) to imagine a useful photonic device.

Content 1.    Introduction to Nanomaterials for photonics
     a.    Classification of the materials in sizes and speed...
     b.    General info about scattering and absorption
     c.    Nanophotonics concepts 

2.    Analogy between photons and electrons
     a.    Wavelength, wave equation
     b.    Dispersion relation
     c.    How to confine electrons and photons
     d.    Tunneling effects

3.    Characterization of Nanomaterials
     a.    Optical microscopy: Bright and dark field, fluorescence, confocal, High resolution: PALM (STORM), STED
     b.    Electron microscopy : SEM, TEM
     c.    Scanning probe microscopy: STM, AFM
     d.    Near field microscopy: SNOM
     e.    X-ray diffraction: XRD, EDS

4.    Generation of Nanomaterials
     a.    Top-down approach
     b.    Bottom-up approach

5.    Plasmonics
     a.    What is a plasmon, Drude model
     b.    Surface plasmon and localized surface plasmon (sphere, rod, shell)
     c.    Theoretical models to calculate the radiated field: electrostatic approximation and Mie scattering
     d.    Fabrication of plasmonic structures: Chemical synthesis, Nanofabrication
     e.    Applications

6.    Organic nanomaterials
     a.    Organic quantum-confined structure: nanomers and quantum dots.
     b.    Carbon nanotubes: properties, bandgap description, fabrication
     c.    Graphene: motivation, fabrication, devices

7.    Semiconductors
     a.    Crystalline structure, wave function...
     b.    Quantum well: energy levels equation, confinement
     c.    Quantum wires, quantum dots
     d.    Optical properties related to quantum confinement
     e.    Example of effects: absorption, photoluminescence...
     f.    Solid-state-lasers : edge emitting, surface emitting, quantum cascade

8.    Photonic crystals
     a.    Analogy photonic and electronic crystal, in nature
     b.    1D, 2D, 3D photonic crystal
     c.    Theoretical modeling: frequency and time domain technique
     d.    Features: band gap, local enhancement, superprism...
  
9.    Optofluidic
     a.    What is optofluidic ?
     b.    History of micro-nano-opto-fluidic
     c.    Basic properties of fluids
     d.    Nanoscale forces and scale law
     e.    Optofluidic: fabrication
     f.    Optofluidic: applications
     g.    Nanofluidics

10.    Nanomarkers
     a.    Contrast in imaging modalities
     b.    Optical imaging mechanisms
     c.    Static versus dynamic probes

Lecture notes Slides and book chapter will be available for downloading
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Literature References will be given during the lecture
Prerequisites /
notice

Basics of solid-state physics (i.e. energy bands) can help

402-0596-00L Electronic Transport in Nanostructures W  6 credits 2V+1U T. M. Ihn
Abstract The lecture discusses modern topics in quantum transport through nanostructures including the underlying materials. Topics are: the

quantum Hall effects with emphasis on the fractional quantum Hall effect, two-dimensional topological insulators, graphene and other 2D
layered materials, quantum interferometers, quantum dot qubits for quantum information processing, decoherence of quantum states

Objective Students are able to understand modern experiments in the field of electronic transport in nanostructures. They can critically reflect
published research in this field and explain it to an audience of physicists. Students know and understand the fundamental phenomena of
electron transport in the quantum regime and their significance. They are able to apply their knowledge to practical experiments in a
modern research lab.

Lecture notes The lecture is based on the book:
T. Ihn, Semiconductor Nanostructures: Quantum States and Electronic Transport, ISBN 978-0-19-953442-5, Oxford University Press,
2010.

Prerequisites /
notice

A solid basis in quantum mechanics, electrostatics, quantum statistics and in solid state physics is required. Having passed the lecture
Semiconductor Nanostructures (fall semester) may be advantageous, but is not required.

Students of the Master in Micro- and Nanosystems should at least have attended the lecture by David Norris, Introduction to quantum
mechanics for engineers. They should also have passed the exam of the lecture Semiconductor Nanostructures.

529-0431-00L Physical Chemistry III: Molecular Quantum Mechanics W  4 credits 4G F. Merkt

Abstract Postulates of quantum mechanics, operator algebra, Schrödinger's equation, state functions and expectation values, matrix representation
of operators, particle in a box, tunneling, harmonic oscillator, molecular vibrations, angular momentum and spin, generalised Pauli principle,
perturbation theory, electronic structure of atoms and molecules, Born-Oppenheimer approximation.

Objective This is an introductory course in quantum mechanics. The course starts with an overview of the fundamental concepts of quantum
mechanics and introduces the mathematical formalism. The postulates and theorems of quantum mechanics are discussed in the context
of experimental and numerical determination of physical quantities. The course develops the tools necessary for the understanding and
calculation of elementary quantum phenomena in atoms and molecules.

Content Postulates and theorems of quantum mechanics: operator algebra, Schrödinger's equation, state functions and expectation values. Linear
motions: free particles, particle in a box, quantum mechanical tunneling, the harmonic oscillator and molecular vibrations. Angular
momentum: electronic spin and orbital motion, molecular rotations. Electronic structure of atoms and molecules: the Pauli principle, angular
momentum coupling, the Born-Oppenheimer approximation. Variational principle and perturbation theory. Discussion of bigger systems
(solids, nano-structures).

Lecture notes A script written in German will be available. The script is, however, no replacement for personal notes during the lecture and does not cover
all aspects discussed.

 Material, Surfaces and Properties
Number Title Type ECTS Hours Lecturers

151-0902-00L Micro- and Nanoparticle Technology W  6 credits 2V+2U S. E. Pratsinis, M. Eggersdorfer,
A. Güntner, G. Kelesidis, K. Wegner

Abstract Introduction to fundamentals of micro- and nanoparticle synthesis and processing. Characterization of suspensions, sampling and
measuring techniques; basics of gas-solid and liquid-solid systems; fragmentation, coagulation, growth, separation, fluidization, filtration,
mixing, transport, coatings. Particle processing in manufacture of catalysts, sensors, nanocomposites and chemical commodities.

Objective Introduction to design methods of mechanical processes, scale-up laws and optimal use of materials and energy
Content Characterisation of particle suspensions and corresponding measuring techniques; basic laws of gas / solids resp. Liquid / solids systems;

unit operations of mechanical processing:
desintegration, agglomeration, screening, air classifying, sedimentation, filtration, particle separation from gas streams, mixing, pneumatic
conveying. Synthesis of unit operations to process systems in chemical industry, cement industry etc.

Lecture notes Mechanical Process Engineering I

 Modelling and Simulation
Number Title Type ECTS Hours Lecturers

401-3632-00L Computational Statistics W  8 credits 3V+1U M. H. Maathuis
Abstract We discuss modern statistical methods for data analysis, including methods for data exploration, prediction and inference. We pay attention

to algorithmic aspects, theoretical properties and practical considerations. The class is hands-on and methods are applied using the
statistical programming language R.

Objective The student obtains an overview of modern statistical methods for data analysis, including their algorithmic aspects and theoretical
properties. The methods are applied using the statistical programming language R.

Content See the class website
Prerequisites /
notice

At least one semester of (basic) probability and statistics.

Programming experience is helpful but not required.

151-0116-10L High Performance Computing for Science and
Engineering (HPCSE) for Engineers II

W 4 credits 4G P. Koumoutsakos, S. M. Martin

Abstract This course focuses on programming methods and tools for parallel computing on multi and many-core architectures. Emphasis will be
placed on practical and computational aspects of Uncertainty Quantification and Propagation including the implementation of relevant
algorithms on HPC architectures.

Objective The course will teach 
- programming models and tools for multi and many-core architectures
- fundamental concepts of Uncertainty Quantification and Propagation (UQ+P) for computational models of systems in Engineering and Life
Sciences

Content High Performance Computing:
- Advanced topics in shared-memory programming
- Advanced topics in MPI
- GPU architectures and CUDA programming

Uncertainty Quantification:
- Uncertainty quantification under parametric and non-parametric modeling uncertainty
- Bayesian inference with model class assessment
- Markov Chain Monte Carlo simulation
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Lecture notes https://www.cse-lab.ethz.ch/teaching/hpcse-ii_fs20/
Class notes, handouts

Literature - Class notes
- Introduction to High Performance Computing for Scientists and Engineers, G. Hager and G. Wellein
- CUDA by example, J. Sanders and E. Kandrot
- Data Analysis: A Bayesian Tutorial, D. Sivia and J. Skilling
- An introduction to Bayesian Analysis - Theory and Methods, J. Gosh, N. Delampady and S. Tapas 
- Bayesian Data Analysis, A. Gelman, J. Carlin, H. Stern, D. Dunson, A. Vehtari and D. Rubin
- Machine Learning: A Bayesian and Optimization Perspective, S. Theodorides

Prerequisites /
notice

Students must be familiar with the content of High Performance Computing for Science and Engineering I (151-0107-20L)

 Laboratory Course
Number Title Type ECTS Hours Lecturers

151-0620-00L Embedded MEMS Lab
Number of participants limited to 20.

W  5 credits 3P C. Hierold, S. Blunier, M. Haluska

Abstract Practical course: Students are introduced to the process steps required for the fabrication of MEMS (Micro Electro Mechanical System) and
carry out the fabrication and testing steps in the clean rooms themselves. Additionally, they learn the requirements for working in clean
rooms. Processing and characterization will be documented and analyzed in a final report.

Objective Students learn the individual process steps that are required to make a MEMS (Micro Electro Mechanical System). Students carry out the
process steps themselves in laboratories and clean rooms. Furthermore, participants become familiar with the special requirements
(cleanliness, safety, operation of equipment and handling hazardous chemicals) of working in the clean rooms and laboratories. The entire
production, processing, and characterization of the MEMS is documented and evaluated in a final report.

Content With guidance from a tutor, the individual silicon microsystem process steps that are required for the fabrication of an accelerometer are
carried out:
- Photolithography, dry etching, wet etching, sacrificial layer etching,  various cleaning procedures
- Packaging and electrical connection of a MEMS device
- Testing and characterization of the MEMS device
- Written documentation and evaluation of the entire production, processing and characterization

Lecture notes A document containing theory, background and practical course content is distributed in the informational meeting.
Literature The document provides sufficient information for the participants to successfully participate in the course.
Prerequisites /
notice

Participating students are required to attend all scheduled lectures and meetings of the course. 

Participating students are required to provide proof that they have personal accident insurance prior to the start of the laboratory portion of
the course. 

This master's level course is limited to 20 students per semester for safety and efficiency reasons.
If there are more than 20 students registered, we regret to restrict access to this course by the following rules:

Priority 1: master students of the master's program in "Micro and Nanosystems"

Priority 2: master students of the master's program in "Mechanical Engineering" with a specialization in Microsystems and Nanoscale
Engineering (MAVT-tutors Profs Dual, Hierold, Koumoutsakos, Nelson, Norris, Poulikakos, Pratsinis, Stemmer), who attended the bachelor
course "151-0621-00L Microsystems Technology" successfully.

Priority 3: master students, who attended the bachelor course "151-0621-00L Microsystems Technology" successfully.

Priority 4: all other students (PhD, bachelor, master) with a background in silicon or microsystems process technology.

If there are more students in one of these priority groups than places available, we will decide with respect to (in following order) best
achieved grade from 151-0621-00L Microsystems Technology, registration to this practicum at previous semester, and by drawing lots.
Students will be notified at the first lecture of the course (introductory lecture) as to whether they are able to participate.

The course is offered in autumn and spring semester.

 Elective Core Courses
Number Title Type ECTS Hours Lecturers

151-0534-00L Advanced Dynamics W 4 credits 3V+1U P. Tiso
Abstract Lagrangian dynamics - Principle of virtual work and virtual power - holonomic and non holonomic contraints - 3D rigid body dynamics  -

equilibrium - linearization - stability - vibrations - frequency response
Objective This course provides the students of mechanical engineering with fundamental analytical mechanics for the study of complex mechanical

systems .We introduce the powerful techniques of principle of virtual work and virtual power to systematically write the equation of motion
of arbitrary systems subjected to holonomic and non-holonomic constraints. The linearisation around equilibrium states is then presented,
together with the concept of linearised stability. Linearized models allow the study of small amplitude vibrations for unforced and forced
systems. For this, we introduce the concept of vibration modes and frequencies, modal superposition and modal truncation. The case of
the vibration of light damped systems is discussed. The kinematics and dynamics of 3D rigid bodies is also extensively treated.

Lecture notes Lecture notes are produced in class and are downloadable right after each lecture.
Literature The students will prepare their own notes. A copy of the lecture notes will be available.
Prerequisites /
notice

Mechanics III or equivalent; Analysis I-II, or equivalent; Linear Algebra I-II, or equivalent.

151-0622-00L Measuring on the Nanometer Scale W  2 credits 2G A. Stemmer
Abstract Introduction to theory and practical application of measuring techniques suitable for the nano domain.
Objective Introduction to theory and practical application of measuring techniques suitable for the nano domain.
Content Conventional techniques to analyze nano structures using photons and electrons: light microscopy with dark field and differential

interference contrast; scanning electron microscopy, transmission electron microscopy. Interferometric and other techniques to measure
distances. Optical traps. Foundations of scanning probe microscopy: tunneling, atomic force, optical near-field. Interactions between
specimen and probe. Current trends, including spectroscopy of material parameters.

Lecture notes Class notes and special papers will be distributed.

151-0630-00L Nanorobotics W 4 credits 2V+1U S. Pané Vidal
Abstract Nanorobotics is an interdisciplinary field that includes topics from nanotechnology and robotics. The aim of this course is to expose

students to the fundamental and essential aspects of this emerging field.
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Objective The aim of this course is to expose students to the fundamental and essential aspects of this emerging field. These topics include basic
principles of nanorobotics, building parts for nanorobotic systems, powering and locomotion of nanorobots, manipulation, assembly and
sensing using nanorobots, molecular motors, and nanorobotics for nanomedicine.

151-0642-00L Seminar on Micro and Nanosystems Z  0 credits 1S C. Hierold
Abstract Scientific presentations from the field of Micro- and Nanosystems
Objective The students will be informed about the latest news from the state-of-the-art in the field and will take the opportunity to start scientific and

challenging discussions with the presenters.
Content Selected and hot topics from Micro- and Nanosystems, progress reports from PhD projects.

151-0966-00L Introduction to Quantum Mechanics for Engineers W 4 credits 2V+2U D. J. Norris
Abstract This course provides fundamental knowledge in the principles of quantum mechanics and connects it to applications in engineering.
Objective To work effectively in many areas of modern engineering, such as renewable energy and nanotechnology, students must possess a basic

understanding of quantum mechanics. The aim of this course is to provide this knowledge while making connections to applications of
relevancy to engineers. After completing this course, students will understand the basic postulates of quantum mechanics and be able to
apply mathematical methods for solving various problems including atoms, molecules, and solids. Additional examples from engineering
disciplines will also be integrated.

Content Fundamentals of Quantum Mechanics 
-    Historical Perspective 
-    Schrödinger Equation
-    Postulates of Quantum Mechanics
-    Operators 
-    Harmonic Oscillator
-    Hydrogen atom
-    Multielectron Atoms
-    Crystalline Systems
-    Spectroscopy
-    Approximation Methods
-    Applications in Engineering

Lecture notes Class Notes and Handouts
Literature Text: David J. Griffiths, Introduction to Quantum Mechanics, 2nd Edition, Pearson International Edition.
Prerequisites /
notice

Analysis III, Mechanics III, Physics I, Linear Algebra II

227-0125-00L Optics and Photonics W  6 credits 2V+2U J. Leuthold
Abstract This lecture covers both - the fundamentals of "Optics" such as e.g. "ray optics", "coherence", the "Planck law" or the "Einstein relations"

but also the fundamentals of "Photonics" on the generation, processing, transmission and detection of photons.
Objective A sound base for work in the field of optics and photonics will be given.
Content Chapter 1: Ray Optics

Chapter 2: Electromagnetic Optics
Chapter 3: Polarization
Chapter 4: Coherence and Interference
Chapter 5: Fourier Optics and Diffraction
Chapter 6: Guided Wave Optics
Chapter 7: Optical Fibers
Chapter 8: The Laser

Lecture notes Lecture notes will be handed out.
Prerequisites /
notice

Fundamentals of Electromagnetic Fields (Maxwell Equations) & Bachelor Lectures on Physics.

227-0159-00L Semiconductor Devices: Quantum Transport at the
Nanoscale

W 6 credits 2V+2U M. Luisier, A. Emboras

Abstract This class offers an introduction into quantum transport theory, a rigorous approach to electron transport at the nanoscale. It covers
different topics such as bandstructure, Wave Function and Non-equilibrium Green's Function formalisms, and electron interactions with
their environment. Matlab exercises accompany the lectures where students learn how to develop their own transport simulator.

Objective The continuous scaling of electronic devices has given rise to structures whose dimensions do not exceed a few atomic layers. At this size,
electrons do not behave as particle any more, but as propagating waves and the classical representation of electron transport as the sum
of drift-diffusion processes fails. The purpose of this class is to explore and understand the displacement of electrons through nanoscale
device structures based on state-of-the-art quantum transport methods and to get familiar with the underlying equations by developing his
own nanoelectronic device simulator.

Content The following topics will be addressed:
- Introduction to quantum transport modeling
- Bandstructure representation and effective mass approximation
- Open vs closed boundary conditions to the Schrödinger equation
- Comparison of the Wave Function and Non-equilibrium Green's Function formalisms as solution to the Schrödinger equation
- Self-consistent Schödinger-Poisson simulations
- Quantum transport simulations of resonant tunneling diodes and quantum well nano-transistors
- Top-of-the-barrier simulation approach to nano-transistor
- Electron interactions with their environment (phonon, roughness, impurity,...) 
- Multi-band transport models

Lecture notes Lecture slides are distributed every week and can be found at
https://iis-students.ee.ethz.ch/lectures/quantum-transport-in-nanoscale-devices/

Literature Recommended textbook: "Electronic Transport in Mesoscopic Systems", Supriyo Datta, Cambridge Studies in Semiconductor Physics and
Microelectronic Engineering, 1997

Prerequisites /
notice

Basic knowledge of semiconductor device physics and quantum mechanics

227-0303-00L Advanced Photonics W  6 credits 2V+2U+1A A. Emboras, M. Burla, A. Dorodnyy
Abstract The lecture gives a comprehensive insight into various types of nano-scale photonic devices, physical fundamentals of their operation, and

an overview of the micro/nano-fabrication technologies. Following applications of nano-scale photonic structures are discussed in details:
detectors, photovoltaic cells, atomic/ionic opto-electronic devices and integrated microwave photonics.

Objective General training in advanced photonic devices with an in-depth understanding of the fundamentals of theory, fabrication, and
characterization. Hands-on experience with photonic and optoelectronic device technologies and theory. The students will learn about the
importance of advanced photonic devices in energy, communications, digital and neuromorphic computing applications.
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Content The following topics will be addressed:
•    Photovoltaics: basic thermodynamic principles and fundamental efficiency limitations, physics of semiconductor solar cell, overview of
existing solar cell concepts and underlying physical phenomena. 
•    Micro/nano-fabrication technologies for advanced optoelectronic devices: introduction and device examples.
•    Comprehensive insight into the physical mechanisms that govern ionic-atomic devices, present the techniques required to fabricate
ultra-scaled nanostructures and show some applications in digital and neuromorphic computing. 
•    Introduction to microwave photonics (MWP), microwave photonic links, photonic techniques for microwave signal generation and
processing.

Lecture notes The presentation and the lecture notes will be provided every week.
Literature “Atomic/Ionic Devices”:

•    Resistive Switching: From Fundamentals of Nanoionic Redox Processes to Memristive Device Applications, Daniele Ielmini and Rainer
Waser, Wiley-VCH 
•    Electrochemical Methods: Fundamentals and Applications, A. Bard and L. Faulkner, John Willey & Sons, Inc.

“Photovoltaics”:
•    Prof. Peter Wurfel: Physics of Solar Cells, Wiley 

“Micro and nano Fabrication”:
•    Prof. H. Gatzen, Prof. Volker Saile, Prof. Juerg Leuthold: Micro and Nano Fabrication, Springer

 “Microwave Photonics”:
•    D. M. Pozar, Microwave Engineering. J. Wiley & Sons, New York, 2005.
•    M. Burla, Advanced integrated optical beam forming networks for broadband phased array antenna systems. Enschede, The
Netherlands, 2013. DOI: 10.3990/1.9789036507295
•    C.H. Cox, Analog optical links: theory and practice. Cambridge University Press, 2006.

Prerequisites /
notice

Basic knowledge of semiconductor physics, physics of the electromagnetic filed and thermodynamics.

227-0330-00L Energy-Efficient Analog Circuits for IoT Systems W  6 credits 2V+2U T. Jang
Abstract We are facing a new era of the Internet of things, similarly indicated as Industry 4.0, TSensors, Ubiquitous or The Fog. A miniaturized

computer is the key to this innovation that senses, collects and processes information from objects. In this class, based on the recent
publications, energy efficient analog IC techniques will be introduced which is the main challenge to reduce the battery size.

Objective This class introduces key analog building blocks such as energy harvester, frequency generator, data converter, sensor interface, power
converter based on the recent publications for IoT systems including wearable electronics, bio-implantable devices, and environmental
sensors.

Content Ultra-low power circuit design methodology and transistor characteristics; Circuit-level design techniques for amplifier, comparator, voltage
reference, on-chip oscillator, switched capacitor; IP-level design techniques for energy harvester, data converter, energy harvester and
power converters.

Prerequisites /
notice

Analog Integrated Circuits

227-0622-00L Thermal Modeling: From Semiconductor to Medical
Devices and Personalized Therapy Planning

W  4 credits 2V+1U E. Neufeld, M. Luisier

Abstract The course introduces computational techniques to model electromagnetic heating across many orders of magnitudes, from the atomic to
the macroscopic scale. Both desired and undesired thermal effects will be covered, e.g. thermal cancer therapies based on tissue heating
or Joule heating in semiconductor devices. A wide range of simulation approaches and numerical methods will be introduced.

Objective During this course the students will:

- learn the physics governing and computational models describing electromagnetic-induced heating;

- get familiar with computational simulation techniques across a wide range of spatial scales, incl. methods to simulate in vivo heating,
considering thermoregulation and perfusion, or quantum mechanical approaches considering heat at the level of atomic vibrations;

- implement and apply simulation techniques within a state-of-the-art open-source simulation platform for computational life sciences, as
well as a framework for computer-aided design of semiconductor devices;

- learn about remaining challenges in this field

Content The following topics will be discussed during the semester:

- Introduction about electromagnetic heating (from its historical perspective to its application in biology);

- Microscopic/Macroscopic thermal transport (governing equations, numerical methods, examples);

- Numerical algorithms and their implementation in python and/or C++, parallelisation approaches, and high performance computing
solutions;

- Practical examples: thermal therapy planning with Sim4Life and technology computer aided design with OMEN;

- Model verification and validation.

Lecture notes Lecture slides are distributed every week and can be found at
https://iis-students.ee.ethz.ch/lectures/thermal-modeling/

Prerequisites /
notice

The course requires an open attitude towards interdisciplinarity, basic python scripting and C++ coding skills, undergraduate entry-level
familiarity with electric & magnetic fields/forces, differential equations, calculus, and basic knowledge of biology and quantum mechanics.

227-0669-00L Chemistry of Devices and Technologies
Limited to 30 participants.

W  4 credits 1V+2U M. Yarema

Abstract The course covers basics of chemistry and material science, relevant for modern devices and technologies. The course consists from
lecture, laboratory, and individual components. Students accomplish individual projects, in which they study and evaluate a chosen
technology from chemistry and materials viewpoints.

Objective The course brings relevant chemistry knowledge, tailored to the needs of electrical engineering students. Students will gain understanding
of the basic concepts of chemistry and a chemist's intuition through hands-on workshops that combine tutorials and laboratory sessions as
well as guidance through individual projects that require interdisciplinary and critical thinking.
Students will learn which materials, reactions, and device fabrication processes are important for nowadays technologies and products.
They will gain important knowledge of state-of-the-art technologies from materials and fabrication viewpoints.
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Content Students will spend 3h per week in the tutorials and practical sessions and additional 4-6h per week working on individual projects.
The goal of the individual student's project is to understand the chemistry related to the manufacture and operation of a specific device or
technology (to be chosen from the list of projects). To ensure continued learning throughout the semester, individual projects are evaluated
by three interim project reports and by 10 min final presentation.

Literature Lecture notes will be made available on the website.

227-0966-00L Quantitative Big Imaging: From Images to Statistics W 4 credits 2V+1U P. A. Kaestner, M. Stampanoni
Abstract The lecture focuses on the challenging task of extracting robust, quantitative metrics from imaging data and is intended to bridge the gap

between pure signal processing and the experimental science of imaging. The course will focus on techniques, scalability, and science-
driven analysis.

Objective 1.    Introduction of applied image processing for research science covering basic image processing, quantitative methods, and statistics.
2.    Understanding of imaging as a means to accomplish a scientific goal. 
3.    Ability to apply quantitative methods to complex 3D data to determine the validity of a hypothesis

Content Imaging is a well established field and is rapidly growing as technological improvements push the limits of resolution in space, time,
material and functional sensitivity. These improvements have meant bigger, more diverse datasets being acquired at an ever increasing
rate. With methods varying from focused ion beams to X-rays to magnetic resonance, the sources for these images are exceptionally
heterogeneous; however, the tools and techniques for processing these images and transforming them into quantitative, biologically or
materially meaningful information are similar. 
The course consists of equal parts theory and practical analysis of first synthetic and then real imaging datasets. Basic aspects of image
processing are covered such as filtering, thresholding, and morphology. From these concepts a series of tools will be developed for
analyzing arbitrary images in a very generic manner. Specifically a series of methods will be covered, e.g. characterizing shape, thickness,
tortuosity, alignment, and spatial distribution of material features like pores. From these metrics the statistics aspect of the course will be
developed where reproducibility, robustness, and sensitivity will be investigated in order to accurately determine the precision and accuracy
of these quantitative measurements. A major emphasis of the course will be scalability and the tools of the 'Big Data' trend will be
discussed and how cluster, cloud, and new high-performance large dataset techniques can be applied to analyze imaging datasets. In
addition, given the importance of multi-scale systems, a data-management and analysis approach based on modern databases will be
presented for storing complex hierarchical information in a flexible manner. Finally as a concluding project the students will apply the
learned methods on real experimental data from the latest 3D experiments taken from either their own work / research or partnered with an
experimental imaging group.
The course provides the necessary background to perform the quantitative evaluation of complicated 3D imaging data in a minimally
subjective or arbitrary manner to answer questions coming from the fields of physics, biology, medicine, material science, and
paleontology.

Lecture notes Available online.
Literature Will be indicated during the lecture.
Prerequisites /
notice

Ideally students will have some familiarity with basic manipulation and programming in languages like Python, Matlab, or R. Interested
students who are worried about their skill level in this regard are encouraged to contact Per Anders Kaestner directly
(anders.kaestner@psi.ch).

More advanced students who are familiar with Python, C++, (or in some cases Java) will have to opportunity to develop more of their own
tools.

402-0448-01L Quantum Information Processing I: Concepts
This theory part QIP I together with the experimental part
402-0448-02L QIP II (both offered in the Spring Semester)
combine to the core course in experimental physics
"Quantum Information Processing" (totally 10 ECTS
credits). This applies to the Master's degree programme in
Physics.

W  5 credits 2V+1U P. Kammerlander

Abstract The course will cover the key concepts and ideas of quantum information processing, including descriptions of quantum algorithms which
give the quantum computer the power to compute problems outside the reach of any classical supercomputer. 
Key concepts such as quantum error correction will be described. These ideas provide fundamental insights into the nature of quantum
states and measurement.

Objective We aim to provide an overview of the central concepts in Quantum Information Processing, including insights into the advantages to be
gained from using quantum mechanics and the range of techniques based on quantum error correction which enable the elimination of
noise.

Content The topics covered in the course will include quantum circuits, gate decomposition and universal sets of gates, efficiency of quantum
circuits, quantum algorithms (Shor, Grover, Deutsch-Josza,..), error correction, fault-tolerant design, entanglement, teleportation and dense
conding, teleportation of gates, and cryptography.

Lecture notes More details to follow.
Literature Quantum Computation and Quantum Information

Michael Nielsen and Isaac Chuang
Cambridge University Press

Prerequisites /
notice

Basic knowledge in the formalism of quantum states, unitary evolution and quantum measurement is recommended.

402-0448-02L Quantum Information Processing II: Implementations
This experimental part QIP II together with the theory part
402-0448-01L QIP I (both offered in the Spring Semester)
combine to the core course in experimental physics
"Quantum Information Processing" (totally 10 ECTS
credits). This applies to the Master's degree programme in
Physics.

W  5 credits 2V+1U J. Home

Abstract Introduction to experimental systems for quantum information processing (QIP). Quantum bits. Coherent Control. Measurement.
Decoherence. Microscopic and macroscopic quantum systems. Nuclear magnetic resonance (NMR). Photons. Ions and neutral atoms in
electromagnetic traps. Charges and spins in quantum dots and NV centers. Charges and flux quanta in superconducting circuits. Novel
hybrid systems.

Objective Throughout the past 20 years the realm of quantum physics has entered the domain of information technology in more and more prominent
ways. Enormous progress in the physical sciences and in engineering and technology has allowed us to build novel types of information
processors based on the concepts of quantum physics. In these processors information is stored in the quantum state of physical systems
forming quantum bits (qubits). The interaction between qubits is controlled and the resulting states are read out on the level of single
quanta in order to process information. Realizing such challenging tasks is believed to allow constructing an information processor much
more powerful than a classical computer. This task is taken on by academic labs, startups and major industry. The aim of this class is to
give a thorough introduction to physical implementations pursued in current research for realizing quantum information processors. The
field of quantum information science is one of the fastest growing and most active domains of research in modern physics.
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Content Introduction to experimental systems for quantum information processing (QIP). 
- Quantum bits
- Coherent Control
- Measurement
- Decoherence
QIP with
- Ions
- Superconducting Circuits
- Photons
- NMR
- Rydberg atoms
- NV-centers
- Quantum dots

Lecture notes Course material be made available at www.qudev.ethz.ch and on the Moodle platform for the course. More details to follow.
Literature Quantum Computation and Quantum Information

Michael Nielsen and Isaac Chuang
Cambridge University Press

Prerequisites /
notice

The class will be taught in English language.

Basic knowledge of concepts of quantum physics and quantum systems, e.g from courses such as Phyiscs III, Quantum Mechanics I and II
or courses on topics such as atomic physics, solid state physics, quantum electronics are considered helpful.

More information on this class can be found on the web site www.qudev.ethz.ch

529-0625-00L Chemical Engineering W  3 credits 3G W. J. Stark
Abstract Chemical Engineering provides an introduction to production and process design. Beyond different types and operation of chemical or bio-

reactors, issues of scaling, new synthesis methods and problems of industrial production are addressed. An introduction in heterogeneous
catalysis and transport of impulse, mass and energy connect the new concepts to the basic education in chemistry and biology.

Objective Intended for chemists, chemical engineers, biochemists and biologists, the course Chemical and Bioengineering 4th semester addresses
the basics of production and process design. Starting with different reactors, process steps and unit operations in production, the industrial
scale usage of chemicals and reagents are discussed and further illustrated by examples. Material and energy balances and the concept of
selectivity are used to broaden the students view on the complexity of production and show how modern engineering can contribute to an
environmentally sustainable production. In the second part of the lecture, reactors, single cells or living matter are discussed in terms of
transport properties. Beyond metabolism or chemical processes, transport of impulse, mass and energy heavily influence chemical and
biological processes. They are introduced simultaneously and provide a basis for the understanding of flow, diffusion and heat transport.
Dimensionless numbers are used to implement transport properties in unit operations and process design. An introduction to
heterogeneous catalysis connects the acquired concepts to chemistry and biology and shows how powerful new processes arise from
combining molecular understanding and transport.

Content Elements of chemical transformations: preparation of reactants, reaction process, product work-up and recycling, product purification;
continuous, semibatch and batch processes; material balances: chemical reactors and separation processes, multiple systems and
multistage systems; energy balances: chemical reactors and separation processes, enthalpy changes, coupled material and energy
balances; multiple reactions: optimisation of reactor performance, yield and selectivity; mass transport and chemical reaction: mixing
effects in homogeneous and heterogeneous systems, diffusion and reaction in porous materials; heat exchange and chemical reaction:
adiabatic reactors, optimum operating conditions for exothermic and endothermic equilibrium reactions, thermal runaway, reactor size and
scale up.

Lecture notes Supporting material to the course is available on the homepage www.fml.ethz.ch
Literature Literature and text books are announced at the beginning of the course.

701-1244-00L Aerosols II: Applications in Environment and
Technology

W  4 credits 2V+1U M. Gysel Beer, U. Baltensperger,
D. Bell

Abstract The life-cycle of atmospheric aerosols, the evolution of their physical and chemical properties, and their impacts on climate, atmospheric
chemistry and health are studied in detail using examples from current research.

Objective The students achieve a profound knowledge of atmospheric aerosols and their climate and health impacts including the underlying physical
and chemical processes. The students know and understand advanced experimental methods and are able to design experiments to study
aforementioned impacts and processes.

Content Atmospheric aerosols:
important sources and sinks, wet and dry deposition, chemical composition and transformation processes, importance for men and
environment, interaction with the gas phase, influence on health and climate.

Lecture notes Information is distributed during the lectures
Literature Seinfeld, J.H. and Pandis, S.N., Atmospheric Chemistry and Physics: From Air Pollution to Climate Change. 3rd ed., John Wiley & Sons,

Hoboken, 2016.
Prerequisites /
notice

This course build up on the lecture "Aerosols I: Physical and Chemical Principles"

752-3000-00L Food Process Engineering I W  4 credits 3V E. J. Windhab
Abstract To procure students with the basic physics of food process engineering, especially with the mechanical futures of food systems, i.e. basic

principles of engineering mechanics, of thermodynamics, fluid dynamics and of dimension analyses for process design and Non-Newtonian
fluid mechanics.

Objective 1. Verständnis der Grundprinzipien der Thermodynamik, Fluiddynamik und ingenieurtechnischen Apparateauslegung. 2. Anwendung
dieser Prinzipien auf Prozesse der Lebensmittelverfahrenstechnik.3. Molekulares Verständnis der Fliesseigenschaften von
Lebensmittelsystemen mit nicht-Newtonschem Fliessverhalten.

Content 1. Einführung 2. Grundlagen der Fluiddynamik 3. Grundlagen derThermodynamik 4. Grundlagen der Mechanik 5. Austausch und
Transportvorgänge 6. Grundlagen der Ingenieurtechnischen Apparateauslegung 7. Grundlagen der Rheologie 8. Grundlagen der
Schüttgutmechanik 

Lecture notes Vorlesungsskriptum (ca. 100 Seiten, 60 Abbildungen) wird vor der ersten Vorlesung  und Folien  jeweils vor der Vorlesung bereit gestellt.
Literature - P. Grassmann: Einführung in die thermische Verfahrenstechnik, deGruyter Berlin, 1997 - H.D. Baehr: Thermodynamik, Springer Verlag,

Berlin, 1984
Prerequisites /
notice

Die Vorlesung erfordert während des Semesters wöchentliche Vor-/Nachbereitung. Im Unterricht wird aktive Mitarbeit erwartet. 

 Multidisciplinary Courses
The students are free to choose individually from the Course Catalogue of ETH Zurich, ETH Lausanne and the Universities of Zurich and St. Gallen.

Course Catalogue of ETH Zurich
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 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
MAVT

see Science in Perspective: Language Courses ETH/UZH

 Semester Project
Number Title Type ECTS Hours Lecturers

151-1007-00L Semester Project Micro- and Nanosystems
Only for Micro- and Nanosystems MSc.

The subject of the Semester Project and the choice of the
supervisor (ETH-professor) are to be approved in advance
by the tutor.

O 8 credits 18A Professors

Abstract The semester project is designed to train the students in the solution of specific engineering problems. This makes use of the technical and
social skills acquired during the master's program. Tutors propose the subject of the project, elaborate the project plan, and define the
roadmap together with their students, as well as monitor the overall execution.

Objective The semester project is designed to train the students in the solution of specific engineering problems. This makes use of the technical and
social skills acquired during the master's program. 

 Industrial Internship
Number Title Type ECTS Hours Lecturers

151-1090-00L Industrial Internship
Access to the company list and request for recognition
under www.mavt.ethz.ch/praxis.

No registration required via myStudies.

O  8 credits external organisers

Abstract The main objective of the minimum twelve-week internship is to expose Master’s students to the industrial work environment. The aim of
the Industrial Internship is to apply engineering knowledge to practical situations.

Objective The aim of the Industrial Internship is to apply engineering knowledge to practical situations.

 Master's Thesis
Number Title Type ECTS Hours Lecturers

151-1006-00L Master's Thesis Micro- and Nanosystems
Students who fulfill the following criteria are allowed to
begin with their Master's Thesis:
a. successful completion of the bachelor program; 
b. fulfilling of any additional requirements necessary to
gain admission to the master programme;
c. successful completion of the semester project;
d. achievement of 32 ECTS in the category "Core
Courses".

The Master's Thesis must be approved in advance by the
tutor and is supervised by a professor of ETH Zurich. 
To choose a titular professor as a supervisor, please
contact the D-MAVT Student Administration. 

O 30 credits 64D Professors

Abstract Master's programs are concluded by the master's thesis. The thesis is aimed at enhancing the student's capability to work independently
toward the solution of a theoretical or applied problem. The subject of the master's thesis, as well as the project plan and roadmap, are
proposed by the tutor and further elaborated with the student.

Objective The thesis is aimed at enhancing the student's capability to work independently toward the solution of a theoretical or applied problem. 

Micro- and Nanosystems Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Mobility Students
 Courses for Mobility Students

Mobility students can register for suitable courses of the whole course catalogue. This section lists only specific projects for mobility students. There
may be restrictions with regard to registering for projects which are not listed here. It is essential that you check with your department's Study
Administration Office if registering for a project is possible and how to select the correct course unit.

Mobility students who come to ETH Zurich for coursework are kindly requested to consult the information on preparing a study plan on the websites of
the Student Exchange Office, see https://www.ethz.ch/en/studies/non-
degree-courses/exchange-and-visiting-studies/about-the-study-programmes/preparing-a-study-plan.html.

 Research Project
The courses below are only available for mobility students.

Number Title Type ECTS Hours Lecturers

900-0005-00L 5 Credit Project
ONLY for mobility students.

Any other students (e.g.BSc, MSc, doctoral students)
CANNOT enrol for this course unit.

W  5 credits 11A Lecturers

Abstract Independent project of 1 month, supervised by a professor

900-0010-00L 10 Credit Project
ONLY for mobility students.

Any other students (e.g.BSc, MSc, doctoral students)
CANNOT enrol for this course unit.

W  10 credits 21A Lecturers

Abstract Independent project of 2 months, supervised by a professor

900-0015-00L 15 Credit Project
ONLY for mobility students.

Any other students (e.g.BSc, MSc, doctoral students)
CANNOT enrol for this course unit.

W  15 credits 32A Lecturers

Abstract Independent project of 3 months, supervised by a professor

900-0020-00L 20 Credit Project
ONLY for mobility students.

Any other students (e.g.BSc, MSc, doctoral students)
CANNOT enrol for this course unit.

W  20 credits 43A Lecturers

Abstract Independent project of 4 months, supervised by a professor

900-0025-00L 25 Credit Project
ONLY for mobility students.

Any other students (e.g.BSc, MSc, doctoral students)
CANNOT enrol for this course unit.

W  25 credits 54A Lecturers

Abstract Independent project of 5 months, supervised by a professor

900-0030-00L 30 Credit Project
ONLY for mobility students.

Any other students (e.g.BSc, MSc, doctoral students)
CANNOT enrol for this course unit.

W  30 credits 64A Lecturers

Abstract Independent project of 6 months, supervised by a professor

900-0060-00L 60 Credit Project
ONLY for mobility students.

Any other students (e.g.BSc, MSc, doctoral students)
CANNOT enrol for this course unit.

W  60 credits 129A Lecturers

Abstract Independent project of 1 year, supervised by a professor

 Additional Courses
by individual arrangement

Mobility Students - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Neural Systems and Computation Master
 Core Courses

 Compulsory Core Courses
Number Title Type ECTS Hours Lecturers

227-1031-00L Journal Club (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: INI702

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

O  2 credits 1S G. Indiveri

Abstract The Neuroinformatics Journal club is a weekly meeting during which students present current research papers.
The presentation last from 30 to 60 Minutes and is followed by a general discussion.

Objective The Neuroinformatics Journal club aims to train students to present cutting-edge research clealry and efficiently. It leads students to learn
about current topics in neurosciences and neuroinformatics, to search the relevant literature and to critically and scholarly appraise
published papers. The students learn to present complex concepts and answer critical questions.

Content Relevant current papers in neurosciences and neuroinformatics are covered.

227-1043-00L Neuroinformatics - Colloquia (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: INI701

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  0 credits 1K S.-C. Liu, R. Hahnloser, V. Mante

Abstract The colloquium in Neuroinformatics is a series of lectures given by invited experts. The lecture topics reflect the current themes in
neurobiology and neuromorphic engineering that are relevant for our Institute.

Objective The goal of these talks is to provide insight into recent research results. The talks are not meant for the general public, but really aimed at
specialists in the field.

Content The topics depend heavily on the invited speakers, and thus change from week to week. All topics concern neural computation and their
implementation in biological or artificial systems.

 Elective Core Courses
 Systems Neurosciences

Number Title Type ECTS Hours Lecturers

227-0395-00L Neural Systems W  6 credits 2V+1U+1A R. Hahnloser, M. F. Yanik,
B. Grewe

Abstract This course introduces principles of information processing in neural systems. It covers basic neuroscience for engineering students,
experiment techniques used in animal research and methods for inferring neural mechanisms. Students learn about neural information
processing and basic principles of natural intelligence and their impact on artificially intelligent systems.

Objective This course introduces 
- Basic neurophysiology and mathematical descriptions of neurons
- Methods for dissecting animal behavior 
- Neural recordings in intact nervous systems and information decoding principles
- Methods for manipulating the state and activity in selective neuron types  
- Neuromodulatory systems and their computational roles
- Reward circuits and reinforcement learning
- Imaging methods for reconstructing the synaptic networks among neurons  
- Birdsong and language 
- Neurobiological principles for machine learning.

Content From active membranes to propagation of action potentials. From synaptic physiology to synaptic learning rules. From receptive fields to
neural population decoding. From fluorescence imaging to connectomics.  Methods for reading and manipulation neural ensembles. From
classical  conditioning to reinforcement learning. From the visual system to deep convolutional networks. Brain architectures for learning
and memory. From birdsong to computational linguistics.

Prerequisites /
notice

Before taking this course, students are encouraged to complete "Bioelectronics and Biosensors" (227-0393-10L).

As part of the exercises for this class, students are expected to complete a programming or literature review project to be defined at the
beginning of the semester.

227-1034-00L Computational Vision (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: INI402

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  6 credits 2V+1U D. Kiper

Abstract This course focuses on neural computations that underlie visual perception. We study how visual signals are processed in the retina, LGN
and visual cortex. We study the morpholgy and functional architecture of cortical circuits responsible for pattern, motion, color, and three-
dimensional vision.

Objective This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.
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Content This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Literature Books: (recommended references, not required)
1. An Introduction to Natural Computation, D. Ballard (Bradford Books, MIT Press) 1997.
2. The Handbook of Brain Theorie and Neural Networks, M. Arbib (editor), (MIT Press) 1995.

 Neural Computation and Theoretical Neurosciences
Number Title Type ECTS Hours Lecturers

227-0395-00L Neural Systems W  6 credits 2V+1U+1A R. Hahnloser, M. F. Yanik,
B. Grewe

Abstract This course introduces principles of information processing in neural systems. It covers basic neuroscience for engineering students,
experiment techniques used in animal research and methods for inferring neural mechanisms. Students learn about neural information
processing and basic principles of natural intelligence and their impact on artificially intelligent systems.

Objective This course introduces 
- Basic neurophysiology and mathematical descriptions of neurons
- Methods for dissecting animal behavior 
- Neural recordings in intact nervous systems and information decoding principles
- Methods for manipulating the state and activity in selective neuron types  
- Neuromodulatory systems and their computational roles
- Reward circuits and reinforcement learning
- Imaging methods for reconstructing the synaptic networks among neurons  
- Birdsong and language 
- Neurobiological principles for machine learning.

Content From active membranes to propagation of action potentials. From synaptic physiology to synaptic learning rules. From receptive fields to
neural population decoding. From fluorescence imaging to connectomics.  Methods for reading and manipulation neural ensembles. From
classical  conditioning to reinforcement learning. From the visual system to deep convolutional networks. Brain architectures for learning
and memory. From birdsong to computational linguistics.

Prerequisites /
notice

Before taking this course, students are encouraged to complete "Bioelectronics and Biosensors" (227-0393-10L).

As part of the exercises for this class, students are expected to complete a programming or literature review project to be defined at the
beginning of the semester.

227-0973-00L Translational Neuromodeling W  8 credits 3V+2U+1A K. Stephan
Abstract This course provides a systematic introduction to Translational Neuromodeling (the development of mathematical models for diagnostics of

brain diseases) and their application to concrete clinical questions (Computational Psychiatry/Psychosomatics). It focuses on a generative
modeling strategy and teaches (hierarchical) Bayesian models of neuroimaging data and behaviour, incl. exercises.

Objective To obtain an understanding of the goals, concepts and methods of Translational Neuromodeling and Computational
Psychiatry/Psychosomatics, particularly with regard to Bayesian models of neuroimaging (fMRI, EEG) and behavioural data.

Content This course provides a systematic introduction to Translational Neuromodeling (the development of mathematical models for diagnostics of
brain diseases) and their application to concrete clinical questions (Computational Psychiatry/Psychosomatics). The first part of the course
will introduce disease concepts from psychiatry and psychosomatics, their history, and clinical priority problems. The second part of the
course concerns computational modeling of neuronal and cognitive processes for clinical applications. A particular focus is on Bayesian
methods and generative models, for example, dynamic causal models for inferring neuronal processes from neuroimaging data, and
hierarchical Bayesian models for inference on cognitive processes from behavioural data. The course discusses the mathematical and
statistical principles behind these models, illustrates their application to various psychiatric diseases, and outlines a general research
strategy based on generative models. 

Lecture topics include:
1.    Introduction to Translational Neuromodeling and Computational Psychiatry/Psychosomatics
2.    Psychiatric nosology 
3.    Pathophysiology of psychiatric disease mechanisms
4.    Principles of Bayesian inference and generative modeling
5.    Variational Bayes (VB)
6.    Bayesian model selection
7.    Markov Chain Monte Carlo techniques (MCMC)
8.    Bayesian frameworks for understanding psychiatric and psychosomatic diseases
9.    Generative models of fMRI data
10.    Generative models of electrophysiological data
11.    Generative models of behavioural data
12.    Computational concepts of schizophrenia, depression and autism
13.    Model-based predictions about individual patients

Practical exercises include mathematical derivations and the implementation of specific models and inference methods. In additional
project work, students are required to use one of the examples discussed in the course as a basis for developing their own generative
model and use it for simulations and/or inference in application to a clinical question. Group work (up to 3 students) is permitted.

Literature See TNU website:
https://www.tnu.ethz.ch/en/teaching.html

Prerequisites /
notice

Good knowledge of principles of statistics, good programming skills (MATLAB or Python)

252-1424-00L Models of Computation W  6 credits 2V+2U+1A M. Cook
Abstract This course surveys many different models of computation: Turing Machines, Cellular Automata, Finite State Machines, Graph Automata,

Circuits, Tilings, Lambda Calculus, Fractran, Chemical Reaction Networks, Hopfield Networks, String Rewriting Systems, Tag Systems,
Diophantine Equations, Register Machines, Primitive Recursive Functions, and more.

Objective The goal of this course is to become acquainted with a wide variety of models of computation, to understand how models help us to
understand the modeled systems, and to be able to develop and analyze models appropriate for new systems.
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Content This course surveys many different models of computation: Turing Machines, Cellular Automata, Finite State Machines, Graph Automata,
Circuits, Tilings, Lambda Calculus, Fractran, Chemical Reaction Networks, Hopfield Networks, String Rewriting Systems, Tag Systems,
Diophantine Equations, Register Machines, Primitive Recursive Functions, and more.

 Neurotechnologies and Neuromorphic Engineering
Number Title Type ECTS Hours Lecturers

227-1032-00L Neuromorphic Engineering II
Information for UZH students:
Enrolment to this course unit only possible at ETH. No
enrolment to module INI405 at UZH. 

Please mind the ETH enrolment deadlines for UZH
students: https://www.ethz.ch/en/studies/non-
degree-
courses/special-
students/special-students-university-of-zurich.html

W  6 credits 5G S.-C. Liu, T. Delbrück, G. Indiveri

Abstract This course teaches the basics of analog chip design and layout with an emphasis on neuromorphic circuits, which are introduced in the fall
semester course "Neuromorphic Engineering I".

Objective Design of a neuromorphic circuit for implementation with CMOS technology.
Content This course teaches the basics of analog chip design and layout with an emphasis on neuromorphic circuits, which are introduced in the

autumn semester course "Neuromorphic Engineering I".

The principles of CMOS processing technology are presented. Using a set of inexpensive software tools for simulation, layout and
verification, suitable for neuromorphic circuits, participants learn to simulate circuits on the transistor level and to make their layouts on the
mask level. Important issues in the layout of neuromorphic circuits will be explained and illustrated with examples. In the latter part of the
semester students simulate and layout a neuromorphic chip. Schematics of basic building blocks will be provided. The layout will then be
fabricated and will be tested by students during the following fall semester.

Literature S.-C. Liu et al.: Analog VLSI Circuits and Principles; software documentation.
Prerequisites /
notice

Prerequisites: Neuromorphic Engineering I strongly recommended

 Electives
Number Title Type ECTS Hours Lecturers

227-0147-00L VLSI II: Design of Very Large Scale Integration
Circuits

W  6 credits 5G F. K. Gürkaynak, L. Benini

Abstract This second course in our VLSI series is concerned with how to turn digital circuit netlists into safe, testable and manufacturable mask
layout, taking into account various parasitic effects. Low-power circuit design is another important topic. Economic aspects and
management issues of VLSI projects round off the course.

Objective Know how to design digital VLSI circuits that are safe, testable, durable, and make economic sense.
Content The second course begins with a thorough discussion of various technical aspects at the circuit and layout level before moving on to

economic issues of VLSI. Topics include: 
- The difficulties of finding fabrication defects in large VLSI chips. 
- How to make integrated circuit testable (design for test). 
- Synchronous clocking disciplines compared, clock skew, clock distribution, input/output timing. 
- Synchronization and metastability. 
- CMOS transistor-level circuits of gates, flip-flops and random access memories. 
- Sinks of energy in CMOS circuits. 
- Power estimation and low-power design. 
- Current research in low-energy computing. 
- Layout parasitics, interconnect delay, static timing analysis. 
- Switching currents, ground bounce, IR-drop, power distribution. 
- Floorplanning, chip assembly, packaging. 
- Layout design at the mask level, physical design verification. 
- Electromigration, electrostatic discharge, and latch-up. 
- Models of industrial cooperation in microelectronics. 
- The caveats of virtual components. 
- The cost structures of ASIC development and manufacturing.
- Market requirements, decision criteria, and case studies.
- Yield models.
- Avenues to low-volume fabrication. 
- Marketing considerations and case studies. 
- Management of VLSI projects.

Exercises are concerned with back-end design (floorplanning, placement, routing, clock and power distribution, layout verification).
Industrial CAD tools are being used.

Lecture notes H. Kaeslin: "Top-Down Digital VLSI Design, from Gate-Level Circuits to CMOS Fabrication", Lecture Notes Vol.2 , 2015.

All written documents in English.

Literature H. Kaeslin: "Top-Down Digital VLSI Design, from Architectures to Gate-Level Circuits and FPGAs", Elsevier, 2014, ISBN 9780128007303.
Prerequisites /
notice

Highlight:
Students are offered the opportunity to design a circuit of their own which then gets actually fabricated as a microchip! Students who elect
to participate in this program register for a term project at the Integrated Systems Laboratory in parallel to attending the VLSI II course.

Prerequisites: 
"VLSI I: from Architectures to Very Large Scale Integration Circuits and FPGAs" or equivalent knowledge.

Further details:
https://vlsi2.ethz.ch

227-0395-00L Neural Systems W  6 credits 2V+1U+1A R. Hahnloser, M. F. Yanik,
B. Grewe

Abstract This course introduces principles of information processing in neural systems. It covers basic neuroscience for engineering students,
experiment techniques used in animal research and methods for inferring neural mechanisms. Students learn about neural information
processing and basic principles of natural intelligence and their impact on artificially intelligent systems.
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Objective This course introduces 
- Basic neurophysiology and mathematical descriptions of neurons
- Methods for dissecting animal behavior 
- Neural recordings in intact nervous systems and information decoding principles
- Methods for manipulating the state and activity in selective neuron types  
- Neuromodulatory systems and their computational roles
- Reward circuits and reinforcement learning
- Imaging methods for reconstructing the synaptic networks among neurons  
- Birdsong and language 
- Neurobiological principles for machine learning.

Content From active membranes to propagation of action potentials. From synaptic physiology to synaptic learning rules. From receptive fields to
neural population decoding. From fluorescence imaging to connectomics.  Methods for reading and manipulation neural ensembles. From
classical  conditioning to reinforcement learning. From the visual system to deep convolutional networks. Brain architectures for learning
and memory. From birdsong to computational linguistics.

Prerequisites /
notice

Before taking this course, students are encouraged to complete "Bioelectronics and Biosensors" (227-0393-10L).

As part of the exercises for this class, students are expected to complete a programming or literature review project to be defined at the
beginning of the semester.

227-1032-00L Neuromorphic Engineering II
Information for UZH students:
Enrolment to this course unit only possible at ETH. No
enrolment to module INI405 at UZH. 

Please mind the ETH enrolment deadlines for UZH
students: https://www.ethz.ch/en/studies/non-
degree-
courses/special-
students/special-students-university-of-zurich.html

W  6 credits 5G S.-C. Liu, T. Delbrück, G. Indiveri

Abstract This course teaches the basics of analog chip design and layout with an emphasis on neuromorphic circuits, which are introduced in the fall
semester course "Neuromorphic Engineering I".

Objective Design of a neuromorphic circuit for implementation with CMOS technology.
Content This course teaches the basics of analog chip design and layout with an emphasis on neuromorphic circuits, which are introduced in the

autumn semester course "Neuromorphic Engineering I".

The principles of CMOS processing technology are presented. Using a set of inexpensive software tools for simulation, layout and
verification, suitable for neuromorphic circuits, participants learn to simulate circuits on the transistor level and to make their layouts on the
mask level. Important issues in the layout of neuromorphic circuits will be explained and illustrated with examples. In the latter part of the
semester students simulate and layout a neuromorphic chip. Schematics of basic building blocks will be provided. The layout will then be
fabricated and will be tested by students during the following fall semester.

Literature S.-C. Liu et al.: Analog VLSI Circuits and Principles; software documentation.
Prerequisites /
notice

Prerequisites: Neuromorphic Engineering I strongly recommended

227-1046-00L Computer Simulations of Sensory Systems
Does not take place this semester.

W  3 credits 3G

Abstract This course deals with computer simulations of the human auditory, visual, and balance system. The lecture will cover the physiological
and mechanical mechanisms of these sensory systems. And in the exercises, the simulations will be implemented with Python. The
simulations will be such that their output could be used as input for actual neuro-sensory prostheses.

Objective Our sensory systems provide us with information about what is happening in the world surrounding us. Thereby they transform incoming
mechanical, electromagnetic, and chemical signals into action potentials, the language of the central nervous system.
The main goal of this lecture is to describe how our sensors achieve these transformations, how they can be reproduced with
computational tools. For example, our auditory system performs approximately a Fourier transformation of the incoming sound waves; our
early visual system is optimized for finding edges in images that are projected onto our retina; and our balance system can be well
described with a control system that transforms linear and rotational movements into nerve impulses.
In the exercises that go with this lecture, we will use Python to reproduce the transformations achieved by our sensory systems. The goal is
to write programs whose output could be used as input for actual neurosensory prostheses: such prostheses have become commonplace
for the auditory system, and are under development for the visual and the balance system. For the corresponding exercises, at least some
basic programing experience is required!!

Content The following topics will be covered:
 Introduction into the signal processing in nerve cells.
 Introduction into Python.
 Simplified simulation of nerve cells (Hodgkins-Huxley model).
 Description of the auditory system, including the application of Fourier transforms on recorded sounds.
 Description of the visual system, including the retina and the information processing in the visual cortex. The corresponding exercises will
provide an introduction to digital image processing.
 Description of the mechanics of our balance system, and the Control System-language that can be used for an efficient description of the
corresponding signal processing (essentially Laplace transforms and control systems).

Lecture notes For each module additional material will be provided on the e-learning platform "moodle". The main content of the lecture is also available
as a wikibook, under http://en.wikibooks.org/wiki/Sensory_Systems
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Literature Open source information is available as wikibook http://en.wikibooks.org/wiki/Sensory_Systems

For good overviews I recommend:

 Principles of Neural Science (5th Ed, 2012), by Eric Kandel, James Schwartz, Thomas Jessell, Steven Siegelbaum, A.J. Hudspeth     
ISBN 0071390111 / 9780071390118
THE standard textbook on neuroscience.

 L. R. Squire, D. Berg, F. E. Bloom, Lac S. du, A. Ghosh, and N. C. Spitzer. Fundamental Neuroscience, Academic Press - Elsevier, 2012
[ISBN: 9780123858702].
This book covers the biological components, from the functioning of an individual ion channels through the various senses, all the way to
consciousness. And while it does not cover the computational aspects, it nevertheless provides an excellent overview of the underlying
neural processes of sensory systems. 

 G. Mather. Foundations of Sensation and Perception, 2nd Ed Psychology Press, 2009 [ISBN: 978-1-84169-698-0 (hardcover), oder 978-
1-84169-699-7 (paperback)]
A coherent, up-to-date introduction to the basic facts and theories concerning human sensory perception.

 The best place to get started with Python programming are the https://scipy-lectures.org/
Prerequisites /
notice

 Since I have to gravel from Linz, Austria, to Zurich to give this lecture, I plan to hold this lecture in blocks (every 2nd week).
 In addition to the lectures, this course includes external lab visits to institutes actively involved in research on the relevant sensory
systems.

402-0673-00L Physics in Medical Research: From Humans to Cells W  6 credits 2V+1U B. K. R. Müller
Abstract The aim of this lecture series is to introduce the role of physics in state-of-the-art medical research and clinical practice. Topics to be

covered range from applications of physics in medical implant technology and tissue engineering, through imaging technology, to its role in
interventional and non-interventional therapies.

Objective The lecture series is focused on applying knowledge from physics in diagnosis, planning, and therapy close to clinical practice and
fundamental medical research. Beside a general overview, the lectures give a deep insight into a very few selected techniques, which will
help the students to apply the knowledge to a broad range of related techniques.

In particular, the lectures will elucidate the physics behind the X-ray imaging currently used in clinical environment and contemporary high-
resolution developments. It is the goal to visualize and quantify (sub-)microstructures of human tissues and implants as well as their
interface.

Ultrasound is not only used for diagnostic purposes but includes therapeutic approaches such as the control of the blood-brain barrier
under MR-guidance.

Physicists in medicine are working on modeling and simulation. Based on the vascular structure in cancerous and healthy tissues, the
characteristic approaches in computational physics to develop strategies against cancer are presented. In order to deliberately destroy
cancerous tissue, heat can be supplied or extracted in different manner: cryotherapy (heat conductivity in anisotropic, viscoelastic
environment), radiofrequency treatment (single and multi-probe), laser application, and proton therapy.

Medical implants play an important role to take over well-defined tasks within the human body. Although biocompatibility is here of crucial
importance, the term is insufficiently understood. The aim of the lectures is the understanding of biocompatibility performing well-defined
experiments in vitro and in vivo. Dealing with different classes of materials (metals, ceramics, polymers) the influence of surface
modifications (morphology and surface coatings) are key issues for implant developments, which might be bio-inspired.

Mechanical stimuli can drastically influence soft and hard tissue behavior. The students should realize that a physiological window exists,
where a positive tissue response is expected and how the related parameter including strain, frequency, and resting periods can be
selected and optimized for selected tissues such as bone.

For the treatment of severe incontinence, we are developing artificial smart muscles. The students should have a critical look at promising
solutions and the selection procedure as well as realize the time-consuming and complex way to clinical practice.

The course will be completed by relating the numerous examples and a common round of questions.

Content This lecture series will cover the following topics:
Introduction: Imaging the human body down to individual cells and beyond
Development of artificial muscles for incontinence treatment
X-ray-based computed tomography in clinics and related medical research
High-resolution micro computed tomography
Phase tomography using hard X-rays in biomedical research
Metal-based implants and scaffolds
Natural and synthetic ceramics for implants and regenerative medicine
Biomedical simulations
Polymers for medical implants
From open surgery to non-invasive interventions - Physical approaches in medical imaging
Dental research
Focused Ultrasound and its clinical use
Applying physics in medicine: Benefitting patients

Lecture notes http://www.bmc.unibas.ch/education/ETH_Zurich.phtml

login and password to be provided during the lecture

Prerequisites /
notice

Students from other departments are very welcome to join and gain insight into a variety of sophisticated techniques for the benefit of
patients.
No special knowledge is required. Nevertheless, gaps in basic physical knowledge will require additional efforts.

701-1418-00L Modelling Course in Population and Evolutionary
Biology
Number of participants limited to 20. 

Priority is given to MSc Biology and Environmental
Sciences students.

W  4 credits 6P S. Bonhoeffer, V. Müller

Abstract This course provides a "hands-on" introduction into mathematical/computational modelling of biological processes with particular emphasis
on evolutionary and population-biological questions. The models are developed using the Open Source software R.
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Objective The aim of this course is to provide a practical introduction into the modelling of fundamental biological questions. The participants will
receive guidance to develop mathematical/computational models in small teams. The participants chose two modules with different levels
of difficulty from a list of projects.

The participant shall get a sense of the utility of modelling as a tool to investigate biological problems. The simpler modules are based
mostly on examples from the earlier lecture "Ecology and evolution: populations" (script accessible at the course webpage). The advanced
modules address topical research questions. Although being based on evolutionary and population biological methods and concepts, these
modules also address topics from other areas of biology.

Content see www.tb.ethz.ch/education/learningmaterials/modelingcourse.html
Lecture notes Detailed handouts describing both the modelling and the biological background are available to each module at the course website. In

addition, the script of the earlier lecture "Ecology and evolution: populations" can also be downloaded, and contains further backround
information.

Prerequisites /
notice

The course is based on the open source software R. Experience with R is useful but not required for the course. Similarly, the course 701-
1708-00L Infectious Disease Dynamics is useful but not required.

 GESS Science in Perspective
see GESS Compulsory Electives: Type A: Enhancement
of Reflection Capability

Recommended GESS compulsory elective courses (Type
B) for D-ITET

see GESS Compulsory Electives: Language Courses
ETH/UZH

 Master's Thesis and Semester Papers/Seminars
 Option 1: Long Master Thesis

Number Title Type ECTS Hours Lecturers

227-1041-01L NSC Master's Thesis (long) and Exam (University of
Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: INI503

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  45 credits 96D R. Hahnloser

Abstract The Master thesis concludes the study programme. Thesis work should prove the students' ability to independent, structured and scientific
working.

Objective see above
Prerequisites /
notice

Application forms can be downloaded at http://www.nsc.uzh.ch/?id=21602&master=10511&top=10532. Note: the oral part of the exam
must be completed before the written part.

 Option 2: Short Master Thesis and Semester Papers/Seminars
 Short Master Thesis

Number Title Type ECTS Hours Lecturers

227-1041-02L NSC Master's Thesis (short) and Exam (University of
Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: INI504

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  29 credits 62D R. Hahnloser

Abstract The Master thesis concludes the study programme. Thesis work should prove the students' ability to independent, structured and scientific
working.

Objective see above
Prerequisites /
notice

Application forms can be downloaded at http://www.nsc.uzh.ch/?id=21602&master=10511&top=10532. Note: the oral part of the exam
must be completed before the written part.

 Semester Papers/Seminars
Number Title Type ECTS Hours Lecturers

227-1036-01L NSC Master Short Project I (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: INI505

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  8 credits 17A R. Hahnloser

Abstract Usually a student selects the topic of a Master Short Project in consultation with his or her mentor.
Objective see above

227-1036-02L NSC Master Short Project II (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: INI506

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  8 credits 17A R. Hahnloser
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Abstract Usually a student selects the topic of a Master Short Project in consultation with his or her mentor.
Objective see above

Neural Systems and Computation Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Nuclear Engineering Master
MSc Nuclear Engineering is a joint program of EPF Lausanne and ETH Zurich. The first semester takes place in Lausanne. Students therefore have to
enroll at EPFL.
For more information about the curriculum and courses see: http://master.epfl.ch/cms/site/master/lang/en/nuclearengineering

 Core Courses
 2. Semester

Number Title Type ECTS Hours Lecturers

151-0156-00L Safety of Nuclear Power Plants O  4 credits 2V+1U H.-M. Prasser, V. Dang,
L. Podofillini

Abstract Knowledge about safety concepts and requirements of nuclear power plants and their implementation in deterministic safety concepts and
safety systems. Knowledge about behavior under accident conditions and about the methods of probabilistic risk analysis and how to
handle results. Introduction into key elements of the enhanced safety of nuclear systems for the future.

Objective Deep understanding of safety requirements, concepts and system of nuclear power plants, knowledge of deterministic and probabilistic
methods for safety analysis, aspects of nuclear safety research, licensing of nuclear power plant operation. Overview on key elements of
the enhanced safety of nuclear systems for the future.

Content (1) Introduction into the specific safety issues of nuclear power plants, main facts of health effects of ionizing radiation, defense in depth
approach. (2) Reactor protection and reactivity control, reactivity induced accidents (RIA). (3) Loss-of-coolant accidents (LOCA),
emergency core cooling systems. (4) Short introduction into severe accidents (Beyond Design Base Accidents, BDBA). (5)  Probabilistic
risk analysis (PRA level 1,2,3). (6) Passive safety systems. (7) Safety of innovative reactor concepts.

Lecture notes Script: 
Hand-outs of lecture slides will be distributed
Audio recording of lectures will be provided
Script "Short introduction into basics of nuclear power"

Literature S. Glasston & A. Sesonke: Nuclear Reactor Engineering, Reactor System Engineering, Ed. 4, Vol. 2., Chapman & Hall, NY, 1994
Prerequisites /
notice

Prerequisites: 
Recommended in advance (not binding): 151-0163-00L Nuclear Energy Conversion

151-0160-00L Nuclear Energy Systems O  4 credits 2V+1U H.-M. Prasser, P. Burgherr,
I. Günther-Leopold, W. Hummel,
T. Kämpfer, T. Kober, X. Zhang

Abstract Nuclear energy and sustainability, uranium production, uranium enrichment, nuclear fuel production, reprocessing of spent fuel, nuclear
waste disposal, Life Cycle Analysis, energy and materials balance of Nuclear Power Plants.

Objective Students get an overview on the physical and chemical fundamentals, the technological processes and  the environmental impact of the full
energy conversion chain of nuclear power generation. The are enabled to assess to potentials and risks arising from embedding nuclear
power in a complex energy system.

Content (1) survey on the cosmic and geological origin of uranium, methods of uranium mining, separation of uranium from the ore, (2) enrichment
of uranium (diffusion cells, ultra-centrifuges, alternative methods), chemical conversion uranium oxid - fluorid - oxid, fuel rod fabrication
processes, (3) fuel reprocessing (hydrochemical, pyrochemical) including modern developments of deep partitioning as well as methods to
treat and minimize the amount and radiotoxicity of nuclear waste. (4) nuclear waste disposal, waste categories and origin, geological and
engineered barriers in deep geological repositories, the project of a deep geological disposal for radioactive waste in Switzerland, (5)
methods to measure the sustainability of energy systems, comparison of nuclear energy with other energy sources, environmental impact
of the nuclear energy system as a whole, including the question of CO2 emissions, CO2 reduction costs, radioactive releases from the
power plant, the fuel chain and the final disposal. The material balance of different fuel cycles with thermal and fast reactors isdiscussed.

Lecture notes Lecture slides will be distributed as handouts and in digital form

151-2017-00L Nuclear Fuels and Materials O 4 credits 3G M. A. Pouchon, P. J.-P. Spätig
Abstract Materials for nuclear power plants and fuel are discussed. The course is a basic introduction into this topic and it is mainly concerned with

light water reactors. Structural materials for pressure boundaries (reactor pressure vessel, pipings) and reactor internals are introduced.
Fuel and fuel claddings are also discussed. Main emphasize is on damage and degradation mechanisms during service.

Objective The students
know the most important structural materials in nuclear reactors
know fuel and its behaviour in a reactor
know important ageing and degradation mechanisms in nuclear power plants

Content  Brief review of materials science basics
 LWRs and their structural materials, damage mechanisms
 Cladding materials, corrosion, failure modes
 Pressure-boundary components, ageing, degradation
 Structural integrity, surveillance, lifetime management
 Structural materials for future advanced NPPs
 General description of nuclear fuels, introduction to radiation damage
 Fuel thermal performance
 Fuel thermo-mechanical behaviour
 Production, evolution of fission products
 Fission gas release mechanisms
 Fuel related safety limits
 Advanced fuels for future NPPs

Literature Distributed documents, recommended book chapters
Prerequisites /
notice

Prerequisite for: Advanced Topics in Nuclear Reactor Materials (2nd
sem.)

151-0166-00L Physics of Nuclear Reactor II W  4 credits 3G S. Pelloni, K. Mikityuk, A. Pautz
Abstract Reactor physics calculations for assessing the performance and safety of nuclear power plants are, in practice, carried out using large

computer codes simulating different key phenomena. This course provides a basis for understanding state-of-the-art calculational
methodologies in the above context.

Objective Students are introduced to advanced methods of reactor physics analysis for nuclear power plants.
Content Cross-sections preparation. Slowing down theory. Differential form of the neutron transport equation and method of discrete ordinates (Sn).

Integral form of the neutron transport equation and method of characteristics. Method of Monte-Carlo. Modeling of fuel depletion. Lattice
calculations and cross-section parametrization. Modeling of full core neutronics using nodal methods. Modeling of feedbacks from fuel
behavior and thermal hydraulics. Point and spatial reactor kinetics. Uncertainty and sensitivity analysis.

Lecture notes Hand-outs will be provided on the website.
Literature Chapters from various text books on Reactor Theory, etc.
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151-0170-00L Computational Multiphase Thermal Fluid Dynamics W  4 credits 2V+1U H.-M. Prasser, A. Dehbi, B. Niceno
Abstract The course deals with fundamentals of the application of Computational Fluid Dynamics to gas-liquid flows as well as particle laden gas

flows including aerosols. The course will present the current state of art in the field. Challenging examples, mainly from the field of nuclear
reactor safety, are discussed in detail.

Objective Fundamentals of 3D multiphase flows (Definitions, Averages, Flow regimes), mathematical models (two-fluid model, Euler-Euler and Euler-
Lagrange techniques), modeling of dispersed bubble flows (inter-phase forces, population balance and multi-bubble size class models),
turbulence modeling, stratified and free-surface flows (interface tracking techniques such as VOF, level-sets and variants, modeling of
surface tension), particulate and aerosol flows, particle tracking, one and two way coupling, random walk techniques to couple particle
tracking with turbulence models, numerical methods and tools, industrial applications.

151-0280-00L Advanced Techniques for the Risk Analysis of
Technical Systems

W  4 credits 2V+1U G. Sansavini

Abstract The course provides advanced tools for the risk/vulnerability analysis and engineering of complex technical systems and critical
infrastructures. It covers application of modeling techniques and design management concepts for strengthening the performance and
robustness of such systems, with reference to energy, communication and transportation systems.

Objective Students will be able to model complex technical systems and critical infrastructures including their dependencies and interdependencies.
They will learn how to select and apply appropriate numerical techniques to quantify the technical risk and vulnerability in different contexts
(Monte Carlo simulation, Markov chains, complex network theory). Students will be able to evaluate which method for quantification and
propagation of the uncertainty of the vulnerability is more appropriate for various complex technical systems. At the end of the course, they
will be able to propose design improvements and protection/mitigation strategies to reduce risks and vulnerabilities of these systems.

Content Modern technical systems and critical infrastructures are complex, highly integrated and interdependent. Examples of these are highly
integrated energy supply, energy supply with high penetrations of renewable energy sources, communication, transport, and other
physically networked critical infrastructures that provide vital social services. As a result, standard risk-assessment tools are insufficient in
evaluating the levels of vulnerability, reliability, and risk. 
This course offers suitable analytical models and computational methods to tackle this issue with scientific accuracy. Students will develop
competencies which are typically requested for the formation of experts in reliability design, safety and protection of complex technical
systems and critical infrastructures.
Specific topics include: 
- Introduction to complex technical systems and critical infrastructures
- Basics of the Markov approach to system modeling for reliability and availability analysis
- Monte Carlo simulation for reliability and availability analysis
- Markov Chain Monte Carlo for applications to reliability and availability analysis
- Dependent, common cause and cascading failures
- Complex network theory for the vulnerability analysis of complex technical systems and critical infrastructures
- Basic concepts of uncertainty and sensitivity analysis in support to the analysis of the reliability and risk of complex systems under
incomplete knowledge of their behavior
Practical exercitations and computational problems will be carried out and solved both during classroom tutorials and as homework.

Lecture notes Slides and other materials will be available online
Literature The class will be largely based on the books:

- "Computational Methods For Reliability And Risk Analysis" by E. Zio, World Scientific Publishing Company
- "Vulnerable Systems" by W. Kröger and E. Zio, Springer
- additional recommendations for text books will be covered in the class

Prerequisites /
notice

Fundamentals of Probability

151-0966-00L Introduction to Quantum Mechanics for Engineers W  4 credits 2V+2U D. J. Norris
Abstract This course provides fundamental knowledge in the principles of quantum mechanics and connects it to applications in engineering.
Objective To work effectively in many areas of modern engineering, such as renewable energy and nanotechnology, students must possess a basic

understanding of quantum mechanics. The aim of this course is to provide this knowledge while making connections to applications of
relevancy to engineers. After completing this course, students will understand the basic postulates of quantum mechanics and be able to
apply mathematical methods for solving various problems including atoms, molecules, and solids. Additional examples from engineering
disciplines will also be integrated.

Content Fundamentals of Quantum Mechanics 
-    Historical Perspective 
-    Schrödinger Equation
-    Postulates of Quantum Mechanics
-    Operators 
-    Harmonic Oscillator
-    Hydrogen atom
-    Multielectron Atoms
-    Crystalline Systems
-    Spectroscopy
-    Approximation Methods
-    Applications in Engineering

Lecture notes Class Notes and Handouts
Literature Text: David J. Griffiths, Introduction to Quantum Mechanics, 2nd Edition, Pearson International Edition.
Prerequisites /
notice

Analysis III, Mechanics III, Physics I, Linear Algebra II

151-1906-00L Multiphase Flow W  4 credits 3G H.-M. Prasser
Abstract Basics in multiphase flow systems,, mainly gas-liquid, is presented in this course. An introduction summarizes the characteristics of multi

phase flows, some theoretical models are discussed. Following we focus on pipe flow, film and bubbly/droplet flow. Finally specific
measuring methods are shown and a summary of the CFD models for multiphases is presented.

Objective This course contributes to a deep understanding of complex multiphase systems and allows to predict multiphase conditions to design
appropriate systems/apparatus. Actual examples and new developments are presented.

Content The course gives an overview on following subjects: Basics in multiphase systems, pipeflow, films, bubbles and bubble columns, droplets,
measuring techniques, multiphase flow in microsystems, numerical procedures with multiphase flows.

Lecture notes Lecturing notes are available (copy of slides or a german script) partly in english
Literature Special literature is recommended for each chapter.
Prerequisites /
notice

The course builds on the basics in fluidmechanics.

151-2005-00L Elective Project Nuclear Engineering
Only for Nuclear Enginering MSc.

The subject of the Elective Project and the choice of the

W  8 credits 17A Professors
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supervisor (ETH or EPFL professor) are to be approved in
advance by the tutor. 

Abstract The elective project has the purpose to train the students in the solution of specific engineering problems related to nuclear technology.
This makes use of the technical and social skills acquired during the master's program. Tutors propose the subject of the project, elaborate
the project plan, and define the roadmap together with their students, as well as monitor the overall execution.             

Objective The elective project is designed to train the students in the solution of specific engineering problems. This makes use of the technical and
social skills acquired during the master's programme.

151-2016-00L Radiation Imaging for Industrial Applications W  4 credits 2V+1U H.-M. Prasser, R. Adams
Abstract The course gives an overview of the physics and practical principles of imaging techniques using ionizing radiation such as X-rays, gamma

photons, and neutrons in the context of various industrial (non-medical) challenges. This includes the interaction of radiation with matter,
parameters affecting imaging performance, source and detector technology, image processing, and tomographic techniques.

Objective Understanding of the principles and applicability of various radiation-based imaging techniques including radiography and tomography to
various industrial challenges.

Content principles of radiation imaging; physics of interaction of radiation with matter (X-ray, gamma, neutron); X-ray source physics and
technology; neutron source physics and technology; radiation detection principles; radiation detection as applied to imaging; radiography
(image quality parameters, image processing); computed tomography (image reconstruction techniques, artifacts, image processing);
overview of more exotic techniques (e.g. dual modality, fast neutrons, time of flight); general industrial applications, security applications;
special issues in dynamic imaging and example applications; PET/PEPT imaging; nuclear energy applications

Lecture notes Lecture slides will be provided, as well as references for further reading
Literature - Wang, Industrial Tomography: Systems and Applications

- Knoll, Radiation Detection and Measurement
- Kak & Slaney, Principles of Computerized Tomographic Imaging

Prerequisites /
notice

Recommended courses (not binding): 151-0163-00L Nuclear Energy Conversion, 151-2035-00L, Radiobiology and Radiation Protection,
151-0123-00L, Experimental Methods for Engineers, MATLAB skills for exercises.

227-0948-00L Magnetic Resonance Imaging in Medicine W  4 credits 3G S. Kozerke, M. Weiger Senften
Abstract Introduction to magnetic resonance imaging and spectroscopy, encoding and contrast mechanisms and their application in medicine.
Objective Understand the basic principles of signal generation, image encoding and decoding, contrast manipulation and the application thereof to

assess anatomical and functional information in-vivo.
Content Introduction to magnetic resonance imaging including basic phenomena of nuclear magnetic resonance; 2- and 3-dimensional imaging

procedures; fast and parallel imaging techniques; image reconstruction; pulse sequences and image contrast manipulation; equipment;
advanced techniques for identifying activated brain areas; perfusion and flow; diffusion tensor imaging and fiber tracking; contrast agents;
localized magnetic resonance spectroscopy and spectroscopic imaging; diagnostic applications and applications in research.

Lecture notes D. Meier, P. Boesiger, S. Kozerke
Magnetic Resonance Imaging and Spectroscopy

227-0967-00L Computational Neuroimaging Clinic W  3 credits 2V K. Stephan
Abstract This seminar teaches problem solving skills for computational neuroimaging (incl. associated computational analyses of behavioural data).

It deals with a wide variety of real-life problems that are brought to this meeting from the neuroimaging community at Zurich, e.g.,
concerning mass-univariate and multivariate analyses of fMRI/EEG data, or generative models of fMRI, EEG, or behavioural data.

Objective 1. Consolidation of theoretical knowledge (obtained in one of the following courses: 'Methods & models for fMRI data analysis',
'Translational Neuromodeling', 'Computational Psychiatry') in a practical setting.
2. Acquisition of practical problem solving strategies for computational modeling of neuroimaging data.

Content This seminar teaches problem solving skills for computational neuroimaging (incl. associated computational analyses of behavioural data).
It deals with a wide variety of real-life problems that are brought to this meeting from the neuroimaging community at Zurich, e.g.,
concerning mass-univariate and multivariate analyses of fMRI/EEG data, or generative models of fMRI, EEG, or behavioural data.

Prerequisites /
notice

The participants are expected to be familiar with general principles of statistics and have successfully completed at least one of the
following courses:
'Methods & models for fMRI data analysis',
'Translational Neuromodeling',
'Computational Psychiatry'

227-0968-00L Monte Carlo in Medical Physics W  4 credits 3G M. Stampanoni, M. K. Fix
Abstract Introduction in basics of Monte Carlo simulations in the field of medical radiation physics. General recipe for Monte Carlo simulations in

medical physics from code selection to fine-tuning the implementation. Characterization of radiation by means of Monte Carlo simulations.
Objective Understanding the concept of the Monte Carlo method. Getting familiar with the Monte Carlo technique, knowing different codes and

several applications of this method. Learn how to use Monte Carlo in the field of applied medical radiation physics. Understand the usage
of Monte Carlo to characterize the physical behaviour of ionizing radiation in medical physics. Share the enthusiasm about the potential of
the Monte Carlo technique and its usefulness in an interdisciplinary environment.

Content The lecture provides the basic principles of the Monte Carlo method in medical radiation physics. Some fundamental concepts on
applications of ionizing radiation in clinical medical physics will be reviewed. Several techniques in order to increase the simulation
efficiency of Monte Carlo will be discussed. A general recipe for performing Monte Carlo simulations will be compiled. This recipe will be
demonstrated for typical clinical devices generating ionizing radiation, which will help to understand implementation of a Monte Carlo
model. Next, more patient related effects including the estimation of the dose distribution in the patient, patient movements and imaging of
the patient's anatomy. A further part of the lecture covers the simulation of radioactive sources as well as heavy ion treatment modalities.
The field of verification and quality assurance procedures from the perspective of Monte Carlo simulations will be discussed. To complete
the course potential future applications of Monte Carlo methods in the evolving field of treating patients with ionizing radiation.

Lecture notes A script will be provided.

402-0342-00L Medical Physics II W  6 credits 2V+1U P. Manser
Abstract Applications of ionizing radiation in medicine such as radiation therapy, nuclear medicine and radiation diagnostics. Theory of dosimetry

based on cavity theory and clinical consequences. Fundamentals of dose calculation, optimization and evaluation. Concepts of external
beam radiation therapy and brachytherapy. Recent and future developments: IMRT, IGRT, SRS/SBRT, particle therapy.

Objective Getting familiar with the different medical applications of ionizing radiation in the fields of radiation therapy, nuclear medicine, and radiation
diagnostics. Dealing with concepts such as external beam radiation therapy as well as brachytherapy for the treatment of cancer patients.
Understanding the fundamental cavity theory for dose measurements and its consequences on clinical practice. Understanding different
delivery techniques such as IMRT, IGRT, SRS/SBRT, brachytherapy, particle therapy using protons, heavy ions or neutrons.
Understanding the principles of dose calculation, optimization and evaluation for radiation therapy, nuclear medicine and radiation
diagnostic applications. Finally, the lecture aims to demonstrate that medical physics is a fascinating and evolving discipline where physics
can directly be used for the benefits of patients and the society.
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Content In this lecture, the use of ionizing radiation in different clinical applications is discussed. Primarily, we will concentrate on radiation therapy
and will cover applications such as external beam radiotherapy with photons and electrons, intensity modulated radiotherapy (IMRT),
image guided radiotherapy (IGRT), stereotactic radiotherapy and radiosurgery, brachytherapy, particle therapy using protons, heavy ions or
neutrons. In addition, dosimetric methods based on cavity theory are reviewed and principles of treatment planning (dose calculation,
optimization and evaluation) are discussed. Next to these topics, applications in nuclear medicine and radiation diagnostics are explained
with the clear focus on dosimetric concepts and behaviour.

Lecture notes A script will be provided.
Prerequisites /
notice

It is recommended that the students have taken the lecture Medical Physics I in advance.

402-0343-00L Physics Against Cancer: The Physics of Imaging and
Treating Cancer
Special Students UZH must book the module PHY361
directly at UZH.

W  6 credits 2V+1U A. J. Lomax, U. Schneider

Abstract Radiotherapy is a rapidly developing and technology driven medical discipline that is heavily dependent on physics and engineering. In this
lecture series, we will review and describe some of the current developments in radiotherapy, particularly from the physics and
technological view point, and will indicate in which direction future research in radiotherapy will lie.

Objective Radiotherapy is a rapidly developing and technology driven medical discipline that is heavily dependent on physics and engineering. In the
last few years, a multitude of new techniques, equipment and technology have been introduced, all with the primary aim of more accurately
targeting and treating cancerous tissues, leading to a precise, predictable and effective therapy technique. In this lecture series, we will
review and describe some of the current developments in radiotherapy, particularly from the physics and technological view point, and will
indicate in which direction future research in radiotherapy will lie. Our ultimate aim is to provide the student with a taste for the critical role
that physics plays in this rapidly evolving discipline and to show that there is much interesting physics still to be done.

Content The lecture series will begin with a short introduction to radiotherapy and an overview of the lecture series (lecture 1). Lecture 2 will cover
the medical imaging as applied to radiotherapy, without which it would be impossible to identify or accurately calculate the deposition of
radiation in the patient. This will be followed by a detailed description  of the treatment planning process, whereby the distribution of
deposited energy within the tumour and patient can be accurately calculated, and the optimal treatment defined (lecture 3). Lecture 4 will
follow on with this theme, but concentrating on the more theoretical and mathematical techniques that can be used to evaluate different
treatments, using mathematically based biological models for predicting the outcome of treatments. The role of physics modeling, in order
to accurately calculate the dose deposited from radiation in the patient, will be examined in lecture 5, together with a review of
mathematical tools that can be used to optimize patient treatments. Lecture 6 will investigate a rather different issue, that is the
standardization of data sets for radiotherapy and the importance of medical data bases in modern therapy. In lecture 7 we will look in some
detail at one of the most advanced radiotherapy delivery techniques, namely Intensity Modulated Radiotherapy (IMRT). In lecture 8, the two
topics of imaging and therapy will be somewhat combined, when we will describe the role of imaging in the daily set-up and assessment of
patients. Lecture 9 follows up on this theme, in which a major problem of radiotherapy, namely organ motion and changes in patient and
tumour geometry during therapy, will be addressed, together with methods for dealing with such problems. Finally, in lectures 10-11, we will
describe in some of the multitude of different delivery techniques that are now available, including particle based therapy, rotational (tomo)
therapy approaches and robot assisted radiotherapy. In the final lecture, we will provide an overview of the likely avenues of research in the
next 5-10 years in radiotherapy. The course will be rounded-off with an opportunity to visit a modern radiotherapy unit, in order to see some
of the techniques and delivery methods described in the course in action.

Prerequisites /
notice

Although this course is seen as being complimentary to the Medical Physics I and II course of Dr Manser, no previous knowledge of
radiotherapy is necessarily expected or required for interested students who have not attended the other two courses.

402-0604-00L Materials Analysis by Nuclear Techniques W  6 credits 2V+1U M. Doebeli
Abstract Materials analysis by MeV ion beams. Nuclear techniques are presented which allow to quantitatively investigate the composition, structure

and trace element content of solids.
Objective Students learn the basic concepts of ion beam analysis and its different analytical techniques. They understand how experimental data is

taken and interpreted. They are able to chose the appropriate method of analysis to solve a given problem.
Content The course treats applications of nuclear methods in other fields of research. Materials analysis by ion beam analysis is emphasized.

Techniques are presented which allow the quantitative investigation of composition, structure, and trace element content of solids:
- elasic nuclear scattering (Rutherfor Backscattering, Recoil detection)
- nuclear (resonant) reaction analysis
- activation analysis
- ion beam channeling (investigation of crystal defects)
- neutron sources
- MeV ion microprobes, imaging surface analysis

The course is also suited for graduate students.

Lecture notes Lecture notes will be distributed in pdf.
Literature 'Ion Beam Analysis: Fundamentals and Applications', M. Nastasi, J.W. Mayer, Y. Wang, CRC Press 2014, ISBN 9781439846384
Prerequisites /
notice

A practical lab demonstration is organized as part of lectures and exercises. 

The course is also well suited for graduate students.
It can be held in German or English, depending on participants.

402-0787-00L Therapeutic Applications of Particle Physics:
Principles and Practice of Particle Therapy

W  6 credits 2V+1U A. J. Lomax

Abstract Physics and medical physics aspects of particle physics
Subjects: Physics interactions and beam characteristics; medical accelerators; beam delivery; pencil beam scanning; dosimetry and QA;
treatment planning; precision and uncertainties; in-vivo dose verification; proton therapy biology.

Objective The lecture series is focused on the physics and medical physics aspects of particle therapy. The radiotherapy of tumours using particles
(particularly protons) is a rapidly expanding discipline, with many new proton and particle therapy facilities currently being planned and built
throughout Europe.  In this lecture series, we study in detail the physics background to particle therapy, starting from the fundamental
physics interactions of particles with tissue, through to treatment delivery, treatment planning and in-vivo dose verification. The course is
aimed at students with a good physics background and an interest in the application of physics to medicine.

Prerequisites /
notice

The former title of this course was "Medical Imaging and Therapeutic Applications of Particle Physics".

 Electives
Course from the catalogue of Master courses ETH Zurich and EPFL. At least 4 credit points must be collected from the offer of Science in Perspective
(SiP) compulsory electives at ETH Zurich or Management of Technology and Entrepreneurship at EPFL.

 Industrial Internship
Number Title Type ECTS Hours Lecturers

151-1090-00L Industrial Internship O  8 credits external organisers
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Access to the company list and request for recognition
under www.mavt.ethz.ch/praxis.

No registration required via myStudies.

Abstract The main objective of the minimum twelve-week internship is to expose Master’s students to the industrial work environment. The aim of
the Industrial Internship is to apply engineering knowledge to practical situations.

Objective The aim of the Industrial Internship is to apply engineering knowledge to practical situations.

 Semester Project
Number Title Type ECTS Hours Lecturers

151-1020-00L Semester Project Nuclear Engineering
Only for Nuclear Enginering MSc.

The subject of the Semester Project and the choice of the
supervisor (ETH or EPFL professor) are to be approved in
advance by the tutor.

O 8 credits 17A Professors

Abstract The semester project is designed to train the students in the solution of specific engineering problems. This makes use of the technical and
social skills acquired during the master's program. Tutors propose the subject of the project, elaborate the project plan, and define the
roadmap together with their students, as well as monitor the overall execution.

Objective The semester project is designed to train the students in the solution of specific engineering problems. This makes use of the technical and
social skills acquired during the master's program. 

 Master's Thesis
Number Title Type ECTS Hours Lecturers

151-1009-00L Master's Thesis Nuclear Engineering
Students who fulfill the following criteria are allowed to
begin with their Master's Thesis:
a. successful completion of the bachelor programme; 
b. fulfilling of any additional requirements necessary to
gain admission to the master programme.
c. successful completion of the semester project. 
d. completion of minimum 72 ECTS in the categories
"Core Courses" and "Electives" in the Master studies and
completion of 8 ECTS in the "Semester Project"

For the supervision of the Master's Thesis, the following
professors can be chosen: H.-M. Prasser (ETHZ), M.Q.
Tran (EPFL), A. Pautz (EPFL)

O 30 credits 64D Supervisors

Abstract Master's programs are concluded by the master's thesis. The thesis is aimed at enhancing the student's capability to work independently
toward the solution of a theoretical or applied problem. The subject of the master's thesis, as well as the project plan and roadmap, are
proposed by the tutor and further elaborated with the student.

Objective The thesis is aimed at enhancing the student's capability to work independently toward the solution of a theoretical or applied problem. 

Nuclear Engineering Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Pharmaceutical Sciences Master
 Core Courses

 Core Courses II
 Pharmaceutical Skills Training

Number Title Type ECTS Hours Lecturers

511-0013-00L Ethics in Research and Drug Development
Only for MSc Pharmaceutical Sciences.

O 1 credit 1G E. Kut Bacs

Abstract The course provides an introduction into the concepts and tools of ethics with a special emphasis on ethical dilemmas in biomedicine and
drug development.

Objective Students
•    are able to elaborate on basic concepts and tools of ethics, specifically medical ethics and bioethics
•    know about key ethical questions in biomedical research and drug development
•    are able to critically reflect on experiments and studies in animals and humans taking into account core ethical values
•    know where to find more information on international ethical declarations and Swiss ordinances on human and animal research (e.g.
swissethics, SAMW) 
•    are able to weigh conflicting ethical values and to develop and take a stance in an ethical debate
•    know about the conflicting interests in the pharmaceutical industry from a global perspective on drug development (i.e. economization
vs. solidarity with less economically developed countries)

Prerequisites /
notice

Students will perform an ethical analysis of current scientific developments in biomedical research and present and debate their results with
their peers. During the course students will be actively involved in interdisciplinary discussions with the lecturer in ethics and philosophy
and with the scientific experts. 
This course is part of ETH's Critical Thinking Initiative (CTETH).

511-0010-00L Scientific Concepts and Methods
Only for MSc Pharmaceutical Sciences.

O 2 credits 3G E. Kut Bacs, V. Collado Diaz,
L. Dieterich, V. I. Otto, N. Sieroka

Abstract The module is an introductory course fostering critical thinking about scientific concepts and methods in the natural sciences, particularly in
pharmaceutical and biomedical research.

Objective Students
•    have the ability to explain and reflect upon core themes in philosophy of science and cutting edge methods that are relevant in modern
pharmaceutical and biomedical research.
•    are able to explain the role experiments, models, images, and quantifications play in the formation of a theory, and the constitution and
illustration of a scientific fact.
•    are able to actively engage in a critical discussion about scientific concepts, methods and approaches in the field of biomedical research
and philosophy of science.
•    are able to critically evaluate the basic scientific assumptions, concepts and approaches underlying their own research project. 
•    have learned how to “closely read” and analyse a scientific paper and are able to present their paper analysis to an audience that is not
expert in the research field.

Content This course is part of the ETH "Critical Thinking" initiative.
Prerequisites /
notice

The course is best suited for students who have recently performed a research project of their own.
Students will be asked to submit a short description of their research project before the course (1). This description will serve as a basis for
individual critical reflections and for discussions with other students on the scientific assumptions, concepts and approaches underlying the
research project (2). Students will also perform close reading and analyses of selected scientific research papers which they will present to
and discuss with their peers (3). All students will be actively involved in interdisciplinary discussions with the lecturers in philosophy of
science and with the scientific experts (4). All these elements (1-4) are required for successful completion of the course.

511-0014-00L Process & Project Management O 1 credit 2G E. Walter
Abstract This course provides knowledge about the core of the Process Excellence (PE) methodology as a data-driven, systematic approach to

problem solving, with a focus on customer impact. With the help of this tool box, students learn basic project management tools and are
prepared to run process improvement projects successfully.

Objective Students are able to:
•    describe and apply effectively the basic methodologies of project management and Process Excellence;
•    evaluate systematically processes and identify, visualize, measure, and analyze problems;
•    create and formulate recommended solutions to identified and analyzed problems.

Content Process Excellence (PE) is used to improve existing processes. PE aims at sustainable results and satisfied customers. It removes the
waste in the organization and improves the flow in the processes. It makes the process outcomes predictable and reliable. PE helps to take
the right decision based on facts and figures and to set the right priorities. The successful management of both, processes and projects, is
important for sustainable growth in the pharmaceutical industry and requires varying technical skills and soft skills.

Process Excellence is also referred to DMAIC, which stands for Define, Measure, Analyze, Improve, and Control. DMAIC encompasses the
following steps: Define the process improvement goals that are consistent with customer demands and enterprise strategy (business case,
project charter, voice of the customer); Measure the current process and collect relevant data for future comparison (process mapping,
data collection); Analyze relationship and causality of factors, determine what the relationship is, and attempt to ensure that all factors have
been considered (process analysis); Improve or optimize the process based upon the analysis using rational and creative techniques
(generation and implementation of solutions); Control to ensure that any variances are corrected before they result in defects. Set up pilot
runs to establish process capability, move to production, monitor the process, and install control mechanisms. Problem-solving and
prioritization: priority matrix; cause & effect diagram; failure mode & effect analysis (FMEA).

Prerequisites /
notice

Course prepares the ground for process and project management. Active participation and teamwork are required and assessed. Topics
are illustrated with concrete examples. Case study and a business game are used to practice the tools explored during the course

511-0012-00L Pharmaceutical Biostatistics O 2 credits 2G K. Grosch
Abstract The course conveys skills necessary to understand, plan, and conduct statistical analyses. This includes a short recapitulation of statistical

basics and extends on new statistical methods used and applied in Industry. The student will also apply their knowledge during practical
examples using the statistical software R Studio.

Objective Know the most frequently used statistics of exploratory data analysis (EDA) and be able to derive these from real data. Understand
concepts of probability theory and statistics, including point estimation, statistical tests, interval estimation, and sample size calculation. 
Know how to create important graphical visualizations in R to explore data.
Understand, and apply different statistical methods, such as ANOVA, linear regressions, and other pertinent statistical methods within
statistical software R. 
Explain their assumptions, limitations, and diagnostic checks and be able to run the analyses and to conduct diagnostic checks based on
real data. Be able to plan, analyze experiments, and be able to interpret results of respective statistical analyses.
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Content Exploratory Data Analysis (EDA) 
Probability & Statistics
ANOVA & linear regression
Other statistical methods

Lecture notes pdf presentation will be available prior to course.
R scripts will be shared after each course day

Literature As a preparation for the course, please, review your basic statistic course or use books that were recommended during your basic statistic
course 
(e.g. Stahel, W. 2008, Statistische Datenanalyse, Eine Einführung für Naturwissenschaftler, Springer Vieweg Verlag or other basic text
books). It is expected that the student has an understanding of basic statistical concepts.

Prerequisites /
notice

As this course IS NOT an introductory course to R or R Studio, the student is expected to be familiar with the use of R and R Studio.

During the course R Studio will be used as a statistical tool. The student is requested to install latest version of R and R Studio on a laptop
which should be brought to the course. 
As a preparation, the student is expected to conduct the following on-line courses on R to be adequately prepared:

{Swirl} Learn R in R

You can get directions under the following link:
https://swirlstats.com/students.html
Please conduct the first 9 chapters (chapter 1 to 9) of the training module “R Programming: The basics of programming in R”
Total training time is approximately 5h

As we will use latest graphical applications, please, make sure you installed the following libraries prior to the start of the course:

Datasets,grDevices,methods,stats,utils,ggplot2,scales,dplyr,tidyr,stringr,vcd,aplpack

Important other links:
https://cran.r-project.org/
https://www.rstudio.com/
https://www.rstudio.com/wp-content/uploads/2015/03/ggplot2-cheatsheet.pdf

Data sets which will be used during the course will be delivered prior to or during the course.

 Industry-Specific Training
Please consult schedule on the website of the study programme https://www.chab.ethz.ch/en/studies/master/pharmsciences/documents.html

Number Title Type ECTS Hours Lecturers

511-0015-00L Drug Product Development O 2 credits 2G R. Schmidt
Abstract This course offers a training to understand the context (big picture), risks and opportunities of Drug Product Development and its interfaces.

Experienced professionals from industry present and discuss development concepts and how development has to cooperate with
surrounding functions to bring innovative and high quality products as fast as possible to patients. 

Objective - Students can explain fundamentals of GMP requirements (including qualification and validation) to be applied during drug product
development activities.
- Students are familiar with the general principles of drug product development for main dosage forms and can explain potential critical
parameters enabling the development of high quality products (solid dosage forms, liquid/sterile/aseptically manufactured products; primary
and secondary packed,….)
- Students can describe a freeze drying process, how formulation development of lyophilizates works, how to develop a freeze drying
process, how process controls are to be implemented and data are to be interpreted. Modules of freeze dryers are well known. 
- Students can describe technical enablers for optimized drug product development/manufacturing processes are knowledgeable about the
variety of drug delivering systems and are able to set up a stability program to define shelf life for a new product. 
- Students can explain how important good definition and management of interfaces are to be agil, efficient, save costs and shorten time
lines to supply products as fast as possible to patients (markets).  
- Students do understand the big picture what is important to bring drug product to patients and what role drug product development plays.


Content Main focus is on sterile -liquids and lyophilized products-, solid dosage forms, as well as on packaging and stability.
- Exposure to GMP fundamentals
- Working in groups on specific technical items to educate each other 
- Active work on case studies/exercises/items during lectures and as pre-work for lectures 
- Development of a drug product and its manufacturing process, general principals. Critical parameters to be considered for high quality
products
- Development areas and their surrounding partners / Management of Interfaces/Behaviors as success factors 

Lecture notes Handouts are available at beginning of each lecture.
Literature - Klüglich M.  Arzneimittelentwicklung , Editio Cantor Verlag, Aulendorf, 2018

- Eckstein N.  Arzneimittel-Entwicklung und Zulassung, 2. Auflage, Deutscher Apotheker Verlag Stuttgart 2018
- Voigt R.  Pharmazeutische Technologie, 10. Auflage, Deutscher Apotheker Verlag, Stuttgart, 2006
- Remington: Essentials of Pharmaceutics, edited by Linda Felton, Pharmaceutical Press 2012
- Herzfeldt C.D. und Kreuter J. (Hrsg.) Grundlagen der Arzneiformenlehre, Springer Verlag, Berlin 1999
- Leuenberger (Hrsg.) Martin - Physikalische Pharmazie,4, Auflage Wissenschaftliche Verlagsgesellschaft, Stuttgart 2002
- Bauer K.H., Frömming K.-H., Führer C., Lehrbuch der Pharmazeutischen Technologie, 8. Auflage, Wissenschaftliche Verlagsgesellschaft,
Stuttgart, 2006
-  relevant publications for each area of interest 


511-0016-00L Quality Management and Production I O 2 credits 2G T. Trenktrog
Abstract Quality Management and Production in the pharmaceutical industry integrates design, planning, execution, and control of manufacturing

processes to release products of a predetermined quality. The module offers introductory lectures and workshop-like teaching of case
studies on quality in the pharmaceutical production.

Objective 1. Students can explain the pharmaceutical quality system considering plants, processes, and personnel based on international quality
related guidelines.
2. Students can explain the role, responsibilities, and competencies of a qualified person with special focus on release requirements for a
pharmaceutical product.
3. Students can describe the validation of a manufacturing process based on quality-by-design aspects and measures.
4. Students can describe quality aspects of packaging and stability.
5. Students can explain quality risk management measures.
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Content The following areas will be covered: quality culture and organization, regulatory
requirements, quality risk management, qualification and validation, quality-by-design, process development, manufacturing,
documentation.

Lecture notes Handouts as electronic files

511-0018-00L Clinical Development O 1 credit 1G C. Winnips
Abstract The course provides an introduction into the clinical development process of drug products. Underlying principles of medical science, ethics

and the legal framework are covered. Next to the theoretical background there is a strong focus on applying the gained knowledge through
interactively designing a clinical study, analyzing study data and dealing with operational issues. 

Objective •    Students can explain the basic the principles of clinical trials in modern medicine. 
•    Students can summarise the ethical- and legal framework around clinical studies. In particular, they understand how the rights of
patients participating in clinical studies are protected. 
•    Students can explain the clinical development process, the different phases thereof and the role of clinical development in overall
product development.
•    Students can summarise the operational aspects of executing a clinical study.
•    Students can explain statistical principles of clinical trials and the role of data management.
•    The students can apply their gained knowledge in clinical development in simulated exercises around clinical trial design and execution

Content •    Relevant principles of modern medicine
•    Overview of Clinical Development:  basic scientific principles, translation from pre-clinical data, study phases I-IV, study operations,
logistics
•    Regulatory/Ethical Framework
•    Patient safety: control procedures, reporting of side effects 
•     Clinical trial design and reporting/publishing of results
•    Study Documentation: overview and explanation of relevant documents including Trial Master File with contents, Standard Operating
Procedures.
•    Quality Aspects:  monitoring, audits, issue management

Lecture notes Handouts and relevant publications will be made available

511-0019-00L Pharmacovigilance O 1 credit 1G O. Hellstern
Abstract The course in Pharmacovigilance (PV) provides basic knowledge and solid practical foundations for those who are seeking to work in PV

and it will benefit those who are starting their career in other areas in the pharmaceutical industry. The course covers the principles of PV,
its regulations, the principles of risk management, Quality Management, and inspections by Health Authorities.

Objective Students
- have a profound understanding of the importance of Pharmacovigilance and can explain
the basic principles.
- can define the relevant terms used in Pharmacovigilance.
- know how to comply with the regulatory requirements.
- can describe the requirements for safety reporting.
- can show the different phases of the Signal Management process.
- can demonstrate the relevance of a Quality Management System.
- can describe the principles of Phamacovigilance Inspections.
- are able to identify Adverse Effects associated with a drug and can demonstrate the necessary actions.

Content - General introduction, terms and definitions of Pharmacovigilance
- Regulatory environment: Legal requirements (with main focus on the EU and Switzerland).
- Reporting requirements in clinical trials.
- Reporting requirements post‐marketing.
- Aggregate Reports: PSUR / PBRER; DSUR.
- Risk Management Plan (RMP).
- Signal Detection and Management.
- Risk Communication (e.g., Dear Doctor Letter).
- Quality Management System: SOPs and KPI’s.
- Pharmacovigilance Inspections.
- Audits.
- Corrective and Preventive Actions (CAPA).

Lecture notes Will be published on «mystudies».
Literature Information is available on the official homepages of, e.g., the European Medicines Agency (EMA), and the national competent Health

Authorities. Additional information can be also found on the homepage of institutions, e.g., the International Council for Harmonisation
(ICH).

511-0020-00L Pharmacoeconomics O 1 credit 1G A.-K. Gonschior
Abstract This course teaches the basics of pharmacoeconomics, pricing, and post-approval market access principles.


Objective •    Students can describe the core principles and basic techniques of pharmacoeconomics. 

•    Students can describe the complexity of product value definition from different customer perspectives and explain how this is linked to
new product planning and development strategies. 
•    Students can apply basic pharmacoeconomic tools and identify critical issues and limitations of selected pharmacoeconomic evaluations
•    Students can develop a basic budget impact model for a pharmaceutical product

Content Pharmacoeconomic methodologies; QoL measurement, cost-effectiveness and budget impact analysis; benefits and limitations of
pharmacoeconomic assessments. Principles of pricing, reimbursement and market access processes in major healthcare systems.

Lecture notes Lecture notes are provided in course documentation.
Literature for case studies is distributed before each exercise. Recommendation of further literature is provided during the course.

Prerequisites /
notice

No specific requirements. Knowledge of the pharmaceutical product development process is helpful.

511-0017-00L Regulatory Affairs O 2 credits 2G D. Jud
Abstract The module “Drug Regulatory Affairs” provides an overview of current regulations and legislation and their practical application to the

development and commercialization of pharmaceutical products in the EU and CH. The module offers insight into regulatory strategies and
intelligence and emphasises the increasing importance of regulatory thinking in the pharmaceutical industry.
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Objective •    The student is able to explain the role played by regulatory affairs during the development and in obtaining and maintaining marketing
authorisations for pharmaceutical products.
•    The student is able to anticipate problems, analyse complex situations, and to identify an optimal strategy for achieving marketing
authorisation approvals in a timely manner and maintain marketing authorisations over the whole life-cycle of a medicinal product.
•    The student knows how to comply with the current regulatory requirements, how to follow different regulatory steps and how to identify
the chemical/ pharmaceutical, preclinical and clinical data required for the marketing authorisation application, taking into account the
interaction between the various parts of a dossier.
•    The student can define interactions between the company and the competent health authority as well as interactions between different
stakeholders and regulated fields within the company.
•    The student knows how and where to get drug regulatory affairs relevant information.

Content •    Relevance of drug regulatory affairs in the development and commercialization process of pharmaceutical products in industry.
•    Overview of the pharmaceutical legislation, industry issues of large as well as small and medium-sized enterprises (SMEs) and
obligation of health authorities.
•    Overview of different pharmaceutical products (e.g. borderline products, generics, biotechnological products) and their different
regulatory issues.
•    Overview of processes and applications for marketing authorisation with emphasis on EU and Switzerland.
•    Introduction to regulatory intelligence.
•    Content management and critical evaluation of scientific issues and implications in the documentation for drug development, chemistry,
preclinical and clinic for new marketing authorisations of a medicinal product as well as maintaining marketing authorisations during its life-
cycle.
•    Strategic planning of the regulatory process and interaction with internal and external stakeholders.

Lecture notes Will be published on «mystudies»
Literature All information is available via the official homepages of the competent health authorities.
Prerequisites /
notice

Knowledge about patents and supplementary protection certificates is required. Course requires active participation.

 Electives
 Electives II

Number Title Type ECTS Hours Lecturers

511-0004-00L Research Project II W 15 credits 39A Lecturers
Abstract Research projects familiarise students with scientific procedures and operational methodologies through supervised participation in current

research work.

511-0005-00L Internship W 10 credits 31A Lecturers
Abstract The internship takes place outside universities, the main locations being: pharmaceutical industry, consultancy, health and regulatory

authorities and hospitals.  Students experience the professional handling of questions in the field of pharmaceutical sciences through their
own practical activities

Objective In an internship the students experience the professional handling of questions in the field of pharmaceutical sciences through their own
practical activities and be able to implement the knowledge gained, by
•    analysing problems in their complexity and developing solutions in a conceptual way,
•    experiencing the aspects of an everyday working environment,
•    acquiring key skills,
•    establishing contacts for prospective careers.

Content Work experience outside of university, duration of at least 12 weeks.

An Internship agreement is set up between the student, the company and a member of the teaching staff of the Institute of Pharmaceutical
Sciences.

At the end of the internship, the student draws up a formal report.

511-0006-00L Consolidation Work W 7 credits 14A Lecturers
Abstract The Consolidation Work consists of a literature work and provides an opportunity for the students to deeply investigate and consolidate

their knowledge in a scientific or technical field of relevance to pharmaceutical sciences / the pharmaceutical industry. 
Objective •    students develop their scientific reflection (“Critical Thinking”) and independent working skills on a topic relevant to pharmaceutical

sciences / the pharmaceutical industry 
•    students gain in-depth knowledge of the topic investigated
•    students train their scientific writing skills

Content The Consolidation Work consists of a literature work and provides an opportunity for the students to deeply investigate and consolidate
their knowledge in a scientific or technical field of relevance to pharmaceutical sciences / the pharmaceutical industry. Students work alone
on a topic of their choice over a time period of maximally 12 weeks and elaborate a written review article. Over this time, the student is
loosely supervised by a lecturer of the Master Study Program. 

511-0030-00L Drug Metabolism and Pharmacokinetics in Drug
Product Development

W 2 credits 2G P. Langguth

Abstract The course illustrates the eminent role Drug Metabolism and Pharmacokinetics (DMPK) play all along the Research & Development Value
Chain in the pharmaceutical industry: DMPK data guide lead compound optimization as well as formulation and clinical developments.
Furthermore, the importance of DMPK for the comparison of generic and biosimilar drug products is elaborated.

Objective •    Students can explain compound selection and lead optimization with respect to biopharmaceutic and pharmacokinetic drug properties,
including biological, physicochemical and computational strategies; the properties include, e.g., gastrointestinal absorption, protein binding,
brain permeation, and metabolic profiling. 
•    Students can apply biopharmaceutic and pharmacokinetic concepts in the evaluation of the biopharmaceutic quality of dosage forms,
the design and optimization of controlled-release dosage forms, and the drug product registration process.
•    Students can understand and discuss the principles of biopharmaceutic characterization and evaluation of candidate drugs and dosage
forms; they can integrate their knowledge of computational, in vitro, in situ, and in vivo tools in drug and dosage form development and
evaluation processes.
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Content DMPK is one of the three core team functions of the lead optimization projects besides Pharmacology and Medicinal Chemistry that
together optimize, select and profile drug development candidates. Another key contribution is the prediction of the PK behavior of drug
candidates in animals and in humans, and the estimation of the human efficacious dose and the therapeutic range in patients. This is of
relevance to any discipline working along the R&D value chain in the pharmaceutical industry which is why DMPK plays such a central role
in drug discovery and development. Similarly, without proper biopharmaceutic characterization of the formulated drugs, i.e. the finished
dosage form, formulation development would be inefficient and result in poorly performing drug products in humans.
The following topics are addressed:
•    Biopharmaceutics, Metabolism and Pharmacokinetics in Industrial Drug Discovery and Drug Product Development – an overview; 
•    Early drug candidate pharmaceutic and biopharmaceutic profiling – in vitro tools including physiological barriers to drug input,
distribution and excretion and transporter mediated processes and in silico tools; 
•    DMPK support in drug discovery including PK analysis in drug discovery, physiologically-based pharmacokinetic (PBPK) modeling,
prediction of PK in animals and human and simulation and modelling in Drug Discovery and Development, Allometric scaling: From animals
to man; Pharmacokinetics as a predictor of drug effect: PK/PD relationships and models; 
•    Biopharmaceutic properties and molecular structure optimization including in silico predictions of biopharmaceutic properties from
molecular structure (e.g. clogP, ADMET predictor), BCS, Rule of five, BDDCS;
•    Biopharmaceutic drug product comparison, including bioavailability and bioequivalence, biorelevant in vitro dissolution methods, in vitro /
In vivo correlation, biowaivers;
•    Hands-on computer demonstrations and exercises (GastroPlus®, Deconvolution, Wagner-Nelson, Loo-Riegelman, Mean time analysis,
DDDPlus®. Analysis of given problem sets;
•    Computer demonstrations (ADMET predictor®, clogP and Modern Biopharmaceutics CD).
The seminars consist of (i) interactive lectures, ii) individual hands-on exercises, and (iii) simulated project team meetings that together
illustrate the variety of contributions and the strong impact that the biopharmaceutic function is making on the research and early/late
development phase, with practical examples, case studies and anecdotes to bring basic science to life.

Lecture notes Handouts will be uploaded on the “learning materials” repository before the beginning of the module.
Literature Recommended reading materials:


Reichel A and Lienau P. Pharmacokinetics in Drug Discovery: An Exposure-Centred Approach to Optimising and Predicting Drug Efficacy
and Safety. Handbook Experimental Pharmacology Series Vol. 232, Springer (2016) pp.235-260
Zhang D. and Surapaneni S. ADME-Enabling Technologies in Drug Design and Development. John Wiley & Sons, Inc. (2012)
Loftsson T. Essential Pharmacokinetics - A Primer for Pharmaceutical Scientists. Elsevier (2015)



Prerequisites /
notice

This course combines lectures and exercises by working on hands-on problems. Pharmacokinetic and biopharmaceutic knowledge is
applied to pharmaceutical discovery and development problems. The practical focus shows how drug development can be optimized using
biopharmaceutic and pharmacokinetic principles. Attendance is restricted to students with solid knowledge of biopharmacy.

511-0031-00L Pharmaceutical Profiling to Product Design W 1 credit 1G V. Koradia
Abstract This module summarizes early pharmaceutical profiling, formulation design and market product development with content that is

complementary to Drug Product Development and Industrial Drug Development courses. The recent trends in pharmaceutical field and
real-life practical case studies from industry experts are of focus in this interactive course. 

Objective Students 
- understand technical development stages through the journey from molecule to pharmaceutical product
- can define critical scientific and strategic attributes fitting to the nuances of early and late stages of drug development 
- can determine the product concept in relation to the given molecule roperties in perspective of the clinical needs
- can apply reflective thinking utilizing real life experience based case studies 
- embrace team work and collaboration across the multidisciplinary interfaces for success

Content This module is complementary and brings in early product development aspects leading to the full “Drug Product Development” topics that
are covered in the compulsory course. Overall, it will provide both thematic overview and key considerations to make a drug molecule to a
pharmaceutical product.
Pharmaceutical development operates in a dynamic but fragmented environment wherein close inter-relation and collaboration of different
skills & steps is the major driver for success.The following topics are covered:
- Molecule profiling and evolving pipeline needs
- Physico-chemical and biopharmaceutic principles
- Pharmaceutical product development phases and its clinical interface
- Target product profile in response to patient and market needs

Lecture notes Handouts will be provided.

511-0032-00L Quality Management and Production II W 1 credit 1G T. Trenktrog
Abstract The quality and production areas of quality-by-design, continuous manufacturing, life cycle, biotechnology, GMP audits and inspections will

be explained in expert detail using examples and case studies.
Objective The students understand 'Quality Management & Production' in pharmaceutical practice. Following topic related introductory lectures, the

students analyze given 'real life' situations to propose a course of action, which is discussed in the light of current practices. 
1. Students can analyse advanced quality-by-design cases.
2. Students can discuss continuous manufacturing and quality management during the product's life cycle.
3. Students can describe how to successfully conduct and host audits or inspections of Good Manufacturing Practice (GMP)
4. Students can describe quality issues of biotech drugs.

Content The following areas will be covered: quality-by-design, continuous manufacturing and quality management during the product's life cycle,
GMP audits and inspections, quality issues of biotech drugs.

Lecture notes Handouts as electronic files

511-0034-00L Applied Project Management W 1 credit 1G E. Walter
Abstract This course further builds on knowledge and skills acquired in the compulsory course on Process & Project Management. Students apply

project management tools in a very practical manner and develop basic skills for running projects successfully. They produce typical project
management deliverables by using a representative industry example on drug development.

Objective Students are able to:
•    Systematically apply the basic skills acquired in the course on Process & Project Management on producing project management
deliverables for typical drug development projects.
•    Effectively debate the project strategy and decide on the project scope and objectives
•    Create ways to obtain support for a project, to manage and satisfy stakeholders
•    Methodically prepare project plans and understand how to control projects effectively.
•    Systematically produce a risk management plan and understand how to do change management.
•    Successfully prepare for rational decisions.
•    Manage teams and meetings, debate the right approach in the team and apply appropriate communication strategies.
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Content Project Management is the discipline of organizing and managing resources in such way that the project is completed within defined scope,
quality, time and cost constraints. A project is a temporary and one-time endeavor undertaken to create a unique product or service, which
brings about beneficial change or added value. This property of being a temporary and one-time undertaking contrasts with processes,
which are permanent or semi-permanent ongoing functional work to create the same product or service over and over again.
Project Management: winning support for the project, stakeholder management; setting goals; effective planning and controlling; risk
management; decision making; change management; managing teams; communication strategies.

Prerequisites /
notice

Course requires basic methodologies of the Process & Project Management course. Active participation and teamwork are required and
assessed. Applying basic project management methodologies is practiced and intensified by working through a case study on actual drug
development.

511-0035-00L Vaccines W 1 credit 1G W. Schlimme
Abstract The course on Vaccines covers different steps in the development of vaccines from the selection of target infection through to post-

approval surveillance. Specific aspects in production of viral and bacterial antigens and the final vaccine, in clinical development of the
vaccine, the regulatory requirements and pharmacovigilance will be discussed. Aspects of therapeutic vaccines will be discussed

Objective Students acquire the ability to anticipate problems, analyse complex situations, and offer a strategy for the development of vaccines.
Students understand the complexity of vaccine development and production. Students can define interaction with different partners
involved in the development/production af a vaccine and with the competent authority during the approval procedure. Students understand
possibility of vaccines against medical diseases.

Content Production of antigen and final vaccine:
 - Bacterial and viral antigens: Isolation, purification, research&development production
 - Modification of antigen: Toxin to toxoid, polysaccharide-protein complex (conjugation - Formulation and stability
 - Manufacturing of final vaccine
 - Requirements regarding manufacturing suites, gowning, hygiene, etc. 

Clinical development: 
- Selection of antigens
 - Adjuvant vs. no adjuvant
 - Specific problems in studies for prophylactic vaccines
 - Occurrence of infection in targeted population and geographic region
 - Criteria for the Phase 1 through 4 studies
 - Surrogate marker or clinical endpoint
 - Guidelines for selected vaccines - Vaccines for pandemic diseases 

Regulatory specifics:
 - Differences between pharmaceuticals and biologicals
 - The manufacturing process in biologicals
 - Batch release
 - Variations /Changes
 - Stability testing / VVMs 

Pharmacovigilance:
 - Pharmacovigilance in clinical trials
 - Post-approval safety surveillance 

Therapeutic vaccines for medical diseases:
 - Prophylactic vs. Therapeutic Vaccines
 - Immunological Background
 - Virus Like Particles: Nature's Nanoparticles
 - Preclinical Testing / Toxicology 
- Clinical Strategies
 - Clinical Examples

Lecture notes Handouts will be distributed electronically before the course.

511-0036-00L Medical Devices
Does not take place this semester.

W 2 credits 2G

Abstract · The course provides an overview of most relevant classes of medical devices such as orthopaedic, dental and cardiovascular implants.
· An osteosynthesis workshop at RMS foundation and a visit of a production facility for total joint prostheses is offered.
· Distinction between medical devices, drug products, and combination products is made, particularly with respect to regulatory
requirements

Objective •    Basic knowledge of medical devices, their fabrication, properties and application.
•    Understanding the specificities of medical devices and their regulation.
•    Present the life cycle of a medical device including treatment options, market environment, device design and regulatory aspects.

Content Mechanical function, material properties and surface conditions are key issues of most medical devices. The mechanical function will be a
focus of the lectures on artificial joint replacement, dental implants and the treatment of bone fractures. The different classes of materials
used in medical devices - ranging from permanent metals to degradable ceramics and polymers - will be presented. The importance of
surface conditions for implant-related infections will be discussed.
The market and regulatory environment for medical devices will be compared to the pharmaceutical field.

Lecture notes Copies of the ppt-presentations will be made available. No script will be distributed.
Literature The biomedical engineering handbook. Ed. by Joseph D. Bronzino, Boca Raton: CRC Press 2015, fourth edition. ISBN 978-1-4398-2533-4


Medical instruments and devices: principles and practices. Ed. By Steven Schreiner et al., Boca Raton: CRC Press 2016. ISBN 978-
1-4398-7147-8 (E-Book)

511-0037-00L Communications Skills - Social Competence W 2 credits 2G G. Winkler
Abstract Introduction into a variety of communication fields using mainly examples from the pharmaceutical industry.

Topics include organizational cultural specificities, social competence, personality, emotions, conflict
management, negotiation tools. This course prepares students for their first career step in the pharmaceutical
industry.
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Objective •    Students can describe and apply some basic principles of different communication theories (e.g. Transactional analysis, Neuro linguistic
programming, Non-violent communication).
•    Students can apply communication and presentation skills and communicate more effectively.
•    Students will know how to succeed in hierarchies and matrix organizations 
•    Students demonstrate self-reflection and awareness about the importance of cultural specificities, languages, social competence and
personality.
•    Students demonstrate self-reflection on difficult situations and can propose solutions to overcome them. They can explain the
importance of emotions; they can apply conflict management strategies, know about how to build and lead teams and the diversity
management.
•    Students can explain the role of stakeholder, teams and communication structure in a pharmaceutical company.

Content This course introduces a variety of communication fields using mainly examples from the pharmaceutical industry. It requires openness for
self-reflection and participation in communication exercises. It provides an introduction to verbal / nonverbal communication, and
presentation skills (Structuring, Body Language, Self-confidence, Language, Visualization). It offers an introduction to social styles,
negotiation and conflict management, and principles of non-violent communication.

Literature R. Bandler, J. Grinder, Frogs Into Princes, Neuro Linguistic Programming; ISBN-13: 978-1870845038
Thomas A. Harris, I’am ok – you’r ok. Transactional analysis, ISBN-0-06-072427-7
M. Rosenberg, Gewaltfreie Kommunikation, 7th Ed, Junfermann, Paderborn, 2007, ISBN 3-87387-454-7

Prerequisites /
notice

The course will be split into 5 parts: (i) Social competence basics, (ii) Communications models e.g. Transactional analysis, Neuro linguistic
programming, Non-violent communication; (iii) Social Competence and Conflict Management;  Business Organization and Business
Communications, Personal and technical Presentation Skills;
Students will do several exercises and give presentations.
Between the lectures students will 
- read one pagers on business structures
- Prepare for job interviews:  How to write a motivation letter, Critical success factors during and after the interview

511-0038-00L Pharmamarketing W 1 credit 1G A.-K. Gonschior
Abstract This course teaches the basics of strategic product marketing and financial planning. 
Objective •    Students can describe the core principles and basic techniques of product marketing. 

•    Students can apply selected strategic marketing planning tools.  
•    Students can describe the basic techniques of financial portfolio assessments and explain how this is linked to new product planning
and development strategies.

Content Strategic product marketing; Market research techniques; Customer segmentation and product positioning; Communication of product
features and customer benefits; Market dynamics and competitive reaction; Principles of project finance, forecasting and portfolio
strategies.


Lecture notes Lecture notes are provided in course documentation.
Literature for case studies is distrubted before each exercise. Recommendation of further literature is provided during the course.


Prerequisites /
notice

No specific requirements. Knowledge of the pharmaceutical product development process is helpful.

 Research Project
Number Title Type ECTS Hours Lecturers

511-0003-00L Research Project I O  8 credits 17A Lecturers
Abstract Research projects familiarise students with scientific procedures and operational methodologies through supervised participation in current

research work.

 Master's Thesis
Number Title Type ECTS Hours Lecturers

511-0002-00L Master's Thesis
Only students who fulfill the following criteria are allowed
to begin with their master thesis:
a. successful completion of the bachelor programme; 
b. fulfilling of any additional requirements necessary to
gain admission to the master programme.

O  30 credits 40D Lecturers

Abstract During the Master’s thesis students prove their ability to independent, structured scientific work. The Master's thesis is usually carried out in
a subject area of Pharmaceutical Sciences as chosen by the student.

Objective In the Master Thesis students prove their ability to independent, structured and scientific working.

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
CHAB

see Science in Perspective: Language Courses ETH/UZH

 Course Units for Additional Admission Requirements
The courses below are only available for MSc students with additional admission requirements.

Number Title Type ECTS Hours Lecturers

535-0421-AAL Galenical Pharmacy I+II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  4 credits 7R J.-C. Leroux

Abstract Principles and technologies for the manufacturing of dosage forms and drug delivery systems. Knowledge of pharmaceutical excipients,
materials, containers, liquid, solid and semi-solid dosage forms, their production, function, quality and application.

Objective Knowledge of the most important pharmaceutical excipients, materials, containers, liquid, solid and semi-solid dosage forms, of their
production, function, quality, stability and application. Comprehension of the molecular interactions in solid state, solution and colloidal
systems.
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Content Introduction and overview of important fundamentals, principles and technologies for the development and manufacturing of dosage forms
and drug delivery systems. Overview of the most important pharmaceutical excipients and polymers, their structure, properties and
processing; importance of materials properties for containers. Pharmaceutical solvents, fundamentals of solubility and solubilization of
drugs. Water treatment processes, sterilization techniques and quality requirements of pharmaceutical water. Parenteral dosage forms and
liquid ophthalmics. Surfactants,  micelle formation and colloidal systems. Liquid suspensions and emulsions. Stabilization measures in
dosage forms. Important fundamentals, principles and technologies for the development and manufacturing of solid dosage forms and drug
delivery systems. Powder technology. Tablets and tabletting. Coating technologies. Drug dissolution and release. Hard and soft gelatin
capsules. Introduction to drug delivery and targeting. Drug delivery systems for peroral, transdermal, parenteral and mucosal
administration.

Literature M. E. Aulton and K. M. G. Taylor, Aulton's Pharmaceutics: The design and manufacture of medicines, 5th ed, Churchill Livingston,
Philadelphia, 2017. (excepting chapters 25, 42 and 45)

535-0521-AAL Pharmacology and Toxicology I+II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  4 credits 7R U. Quitterer

Abstract This course is a condition for admission to the Pharmaceutical Sciences Master. By self-directed learning, students acquire knowledge
about basic principles in pharmacology and toxicology, mechanisms of drug action and clinical uses of important classes of drugs.

Objective After the successful completion of this course, students have gained knowledge about basic principles in pharmacology and toxicology,
mechanisms of drug action and clinical uses of important classes of drugs.

Content Contents of this course are defined by the textbook "Basic and Clinical Pharmacology" by Bertram Katzung and Anthony Trevor. The
following sections are exam-relevant.
Section-I Basic Principles, No. 1,2,3,4.
Section-II, Autonomic Drugs, No. 6,7,8,9,10.
Section-III Cardiovascular-Renal Drugs, No. 11,12,13,15.
Section-IV Drugs with Important Actions on Smooth Muscle, No. 16, 20.
Section-V Drugs that Act in the Central Nervous System, No. 21,22,24,25,26,27,28,29,30,31.
Section-VI Drugs Used to Treat Diseases of the Blood, Inflammation and Gout, No. 34,35,36.
Section-VII Endocrine Drugs, No. 38,39,40,41.

Lecture notes Course contents are defined by the textbook "Basic and Clinical Pharmacology" by Bertram Katzung and Anthony Trevor. Exam-relevant
sections of this book are listed above in the contents section.

Literature Basic and Clinical Pharmacology
Bertram Katzung and Anthony Trevor
ISBN-10: 1259641155
ISBN-13: 978-1259641152
McGraw-Hill Medical; 14th edition (December 2017)
(or 13th edition)
1264 pages

376-0172-AAL Anatomy I+II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  5 credits 11R D. P. Wolfer

Abstract Introduction into the histology and anatomy of the human body, including the musculoskeletal, cardio-respiratory, digestive, endocrine,
urinary, reproductive systems, as well as the nervous system and sensory organs.

Objective Students acquire basic knowledge of the micro- and macro structure of the organ systems in the human body. They understand basic
concepts of the relationship between structure and function, and - based on examples - of the relationship between structural changes and
disease.


376-0173-AAL Physiology I+II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  5 credits 11R C. Spengler

Abstract Principles of human physiology and clinical pathophysiology.
Objective Understand the basic principles of human physiology and mechanisms of related clinical pathophysiology.

406-0603-AAL Stochastics (Probability and Statistics)
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  4 credits 9R M. Kalisch

Abstract Introduction to basic methods and fundamental concepts of statistics and
probability theory for non-mathematicians. The concepts are presented on
the basis of some descriptive examples. The course will be based on the
book "Statistics for research" by S. Dowdy et.al. and on the
book "Introductory Statistics with R" by P. Dalgaard.

Objective The objective of this course is to build a solid fundament in probability
and statistics. The student should understand some fundamental concepts and
be able to apply these concepts to applications in the real
world. Furthermore, the student should have a basic knowledge of the
statistical programming language "R". The main topics of the course are:
- Introduction to probability
- Common distributions
- Binomialtest
- z-Test, t-Test
- Regression
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Content From "Statistics for research":
Ch 1: The Role of Statistics
Ch 2: Populations, Samples, and Probability Distributions
Ch 3: Binomial Distributions
Ch 6: Sampling Distribution of Averages
Ch 7: Normal Distributions
Ch 8: Student's t Distribution
Ch 9: Distributions of Two Variables [Regression]

From "Introductory Statistics with R":
Ch 1: Basics
Ch 2: Probability and distributions
Ch 3: Descriptive statistics and tables
Ch 4: One- and two-sample tests
Ch 5: Regression and correlation

Literature "Statistics for research" by S. Dowdy et. al. (3rd
edition); Print ISBN: 9780471267355; Online ISBN: 9780471477433; DOI:
10.1002/0471477435; 
From within the ETH, this book is freely available online under:
http://onlinelibrary.wiley.com/book/10.1002/0471477435

"Introductory Statistics with R" by Peter Dalgaard; ISBN
978-0-387-79053-4; DOI: 10.1007/978-0-387-79054-1
From within the ETH, this book is freely available online under:
http://www.springerlink.com/content/m17578/

551-0103-AAL Fundamentals of Biology II: Cell Biology
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  5 credits 11R U. Kutay, Y. Barral, E. Hafen,
G. Schertler, U. Suter, S. Werner

Abstract The goal of this course is to provide students with a wide general understanding in cell biology. With this material as a foundation, students
have enough of a cell biological basis to begin their specialization not only in cell biology but also in related fields such as biochemistry,
microbiology, pharmacological sciences, molecular biology, and others.

Objective The goal of this course is to provide students with a wide general understanding cell biology. With this material as a foundation, students
have enough of a cell biological basis to begin their specialization not only in cell biology but also in related fields such as biochemistry,
microbiology, pharmacological sciences, molecular biology, and others.

Content The focus is animal cells and the development of multicellular organisms with a clear emphasis on the molecular basis of cellular structures
and phenomena. The topics include biological membranes, the cytoskeleton, protein sorting, energy metabolism, cell cycle and division,
viruses, extracellular matrix, cell signaling, embryonic development and cancer research.

Literature Alberts et al. 'Molecular Biology of the Cell' 6th edition, 2014, ISBN 9780815344322 (hard cover) and ISBN 9780815345244 (paperback).

Topic/Lecturer/Chapter/Pages:

Analyzing cells & molecules / Gebhard Schertler/8/ 439-463;
Membrane structure / Gebhard Schertler/ 10/ 565-595;
Compartments and Sorting/ Ulrike Kutay/12+14+6/641-694/755-758/782-783/315-320/325 -333/Table 6-2/Figure6-20, 6-21, 6-32, 6-34;
Intracellular Membrane Traffic/ Ulrike Kutay/13/695-752;
The Cytoskeleton/ Ulrike Kutay/ 16/889 - 948 (only the essentials);
Membrane Transport of Small Molecules and the Electrical Properties of Membranes /Sabine Werner/11/597 - 633;
Mechanisms of Cell Communication / Sabine Werner/15/813-876;
Cancer/ Sabine Werner/20/1091-1141;
Cell Junctions and Extracellular Matrix/Ueli Suter / 1035-1081;
Stem Cells and Tissue Renewal/Ueli Suter /1217-1262;
Development of Multicellular organisms/ Ernst Hafen/ 21/ 1145-1179 /1184-1198/1198-1213;
Cell Migration/Joao Matos/951-960;
Cell Death/Joao Matos/1021-1032;
Cell Cycle/chromosome segregation/Cell division/Meiosis/Joao Matos/ 963-1018.

Prerequisites /
notice

none

551-0110-AAL Fundamentals of Biology II: Microbiology
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  2 credits 2R J. Vorholt-Zambelli

Abstract Structure, function, genetics of prokaryotic microorganisms and fungi.
Objective Basic principles of cell structure, growth physiology, energy metabolism, gene expression. Biodiversity of Bacteria and Archaea in the

carbon, nitrogen, and sulfur cycles in nature. Phylogeny and evolution. Pathogenicity. Biotechnology. Antibiotics.
Content Basic principles of cell structure, growth physiology, energy metabolism, gene expression. Biodiversity of Bacteria and Archaea in the

carbon, nitrogen, and sulfur cycles in nature. Phylogeny and evolution. Pathogenicity. Biotechnology. Antibiotics.
Lecture notes none
Literature Brock, Biology of Microorganisms (Madigan, M.T. and Martinko, J.M., eds.), 12th ed., Pearson Prentice Hall, 2009
Prerequisites /
notice

none

551-1323-AAL Fundamentals of Biology II: Biochemistry and
Molecular Biology
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  4 credits 11R K. Locher, N. Ban, R. Glockshuber,
E. Weber-Ban

Abstract The course provides an introduction to Biochemistry / Molecular Biology with some emphasis on chemical and biophysical aspects. 
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Objective Topics include the structure-function
relationship of proteins / nucleic acids, protein folding, enzymatic catalysis, cellular pathways involved in bioenergetics and the biosynthesis
and breakdown of amino acids, glycans, nucleotides, fatty acids and phospholipids, and steroids. There will also be a discussion of DNA
replication and repair, transcription, and translation.

Lecture notes none
Literature  "Biochemistry",

Berg/Tymoczko/Stryer, 8th edition, Palgrave Macmillan, International edition 

Pharmaceutical Sciences Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Pharmaceutical Sciences Bachelor
 First Year

 First Year Examinations
Number Title Type ECTS Hours Lecturers

535-0002-00L Introduction to Pharmaceutical Sciences II O 3 credits 2V J. Hall, K.-H. Altmann,
S. M. Ametamey, S.-D. Krämer, J.-
C. Leroux, D. Neri, U. Quitterer,
R. Schibli, C. Steuer

Abstract First identification with Pharmaceutical Sciences; motivation for profiling in the Natural Sciences, which are focused on within the first two
years as a preparation for the specialized studies; sensitization for the duties and the responsibilities of a person with a federal diploma in
Pharmacy; information about job opportunities.

Objective First identification with Pharmaceutical Sciences; motivation for profiling in the Natural Sciences, which are focused on within the first two
years as a preparation for the specialized studies; sensitization for the duties and the responsibilities of a person with a federal diploma in
Pharmacy; information about job opportunities.

Content Introduction to Pharmaceutical Sciences by selected milestones of research and development. Overview on research activities at the
Institute of Pharmaceutical Sciences, which is focused on drug delivery and development (from concepts to prototypes). Sensitization for
communication skills and information management. Demonstration of job opportunities in community pharmacies, in the hospital, in
industry, and in the public sector by experts in the different fields.

Lecture notes Handouts for individual lectures.
Prerequisites /
notice

Interactive teaching

401-0292-00L Mathematics II O 5 credits 3V+2U A. Caspar
Abstract Mathematics I/II is an introduction to one- and multidimensional calculus 

and linear algebra emphasizing on applications.
Objective Students understand mathematics as a language for modelling and as a tool for 

solving practical problems in natural sciences.
Students can analyze models, describe solutions qualitatively or calculate
them explicitly if need be. They can solve examples as well as their practical
applications manually and using computer algebra systems.

Content ## Komplexe Zahlen ##
- Kartesische und Polar-Darstellung
- Rechnen mit komplexen Zahlen
- Lösungen algebraischer Gleichungen

## Lineare Algebra - Fortsetzung ##
- Komplexe Vektoren und Matrizen
- Weitere Arithmetische Aspekte
- LGS und Gauss-Verfahren

## Lineare DGL 2. Ordnung und Systeme 1. Ordnung ##
- Lösen mit Eigenwerten/-vektoren.
- Qualitative Lösungsverhalten
- Ebene und Räumliche (Lösungs-)Kurven

## Integral- und Differentialrechnung (II) ##
- Hauptsatz der Differential/Integralrechnung
- Uneigentliche Integrale
- Anwendungen
- Gebiets- und Volumenintegral
- - - - - - - - - - - - - - - - - - - - -
- Partielle Funktionen und Ableitungen
- Extrema
- Tangentialebene
- Verallgemeinerte Kettenregel

## Vektoranalysis ##
- Potentialtheorie
- Formel von Green
- Divergenz und Ebener Satz von Gauss
- Oberflächenintegral, Fluss
- Satz von Gauss im Raum.

Lecture notes In Ergänzung zu den Vorlesungskapiteln der Lehrveranstaltungen fassen wir
wichtige Sachverhalte, Formeln und weitere Ausführungen jeweils in einem
Vademecum zusammen.

Dabei gilt:

* Die Skripte ersetzen nicht die Vorlesung und/oder die Übungen!
* Ohne den Besuch der Lehrveranstaltungen verlieren die Ausführungen 
ihren Mehrwert.
* Details entwickeln wir in den Vorlesungen und den Übungen, um die hier
bestehenden Lücken zu schliessen.
* Prüfungsrelevant ist, was wir in der Vorlesung und in den Übungen behandeln.
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Literature Siehe auch Lernmaterial > Literatur

**Th. Wihler** 
Mathematik für Naturwissenschaften, 2 Bände: 
Einführung in die Analysis, Einführung in die Lineare Algebra; 
Haupt-Verlag Bern, UTB.

**H. H. Storrer** 
Einführung in die mathematische Behandlung der Naturwissenschaften I; Birkhäuser.
Via ETHZ-Bibliothek:
<https://link.springer.com/book/10.1007/978-3-0348-8598-0>

**Ch. Blatter** 
Lineare Algebra; VDF 
auch als [pdf]<https://people.math.ethz.ch/~blatter/linalg.pdf>

Prerequisites /
notice

## Voraussetzungen ##
Mathematik I
<http://www.vvz.ethz.ch/Vorlesungsverzeichnis/lerneinheit.view?semkez=2019W&ansicht=KATALOGDATEN&lerneinheitId=132877&lang=
de>

## Übungen und Prüfungen ##
+ Die Übungsaufgaben (inkl. Multiple-Choice) sind ein wichtiger Bestandteil
der Lehrveranstaltung.
+ Es wird erwartet, dass Sie mindestens 75 % der wöchentlichen Serien bearbeiten
und zur Korrektur einreichen.
+ Der Prüfungsstoff ist eine Auswahl von Themen aus Vorlesung und Übungen. Für
eine erfolgreiche Prüfung ist die konzentrierte Bearbeitung der Aufgaben
unerlässlich.

## Einschreibung in die Übungen ##
Die Einschreibung in die Übungsgruppen erfolgt online. 

## Zugang Übungsserien ##
Erfolgt auch online.

529-1012-00L Organic Chemistry II (for Students of Biology,
Pharmaceutical Sci., and Health Sci. & Tech.)

O 5 credits 5G C. Thilgen

Abstract The relationship between structure and reactivity of organic molecules is elaborated by studying the mechanisms of the fundamental types
of organic reactions. A basic synthesis repertoire is acquired.

Objective Understanding the mechanisms of the fundamental types of organic reactions. Particular emphasis is placed on the relationship between
structure and reactivity. A basic repertoire for the synthesis of small organic molecules is acquired. Weekly problem solving lessons provide
a deeper understanding of the concepts presented during the lecture.

Content The basic reactions of organic chemistry and their mechanisms. Chemistry of the most important functional groups, the carbonyl group in
particular.

For details, see German version.

Lecture notes Printed or electronic lecture notes are available. Problem sets, answer keys, and other course materials can be downloaded from the
Moodle course "Organic Chemistry II" of the current semester (https://moodle-app2.let.ethz.ch).

Literature No set textbooks. Optional texts will be proposed at the beginning of the class and in the lecture notes (cf. course 529-1011-00L Organic
Chemistry I).

Prerequisites /
notice

Attendance of the course 529-1011-00, "Organic Chemistry I for Biology/Pharmaceutical Sciences/HST".

551-0106-00L Fundamentals of Biology IB O  5 credits 5G A. Wutz, J. Alexander, O. Y. Martin,
E. B. Truernit, S. Wielgoss,
S. C. Zeeman

Abstract This course is an introduction into the basic principles of evolution, diversity, animal/plant form and function, and ecology.
Objective Introduction into aspects of modern biology and fundamental biological concepts.
Content The course is divided into distinct chapters

1. Mechanisms of evolution.
2. The evolutionary history of biological diversity (bacteria and archea, protists, plants and animals).
3. Plant form and function (growth and development, nutrient and resource acquisition, reproduction and environmental responses).
4. Animal form and function (nutrition, immune system, hormones, reproduction, nervous system and behaviour).
5. Ecology (population ecology, community ecology, ecosystems and conservation ecology).

Lecture notes No script
Literature This course is based on the textbook 'Biology' (Campbell, Reece, 9th edition). The structure of the course follows that of the book. It is

recommended to purchase the English version.
Prerequisites /
notice

Part of the contents of the book need to be learned through independent study.

402-0072-00L Physics O  5 credits 5V+2U T. M. Ihn
Abstract Introduction to the concepts and tools in physics with the help of demonstration experiments: mechanics, statistical mechanics,

electromagnetism and optics.
Objective The concepts and tools in physics, as well as the methods of an experimental science are taught. The student should learn to identify,

communicate and solve physical problems in his/her own field of science.
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Content 1. Fundamental concepts of natural sciences

I. MECHANICS
2. Motion in one dimension
3. Motion in two and three dimensions
4. Newton's laws
5. Applications of Newton's laws
6. Forces
7. Work and energy, power, energy conservation
8. Momentum conservation, collisions
9. Angular momentum conservation

II. STATISTICAL MECHANICS
10. Concentration and density
11. Pressure and work
12. Entropy, Second Law of Thermodynamics
13. Temperature and heat
14. First Law of Thermodynamics
15. The Boltzmann-Factor

III. ELECTROMAGNETISM
16. Geometrical optics
17. Light as an electromagnetic wave
18. Quantum aspects of light

Lecture notes T. Ihn: Physics for Students in Biology and Pharmazeutical Sciences (unpublished lecture notes)
Literature The lecture contains elements of:


Paul A. Tipler and Gene P. Mosca, "Physik für Wissenschaftler und Ingenieure", Springer Spektrum.

Feynman, Leighton, Sands, "The Feynman Lectures on Physics", Volume I (http://www.feynmanlectures.caltech.edu/)

Ruth Chabay and Bruce Sherwood, "Matter and Interactions" (Wiley)

Prerequisites /
notice

Prerequisites: Mathematics I

401-0643-00L Statistics I O  3 credits 2V+1U M. Kalisch
Abstract Introduction to basic methods and fundamental concepts of statistics and probability theory for non-mathematicians. The concepts are

presented on the basis of some descriptive examples.
Objective Grundverständnis für die Gesetze des Zufalls und des Denkens in Wahrscheinlichkeiten. Kenntnis von Methoden zur Darstellung von

Daten und zu ihrer quantitativen Interpretation unter Berücksichtigung der statistischen Unsicherheit.
Content Modelle und Statistik für Zähldaten: Diskrete Wahrscheinlichkeitsmodelle, Binomial-Verteilung, Tests und Vertrauensintervalle für eine

Wahrscheinlichkeit, Poisson-Verteilung und deren Statistik, weitere Verteilungen.
Modelle und Statistik für Messdaten: Beschreibende Statistik, Zufallsvariablen mit Dichten, t-Test und Wilcoxon-Test und zugehörige
Vertrauensintervalle.
Regression: Das Modell der linearen Regression, Tests und Vertrauensintervalle, Residuenanalyse.

Lecture notes Es steht ein kurzes Skript zur Verfügung.
Literature - W.  A. Stahel, Statistische Datenanalyse: Eine Einführung für Naturwissenschaftler, 5. Aufl., Vieweg, Braunschweig/Wiesbaden, 2007
Prerequisites /
notice

Voraussetzungen: Grundlegende Mathematik-Kenntnisse wie sie im ersten Semester erworben werden.

 Additional First Year Courses
Number Title Type ECTS Hours Lecturers

551-0102-01L Fundamentals of Biology I
Registrations via myStudies until 29.1.2020  at the latest.
Subsequent registrations will not be considered. 

O 6 credits 8P M. Gstaiger, M. Kopf,
R. Kroschewski, M. Künzler,
S. L. Masneuf, D. Ramseier,
M. Stoffel, E. B. Truernit, A. Wutz

Abstract This 1st year Laboratory course introduces the student to the entire range of classical and modern molecular biosciences. During this
course (Praktikum GL BioI) the students will do three praktikum days in:
- Biochemistry
- Cell Biology I 
- Microbiology 
- Plant Anantomy & Ecology 
(total of 12 experiments)

Each experiment takes one full day.

Objective Introduction to theoretical and experimental biology

General Praktikum-information and course material can be obtained from Moodle

The general Praktikum information (Assignment list, Instructions and Schedule & Performance Sheet) will also be sent to the students
directly (E-mail).
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Content The class is divided into four blocks: Biochemistry, Microbiology, Plant biology & Ecology and Cell Biology I.

BIOCHEMISTRY: 
- TAQ Analysis (part 1): Protein purification
- TAQ Analysis (part 2): SDS-Gelelektrophoresis
- TAQ Analysis (part 3): Activity test of the purified protein

MICROBIOLOGY:
Day 1: Basics for the work with microorganisms & Isolation of microorganisms from the environment
Day 2: Morphology and diagnostics of bacteria & Antimicrobial agents
Day 3: Morphology of fungi & Microbial physiology and interactions

PLANT BIOLOGY & ECOLOGY 
- Microscopy and plant cell anatomy
- Plant organ anatomy and gene expression
- Ecology

CELL BIOLOGY I:
- Anatomy of mouse & Blood cell determination
- Histology
- Chromosome preparation and analysis

Lecture notes Laboratory manuals

BIOCHEMISTRY: 
- The protocols can be downloaded from: Moodle

MICROBIOLOGY: 
- The protocols can be found from: Moodle
- You HAVE TO print the pdf-file, which is also used as the lab manual during the experiments. Therefore, you have to have the Script
always with you, when doing the experiments in Microbiology.  

PLANT BIOLOGY & ECOLOGY:
- The protocols can be found from: Moodle

CELL BIOLOGY I:
- The handouts of the experiments entitled "Histology" will be provided
- The protocols of "Anatomy of mouse & Blood cell determination" and "Chromosome preparation and analysis" can be found from: Moodle

Literature None
Prerequisites /
notice

PLEASE NOTE THE FOLLOWING RULES

Your attendance is obligatory and you have to attend all 12 Praktikum days of GL BioI. Absences are only acceptable if you are able to
provide a Doctors certificate. The original Dr's certificate has to be given to Dr. M. Gstaiger (HPM F43) within five days of the absence of
the Praktikum day.

If there will be any exceptional or important situations then you should directly contact the Director of Studies of D-Biol, who will decide if
you are allowed to miss a Praktikum day or not.  

HIGHLY IMPORTANT!!

1. Due to the increased number of students, the official Praktikum registration has to be done, using myStudies, preferably at the end of
HS19 but not later than Thursday January 30, 2020. 

2. Later registration is NOT possible and can NOT be accepted!

3. The course registration for FS2020 is usually possible at the end of fall semester 2019 and you will obtain an E-mail from the Rectorate
when the course registration using myStudies is possible.

Students can register for a practice group via myStudies. As soon as the course unit is registered in myStudies, a text box appears
indicating that a group can be selected. Accordingly, students can select a group in the next step. If more than 240 students register, the
surplus students will be placed on a waiting list and then allocated by the course responsible.

Extra Praktikum days have to be organized if more than 220 - 240 students will attend the Praktikum. The group division is random and the
reserved Extra Praktikum days are:

3.6 / 4.6 / 5.6

The Praktikum GL BioI will take place during the following days and therefore, you have to make sure already now that you will not have
any other activities / commitments during these days:

PRAKTIKUM DAYS FS20 (Thursdays):

20.2. / 27.2. / 5.3. / 12.3. / 19.3. / 26.3. / 2.4. /  23.4. / 30.4. / 7.5. / 14.5. / 28.5

No Praktikum during the Easter vacation: 9.4.-17.4. 2020

EXTRA PRAKTIKUM DAYS (if necessary)

3.6 / 4.6 / 5.6

 Second Year
 Second Year Core Subjects

Number Title Type ECTS Hours Lecturers

529-1024-00L Physical Chemistry II (for Biology and Pharmacy) O 4 credits 2V+1U R. Riek
Abstract Kinetics of chemical and biochemical reactions, in particular catalyzed reactions. Surface- and transport-phenomena, characterization of

open systems.
Objective Knowledge on the basics of time dependent process in chemical and biological systems.
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Content Grundbegriffe:  Stofftransport, Transport in kontinuierlichen Systemen, Wärmeleitung, Viskosität von Gasen, Laminare Strömung durch
Rohre, Ionenleitfähigkeit, Elektrisch geladene Grenzflächen, Elektrophorese, Sedimentation im Zentrifugalfeld, Eigenschaften der
Plasmamembran, Transport durch Membranen, Membranpotentiale Reaktionsgeschwindigkeitsgesetze, Elementarreaktionen und
zusammengesetzte Reaktionen, Molekularität, Reaktionsordnung, Experimentelle Methoden der Reaktionskinetik. Einfache Theorie
chemischer Reaktionen: Temperaturabhängigkeit der Gleichgewichtskonstante und Arrheniusgleichung, Stosstheorie,
Reaktionsquerschnitte, Theorie des Übergangszustandes. Zusammengesetzte Reaktionen: Reaktionsmechanismen und komplexe
kinetische Systeme, Näherungsverfahren. Enzymkinetik. Kinetik geladener Teilchen. Diffusion und diffusionskontrollierte Reaktionen.

Lecture notes Handouts werden in der Vorlesung verteilt
Literature Adam, G., Läuger, P., Stark, G., 2003: Physikalische Chemie und Biophysik, 4. Aufl., Springer Verlag, Berlin.
Prerequisites /
notice

Voraussetzungen: Physikalische Chemie I

551-0108-00L Fundamentals of Biology II: Plant Biology O  2 credits 2V O. Voinnet, W. Gruissem,
S. C. Zeeman

Abstract Water balance, assimilation, transport in plants; developmental biology, stress physiology.
Objective Water balance, assimilation, transport in plants; developmental biology, stress physiology.
Lecture notes Plant Biology: Handouts of the powerpoint presentation will be distributed. It can also be viewed in a password-protected web link. 
Literature Smith, A.M., et al.: Plant Biology, Garland Science, New York, Oxford, 2010

551-0110-00L Fundamentals of Biology II: Microbiology O  2 credits 2V J. Vorholt-Zambelli, W.-D. Hardt,
J. Piel

Abstract Bacterial cell biology, molecular genetics, gene regulation, growth physiology, metabolism (Bacteria and Archaea), natural products,
microbial interactions

Objective Basic principles of cell structure, growth physiology, energy metabolism, gene expression and regulation. Biodiversity of Bacteria and
Archaea. Phylogeny and evolution.

Content Bacterial cell biology, molecular genetics, gene regulation, growth physiology, metabolism (Bacteria and Archaea), natural products,
microbial interactions

Literature Brock, Biology of Microorganisms (Madigan, M.T. and Martinko, J.M., eds.), 14th ed., Pearson Prentice Hall, 2015

701-0360-00L Systematic Biology: Plants O  5 credits 2V+3P A. Leuchtmann
Abstract The lecture provides an overview of the diversity of ferns and seed-plants. The fundamentals of systematics are given considering

morphological, phylogenetic and ecological aspects. Regarding plant species, emphasis is laid on the flora of Switzerland, but also
examples of pharmaceutical relevance  and crop plants will be included.

Objective Students know:
- the fundamentals of plant systematics
- the higher-level plant groups based on morphological and biological characteristics
- selected families of flowering plants
- selected species and their ecology, with special focus on the flora of Switzerland
- examples of medicinal and crop plants
- ecological factors of sites and the most important vegetation types of the lowlands.

Content Die Vorlesung gibt einen Überblick über Moose, Farne, Gymnospermen und Angiospermen. Ausgewählte Familien der Angiospermen
werden ausführlich behandelt. Weitere Themen sind Grundlagen der Pflanzensystematik, Generationswechsel, phylogenetische
Stammbäume, morphologische Begriffe, sowie Lebensweise und Ökologie der Pflanzen. Anhand ausgewählter Beispiele wird auf die
Bedeutung der Pflanzen als Arznei-, Zeiger- und Nutzpflanzen eingegangen. Zudem wird eine Übersicht über Standorteigenschaften und
Vegetation des Tieflandes in der Schweiz gegeben.

Im praktischen Teil lernen die Studierenden Merkmale von Blütenpflanzen zu analysieren und üben das Bestimmen von Pflanzenarten. Auf
Exkursionen werden Artkenntnisse vermittelt und ein Einblick gegeben in Flora und Vegetation ausgewählter Standorte im Schweizer
Mittelland, wobei auch einheimische Arzneipflanzen berücksichtigt werden.

Literature Baltisberger et al., Systematische Botanik. Einheimische Farn- und Samenpflanzen. vdf Hochschulverlag AG an der ETH Zürich (4. Aufl.
2013)
Hess et al., Bestimmunsschlüssel zur Flora der Schweiz. Springer, Basel (7. Aufl. 2015)

Baltisberger, Conradin, Frey & Rudow, 2016: eBot6. Internetapplikation.
Für Studierende frei zugänglich unter http://www.balti.ethz.ch/tiki-index.php?page=eBot6.

Prerequisites /
notice

Für Studierende der Pharmazeutischen Wissenschaften Bsc obligatorisch, für Studierende Biologie Bsc und Umweltnaturwissenschaften
Bsc mit Vertiefungen in Ökologie und Evolution (Biologie), Wald und Landschaft oder Umweltbiologie besonders empfohlen.

535-0224-00L Pharmaceutical Analytics II O 3 credits 3G C. Steuer
Abstract This course provides the basic concepts of pharmaceutical analytics in the context of pharmacopeial regulation by Ph. Eur and Ph. helv.
Objective Summarize the structure of the Ph. Eur.

Summarize the most important pharmacopeias and their commonalities and differences (USP, JP, Ph.Eur., Ph. Helv.)
Discuss the structure of a monograph
Explain qualification of instruments and validation of methods
Explain and compare most important analytical techniques for pharmacies and pharmaceutical industry

Content Knowledge in pharmaceutical analytics to fulfill regulatory equirements in pharmaceutical industry based on the pharmacopeia in force.
Focus is set on method validation, equipment qualification, identification, purity testing and content determination of active pharmaceutical
ingredients and excipients.

Lecture notes The slides of the lectures will be provided
Literature Instrumentelle Analytik, G. Rücker, M. Neugebauer, G.G. Willems; Deutscher Apotheker Verlag, Stuttgart

Arzneistoffanalyse; H. J. Roth, K. Eger, R. Troschütz; Deutscher Apotheker Verlag, Stuttgart
Introduction to Pharmaceutical Chemical Analysis; S.H. Hansen, S. Pedersen-Bjergaard, K. Rasmussen; Wiley & Sons

Prerequisites /
notice

Requirements for the practical course Pharmaceutical Analytics:
SR 2004: 2 credits Analytical Chemistry (529-1041-00), lecture Pharmaceutical Analytics
SR 2013: 6 credits Analytics/Pharmaceutical Analytics or 36 credits of compulsory lectures 2nd year

376-0152-00L Anatomy and Physiology II O  5 credits 4V M. Ristow, K. De Bock, M. Kopf,
L. Slomianka, C. Spengler

Abstract Basic knowledge of the anatomy and physiology of the gastrointestinal tract, endocrine organs, urinary system and the reproductive
system. Knowlewdge of the basic mechanisms of pathobiology. Study of all human tissues and selected organs by examining slides under
the light microscope.

Objective Foundations of human anatomy and physiology and basics of clinical pathophysiology
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Content Short overview of human anatomy, physiology and general pathology.
3rd semester:
Principles of histology and embryology.  Anatomy and physiology: nervous system, muscle, sensory organs, circulatory system, respiratory
system.
4rd semester:
Anatomy and physiology: gastrointestinal tract, endocrine system, metabolism and thermoregulation, integumentary system, blood and
immune system, urinary system, circadian rhythm, reproductive system, pregnancy and birth.

Literature Anatomie: Martini, Timmons, Tallitsch, "Anatomie", Pearson; oder Schiebler, Korf, "Anatomie", Steinkopff / Springer; oder Spornitz,
"Anatomie und Physiologie, Lehrbuch und Atlas für Pflege-und Gesundheitsfachberufe", Springer

Physiologie: Thews/Mutschler/Vaupel: Anatomie, Physiologie, Pathophysiologie des Menschen,
                  Wissenschaftliche Verlagsgesellschaft, Stuttgart

                                                             oder

                   Schmidt/Lang/Thews: Physiologie des Menschen, Springer-Verlag, Heidelberg

Prerequisites /
notice

Der Besuch der Anatomie und Physiologie I - Vorlesung ist Voraussetzung, da die Anatomie und Physiologie II - Vorlesung auf dem
Wissen der im vorangegangenen Semester gelesenen Anatomie und Physiologie I - Vorlesung aufbaut.    

376-0153-00L Histology O  2 credits 2G D. P. Wolfer, I. Amrein,
L. Slomianka

Abstract Practical at the light microscope based on the lectures "Anatomie" 1+2 with an introduction in histological techniques. In the first part
participants study examples of epithelia, connective and supporting tissues, muscle and nervous tissue. The second part is devoted to the
microscopic anatomy of selected organs.

Objective By working with the microscope, participants gain a deeper understating of the lecture topics, in particular in microscopic anatomy. They
acquire the ability to examine tissue sections with the microscope, to recognize organ-typical structures and to identify the organ of origin.

Literature Suggested reading
Lüllmann-Rauch R, Asan E: Taschenlehrbuch Histologie
Kühnel W: Taschenatlas Histologie

Prerequisites /
notice

Based on:
376-0151-00 "Anatomie und Physiologie" I
376-0150-00 "Anatomie und Physiologie" II

 Laboratory Courses 2nd Year
Number Title Type ECTS Hours Lecturers

551-0104-00L Fundamentals of Biology II
Registrations via myStudies until 29.1.2020 at the latest.
Subsequent registrations will not be considered. 

O 8 credits 8P M. Gstaiger, E. Dultz, C. H. Giese,
W. Kovacs, D. Santelia, H. Stocker,
U. Suter, S. Werner

Abstract This introductory Laboratory course introduces the student to the entire range of classical and modern molecular biosciences. In the
second year (Praktikum GL Bio II) the students will perform three praktikum days in:
- Molecular Biology
- Plant Physiology
- Genetics and 
- Cell Biology II. 

(total of 12 experiments)

Each experiment takes one full day.

Objective Introduction to theoretical and experimental biology
Moodle www-link for general Praktikum-information and course material: Moodle

The general Praktikum information (Assignment list, Instructions and Schedule & Performance Sheet) will also be sent to the students
directly (E-mail).

Content The class is divided into four blocks: Cell Biology II, Genetics, Molecular Biology and Plant Physiology. One block lasts three weeks.

CELL BIOLOGY II:
- Cells: Cell types & staining methods, cell fusion & cell motility, 
- Tissue and development: histology of mice embryos & embryogenesis
- Repair mechanisms: DNA repair & wound healing, 

GENETICS:
- Yeast genetics
- Drosophila genetics
- Human genetics

MOLECULAR BIOLOGY
- Molecular biology & protein crystallization
- Enzyme kinetics
- Redox potential & stability of a protein

PLANT PHYSIOLOGY:
- Plants and light
- Phytohormones and other growth factors
- Molecular biology of systemic gene silencing
- Literature and presentations

The students will also prepare short presentations (approx. 10 min) of the various topics within this course.
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Lecture notes Laboratory manuals

CELL BIOLOGY II
- The protocols can be downloaded from: Moodle

MOLECULAR BIOLOGY: 
- The protocols can be found from: Moodle

PLANT PHYSIOLOGY
- The protocols can be found from: Moodle

GENETICS
- The protocols can be found from: Moodle

Prerequisites /
notice

THE PRAKTIKUM RULES:
 
Your attendance is obligatory and you have to attend all 12 Praktikum days. Absences are only acceptable if you are able to provide a
Doctors certificate. The original Dr's certificate has to be given to Dr. M. Gstaiger (HPM F43) within five days of the absence of the
Praktikum day.

If there will be any exceptional or important situations then you should directly contact the Director of Studies of D-Biol, who will decide if
you are allowed to miss a Praktikum day or not.  

HIGHLY IMPORTANT!!

1. Due to the increased number of students, the official Praktikum registration has to be done, using myStudies, preferably at the end of
HS18 but not later than Wednesday January 30, 2020. 

2. Later registration is NOT possible and can NOT be accepted!

3. The course registration for FS20 is usually possible at the end of HS18 and you will obtain an E-mail from the Rectorate when the course
registration using myStudies is possible.

Students can register for a practice group via myStudies. As soon as the course unit is registered in myStudies, a text box appears
indicating that a group can be selected. Accordingly, students can select a group in the next step. If more than 180 students register, the
surplus students will be placed on a waiting list and then allocated by the course responsible.


The Praktikum GL BioII FS20 will take place during the following days and therefore, you have to make sure already now that you do not
have any other activities & commitments during these days:

PRAKTIKUM DAYS DURING FS19 (Fridays):

21.2. / 28.2. / 6.3. / 13.3. / 20.3. / 27.3. / 3.4. / 24.4. / 8.5. / 15.5. / 22.5. / 29.5

No Praktikum during the Easter break: 9.4.-17.4. 2020

529-0430-00L Practical Course Physical Chemistry (for
Biol./Pharm.Sci.)

O  3 credits 4P E. C. Meister

Abstract Practical introduction to important basic experimental methods in physical chemistry. Investigation of qualitative and quantitative relations
between physico-chemical quantities of the systems under study.

Objective The students have to carry out selected experiments in physical chemistry using important measurement methods and devices.
The measured data have to be processed, mostly with the aid of computers, and considering error propagation and statistics.
Detailed laboratory reports have to be written to each experiment.

Content Basic physical chemistry experiments covering chemical thermodynamics and kinetics, electrochemistry, viscosity and optical
spectroscopy.
Computer simulation of physical-chemical phenomena.

Lecture notes Erich Meister, Grundpraktikum Physikalische Chemie: Theorie und Experimente, 2. Auflage, vdf Hochschul-Verlag an der ETH, Zürich,
2012.
Supplementary material to experiments is available.

376-1156-00L Physiology O 1 credit 1P C. Spengler
Abstract Experiments to evaluate nerve, muscle, heart, circulation, respiration, and sensory organ function in humans.
Objective Practical experience of physiology. Learning of fundamental assessments of physiological functions in humans and of correct

interpretations of measurement data.
Content Determination of nerve conduction time, recording of electromyogram (EMG; single stimuli and summatin) and mechanogram;

measurement of lung function and oxygen consumption; assessment of cardiovascular adjustments in response to orthostatic challenges
and exercise; computer simulation of the cardiovascular system under different conditions; determination of hearing threshold level, visual
acuity, accommodation and field of vision.

Lecture notes Scriptum of the Laboratory Experiments in Physiology on Moodle
Literature Schmidt/Lang/Heckmann: Physiologie des Menschen, Springer-Verlag, Heidelberg
Prerequisites /
notice

Anatomy + Physiology I  /  Physiology I

 Third Year
 Third Year Core Subjects

Number Title Type ECTS Hours Lecturers

535-0135-00L Clinical Chemistry I O 1 credit 1V M. Hersberger
Abstract Introduction into the fundamentals of laboratory diagnostics and an overview on the laboratory parameters used in the context of

inflammation, lipid metabolism, myocardial infarction, diabetes, kidney function, urinary analysis, liver function, blood coagulation, blood
counts, therapeutic drug monitoring and drugs of abuse screening.

Objective Overview on the possibilities and limitations in clinical laboratory diagnostics offered in pharmacies. Indications and methods of often used
analyses are known.
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Content Introduction into medical laboratory diagnostics: immunochemical methods, diagnostics of inflammation, acute myocardial infarction, lipid
metabolism, diabetes, kidney function and urinary diagnostics, blood coagulation, blood count, therapeutic drug monitoring, drugs of abuse
screening, common diagnostics of liver diseases, point-of-care diagnostics.

Lecture notes Documentation will be available before the lectures electronically.
Literature - Jürgen Hallbach, Klinische Chemie und Hämatologie für den Einstieg, Thieme Verlag

- Harald Renz, Praktische Labordiagnostik, de Gruyter Verlag
- Walter Guder, Das Laborbuch für Klinik und Praxis, Elsevier Verlag

535-0231-00L Medicinal Chemistry II O 2 credits 2V J. Hall
Abstract The lectures give an overview of selected drugs and the molecular mechanisms underlying their therapeutic effects in disease. The

historical and modern-day methods by which these drugs were discovered and developed are described. Structure-function relationships
and the biophysical rules underlying ligand-target interactions will be discussed and illustrated with examples.

Objective Basic understanding of therapeutic agents with respect to molecular, pharmacological and pharmaceutical properties.
Content Molecular mechanisms of action of drugs. Structure function and biophysical basis of ligand-target interactions.
Lecture notes Will be provided electronically in parts before each individual lecture.
Literature - G.L. Patrick, "An Introduction to Medicinal Chemistry", 5th edition, Oxford University Press (2013)

- D. Steinhilber, M. Schubert-Zsilavecz, H.J. Roth, "Medizinische Chemie", Deutscher Apotheker Verlag Stuttgart (2005)
- J.H. Block, J.M. Beale, "Organic Medicinal and Pharmaceutical Chemistry", 11th edition, Lippincott, Williams, Wilkins (2002)
- A. Gringauz, "How Drugs Act and Why", Wiley (1997)
- R. Silverman and M. Holladay, "The Organic Chemistry of Drug Design and Drug Action" 3rd Edition, Academic Press, (2014)

Prerequisites /
notice

Requirements: Knowledge of physical and organic chemistry, biochemistry and biology; Medicinal Chemistry I.

535-0241-03L Biopharmacy O 3 credits 3V S.-D. Krämer
Abstract Introduction to the Basics in Biopharmacy. Pharmacokinetic processes (absorption, distribution, metabolism and excretion, ADME), which

determine the fate of a drug in the body. Knowledge of the most important pharmacokinetic parameters. Interpretation of concentration-
time-profiles of drugs. Pharmacokinetic profiling of drugs in view of therapy optimization and analysis of interaction potential.

Objective Introduction to the Basics in Biopharmacy. Pharmacokinetic processes (absorption, distribution, metabolism and excretion, ADME), which
determine the fate of a drug in the body. Knowledge of the most important pharmacokinetic parameters. Interpretation of concentration-
time-profiles of drugs. Pharmacokinetic profiling of drugs in view of therapy optimization and analysis of interaction potential.

Content Introduction to pharmacokinetics; definition of the most important pharmacokinetic parameters and their calculation from clinical data
(compartment model, statistical model); kinetics of absorption (absorption profiles); distribution of drugs and role of protein binding; kinetics
of elimination: excretion and biotransformation (physiological model); pharmacokinetic profiling of drugs for therapy optimization and for the
analysis of the interaction potential; dosage regimen design.

Literature P. Langguth, G. Fricker, H. Wunderli-Allenspach "Biopharmazie", Wiley-VCH Verlag, Weinheim, 2004.

535-0422-00L Galenical Pharmacy II O 2 credits 2G J.-C. Leroux, E. Giger
Abstract Continues Galenical Pharmacy I. Powder technology. Tablets and tabletting. Coating technologies. Drug dissolution and release. Hard and

soft gelatin capsules. Suppositories. Introduction to drug delivery and targeting. Drug delivery systems for peroral, transdermal, parenteral
and mucosal administration.

Objective Introduction and overview of important fundamentals, principles and technologies for the development and manufacturing of dosage forms
and drug delivery systems. In continuation of Galenical Pharmacy I. The students dispose of knowledge of properties, function, quality and
application of dosage forms. The following topics will be covered: Powder technology. Tablets and tabletting. Coating technologies. Drug
dissolution and release. Hard and soft gelatin capsules. Suppositories. Introduction to drug delivery and targeting. Drug delivery systems
for peroral, transdermal, parenteral and mucosal administration. Formulation of biotechnology products.

Content Overview of important fundamentals, principles and technologies for the development and manufacturing of solid dosage forms and drug
delivery systems. Powder technology. Tablets and tabletting. Coating technologies. Drug dissolution and release. Hard and soft gelatin
capsules. Introduction to drug delivery and targeting. Drug delivery systems for peroral, transdermal, parenteral and mucosal
administration.

Lecture notes Scripts, documentations to the lectures and additional supporting materials can be either downloaded via the indicated link to the course ,
or they will be directly provided at each lecture.

Literature A.T. Florence - An introduction to clinical pharmaceutics. Pharmaceutical Press, London 2010.
L.V. Allen, N.G. Popovich, H.C. Ansel, Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems, 10th Ed, Lippincott Williams &
Wilkins, Baltimore 2014.
L. Felton, Remington - Essentials of Pharmaceutics, Pharmaceutical Press, London, 2013.
M.E. Aulton. Pharmaceutics - The design and manufacture of medicines. 5th Ed. Elsevier, Philadelphia, 2017.
Sinko P.J., Martin's Physical Pharmacy and Pharmaceutical Sciences, 7th ed, Wolters Kluwer, Philadelphia, 2017.

Prerequisites /
notice

Prior attendance of Galenical Pharmacy I is recommended.

535-0440-00L Quality Management in Pharmaceutical Business O 1 credit 1V A.  Sterchi, H. Dupy
Abstract The students know the relevance and the role of quality assurance measures to assure quality, efficacy and safety of drugs. The students

know the most important Swiss regulations, including the associated European regulations, which are relevant from a quality assurance
point of view and they are able to interpret the content of this regulations.

Objective The students know the relevance and the role of quality assurance measures to assure quality, efficacy and safety of drugs. The students
know the most important Swiss regulations, including the associated European regulations, which are relevant from a quality assurance
point of view and they are able to interpret the content of this regulations.

Content Die Grundlagen des Qualitätsmanagements in der pharmazeutischen Industrie werden anhand eines umfassenden Qualitätskonzeptes
erläutert. Die gesetzlichen Regelwerke des schweizerischen Heilmittelgesetzes bilden dazu die notwendige Basis. Qualitätssichernde
Massnahmen werden in der Forschung und Entwicklung von Arzneimitteln in den Bereichen Präklinik, Klinik, Synthese, Arzneiformung und
Verpackung besprochen. Sie bilden die Basis für die Registrierung eines Arzneimittels und stellen die Sollvorgaben für die folgende
Herstellung dar (Quality of Design). Vom Gesichtspunkt der "Good Manufacturing Practices" (GMP) werden die vielseitigen Aufgaben und
Probleme durch systematisches Aufzeigen der qualitätsbeein-flussenden Faktoren und deren statistische Auswertung bearbeitet. Mit der
Validierung der Arbeitsschritte und Einrichtungen und dem Einbezug der Qualitätskontrollmassnahmen in der Herstellung werden die
wichtigen Kriterien zur Beurteilung der Qualität des fertigen Arzneimittels dargelegt (Quality of Performance).

Lecture notes Es wird kein Skript zur Verfügung gestellt (siehe auch "Literatur").
Literature Qualitätsmanagement und Validierung in der pharmazeutischen Praxis, 2. Auflage, Th. Schneppe & R. H. Müller, Editio Cantor Verlag,

ISBN 3-87193-269-8. Die Studierenden müssen vorlesungsbegeleitend einzelne Kapitel aus dieser Literatur im Selbststudium erarbeiten.
Prerequisites /
notice

Voraussetzungen: Basiskenntnisse in den pharmazeutischen Fachgebieten

535-0522-00L Pharmacology and Toxicology II O 2 credits 2V U. Quitterer
Abstract The two-semester lecture course will provide a basic understanding of mechanisms of drug action, pharmacological properties and

therapeutic uses of important classes of drugs. The lectures are intended for students of pharmacy and health sciences.
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Objective The lectures will provide a comprehensive survey of pharmacology and toxicology. Special emphasis is placed on the interrelationship
between pharmacological, pathophysiological and clinical aspects.

Content Topics include disease-relevant macroscopic, microscopic, pathobiochemical and functional disturbances of specific organs and organ
systems. The lectures integrate disease pathology with mechanisms of drug action, usage, pharmacokinetics, side effects, toxicology,
contraindications and dosage of relevant drug classes. Basic principles of clinical pharmacology and pharmacotherapy will be covered.

Lecture notes A script is provided for each lecture, which contains major contents of the lecture and defines exam-relevant topics. The scripts do not
replace the lectures.

Literature Klaus Aktories, Ulrich Förstermann, Franz Hofmann, Klaus Starke.
Allgemeine und spezielle Pharmakologie und Toxikologie.
12. Auflage, 1146 Seiten
2017
Urban & Fischer Verlag/Elsevier GmbH,
ISBN-10: 3437425250; ISBN-13: 978-3437425257


The classic textbook on pharmacology:
Goodman & Gilman`s The Pharmacological Basis of Therapeutics.
Laurence Brunton, Björn Knollmann, Randa Hilal-Dandan
13th edition, 1440 pages
2017; McGraw - Hill Education 
ISBN-10: 1259584739
ISBN-13: 978-1259584732

Prerequisites /
notice

Abschluss Grundstudium.

Gleichzeitiger oder vorgängiger Besuch des Seminars 535-0523-00 Aktuelle Themen aus Pharmakologie und Toxikologie ist dringend
empfohlen.

535-0523-00L Current topics in Pharmacology and Toxicology O 1 credit 1S U. Quitterer
Abstract The practical course complements the lectures on Pharmacology and Toxicology. The course is held in parallel to the lecture course during

the spring semester.
Objective Gain in-depth knowledge of pharmacology and toxicology, and understand basic principles of pharmacotherapy.
Content The course presents selected topics of pharmacology and toxicology to understand principles of pharmacotherapy of major diseases. In

frame of the course, students perform exercises.
Lecture notes A script is provided for each course. The script defines relevant knowledge for the exam in Pharmacology and Toxicology I/II.
Literature Klaus Aktories, Ulrich Förstermann, Franz Hofmann, Klaus Starke.

Allgemeine und spezielle Pharmakologie und Toxikologie.
12. Auflage, 1146 Seiten
2017
Urban & Fischer Verlag/Elsevier GmbH,
ISBN-10: 3437425250; ISBN-13: 978-3437425257

The classic textbook on pharmacology:
Goodman & Gilman`s The Pharmacological Basis of Therapeutics.
Laurence Brunton, Björn Knollmann, Randa Hilal-Dandan
13th edition, 1440 pages
2017; McGraw - Hill Education 
ISBN-10: 1259584739
ISBN-13: 978-1259584732

Prerequisites /
notice

Voraussetzungen: Abschluss Grundstudium

535-0534-00L Drug, Society and Public Health O 1 credit 1V J. Steurer, R. Heusser
Abstract Introduction of basic concepts and methods in Public Health, epidemiology, and Evidence Based Medicine. An overview on concepts and

principles of clinical trials on efficacy of drugs
Objective Students know the concepts and principles of epidemiological and clinical research, they are informed about the principles of evidence

based medicine and know how and where to search for evidence.
Content Einführung in Epidemiologie / Pharmakoepidemiologie / Evidence-based Medicine: Grundbegriffe, Studiendesigns, object-design,

statistische Grundlagen, Kausalität in der Pharmako-Epidemiologie, Methoden und Konzepte, Fallbeispiele.
Lecture notes Wird abgegeben
Literature - F. Gutzwiller/ F. Paccaud (Hrsg.): Sozial- und Präventivmedizin - Public Health. 4. Aufl. 2011, Verlag Hans Huber, Bern 

- R. Beaglehole, R. Bonita, T. Kjellström: Einführung in die Epidemiologie. 1997, Verlag Hans Huber, Bern
- L. Gordis: Epidemiology, 4 th Ed. 2009, W.B. Saunders Comp.
- K.J. Rothman, S. Greenland: Modern Epidemiology, 2. Ed. 1998, Lippincott Williams & Wilkins
- A.G. Hartzema, M. Porta, H.H. Tilson (Eds.): Pharmacoepidemiology - An Introduction. 3. Ed. Harvey Whitney Comp., Cincinnati
- R. Bonita, R. Beaglehole. Einführung in die Epidemiologie, 2. überarbeitete Auflage, 2008 Huber Verlag.
- B.L. Strom (Eds.): Pharmacoepidemiology. 3. Ed. 2000, Wiley & Sons Ltd., Chichester
- S.E. Straus, W.S. Richardson, P.Glasziou, R.B. Haynes: Evidence-based Medicine. 2005, Churchill Livingstone, London
- U. Jaehde, R.Radziwill, S. Mühlebach, W. Schnack (Hrsg): Lehrbuch der Klinischen Pharmazie
- L.M. Bachmann, M.A. Puhan, J.Steurer (Eds.): Patientenorientierte Forschung. EInführung in die Planung und Durchführung einer Studie.
Verlag Hans Huber, 2008

535-0391-00L Pathobiology O 4 credits 3G M. Detmar, V. I. Otto
Abstract Pathobiology describes the mechanisms underlying a disease and its clinical manifestations. An overview over important diseases of

different organ systems and their symptoms will be given. How the discussed diseases can be recognized based on symptoms and
diagnostic tests will be practiced based on case studies.

Objective Understanding of the molecular mechanisms that link the cause of a disease to its clinical manifestation. Knowing the most important
diseases and their symptoms. First abilities to recognize and distinguish between different diseases based on case studies.
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Content Lecture Topics:

1. Introduction and General Pathology

2. Diseases of Blood Cells

3. Kidney Diseases

4. Cardiovascular Diseases

5. Lung Diseases

6. Gastrointestinal Diseases

7. Disorders of the Endocrine System

8. Metabolic Disorders

9. Skin Diseases 

10. Diseases of the Reproductive Organs

11. Diseases of the Bones and Joints

12. Disorders of the Central Nervous System

13. Disorders of Sensory Organs 

14. Psychiatric Diseases


Case studies referring to the diseases discussed in the course of the lectures will be solved and the solutions presented by the students.

Lecture notes Will be available at the following website:


myStudies

Literature Kumar Vinay ; Abbas Abul K. ; Fausto Nelson ; Aster Jon C, Robbins and Cotran Pathologic Basis of Disease, 9th ed., Saunders Elsevier,
Philadelphia 2015
Mitchell Richard N. ; Kumar Vinay ; Abbas Abul K. ; Fausto Nelson ; Aster Jon C., Pocket Companion to Robbins and Cotran Pathologic
Basis of Disease, 9th ed., Elsevier Saunders, Philadelphia 2017
Tischendorf Frank W. (Hrsg.), Blickdiagnostik : Compact-Atlas der klinischen Inspektion und Differenzialdiagnostik, 5. Aufl., Schattauer
Verlag, Stuttgart 2017

Prerequisites /
notice

Requirements: Completion of Basic Studies

 Laboratory Courses 3rd Year
Respective lectures must be attended before/together with the Laboratory Courses. Special schedule for the Laboratory Courses. 

Number Title Type ECTS Hours Lecturers

535-0240-00L Laboratory Course in Biopharmacy O 2 credits 4P S.-D. Krämer
Abstract Experimental determination of pharmacokinetic parameters in vitro: biotransformation experiments (phase I and II) with rat liver

microsomes; determination of partition coefficients in the octanol/buffer system including stability testing; protein binding and displacement
studies with bovine serum albumin as binding partner.

Objective Consolidation and implementation of the lecture "Biopharmazie" (535-0241-00 V).
Content Experimental determination of pharmacokinetic parameters in vitro: biotransformation experiments (phase I and II) with pork liver

microsomes; determination of partition coefficients in the octanol/buffer system including stability testing; protein binding and displacement
studies with bovine serum albumin as binding partner.

Lecture notes Biopharmazie Praktikumsskript (Krämer/Wunderli-Allenspach)
Literature P. Langguth, G. Fricker, H. Wunderli-Allenspach "Biopharmazie", Wiley-VCH Verlag, Weinheim, 2004
Prerequisites /
notice

Requirements:
Laboratory course in Pharmaceutical Analytics passed
Lecture in Biopharmacy in the same semester or previously

535-0419-00L Laboratory Course in Galenical Pharmacy O 5 credits 9P J.-C. Leroux, E. Giger
Abstract The students gain knowledge on excipients, the preparation of simple dosage forms under consideration of basic quality assurance

requirements, on quality control of medicaments and pharmacopoeial requirements. This enables them to analyse and understand simple
galenical problems, to study them experimentally, and to evaluate and present the data in a scientific format.

Objective Introductory stations: The students dispose of knowledge on pharmaceutical excipients, preparation methods for simple important dosage
forms, and related quality assurance and quality control aspects. With this knowledge, the students are able to prepare simple dosage
forms under basic quality assurance measures and to control the galenical quality of the medicaments. The students also possess
knowledge on relevant pharmacopoeial requirements and on contents of formularies and excipients handbooks.
Mini project: The students are able to comprehend and analyse basic galenical problems in their context. The students are also able to use
data and information from the literature and other resources to develop a relevant experimental plan for solving experimentally basic
galenical problems under consideration of quality assurance issues. The students are finally able to present and evaluate the experiments
and data in a scientifically sound oral presentation and written report (publication style).

Content Introductory stations: Knowledge, comprehension and application of methods and techniques in the following areas: drug dissolution
testing; disintegration of dosage forms; grinding and mixing of powders; granulation; extrusion; pelletization; flowability of powders; true and
apparent densities of powders, sieve analyses; specific surfaces of powders; compression and in-process controls; quality control charts
and quality control of tablets; fluidized bed and drum coating processes; dispersion and homogenisation of liquid and semi-solid dosage
forms; preparation of gels, creams and ointments; preparation of liquid emulsions and suspensions; rheological measurements of viscous
systems; particle size measurements by means of laser light diffractometry; surfaced tension of liquid (tensiometry); water purification;
sterilisation; sterility testing; freeze-drying; osmometry; conductometry; liposomes. 
Mini project: Preparation of suitable drug formulations based on patient examples.

Lecture notes Printed script on selected methods; manuals and other documents.
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Literature Eur. Pharm. (European Pharmacopoeia)
USP (United States Pharmacopeia)
K.H. Bauer, K.-H. Frömming, C. Führer Lehrbuch der pharmazeutisK.H. Bauer, K.-H. Frömming, C. Führer, Lehrbuch der
pharmazeutischen Technologie. 8. Auflage, Wissenschaftliche Verlagsgesellschaft, Stuttgart, 2006

Prerequisites /
notice

Teaching methods: Demonstrations; Practical guided exercises; Self-guided literature research; Questionnaires; Seminars; Self-guided
experimental project work.
Requirements:
Laboratory course in Pharmaceutical Analytics passed
Lecture in Galenical Pharmacy I
Lecture in Galenical Pharmacy II in the same semester or previously

535-0349-00L Laboratory Course Pharmaceutical Biology O 3 credits 6P K.-H. Altmann, B. Falch, B. Pfeiffer
Abstract Microscopic analysis of plant material (pharmacopoeia). Chromatographic analysis of medicinal plants, extraction methods,

qualitative/quantitative determination of medicinal plant constituents, isolation of natural products, identification/purity determination of
herbal drugs and natural products by means of spectroscopic, chemical, and chromatographic methods.

Objective Ability to perform phytochemical work at the practical level, knowledge and understanding of the qualitative and quantitative methods
available for the analytical characterization of medicinal plants and plant extracts. Understanding the physical, chemical, and
chromatographic behaviour of different classes of natural products, such as, e. g., flavonoids. alkaloids, essential oils etc.

Content Microscopic analysis of plant material (in particular with reference to pharmacopoeia specifications). Chromatographic analysis of medicinal
plants, different extraction methods, qualitative and quantitative determination of medicinal plant constituents, isolation of natural products,
identification and purity determination of herbal drugs and natural products by means of physical, spectroscopic, chemical, and
chromatographic methods.

Lecture notes Will be provided at the beginning of the course.
Literature O. Sticher, J. Heilmann, I. Zündorf: Hänsel/Sticher Pharmakognosie Phytopharmazie, 10. Auflage 2014, Wissenschaftliche

Verlagsgesellschaft, Stuttgart.

Auch möglich: 9. Auflage 2009 (R. Hänsel, O. Sticher: Pharmakognosie Phytopharmazie, Springer Verlag, Berlin) oder
8. Auflage 2007 (R. Hänsel, O. Sticher: Pharmakognosie Phytopharmazie, Springer Verlag, Berlin)

- H. Wagner, S. Bladt, Plant Drug Analysis. A Thin Layer Chromatography Atlas, Springer, 1996.

- K.P. Adam, H. Becker, Analytik biogener Arzneistoffe, Wiss. Verlagsges. mbH Stuttgart, 2000.

- W. Eschrich, Pulver-Atlas der Drogen, 9. Auflage, Deutscher Apotheker Verlag, Stuttgart, 2009.

Prerequisites /
notice

Requirements:
Laboratory course in Pharmaceutical Analytics passed
Lecture in Biopharmacy in the same semester or previously

 Compensatory Courses
Number Title Type ECTS Hours Lecturers

376-0022-00L Imaging and Computing in Medicine W  4 credits 3G R. Müller, P. Christen, C. J. Collins
Abstract Imaging and computing methods are key to advances and innovation in medicine. This course introduces established fundamental as well

as modern techniques and methods of imaging and computing in medicine.
Objective 1.    Understanding and practical implementation of biosignal processes methods for imaging 

2.    Understanding of imaging techniques including radiation imaging, radiographic imaging systems, computed tomography imaging,
diagnostic ultrasound imaging, and magnetic resonance imaging
3.    Knowledge of computing, programming, modelling and simulation fundamentals
4.    Computational and systems thinking as well as scripting and programming skills
5.    Understanding and practical implementation of emerging computational methods and their application in medicine including artificial
intelligence, deep learning, big data, and complexity
6.    Understanding of the emerging concept of personalised and in silico medicine
7.    Encouragement of critical thinking and creating an environment for independent and self-directed studying

Content Imaging and computing methods are key to advances and innovation in medicine. This course introduces established fundamental as well
as modern techniques and methods of imaging and computing in medicine. For the imaging portion of the course, biosignal processing,
radiation imaging, radiographic imaging systems, computed tomography imaging, diagnostic ultrasound imaging, and magnetic resonance
imaging are covered. For the computing portion of the course, computing, programming, and modelling and simulation fundamentals are
covered as well as their application in artificial intelligence and deep learning; complexity and systems medicine; big data and personalised
medicine; and computational physiology and in silico medicine.
The course is structured as a seminar in three parts of 45 minutes with video lectures and a flipped classroom setup: in the first part
(TORQUEs: Tiny, Open-with-Restrictions courses focused on QUality and Effectiveness), students study the basic concepts in short video
lectures on the online learning platform Moodle. At the end of this first part, students must post a number of questions in the Moodle forum
that will be addressed in the second part of the lectures using a flipped classroom concept. First, the lecturers may prepare additional
teaching material to answer the posted questions and potentially discuss further questions (Q&A). Second, the students will form small
groups to acquire additional knowledge online or from additionally distributed material and to present their findings to the rest of the class.

Lecture notes Stored on Moodle.
Prerequisites /
notice

Lectures will be given in English.

752-2001-00L Food Technology
Die Vorlesung wird neu grösstenteils auf Deutsch gelesen.

W  3 credits 3G R. Perren, S. Bolisetty,
V. Lutz Bueno

Abstract This course will introduce the basic concepts in Food Safety as well as  in product quality considering  technological processing steps.
Selected groups of food serve as examples to discuss the technology applied to converse raw material to final product as well as quality
and materials science aspects of these products.

Objective With this course, the student will be able to handle and gain an understanding of the general concepts and tools available in Food
Technology.

376-1148-00L From Symptoms to the Diagnosis W  1 credit 1V W. O. Frey
Abstract This lecture addresses students who have to deal with medical problems, such as for example heart-pain during bicacle loading. Finding

the medical causes of the pain, defining its classification and the emergency aid are some of the aims of these lessons. Consolidated
knowledge in physiology and anatomy is required.

Objective This lecture addresses students who have to deal with medical problems, such as for example heart-pain during bicacle loading. Finding
the medical causes of the pain, defining its classification and the emergency aid are some of the aims of these lessons.

Content Finding the medical causes of the pain, defining its classification and the emergency aid are some of the aims of these lessons.
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Literature Lebensqualität: Bewegung- Ernähurng- Erholung
ISBN 3-906466-22-1
Beiträge zur Gesundheitsförderung
v. Paolo C. Colombani, Walter O. Frey, Caspar Wenk

465-0952-00L Biomedical Photonics
Does not take place this semester.

W  3 credits 2V

Abstract The lecture introduces the principles of generation, propagation and detection of light and its therapeutic and diagnostic application in
medicine.

Objective The lecture provides knowledge about light sources and light delivery systems, optical biomedical imaging techniques, optical
measurement technologies and their specific applications in medicine. Fundamental principles will be accompanied by practical and
contemporary examples. Different selected optical systems used in diagnostics and therapy will be discussed.

Content Optics always was strongly connected to the observation and interpretation of physiological phenomenon. The basic knowledge of optics
for example was initially gained by studying the function of the human eye. Nowadays, biomedical optics is an independent research field
that is no longer restricted to the observation of physiological processes but studies diagnostic and therapeutic problems in medicine. A
basic prerequisite for applying optical techniques in medicine is the understanding of the physical properties of light, the light propagation in
and its interaction with tissue. The lecture gives inside into the generation, propagation and detection of light, its propagation in tissue and
into selected optical applications in medicine. Various optical imaging techniques (optical coherence tomography or optoacoustics) as well
as therapeutic laser applications (refractive surgery, photodynamic therapy or nanosurgery) will be discussed.

Lecture notes will be provided via Internet (Ilias)
Literature - M. Born, E. Wolf, "Principles of Optics", Pergamon Press

- B.E.A. Saleh, M.C. Teich, "Fundamentals of Photonics", John Wiley and Sons, Inc.
- O. Svelto, "Principles of Lasers", Plenum Press
- J. Eichler, T. Seiler, "Lasertechnik in der Medizin", Springer Verlag
- M.H. Niemz, "Laser-Tissue Interaction", Springer Verlag
- A.J. Welch, M.J.C. van Gemert, "Optical-thermal response of laser-irradiated tissue", Plenum Press

Prerequisites /
notice

Language of instruction: English
This is the same course unit (465-0952-00L) with former course title "Medical Optics".

551-0314-00L Microbiology (Part II) W  3 credits 2V W.-D. Hardt, L. Eberl, H.-
M. Fischer, J. Piel, J. Vorholt-
Zambelli

Abstract Advanced lecture class providing a broad overview on bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Objective This concept class will be based on common concepts and introduce to the enormous diversity among bacteria and archaea. It will cover

the current research on bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Content Advanced class covering the state of the research in bacterial cell structure, genetics, metabolism, symbiosis and pathogenesis.
Lecture notes Updated handouts will be provided during the class.
Literature Current literature references will be provided during the lectures.
Prerequisites /
notice

English

551-0320-00L Cellular Biochemistry (Part II) W  3 credits 2V Y. Barral, R. Kroschewski,
A. E. Smith

Abstract This course will focus on molecular mechanisms and concepts underlying cellular biochemistry, providing advanced insights into the
structural and functional details of individual cell components, and the complex regulation of their interactions. Particular emphasis will be
on the spatial and temporal integration of different molecules and signaling pathways into global cellular processes.

Objective The full-year course (551-0319-00 & 551-0320-00) focuses on the molecular mechanisms and concepts underlying the biochemistry of
cellular physiology, investigating how these processes are integrated to carry out highly coordinated cellular functions. The molecular
characterization of complex cellular functions requires a combination of approaches such as biochemistry, but also cell biology and
genetics. This course is therefore the occasion to discuss these techniques and their integration in modern cellular biochemistry. 
The students will be able to describe the structural and functional details of individual cell components, and the spatial and temporal
regulation of their interactions. In particular, they will learn to explain how different molecules and signaling pathways can be integrated
during complex and highly dynamic cellular processes such as intracellular transport, cytoskeletal rearrangements, cell motility, and cell
division. In addition, they will be able to illustrate the relevance of particular signaling pathways for cellular pathologies such as cancer or
during cellular infection.

Content Spatial and temporal integration of different molecules and signaling pathways into global cellular processes, such as cell division, cell
infection and cell motility. Emphasis is also put on the understanding of pathologies associated with defective cell physiology, such as
cancer or during cellular infection.

Literature Recommended supplementary literature (review articles and selected primary literature) will be provided during the course.
Prerequisites /
notice

To attend this course the students must have a solid basic knowledge in chemistry, biochemistry, cell biology and general biology. Biology
students have in general already attended the first part of the "Cellular Biochemistry" concept course (551-0319-00). The course will be
taught in English.
In addition, the course will be based on a blended-learning scenario, where frontal lectures will be complemented with carefully chosen
web-based teaching elements that students access through the ETH Moodle platform.

701-0614-00L Allergies and Environment W  1 credit 1V P. Schmid-Grendelmeier
Abstract Allergic diseases are common and of increasing importance. In this course symptoms and management of allergies such as hay fever,

asthma, eczema or food allergy are presesented. The importnat interactions between environmental factors such as air quality, climate,
nutrition and form and frequency of allergic diseases will be discussed.

Objective Knowledge of the basics of allergic diseases in humans, especially the so-called atopic diseases. Knowledge of the environmental
allergens and the possible mechanisms responsible for the increase in allergic reactions. Knowledge of the interactions between individual
genetic predisposition, environmental allergens and other environmental factors such as air pollutants.

Content Basic types of allergic diseases. Concept of atopy  and intolerances. 
Pathophysiology of IgE-mediated reactions including mechanisms of IgE regulation. Epidemiological data regarding the increase of
allergies as environmental diseases No. 1 and reasons for this increase. 
Discussion of the most important inhalant and nutritional allergens such as pollen, house dust mites, fungal spores, food and food
additives.

Lecture notes Scripts, leaflets and lecture notes are handed in.
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Literature Scripts, leaflets and lecture notes are handed in. 
Suggested reading:
Axel Trautmann und Jörg Kleine-Tebbe:
Allergie-Diagnose/Allergie-Therapie
Thieme-Verlag. 2 Auflage (2013)
ISBN 978-3-13-142181-4

Leaflets:
www.ck-care.ch
https://www.ck-care.ch/en/information-sheets

Edcuatioal short videos:
https://www.ck-care.ch/online-campus 


http://eduf.com.br/the-allergy-handbook-a-doctors-guide-to-successful-treatment_2019_printable_file.pdf

Prerequisites /
notice

Basic knowledge in immunology (T /B cells, immunoglobulins)

Interest in clinical symptoms and correlation with Environment and Immune system
Possibilty of Master thesis in translational medecine

701-0662-00L Environmental Impacts, Threshold Levels and Health
Effects

W  3 credits 2V C.-T. Monn, M. Brink

Abstract Environmental impacts on human health and well-being will be discussed. Concepts and methods for exposure measurements and
assessments will be shown. In the first part of the semester, air pollutants (for example for ozone, and fine particles). 
In the second part, noise, its effects and control, will be covered.

Objective - to understand the basic concepts of an exposure assessment  (air, noise)
- to know methods used in health effect research
- to know criteria and methods for setting threshold levels

Content Air Pollutants
- sources of pollutants (indoors and outdoors)
- concepts of an exposure assessment
- measurement methods for gases and particles
- health effect of pollutants (methods, most important pollutants, such as fine particles and ozone)

Noise
- Introduction to acoustics, Measurement, Hearing
- Auditory processing
- Exposure assessment of noise
- Noise effects, Exposure-effect relationships
- Basics of noise control and abatement, exposure limits
- Noise abatement policy

Lecture notes Presentations (ppt, pdf) will uploaded to a server, previous to the lecture.
Literature see references in the scripts.

701-1704-01L Health Impact Assessment: Concepts and Case
Studies

W  3 credits 2V M. Winkler, C. Guéladio, M. Röösli,
J. M. Utzinger

Abstract This course introduces the concept of health impact assessment (HIA) and discusses a suite of case studies in industrialised and
developing countries. HIA pursues an inter- and multidisciplinary approach, employs qualitative and quantitative methods with the
overarching goal to influence decision-making.

Objective After successful completion of the course, students should be able to:
o critically reflect on the concept of HIA and the different steps from screening to implementation and monitoring; and
o apply specific tools and methodologies for HIA of policies, programmes and projects in different social, ecological and epidemiological
settings.

Content The course will present a broad set of tools and methods for the systematic and evidence-based judgment of potential health effects
related to policies, programmes and projects. Methodological features will be introduced and applied to a variety of case studies in the
public sector (e.g. traffic-related air pollution, passive smoking and waste water management) and private sector (e.g. water resource
developments and extractive industries) all over the world.

Lecture notes Handouts will be distributed.
Literature Whenever possible, at least one peer-reviewed paper will be made available for each session.

752-1300-00L Introduction to Toxicology W  3 credits 2V R. Eggen, S. J. Sturla
Abstract Introduction to how chemical properties and biological interactions govern the disposition and influences of toxicants.
Objective The objectives are for the student to establish a framework for examining adverse effects resulting from exposures to toxicants by

understanding key mechanisms that give rise to toxic responses and disease processes.
Content This course will introduce mechanisms governing the chemical disposition and biological influences of toxicants.  The course is geared

toward advanced bachelors students in food science, environmental science, and related disciplines, such as chemistry, biology and
pharmaceutical sciences.  Examples of topics include: dose-response relationships and risk assessment, absorption, transport, and
biotransformation of xenobiotic chemicals; Carcinogenesis; DNA damage, repair, and mutation; Immunotoxicity; Neurotoxicity; and modern
toxicity testing strategies.  These fundamental concepts in Mechanistic Toxicology will be integrated with examples of toxicants relevant to
food, drugs and the environment.

Literature Casarett & Doull's Toxicology, The Basic Science of Poisons. Seventh Edition. Editor: Curtis D. Klaassen, 2008, McGraw-Hill. (available
on-line)

Prerequisites /
notice

Basic knowledge of organic chemistry and biochemistry is required.

376-1392-00L Mechanobiology: Implications for Development,
Regeneration and Tissue Engineering

W  3 credits 2G A. Ferrari, G. Shivashankar,
M. Zenobi-Wong

Abstract This course will emphasize the importance of mechanobiology to cell determination and behavior. Its importance to regenerative medicine
and tissue engineering will also be addressed. Finally, this course will discuss how age and disease adversely alter major
mechanosensitive developmental programs.

Objective This course is designed to illuminate the importance of mechanobiological processes to life as well as to teach good experimental
strategies to investigate mechanobiological phenomena.
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Content Typically, cell differentiation is studied under static conditions (cells grown on rigid plastic tissue culture dishes in two-dimensions), an
experimental approach that, while simplifying the requirements considerably, is short-sighted in scope. It is becoming increasingly apparent
that many tissues modulate their developmental programs to specifically match the mechanical stresses that they will encounter in later life.
Examples of known mechanosensitive developmental programs include osteogenesis (bones), chondrogenesis (cartilage), and
tendogenesis (tendons). Furthermore, general forms of cell behavior such as migration, extracellular matrix deposition, and complex tissue
differentiation are also regulated by mechanical stimuli.  Mechanically-regulated cellular processes are thus ubiquitous, ongoing and of
great clinical importance.

The overall importance of mechanobiology to humankind is illustrated by the fact that nearly 80% of our entire body mass arises from
tissues originating from mechanosensitive developmental programs, principally bones and muscles. Unfortunately, our ability to regenerate
mechanosensitive tissue diminishes in later life. As it is estimated that the fraction of the western world population over 65 years of age will
double in the next 25 years, an urgency in the global biomedical arena exists to better understand how to optimize complex tissue
development under physiologically-relevant mechanical environments for purposes of regenerative medicine and tissue engineering.

Lecture notes n/a
Literature Topical Scientific Manuscripts

752-6002-00L Advanced Topics in Nutritional Science W  3 credits 2V M. B. Zimmermann, J. Rigutto,
J. M. Sych, C. Wolfrum

Abstract The course gives an introduction to selected topics relevant to nutrition science, such as dietary recommendations and nutrient
requirements, undernutrition and overnutrition, special diets, as well as important micronutrients and other biologically active dietary
components.

Objective The course gives a brief introduction into different areas of human nutrition. The learning objectives are improved student understanding of:
1) dietary recommendations and the nutrient requirements at different stages of the life cycle, including pregnancy and lactation, childhood
and adolescence, adults and elderly; 2) the influence of undernutrition and overnutrition, as well as specific dietary patterns (e.g.
vegetarianism, veganism, weight loss diets) on health; 3) the metabolism of specific nutrients (e.g. vitamins, minerals -especially iron- and
biological active ingredients), their interactions and their effect on health.

Lecture notes The teaching slides used in the lectures will be made available weekly on moodle.

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
CHAB

see Science in Perspective: Language Courses ETH/UZH

Pharmaceutical Sciences Bachelor - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Pharmacy Master
 Core Courses (Clinical Subjects)

Number Title Type ECTS Hours Lecturers

535-5520-00L Clinical Case Studies
Only for Pharmacy MSc and DAS in Pharmacy.

O 3 credits 3G E. Kut Bacs, S. Erni, P. Obrist

Abstract The course applies the basic clinical-pharmaceutical knowledge in triage, diagnostics and therapy support (TDT) in selected clinical case
studies. In weekly practice hours, frequent clinical casuistry, as it can occur in the professional everyday life in the pharmacy, is worked out,
presented and discussed in groups.

Objective Students
- are able to analyze simple case studies based on their basic knowledge in therapy, diagnostics and therapy support and present, explain
and discuss them in plenary sessions
- evaluate clinical symptoms and illnesses and perform a differential diagnosis in the specified field
- are able to explain the cause and development of the specified symptoms and recognize the most important risk and warning symptoms
(red flags).
- based on their knowledge of therapeutic substances, therapy guidelines and selected drugs, they are able to suggest therapy options and
recognize when a referral to a medical specialist is indicated

Content In Gruppen werden Cases zu folgenden Fachgebieten erarbeitet und alle zwei Wochen im Plenum präsentiert und besprochen: 

•    Angiologie
•    Dermatologie
•    Diabetologie
•    Gastroenterologie
•    Infektiologie
•    Kardiologie 
•    Neurologie
•    Ophthalmologie
•    Otorhinolaryngologie
•    Pneumologie
•    Rheumatologie

Lecture notes Wird über myStudies veröffentlicht.
Prerequisites /
notice

Die Lehrveranstaltung dient der praktischen Anwendung und Vertiefung des erlernten klinisch-pharmazeutischen Grundwissens der
Veranstaltung "Triage, Diagnostik und Therapiebegleitung" des 1. Semesters Msc. Pharmazie.

Die klinischen Kasuistiken beginnen in der 2. Semesterwoche und werden zweiwöchentlich jeweils montags durchgeführt (24.2., 9.3.,
23.3., 6.4., 27.4., 11.5., 25.5.2020). Die obligatorische Präsenzzeit der Veranstaltung ist der Vormittag von 9.15-12.00h. Der Nachmittag
dient der Erarbeitung der Cases in Gruppen (keine Präsenzpflicht, selbständige Organisation innerhalb der Gruppe). Die erarbeiteten
Cases werden von den Gruppen per Mail abgegeben und von jeweils einer Gruppe im Plenum präsentiert und diskutiert.

 Practical Pharmacy I
Number Title Type ECTS Hours Lecturers

535-5523-00L Therapeutic Skills III Z  0 credits 5S S. Erni, A. Küng Krähenmann,
E. Kut Bacs, D. Petralli-Nietlispach,
K. Prader-Schneiter, P. Wiedemeier

Abstract Diese Lehrveranstaltung vermittelt Inhalte und Vertiefungen, die für die Tätigkeit in der praktischen Pharmazie (Offizin und Spital) von
besonderer Relevanz sind. Im Vordergrund stehen komplexe Medikationsfragestellungen unter Berücksichtigung spezieller
Patientengruppen sowie Kenntnisse über Labordiagnostik und Medical Devices. Ebenfalls thematisiert werden Kommunikation und Ethik.

Objective Die Studierenden
• verstehen Medikationsprobleme in komplexen Konstellationen 
  (Galenik, Biopharmazie, Interaktionen, Komedikation, spezielle 
   Patientengruppen) und sind in der Lage, die entsprechende 
   Pharmakotherapie in der individuellen Patientensituation zu 
   begleiten, bzw. zu optimieren.
• vertiefen und erweitern ihre Medikamentenkenntnisse.
• erlernen die Fähigkeit, dieses Wissen in objektivierter und
   strukturierter Form in der Beratung von PatientInnen umzusetzen.
• erwerben Basis-Kenntnisse über die wichtigsten diagnostischen   
   Parameter, insbesondere die häufigsten Laborwerte und deren 
   grundlegender Interpretation.
•  erhalten eine Einführung über die für Medizinalpersonen typischen  
   und wichtigen Aspekte in den Bereichen Ethik und Kommunikation.

Content - Labordiagnostik
- Medical Devices (Asthma, Diabetes)
- Kompressionsstrümpfe und Milchpumpen
- Komplexe Pharmakotherapie
- Medikation in besonderen Lebenssituationen (Schwangere /   
  Stillende, Kinder, DiabetikerInnen, Aeltere PatientInnen / 
  Niereninsuffiziente, Immunsupprimierte)
- Kommunikation
- Ethik
- Vertiefungstage (diverse medizinische Fachgebiete aus TDT und  
   TS I / II)

Lecture notes Wird über myStudies zur Verfügung gestellt.
Literature Gemäss Angaben in den Skripten.

535-5525-00L Law and Pharmacoeconomics O 3 credits 4G D. Hugentobler, K. Tremp
Abstract Praxisnahe Vermittlung der rechtlichen Grundlagen zur Ausübung des Apothekerberufes. Vermittlung der Grundprinzipien der

Pharmaökonomie und der integrierten Versorgung mit deren Auswirkung auf das Gesundheitswesen aus der Rolle der Apothekerin/des
Apothekers.
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Objective Die Studierenden wenden die entsprechenden Bundeserlasse zu den Medizinalberufen, zu den Sozialversicherungen, zu den Heilmitteln
und zu weiteren im Apothekerberuf üblichen Waren und Dienstleistungen im Sinne der Patienten an.Sie verstehen die Prinzipien des
Gesundheitsschutzes der einzelnen Erlasse und das Selbstbestimmungsrecht der Patienten. Anhand von praktischen Situationen
erwerben die Studierenden Kenntnisse zur Anwendung und zur Abwägung der einzelnen Erlasse gegeneinander. Die Studierenden
erhalten Einblick in die Struktur und die Aufgaben der einzelnen Teilnehmer im Schweizer Gesundheitswesen, sie erwerben Kenntnisse
über die Rolle des Apothekers in der integrierten Versorgung sowie über die Grundlagen der Gesundheits- und Pharmaökonomie. Sie
verstehen die Möglichkeiten und Grenzen des elektronischen Patientendossiers, von Managed Care und von integrierter Versorgung. 

Content Einblick in die Rolle des Apothekers im Gesundheitswesen, als Medizinalperson, als Leistungserbringer und in der interdisziplinären
Zusammenarbeit aus bundesrechtlicher Sicht. Kenntnisse der rechtlichen Vorgaben zu verschiedenen Gruppen von Heilmitteln von der
Herstellung, über den Vertrieb, die Abgabe und die Anwendung bis zur Entsorgung.Die Studierenden kennen den Zweck und die
Bedeutung der Schweizerischen eHealth Strategie, des elektronischen Patientendossiers, der Begriffe «Managed Care»  und «integrierte
Versorgung», können diese Begriffe definieren und konkreten Beispielen zuordnen. 

 Practical Phrmacy II
Number Title Type ECTS Hours Lecturers

535-5526-00L Injection Techniques and Vaccinations O 3 credits 3G I. S. Vogel Kahmann,
C. Halin Winter

Abstract Die Studierenden erlernen die praktische Durchführung von subkutanen (s.c.) und intramuskulären (i.m.) Injektionen. Sie wissen, wie in
Notfallsituationen vorzugehen ist.Die Besonderheiten von häufig eingesetzten parenteral zu verabreichenden Medikamenten, insbesondere
von Impfungen, sind bekannt.

Objective Die Studierenden erwerben das theoretische Wissen und die praktischen Fähigkeiten, welche für die s.c. und i.m. Verabreichung von
Medikamenten erforderlich sind. Sie sind fähig, Risikopatienten zu identifizieren und sind geschult, bei Notfällen (z.B. Anaphylaxie) korrekt
zu handeln.Die Studierenden kennen die in der Schweiz zur Verfügung stehenden Impfungen, den schweizerischen Impfplan und sind
vertraut mit der Anwendung von elektronischen Hilfsmitteln bei Fragestellungen rund um das Impfen.Die Studierenden kennen die
rechtlichen Grundlagen und regulatorischen Aspekte bezüglich Impfen in der Apotheke. Die Studierenden kennen verschiedene
Verbandmaterialen und können diese anwenden, um akute Wunden zu versorgen.

Content Die Lernziele und Inhalte entsprechen dem Fähigkeitsprogramm FPH Impfen und Blutentnahme von PharmaSuisse (ausser venöse
Blutentnahmen)- BLS-AED-SRC Komplettkurs (siehe https://www.slrg.ch)- Vorgehen bei Notfällen (z.B. Herzinfarkt, Schlaganfall,
Anaphylaxie u.a.) in der Apotheke- Vorgehen bei der Versorgung akuter Wunden- Injektionstechniken: Materialkunde, Hygienevorschriften
und Desinfektion, Kommunikation mit Patienten, Vor- und Nachbereitung einer Injektion, praktische Durchführung von subkutanen
Injektionen und intramuskulären Injektionen- Theorie und praktische Aspekte bei der Durchführung von subkutanen Blutentnahmen-
Impfübungen (z.B. Lesen von Impfausweisen, Erstellen eines individuellen Impfschemas, Impfdebatte)

Lecture notes Wird auf mystudies veröffentlicht.
Literature Wird im Skript angegeben.
Prerequisites /
notice

Die Injektionsübungen werden an Mitstudierenden durchgeführt. Deshalb müssen sich alle Studierenden gegen Hepatitis B impfen und
eine Titerbestimmung nach der 3. Impfung durchführen lassen. (Ziel: Titer über 100 UI/l).Der Nachweis über den ausreichenden Titer muss
am ersten Kurstag mitgebracht werden.Die praktischen Uebungen werden in Kleingruppen durchgeführt. Die Zuteilung muss eingehalten
werden. Unterschiedliche Anfangszeiten beachten!Film und Tonaufnahmen während der Lehrveranstaltung sind strikte untersagt.

 Case Studies
Number Title Type ECTS Hours Lecturers

535-5530-01L Case Study I O 3 credits 4A P. Obrist, S. Erni, E. Kut Bacs,
D. Petralli-Nietlispach, D. Stämpfli,
P. Wiedemeier

Abstract Writing a case study on a topic relevant to pharmaceutical practice. Using structured documentation, an in-depth examination of a patient
case that was treated during the assistance period (Assistenzzeit) is carried out and critically reflected against the background of the
pharmaceutical knowledge learned to date.

Objective Die Studierenden erarbeiten eine (von zwei) Fallstudien zu einem für die pharmazeutische Praxis relevanten Thema. 

Die Studierenden 
- setzen sich vertieft mit einem selber betreuten Patientenfall der Assistenzzeit auseinander.
- sind in der Lage, die durchgeführte Anamnese, Triage sowie die daraus folgenden therapeutischen Massnahmen und
Therapiebegleitungen klar strukturiert zu dokumentieren und für andere Medizinalpersonen angemessen wiederzugeben.
- stellen basierend auf ihrem pharmazeutischen Grundwissen kritische Reflexionen über die dokumentierte Fallstudie an und diskutieren
diese.

Mit der Fallstudie wird ein konzeptueller Rahmen gesetzt, in dem die praktische Assistenzzeit begleitet und reflektiert wird.

Content Verschiedene Themen aus Bereichen wie pharmazeutische Beratung und Betreuung, Triage, Rezept- und Therapievalidierung, klinische
Aspekte und interprofessionelle Schnittstellen werden dokumentiert und reflektiert.

Prerequisites /
notice

Eine nicht bestandene Fallstudie kann nicht wiederholt werden. Für den Erwerb der erforderlichen ECTS-KP muss eine weitere Fallstudie
(Case Study IV) verfasst werden, die mit dem Prädikat "erfüllt"/"pass" bewertet wird.

535-5530-02L Case Study II O 3 credits 4A P. Obrist, S. Erni, E. Kut Bacs,
D. Petralli-Nietlispach, D. Stämpfli,
P. Wiedemeier

Abstract Writing a case study on a topic relevant to pharmaceutical practice. Using structured documentation, an in-depth examination of a patient
case that was treated during the assistance period (Assistenzzeit) is carried out and critically reflected against the background of the
pharmaceutical knowledge learned to date.

Objective Die Studierenden erarbeiten eine (von zwei) Fallstudien zu einem für die pharmazeutische Praxis relevanten Thema. 

Die Studierenden 
- setzen sich vertieft mit einem selber betreuten Patientenfall der Assistenzzeit auseinander.
- sind in der Lage, die durchgeführte Anamnese, Triage sowie die daraus folgenden therapeutischen Massnahmen und
Therapiebegleitungen klar strukturiert zu dokumentieren und für andere Medizinalpersonen angemessen wiederzugeben.
- stellen basierend auf ihrem pharmazeutischen Grundwissen kritische Reflexionen über die dokumentierte Fallstudie an und diskutieren
diese.

Mit der Fallstudie wird ein konzeptueller Rahmen gesetzt, in dem die praktische Assistenzzeit begleitet und reflektiert wird.

Content Verschiedene Themen aus Bereichen wie pharmazeutische Beratung und Betreuung, Triage, Rezept- und Therapievalidierung, klinische
Aspekte und interprofessionelle Schnittstellen werden dokumentiert und reflektiert.

Prerequisites /
notice

Eine nicht bestandene Fallstudie kann nicht wiederholt werden. Für den Erwerb der erforderlichen ECTS-KP muss eine weitere Fallstudie
(Case Study IV) verfasst werden, die mit dem Prädikat "erfüllt"/"pass" bewertet wird.

535-5530-03L Case Study III O 3 credits 4A P. Obrist, S. Erni, E. Kut Bacs,
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D. Petralli-Nietlispach, D. Stämpfli,
P. Wiedemeier

Abstract Written and oral assessment of a real case study on a topic relevant to pharmaceutical practice. The case study of a patient case treated
during the assistance period is critically reflected against the background of the pharmaceutical knowledge learned to date and set in
relation to current therapy guidelines of everyday pharmacy practice.

Objective Die Studierenden beurteilen und diskutieren reale Fallstudien zu einem in der pharmazeutischen Praxis relevanten Thema.

Die Studierenden
- lernen, einen Medizinalbericht kritisch zu reflektieren und pharmazeutisch korrekt zu beurteilen.
- vertiefen sich mittels eines Perspektivenwechsels, hier als Reviewer, gezielt in ein praxisrelevantes Gebiet.
- führen schriftlich fundierte Vergleiche zwischen einer vorliegenden Fallstudie und gängigen Therapieleitlinien durch und stellen diese in
gegenseitigen Bezug.
- diskutieren in einem Review Meeting den pharmazeutischen Fall und erarbeiten gemeinsam weiterführende Optimierungsvorschläge für
die alltägliche pharmazeutische Praxis.
- setzen im Review Meeting erlernte Kommunikationstechniken um.

Für die Studierenden wird mit der Beurteilung einer Fallstudie ein konzeptueller Rahmen gesetzt, in dem die praktische Assistenzzeit
reflektiert wird.

Content Verschiedene Themen aus Bereichen wie pharmazeutische Beratung und Betreuung, Triage, Rezept- und Therapievalidierung, klinische
Aspekte und interprofessionelle Schnittstellen werden schriftlich und mündlich reflektiert.

Prerequisites /
notice

Eine nicht bestandene fachliche Beurteilung einer Fallstudie (Case Study III) kann nicht wiederholt werden. Für den Erwerb der
erforderlichen ECTS-KP muss eine Fallstudie (Case Study IV) verfasst werden, die mit dem Prädikat "erfüllt"/"pass" bewertet wird.

 Compensatory Courses
Number Title Type ECTS Hours Lecturers

535-5530-04L Case Study IV W 3 credits 4A P. Obrist, S. Erni, E. Kut Bacs,
D. Petralli-Nietlispach, D. Stämpfli,
P. Wiedemeier

Abstract Writing a case study on a topic relevant to pharmaceutical practice. Using structured documentation, an in-depth examination of a patient
case that was treated during the assistance period (Assistenzzeit) is carried out and critically reflected against the background of the
pharmaceutical knowledge learned to date.

Objective Die Studierenden erarbeiten eine (von zwei) Fallstudien zu einem für die pharmazeutische Praxis relevanten Thema. 

Die Studierenden 
- setzen sich vertieft mit einem selber betreuten Patientenfall der Assistenzzeit auseinander.
- sind in der Lage, die durchgeführte Anamnese, Triage sowie die daraus folgenden therapeutischen Massnahmen und
Therapiebegleitungen klar strukturiert zu dokumentieren und für andere Medizinalpersonen angemessen wiederzugeben.
- stellen basierend auf ihrem pharmazeutischen Grundwissen kritische Reflexionen über die dokumentierte Fallstudie an und diskutieren
diese.

Mit der Fallstudie wird ein konzeptueller Rahmen gesetzt, in dem die praktische Assistenzzeit begleitet und reflektiert wird.

Content Verschiedene Themen aus Bereichen wie pharmazeutische Beratung und Betreuung, Triage, Rezept- und Therapievalidierung, klinische
Aspekte und interprofessionelle Schnittstellen werden dokumentiert und reflektiert.

Prerequisites /
notice

Die Fallstudie Case Study IV gilt als Kompensationseinheit bei einer ungenügenden Leistung ("fail") von Case Study I-III.

 Master's Thesis
Number Title Type ECTS Hours Lecturers

535-0660-00L Master's Thesis
Only students who fulfill the following criteria are allowed
to begin with their master thesis:
a. successful completion of the bachelor programme; 
b. fulfilling of any additional requirements necessary to
gain admission to the master programme.

O  30 credits 40D Lecturers

Abstract During the Master’s thesis students prove their ability to independent, structured scientific work. The Master's thesis is usually carried out in
a subject area of Pharmaceutical Sciences as chosen by the student.

Objective In the Master Thesis students prove their ability to independent, structured and scientific working.

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
CHAB

see Science in Perspective: Language Courses ETH/UZH

 Course Units for Additional Admission Requirements
The courses below are only available for MSc students with additional admission requirements.

Number Title Type ECTS Hours Lecturers

535-0135-AAL Clinical Chemistry I
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  1 credit 2R M. Hersberger

Abstract Introduction into fundamentals of laboratory diagnostics and overview of the laboratory parameters concerning inflammation, lipid
metabolism, myocardial infarction, diabetes, kidney function, urinary diagnostics, liver function, blood coagulation, blood count, therapeutic
drug monitoring and drugs of abuse screening.

Objective Overview of the possibilities and limitations in clinical laboratory diagnostics. Indications and methods of everyday parameters are known.
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Content Introduction into medical laboratory diagnostics: immunochemical methods, diagnostics of inflammation, acute myocardial infarction, lipid
metabolism, diabetes, kidney function and urinary diagnostics, blood coagulation, blood count, therapeutic drug monitoring, drugs of abuse
screening, common diagnostics of liver diseases, point-of-care diagnostics.


535-0440-AAL Quality Management in Pharmaceutical Business
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  1 credit 2R A.  Sterchi

Abstract The students know the relevance and the role of quality assurance measures to assure quality, efficacy and safety of drugs. The students
know the most important Swiss regulations, including the associated European regulations, which are relevant from a quality assurance
point of view and they are able to interpret the content of this regulations.

Objective The students know the relevance and the role of quality assurance measures to assure quality, efficacy and safety of drugs. The students
know the most important Swiss regulations, including the associated European regulations, which are relevant from a quality assurance
point of view and they are able to interpret the content of this regulations.

406-0603-AAL Stochastics (Probability and Statistics)
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  4 credits 9R M. Kalisch

Abstract Introduction to basic methods and fundamental concepts of statistics and
probability theory for non-mathematicians. The concepts are presented on
the basis of some descriptive examples. The course will be based on the
book "Statistics for research" by S. Dowdy et.al. and on the
book "Introductory Statistics with R" by P. Dalgaard.

Objective The objective of this course is to build a solid fundament in probability
and statistics. The student should understand some fundamental concepts and
be able to apply these concepts to applications in the real
world. Furthermore, the student should have a basic knowledge of the
statistical programming language "R". The main topics of the course are:
- Introduction to probability
- Common distributions
- Binomialtest
- z-Test, t-Test
- Regression

Content From "Statistics for research":
Ch 1: The Role of Statistics
Ch 2: Populations, Samples, and Probability Distributions
Ch 3: Binomial Distributions
Ch 6: Sampling Distribution of Averages
Ch 7: Normal Distributions
Ch 8: Student's t Distribution
Ch 9: Distributions of Two Variables [Regression]

From "Introductory Statistics with R":
Ch 1: Basics
Ch 2: Probability and distributions
Ch 3: Descriptive statistics and tables
Ch 4: One- and two-sample tests
Ch 5: Regression and correlation

Literature "Statistics for research" by S. Dowdy et. al. (3rd
edition); Print ISBN: 9780471267355; Online ISBN: 9780471477433; DOI:
10.1002/0471477435; 
From within the ETH, this book is freely available online under:
http://onlinelibrary.wiley.com/book/10.1002/0471477435

"Introductory Statistics with R" by Peter Dalgaard; ISBN
978-0-387-79053-4; DOI: 10.1007/978-0-387-79054-1
From within the ETH, this book is freely available online under:
http://www.springerlink.com/content/m17578/

551-0103-AAL Fundamentals of Biology II: Cell Biology
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  5 credits 11R U. Kutay, Y. Barral, E. Hafen,
G. Schertler, U. Suter, S. Werner

Abstract The goal of this course is to provide students with a wide general understanding in cell biology. With this material as a foundation, students
have enough of a cell biological basis to begin their specialization not only in cell biology but also in related fields such as biochemistry,
microbiology, pharmacological sciences, molecular biology, and others.

Objective The goal of this course is to provide students with a wide general understanding cell biology. With this material as a foundation, students
have enough of a cell biological basis to begin their specialization not only in cell biology but also in related fields such as biochemistry,
microbiology, pharmacological sciences, molecular biology, and others.

Content The focus is animal cells and the development of multicellular organisms with a clear emphasis on the molecular basis of cellular structures
and phenomena. The topics include biological membranes, the cytoskeleton, protein sorting, energy metabolism, cell cycle and division,
viruses, extracellular matrix, cell signaling, embryonic development and cancer research.
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Literature Alberts et al. 'Molecular Biology of the Cell' 6th edition, 2014, ISBN 9780815344322 (hard cover) and ISBN 9780815345244 (paperback).

Topic/Lecturer/Chapter/Pages:

Analyzing cells & molecules / Gebhard Schertler/8/ 439-463;
Membrane structure / Gebhard Schertler/ 10/ 565-595;
Compartments and Sorting/ Ulrike Kutay/12+14+6/641-694/755-758/782-783/315-320/325 -333/Table 6-2/Figure6-20, 6-21, 6-32, 6-34;
Intracellular Membrane Traffic/ Ulrike Kutay/13/695-752;
The Cytoskeleton/ Ulrike Kutay/ 16/889 - 948 (only the essentials);
Membrane Transport of Small Molecules and the Electrical Properties of Membranes /Sabine Werner/11/597 - 633;
Mechanisms of Cell Communication / Sabine Werner/15/813-876;
Cancer/ Sabine Werner/20/1091-1141;
Cell Junctions and Extracellular Matrix/Ueli Suter / 1035-1081;
Stem Cells and Tissue Renewal/Ueli Suter /1217-1262;
Development of Multicellular organisms/ Ernst Hafen/ 21/ 1145-1179 /1184-1198/1198-1213;
Cell Migration/Joao Matos/951-960;
Cell Death/Joao Matos/1021-1032;
Cell Cycle/chromosome segregation/Cell division/Meiosis/Joao Matos/ 963-1018.

Prerequisites /
notice

none

551-0110-AAL Fundamentals of Biology II: Microbiology
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  2 credits 2R J. Vorholt-Zambelli

Abstract Structure, function, genetics of prokaryotic microorganisms and fungi.
Objective Basic principles of cell structure, growth physiology, energy metabolism, gene expression. Biodiversity of Bacteria and Archaea in the

carbon, nitrogen, and sulfur cycles in nature. Phylogeny and evolution. Pathogenicity. Biotechnology. Antibiotics.
Content Basic principles of cell structure, growth physiology, energy metabolism, gene expression. Biodiversity of Bacteria and Archaea in the

carbon, nitrogen, and sulfur cycles in nature. Phylogeny and evolution. Pathogenicity. Biotechnology. Antibiotics.
Lecture notes none
Literature Brock, Biology of Microorganisms (Madigan, M.T. and Martinko, J.M., eds.), 12th ed., Pearson Prentice Hall, 2009
Prerequisites /
notice

none

551-0108-AAL Fundamentals of Biology II: Plant Biology
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  2 credits 2R O. Voinnet

Abstract Water balance, assimilation, transport in plants; developmental biology, stress physiology.
Objective Water balance, assimilation, transport in plants; developmental biology, stress physiology.
Lecture notes none
Literature Smith, A.M., et al.: Plant Biology, Garland Science, New York, Oxford, 2010
Prerequisites /
notice

none

551-1323-AAL Fundamentals of Biology II: Biochemistry and
Molecular Biology
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  4 credits 11R K. Locher, N. Ban, R. Glockshuber,
E. Weber-Ban

Abstract The course provides an introduction to Biochemistry / Molecular Biology with some emphasis on chemical and biophysical aspects. 
Objective Topics include the structure-function

relationship of proteins / nucleic acids, protein folding, enzymatic catalysis, cellular pathways involved in bioenergetics and the biosynthesis
and breakdown of amino acids, glycans, nucleotides, fatty acids and phospholipids, and steroids. There will also be a discussion of DNA
replication and repair, transcription, and translation.

Lecture notes none
Literature  "Biochemistry",

Berg/Tymoczko/Stryer, 8th edition, Palgrave Macmillan, International edition 

Pharmacy Master - Key for Type

W+ Eligible for credits and recommended
W Eligible for credits
E- Recommended, not eligible for credits

Z Courses outside the curriculum
Dr Suitable for doctorate
O Compulsory

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Physics (General Courses)
 Generally Accessible Seminars and Colloquia

Number Title Type ECTS Hours Lecturers

402-0101-00L The Zurich Physics Colloquium
Cancelled until further notice.

Z 0 credits 1K S. Huber, A. Refregier, University
lecturers

Abstract Research colloquium
Objective The goal of this event is to bring you closer to current day research in all fields of physics. In each semester we have a set of distinguished

speakers covering the full range of topics in physics. As a participating student should learn how to follow a research talk. In particular, you
should be able to extract key points from a colloquium where you don't necessarily understand every detail that is presented.

Physics (General Courses) - Key for Type

W+ Eligible for credits and recommended
W Eligible for credits
E- Recommended, not eligible for credits

Z Courses outside the curriculum
Dr Suitable for doctorate
O Compulsory

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Physics Bachelor
 First Year

Minor Courses

First Year Compulsory Courses

GESS Science in Perspective

 First Year Compulsory Courses
 First Year Examination Block 1

Offered in the Autumn Semester

 First Year Examination Block 2
Number Title Type ECTS Hours Lecturers

401-1262-07L Analysis II O  10 credits 6V+3U P. S. Jossen
Abstract Introduction to differential and integral calculus in several real variables, vector calculus: differential, partial derivative, implicit functions,

inverse function theorem, minima with constraints; Riemann integral, vector fields, differential forms, path integrals, surface integrals,
divergence theorem, Stokes' theorem.

Content Calculus in several variables; curves and surfaces in R^n; extrema with constraints; integration in  n dimensions; vector calculus.
Literature H. Amann, J. Escher: Analysis II

https://link.springer.com/book/10.1007/3-7643-7402-0

J. Appell: Analysis in Beispielen und Gegenbeispielen
https://link.springer.com/book/10.1007/978-3-540-88903-8

R. Courant: Vorlesungen über Differential- und Integralrechnung
https://link.springer.com/book/10.1007/978-3-642-61973-1

O. Forster: Analysis 2
https://link.springer.com/book/10.1007/978-3-658-02357-7

H. Heuser: Lehrbuch der Analysis
https://link.springer.com/book/10.1007/978-3-322-96826-5

K. Königsberger: Analysis 2
https://link.springer.com/book/10.1007/3-540-35077-2

W. Walter: Analysis 2
https://link.springer.com/book/10.1007/978-3-642-97614-8

V. Zorich: Mathematical Analysis II (englisch)
https://link.springer.com/book/10.1007/978-3-662-48993-2

401-1152-02L Linear Algebra II O 7 credits 4V+2U T. H. Willwacher
Abstract Eigenvalues and eigenvectors, Jordan normal form, bilinear forms, euclidean and unitary vector spaces, selected applications.
Objective Basic knowledge of the fundamentals of linear algebra.
Literature Siehe Lineare Algebra I
Prerequisites /
notice

Linear Algebra I

401-1662-10L Introduction to Numerical Methods O  6 credits 4G+2U V. C. Gradinaru
Abstract This course gives an introduction to numerical methods, aimed at physics majors. It covers numerical linear algebra, quadrature as well as

initial vaule problems. The focus is on the ability to apply the numerical methods.
Objective Overview on the most important algorithms for the solution of the fundamental numerical problems in Physics and  applications;

overview on available software for the numerical solutions;
ability to solve concrete problems
ability to interpret numerical results

Content Least squares (linear and non-linear), nonlinear equations,   
numerical quadrature, initial value problems.

Lecture notes Notes, slides and other relevant materials will be available via the web page of the lecture.
Literature Relevant materials will be available via the web page of the lecture.
Prerequisites /
notice

Prerequisite is familiarity with basic calculus (approximation theory and vector calculus: grad, div, curl) and linear algebra (Gauss-
elimination, matrix decompositions and algorithms, determinant).

Study Center hours:
Do 17-20 in HG E 41
Fr 17-20 in HG E 41

402-1782-00L Physics II
Accompanying the lecture course "Physics II", among
GESS Science in Perspective is offered: 851-0147-01L
Philosophical Reflections on Physics II

O  7 credits 4V+2U R. Wallny

Abstract Introduction to theory of waves, electricity and magnetism. This is the continuation of Physics I which introduced the fundamentals of
mechanics.

Objective basic knowledge of mechanics and electricity and magnetism as well as the capability to solve physics problems related to these subjects.

 Second and Third Year Compulsory Courses
 Examination Block II

Number Title Type ECTS Hours Lecturers

402-0204-00L Electrodynamics O  7 credits 4V+2U R. Renner
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Abstract Derivation and discussion of Maxwell's equations, from the static limit to the full dynamical case. Wave equation, waveguides, cavities.
Generation of electromagnetic radiation, scattering and diffraction of light. Structure of Maxwell's equations, relativity theory and
covariance, Lagrangian formulation. Dynamics of relativistic particles in the presence of fields and radiation properties.

Objective Develop a physical understanding for static and dynamic phenomena related to (moving) charged objects and understand the structure of
the classical field theory of electrodynamics (transverse versus longitudinal physics, invariances (Lorentz-, gauge-)). Appreciate the
interrelation between electric, magnetic, and optical phenomena and the influence of media. Understand a set of classic electrodynamical
phenomena and develop the ability to solve simple problems independently. Apply previously learned mathematical concepts (vector
analysis, complete systems of functions, Green's functions, co- and contravariant coordinates, etc.). Prepare for quantum mechanics
(eigenvalue problems, wave guides and cavities).

Content Classical field theory of electrodynamics: Derivation and discussion of Maxwell equations, starting from the static limit (electrostatics,
magnetostatics, boundary value problems) in the vacuum and in media and subsequent generalization to the full dynamical case
(Faraday's law, Ampere/Maxwell law; potentials and gauge invariance). Wave equation and solutions in full space, half-space (Snell's law),
waveguides, cavities, generation of electromagnetic radiation, scattering and diffraction of light (optics). Application to various specific
examples. Discussion of the structure of Maxwell's equations, Lorentz invariance, relativity theory and covariance, Lagrangian formulation.
Dynamics of relativistic particles in the presence of fields and their radiation properties (synchrotron).

Literature J.D. Jackson, Classical Electrodynamics
W.K.H Panovsky and M. Phillis, Classical electricity and magnetism
L.D. Landau, E.M. Lifshitz, and L.P. Pitaevskii, Electrodynamics of continuus media
A. Sommerfeld, Electrodynamics / Optics (Lectures on Theoretical Physics)
M. Born and E. Wolf, Principles of optics
R. Feynman, R. Leighton, and M. Sands, The Feynman Lectures of Physics, Vol II
W. Nolting, Elektrodynamik (Grundkurs Theoretische Physik 3)

401-2334-00L Methods of Mathematical Physics II O  6 credits 3V+2U G. Felder
Abstract Group theory: groups, representation of groups, unitary and orthogonal groups, Lorentz group. Lie theory: Lie algebras and Lie groups.

Representation theory: representation theory of finite groups, representations of Lie algebras and Lie groups, physical applications
(eigenvalue problems with symmetry).

 Examination Block III
Number Title Type ECTS Hours Lecturers

402-2214-00L Theory of Heat O  10 credits 3V+2U G. M. Graf
Abstract Thermodynamics and its applications, and basics of the kinetic theory of gases and of statistical mechanics: equilibrium, work and heat,

laws of thermodynamics, Carnot process, absolute temperature, entropy, ideal gas, thermodynamic potentials, phase transitions,
multicomponent systems; Boltzmann equation, H-Theorem, Maxwell-Boltzmann distribution; statistical ensembles.

Objective Develop a physical understanding for thermodynamic phenomena and first contact with statistical descriptions, e.g., transport described
through Boltzmann equation or classical statistical physics. Equilibrium thermodynamics as described via state variables as opposed to
non-equilibrium transport phenomena. Phase transformations, such as liquid-gas or ferromagnetic-paramagnetic transition. Application of
mathematical concepts such as theory of functions of many variables, Legendre transformation, statistical sums. Preparation for (quantum-
)statistical mechanics.

Content Thermodynamics and its applications, and basics of the kinetic theory of gases and of statistical mechanics: equilibrium, work and heat,
laws of thermodynamics, Carnot process, absolute temperature, entropy, ideal gas, thermodynamic potentials, phase transitions,
multicomponent systems; Boltzmann equation, H-Theorem, Maxwell-Boltzmann distribution; statistical ensembles.

 Core Courses
 Core Courses in Experimental Physics

Number Title Type ECTS Hours Lecturers

402-0266-00L Introduction to Nuclear and Particle Physics W  10 credits 3V+2U C. Grab
Abstract Introduction to the concepts of nuclear and particle physics.
Objective Introduction to the concepts of nuclear and particle physics.

Discussion of new theoretical concepts and important experiments, which
brought about major breakthroughs in our understanding of the underlying physics.
Applications of nuclear and particle physics.
Links between particle physics and cosmology.

Content - Building blocks of matter (quarks and leptons) and their interactions (QED, QCD, weak interaction)
- The Standard Model of particle physics und open fundamental questions
- Bound systems (nuclear forces, structure of nuclei, stability)
- Applications of nuclear and particle physics (nuclear fusion and fission)
- Nuclear physics, particle physics and cosmology

Lecture notes More information and additional material concerning lecture and excersises are collected at Moodle, link to be published.
Literature - Povh et al.: Teilchen und Kerne, Springer Verlag 2009

- Henley, Garcia: Subatomic Physics, World Scientific 2007
- Griffith: Introduction to Elementary Particles, Wiley VCH 2008
- Demtroeder: Experimentalphysik IV: Kern- Teilchen- und Astrophysik, Springer Verlag, 2009

See the web site for more suggestions

402-0275-00L Quantum Electronics W  10 credits 3V+2U S. Johnson
Abstract Classical and semi-classical introduction to Quantum Electronics. Mandatory for further elective courses in Quantum Electronics. The field

of Quantum Electronics describes propagation of light and its interaction with matter. The emphasis is set on linear pulse and beam
propagation in dispersive media, optical anisotropic materials, and waveguides and lasers.

Objective Teach the fundamental building blocks of Quantum Electronics.  After taking this course students will be able to describe light propagation
in dispersive and nonlinear media, as well as the operation of polarization optics and lasers.

Content Propagation of light in dispersive media
Light propagation through interfaces
Interference and coherence
Interferometry
Fourier Optics
Beam propagation
Optical resonators
Laser fundamentals
Polarization optics
Waveguides
Nonlinear optics
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Lecture notes Scripts will be distributed in class (online) via moodle
Literature Reference:

Saleh, B.E.A.,  Teich, M.C.; Fundamentals of Photonics, John Wiley & Sons, Inc., newest edition
Prerequisites /
notice

Mandatory lecture for physics students

Prerequisites (minimal): vector analysis, differential equations, Fourier transformation

 Core Courses: Theoretical Physics (Programme Regulations 2010)
Recommended for the second year (4th semester): Theory of Heat

Number Title Type ECTS Hours Lecturers

402-2214-00L Theory of Heat W  10 credits 3V+2U G. M. Graf
Abstract Thermodynamics and its applications, and basics of the kinetic theory of gases and of statistical mechanics: equilibrium, work and heat,

laws of thermodynamics, Carnot process, absolute temperature, entropy, ideal gas, thermodynamic potentials, phase transitions,
multicomponent systems; Boltzmann equation, H-Theorem, Maxwell-Boltzmann distribution; statistical ensembles.

Objective Develop a physical understanding for thermodynamic phenomena and first contact with statistical descriptions, e.g., transport described
through Boltzmann equation or classical statistical physics. Equilibrium thermodynamics as described via state variables as opposed to
non-equilibrium transport phenomena. Phase transformations, such as liquid-gas or ferromagnetic-paramagnetic transition. Application of
mathematical concepts such as theory of functions of many variables, Legendre transformation, statistical sums. Preparation for (quantum-
)statistical mechanics.

Content Thermodynamics and its applications, and basics of the kinetic theory of gases and of statistical mechanics: equilibrium, work and heat,
laws of thermodynamics, Carnot process, absolute temperature, entropy, ideal gas, thermodynamic potentials, phase transitions,
multicomponent systems; Boltzmann equation, H-Theorem, Maxwell-Boltzmann distribution; statistical ensembles.

402-0234-00L Mechanics of Continua W  10 credits 3V+2U V. Geshkenbein
Abstract Mechanics of Elastic Media and Hydrodynamics: Strain and stress tensor, field equations, equilibrium, waves and oscillations. Dynamics of

fluids, Euler and Navier-Stokes equations, Bernoulli equation, vortices, waves, potential flows; viscous fluids, Reynolds number, Stokes
drag, boundary layers, instabilities, turbulence.

Objective Knowledge of the essential concepts and methods of theoretical mechanics of elastic media and hydrodynamics. Consolidation through
examples and solution of exercise problems.

Content Introduction to the concepts and methods of theoretical mechanics of elastic media and hyrdodynamics: relation between strain and stress
tensor, balance equations, field equations of elastic media, elastostatics, waves and oscillations, lattice dislocations and plastic
deformation. Dynamics of fluida, Euler equations of ideal fluida, Navier-Stokes equations of real fluids, Bernoulli equations, vortex theorems
of Thomson and Helmholtz, dynamics of vortices, oscillation and waves in fluida, surface waves, two-dimensional potential flow, circulation,
Magnus force, theorems of Kutta and Zhukovski, flow around profiles (cylinder, platte, aerofoil), Kutta condition. Incompressible viscos
fluida, Reynolds number, Hagen-Poisseuille flow, Stokes law, Prandtl's boundary layer, Couette flow and Taylor instability. Turbulence,
instability of laminary flows, Reynolds number, development of turbulence, Kolmogorov scaling.

Lecture notes Lecture notes (English) will be distributed.
Prerequisites /
notice

general / classical mechanics

402-0206-00L Quantum Mechanics II W  10 credits 3V+2U G. Blatter
Abstract Many-body quantum physics rests on symmetry considerations that lead to two kinds of particles, fermions and bosons. Formal techniques

include Hartree-Fock theory and second-quantization techniques, as well as quantum statistics with ensembles. Few- and many-body
systems include atoms, molecules, the Fermi sea, elastic chains, radiation and its interaction with matter, and ideal quantum gases.

Objective Basic command  of few- and many-particle physics for fermions and bosons, including second quantisation and quantum statistical
techniques. Understanding of elementary many-body systems such as atoms, molecules, the Fermi sea, electromagnetic radiation and its
interaction with matter, ideal quantum gases and relativistic theories.

Content The description of indistinguishable particles leads us to (exchange-) symmetrized wave functions for fermions and bosons. We discuss
simple few-body problems (Helium atoms, hydrogen molecule) und proceed with a systematic description of fermionic many body problems
(Hartree-Fock approximation, screening, correlations with applications on atomes and the Fermi sea). The second quantisation formalism
allows for the compact description of the Fermi gas, of elastic strings (phonons), and the radiation field (photons). We study the interaction
of radiation and matter and the associated phenomena of radiative decay, light scattering, and the Lamb shift. Quantum statistical
description of ideal Bose and Fermi gases at finite temperatures concludes the program. If time permits, we will touch upon of relativistic
one particle physics, the Klein-Gordon equation for spin-0 bosons and the Dirac equation describing spin-1/2 fermions.

Lecture notes Quanten Mechanik I und II in German.
Literature G. Baym, Lectures on Quantum Mechanics (Benjamin, Menlo Park, California, 1969)

L.I. Schiff, Quantum Mechanics (Mc-Graw-Hill, New York, 1955)
A. Messiah, Quantum Mechanics I & II (North-Holland, Amsterdam, 1976)
E. Merzbacher, Quantum Mechanics (John Wiley, New York, 1998)
C. Cohen-Tannoudji, B. Diu, F. Laloe, Quantum Mechanics I & II (John Wiley, New York, 1977)
P.P. Feynman and A.R. Hibbs, Quantum Mechanics and Path Integrals (Mc Graw-Hill, New York, 1965)
A.L. Fetter and J.D. Walecka, Theoretical Mechanics of Particles and Continua (Mc Graw-Hill, New York, 1980)
J.J. Sakurai, Modern Quantum Mechanics (Addison Wesley, Reading, 1994)
J.J. Sakurai, Advanced Quantum mechanics (Addison Wesley)
F. Gross, Relativistic Quantum Mechanics and Field Theory (John Wiley, New York, 1993)

Prerequisites /
notice

Basic knowledge of single-particle Quantum Mechanics

 Core Courses: Theoretical Physics (Programme Regulations 2016)
Number Title Type ECTS Hours Lecturers

402-0234-00L Mechanics of Continua W  10 credits 3V+2U V. Geshkenbein
Abstract Mechanics of Elastic Media and Hydrodynamics: Strain and stress tensor, field equations, equilibrium, waves and oscillations. Dynamics of

fluids, Euler and Navier-Stokes equations, Bernoulli equation, vortices, waves, potential flows; viscous fluids, Reynolds number, Stokes
drag, boundary layers, instabilities, turbulence.

Objective Knowledge of the essential concepts and methods of theoretical mechanics of elastic media and hydrodynamics. Consolidation through
examples and solution of exercise problems.
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Content Introduction to the concepts and methods of theoretical mechanics of elastic media and hyrdodynamics: relation between strain and stress
tensor, balance equations, field equations of elastic media, elastostatics, waves and oscillations, lattice dislocations and plastic
deformation. Dynamics of fluida, Euler equations of ideal fluida, Navier-Stokes equations of real fluids, Bernoulli equations, vortex theorems
of Thomson and Helmholtz, dynamics of vortices, oscillation and waves in fluida, surface waves, two-dimensional potential flow, circulation,
Magnus force, theorems of Kutta and Zhukovski, flow around profiles (cylinder, platte, aerofoil), Kutta condition. Incompressible viscos
fluida, Reynolds number, Hagen-Poisseuille flow, Stokes law, Prandtl's boundary layer, Couette flow and Taylor instability. Turbulence,
instability of laminary flows, Reynolds number, development of turbulence, Kolmogorov scaling.

Lecture notes Lecture notes (English) will be distributed.
Prerequisites /
notice

general / classical mechanics

402-0206-00L Quantum Mechanics II W  10 credits 3V+2U G. Blatter
Abstract Many-body quantum physics rests on symmetry considerations that lead to two kinds of particles, fermions and bosons. Formal techniques

include Hartree-Fock theory and second-quantization techniques, as well as quantum statistics with ensembles. Few- and many-body
systems include atoms, molecules, the Fermi sea, elastic chains, radiation and its interaction with matter, and ideal quantum gases.

Objective Basic command  of few- and many-particle physics for fermions and bosons, including second quantisation and quantum statistical
techniques. Understanding of elementary many-body systems such as atoms, molecules, the Fermi sea, electromagnetic radiation and its
interaction with matter, ideal quantum gases and relativistic theories.

Content The description of indistinguishable particles leads us to (exchange-) symmetrized wave functions for fermions and bosons. We discuss
simple few-body problems (Helium atoms, hydrogen molecule) und proceed with a systematic description of fermionic many body problems
(Hartree-Fock approximation, screening, correlations with applications on atomes and the Fermi sea). The second quantisation formalism
allows for the compact description of the Fermi gas, of elastic strings (phonons), and the radiation field (photons). We study the interaction
of radiation and matter and the associated phenomena of radiative decay, light scattering, and the Lamb shift. Quantum statistical
description of ideal Bose and Fermi gases at finite temperatures concludes the program. If time permits, we will touch upon of relativistic
one particle physics, the Klein-Gordon equation for spin-0 bosons and the Dirac equation describing spin-1/2 fermions.

Lecture notes Quanten Mechanik I und II in German.
Literature G. Baym, Lectures on Quantum Mechanics (Benjamin, Menlo Park, California, 1969)

L.I. Schiff, Quantum Mechanics (Mc-Graw-Hill, New York, 1955)
A. Messiah, Quantum Mechanics I & II (North-Holland, Amsterdam, 1976)
E. Merzbacher, Quantum Mechanics (John Wiley, New York, 1998)
C. Cohen-Tannoudji, B. Diu, F. Laloe, Quantum Mechanics I & II (John Wiley, New York, 1977)
P.P. Feynman and A.R. Hibbs, Quantum Mechanics and Path Integrals (Mc Graw-Hill, New York, 1965)
A.L. Fetter and J.D. Walecka, Theoretical Mechanics of Particles and Continua (Mc Graw-Hill, New York, 1980)
J.J. Sakurai, Modern Quantum Mechanics (Addison Wesley, Reading, 1994)
J.J. Sakurai, Advanced Quantum mechanics (Addison Wesley)
F. Gross, Relativistic Quantum Mechanics and Field Theory (John Wiley, New York, 1993)

Prerequisites /
notice

Basic knowledge of single-particle Quantum Mechanics

 Practical Courses (Programme Regulations 2016)
Number Title Type ECTS Hours Lecturers

402-0000-04L Physics Lab 2
Enrollment is only possible under
https://www.lehrbetrieb.ethz.ch/laborpraktika.
No registration required via myStudies. For further
information visit: https://ap.phys.ethz.ch

Only students from 4th Semester BSc Physics on are
admitted to Physics Lab 2.

O  6 credits 1V+4P A. Eichler, M. Kroner

Abstract Introductory lab course in experimental physics with accompanying lecture
Objective The student lab and the corresponding lecture address fundamental challenges of experimental physics. The following aspects are treated

in particular:
- Motivation and methodology of experimental physics
- Experimental setups, knowledge of basic measurement methods and instruments
- Introduction to statistical analysis and error calculation of data
- Critical evaluation and interpretation of data
- Graphical and written presentation of results
- Ethical aspects of experimental research and scientific communication

Content Versuche zu Themen aus den Bereichen der Mechanik, Optik, Wärme, Elektrizität und Kernphysik mit begleitender Vorlesung zur
Vertiefung des Verständnisses der Datenanalyse und Interpretation

Lecture notes Anleitung zum Physikalischen Praktikum (siehe https://ap.phys.ethz.ch); Vorlesungsskript
Prerequisites /
notice

Aus einer Liste von 33 Experimenten müssen 8 Experiment ausgewählt und in Zweiergruppen durchgeführt werden. 

Voraussetzungen: 
- Physik I

402-0000-09L Physics Lab 3
Only for Physics BSc (Programme Regulations 2016)
resp. Interdisciplinary Sciences BSc (Physical-Chemical
Direction)

Enrollment in spring semester is only possible for
exchange students and for specials cases. Please contact
the Study Administration.

W  7 credits 13P M. Donegà, S. Gvasaliya

Abstract This laboratory course provides basic training of experimental skills. These are experimental design, implementation, measurement, data
analysis and interpretation, as well as error analysis. The experimental work has to be complemented by a concise written report, which
trains the scientific writing skills.
Manuals for the individual experiments are available in English.
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Objective Students learn to independently perform advanced experiments and document them scientifically correct.

Students are required to attend the safety lecture on the first day of the course and sign an "Attendance confirmation sheet". Students will
be asked to present their sheet to access the laboratory rooms and perform the experiments.

The following aspects are emphasized:
- understanding complicated physical phenomena
- structured approach to experiments with complex instruments
- various practical aspects of experimenting and determining uncertainties
- learning the relevant statistical methods for data analysis
- interpretation of measurements and uncertainties
- describing the experiments and the results in a scientifically proper manner, in direct analogy to publishing
- ethical aspects of experimental research and scientific communication

Content We offer experiments covering the following topics:
Basic topics from mechanics, optics, thermodynamics, electromagnetism and electronics; as well as central topics from nuclear and particle
physics, quantum electronics, quantum mechanics, solid state physics and astrophysics.

Lecture notes Instructions for experiments are available in English.
Prerequisites /
notice

From a variety of over 50 experiments, students have to perform 4 experiments covering different topics. The experimental work is
complemented by writing a scientific report.

 Practical Courses (Programme Regulations 2010)
Number Title Type ECTS Hours Lecturers

402-0000-04L Physics Lab 2
Enrollment is only possible under
https://www.lehrbetrieb.ethz.ch/laborpraktika.
No registration required via myStudies. For further
information visit: https://ap.phys.ethz.ch

Only students from 4th Semester BSc Physics on are
admitted to Physics Lab 2.

O  6 credits 1V+4P A. Eichler, M. Kroner

Abstract Introductory lab course in experimental physics with accompanying lecture
Objective The student lab and the corresponding lecture address fundamental challenges of experimental physics. The following aspects are treated

in particular:
- Motivation and methodology of experimental physics
- Experimental setups, knowledge of basic measurement methods and instruments
- Introduction to statistical analysis and error calculation of data
- Critical evaluation and interpretation of data
- Graphical and written presentation of results
- Ethical aspects of experimental research and scientific communication

Content Versuche zu Themen aus den Bereichen der Mechanik, Optik, Wärme, Elektrizität und Kernphysik mit begleitender Vorlesung zur
Vertiefung des Verständnisses der Datenanalyse und Interpretation

Lecture notes Anleitung zum Physikalischen Praktikum (siehe https://ap.phys.ethz.ch); Vorlesungsskript
Prerequisites /
notice

Aus einer Liste von 33 Experimenten müssen 8 Experiment ausgewählt und in Zweiergruppen durchgeführt werden. 

Voraussetzungen: 
- Physik I

402-0241-00L Physics Lab 3
IMPORTANT: You may not enrol repeatedly in the course
of the Bachelor programme.

Enrollment in spring semester is only possible for
exchange students and for specials cases. Please contact
the Study Administration.

O  9 credits 19P M. Donegà, S. Gvasaliya

Abstract This laboratory course provides basic training of experimental skills. These are experimental design, implementation, measurement, data
analysis and interpretation, as well as error analysis. The experimental work has to be complemented by a concise written report, which
trains the scientific writing skills.
Manuals for the individual experiments are available in English.

Objective Students learn to independently perform advanced experiments and document them scientifically correct.
The following aspects are emphasized:
- understanding complicated physical phenomena
- structured approach to experiments with complex instruments
- various practical aspects of experimenting and determining uncertainties
- learning the relevant statistical methods for data analysis
- interpretation of measurements and uncertainties
- describing the experiments and the results in a scientifically proper manner, in direct analogy to publishing
- ethical aspects of experimental research and scientific communication

Content We offer experiments covering the following topics:
Basic topics from mechanics, optics, thermodynamics, electromagnetism and electronics; as well as central topics from nuclear and particle
physics, quantum electronics, quantum mechanics, solid state physics and astrophysics.

Lecture notes Instructions for experiments are available in English.
Prerequisites /
notice

From a variety of over 50 experiments, students have to perform 4 experiments covering different topics. The experimental work is
complemented by writing a scientific report.

 Proseminars, Experimental and Theoretical Semester Papers
To organise a semester project take contact with one of the instructors.

Number Title Type ECTS Hours Lecturers

402-0210-BSL Proseminar Theoretical Physics
Limited number of participants.

W  9 credits 4S Supervisors

Abstract A guided self-study of original papers and of advanced textbooks in theoretical physics. Within the general topic, determined each
semester, participants give a presentation on a particular subject and deliver a written report.

402-0217-BSL Semester Project in Theoretical Physics W 9 credits 18A Supervisors
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Abstract This course unit is an alternative if no suitable "Proseminar Theoretical Physics" is available of if the proseminar is already overbooked.

402-0215-BSL Experimental Semester Project in Physics W  9 credits 18A Supervisors
Abstract The aim of the project is to give the student experience in working in a research environment, carrying out physics experiments, analysing

and interpreting the resulting data.

402-0719-BSL Particle Physics at PSI (Paul Scherrer Institute) W  9 credits 18P C. Grab
Abstract During semester break in Summer 6-12 students stay for 3 weeks at PSI and participate in a hands-on course on experimental particle

physics. A small real experiment is performed in common, including apparatus design, construction, running and data analysis. The course
includes some lectures, but the focus lies on the practical aspects of experimenting.

Objective Students learn all the different steps it takes to perform a complete particle physics experiment in a small team. They acquire skills to do
this themselves in the team, including design, construction, data taking and data analysis.

402-0717-BSL Particle Physics at CERN W  9 credits 18P F. Nessi-Tedaldi, W. Lustermann
Abstract During the semester break participating students stay for 4 weeks at CERN and perform experimental work relevant to our particle physics

projects. Dates to be agreed upon.
Objective Students learn the needed skills to, and perform a small particle physics experiment: setup, problem solving, data taking, analysis,

interpretation and presentation in a written report of publication quality.
Content Detailed information in: https://nessif.web.cern.ch/ETHTeilchenpraktikumCERNen.html
Prerequisites /
notice

Language of instruction: English or German

402-0340-BSL Medical Physics W  9 credits 18P A. J. Lomax, K. P. Prüssmann
Abstract In agreement with the lecturers a semester paper in the context of the topics discussed in the lectures can be written.

402-0240-00L Physics Lab 4
Prerequiste: "Advanced Physics Laboratory I" completed.
Before enroling in "Advanced Physics Laboratory II",
please enrol in "Advanced Physics Laboratory I".

Enrol at most once in the course of the Bachelor
programme!

Only for students with study regulation 2010.

W  9 credits 19P M. Donegà, S. Gvasaliya

Abstract This laboratory course provides basic training of experimental skills. These are experimental design, implementation, measurement, data
analysis and interpretation, as well as error analysis. The experimental work has to be complemented by a concise written report, which
trains the scientific writing skills.
Manuals for the individual experiments are available in English.

Objective Students learn to independently perform advanced experiments and document them scientifically correct.

Students are required to attend the safety lecture on the first day of the course and sign an "Attendance confirmation sheet". Students will
be asked to present their sheet to access the laboratory rooms and perform the experiments.

The following aspects are emphasized:
- understanding complicated physical phenomena
- structured approach to experiments with complex instruments
- various practical aspects of experimenting and determining uncertainties
- learning the relevant statistical methods for data analysis
- interpretation of measurements and uncertainties
- describing the experiments and the results in a scientifically proper manner, in direct analogy to publishing
- ethical aspects of experimental research and scientific communication

Content We offer experiments covering the following topics:
Basic topics from mechanics, optics, thermodynamics, electromagnetism and electronics; as well as central topics from nuclear and particle
physics, quantum electronics, quantum mechanics, solid state physics and astrophysics.

Lecture notes Instructions for experiments are available in English.
Prerequisites /
notice

From a variety of over 50 experiments, students have to perform 4 experiments covering different topics. The experimental work is
complemented by writing a scientific report.

402-0000-10L Physics Lab 4
Prerequiste: "Physics Lab 3" completed. Before enroling in
"Physics Lab 4", please enrol in "Physics Lab 3".

Enrol at most once in the course of the Bachelor
programme!

Only for students with study regulation 2016.

W  8 credits 17P M. Donegà, S. Gvasaliya

Abstract This laboratory course provides basic training of experimental skills. These are experimental design, implementation, measurement, data
analysis and interpretation, as well as error analysis. The experimental work has to be complemented by a concise written report, which
trains the scientific writing skills.
Manuals for the individual experiments are available in English.

Objective Students learn to independently perform advanced experiments and document them scientifically correct.

Students are required to attend the safety lecture on the first day of the course and sign an "Attendance confirmation sheet". Students will
be asked to present their sheet to access the laboratory rooms and perform the experiments.

The following aspects are emphasized:
- understanding complicated physical phenomena
- structured approach to experiments with complex instruments
- various practical aspects of experimenting and determining uncertainties
- learning the relevant statistical methods for data analysis
- interpretation of measurements and uncertainties
- describing the experiments and the results in a scientifically proper manner, in direct analogy to publishing
- ethical aspects of experimental research and scientific communication

Content We offer experiments covering the following topics:
Basic topics from mechanics, optics, thermodynamics, electromagnetism and electronics; as well as central topics from nuclear and particle
physics, quantum electronics, quantum mechanics, solid state physics and astrophysics.

Lecture notes Instructions for experiments are available in English.
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Prerequisites /
notice

From a variety of over 50 experiments, students have to perform 4 experiments covering different topics. The experimental work is
complemented by writing a scientific report.

 GESS Science in Perspective
 Science in Perspective

see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
PHYS

 Language Courses
see Science in Perspective: Language Courses ETH/UZH

 Additional Courses, Seminars and Colloquia
no course offering in this semester

 First or Second Year Additional Courses
Additional Courses (from Second Year Mathematics
Bachelor)

 Additional Courses
Number Title Type ECTS Hours Lecturers

529-4000-00L Chemistry Z  4 credits 3G E. C. Meister
Abstract Introduction to chemistry with aspects of inorganic, organic and physical chemistry.
Objective - Understanding of simple models of chemical bonding and the three-dimensional molecular structure

- Quantitative description of selected chemical systems by means of reaction equations and equilibria
- Understanding of fundamental concepts of chemical kinetics (e.g. reaction order, rate law, rate constant)

Content Chemical bonding (LCAO-MO) and molecular structure (VSEPR), reactions, equilibria, electrochemistry, chemical kinetics.
Lecture notes Handouts of lecture presentations and additional supporting information will be offered.
Literature C.E. Housecroft, E.C. Constable, Chemistry. An Introduction to Organic, Inorganic and Physical Chemistry, 4th ed., Pearson: Harlow 2010.

C.E. Mortimer, U. Müller, Chemie, 11. Auflage, Thieme: Stuttgart 2014.

151-0102-00L Fluid Dynamics I Z  6 credits 4V+2U T. Rösgen
Abstract An introduction to the physical and mathematical foundations of fluid dynamics is given.

Topics include dimensional analysis, integral and differential conservation laws, inviscid and viscous flows, Navier-Stokes equations,
boundary layers, turbulent pipe flow. Elementary solutions and examples are presented.

Objective An introduction to the physical and mathematical principles of fluid dynamics. Fundamental terminology/principles and their application to
simple problems.

Content Phenomena, applications, foundations
dimensional analysis and similitude; kinematic description; conservation laws (mass, momentum, energy), integral and differential
formulation; inviscid flows: Euler equations, stream filament theory, Bernoulli equation; viscous flows: Navier-Stokes equations; boundary
layers; turbulence

Lecture notes Lecture notes (extended formulary) for the course are made available electronically.
Literature Recommended book: Fluid Mechanics,  Kundu  &  Cohen  &  Dowling, 6th ed., Academic Press / Elsevier (2015).
Prerequisites /
notice

Voraussetzungen: Physik, Analysis

 Additional Courses (from Second Year Mathematics Bachelor)
Number Title Type ECTS Hours Lecturers

401-2284-00L Measure and Integration Z  6 credits 3V+2U F. Da Lio
Abstract Introduction to abstract measure and integration theory, including the following topics: Caratheodory extension theorem, Lebesgue

measure, convergence theorems, L^p-spaces, Radon-Nikodym theorem, product measures and Fubini's theorem, measures on topological
spaces

Objective Basic acquaintance with the abstract theory of measure and integration
Content Introduction to abstract measure and integration theory, including the following topics: Caratheodory extension theorem, Lebesgue

measure, convergence theorems, L^p-spaces, Radon-Nikodym theorem, product measures and Fubini's theorem, measures on topological
spaces

Lecture notes New lecture notes in English will be made available during the course
Literature 1. L. Evans and R.F. Gariepy " Measure theory and fine properties of functions"

2. Walter Rudin "Real and complex analysis"
3. R. Bartle The elements of Integration and Lebesgue Measure
4. The notes by Prof. Michael Struwe Springsemester 2013, https://people.math.ethz.ch/~struwe/Skripten/AnalysisIII-FS2013-12-9-13.pdf.
5. The notes by Prof. UrsLang  Springsemester 2019. https://people.math.ethz.ch/~lang/mi.pdf
6. P. Cannarsa & T. D'Aprile: Lecture notes on Measure Theory and Functional Analysis:
http://www.mat.uniroma2.it/~cannarsa/cam_0607.pdf
 .

401-2604-00L Probability and Statistics Z  7 credits 4V+2U M. Schweizer
Abstract - Discrete probability spaces

- Continuous models
- Limit theorems
- Introduction to statistics

Objective The goal of this course is to provide an introduction to the basic ideas and concepts from probability theory and mathematical statistics.
This includes a mathematically rigorous treatment as well as intuition and getting acquainted with the ideas behind the definitions. The
course does not use measure theory systematically, but does point out where this is required and what the connections are.

Content - Discrete probability spaces: Basic concepts, Laplace models, random walks, conditional probabilities, independence
- Continuous models: general probability spaces, random variables and their distributions, expectation, multivariate random variables
- Limit theorems: weak and strong law of large numbers, central limit theorem
- Introduction to statistics: What is statistics?, point estimators, statistical tests, confidence intervals

Lecture notes There will be lecture notes (in German) that are continuously updated during the semester.
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Literature A. DasGupta, Fundamentals of Probability: A First Course, Springer (2010)
J. A. Rice, Mathematical Statistics and Data Analysis, Duxbury Press, second edition (1995)

401-2004-00L Algebra II Z  5 credits 2V+2U R. Pink
Abstract The main topics are field extensions and Galois theory.
Objective Introduction to fundamentals of field extensions, Galois theory, and related topics.
Content The main topic is Galois Theory. Starting point is the problem of solvability of algebraic equations by radicals. Galois theory solves this

problem by making a connection between field extensions and group theory. Galois theory will enable us to prove the theorem of Abel-
Ruffini, that there are polynomials of degree 5 that are not solvable by radicals, as well as Galois' theorem characterizing those polynomials
which are solvable by radicals.

Literature Joseph J. Rotman, "Advanced Modern Algebra"  third edition, part 1,
                             Graduate Studies in Mathematics,Volume 165
                              American Mathematical Society

Galois Theory is the topic treated in Chapter A5.

 Seminars and Colloquia
Number Title Type ECTS Hours Lecturers

402-0101-00L The Zurich Physics Colloquium
Cancelled until further notice.

E-  0 credits 1K S. Huber, A. Refregier, University
lecturers

Abstract Research colloquium
Objective The goal of this event is to bring you closer to current day research in all fields of physics. In each semester we have a set of distinguished

speakers covering the full range of topics in physics. As a participating student should learn how to follow a research talk. In particular, you
should be able to extract key points from a colloquium where you don't necessarily understand every detail that is presented.

402-0800-00L The Zurich Theoretical Physics Colloquium E-  0 credits 1K O. Zilberberg, University lecturers
Abstract Research colloquium
Prerequisites /
notice

Talks in German are also possible.

402-0501-00L Solid State Physics E- 0 credits 1S G. Blatter, C. Degen, K. Ensslin,
D. Pescia, M. Sigrist, A. Wallraff,
A. Zheludev

Abstract Research colloquium

402-0551-00L Laser Seminar E- 0 credits 1S T. Esslinger, J. Faist, J. Home,
A. Imamoglu, U. Keller, F. Merkt,
H. J. Wörner

Abstract Research colloquium

402-0600-00L Nuclear and Particle Physics with Applications E- 0 credits 2S A. Rubbia, G. Dissertori, C. Grab,
K. S. Kirch, R. Wallny

Abstract Research colloquium, with a particular emphasis on IPA-related research topics.
Objective Widen the horizon on the physics topics relevant for our IPA groups.

In addition, it shall provide opportunities to share and exchange scientific ideas.

402-0700-00L Seminar in Elementary Particle Physics E-  0 credits 1S M. Spira
Abstract Research colloquium
Objective Stay informed about current research results in elementary particle physics.

402-0746-00L Seminar: Particle and Astrophysics (Aktuelles aus der
Teilchen- und Astrophysik)

E-  0 credits 1S C. Grab, University lecturers

Abstract Research colloquium
Objective The goal is to widen the horizon on the physics topics and provide opportunities to share and exchange scientific ideas.
Content In Seminarvorträgen werden aktuelle Fragestellungen aus der Teilchenphysik vom theoretischen und experimentellen Standpunkt aus

diskutiert. Besonders wichtig erscheint uns der Bezug zu den eigenen Forschungsmöglichkeiten am PSI, CERN und DESY.

402-0893-00L Particle Physics Seminar E-  0 credits 1S C. Anastasiou, T. K. Gehrmann
Abstract Research colloquium
Prerequisites /
notice

Occasionally, talks may be delivered in German.

402-0530-00L Mesoscopic Systems E-  0 credits 1S T. M. Ihn
Abstract Research colloquium
Objective Students are able to understand modern experiments in the field of mesoscopic systems and nanostructures. They can present their own

results, critically reflect published research in this field, explain both to an audience of physicists, and participate in a critical and
constructive scientific discussion.

227-0980-00L Seminar on Biomedical Magnetic Resonance E-  0 credits 1S K. P. Prüssmann, S. Kozerke
Abstract Actuel developments and problems of magnetic resonance imaging (MRI)
Objective Getting insight to advanced topics in Magnetic Resonance Imaging

701-1264-00L Atmospheric Physics Lab Work
Number of participants limited to 18.

Target grous are: MSc Atmospheric and Climate Science,
MSc Interdisciplinary Sciences, MSc Physics, MSc
Environmental Sciences.

Z  2.5 credits 5P Z. A. Kanji

Abstract Experiments covering atmospheric physics, meteorology, and aeerosol physics which will be performed in the lab and partly outdoors.
Objective This course delivers inisghts into various aspects of atmospheric physics. These will be acquired within individual experiments which cover

the following topics: Wind and movement of air parcels, evaporation and cooling depending on wind velocity (wind chill), the analysis of
particulate matter (aerosol particles), and their influence on the solar radiation that reaches the earth.

Content Details about the course are available on the web page (cf. link).
Lecture notes Experiment instructions can be found on the Atmospheric physics lab work web page.
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Prerequisites /
notice

Three out of four available experiments must be carried out. The experiments are conducted in groups of 2 (or 3). 
There will be three introduction lectures of 2 hours each in the beginning of the semester to familiarise students with the topics covered and
report writing process. The introduction lectures will take place on Mondays Feb 17, March 2 and March 16 from 10-12 hours in CHN L17.1

402-0396-00L Recent Research Highlights in Astrophysics
(University of Zurich)
Does not take place this semester.
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: AST006.1

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

E-  0 credits 1S University lecturers

Abstract Research colloquium

227-1043-00L Neuroinformatics - Colloquia (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: INI701

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

E-  0 credits 1K S.-C. Liu, R. Hahnloser, V. Mante

Abstract The colloquium in Neuroinformatics is a series of lectures given by invited experts. The lecture topics reflect the current themes in
neurobiology and neuromorphic engineering that are relevant for our Institute.

Objective The goal of these talks is to provide insight into recent research results. The talks are not meant for the general public, but really aimed at
specialists in the field.

Content The topics depend heavily on the invited speakers, and thus change from week to week. All topics concern neural computation and their
implementation in biological or artificial systems.

 Selection of Higher Semester Courses
Number Title Type ECTS Hours Lecturers

401-0674-00L Numerical Methods for Partial Differential Equations
Not meant for BSc/MSc students of mathematics.

W  10 credits 2G+2U+2P+4A R. Hiptmair

Abstract Derivation, properties, and implementation of fundamental numerical methods for a few key partial differential equations: convection-
diffusion, heat equation, wave equation, conservation laws. Implementation in C++ based on a finite element library.

Objective Main skills to be acquired in this course:
* Ability to implement fundamental numerical methods for the solution of partial differential equations efficiently.
* Ability to modify and adapt numerical algorithms guided by awareness of their mathematical foundations.
* Ability to select and assess numerical methods in light of the predictions of theory
* Ability to identify features of a PDE (= partial differential equation) based model that are relevant for the selection and performance of a
numerical algorithm.
* Ability to understand research publications on theoretical and practical aspects of numerical methods for partial differential equations.
* Skills in the efficient implementation of finite element methods on unstructured meshes.

This course is neither a course on the mathematical foundations and numerical analysis of methods nor an course that merely teaches
recipes and how to apply software packages.
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Content 1 Second-Order Scalar Elliptic Boundary Value Problems
1.2 Equilibrium Models: Examples 
1.3 Sobolev spaces
1.4 Linear Variational Problems
1.5 Equilibrium Models: Boundary Value Problems
1.6 Diffusion Models (Stationary Heat Conduction)
1.7 Boundary Conditions
1.8 Second-Order Elliptic Variational Problems
1.9 Essential and Natural Boundary Conditions
2 Finite Element Methods (FEM)
2.2 Principles of Galerkin Discretization
2.3 Case Study: Linear FEM for Two-Point Boundary Value Problems
2.4 Case Study: Triangular Linear FEM in Two Dimensions
2.5 Building Blocks of General Finite Element Methods
2.6 Lagrangian Finite Element Methods
2.7 Implementation of Finite Element Methods
2.7.1 Mesh Generation and Mesh File Format
2.7.2 Mesh Information and Mesh Data Structures
2.7.2.1 L EHR FEM++ Mesh: Container Layer
2.7.2.2 L EHR FEM++ Mesh: Topology Layer
2.7.2.3 L EHR FEM++ Mesh: Geometry Layer
2.7.3 Vectors and Matrices
2.7.4 Assembly Algorithms
2.7.4.1 Assembly: Localization
2.7.4.2 Assembly: Index Mappings
2.7.4.3 Distribute Assembly Schemes
2.7.4.4 Assembly: Linear Algebra Perspective
2.7.5 Local Computations
2.7.5.1 Analytic Formulas for Entries of Element Matrices
2.7.5.2 Local Quadrature
2.7.6 Treatment of Essential Boundary Conditions
2.8 Parametric Finite Element Methods
3 FEM: Convergence and Accuracy
3.1 Abstract Galerkin Error Estimates
3.2 Empirical (Asymptotic) Convergence of Lagrangian FEM
3.3 A Priori (Asymptotic) Finite Element Error Estimates
3.4 Elliptic Regularity Theory
3.5 Variational Crimes
3.6 FEM: Duality Techniques for Error Estimation
3.7 Discrete Maximum Principle
3.8 Validation and Debugging of Finite Element Codes
4 Beyond FEM: Alternative Discretizations [dropped]
5 Non-Linear Elliptic Boundary Value Problems [dropped]
6 Second-Order Linear Evolution Problems
6.1 Time-Dependent Boundary Value Problems
6.2 Parabolic Initial-Boundary Value Problems
6.3 Linear Wave Equations
7 Convection-Diffusion Problems [dropped]
8 Numerical Methods for Conservation Laws
8.1 Conservation Laws: Examples
8.2 Scalar Conservation Laws in 1D
8.3 Conservative Finite Volume (FV) Discretization
8.4 Timestepping for Finite-Volume Methods
8.5 Higher-Order Conservative Finite-Volume Schemes

Lecture notes The lecture will be taught in flipped classroom format:
- Video tutorials for all thematic units will be published online.
- Tablet notes accompanying the videos will be made available to the audience as PDF.
- A comprehensive lecture document will cover all aspects of the course.

Literature Chapters of the following books provide supplementary reading
(detailed references in course material):

* D. Braess: Finite Elemente,
Theorie, schnelle Löser und Anwendungen in der Elastizitätstheorie, Springer 2007 (available online).
* S. Brenner and R. Scott. Mathematical theory of finite element methods, Springer 2008 (available online).
* A. Ern and J.-L. Guermond. Theory and Practice of Finite Elements, volume 159 of Applied Mathematical Sciences. Springer, New York,
2004.
* Ch. Großmann and H.-G. Roos: Numerical Treatment of Partial Differential Equations, Springer 2007.
* W. Hackbusch. Elliptic Differential Equations. Theory and Numerical Treatment, volume 18 of Springer Series in Computational
Mathematics. Springer, Berlin, 1992.
* P. Knabner and L. Angermann. Numerical Methods for Elliptic and Parabolic Partial Differential Equations, volume 44 of Texts in Applied
Mathematics. Springer, Heidelberg, 2003.
* S. Larsson and V. Thomée. Partial Differential Equations with Numerical Methods, volume 45 of Texts in Applied Mathematics. Springer,
Heidelberg, 2003.
* R. LeVeque. Finite Volume Methods for Hyperbolic Problems. Cambridge Texts in Applied Mathematics. Cambridge University Press,
Cambridge, UK, 2002.

However, study of supplementary literature is not important for for following the course.

Prerequisites /
notice

Mastery of basic calculus and linear algebra is taken for granted.
Familiarity with fundamental numerical methods (solution methods for linear systems of equations, interpolation, approximation, numerical
quadrature, numerical integration of ODEs) is essential.

Important: Coding skills and experience in C++ are essential.

Homework assignments involve substantial coding, partly based on a C++ finite element library. The written examination will be computer
based and will comprise coding tasks.

402-0714-00L Astro-Particle Physics II W  6 credits 2V+1U A. Biland
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Abstract This lecture focuses on the neutral components of the cosmic rays as well as on several aspects of Dark Matter.  Main topics will be very-
high energy astronomy and neutrino astronomy.

Objective Students know experimental methods to measure neutrinos as well as high energy and very high energy photons from extraterrestrial
sources. They are aware of the historical development and the current state of the field, including major theories. Additionally, they
understand experimental evidences about the existence of Dark Matter and selected Dark Matter theories.

Content a) short repetition about 'charged cosmic rays'  (1st semester)
b) High Energy (HE) and Very-High Energy (VHE) Astronomy:
    - ongoing and near-future detectors for (V)HE gamma-rays
    - possible production mechanisms for (V)HE gamma-rays
    - galactic sources: supernova remnants, pulsar-wind nebulae, micro-quasars, etc.
    - extragalactic sources: active galactic nuclei, gamma-ray bursts, galaxy clusters, etc.
    - the gamma-ray horizon and it's cosmological relevance 
c) Neutrino Astronomy:
    - atmospheric, solar, extrasolar and cosmological neutrinos
    - actual results and near-future experiments
d) Dark Matter:
    - evidence for existence of non-barionic matter
    - Dark Matter models (mainly Supersymmetry)
    - actual and near-future experiments for direct and indirect Dark Matter searches

Lecture notes See: http://ihp-lx2.ethz.ch/AstroTeilchen/
Literature See: http://ihp-lx2.ethz.ch/AstroTeilchen/
Prerequisites /
notice

This course can be attended independent of Astro-Particle Physics I.

402-0742-00L Energy and Environment in the 21st Century (Part II) W  6 credits 2V+1U M. Dittmar, P. Morf
Abstract Despite the widely used concepts of sustainability and sustainable 

development, one remarks the absence of a scientific 
definition. In this lecture we will discuss, based on the natural laws and the scientific method, various proposed concepts for a 
development towards sustainability.

Objective A scientifically useful definition of sustainability?
Unsustainable aspects of our lifestyle and our society? 
(unsustainable use of ressources, environmental destruction 
and climate change, mass extinctions etc)
How long can humanity continue on its current unsustainable path,
what are the possible consequences? Historical examples of society collapse. What can we learn from them.   
Existing Gedanken models/experiments (like Permaculture) promise to transform the human society into the direction of sustainability. 
If these ideas would theoretically transform our global society 
into a sustainable one, what are the large scale limitations and why 
do we not yet follow these ideas?

Content Introduction ``sustainability" (21.2.); Population Dynamik (28.2.);
finite (energy)-resources (6.3.); waste problems (13.3.);
water, soil and industrial agriculture (20.3.); biodiversity (27.3.); (un)-sustainable development (3.4./24.4./8.5); example for sustainable
systems; human nature, Ethics and earth-care(?) (15.5./22.5.) summary  (29.5.)

Lecture notes Web page:
http://ihp-lx2.ethz.ch/energy21/index.html

Literature for example:
Environmental Physics (Boeker and Grandelle)
A prosperous way down: Principles and Policies (H. Odum and E. Odum)

Prerequisites /
notice

Basic knowledge of the ``physics laws" governing todays energy
system and it use to deliver ``useful" work for our life 
(laws of energie conservation and of the 
energy transformation to do work).

Interest to learn about the problems (and possible solutions) 
related to the transition from an unsustainable use of renewable and non renewable (energy) resources to a sustainable system 
using scientific method.

401-3532-08L Differential Geometry II W  10 credits 4V+1U U. Lang
Abstract Introduction to Riemannian geometry in combination with some elements of modern metric geometry. Contents: Riemannian manifolds,

Levi-Civita connection, geodesics, Hopf-Rinow Theorem, curvature, second fundamental form, Riemannian submersions and coverings,
Hadamard-Cartan Theorem, triangle and volume comparison, relations between curvature and topology, spaces of Riemannian manifolds.

Objective Learn the basics of Riemannian geometry and some elements of modern metric geometry.
Literature - M. P. do Carmo, Riemannian Geometry, Birkhäuser 1992

- S. Gallot, D. Hulin, J. Lafontaine, Riemannian Geometry, Springer 2004
- B. O'Neill, Semi-Riemannian Geometry, With Applications to Relativity, Academic Press 1983

Prerequisites /
notice

Prerequisite is a working knowledge of elementary differential geometry (curves and surfaces in Euclidean space), differentiable manifolds,
and differential forms.

402-0343-00L Physics Against Cancer: The Physics of Imaging and
Treating Cancer
Special Students UZH must book the module PHY361
directly at UZH.

W  6 credits 2V+1U A. J. Lomax, U. Schneider

Abstract Radiotherapy is a rapidly developing and technology driven medical discipline that is heavily dependent on physics and engineering. In this
lecture series, we will review and describe some of the current developments in radiotherapy, particularly from the physics and
technological view point, and will indicate in which direction future research in radiotherapy will lie.

Objective Radiotherapy is a rapidly developing and technology driven medical discipline that is heavily dependent on physics and engineering. In the
last few years, a multitude of new techniques, equipment and technology have been introduced, all with the primary aim of more accurately
targeting and treating cancerous tissues, leading to a precise, predictable and effective therapy technique. In this lecture series, we will
review and describe some of the current developments in radiotherapy, particularly from the physics and technological view point, and will
indicate in which direction future research in radiotherapy will lie. Our ultimate aim is to provide the student with a taste for the critical role
that physics plays in this rapidly evolving discipline and to show that there is much interesting physics still to be done.
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Content The lecture series will begin with a short introduction to radiotherapy and an overview of the lecture series (lecture 1). Lecture 2 will cover
the medical imaging as applied to radiotherapy, without which it would be impossible to identify or accurately calculate the deposition of
radiation in the patient. This will be followed by a detailed description  of the treatment planning process, whereby the distribution of
deposited energy within the tumour and patient can be accurately calculated, and the optimal treatment defined (lecture 3). Lecture 4 will
follow on with this theme, but concentrating on the more theoretical and mathematical techniques that can be used to evaluate different
treatments, using mathematically based biological models for predicting the outcome of treatments. The role of physics modeling, in order
to accurately calculate the dose deposited from radiation in the patient, will be examined in lecture 5, together with a review of
mathematical tools that can be used to optimize patient treatments. Lecture 6 will investigate a rather different issue, that is the
standardization of data sets for radiotherapy and the importance of medical data bases in modern therapy. In lecture 7 we will look in some
detail at one of the most advanced radiotherapy delivery techniques, namely Intensity Modulated Radiotherapy (IMRT). In lecture 8, the two
topics of imaging and therapy will be somewhat combined, when we will describe the role of imaging in the daily set-up and assessment of
patients. Lecture 9 follows up on this theme, in which a major problem of radiotherapy, namely organ motion and changes in patient and
tumour geometry during therapy, will be addressed, together with methods for dealing with such problems. Finally, in lectures 10-11, we will
describe in some of the multitude of different delivery techniques that are now available, including particle based therapy, rotational (tomo)
therapy approaches and robot assisted radiotherapy. In the final lecture, we will provide an overview of the likely avenues of research in the
next 5-10 years in radiotherapy. The course will be rounded-off with an opportunity to visit a modern radiotherapy unit, in order to see some
of the techniques and delivery methods described in the course in action.

Prerequisites /
notice

Although this course is seen as being complimentary to the Medical Physics I and II course of Dr Manser, no previous knowledge of
radiotherapy is necessarily expected or required for interested students who have not attended the other two courses.

402-0787-00L Therapeutic Applications of Particle Physics:
Principles and Practice of Particle Therapy

W  6 credits 2V+1U A. J. Lomax

Abstract Physics and medical physics aspects of particle physics
Subjects: Physics interactions and beam characteristics; medical accelerators; beam delivery; pencil beam scanning; dosimetry and QA;
treatment planning; precision and uncertainties; in-vivo dose verification; proton therapy biology.

Objective The lecture series is focused on the physics and medical physics aspects of particle therapy. The radiotherapy of tumours using particles
(particularly protons) is a rapidly expanding discipline, with many new proton and particle therapy facilities currently being planned and built
throughout Europe.  In this lecture series, we study in detail the physics background to particle therapy, starting from the fundamental
physics interactions of particles with tissue, through to treatment delivery, treatment planning and in-vivo dose verification. The course is
aimed at students with a good physics background and an interest in the application of physics to medicine.

Prerequisites /
notice

The former title of this course was "Medical Imaging and Therapeutic Applications of Particle Physics".

402-0673-00L Physics in Medical Research: From Humans to Cells W  6 credits 2V+1U B. K. R. Müller
Abstract The aim of this lecture series is to introduce the role of physics in state-of-the-art medical research and clinical practice. Topics to be

covered range from applications of physics in medical implant technology and tissue engineering, through imaging technology, to its role in
interventional and non-interventional therapies.

Objective The lecture series is focused on applying knowledge from physics in diagnosis, planning, and therapy close to clinical practice and
fundamental medical research. Beside a general overview, the lectures give a deep insight into a very few selected techniques, which will
help the students to apply the knowledge to a broad range of related techniques.

In particular, the lectures will elucidate the physics behind the X-ray imaging currently used in clinical environment and contemporary high-
resolution developments. It is the goal to visualize and quantify (sub-)microstructures of human tissues and implants as well as their
interface.

Ultrasound is not only used for diagnostic purposes but includes therapeutic approaches such as the control of the blood-brain barrier
under MR-guidance.

Physicists in medicine are working on modeling and simulation. Based on the vascular structure in cancerous and healthy tissues, the
characteristic approaches in computational physics to develop strategies against cancer are presented. In order to deliberately destroy
cancerous tissue, heat can be supplied or extracted in different manner: cryotherapy (heat conductivity in anisotropic, viscoelastic
environment), radiofrequency treatment (single and multi-probe), laser application, and proton therapy.

Medical implants play an important role to take over well-defined tasks within the human body. Although biocompatibility is here of crucial
importance, the term is insufficiently understood. The aim of the lectures is the understanding of biocompatibility performing well-defined
experiments in vitro and in vivo. Dealing with different classes of materials (metals, ceramics, polymers) the influence of surface
modifications (morphology and surface coatings) are key issues for implant developments, which might be bio-inspired.

Mechanical stimuli can drastically influence soft and hard tissue behavior. The students should realize that a physiological window exists,
where a positive tissue response is expected and how the related parameter including strain, frequency, and resting periods can be
selected and optimized for selected tissues such as bone.

For the treatment of severe incontinence, we are developing artificial smart muscles. The students should have a critical look at promising
solutions and the selection procedure as well as realize the time-consuming and complex way to clinical practice.

The course will be completed by relating the numerous examples and a common round of questions.

Content This lecture series will cover the following topics:
Introduction: Imaging the human body down to individual cells and beyond
Development of artificial muscles for incontinence treatment
X-ray-based computed tomography in clinics and related medical research
High-resolution micro computed tomography
Phase tomography using hard X-rays in biomedical research
Metal-based implants and scaffolds
Natural and synthetic ceramics for implants and regenerative medicine
Biomedical simulations
Polymers for medical implants
From open surgery to non-invasive interventions - Physical approaches in medical imaging
Dental research
Focused Ultrasound and its clinical use
Applying physics in medicine: Benefitting patients

Lecture notes http://www.bmc.unibas.ch/education/ETH_Zurich.phtml

login and password to be provided during the lecture

Prerequisites /
notice

Students from other departments are very welcome to join and gain insight into a variety of sophisticated techniques for the benefit of
patients.
No special knowledge is required. Nevertheless, gaps in basic physical knowledge will require additional efforts.

Electives (Physics Master)
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402-0364-17L Cosmic Structure Formation and Radiation Processes
Does not take place this semester.

W  6 credits 2V+1U S. Cantalupo

Abstract In this course, the students will investigate the properties and origin of the largest baryonic structures in the universe through the study of
their radiation. We will span a large range in the universe’s history and radiation spectrum: from X-ray emitting ICM to Cosmic Web UV
emission and absorption, to HI radio emission during Reionization. A strong focus will be also put on research practice.

Objective Content goals/objectives include:

- The students will learn how to investigate and characterise the physical properties of the largest baryonic structures in the universe by
studying in detail the mechanisms that produce and modify the electromagnetic radiation detectable with astronomical observing facilities. 

- The students will learn that radiation processes are an active agent in shaping the formation and evolution of cosmic structures in the
universe from the largest scales associated with intergalactic gas to galaxies. 

Practice goals/objectives include:

- Through this course, the students will learn/consolidate the fundamental skills in scientific research practice including: i) asking and
refining scientific questions, ii) making testable predictions, iii) reducing complex problems in smaller units, iv) finding relevant variables in
physical problems, v) effectively sharing and communicating the results.

In order to achieve these goal, the course is designed through inquiry-based activities that will cover the following topics:

- Inferring the physical properties of the Intra Cluster Medium in Galaxy Clusters (X-ray, high-energy radiation processes)
- Detecting and studying Intergalactic gas in the Cosmic Web in absorption and emission (UV/optical absorption and emission of Hydrogen
Ly-alpha radiation, Radiative Transfer)
- The physics of Radiative Cooling and how radiation processes shape cosmic structure formation.
- Cosmic Reionization and radio emission from neutral hydrogen in the early universe.

Lecture notes Class material will include: i) power point and black-board presentations, ii) material developed in the class during the activities by the
students, iii) research papers and reviews, iv) extracts from books. 

Some of the material will be available online but it is expected that a large fraction of the material/notes will be produced during the
classroom activities. Class attendance and active participation are fundamental factors for both learning and assessment during this course
and for the exam.

Prerequisites /
notice

The course is geared towards students at any level (Bachelor, Master and Ph.D students) in the physical sciences with no particular
prerequisites on previous classes or study background. The only prerequisites necessary for this class are: i) motivation, ii) curiosity, iii)
willingness to actively participate.

402-0364-61L Galaxy Formation
Does not take place this semester.

W  6 credits 3G S. Cantalupo

Abstract In this course, the students will discover how galaxies formed and developed in the context of the large scale structure of the
universe. Following actual research practices, they will use galaxy observations in order to understand the physical properties of galactic
constituents and they will combine their results with cosmological models to address unsolved questions in galaxy formation.

Objective Content goals/objectives include:

- The students will learn how to use astronomical observations at different wavelengths to infer physical properties (mass, angular
momentum, composition) of galaxies and their constituents (stars, interstellar medium, dark matter).

- The students will learn about the diversity of galaxies in the universe, in terms of, e.g., morphology, kinematics, stellar populations,
properties of the interstellar medium. In this context, the students will learn how to identify possible trends and regularities, which may be
then used as possible clues to their physical origin.

- The students will consolidate their knowledge and understanding of the most important astrophysical processes (cosmological expansion,
gravity, radiative processes, stellar evolution) and learn how to apply them to the complex astrophysical problem of galaxy formation.

Practice goals/objectives include:

- The students will learn how to combine the observational data and theoretical models to formulate meaningful questions and hypotheses
on possible galaxy formation paths, as well as strategies to test them.
- Through this course, the students will learn/consolidate the fundamental skills in scientific research practice including: i) asking and
refining scientific questions, ii) reducing complex problems in smaller units, iii) finding relevant variables in physical problems, iv) making
relevant assumptions v) formulate testable hypotheses  vi) express physical ideas in a mathematical language and vii) effectively sharing
and communicating the results.

 In order to achieve these goals, the course is designed through inquiry-based activities, lead by the students themselves and facilitated by
the instructors, in which the students will be able to choose their own investigation path, develop their own material and, finally, share their
findings with their peers.

Lecture notes Class material will include: i) power point and black-board presentations, ii) material developed in the class during the activities by the
students, iii) research papers and reviews, iv) extracts from books. 

Some of the material will be available online but it is expected that a large fraction of the material/notes will be produced during the
classroom activities. Class attendance and active participation are fundamental factors for both learning and assessment during this course
and for the assessment.

Prerequisites /
notice

The course is geared towards students at any level (Bachelor, Master and Ph.D students) in the physical sciences with no particular
prerequisites on previous classes or study background. Previous attendance of the course “Cosmic Structure Formation and Radiation
Processes” could be beneficial in terms of the acquisition of relevant practice skills and some content information for this course but it is not
a prerequisite. The only prerequisites necessary for this class are: i) motivation, ii) curiosity, iii) willingness to actively participate.

402-0248-00L Electronics for Physicists II (Digital)
Number of participants limited to 30.

W  4 credits 4G Y. M. Acremann

Abstract The course will start with logic and finite state machines. These concepts will be applied in practical exercises using FPGAs. Based on this
knowledge we will cover the working  principles of microprocessors. We will cover combined systems where a micro processor is used for
the complex parts and specialized logic on the FPGA is in charge of processing time-critical signals.

Objective The goal of this lecture is to give an overview over digital electronic design needed for timing and data acquisition systems used in physics.
After this lecture you will have the knowledge to design digital systems based on FPGAs and microcontrollers.
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Content The goal of this lecture is to give an overview over digital electronic design needed for timing and data acquisition systems used in physics.
After this lecture you will have the knowledge to design  digital systems based on FPGAs and micro controllers.

Contents:
Combinational logic
Flip-Flops
Binary representations of numbers, binary arithmetic
Counters, shift registers

Hardware description languages (mostly VHDL)
Field programmable gate arrays (FPGAs)
From algorithm to architecture
Finite state machines

Buses (parallel, serial)
The SPI bus

Digital signal processing
The sampling theorem
Z-transform,
Digital filters
Frequency conversion

The microprocessor (illustrated on an open-source implementation of the RISC-V microprocessor)
SPI bus with a micro controller
Combined systems: FPGA for the time critical part, processor for the user interface
System-on-chip (FPGA based)

Prerequisites /
notice

We recommend the students to have taken Analog Electronics for Physicists or to have  knowledge of basic analog electronics.

Students (or at least each group of 2 / 3 students) need a laptop computer, preferably running Linux or Windows. For other operating
systems we recommend running Linux or Windows on a virtual machine.

Physics Bachelor - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1401 of 1785

Physics TC
Detailed information on the programme at: www.didaktischeausbildung.ethz.ch

 Educational Science
General course offerings in the category Educational Science are listed under "Programme: Educational Science for Teaching Diploma and TC".

Number Title Type ECTS Hours Lecturers

851-0240-01L Designing Learning Environments for School  (EW2
TD)
Prerequisites: successful participation in 851-0240-00L
"Human Learning (EW1)".

Adresses to students enrolled either in Teaching Diploma*
(TD) or Teaching Certificate (TC) in Computer Science,
Mathematics or Physics.
*Except for students of Sport Teaching Diploma, who
complete the sport-specific course unit EW2.

O  3 credits 2V E. Stern, P. Greutmann, J. Maue

Abstract Teaching is a complex skill. The lecture comprises (a) presentations about the theoretical background of this skill, (b) discussions of
practical aspects, and (c) practical exercises.

Objective The participants have the conceptual und procedural knowledge, and skills necessary for long-term planning, preparing, and implementing
good lessons. They can apply this knowledge on different topics of their scientific STEM-background.

Content We discuss characteristics of successful lessons and how to design such lessons by using curricula and lesson plans, teaching goals and a
variety of teaching methods.

Lecture notes The lecture comprises interactive parts where the participants  elaborate and extend their knowledge and skills. Thus, there is no
comprehensive written documentation of the lecture. The participants can download presentation slides, learning materials, and templates
from "Moodle".

Literature The necessary literature can be downloaded from "Moodle".
Prerequisites /
notice

The lecture EW2 can only be attended by students who already successfully completed the lecture Human Learning (EW1).
There will be two independent lectures for different groups of students. You will get further information in an email at the beginning of the
semester.
To get the Credits you have to
- regularly attend to the lecture
- have the grade 4 or higher in the final written exam.

851-0240-03L Introduction to Test Theory and Test Construction in
Educational Contexts (University of Zürich)
Does not take place this semester.
Enrolment only possible with Teaching Diploma or DC
matriculation.

No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: 200b800f

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  4 credits 2S University lecturers

Abstract The seminar will provide theoretical and applied knowledge in the construction of psychological questionnaires. The students will construct,
translate, and adapt instruments from different areas. Afterwards, data on these instruments will be gathered in an online survey. The
survey will be analyzed (under the guidance of the seminar leaders) and presented in a scientific report. 

Objective The learning outcomes are:
- Acquiring theoretical and applied knowledge in the construction, translation, and adaption of psychological instruments
- Conducting online surveys and statistical analyses
- Becoming more familiar with relevant statistical procedures (e.g., factor analysis, reliability, correlation, and regression analyses)
- Estimating and evaluating the psychometric properties of instruments
- Scientific description and communication of the results (using APA-style)

Content Die Lehrveranstaltung soll Studierenden theoretische und praktische Kenntnisse in der Konstruktion von Fragebogen vermitteln. Es werden
Instrumente aus verschiedenen Bereichen durch die Studierenden konstruiert, übersetzt und adaptiert. Danach erfolgt eine Online-
Erhebung dieser Instrumente, die anschliessend unter Anleitung ausgewertet und in einem wissenschaftlichen Bericht präsentiert wird.

Lecture notes Alle Unterlagen werden im OLAT-Kurs zur Verfügung gestellt
Voraussetzung für die Teilnahme ist ein eigener Laptop mit einem Statistikprogramm (z.B. SPSS) und einem Office-Paket.

Literature Alle Unterlagen werden zur Verfügung gestellt.
Prerequisites /
notice

Der Leistungsnachweis besteht aus einem schriftlichen Leistungsnachweis, der benotet wird, ausserdem werden die unten genannten
Aspekte von aktiver Teilnahme für das Bestehen des Moduls vorausgesetzt. Der schriftliche Leistungsnachweis besteht aus einem
wissenschaftlichen Bericht zur psychometrischen Prüfung einer im Rahmen des Seminars selbst adaptierten, konstruierten oder
übersetzten Skala. Die aktive Teilnahme besteht aus Vorbereitung auf die Sitzungen, Rekrutierung von Teilnehmenden für die
gemeinsame Datenerhebung, zwei kurzen Präsentationen zur praktischen Aufgabe sowie aktiver Teilnahme am Seminar.

Voraussetzung für die Teilnahme ist ein eigener Laptop mit einem Statistikprogramm (z.B. SPSS) und einem Office-Paket.

851-0240-24L Designing Learning Environments for Schools (EW2
LD) - Portfolio
- Enrolment only possible with simultaneous enrolment in
course 851-0240-01L Designing Learning Environments
for School (EW2 LD)!

- Prerequisites: successful participation in 851-0240-00L
"Human Learning (EW1)".

- Adresses to students enrolled either in Teaching
Diploma* (TD) or Teaching Certificate (TC) in Computer
Science, Mathematics or Physics.
*Except for students of Sport Teaching Diploma, who
complete the sport-specific course unit EW2. 

O  1 credit 2U P. Greutmann, J. Maue
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Abstract In this lecture, you design a portfolio, i.e. a complete and elaborated teaching enviroment for schools, based on your scientific STEM-
background

Objective This lecture is an implementation and transfer of the theoretical inputs provided by the lecture "Designing Learning Environments for
School" (EW2).

851-0242-03L Introduction to General Pedagogy
Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate.

Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".

W  2 credits 2G L. Haag

Abstract The basics of educational science and the field of activity of the school are conveyed in as much as they are of relevance to the field of
activity of the teachers. Basic knowledge is taught methodically by the lecturers which is further deepened by the reading of selected texts
and corresponding work assignments in individual and small groups.

Objective 1. Basics of educational science
1.1 Historical survey of education and school
1.2 Fundamental educational terms
- Education as field of activity of the school
- Education at school
- Socialization
2. Field of activity of the school
2.1 Theory of school
- Theory of school
- Curriculum theory
- School development
2.2 Theory of instruction
- Didactic analysis
- Principles of learning
- Handling of heterogeneity

851-0242-06L Cognitively Activating Instructions in MINT Subjects
Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

This course unit can only be enroled after successful
participation in, or during enrolment in the course 851-
0240-00L "Human Learning (EW 1)".

W  2 credits 2S R. Schumacher

Abstract This seminar focuses on teaching units in chemistry, physics and mathematics that have been developed at the MINT Learning Center of
the ETH Zurich. In the first meeting, the mission of the MINT Learning Center will be communicated. Furthermore, in groups of two, the
students will intensively work on, refine and optimize a teaching unit following a goal set in advance.

Objective - Get to know cognitively activating instructions in MINT subjects
- Get information about recent literature on learning and instruction

Prerequisites /
notice

Für eine reibungslose Semesterplanung wird um frühe Anmeldung und persönliches Erscheinen zum ersten Lehrveranstaltungstermin
ersucht.

851-0242-07L Human Intelligence
Number of participants limited to 30.

Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

This course unit can only be enroled after successful
participation in, or imultaneous enrolment in the course
851-0240-00L "Human Learning (EW 1)" .

W  1 credit 1S E. Stern

Abstract The focus will be on the book "Intelligenz: Grosse Unterschiede und ihre Folgen" by Stern and Neubauer. Participation at the first meeting
is obligatory. It is required that all participants read the complete book. Furthermore, in two meetings of 90 minutes, concept papers
developed in small groups (5 - 10 students) will be discussed.

Objective - Understanding of research methods used in the empirical human sciences
- Getting to know intelligence tests
- Understanding  findings relevant for education

851-0242-08L Research Methods in Educational Science
Number of participants limited to 30.

This course unit can only be enroled after successful
participation in, or imultaneous enrolment in the course
851-0240-00L "Human Learning (EW 1)" .

W  1 credit 1S P. Edelsbrunner, T. Braas,
C. M. Thurn

Abstract Literature from learning sciences will be read and discussed. Research methods will be in focus.
At the first meeting all participants will be allocated to working groups and two further meetings will be set up with the groups.
In the small groups students will write critical short essays about the read literature. The essays will be presented and discussed in the
plenum at the third meeting.

Objective - Understand research methods used in the empirical educational sciences
- Understand and critically examine information from scientific journals and media
- Understand pedagogically relevant findings from the empirical educational sciences

851-0242-11L Gender Issues In Education and STEM
Number of participants limited to 20.

Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

Prerequisite: students should be taking the course 851-
0240-00L Human Learning (EW1) in parallel, or to have
successfully completed it.

W  2 credits 2S M. Berkowitz Biran, T. Braas,
C. M. Thurn
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Abstract In this seminar, we introduce some of the major gender-related  issues in the context of education and science learning, such as the under-
representation of girls and women in science, technology, engineering and mathematics (STEM). Different perspectives, controversies and
empirical evidence will be discussed.

Objective - To familiarize students with gender issues in the educational and STEM contexts and with controversies regarding these issues.
- To develop a critical view on existing perspectives. 
- To integrate this knowledge with teacher's work.

Content Why do fewer women than men specialize in STEM (science, technology, engineering and mathematics)? Are girls better in language and
boys better in math? These and other questions about gender differences relevant to education and STEM learning have been occupying
researchers for decades. In this seminar, students will learn about major gender issues in the educational context and the different
perspectives for understanding them. 

Students will read and critically discuss selected publications on these topics and their implications for the classroom context. There will be
weekly (or bi-weekly) assignments as well as a final project in which students will integrate and elaborate on the topics learned in the
seminar.

Prerequisites /
notice

Recommended: Completion of the course 851-0240-00L Human Learning (EW1).

Active participation in the seminar.

see Educational Science TC

 Subject Didactics and Professional Training
Important: You can only enrol in the courses of this category if you have not more than 12 CP left for possible additional requirements.

Number Title Type ECTS Hours Lecturers

402-0910-00L Physics Didactics I: Special Didactics of Physics
Teaching
Limited number of participants. 
In addition to registering for this course in myStudies,
students must apply latest 31.01.20202 at
mamohr@ethz.ch. 
Applications will be recognised in the order of arrival.

Simultaneous enrolment in Introductory Internship Physics
- course 402-0920-00L - is compulsory for Teaching
Diploma Physics.

Information for UZH students:
Enrolment to this course unit only possible at ETH. No
enrolment to module 090Phy1 at UZH. 
Please mind the ETH enrolment deadlines for UZH
students: https://www.ethz.ch/en/studies/non-
degree-
courses/special-
students/special-students-university-of-zurich.html 

O 4 credits 3G M. Mohr

Abstract The course introduces the principles of subject-oriented didactics in physics: preparation of lectures, planing, boundary conditions, teaching
methods, auxiliary materials, experiments, exercises, tests, use of different media

Objective The students have the didactic basics for the physics lessons at a secondary school. They can plan and carry out their own lessons taking
into account the diverse framework conditions. They reflect on their lessons and endeavour to further develop them didactically and
pedagogically.
The students know the application possibilities, chances and difficulties of different teaching methods and aids. They are able to assess the
suitability of teaching methods with regard to a learning situation. In their lessons they endeavour to implement suitable methods adapted
to the class and the subject.
Students are familiar with the basics of experimenting in physics lessons. They are familiar with numerous experiments on various physical
topics and are sensitized to the targeted use of demonstration and student experiments in class.

Content Lektionsplanung und durchführung: Lehrplan, Stundentafel, Zeitbudget, Berücksichtigung von Vorwissen, Alltagsbezug, Übungs- und
Hausaufgaben, Prüfungen und Noten, Weiterbildung, Beurteilung
Fachspezifisches: Demonstrations- und Schülerexperimente, Arbeitsmittel zu physikalischen Themen des Grundlagen- und
Schwerpunktunterrichts 
Einsatz verschiedener Unterrichtsmaterialien: Experimente, Computer, Taschenrechner, Video, Simulation
Unterrichtsformen: Lernaufgabe, Werkstatt, Puzzle, Projekt, Arbeitswoche, Gruppenarbeit, Praktikum
Allg. Didaktik: praktische Beispiele zu Themen aus AD I

Lecture notes A script is available during the lecture.

402-0915-00L Teaching Internship Including Examination Lessons
Physics
Teaching Internship Physics for TC and Teaching Diploma
Physics as Minor Subject.
Repetition of the Teaching Internship is excluded even if
Examination Lessons are to be repeated.

O  4 credits 9P M. Mohr

Abstract Students apply the insights, abilities and skills they have acquired within the context of an educational institution. They observe 10 lessons
and teach 20 lessons independently. Two of them are as assessed as Examination Lessons.

Objective - Students use their specialist-subject, educational-science and subject-didactics training to draw up concepts for teaching.
- They are able to assess the significance of tuition topics for their subject from different angles (including interdisciplinary angles) and
impart these to their pupils. 
- They learn the skills of the teaching trade. 
- They practise finding the balance between instruction and openness so that pupils can and, indeed, must make their own cognitive
contribution.
- They learn to assess pupils' work.
- Together with the teacher in charge of their teacher training, the students constantly evaluate their own performance.
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Content Die Studierenden sammeln Erfahrungen in der Unterrichtsführung, der Auseinandersetzung mit Lernenden, der Klassenbetreuung und der
Leistungsbeurteilung. Zu Beginn des Praktikums plant die Praktikumslehrperson gemeinsam mit dem/der Studierenden das Praktikum und
die Arbeitsaufträge. Die schriftlich dokumentierten Ergebnisse der Arbeitsaufträge sind Bestandteil des Portfolios der Studierenden.
Anlässlich der Hospitationen erläutert die Praktikumslehrperson ihre fachlichen, fachdidaktischen und pädagogischen Überlegungen, auf
deren Basis sie den Unterricht geplant hat und tauscht sich mit dem/der Studierenden aus. Die von dem/der Studierenden gehaltenen
Lektionen werden vor- und nachbesprochen. 
Die Themen für die beiden Prüfungslektionen am Schluss des Praktikums erfahren die Studierenden in der Regel eine Woche vor dem
Prüfungstermin. Sie erstellen eine Vorbereitung gemäss Anleitung und reichen sie bis am Vortrag um 12 Uhr den beiden Prüfungsexperten
(Fachdidaktiker/-in, Departementsvertreter/-in) ein. Die gehaltenen Lektionen werden kriteriumsbasiert beurteilt. Die Beurteilung umfasst
auch die schriftliche Vorbereitung und eine mündliche Reflexion des Kandidaten/der Kandidatin über die gehaltenen Lektionen im Rahmen
eines kurzen Kolloquiums.

Lecture notes Dokument: schriftliche Vorbereitung für Prüfungslektionen.
Literature Wird von der Praktikumslehrperson bestimmt.

402-0917-00L Mentored Work Subject Didactics Physics A
Mentored Work Subject Didactics in Physics for TC and
Teaching Diploma Physics.

O  2 credits 4A G. Schiltz, A. Vaterlaus

Abstract In their mentored work on subject didactics, students put into practice the contents of the subject-didactics lectures and go into these in
greater depth. Under supervision, they compile tuition materials that are conducive to learning and/or analyse and reflect on certain topics
from a subject-based and pedagogical angle.

Objective The objective is for the students: 
- to be able to familiarise themselves with a tuition topic by consulting different sources,  acquiring materials and reflecting on the relevance
of the topic and the access they have selected to this topic from a specialist, subject-didactics and pedagogical angle and potentially from a
social angle too.
- to show that they can independently compile a tuition sequence that is conducive to learning and develop this to the point where it is
ready for use.

Content Thematic Focus
The topics of the mentored work are mostly chosen from the high school curriculum.

Methods
With the help of the mentor the students individually work on a topic and write a thesis about it.

Lecture notes http://www.fachdidaktik.physik.ethz.ch/unterlagen.html
Prerequisites /
notice

The mentored work should normally be finished before the teaching internship. FD2 (402-0909-00L) is required or should be achieved in
the same semester.

 Specialized Courses in Respective Subject with Educational Focus
Number Title Type ECTS Hours Lecturers

402-0742-00L Energy and Environment in the 21st Century (Part II) W  6 credits 2V+1U M. Dittmar, P. Morf
Abstract Despite the widely used concepts of sustainability and sustainable 

development, one remarks the absence of a scientific 
definition. In this lecture we will discuss, based on the natural laws and the scientific method, various proposed concepts for a 
development towards sustainability.

Objective A scientifically useful definition of sustainability?
Unsustainable aspects of our lifestyle and our society? 
(unsustainable use of ressources, environmental destruction 
and climate change, mass extinctions etc)
How long can humanity continue on its current unsustainable path,
what are the possible consequences? Historical examples of society collapse. What can we learn from them.   
Existing Gedanken models/experiments (like Permaculture) promise to transform the human society into the direction of sustainability. 
If these ideas would theoretically transform our global society 
into a sustainable one, what are the large scale limitations and why 
do we not yet follow these ideas?

Content Introduction ``sustainability" (21.2.); Population Dynamik (28.2.);
finite (energy)-resources (6.3.); waste problems (13.3.);
water, soil and industrial agriculture (20.3.); biodiversity (27.3.); (un)-sustainable development (3.4./24.4./8.5); example for sustainable
systems; human nature, Ethics and earth-care(?) (15.5./22.5.) summary  (29.5.)

Lecture notes Web page:
http://ihp-lx2.ethz.ch/energy21/index.html

Literature for example:
Environmental Physics (Boeker and Grandelle)
A prosperous way down: Principles and Policies (H. Odum and E. Odum)

Prerequisites /
notice

Basic knowledge of the ``physics laws" governing todays energy
system and it use to deliver ``useful" work for our life 
(laws of energie conservation and of the 
energy transformation to do work).

Interest to learn about the problems (and possible solutions) 
related to the transition from an unsustainable use of renewable and non renewable (energy) resources to a sustainable system 
using scientific method.

402-0738-00L Statistical Methods and Analysis Techniques in
Experimental Physics

W  10 credits 5G M. Donegà, C. Grab

Abstract This lecture gives an introduction to the statistical methods and the various analysis techniques applied in experimental particle physics.
The exercises treat problems of general statistical topics; they also include hands-on analysis projects, where students perform
independent analyses on their computer, based on real data from actual particle physics experiments.

Objective Students will learn the most important statistical methods used in experimental particle physics. They will acquire the necessary skills to
analyse large data records in a statistically correct manner. Learning how to present scientific results in a professional manner and how to
discuss them.
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Content Topics include:
- modern methods of statistical data analysis
- probability distributions, error analysis, simulation methos, hypothesis testing, confidence intervals, setting limits and introduction to
multivariate methods.
- most examples are taken from particle physics.

Methodology:
- lectures about the statistical topics;
- common discussions of examples;
- exercises: specific exercises to practise the topics of the lectures;
- all students perform statistical calculations on (their) computers;
- students complete a full data analysis in teams (of two) over the second half of the course, using real data taken from particle physics
experiments;
- at the end of the course, the students present their analysis results in a scientific presentation;
- all students are directly tutored by assistants in the classroom.

Lecture notes - Copies of all lectures are available on the web-site of the course.
- A scriptum of the lectures is also available to all students of the course.

Literature 1) Statistics: A guide to the use of statistical medhods in the Physical Sciences, R.J.Barlow; Wiley Verlag  . 
2) J Statistical data analysis, G. Cowan,                             Oxford University Press; ISBN: 0198501552. 
3) Statistische und numerische Methoden der Datenanalyse, V.Blobel und E.Lohrmann,  Teubner Studienbuecher Verlag.
4) Data Analysis, a Bayesian Tutorial,  D.S.Sivia with J.Skilling, 
Oxford Science Publications.

Prerequisites /
notice

Basic knowlege of nuclear and particle physics are prerequisites.

402-0368-13L Extrasolar Planets W  6 credits 2V+1U S. P. Quanz
Abstract The course introduces in detail the observational methods for the detection and characterization of extra-solar planetary systems. It covers

the physics of planets (in the solar system and in extra-solar systems) and gives a description of planet formation and evolution models.
Objective The course gives an overview of the current state-of-the-art in exoplanet science and serves as basis for first research projects in the field

of exoplanet systems and related topics.
Content Content of the lecture EXTRASOLAR PLANETS 

1. Planets in the astrophysical context
2. Planets in the solar systems 
3. Detecting extra-solar planetary systems 
4. Properties of planetary systems and planets 
5. Planet formation
6. Search for habitable planets and bio-signatures

402-0787-00L Therapeutic Applications of Particle Physics:
Principles and Practice of Particle Therapy

W  6 credits 2V+1U A. J. Lomax

Abstract Physics and medical physics aspects of particle physics
Subjects: Physics interactions and beam characteristics; medical accelerators; beam delivery; pencil beam scanning; dosimetry and QA;
treatment planning; precision and uncertainties; in-vivo dose verification; proton therapy biology.

Objective The lecture series is focused on the physics and medical physics aspects of particle therapy. The radiotherapy of tumours using particles
(particularly protons) is a rapidly expanding discipline, with many new proton and particle therapy facilities currently being planned and built
throughout Europe.  In this lecture series, we study in detail the physics background to particle therapy, starting from the fundamental
physics interactions of particles with tissue, through to treatment delivery, treatment planning and in-vivo dose verification. The course is
aimed at students with a good physics background and an interest in the application of physics to medicine.

Prerequisites /
notice

The former title of this course was "Medical Imaging and Therapeutic Applications of Particle Physics".

402-0922-00L Mentored Work Specialised Courses in Physics with
an Educational Focus A
Mentored Work Specialised Courses in the Respective
Subject with an Educational Focus in Physics for TC and
Teaching Diploma.

O  2 credits 4A G. Schiltz, A. Vaterlaus

Abstract In the mentored work on their subject specialisation, students link high-school and university aspects of the subject, thus strengthening
their teaching competence with regard to curriculum decisions and the future development of the tuition. They compile texts under
supervision that are directly comprehensible to the targeted readers - generally specialist-subject teachers at high-school level.

Objective Practice in the explanation of complex topics in physics as the core competence of the teaching profession

Improvement of the physics education by providing attractive recent topics with regard to future curricular decisions and the public view of
physics

Content Choice of topic by individual arrangement
Lecture notes http://www.fachdidaktik.physik.ethz.ch/unterlagen.html
Prerequisites /
notice

Start anytime, in German or English

402-0368-61L The Sun, Stars and Planets - Properties, Processes
and Interactions
Does not take place this semester.

W  4 credits 1G L. Harra, S. P. Quanz

Abstract The physics of solar flares, coronal mass ejections and the solar wind will be described. A discussion of the similarities and differences to
stellar flares and coronal mass ejections will follow. An introduction to the detection and characterization of extrasolar planets, the impact of
stellar phenomena on exoplanets and in particular on their potential habitability will be given.

Objective The main goal of the course is to give the students an overview of physical phenomena that lead to impacts on the Earth, planets and
exoplanets. The areas described are at the forefront of scientific research internationally, and touch on significant questions such as ‘is
there life on other planets’.  These topics will be of interest to students studying astrophysics, earth science and planetary sciences.

Physics TC - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Physics Teaching Diploma
Detailed information on the programme at: www.didaktischeausbildung.ethz.ch

 Educational Science
Course offerings in the category Educational Science are listed under "Programme: Educational Science for Teaching Diploma and TC".

Number Title Type ECTS Hours Lecturers

851-0240-01L Designing Learning Environments for School  (EW2
TD)
Prerequisites: successful participation in 851-0240-00L
"Human Learning (EW1)".

Adresses to students enrolled either in Teaching Diploma*
(TD) or Teaching Certificate (TC) in Computer Science,
Mathematics or Physics.
*Except for students of Sport Teaching Diploma, who
complete the sport-specific course unit EW2.

O  3 credits 2V E. Stern, P. Greutmann, J. Maue

Abstract Teaching is a complex skill. The lecture comprises (a) presentations about the theoretical background of this skill, (b) discussions of
practical aspects, and (c) practical exercises.

Objective The participants have the conceptual und procedural knowledge, and skills necessary for long-term planning, preparing, and implementing
good lessons. They can apply this knowledge on different topics of their scientific STEM-background.

Content We discuss characteristics of successful lessons and how to design such lessons by using curricula and lesson plans, teaching goals and a
variety of teaching methods.

Lecture notes The lecture comprises interactive parts where the participants  elaborate and extend their knowledge and skills. Thus, there is no
comprehensive written documentation of the lecture. The participants can download presentation slides, learning materials, and templates
from "Moodle".

Literature The necessary literature can be downloaded from "Moodle".
Prerequisites /
notice

The lecture EW2 can only be attended by students who already successfully completed the lecture Human Learning (EW1).
There will be two independent lectures for different groups of students. You will get further information in an email at the beginning of the
semester.
To get the Credits you have to
- regularly attend to the lecture
- have the grade 4 or higher in the final written exam.

851-0240-24L Designing Learning Environments for Schools (EW2
LD) - Portfolio
- Enrolment only possible with simultaneous enrolment in
course 851-0240-01L Designing Learning Environments
for School (EW2 LD)!

- Prerequisites: successful participation in 851-0240-00L
"Human Learning (EW1)".

- Adresses to students enrolled either in Teaching
Diploma* (TD) or Teaching Certificate (TC) in Computer
Science, Mathematics or Physics.
*Except for students of Sport Teaching Diploma, who
complete the sport-specific course unit EW2. 

O  1 credit 2U P. Greutmann, J. Maue

Abstract In this lecture, you design a portfolio, i.e. a complete and elaborated teaching enviroment for schools, based on your scientific STEM-
background

Objective This lecture is an implementation and transfer of the theoretical inputs provided by the lecture "Designing Learning Environments for
School" (EW2).

851-0242-11L Gender Issues In Education and STEM
Number of participants limited to 20.

Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

Prerequisite: students should be taking the course 851-
0240-00L Human Learning (EW1) in parallel, or to have
successfully completed it.

W  2 credits 2S M. Berkowitz Biran, T. Braas,
C. M. Thurn

Abstract In this seminar, we introduce some of the major gender-related  issues in the context of education and science learning, such as the under-
representation of girls and women in science, technology, engineering and mathematics (STEM). Different perspectives, controversies and
empirical evidence will be discussed.

Objective - To familiarize students with gender issues in the educational and STEM contexts and with controversies regarding these issues.
- To develop a critical view on existing perspectives. 
- To integrate this knowledge with teacher's work.

Content Why do fewer women than men specialize in STEM (science, technology, engineering and mathematics)? Are girls better in language and
boys better in math? These and other questions about gender differences relevant to education and STEM learning have been occupying
researchers for decades. In this seminar, students will learn about major gender issues in the educational context and the different
perspectives for understanding them. 

Students will read and critically discuss selected publications on these topics and their implications for the classroom context. There will be
weekly (or bi-weekly) assignments as well as a final project in which students will integrate and elaborate on the topics learned in the
seminar.

Prerequisites /
notice

Recommended: Completion of the course 851-0240-00L Human Learning (EW1).

Active participation in the seminar.

851-0242-08L Research Methods in Educational Science
Number of participants limited to 30.

This course unit can only be enroled after successful
participation in, or imultaneous enrolment in the course

W  1 credit 1S P. Edelsbrunner, T. Braas,
C. M. Thurn
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851-0240-00L "Human Learning (EW 1)" .
Abstract Literature from learning sciences will be read and discussed. Research methods will be in focus.

At the first meeting all participants will be allocated to working groups and two further meetings will be set up with the groups.
In the small groups students will write critical short essays about the read literature. The essays will be presented and discussed in the
plenum at the third meeting.

Objective - Understand research methods used in the empirical educational sciences
- Understand and critically examine information from scientific journals and media
- Understand pedagogically relevant findings from the empirical educational sciences

see Educational Science Teaching Diploma

 Subject Didactics in Physics
Important: You can only enrol in the courses of this category if you have not more than 12 CP left for possible additional requirements.

Number Title Type ECTS Hours Lecturers

402-0910-00L Physics Didactics I: Special Didactics of Physics
Teaching
Limited number of participants. 
In addition to registering for this course in myStudies,
students must apply latest 31.01.20202 at
mamohr@ethz.ch. 
Applications will be recognised in the order of arrival.

Simultaneous enrolment in Introductory Internship Physics
- course 402-0920-00L - is compulsory for Teaching
Diploma Physics.

Information for UZH students:
Enrolment to this course unit only possible at ETH. No
enrolment to module 090Phy1 at UZH. 
Please mind the ETH enrolment deadlines for UZH
students: https://www.ethz.ch/en/studies/non-
degree-
courses/special-
students/special-students-university-of-zurich.html 

O 4 credits 3G M. Mohr

Abstract The course introduces the principles of subject-oriented didactics in physics: preparation of lectures, planing, boundary conditions, teaching
methods, auxiliary materials, experiments, exercises, tests, use of different media

Objective The students have the didactic basics for the physics lessons at a secondary school. They can plan and carry out their own lessons taking
into account the diverse framework conditions. They reflect on their lessons and endeavour to further develop them didactically and
pedagogically.
The students know the application possibilities, chances and difficulties of different teaching methods and aids. They are able to assess the
suitability of teaching methods with regard to a learning situation. In their lessons they endeavour to implement suitable methods adapted
to the class and the subject.
Students are familiar with the basics of experimenting in physics lessons. They are familiar with numerous experiments on various physical
topics and are sensitized to the targeted use of demonstration and student experiments in class.

Content Lektionsplanung und durchführung: Lehrplan, Stundentafel, Zeitbudget, Berücksichtigung von Vorwissen, Alltagsbezug, Übungs- und
Hausaufgaben, Prüfungen und Noten, Weiterbildung, Beurteilung
Fachspezifisches: Demonstrations- und Schülerexperimente, Arbeitsmittel zu physikalischen Themen des Grundlagen- und
Schwerpunktunterrichts 
Einsatz verschiedener Unterrichtsmaterialien: Experimente, Computer, Taschenrechner, Video, Simulation
Unterrichtsformen: Lernaufgabe, Werkstatt, Puzzle, Projekt, Arbeitswoche, Gruppenarbeit, Praktikum
Allg. Didaktik: praktische Beispiele zu Themen aus AD I

Lecture notes A script is available during the lecture.

402-0909-00L Physics Didactics II: Motivating Evidence-Based
Instruction
Prerequisite: Successful completion of course 402-
0910-00L or simultaneous enrolment in course 402-
0910-00L, Physics Didactics I: Special Didactics of
Physics Teaching (Lecturer: M. Mohr).

Information for UZH students:
Enrolment to this course unit only possible at ETH. No
enrolment to module 090Phy2  at UZH. 
Please mind the ETH enrolment deadlines for UZH
students: https://www.ethz.ch/en/studies/non-
degree-
courses/special-
students/special-students-university-of-zurich.html 

O  4 credits 3G A. Lichtenberger

Abstract The course focuses on the backward design and evaluation of teaching units in physics at Gymnasium level.
Objective Students will be able to develop and evaluate teaching units in physics based on backward design and research-based principles of

learning and instruction.
This includes:
•    Identifying big ideas and essential questions of a specified physics topic
•    Illustrating the desired organization of knowledge in a concept map
•    Building assessments to collect evidence for learning
•    Activating prior knowledge and dealing with learning difficulties
•    Designing motivating activities that make student learning visible
•    Applying different teaching methods (e.g., clicker sessions, hands-on experiments, POE experiments, physlets, whiteboarding)

Content In der Veranstaltung werden die Grundlagen zum Backward Design, wichtige Prinzipien des Lernens (Aufbau einer Wissensstruktur,
Vorwissen und Lernschwierigkeiten, Motivation, Peer-Learning, Formatives Assessment, Mastery und Selbststeuerung) und eine Auswahl
verschiedener Unterrichtsmethoden (z.B. Clicker Sessions, Hands-On-Experimente, POE-Experimente, Physlets, Whiteboarding)
erarbeitet. Darauf aufbauend werden Unterrichtseinheiten zu vorgegebenen Themen der Physik für die Gymnasialstufe entwickelt und
mittels Review- und Präsentationssequenzen evaluiert. Das Design und die Unterlagen der Unterrichtseinheiten werden in Portfolios
festgehalten und erläutert.

Lecture notes Unterlagen werden in der Veranstaltung abgegeben.
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Literature Auswahl:
Kirchner, E., Girwidz, R., & Häussler, P. (2015). Physikdidaktik. Berlin: Springer. ISBN: 978-3-642-41744-3.
Meyer, H. (2004). Was ist guter Unterricht? Berlin: Cornelsen. ISBN: 3-589-22047-3.
Wiggins, G. & McTighe, J. (2005). Understanding by Design. Alexandria, VA: ASCD. ISBN: 1-4166-0035-3.
Ambrose, S. A., Bridges, M. W., DiPietro, M., Lovett, M. C., & Norman, M. K. (2010). How Learning Works. San Francisco, CA: Jossey-
Bass. ISBN: 978-0-470-48410-4.
Petty, G. (2009). Evidence-Based Teaching. Cheltenham: Nelson Thorens Ltd. ISBN: 978-1-4085-0452-9.

Prerequisites /
notice

Die Inhalte von Fachdidaktik 1 werden in der Fachdidaktik 2 vorausgesetzt. Studierende, die Fachdidaktik 1 und 2 parallel besuchen,
werden gebeten, den Dozierenden vor Beginn der Vorlesung zu kontaktieren (lichtenberger@phys.ethz.ch).

402-0917-00L Mentored Work Subject Didactics Physics A
Mentored Work Subject Didactics in Physics for TC and
Teaching Diploma Physics.

O  2 credits 4A G. Schiltz, A. Vaterlaus

Abstract In their mentored work on subject didactics, students put into practice the contents of the subject-didactics lectures and go into these in
greater depth. Under supervision, they compile tuition materials that are conducive to learning and/or analyse and reflect on certain topics
from a subject-based and pedagogical angle.

Objective The objective is for the students: 
- to be able to familiarise themselves with a tuition topic by consulting different sources,  acquiring materials and reflecting on the relevance
of the topic and the access they have selected to this topic from a specialist, subject-didactics and pedagogical angle and potentially from a
social angle too.
- to show that they can independently compile a tuition sequence that is conducive to learning and develop this to the point where it is
ready for use.

Content Thematic Focus
The topics of the mentored work are mostly chosen from the high school curriculum.

Methods
With the help of the mentor the students individually work on a topic and write a thesis about it.

Lecture notes http://www.fachdidaktik.physik.ethz.ch/unterlagen.html
Prerequisites /
notice

The mentored work should normally be finished before the teaching internship. FD2 (402-0909-00L) is required or should be achieved in
the same semester.

402-0918-00L Mentored Work Subject Didactics Physics B
Mentored Work Subject Didactics in Physics for TC and
Teaching Diploma.

O  2 credits 4A G. Schiltz, A. Vaterlaus

Abstract In their mentored work on subject didactics, students put into practice the contents of the subject-didactics lectures and go into these in
greater depth. Under supervision, they compile tuition materials that are conducive to learning and/or analyse and reflect on certain topics
from a subject-based and pedagogical angle.

Objective The objective is for the students: 
- to be able to familiarise themselves with a tuition topic by consulting different sources,  acquiring materials and reflecting on the relevance
of the topic and the access they have selected to this topic from a specialist, subject-didactics and pedagogical angle and potentially from a
social angle too.
- to show that they can independently compile a tuition sequence that is conducive to learning and develop this to the point where it is
ready for use.

Content Thematic Focus
The topics of the mentored work are mostly chosen from the high school curriculum.

Methods
With the help of the mentor the students individually work on a topic and write a thesis about it.

Lecture notes http://www.fachdidaktik.physik.ethz.ch/unterlagen.html
Prerequisites /
notice

The mentored work should usually be finished before the teaching internship. FD2 (402-0909-00L) is required or should be achieved in the
same semester.

 Professional Training in Physics
Number Title Type ECTS Hours Lecturers

402-0904-00L Professional Exercises: Experiments in Physics
Teaching
Limited number of participants.

Prerequisite: Participation and successful completion in
the course Physics Didactics I: Special Didactics of
Physics Teaching (402-0910-00L)

Sending an email to mamohr@ethz.ch till 31.05.2020 is
mandatory.
Registrations will be made on a first come first serve
basis.

O 2 credits 4G M. Mohr, H. R. Deller, M. Lieberherr,
C. Prim

Abstract In this one-week block course, students practice conducting experiments at high-school level. To do this, the students move between three
cantonal high schools in the German-speaking part of Switzerland.

Objective - Students develop their skills in conducting experiments in such a way that they can perform fundamental demonstration experiments and
pupil experiments both correctly and successfully in their lessons. 
- They are inclined to allocate a high priority to pupils' experiments and are familiar with different forms of organisation.

Content Die Studierenden arbeiten in Zweiergruppen mit dem reichhaltigen Material einer Mittelschulsammlung unter den im Unterricht üblichen
Bedingungen. Anhand geeigneter Demonstrationsexperimente entwickeln sie zunehmende Selbständigkeit im Auswählen des Materials,
Aufbauen der Versuchsanordnungen und Vorführen vor den Kollegen/innen. Damit werden sie in die Lage versetzt, die experimentellen
Anforderungen in den Übungs- und Praktikumslektionen zu bewältigen.
In einer Werkstatt mit verschiedenen Posten zu Schülerexperimenten lernen sie Schülermaterial, Arbeitsformen, Aufgabenstellungen und
die Problematik der Notengebung kennen. Sie erhalten Anregungen zu einfachen Freihandexperimenten, zur Astronomie und Themen der
modernen Physik. Sie arbeiten mit Simulationsprogrammen für Physik.

Lecture notes Unterlagen werden zur Verfügung gestellt.
Prerequisites /
notice

Beschränkte Platzzahl.

402-0920-00L Introductory Internship Physics
Simultaneous enrolment in Physics Didactics: Special
Didactics of Physics Teaching - course 402-0910-00L - is

O  3 credits 6P M. Mohr
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compulsory.
Abstract During the introductory teaching practice, the students sit in on five lessons given by the teacher responsible for their teaching practice, and

teach five lessons themselves. The students are given observation and reflection assignments by the teacher responsible for their teaching
practice.

Objective Right at the start of their training, students acquire initial experience with the observation of teaching, the establishment of concepts for
teaching and the implementation of teaching. This early confrontation with the complexity of everything that teaching involves helps
students decide whether they wish to and, indeed, ought to, continue with the training. It forms a basis for the subsequent pedagogical and
subject-didactics training.

Content Den Studierenden bietet das Einführungspraktikum einen Einblick in den Berufsalltag einer Lehrperson. 
Die Praktikumslehrperson legt Beobachtungs- und Reflexionsaufträge und die Themen der zu erteilenden Lektionen fest. Die schriftlich
dokumentierten Ergebnisse der Arbeitsaufträge sind Bestandteil des Portfolios des/der Studierenden. Anlässlich der Hospitationen erläutert
die Praktikumslehrperson ihre fachlichen, fachdidaktischen und pädagogischen Überlegungen, auf deren Basis sie den Unterricht geplant
hat und tauscht sich mit der/dem Studierenden aus. Zu den Lektionen, die der/die Studierende selber hält, führt die Praktikumslehrperson
Vor- und Nachbesprechungen durch.

Literature Wird von der Praktikumslehrperson bestimmt.

402-0911-00L Teaching Internship Physics O  8 credits 17P M. Mohr
Abstract The teaching practice takes in 50 lessons: 30 are taught by the students, and the students sit in on 20 lessons. The teaching practice lasts

4-6 weeks. It gives students the opportunity to implement the contents of their specialist-subject, educational science and subject-didactics
training in the classroom. Students also conduct work assignments in parallel to their teaching practice.

Objective - Students use their specialist-subject, educational-science and subject-didactics training to draw up concepts for teaching.
- They are able to assess the significance of tuition topics in their subject from different angles (including interdisciplinary angles) and
impart these to their pupils.
- They acquire the skills of the teaching trade. 
- They practise finding the balance between instruction and openness so that pupils can and, indeed, must make their own cognitive
contribution.
- They learn to assess pupils' work.
- Together with the teacher in charge of their teacher training, the students constantly evaluate their own performance.

Content Die Studierenden sammeln Erfahrungen in der Unterrichtsführung, der Auseinandersetzung mit Lernenden, der Klassenbetreuung und der
Leistungsbeurteilung. Zu Beginn des Praktikums plant die Praktikumslehrperson gemeinsam mit dem/der Studierenden das Praktikum und
die Arbeitsaufträge. Die schriftlich dokumentierten Ergebnisse der Arbeitsaufträge sind Bestandteil des Portfolios der Studierenden.
Anlässlich der Hospitationen erläutert die Praktikumslehrperson ihre fachlichen, fachdidaktischen und pädagogischen Überlegungen, auf
deren Basis sie den Unterricht geplant hat und tauscht sich mit dem/der Studierenden aus. Die von dem/der Studierenden gehaltenen
Lektionen werden vor- und nachbesprochen. Die Praktikumslehrperson sorgt ausserdem dafür, dass der/die Studierende Einblick in den
schulischen Alltag erhält und die vielfältigen Verpflichtungen einer Lehrperson kennen lernt.

Literature Wird von der Praktikumslehrperson bestimmt.
Prerequisites /
notice

Findet in der Regel am Schluss der Ausbildung, vor Ablegung der Prüfungslektionen statt.

402-0913-00L Teaching Internship Physics II
Teaching Internship for students upgrading TC to
Teaching Diploma.

W  4 credits 9P M. Mohr

Abstract This is a supplement to the Teaching Internship required to obtain a Master of Advanced Studies in Secondary and Higher Education in the
corresponding subject. It is aimed at enlarging the already acquired teaching experience. Students observe 10 lessons and teach 15
lessons independently.

Objective Students can assess the importance of teaching topics in their subject from different perspectives. They know and master the teaching
craft. They can structure a given teaching topic for a group of learners in a technically and didactically correct way and translate it into an
adequate learning environment. They succeed in finding a balance between guidance and openness so that the learners have both the
necessary freedom and sufficient orientation to actively and effectively acquire flexibly usable (specialist) knowledge.

Content Das Aufbaupraktikum richtet sich an Studierende, die bereits das Didaktik-Zertifikat in ihrem Fach erworben haben und nun eine
Aufbauausbildung zum Master of Advanced Studies in Secondary and Higher Education absolvieren. In diesem zusätzlichen Praktikum
sollen die Studierenden vertiefte unterrichtliche Erfahrungen machen. Auf der Grundlage der zusätzlich erworbenen Kenntnisse und mit
Hilfe der ihnen jetzt zu Verfügung stehenden Instrumente analysieren sie verschiedene Aspekte des hospitierten Unterrichts. In dem von
ihnen selbst gestalteten Unterricht nutzen sie beim Entwurf, bei der Durchführung und der Beurteilung ihrer Arbeit insbesondere die
zusätzlich gewonnen Erkenntnisse aus der allgemeinen und fachdidaktischen Lehr- und Lernforschung.

402-0921-01L Examination Lesson I Physics
Simultaneous enrolment in "Examination Lesson II
Physics" (402-0921-02L) is compulsory.

O  1 credit 2P M. Mohr

Abstract In the context of an examination lesson conducted and graded at a high school, the candidates provide evidence of the subject-
matter-based and didactic skills they have acquired in the course of their training.

Objective On the basis of a specified topic, the candidate shows that they are in a position
- to develop and conduct teaching that is conducive to learning at high school level, substantiating it in terms of the subject-matter and from
the didactic angle 
- to analyze the tuition they have given with regard to its strengths and weaknesses, and outline improvements.

Content Die Studierenden erfahren das Lektionsthema in der Regel eine Woche vor dem Prüfungstermin. Von der zuständigen Lehrperson erhalten
sie Informationen über den Wissensstand der zu unterrichtenden Klasse und können sie vor dem Prüfungstermin besuchen.
Sie erstellen eine Vorbereitung gemäss Anleitung und reichen sie bis am Vortag um 12 Uhr den beiden Prüfungsexperten ein.
Die gehaltene Lektion wird kriteriumsbasiert beurteilt. Die Beurteilung umfasst auch die schriftliche Vorbereitung und eine mündliche
Reflexion des Kandidaten/ der Kandidatin über die gehaltene Lektion im Rahmen eines kurzen Kolloquiums.

Lecture notes Dokument: Schriftliche Vorbereitung für Prüfungslektionen.
Prerequisites /
notice

Nach Abschluss der übrigen Ausbildung.

402-0921-02L Examination Lesson II Physics
Simultaneous enrolment in "Examination Lesson I
Physics" (402-0921-01L) is compulsory.

O  1 credit 2P M. Mohr

Abstract In the context of an examination lesson conducted and graded at a high school, the candidates provide evidence of the subject-
matter-based and didactic skills they have acquired in the course of their training.

Objective On the basis of a specified topic, the candidate shows that they are in a position
- to develop and conduct teaching that is conducive to learning at high school level, substantiating it in terms of the subject-matter and from
the didactic angle 
- to analyze the tuition they have given with regard to its strengths and weaknesses, and outline improvements.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1411 of 1785

Content Die Studierenden erfahren das Lektionsthema in der Regel eine Woche vor dem Prüfungstermin. Von der zuständigen Lehrperson erhalten
sie Informationen über den Wissensstand der zu unterrichtenden Klasse und können sie vor dem Prüfungstermin besuchen.
Sie erstellen eine Vorbereitung gemäss Anleitung und reichen sie bis am Vortag um 12 Uhr den beiden Prüfungsexperten ein.
Die gehaltene Lektion wird kriteriumsbasiert beurteilt. Die Beurteilung umfasst auch die schriftliche Vorbereitung und eine mündliche
Reflexion des Kandidaten/ der Kandidatin über die gehaltene Lektion im Rahmen eines kurzen Kolloquiums.

Lecture notes Dokument: Schriftliche Vorbereitung für Prüfungslektionen.
Prerequisites /
notice

Nach Abschluss der übrigen Ausbildung.

 Spec. Courses in Resp. Subj. w/ Educ. Focus & Further Subj. Didactics
Students who entered the teaching diploma in the spring semester 2014 or later have to pass the Internship in Physics Didactics. All other courses in
this area can be chosen individually.

Students who entered the teaching diploma before the spring semester 2014 have to do either a Mentored Work or the Internship in Physics Didactics.
Of course it is also possible to complete and count both units for the teaching diploma.

Core courses that counted towards the Bachelor or Master programme in physics or comprised additional admission requirements in subject didactics
are not eligible for the teaching diploma.

Number Title Type ECTS Hours Lecturers

402-0742-00L Energy and Environment in the 21st Century (Part II) W  6 credits 2V+1U M. Dittmar, P. Morf
Abstract Despite the widely used concepts of sustainability and sustainable 

development, one remarks the absence of a scientific 
definition. In this lecture we will discuss, based on the natural laws and the scientific method, various proposed concepts for a 
development towards sustainability.

Objective A scientifically useful definition of sustainability?
Unsustainable aspects of our lifestyle and our society? 
(unsustainable use of ressources, environmental destruction 
and climate change, mass extinctions etc)
How long can humanity continue on its current unsustainable path,
what are the possible consequences? Historical examples of society collapse. What can we learn from them.   
Existing Gedanken models/experiments (like Permaculture) promise to transform the human society into the direction of sustainability. 
If these ideas would theoretically transform our global society 
into a sustainable one, what are the large scale limitations and why 
do we not yet follow these ideas?

Content Introduction ``sustainability" (21.2.); Population Dynamik (28.2.);
finite (energy)-resources (6.3.); waste problems (13.3.);
water, soil and industrial agriculture (20.3.); biodiversity (27.3.); (un)-sustainable development (3.4./24.4./8.5); example for sustainable
systems; human nature, Ethics and earth-care(?) (15.5./22.5.) summary  (29.5.)

Lecture notes Web page:
http://ihp-lx2.ethz.ch/energy21/index.html

Literature for example:
Environmental Physics (Boeker and Grandelle)
A prosperous way down: Principles and Policies (H. Odum and E. Odum)

Prerequisites /
notice

Basic knowledge of the ``physics laws" governing todays energy
system and it use to deliver ``useful" work for our life 
(laws of energie conservation and of the 
energy transformation to do work).

Interest to learn about the problems (and possible solutions) 
related to the transition from an unsustainable use of renewable and non renewable (energy) resources to a sustainable system 
using scientific method.

402-0738-00L Statistical Methods and Analysis Techniques in
Experimental Physics

W  10 credits 5G M. Donegà, C. Grab

Abstract This lecture gives an introduction to the statistical methods and the various analysis techniques applied in experimental particle physics.
The exercises treat problems of general statistical topics; they also include hands-on analysis projects, where students perform
independent analyses on their computer, based on real data from actual particle physics experiments.

Objective Students will learn the most important statistical methods used in experimental particle physics. They will acquire the necessary skills to
analyse large data records in a statistically correct manner. Learning how to present scientific results in a professional manner and how to
discuss them.

Content Topics include:
- modern methods of statistical data analysis
- probability distributions, error analysis, simulation methos, hypothesis testing, confidence intervals, setting limits and introduction to
multivariate methods.
- most examples are taken from particle physics.

Methodology:
- lectures about the statistical topics;
- common discussions of examples;
- exercises: specific exercises to practise the topics of the lectures;
- all students perform statistical calculations on (their) computers;
- students complete a full data analysis in teams (of two) over the second half of the course, using real data taken from particle physics
experiments;
- at the end of the course, the students present their analysis results in a scientific presentation;
- all students are directly tutored by assistants in the classroom.

Lecture notes - Copies of all lectures are available on the web-site of the course.
- A scriptum of the lectures is also available to all students of the course.

Literature 1) Statistics: A guide to the use of statistical medhods in the Physical Sciences, R.J.Barlow; Wiley Verlag  . 
2) J Statistical data analysis, G. Cowan,                             Oxford University Press; ISBN: 0198501552. 
3) Statistische und numerische Methoden der Datenanalyse, V.Blobel und E.Lohrmann,  Teubner Studienbuecher Verlag.
4) Data Analysis, a Bayesian Tutorial,  D.S.Sivia with J.Skilling, 
Oxford Science Publications.

Prerequisites /
notice

Basic knowlege of nuclear and particle physics are prerequisites.
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402-0368-13L Extrasolar Planets W  6 credits 2V+1U S. P. Quanz
Abstract The course introduces in detail the observational methods for the detection and characterization of extra-solar planetary systems. It covers

the physics of planets (in the solar system and in extra-solar systems) and gives a description of planet formation and evolution models.
Objective The course gives an overview of the current state-of-the-art in exoplanet science and serves as basis for first research projects in the field

of exoplanet systems and related topics.
Content Content of the lecture EXTRASOLAR PLANETS 

1. Planets in the astrophysical context
2. Planets in the solar systems 
3. Detecting extra-solar planetary systems 
4. Properties of planetary systems and planets 
5. Planet formation
6. Search for habitable planets and bio-signatures

402-0787-00L Therapeutic Applications of Particle Physics:
Principles and Practice of Particle Therapy

W  6 credits 2V+1U A. J. Lomax

Abstract Physics and medical physics aspects of particle physics
Subjects: Physics interactions and beam characteristics; medical accelerators; beam delivery; pencil beam scanning; dosimetry and QA;
treatment planning; precision and uncertainties; in-vivo dose verification; proton therapy biology.

Objective The lecture series is focused on the physics and medical physics aspects of particle therapy. The radiotherapy of tumours using particles
(particularly protons) is a rapidly expanding discipline, with many new proton and particle therapy facilities currently being planned and built
throughout Europe.  In this lecture series, we study in detail the physics background to particle therapy, starting from the fundamental
physics interactions of particles with tissue, through to treatment delivery, treatment planning and in-vivo dose verification. The course is
aimed at students with a good physics background and an interest in the application of physics to medicine.

Prerequisites /
notice

The former title of this course was "Medical Imaging and Therapeutic Applications of Particle Physics".

402-0922-00L Mentored Work Specialised Courses in Physics with
an Educational Focus A
Mentored Work Specialised Courses in the Respective
Subject with an Educational Focus in Physics for TC and
Teaching Diploma.

W  2 credits 4A G. Schiltz, A. Vaterlaus

Abstract In the mentored work on their subject specialisation, students link high-school and university aspects of the subject, thus strengthening
their teaching competence with regard to curriculum decisions and the future development of the tuition. They compile texts under
supervision that are directly comprehensible to the targeted readers - generally specialist-subject teachers at high-school level.

Objective Practice in the explanation of complex topics in physics as the core competence of the teaching profession

Improvement of the physics education by providing attractive recent topics with regard to future curricular decisions and the public view of
physics

Content Choice of topic by individual arrangement
Lecture notes http://www.fachdidaktik.physik.ethz.ch/unterlagen.html
Prerequisites /
notice

Start anytime, in German or English

402-0923-00L Mentored Work Specialised Courses in Physics with
an Educational Focus B
Mentored Work Specialised Courses in the Respective
Subject with an Educational Focus in Physics for Teaching
Diploma and for students upgrading TC to Teaching
Diploma.

W  2 credits 4A G. Schiltz, A. Vaterlaus

Abstract In the mentored work on their subject specialisation, students link high-school and university aspects of the subject, thus strengthening
their teaching competence with regard to curriculum decisions and the future development of the tuition. They compile texts under
supervision that are directly comprehensible to the targeted readers - generally specialist-subject teachers at high-school level.

Objective Practice in the explanation of complex topics in physics as the core competence of the teaching profession

Improvement of the physics education by providing attractive recent topics with regard to future curricular decisions and the public view of
physics

Content Choice of topic by individual arrangement
Lecture notes http://www.fachdidaktik.physik.ethz.ch/unterlagen.html
Prerequisites /
notice

Start anytime, in German or English

402-0924-00L Internship Physics Didactics
Internship Physics Didactics for Teaching Diploma with
Physics as First Subject.

W  4 credits 9P M. Mohr, A. Vaterlaus

Abstract During the Internship Physics Didactics students teach 8 lessons in the classes of an internship teaching person. Students develop, test
and analyze teaching arrangement under the guidance of a mentor (one of the lecturers).

Objective Basic knowledge for the design of teaching arrangements is the topic of the Physics Didactics I and II courses. In the subsequent
Internship Physics Didactics students combine the theoretical knowledge acquired in the didactics courses with practical aspects of
teaching. During the internship students learn to transform their teaching goals into a real live class room setting considering subject
specific, didactical and pedagogical aspects.

Content Das Fachdidaktikpraktikum bietet den Studierenden eine Möglichkeit, Lernumgebungen wirksam zu gestalten und ihr methodisches
Repertoire gezielt zu erweitern. In Absprache mit der Praktikumslehrperson und dem Mentor werden die Aufträge für die Gestaltung der
Arrangements formuliert. Die schriftlichen Ausarbeitungen und die Reflexionen über die Lektionen sind Bestandteil des Portfolios, welches
die Studierenden für diese Veranstaltung anlegen. Zu den Lektionen führt die Praktikumslehrperson Vor- und Nachbesprechungen durch.

Lecture notes Wird vom Mentor bestimmt.
Prerequisites /
notice

Das Fachdidaktikpraktikum kann erst nach dem Besuch der FD1 und frühestens mit der FD2 durchgeführt werden (eine gleichzeitige
Belegung von Fachdidaktik 2 und Fachdidaktikpraktikum ist möglich).

402-0266-00L Introduction to Nuclear and Particle Physics W  10 credits 3V+2U C. Grab
Abstract Introduction to the concepts of nuclear and particle physics.
Objective Introduction to the concepts of nuclear and particle physics.

Discussion of new theoretical concepts and important experiments, which
brought about major breakthroughs in our understanding of the underlying physics.
Applications of nuclear and particle physics.
Links between particle physics and cosmology.
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Content - Building blocks of matter (quarks and leptons) and their interactions (QED, QCD, weak interaction)
- The Standard Model of particle physics und open fundamental questions
- Bound systems (nuclear forces, structure of nuclei, stability)
- Applications of nuclear and particle physics (nuclear fusion and fission)
- Nuclear physics, particle physics and cosmology

Lecture notes More information and additional material concerning lecture and excersises are collected at Moodle, link to be published.
Literature - Povh et al.: Teilchen und Kerne, Springer Verlag 2009

- Henley, Garcia: Subatomic Physics, World Scientific 2007
- Griffith: Introduction to Elementary Particles, Wiley VCH 2008
- Demtroeder: Experimentalphysik IV: Kern- Teilchen- und Astrophysik, Springer Verlag, 2009

See the web site for more suggestions

402-0275-00L Quantum Electronics W  10 credits 3V+2U S. Johnson
Abstract Classical and semi-classical introduction to Quantum Electronics. Mandatory for further elective courses in Quantum Electronics. The field

of Quantum Electronics describes propagation of light and its interaction with matter. The emphasis is set on linear pulse and beam
propagation in dispersive media, optical anisotropic materials, and waveguides and lasers.

Objective Teach the fundamental building blocks of Quantum Electronics.  After taking this course students will be able to describe light propagation
in dispersive and nonlinear media, as well as the operation of polarization optics and lasers.

Content Propagation of light in dispersive media
Light propagation through interfaces
Interference and coherence
Interferometry
Fourier Optics
Beam propagation
Optical resonators
Laser fundamentals
Polarization optics
Waveguides
Nonlinear optics

Lecture notes Scripts will be distributed in class (online) via moodle
Literature Reference:

Saleh, B.E.A.,  Teich, M.C.; Fundamentals of Photonics, John Wiley & Sons, Inc., newest edition
Prerequisites /
notice

Mandatory lecture for physics students

Prerequisites (minimal): vector analysis, differential equations, Fourier transformation

402-0368-61L The Sun, Stars and Planets - Properties, Processes
and Interactions
Does not take place this semester.

W  4 credits 1G L. Harra, S. P. Quanz

Abstract The physics of solar flares, coronal mass ejections and the solar wind will be described. A discussion of the similarities and differences to
stellar flares and coronal mass ejections will follow. An introduction to the detection and characterization of extrasolar planets, the impact of
stellar phenomena on exoplanets and in particular on their potential habitability will be given.

Objective The main goal of the course is to give the students an overview of physical phenomena that lead to impacts on the Earth, planets and
exoplanets. The areas described are at the forefront of scientific research internationally, and touch on significant questions such as ‘is
there life on other planets’.  These topics will be of interest to students studying astrophysics, earth science and planetary sciences.

 Compulsory Elective Courses
Further course offerings from the category Educational Science are listed under "Programme: Educational Science for Teaching Diploma and TC".

Number Title Type ECTS Hours Lecturers

402-0742-00L Energy and Environment in the 21st Century (Part II) W  6 credits 2V+1U M. Dittmar, P. Morf
Abstract Despite the widely used concepts of sustainability and sustainable 

development, one remarks the absence of a scientific 
definition. In this lecture we will discuss, based on the natural laws and the scientific method, various proposed concepts for a 
development towards sustainability.

Objective A scientifically useful definition of sustainability?
Unsustainable aspects of our lifestyle and our society? 
(unsustainable use of ressources, environmental destruction 
and climate change, mass extinctions etc)
How long can humanity continue on its current unsustainable path,
what are the possible consequences? Historical examples of society collapse. What can we learn from them.   
Existing Gedanken models/experiments (like Permaculture) promise to transform the human society into the direction of sustainability. 
If these ideas would theoretically transform our global society 
into a sustainable one, what are the large scale limitations and why 
do we not yet follow these ideas?

Content Introduction ``sustainability" (21.2.); Population Dynamik (28.2.);
finite (energy)-resources (6.3.); waste problems (13.3.);
water, soil and industrial agriculture (20.3.); biodiversity (27.3.); (un)-sustainable development (3.4./24.4./8.5); example for sustainable
systems; human nature, Ethics and earth-care(?) (15.5./22.5.) summary  (29.5.)

Lecture notes Web page:
http://ihp-lx2.ethz.ch/energy21/index.html

Literature for example:
Environmental Physics (Boeker and Grandelle)
A prosperous way down: Principles and Policies (H. Odum and E. Odum)

Prerequisites /
notice

Basic knowledge of the ``physics laws" governing todays energy
system and it use to deliver ``useful" work for our life 
(laws of energie conservation and of the 
energy transformation to do work).

Interest to learn about the problems (and possible solutions) 
related to the transition from an unsustainable use of renewable and non renewable (energy) resources to a sustainable system 
using scientific method.

402-0738-00L Statistical Methods and Analysis Techniques in
Experimental Physics

W  10 credits 5G M. Donegà, C. Grab
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Abstract This lecture gives an introduction to the statistical methods and the various analysis techniques applied in experimental particle physics.
The exercises treat problems of general statistical topics; they also include hands-on analysis projects, where students perform
independent analyses on their computer, based on real data from actual particle physics experiments.

Objective Students will learn the most important statistical methods used in experimental particle physics. They will acquire the necessary skills to
analyse large data records in a statistically correct manner. Learning how to present scientific results in a professional manner and how to
discuss them.

Content Topics include:
- modern methods of statistical data analysis
- probability distributions, error analysis, simulation methos, hypothesis testing, confidence intervals, setting limits and introduction to
multivariate methods.
- most examples are taken from particle physics.

Methodology:
- lectures about the statistical topics;
- common discussions of examples;
- exercises: specific exercises to practise the topics of the lectures;
- all students perform statistical calculations on (their) computers;
- students complete a full data analysis in teams (of two) over the second half of the course, using real data taken from particle physics
experiments;
- at the end of the course, the students present their analysis results in a scientific presentation;
- all students are directly tutored by assistants in the classroom.

Lecture notes - Copies of all lectures are available on the web-site of the course.
- A scriptum of the lectures is also available to all students of the course.

Literature 1) Statistics: A guide to the use of statistical medhods in the Physical Sciences, R.J.Barlow; Wiley Verlag  . 
2) J Statistical data analysis, G. Cowan,                             Oxford University Press; ISBN: 0198501552. 
3) Statistische und numerische Methoden der Datenanalyse, V.Blobel und E.Lohrmann,  Teubner Studienbuecher Verlag.
4) Data Analysis, a Bayesian Tutorial,  D.S.Sivia with J.Skilling, 
Oxford Science Publications.

Prerequisites /
notice

Basic knowlege of nuclear and particle physics are prerequisites.

402-0368-13L Extrasolar Planets W  6 credits 2V+1U S. P. Quanz
Abstract The course introduces in detail the observational methods for the detection and characterization of extra-solar planetary systems. It covers

the physics of planets (in the solar system and in extra-solar systems) and gives a description of planet formation and evolution models.
Objective The course gives an overview of the current state-of-the-art in exoplanet science and serves as basis for first research projects in the field

of exoplanet systems and related topics.
Content Content of the lecture EXTRASOLAR PLANETS 

1. Planets in the astrophysical context
2. Planets in the solar systems 
3. Detecting extra-solar planetary systems 
4. Properties of planetary systems and planets 
5. Planet formation
6. Search for habitable planets and bio-signatures

402-0787-00L Therapeutic Applications of Particle Physics:
Principles and Practice of Particle Therapy

W  6 credits 2V+1U A. J. Lomax

Abstract Physics and medical physics aspects of particle physics
Subjects: Physics interactions and beam characteristics; medical accelerators; beam delivery; pencil beam scanning; dosimetry and QA;
treatment planning; precision and uncertainties; in-vivo dose verification; proton therapy biology.

Objective The lecture series is focused on the physics and medical physics aspects of particle therapy. The radiotherapy of tumours using particles
(particularly protons) is a rapidly expanding discipline, with many new proton and particle therapy facilities currently being planned and built
throughout Europe.  In this lecture series, we study in detail the physics background to particle therapy, starting from the fundamental
physics interactions of particles with tissue, through to treatment delivery, treatment planning and in-vivo dose verification. The course is
aimed at students with a good physics background and an interest in the application of physics to medicine.

Prerequisites /
notice

The former title of this course was "Medical Imaging and Therapeutic Applications of Particle Physics".

see Compulsory Elective Courses Teaching Diploma

402-0368-61L The Sun, Stars and Planets - Properties, Processes
and Interactions
Does not take place this semester.

W  4 credits 1G L. Harra, S. P. Quanz

Abstract The physics of solar flares, coronal mass ejections and the solar wind will be described. A discussion of the similarities and differences to
stellar flares and coronal mass ejections will follow. An introduction to the detection and characterization of extrasolar planets, the impact of
stellar phenomena on exoplanets and in particular on their potential habitability will be given.

Objective The main goal of the course is to give the students an overview of physical phenomena that lead to impacts on the Earth, planets and
exoplanets. The areas described are at the forefront of scientific research internationally, and touch on significant questions such as ‘is
there life on other planets’.  These topics will be of interest to students studying astrophysics, earth science and planetary sciences.

Physics Teaching Diploma - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Physics Master
 Core Courses

One Core Course in Experimental or Theoretical Physics from Physics Bachelor is eligible; however, this Core Course from Physics Bachelor cannot be
used to compensate for the mandatory Core Course in Experimental or Theoretical Physics.
For the category assignment keep the choice "no category" and take contact with the Study Administration (www.phys.ethz.ch/studies/study-
administration.html) after having received the credits.

 Core Courses: Theoretical Physics
Number Title Type ECTS Hours Lecturers

402-0871-00L Solid State Theory
UZH students are not allowed to register this course unit
at ETH. They must book the corresponding module
directly at UZH.

W 10 credits 4V+1U M. Sigrist

Abstract The course is addressed to students in experimental and theoretical condensed matter physics and provides a theoretical introduction to a
variety of important concepts used in this field.

Objective The course provides a theoretical frame for the understanding of basic pinciples in solid state physics. Such a frame includes the topics of
symmetries, band structures, many body interactions, Landau Fermi-liquid theory, and specific topics such as transport, Quantum Hall
effect and magnetism. The exercises illustrate the various themes in the lecture and help to develop problem-solving skills. The student
understands basic concepts in solid state physics and is able to solve simple problems. No diagrammatic tools will be used.

Content The course is addressed to students in experimental and theoretical condensed matter physics and provides a theoretical introduction to a
variety of important concepts used in this field. The following subjects will be covered: Symmetries and their handling via group theoretical
concepts, electronic structure in crystals, insulators-semiconductors-metals, phonons, interaction effects, (un-)screened Fermi-liquids,
linear response theory, collective modes, screening, transport in semiconductors and metals, magnetism, Mott-insulators, quantum-Hall
effect.

Lecture notes in English

402-0844-00L Quantum Field Theory II
UZH students are not allowed to register this course unit
at ETH. They must book the corresponding module
directly at UZH.

W  10 credits 3V+2U G. Isidori

Abstract The subject of the course is modern applications of quantum field theory with emphasis on the quantization of non-abelian gauge theories.
Objective The goal of this course is to lay down the path integral formulation of quantum field theories and in particular to provide a solid basis for the

study of non-abelian gauge theories and of the Standard Model
Content The following topics will be covered:

- path integral quantization
- non-abelian gauge theories and their quantization
- systematics of renormalization, including BRST symmetries,
  Slavnov-Taylor Identities and the Callan Symanzik equation 
- the Goldstone theorem and the Higgs mechanism
- gauge theories with spontaneous symmetry breaking and
  their quantization
- renormalization of spontaneously broken gauge theories and 
  quantum effective actions

Literature M.E. Peskin and D.V. Schroeder, "An introduction to Quantum Field Theory", Perseus (1995).
S. Pokorski, "Gauge Field Theories" (2nd Edition), Cambridge Univ. Press (2000)
P. Ramond, "Field Theory: A Modern Primer" (2nd Edition), Westview Press (1990)
S. Weinberg, "The Quantum Theory of Fields" (Volume 2), CUP (1996).

402-0394-00L Theoretical Cosmology
UZH students are not allowed to register this course unit
at ETH. They must book the corresponding module
directly at UZH.

W  10 credits 4V+2U L. M. Mayer, J. Yoo

Abstract This is the second of a two course series which starts with "General Relativity" and continues in the spring with "Theoretical Astrophysics
and Cosmology", where the focus will be on applying general relativity to cosmology as well as developing the modern theory of structure
formation in a cold dark matter Universe.

Objective Learning the fundamentals of modern physical cosmology. This
entails understanding the physical principles behind the description
of the homogeneous Universe on large scales in the first part of the
course, and moving on to the inhomogeneous Universe model where
perturbation theory is used to study the development of structure
through gravitational instability in the second part of the course.
Modern notions of dark matter and dark energy will also be introduced and discussed.

Content The course will cover the following topics:
- Homogeneous cosmology
- Thermal history of the universe, recombination, baryogenesis and nucleosynthesis
- Dark matter and Dark Energy
- Inflation
- Perturbation theory: Relativistic and Newtonian
- Model of structure formation and initial conditions from Inflation
- Cosmic microwave background anisotropies
- Spherical collapse and galaxy formation
- Large scale structure and cosmological probes

Literature Suggested textbooks:
H.Mo, F. Van den Bosch, S. White: Galaxy Formation and Evolution
S. Carroll: Space-Time and Geometry: An Introduction to General Relativity
S. Dodelson: Modern Cosmology
Secondary textbooks: 
S. Weinberg: Gravitation and Cosmology
V. Mukhanov: Physical Foundations of Cosmology
E. W. Kolb and M. S. Turner: The Early Universe
N. Straumann: General relativity with applications to astrophysics
A. Liddle and D. Lyth: Cosmological Inflation and Large Scale Structure

Prerequisites /
notice

Knowledge of General Relativity is recommended.
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 Core Courses: Experimental Physics
Number Title Type ECTS Hours Lecturers

402-0448-01L Quantum Information Processing I: Concepts
This theory part QIP I together with the experimental part
402-0448-02L QIP II (both offered in the Spring Semester)
combine to the core course in experimental physics
"Quantum Information Processing" (totally 10 ECTS
credits). This applies to the Master's degree programme in
Physics.

W  5 credits 2V+1U P. Kammerlander

Abstract The course will cover the key concepts and ideas of quantum information processing, including descriptions of quantum algorithms which
give the quantum computer the power to compute problems outside the reach of any classical supercomputer. 
Key concepts such as quantum error correction will be described. These ideas provide fundamental insights into the nature of quantum
states and measurement.

Objective We aim to provide an overview of the central concepts in Quantum Information Processing, including insights into the advantages to be
gained from using quantum mechanics and the range of techniques based on quantum error correction which enable the elimination of
noise.

Content The topics covered in the course will include quantum circuits, gate decomposition and universal sets of gates, efficiency of quantum
circuits, quantum algorithms (Shor, Grover, Deutsch-Josza,..), error correction, fault-tolerant design, entanglement, teleportation and dense
conding, teleportation of gates, and cryptography.

Lecture notes More details to follow.
Literature Quantum Computation and Quantum Information

Michael Nielsen and Isaac Chuang
Cambridge University Press

Prerequisites /
notice

Basic knowledge in the formalism of quantum states, unitary evolution and quantum measurement is recommended.

402-0448-02L Quantum Information Processing II: Implementations
This experimental part QIP II together with the theory part
402-0448-01L QIP I (both offered in the Spring Semester)
combine to the core course in experimental physics
"Quantum Information Processing" (totally 10 ECTS
credits). This applies to the Master's degree programme in
Physics.

W  5 credits 2V+1U J. Home

Abstract Introduction to experimental systems for quantum information processing (QIP). Quantum bits. Coherent Control. Measurement.
Decoherence. Microscopic and macroscopic quantum systems. Nuclear magnetic resonance (NMR). Photons. Ions and neutral atoms in
electromagnetic traps. Charges and spins in quantum dots and NV centers. Charges and flux quanta in superconducting circuits. Novel
hybrid systems.

Objective Throughout the past 20 years the realm of quantum physics has entered the domain of information technology in more and more prominent
ways. Enormous progress in the physical sciences and in engineering and technology has allowed us to build novel types of information
processors based on the concepts of quantum physics. In these processors information is stored in the quantum state of physical systems
forming quantum bits (qubits). The interaction between qubits is controlled and the resulting states are read out on the level of single
quanta in order to process information. Realizing such challenging tasks is believed to allow constructing an information processor much
more powerful than a classical computer. This task is taken on by academic labs, startups and major industry. The aim of this class is to
give a thorough introduction to physical implementations pursued in current research for realizing quantum information processors. The
field of quantum information science is one of the fastest growing and most active domains of research in modern physics.

Content Introduction to experimental systems for quantum information processing (QIP). 
- Quantum bits
- Coherent Control
- Measurement
- Decoherence
QIP with
- Ions
- Superconducting Circuits
- Photons
- NMR
- Rydberg atoms
- NV-centers
- Quantum dots

Lecture notes Course material be made available at www.qudev.ethz.ch and on the Moodle platform for the course. More details to follow.
Literature Quantum Computation and Quantum Information

Michael Nielsen and Isaac Chuang
Cambridge University Press

Prerequisites /
notice

The class will be taught in English language.

Basic knowledge of concepts of quantum physics and quantum systems, e.g from courses such as Phyiscs III, Quantum Mechanics I and II
or courses on topics such as atomic physics, solid state physics, quantum electronics are considered helpful.

More information on this class can be found on the web site www.qudev.ethz.ch

402-0702-00L Phenomenology of Particle Physics II W  10 credits 3V+2U A. Rubbia, P. Crivelli
Abstract In PPP II the standard model of particle physics will be developed from the point of view of gauge invariance. The example of QED will

introduce the essential concepts. Then we will treat both strong and electroweak interactions. Important examples like deep inelastic
lepton-hadron scattering, e+e- -> fermion antifermion, and weak particle decays will be calculated in detail.

402-0264-00L Astrophysics II W  10 credits 3V+2U A. Refregier
Abstract The course examines various topics in astrophysics with an emphasis on physical processes occurring in an expanding Universe, from a

time about 1 microsecond after the Big Bang, to the formation of galaxies and supermassive black holes within the next billion years.
Objective The course examines various topics in astrophysics with an emphasis on physical processes occurring in an expanding Universe.  These

include the Robertson-Walker metric, the Friedmann models, the thermal history of the Universe including Big Bang Nucleosynthesis,  and
introduction to Inflation, and the growth of structure through gravitational instability. Finally, the physics of the formation of cosmic
structures, dark matter halos and galaxies is reviewed.

Prerequisites /
notice

Prior completion of Astrophysics I is recommended but not required.

402-0265-00L Astrophysics III W  10 credits 3V+2U H. M. Schmid
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Abstract Astrophysics III is a course in Galactic Astrophysics. It introduces the concepts of stellar populations, stellar dynamics, interstellar medium
(ISM), and star formation for understanding the physics and phenomenology of the different components of the Milky Way galaxy.

Objective The course should provide basic knowledge for research projects in the field of star formation and interstellar matter. A strong emphasis is
put on radiation processes and the determination of physical parameters from observations.

Content Astrophysics III: Galactic Astrophysics

- components of the Milky Way: stars, ISM, dark matter, 
- dynamics of the Milky Way and of different subcomponents, 
- the physics of the interstellar medium, 
- star formation and feedback, and 
- the Milky Way origin and evolution.

Lecture notes A lecture script will be distributed.
Prerequisites /
notice

Astrophysics I is recommended but not required.

 Electives
 Electives: Physics and Mathematics

 Selection: Solid State Physics
Number Title Type ECTS Hours Lecturers

402-0516-10L Group Theory and its Applications W  12 credits 3V+3U D. Pescia
Abstract This lecture introduces the fundamental concepts of group theory and its applications to general quantum mechanical and solid state

physics problems.  Symmetry is at the roots of quantum mechanics: this lecture is also a tutorial for students that would like to understand
the practical side of the (often difficult) mathematical exposition of regular courses on quantum mechanics.

Objective The aim of this lecture is to give a fundamental knowledge on the application of symmetry in atoms, molecules and  solids. The lecture is
intended for students at the master and Phd. level in Physics that would like to have a practical and comprehensive view of the role of
symmetry in physics. Students in their third year of Bachelor will be perfectly able to follow the lecture and can use it for their future master
curriculuum.  Students from other Departement are welcome, as the lecture is designed to be (almost) self-contained. As symmetry is
omnipresent in science and in particular quantum mechanics, this lecture is also a tutorial on quantum mechanics for students that would
like to understand what is behind the often difficult mathematical exposition of regular courses on quantum mechanics.

Content 1. Abstract Group Theory and representation theory of groups 
(Fundamentals of groups, Groups and geometry, Point and space groups, Representation theory of groups (H. Weyl, 1885-1955),
Reducible and irreducible representations , Properties of irreducible representations, Characters of a representation and theorems
involving them, Symmetry adapted vectors)

2.  Group theory and eigenvalue problems (General introduction and practical examples)  

3. Representations of continuous groups (the circle group, The full rotation group, atomic physics, the translation group and the
Schrödinger representation of quantum mechanics, Cristal field splitting, The Peter-Weyl theorem, The Stone-von Neumann theorem, The
Harisch-Chandra character)

4. Space groups and their representations (Elements of crystallography, irreducible representations of the space groups, Non-symmorphic
space groups)

5. Kronecker (tensor) products (of vectors, of matrices, of groups, of representations) 

6.  Applications of tensor products (An introduction to the universal covering group, The universal covering group of SO3,  SU(2), how to
deal with the  spin of the electron, Clebsch-Gordan coefficients, Double point groups, The Clebsch-Gordan coefficients for point groups,
The Wigner-Eckart-Koster theorem and its applications)

7. (tentative)  The application of symmetry to phase transitions (Landau).

Lecture notes A manuscript is made available.
Literature -B.L. van der Waerden, Group Theory and Quantum Mechanics, Springer Verlag. ("Old" but still modern).

- L.D. Landau, E.M. Lifshitz, Lehrbuch der Theor. Pyhsik, Band III, "Quantenmechanik", Akademie-Verlag Berlin, 1979, Kap. XII and  
Ibidem, Band V, "Statistische Physik", Teil 1, Akademie-Verlag 1987, Kap. XIII and XIV. (Very concise and practical)
-A. Fässler, E. Stiefel, Group Theoretical Methods and Their applications, Birkhäuser. (A classical book on practical group theory, from a
strong ETHZ school).
- C. Isham, Lectures on group and vector spaces for physicists, World Scientific. (More mathematical but very didactical)

402-0536-00L Ferromagnetism: From Thin Films to Spintronics W  6 credits 3G R. Allenspach
Abstract This course extends the introductory course "Introduction to Magnetism" to the latest, modern topics in research in magnetism and

spintronics. 
After a short revisit of the basic magnetism concepts, emphasis is put on novel phenomena in (ultra)thin films and small magnetic
structures, displaying effects not encountered in bulk magnetism.

Objective Knowing the most important concepts and applications of ferromagnetism, in particular on the nanoscale (thin films, small structures).
Being able to read and understand scientific articles at the front of research in this area. Learn to know how and why magnetic storage,
sensors, memories and logic concepts function. Learn to condense and present the results of a research articles so that colleagues
understand.

Content Magnetization curves, magnetic domains, magnetic anisotropy; novel effects in ultrathin magnetic films and multilayers: interlayer
exchange, spin transport; magnetization dynamics, spin precession. 
Applications: Magnetic data storage, magnetic memories, spin-based electronics, also called spintronics.

Lecture notes Lecture notes will be handed out (in English).
Prerequisites /
notice

This course can be easily followed with having attended the  "Introduction to Magnetism" course before, but also without.
Language: English.

402-0318-00L Semiconductor Materials: Characterization,
Processing and Devices

W  6 credits 2V+1U S. Schön, W. Wegscheider

Abstract This course gives an introduction into the fundamentals of semiconductor materials. The main focus in this semester is on state-of-the-art
characterization, semiconductor processing and devices.

Objective Basic knowledge of semiconductor physics and technology. Application of this knowledge for state-of-the-art semiconductor device
processing

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1419 of 1785

Content 1. Material characterization: structural and chemical methods
1.1 X-ray diffraction methods (Powder diffraction, HRXRD, XRR, RSM)
1.2 Electron microscopy Methods (SEM, EDX, TEM, STEM, EELS)
1.3 SIMS, RBS
2. Material characterization: electronic methods
2.1 van der Pauw techniquel2.2 Floating zone method
2.2 Hall effect
2.3 Cyclotron resonance spectroscopy
2.4. Quantum Hall effect
3. Material characterization: Optical methods
3.1 Absorption methods
3.2 Photoluminescence methods
3.3 FTIR, Raman spectroscopy
4. Semiconductor processing: lithography
4.1 Optical lithography methods
4.2 Electron beam lithography
4.3 FIB lithography
4.4 Scanning probe lithography
4.5 Direct growth methods (CEO, Nanowires)
5. Semiconductor processing: structuring of layers and devices
5.1 Wet etching methods
5.2 Dry etching methods (RIE, ICP, ion milling)
5.3 Physical vapor depositon methods (thermal, e-beam, sputtering)
5.4 Chemical vapor Deposition methods (PECVD, LPCVD, ALD)
5.5 Cleanroom basics & tour
6. Semiconductor devices
6.1 Semiconductor lasers
6.2 LED & detectors
6.3 Solar cells
6.4 Transistors (FET, HBT, HEMT)

Lecture notes https://moodle-app2.let.ethz.ch/course/view.php?id=12230
Prerequisites /
notice

The "compulsory performance element" of this lecture is a short presentation of a research paper complementing the lecture topics.
Several topics and corresponding papers will be offered on the moodle page of this lecture.

402-0538-16L Introduction to Magnetic Resonance for Physicists
Does not take place this semester.

W  6 credits 2V+1U C. Degen

Abstract This course provides the fundamental principles of magnetic resonance and discusses its applications in physics and other disciplines.
Objective Magnetic resonance is a textbook example of quantum mechanics that has made its way into numerous applications. It describes the

response of nuclear and electronic spins to radio-frequency magnetic fields. The aim of this course is to provide the basic concepts of
magnetic resonance while making connections of relevancy to other areas of science.
After completing this course, students will understand the basic interactions of spins and how they are manipulated and detected. They will
be able to calculate and simulate the quantum dynamics of spin systems. Examples of current-day applications in solid state physics,
quantum information, magnetic resonance tomography, and biomolecular structure determination will also be integrated.

Content Fundamentals and Applications of Magnetic Resonance
- Historical Perspective
- Bloch Equations
- Quantum Picture of Magnetic Resonance
- Spin Hamiltonian
- Pulsed Magnetic Resonance
- Spin Relaxation
- Electron Paramagnetic Resonance and Ferromagnetic Resonance
- Signal Detection
- Modern Topics and Applications of Magnetic Resonance

Lecture notes Class Notes and Handouts
Literature 1) Charles Slichter, "Principles of Magnetic Resonance"

2) Anatole Abragam, "The Principles of Nuclear Magnetism"
Prerequisites /
notice

Basic knowledge of quantum mechanics is not formally required but highly advantageous.

402-0596-00L Electronic Transport in Nanostructures W  6 credits 2V+1U T. M. Ihn
Abstract The lecture discusses modern topics in quantum transport through nanostructures including the underlying materials. Topics are: the

quantum Hall effects with emphasis on the fractional quantum Hall effect, two-dimensional topological insulators, graphene and other 2D
layered materials, quantum interferometers, quantum dot qubits for quantum information processing, decoherence of quantum states

Objective Students are able to understand modern experiments in the field of electronic transport in nanostructures. They can critically reflect
published research in this field and explain it to an audience of physicists. Students know and understand the fundamental phenomena of
electron transport in the quantum regime and their significance. They are able to apply their knowledge to practical experiments in a
modern research lab.

Lecture notes The lecture is based on the book:
T. Ihn, Semiconductor Nanostructures: Quantum States and Electronic Transport, ISBN 978-0-19-953442-5, Oxford University Press,
2010.

Prerequisites /
notice

A solid basis in quantum mechanics, electrostatics, quantum statistics and in solid state physics is required. Having passed the lecture
Semiconductor Nanostructures (fall semester) may be advantageous, but is not required.

Students of the Master in Micro- and Nanosystems should at least have attended the lecture by David Norris, Introduction to quantum
mechanics for engineers. They should also have passed the exam of the lecture Semiconductor Nanostructures.

402-0564-00L Solid State Optics
Does not take place this semester.

W  6 credits 2V+1U L. Degiorgi

Abstract The interaction of light with the condensed matter is the basic idea and principal foundation of several experimental spectroscopic methods.
This lecture is devoted to the presentation of those experimental methods and techniques, which allow the study of the electrodynamic
response of solids.  I will also discuss recent experimental results on materials of high interest in the on-going solid-stat

Objective The lecture will give a basic introduction to optical spectroscopic methods in solid state physics.
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Content Chapter 1
Maxwell equations and interaction of light with the medium
Chapter 2
Experimental methods: a survey
Chapter 3
Kramers-Kronig relations; optical functions
Chapter 4
Drude-Lorentz phenomenological method
Chapter 5
Electronic interband transitions and band structure effects
Chapter 6
Selected examples: strongly correlated systems and superconductors

Lecture notes manuscript (in english) is provided.
Literature F. Wooten, in Optical Properties of Solids, (Academic Press, New York, 1972) and 

M. Dressel and G. Gruener, in Electrodynamics of Solids, (Cambridge University Press, 2002).
Prerequisites /
notice

Exercises will be proposed every week for one hour. There will be also the possibility to prepare a short presentations based on recent
scientific literature (more at the beginning of the lecture).

402-0528-12L Ultrafast Methods in Solid State Physics W  6 credits 2V+1U S. Johnson, M. Savoini
Abstract This course provides an overview of experimental methods and techniques used to study dynamical processes in solids. Many processes

in solids happen on a picosecond to femtosecond time scale. In this course we discuss different methods to generate femtosecond photon
pulses and measurement techniques adapted to time resolved experiments.

Objective The goal of the course is to enable students to identify and evaluate experimental methods to manipulate and measure the electronic,
magnetic and structural properties of solids on the fastest possible time scales.  These "ultrafast methods" potentially lead both to an
improved understanding of fundamental interactions in condensed matter and to applications in data storage, materials processing and
computing.

Content The topical course outline is as follows:

0. Introduction
Time scales in solids and technology
Time vs. frequency domain experiments
Pump-Probe technique

1. Ultrafast processes in solids, an overview
Electron gas
Lattice
Spin system

2. Ultrafast optical-frequency methods
Ultrafast laser sources
Broadband techniques
Harmonic generation, optical parametric amplification
Fluorescence
Advanced pump-probe techniques

3. THz-frequency methods
Mid-IR and THz interactions with solids
Difference frequency mixing
Optical rectification 

4. Ultrafast VUV and x-ray frequency methods
Synchrotron based sources
Free electron lasers
Higher harmonic generation based sources
X-ray diffraction
Time resolved X-ray microscopy
Coherent imaging

5. Electron spectroscopy in the time domain

Lecture notes Will be distributed.
Literature Will be distributed.
Prerequisites /
notice

Although the course "Ultrafast Processes in Solids" (402-0526-00L) is useful as a companion to this course, it is not a prerequisite.

402-0532-00L Quantum Solid State Magnetism W  6 credits 2V+1U K. Povarov
Abstract This course is based on  the principal modern tools used to study collective magnetic phenomena in the Solid State, namely correlation and

response functions. It is quite quantitative, but doesn't contain any "fancy" mathematics. Instead, the theoretical aspects are balanced by
numerous experimental examples and case studies. It is aimed at theorists and experimentalists alike.

Objective Learn the modern theoretical foundations and "language", as well as principles and capabilities of the latest experimental techniques, used
to describe and study collective magnetic phenomena in the Solid State.

Content - Magnetic response and correlation functions. Analytic properties. Fluctuation-dissipation theorem. Experimental methods to measure
static and dynamic correlations.

- Magnetic response and correlations in metals. Diamagnetism and paramagnetism. Magnetic ground states: ferromagnetism, spin density
waves. Excitations in metals, spin waves. Experimental examples.

- Magnetic response and correlations of magnetic ions in crystals: quantum numbers and effective Hamiltonians. Application of group
theory to classifying ionic states. Experimental case studies.

-  Magnetic response and correlations in magnetic insulators. Effective Hamiltonians. Magnetic order and propagation vector formalism.
The use of group theory to classify magnetic structures.  Determination of magnetic structures from diffraction data. Excitations: spin wave
theory and beyond. "Triplons". Measuring spin wave spectra.

Lecture notes A comprehensive textbook-like script is provided.
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Literature In principle, the script is suffient as study material. Additional reading:

-"Magnetism in Condensed Matter" by S. Blundell
-"Quantum Theory of Magnetism: Magnetic properties of Materials" by R. M. White 
-"Lecture notes on Electron Correlations and Magnetism" by P. Fazekas

Prerequisites /
notice

Prerequisite:
402-0861-00L    Statistical Physics
402-0501-00L    Solid State Physics

Not prerequisite, but a good companion course:
402-0871-00L    Solid State Theory
402-0257-00L    Advanced Solid State Physics
402-0535-00L    Introduction to Magnetism

327-2130-00L Introducing Photons, Neutrons and Muons for
Materials Characterisation
Does not take place this semester.

W  2 credits 3G L. Heyderman

Abstract The course takes place at the campus of the Paul Scherrer Institute. The program consists of introductory lectures on the use of photons,
neutrons and muons for materials characterization, as well as tours of the large scale facilities of PSI.

Objective The aim of the course is that the students acquire a basic understanding on the interaction of photons, neutrons and muons with matter
and how one can use these as tools to solve specific problems. 

Content The course runs for one week in June (15th to 19th). It takes place at the campus of the Paul Scherrer Institute. The morning consists of
introductory lectures on the use of photons, neutrons and muons for materials characterization. In the afternoon tours of the large scale
facilities of PSI (Swiss Light Source, Swiss Spallation Neutron Source, Swiss Muon Source, Swiss Free Electron Laser), are foreseen, as
well as in depth visits to some of the instruments. At the end of the week, the students are required to give an oral presentation about a
scientific topic involving the techniques discussed. Time for the presentation preparations will be allocated in the afternoon.
•Interaction of photons, neutrons and muons with matter 
• Production of photons, neutrons and muons 
• Experimental setups: optics and detectors
• Crystal symmetry, Bragg’s law, reciprocal lattice, structure factors
• Elastic and inelastic scattering with neutrons and photons
• X-ray absorption spectroscopy, x-ray magnetic circular dichroism
• Polarized neutron scattering for the study of magnetic materials
• Imaging techniques using x-rays and neutrons
• Introduction to muon spin rotation
• Applications of muon spin rotation

Lecture notes Slides from the lectures will be available on the internet prior to the lectures.
Literature •    Philip Willmott: An Introduction to Synchrotron Radiation: Techniques and Applications, Wiley, 2011

• J. Als-Nielsen and D. McMorrow: Elements of Modern X-Ray Physics, Wiley, 2011.
• G.L. Squires, Introduction to the Theory of Thermal Neutron Scattering, Dover Publications (1997). 
• Muon Spin Rotation, Relaxation, and Resonance, Applications to Condensed Matter"
Alain Yaouanc and Pierre Dalmas de Réotier, Oxford University Press, ISBN: 9780199596478 
• “Physics with Muons: from Atomic Physics to Condensed Matter Physics”, A. Amato
https://www.psi.ch/lmu/EducationLecturesEN/A_Amato_05_06_2018.pdf 

Prerequisites /
notice

This is a block course for students who have attended courses on condensed matter or materials physics. Registration at PSI website
required by March 17th, 2020.

402-0533-00L Quantum Acoustics and Optomechanics W  6 credits 2V+1U Y. Chu
Abstract This course gives an introduction to the interaction of mechanical motion with electromagnetic fields in the quantum regime. There are

parallels between the quantum descriptions of mechanical resonators, electrical circuits, and light, but each system also has its own unique
properties. We will explore how interfacing them can be useful for technological applications and fundamental science.

Objective The goal of this course is provide the introductory knowledge necessary to understand current research in quantum acoustics and
optomechanics. As part of this goal, we will also cover some related aspects of acoustics, quantum optics, and circuit/cavity quantum
electrodynamics.

Content The focus of this course will be on the properties of and interactions between mechanical and electromagnetic systems in the context of
quantum information and technologies. We will only briefly touch upon precision measurement and sensing with optomechanics since it is
the topic of another course (227-0653-00L). Some topics that will be covered are:
- Mechanical motion and acoustics in solid state materials
- Quantum description of motion, electrical circuits, and light.
- Different models for quantum interactions: optomechanical, Jaynes-Cummings, etc.
- Mechanisms for mechanical coupling to electromagnetic fields: piezoelectricity, electrostriction, radiation pressure, etc.
- Coherent interactions vs. dissipative processes: phenomenon and applications in different regimes.
- State-of the art electromechanical and optomechanical systems.

Lecture notes Notes will be provided for each lecture.
Literature Parts of books and research papers will be used.
Prerequisites /
notice

Basic knowledge of quantum mechanics would be highly useful.

 Selection: Quantum Electronics
Number Title Type ECTS Hours Lecturers

402-0468-15L Nanomaterials for Photonics
Does not take place this semester.

W  6 credits 2V+1U R. Grange

Abstract The lecture describes various nanomaterials (semiconductor, metal, dielectric, carbon-based...) for photonic applications (optoelectronics,
plasmonics, photonic crystal...). It starts with nanophotonic concepts of light-matter interactions, then the fabrication methods, the optical
characterization techniques, the description of the properties and the state-of-the-art applications.

Objective The students will acquire theoretical and experimental knowledge in the different types of nanomaterials (semiconductors, metals,
dielectric, carbon-based, ...) and their uses as building blocks for advanced applications in photonics (optoelectronics, plasmonics, photonic
crystal, ...). Together with the exercises, the students will learn (1) to read, summarize and discuss scientific articles related to the lecture,
(2) to estimate order of magnitudes with calculations using the theory seen during the lecture, (3) to prepare a short oral presentation about
one topic related to the lecture, and (4) to imagine a useful photonic device.
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Content 1.    Introduction to Nanomaterials for photonics
     a.    Classification of the materials in sizes and speed...
     b.    General info about scattering and absorption
     c.    Nanophotonics concepts 

2.    Analogy between photons and electrons
     a.    Wavelength, wave equation
     b.    Dispersion relation
     c.    How to confine electrons and photons
     d.    Tunneling effects

3.    Characterization of Nanomaterials
     a.    Optical microscopy: Bright and dark field, fluorescence, confocal, High resolution: PALM (STORM), STED
     b.    Electron microscopy : SEM, TEM
     c.    Scanning probe microscopy: STM, AFM
     d.    Near field microscopy: SNOM
     e.    X-ray diffraction: XRD, EDS

4.    Generation of Nanomaterials
     a.    Top-down approach
     b.    Bottom-up approach

5.    Plasmonics
     a.    What is a plasmon, Drude model
     b.    Surface plasmon and localized surface plasmon (sphere, rod, shell)
     c.    Theoretical models to calculate the radiated field: electrostatic approximation and Mie scattering
     d.    Fabrication of plasmonic structures: Chemical synthesis, Nanofabrication
     e.    Applications

6.    Organic nanomaterials
     a.    Organic quantum-confined structure: nanomers and quantum dots.
     b.    Carbon nanotubes: properties, bandgap description, fabrication
     c.    Graphene: motivation, fabrication, devices

7.    Semiconductors
     a.    Crystalline structure, wave function...
     b.    Quantum well: energy levels equation, confinement
     c.    Quantum wires, quantum dots
     d.    Optical properties related to quantum confinement
     e.    Example of effects: absorption, photoluminescence...
     f.    Solid-state-lasers : edge emitting, surface emitting, quantum cascade

8.    Photonic crystals
     a.    Analogy photonic and electronic crystal, in nature
     b.    1D, 2D, 3D photonic crystal
     c.    Theoretical modeling: frequency and time domain technique
     d.    Features: band gap, local enhancement, superprism...
  
9.    Optofluidic
     a.    What is optofluidic ?
     b.    History of micro-nano-opto-fluidic
     c.    Basic properties of fluids
     d.    Nanoscale forces and scale law
     e.    Optofluidic: fabrication
     f.    Optofluidic: applications
     g.    Nanofluidics

10.    Nanomarkers
     a.    Contrast in imaging modalities
     b.    Optical imaging mechanisms
     c.    Static versus dynamic probes

Lecture notes Slides and book chapter will be available for downloading
Literature References will be given during the lecture
Prerequisites /
notice

Basics of solid-state physics (i.e. energy bands) can help

402-0470-17L Optical Frequency Combs: Physics and Applications
Does not take place this semester.

W  6 credits 2V+1U J. Faist

Abstract In this lecture, the goal is to review the physics behind mode-locking in these various devices, as well as discuss the most important
novelties and applications of the newly developed sources.

Objective In this lecture, the goal is to review the physics behind mode-locking in these various devices, as well as discuss the most important
novelties and applications of the newly developed sources.
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Content Since their invention, the optical frequency combs have shown to be a key technological tool with applications in a variety of fields ranging
from astronomy, metrology, spectroscopy and telecommunications. Concomitant with this expansion of the application domains, the range
of technologies that have been used to generate optical frequency combs has recently widened to include, beyond the solid-state and fiber
mode-locked lasers, optical parametric oscillators, microresonators and quantum cascade lasers. 
In this lecture, the goal is to review the physics behind mode-locking in these various devices, as well as discuss the most important
novelties and applications of the newly developed sources.
Chapt 1: Fundamentals of optical frequency comb generation
- Physics of mode-locking:  time domain picture
    Propagation and stability of a pulse, soliton formation
- Dispersion compensation
    Solid-state and fiber mode-locked laser    
Chapt 2: Direct generation 
    Microresonator combs:  Lugiato-Lefever equation, solitons
    Quantum cascade laser: Frequency domain picture of the mode-locking
    Mid-infrared and terahertz QCL combs
Chapt 3: Non-linear optics
        DFG, OPOs
Chapt 4: Comb diagnostics and noise
    Jitter, linewidth
Chapt 5: Self-referenced combs and their applications
Chapt 6: Dual combs and their applications to spectroscopy

402-0498-00L Cavity QED and Ion Trap Physics W  6 credits 2V+1U D. Kienzler, M. Grau
Abstract This course covers the physics of systems where harmonic oscillators are coupled to spin systems, for which the 2012 Nobel prize was

awarded. Experimental realizations include photons trapped in high-finesse cavities and ions trapped by electro-magnetic fields. These
approaches have achieved an extraordinary level of control and provide leading technologies for quantum information processing.

Objective The objective is to provide a basis for understanding the wide range of research currently being performed on fundamental quantum
mechanics with spin-spring systems, including cavity-QED and ion traps. During the course students would expect to gain an
understanding of the current frontier of research in these areas, and the challenges which must be overcome to make further advances.
This should provide a solid background for tackling recently published research in these fields, including experimental realisations of
quantum information processing.

Content This course will cover cavity-QED and ion trap physics, providing links and differences between the two. It aims to cover both theoretical
and experimental aspects. In all experimental settings the role of decoherence and the quantum-classical transition is of great importance,
and this will therefore form one of the key components of the course. The topics of the course were cited in the Nobel prize which was
awarded to Serge Haroche and David Wineland in 2012.

Topics which will be covered include:

Cavity QED
(atoms/spins coupled to a quantized field mode)
Ion trap
(charged atoms coupled to a quantized motional mode)

Quantum state engineering:
Coherent and squeezed states
Entangled states
Schrodinger's cat states

Decoherence:
The quantum optical master equation
Monte-Carlo wavefunction
Quantum measurements
Entanglement and decoherence

Applications:
Quantum information processing
Quantum sensing

Literature S. Haroche and J-M. Raimond "Exploring the Quantum" (required)
M. Scully and M.S. Zubairy, Quantum Optics (recommended)

Prerequisites /
notice

This course requires a good working knowledge in non-relativistic quantum mechanics. Prior knowledge of quantum optics is
recommended but not required.

402-0558-00L Crystal Optics in Intense Light Fields W  6 credits 2V+1U M. Fiebig
Abstract Because of their aesthetic nature crystals are termed "flowers of mineral kingdom". The aesthetic aspect is closely related to the symmetry

of the crystals which in turn determines their optical properties. It is the purpose of this course to stimulate the understanding of these
relations with a particular focus on those phenomena occurring in intense light fields as they are provided by lasers.

Objective In this course students will at first acquire a systematic knowledge of classical crystal-optical phenomena and the experimental and
theoretical tools to describe them. This will be the basis for the core part of the lecture in which they will learn how to characterize
ferroelectric, (anti)ferromagnetic and other forms of ferroic order and their interaction by nonlinear optical techniques. See also
http://www.ferroic.mat.ethz.ch/research/index.

Content Crystal classes and their symmetry; basic group theory; optical properties in the absence and presence of external forces; focus on
magnetooptical phenomena; density-matrix formalism of light-matter interaction; microscopy of linear and nonlinear optical susceptibilities;
second harmonic generation (SHG); characterization of ferroic order by SHG; outlook towards other nonlinear optical effects: devices,
ultrafast processes, etc.

Lecture notes Extensive material will be provided throughout the lecture.
Literature (1) R. R. Birss, Symmetry and Magnetism, North-Holland (1966)

(2) R. E. Newnham: Properties of Materials: Anisotropy, Symmetry, Structure, Oxford University (2005)
(3) A. K. Zvezdin, V. A. Kotov: Modern Magnetooptics & Magnetooptical Materials, Taylor/Francis (1997)
(4) Y. R. Shen: The Principles of Nonlinear Optics, Wiley (2002) 
(5) K. H. Bennemann: Nonlinear Optics in Metals, Oxford University (1999)

Prerequisites /
notice

Basic knowledge in solid state physics and quantum (perturbation) theory will be very useful. The lecture is addressed to students in
physics and students in materials science with an affinity to physics.

402-0466-15L Quantum Optics with Photonic Crystals, Plasmonics
and Metamaterials

W  6 credits 2V+1U G. Scalari

Abstract In this lecture, we would like to review new developments in the emerging topic of quantum optics in very strongly confined structures, with
an emphasis on sources and photon statistics as well as the coupling between optical and mechanical degrees of freedom.
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Content 1. Light confinement
1.1. Photonic crystals
1.1.1. Band structure
1.1.2. Slow light and cavities
1.2. Plasmonics
1.2.1. Light confinement in metallic structures
1.2.2. Metal optics and waveguides
1.2.3. Graphene plasmonics
1.3. Metamaterials
1.3.1. Electric and magnetic response at optical frequencies
1.3.2. Negative index, cloacking, left-handness

2. Light coupling in cavities
2.1. Strong coupling
2.1.1. Polariton formation
2.1.2. Strong and ultra-strong coupling
2.2. Strong coupling in microcavities
2.2.1. Planar cavities, polariton condensation
2.3. Polariton dots
2.3.1. Microcavities
2.3.2. Photonic crystals
2.3.3. Metamaterial-based

3. Photon generation and statistics
3.1. Purcell emitters
3.1.1. Single photon sources
3.1.2. THz emitters
3.2. Microlasers
3.2.1. Plasmonic lasers: where is the limit?
3.2.2. g(1) and g(2) of microlasers
3.3. Optomecanics
3.3.1. Micro ring cavities
3.3.2. Photonic crystals
3.3.3. Superconducting resonators

402-0484-00L Experimental and Theoretical Aspects of Quantum
Gases

W  6 credits 2V+1U T. U. Donner, T. Esslinger

Abstract Quantum Gases are the most precisely controlled many-body systems in physics. This provides a unique interface between theory and
experiment, which allows addressing fundamental concepts and long-standing questions. This course lays the foundation for the
understanding of current research in this vibrant field.

Objective The lecture conveys a basic understanding for the current research on quantum gases. Emphasis will be put on the connection between
theory and experimental observation. It will enable students to read and understand publications in this field.

Content Cooling and trapping of neutral atoms

Bose and Fermi gases

Ultracold collisions

The Bose-condensed state

Elementary excitations

Vortices

Superfluidity

Interference and Correlations

Optical lattices

Lecture notes notes and material accompanying the lecture will be provided
Literature C. J. Pethick and H. Smith, Bose-Einstein condensation in dilute Gases,

   Cambridge.
   Proceedings of the Enrico Fermi International School of Physics, Vol. CXL,
   ed. M. Inguscio, S. Stringari, and C.E. Wieman (IOS Press, Amsterdam,
   1999).

402-0444-00L Advanced Quantum Optics W  6 credits 2V+1U A. Imamoglu
Abstract This course builds up on the material covered in the Quantum Optics course. The emphasis will be on quantum optics in condensed-matter

systems.
Objective The course aims to provide the knowledge necessary for pursuing advanced research in the field of Quantum Optics in condensed matter

systems. Fundamental concepts and techniques of Quantum Optics will be linked to experimental research in systems such as quantum
dots, exciton-polaritons, quantum Hall fluids and two-dimensional materials.

Content Description of open quantum systems using master equation and quantum trajectories. Decoherence and quantum measurements. Dicke
superradiance. Dissipative phase transitions. Signatures of electron-exciton and electron-electron interactions in optical response.

Lecture notes Lecture notes will be provided
Literature C. Cohen-Tannoudji et al., Atom-Photon-Interactions (recommended)

Y. Yamamoto and A. Imamoglu, Mesoscopic Quantum Optics (recommended)
A collection of review articles (will be pointed out during the lecture)

Prerequisites /
notice

Masters level quantum optics knowledge

402-0486-00L Frontiers of Quantum Gas Research: Few- and Many-
Body Physics
Does not take place this semester.

W  6 credits 2V+1U

Abstract The lecture will discuss the most relevant recent research in the field of quantum gases. Bosonic and fermionic quantum gases with
emphasis on strong interactions will be studied. The topics include low dimensional systems, optical lattices and quantum simulation, the
BEC-BCS crossover and the unitary Fermi gas, transport phenomena, and quantum gases in optical cavities.
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Objective The lecture is intended to convey an advanced understanding for the current research on quantum gases. Emphasis will be put on the
connection between theory and experimental observation. It will enable students to follow current publications in this field.

Content Quantum gases in one and two dimensions
Optical lattices, Hubbard physics and quantum simulation
Strongly interacting Fermions: the BEC-BCS crossover and the unitary Fermi gas
Transport phenomena in ultracold gases
Quantum gases in optical cavities

Lecture notes no script
Literature C. J. Pethick and H. Smith, Bose-Einstein condensation in dilute Gases, Cambridge.

T. Giamarchi, Quantum Physics in one dimension
I. Bloch, J.  Dalibard, W. Zwerger, Many-body physics with ultracold gases, Rev. Mod. Phys. 80, 885 (2008)
Proceedings of the Enrico Fermi International School of Physics, Vol. CLXIV, ed. M. Inguscio, W. Ketterle, and C. Salomon (IOS Press,
Amsterdam, 2007). 
Additional literature will be distributed during the lecture

Prerequisites /
notice

Presumably, Prof. Päivi Törmä from Aalto university in Finland will give part of the course. The exercise classes will be partly in the form of
a Journal Club, in which a student presents the achievements of a recent important research paper. More information available on
http://www.quantumoptics.ethz.ch/

151-0172-00L Microsystems II: Devices and Applications W  6 credits 3V+3U C. Hierold, C. I. Roman
Abstract The students are introduced to the fundamentals and physics of microelectronic devices as well as to microsystems in general (MEMS).

They will be able to apply this knowledge for system research and development and to assess and apply principles, concepts and methods
from a broad range of technical and scientific disciplines for innovative products.

Objective The students are introduced to the fundamentals and physics of microelectronic devices as well as to microsystems in general (MEMS),
basic electronic circuits for sensors, RF-MEMS, chemical microsystems, BioMEMS and microfluidics, magnetic sensors and optical
devices, and in particular to the concepts of Nanosystems (focus on carbon nanotubes), based on the respective state-of-research in the
field. They will be able to apply this knowledge for system research and development and to assess and apply principles, concepts and
methods from a broad range of technical and scientific disciplines for innovative products. 

During the weekly 3 hour module on Mondays dedicated to Übungen the students will learn the basics of Comsol Multiphysics and utilize
this software to simulate MEMS devices to understand their operation more deeply and optimize their designs.

Content Transducer fundamentals and test structures
Pressure sensors and accelerometers
Resonators and gyroscopes
RF MEMS
Acoustic transducers and energy harvesters
Thermal transducers and energy harvesters
Optical and magnetic transducers
Chemical sensors and biosensors, microfluidics and bioMEMS
Nanosystem concepts
Basic electronic circuits for sensors and microsystems

Lecture notes Handouts (on-line)

 Selection: Particle Physics
Number Title Type ECTS Hours Lecturers

402-0726-12L Physics of Exotic Atoms W  6 credits 2V+1U P. Crivelli, A. Soter
Abstract In this course, we will review the status of physics with exotic atoms including the new exciting advances such as anti-hydrogen 1S-2S

spectroscopy and measurements of the hyperfine splitting and the puzzling results of the muonic-hydrogen experiment for the
determination of the proton charge radius.

Objective The course will give an introduction on the physics of exotic atoms covering both theoretical and experimental aspects. The focus will be
set on the systems which are currently a subject of research in Switzerland: positronium at ETHZ, anti-hydrogen at CERN and muonium,
muonic-H and muonic-He at PSI. The course will enable the students to follow recent publications in this field.

Content Review of the theory of hydrogen and hydrogen-like atoms
Interaction of atoms with radiation
Hyperfine splitting theory and experiments: Positronium (Ps),
Muonium (Mu) and anti-hydrogen (Hbar)
High precision spectroscopy: Ps, Mu and Hbar
Lamb shift in muonic-H and muonic-He- the proton radius puzzle
Weak and strong interaction tests with exotic atoms
Anti-matter and gravitation
Applications of antimatter

Lecture notes script
Literature Precision physics of simple atoms and molecules, Savely G. Karshenboim, Springer 2008


Proceedings of the International Conference on Exotic Atoms (EXA 2008) and the 9th International Conference on Low Energy Antiproton
Physics (LEAP 2008) held in Vienna, Austria, 15-19 September 2008 (PART I/II), Hyperfine Interactions, Volume 193, Numbers 1-3 /
September 2009  

Laser Spectroscopy: Vol. 1 Basic Principles Vol. 2 Experimental Techniques von Wolfgang Demtröder von Springer Berlin Heidelberg 2008

402-0738-00L Statistical Methods and Analysis Techniques in
Experimental Physics

W  10 credits 5G M. Donegà, C. Grab

Abstract This lecture gives an introduction to the statistical methods and the various analysis techniques applied in experimental particle physics.
The exercises treat problems of general statistical topics; they also include hands-on analysis projects, where students perform
independent analyses on their computer, based on real data from actual particle physics experiments.

Objective Students will learn the most important statistical methods used in experimental particle physics. They will acquire the necessary skills to
analyse large data records in a statistically correct manner. Learning how to present scientific results in a professional manner and how to
discuss them.
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Content Topics include:
- modern methods of statistical data analysis
- probability distributions, error analysis, simulation methos, hypothesis testing, confidence intervals, setting limits and introduction to
multivariate methods.
- most examples are taken from particle physics.

Methodology:
- lectures about the statistical topics;
- common discussions of examples;
- exercises: specific exercises to practise the topics of the lectures;
- all students perform statistical calculations on (their) computers;
- students complete a full data analysis in teams (of two) over the second half of the course, using real data taken from particle physics
experiments;
- at the end of the course, the students present their analysis results in a scientific presentation;
- all students are directly tutored by assistants in the classroom.

Lecture notes - Copies of all lectures are available on the web-site of the course.
- A scriptum of the lectures is also available to all students of the course.

Literature 1) Statistics: A guide to the use of statistical medhods in the Physical Sciences, R.J.Barlow; Wiley Verlag  . 
2) J Statistical data analysis, G. Cowan,                             Oxford University Press; ISBN: 0198501552. 
3) Statistische und numerische Methoden der Datenanalyse, V.Blobel und E.Lohrmann,  Teubner Studienbuecher Verlag.
4) Data Analysis, a Bayesian Tutorial,  D.S.Sivia with J.Skilling, 
Oxford Science Publications.

Prerequisites /
notice

Basic knowlege of nuclear and particle physics are prerequisites.

402-0703-00L Phenomenology of Physics Beyond the Standard
Model

W  6 credits 2V+1U M. Spira, M. G. Ratti

Abstract After a short introduction to the theoretical foundations and experimental tests of the standard model, supersymmetry, leptoquarks, and
extra dimensions will be treated among other topics. Thereby the phenomenological aspect, i. e., the search for new particles and
interactions at existing and future particle accelerators will play a significant role.

Objective The goal of the lecture is the introduction into several theoretical concepts that provide solutions for the open questions of the Standard
Model of particle physics and thus lead to physics beyond the Standard Model.

Besides the theoretical concepts the phenomenological aspect plays a role, i.e. the search for new particles and interactions at the existing
and future particle accelerators plays a crucial role.

Content see home page: http://ihp-lx2.ethz.ch/JenseitsSM/
Lecture notes see home page: http://ihp-lx2.ethz.ch/JenseitsSM/
Prerequisites /
notice

Will be taught in German only if all students understand German.

402-0778-00L Particle Accelerator Physics and Modeling II W  6 credits 2V+1U A. Adelmann
Abstract The effect of nonlinearities on the beam dynamics of charged particles will be discussed. For the nonlinear beam transport, Lie-Methods in

combination with differential algebra (DA) and truncated power series (TPS) will be introduced. In the second part we will discuss surrogate
model construction for such non-linear dynamical systems using neural networks and polynomial chaos expansion.

Objective Models for nonlinear beam dynamics can be applied to new or existing particle accelerators. 
You create Python based surrogate models of dynamical systems, such as charged particle accelerators using Keras and Tensorflow.

Content - Symplectic Maps and Higher Order Beam Dynamics
- Taylor Modells and Differential Algebra
- Lie Methods
- Normal Forms
- Surrogate Models for dynamical systems
- Surrogate model based neural networks 
- Surrogate model based polynomial chaos 
- Uncertanty quantification of dynamical systems

Lecture notes Lecture notes
Literature * Modern Map Methods in Particle Beam Physics

M. Berz (http://bt.pa.msu.edu/pub/papers/AIEP108book/AIEP108book.pdf)
Prerequisites /
notice

Ideally Particle Accelerator Physics and Modelling 1 (PAM-1), however at the beginning of the semester, a crash course is offered
introducing the minimum level of particle accelerator modeling needed to follow. This lecture is also suited for PhD. Students.

402-0604-00L Materials Analysis by Nuclear Techniques W  6 credits 2V+1U M. Doebeli
Abstract Materials analysis by MeV ion beams. Nuclear techniques are presented which allow to quantitatively investigate the composition, structure

and trace element content of solids.
Objective Students learn the basic concepts of ion beam analysis and its different analytical techniques. They understand how experimental data is

taken and interpreted. They are able to chose the appropriate method of analysis to solve a given problem.
Content The course treats applications of nuclear methods in other fields of research. Materials analysis by ion beam analysis is emphasized.

Techniques are presented which allow the quantitative investigation of composition, structure, and trace element content of solids:
- elasic nuclear scattering (Rutherfor Backscattering, Recoil detection)
- nuclear (resonant) reaction analysis
- activation analysis
- ion beam channeling (investigation of crystal defects)
- neutron sources
- MeV ion microprobes, imaging surface analysis

The course is also suited for graduate students.

Lecture notes Lecture notes will be distributed in pdf.
Literature 'Ion Beam Analysis: Fundamentals and Applications', M. Nastasi, J.W. Mayer, Y. Wang, CRC Press 2014, ISBN 9781439846384
Prerequisites /
notice

A practical lab demonstration is organized as part of lectures and exercises. 

The course is also well suited for graduate students.
It can be held in German or English, depending on participants.

 Selection: Theoretical Physics
Number Title Type ECTS Hours Lecturers
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402-0883-63L Symmetries in Physics W  6 credits 2V+1U N. Beisert
Abstract The course gives an introduction to symmetry groups in physics. It explains the relevant mathematical background (finite groups, Lie

groups and algebras as well as their representations), and illustrates their important role in modern physics.
Objective The aim of the course is to give a self-contained introduction into finite group theory as well as Lie theory from a physicists point of view.

Abstract mathematical constructions will be illustrated with examples from physics.
Content symmetries in two and three dimensions, groups and representations, finite group theory, point and space groups, structure of simple Lie

algebras, finite-dimensional representations; advanced topics such as: representations of SU(N), classification of simple Lie algebras,
conformal symmetry

402-0895-00L The Standard Model of Electroweak Interactions
Special Students UZH must book the module PHY563
directly at UZH.

W  6 credits 2V+1U A. Lazopoulos

Abstract Topics to be covered: 
A) Electroweak Theory 
- Spontaneous symmetry breaking and the Higgs mechanism
- The electroweak Standard Model Lagrangian 
- The role of the Higgs and the Goldstone bosons 
B) Flavour Physics 
-The flavour sector of the Standard Model 
-The neutral kaon system and CP violation 
C) Neutrino oscillations  
D) Precision tests of the electroweak Standard Model

Objective An introduction to modern theoretical particle physics
Literature As described in the entity: Lernmaterialien
Prerequisites /
notice

Knowledge of Quantum Field Theory I is required.
Parallel following of Quantum Field Theory II is recommended.

402-0886-00L Introduction to Quantum Chromodynamics
Special Students UZH must book the module PHY564
directly at UZH.

W  6 credits 2V+1U V. Del Duca

Abstract Introduction to the theoretical aspects of Quantum Chromodynamics, the theory of strong interactions.
Objective Students that complete the course will be able to understand the fundamentals of QCD, to quantitatively discuss the ultraviolet and infrared

behaviour of the theory, to perform simple calculations and to understand modern publications on this research field.
Content The following topics will be covered:

- QCD Lagrangian and gauge invariance
- Ultraviolet behaviour of QCD: renormalisation, the beta function, running coupling and asymptotic freedom
- Infrared behaviour of QCD: soft and collinear divergences, coherence, jets
- Parton Model, factorisation and Deeply Inelastic Scattering
- Parton evolution in QCD: the DGLAP equations
- QCD at hadron colliders

Literature Will be provided at the Moodle site for the course.
Prerequisites /
notice

QFT I : A working knowledge of Quantum Field Theory I, at the level of easily performing tree-level computations with Feynman diagrams
given the Feynman rules, is assumed.

402-0848-00L Advanced Field Theory
Special Students UZH must book the module PHY572
directly at UZH.

W  6 credits 2V+1U R. Chitra

Abstract This course will introduce students to concepts and methods in field theory
which are  used to study topics both in high energy physics and quantum condensed matter theory.

Objective The course aims to illustrate  the  deep similarities in the field theory methodologies used in both fields.  The students will learn techniques
commonly used  to study interacting quantum systems and see corresponding applications
both in high energy and condensed matter physics.

The course will show how continuum field theories  can be used to describe a wide variety of collective phenomena in condensed matter
systems, like magnetism and spin-charge separation in one dimensional electronic systems. The same field theory techniques are used in
high energy physics to treat light bound states in quantum chromodynamics (pions), to describe non-perturbative contributions to the
vacuum state of quantum chromodynamics, or quantum tunneling effects that might have catalyzed baryogenesis in the early universe.

Prerequisites /
notice

Prerequisite: Quantum Field Theory I
Recommended:  Statistical Physics 

We will use a light version of  the Euclidean  path integrals in this course and will strive to keep this course accessible independently of
QFTII.

Students interested in more in-depth formulations of  the path integral formalism and related topics can also attend QFT II in parallel.

402-0888-00L Field Theory in Condensed Matter Physics
Does not take place this semester.

W  6 credits 2V+1U

Abstract This class is dedicated to non-perturbative many-body effects in condensed matter physics.
Objective To learn modern concepts in many-body condensed matter physics.
Content In this class I will show, by examples, how field theory can describe some important non-perturbative phenomena in condensed matter

physics.
Lecture notes A pdf script in English will be distributed by email to those attending the class.
Literature Lecture Notes on Field Theory in Condensed Matter Physics,

Christopher Mudry,
World Scientific Publishing Company, 
ISBN 978-981-4449-09-0 (Hardcover), 
978-981-4449-10-6 (paperback)]

402-0810-00L Computational Quantum Physics
Special Students UZH must book the module PHY522
directly at UZH.

W  8 credits 2V+2U T. Neupert, M. H. Fischer

Abstract This course provides an introduction to simulation methods for quantum systems, starting with the one-body problem and finishing with
quantum field theory, with special emphasis on quantum many-body systems. Both approximate methods (Hartree-Fock, density functional
theory) and exact methods (exact diagonalization, quantum Monte Carlo) are covered.

Objective The goal is to become familiar with computer simulation techniques for quantum physics, through lectures and practical programming
exercises.
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402-0812-00L Computational Statistical Physics W  8 credits 2V+2U O. Zilberberg
Abstract Computer simulation methods in statistical physics. Classical Monte-Carlo-simulations: finite-size scaling, cluster algorithms, histogram-

methods, renormalization group. Application to Boltzmann machines. Simulation of non-equilibrium systems.

Molecular dynamics simulations: long range interactions, Ewald summation, discrete elements, parallelization.

Objective The lecture will give a deeper insight into computer simulation methods in statistical physics. Thus, it is an ideal continuation of the lecture
"Introduction to Computational Physics" of the autumn semester. In the first part students learn to apply the following methods: Classical
Monte Carlo-simulations, finite-size scaling, cluster algorithms, histogram-methods, renormalization group. Moreover, students learn about
the application of statistical physics methods to Boltzmann machines and how to simulate non-equilibrium systems.

In the second part, students apply molecular dynamics simulation methods. This part includes long range interactions, Ewald summation
and discrete elements.

Content Computer simulation methods in statistical physics. Classical Monte-Carlo-simulations: finite-size scaling, cluster algorithms, histogram-
methods, renormalization group. Application to Boltzmann machines. Simulation of non-equilibrium systems. Molecular dynamics
simulations: long range interactions, Ewald summation, discrete elements, parallelization.

Lecture notes Lecture notes and slides are available online and will be distributed if desired.
Literature Literature recommendations and references are included in the lecture notes.
Prerequisites /
notice

Some basic knowledge about statistical physics, classical mechanics and computational methods is recommended.

402-0462-00L Advanced Topics in Quantum Information Theory W  6 credits 2V+1U J. Renes
Abstract The course covers a selection of topics that are of current interest in quantum information theory and quantum computation. Particular

focus will be put on theoretical concepts that impact future implementations of quantum technologies.
Objective The course provides an insight into current research activities in quantum information science.
Content The course covers a selection of topics that are of current interest in quantum information theory and quantum computation. Particular

focus will be put on theoretical concepts that impact future implementations of quantum technologies. Topics include quantum error-
correction, fault-tolerant quantum computation, tensor-network methods, and quantum information in many-body systems.

Prerequisites /
notice

Prerequisites are the courses Quantum Mechanics I and II. The course is complementary to the course Quantum Information Theory.

402-0832-11L Applications of General Relativity in Astrophysics and
Cosmology
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: PHY519

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  6 credits 2V+1U P. Jetzer

Abstract The following topics will be discussed:

- Time delay of radar echoes
- Geodetic precession
- Lense-Thirring effect
- Gravitational waves (their detection and applications)
- Binary pulsar
- Schwarzschild black holes
- Kerr solution

Lecture notes see homepage for script: http://www.itp.uzh.ch/lectures/jetzer/GR2013/

 Selection:Astrophysics
Number Title Type ECTS Hours Lecturers

402-0714-00L Astro-Particle Physics II W  6 credits 2V+1U A. Biland
Abstract This lecture focuses on the neutral components of the cosmic rays as well as on several aspects of Dark Matter.  Main topics will be very-

high energy astronomy and neutrino astronomy.
Objective Students know experimental methods to measure neutrinos as well as high energy and very high energy photons from extraterrestrial

sources. They are aware of the historical development and the current state of the field, including major theories. Additionally, they
understand experimental evidences about the existence of Dark Matter and selected Dark Matter theories.

Content a) short repetition about 'charged cosmic rays'  (1st semester)
b) High Energy (HE) and Very-High Energy (VHE) Astronomy:
    - ongoing and near-future detectors for (V)HE gamma-rays
    - possible production mechanisms for (V)HE gamma-rays
    - galactic sources: supernova remnants, pulsar-wind nebulae, micro-quasars, etc.
    - extragalactic sources: active galactic nuclei, gamma-ray bursts, galaxy clusters, etc.
    - the gamma-ray horizon and it's cosmological relevance 
c) Neutrino Astronomy:
    - atmospheric, solar, extrasolar and cosmological neutrinos
    - actual results and near-future experiments
d) Dark Matter:
    - evidence for existence of non-barionic matter
    - Dark Matter models (mainly Supersymmetry)
    - actual and near-future experiments for direct and indirect Dark Matter searches

Lecture notes See: http://ihp-lx2.ethz.ch/AstroTeilchen/
Literature See: http://ihp-lx2.ethz.ch/AstroTeilchen/
Prerequisites /
notice

This course can be attended independent of Astro-Particle Physics I.

402-0368-13L Extrasolar Planets W  6 credits 2V+1U S. P. Quanz
Abstract The course introduces in detail the observational methods for the detection and characterization of extra-solar planetary systems. It covers

the physics of planets (in the solar system and in extra-solar systems) and gives a description of planet formation and evolution models.
Objective The course gives an overview of the current state-of-the-art in exoplanet science and serves as basis for first research projects in the field

of exoplanet systems and related topics.
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Content Content of the lecture EXTRASOLAR PLANETS 
1. Planets in the astrophysical context
2. Planets in the solar systems 
3. Detecting extra-solar planetary systems 
4. Properties of planetary systems and planets 
5. Planet formation
6. Search for habitable planets and bio-signatures

402-0376-16L Advanced Statistical Methods in Cosmology and
Astrophysics
Does not take place this semester.

W  6 credits 2V+1U to be announced

Abstract Statistical methods are increasingly important in modern science. In this course we will build an understanding of statistical methods
beyond Bayesian inference. These include information content of experiments through relative entropy and ABC methods for difficult
problem when the likelihood cannot be calculated. We will also cover topics which are now commonly used in cosmology.

Content In this course we will build an understanding of statistical methods beyond Bayesian inference. These include information content of
experiments through relative entropy and ABC methods for difficult problem when the likelihood cannot be calculated. We will also cover
topics, such as power spectrum estimation, which are now commonly used in cosmology.

Prerequisites /
notice

In this course we will assume good knowledge of statistical inference, so it is recommended that students have taken 'Statistical Methods in
Cosmology and Astrophysics' or equivalent.

402-0364-17L Cosmic Structure Formation and Radiation Processes
Does not take place this semester.

W  6 credits 2V+1U S. Cantalupo

Abstract In this course, the students will investigate the properties and origin of the largest baryonic structures in the universe through the study of
their radiation. We will span a large range in the universe’s history and radiation spectrum: from X-ray emitting ICM to Cosmic Web UV
emission and absorption, to HI radio emission during Reionization. A strong focus will be also put on research practice.

Objective Content goals/objectives include:

- The students will learn how to investigate and characterise the physical properties of the largest baryonic structures in the universe by
studying in detail the mechanisms that produce and modify the electromagnetic radiation detectable with astronomical observing facilities. 

- The students will learn that radiation processes are an active agent in shaping the formation and evolution of cosmic structures in the
universe from the largest scales associated with intergalactic gas to galaxies. 

Practice goals/objectives include:

- Through this course, the students will learn/consolidate the fundamental skills in scientific research practice including: i) asking and
refining scientific questions, ii) making testable predictions, iii) reducing complex problems in smaller units, iv) finding relevant variables in
physical problems, v) effectively sharing and communicating the results.

In order to achieve these goal, the course is designed through inquiry-based activities that will cover the following topics:

- Inferring the physical properties of the Intra Cluster Medium in Galaxy Clusters (X-ray, high-energy radiation processes)
- Detecting and studying Intergalactic gas in the Cosmic Web in absorption and emission (UV/optical absorption and emission of Hydrogen
Ly-alpha radiation, Radiative Transfer)
- The physics of Radiative Cooling and how radiation processes shape cosmic structure formation.
- Cosmic Reionization and radio emission from neutral hydrogen in the early universe.

Lecture notes Class material will include: i) power point and black-board presentations, ii) material developed in the class during the activities by the
students, iii) research papers and reviews, iv) extracts from books. 

Some of the material will be available online but it is expected that a large fraction of the material/notes will be produced during the
classroom activities. Class attendance and active participation are fundamental factors for both learning and assessment during this course
and for the exam.

Prerequisites /
notice

The course is geared towards students at any level (Bachelor, Master and Ph.D students) in the physical sciences with no particular
prerequisites on previous classes or study background. The only prerequisites necessary for this class are: i) motivation, ii) curiosity, iii)
willingness to actively participate.

402-0364-61L Galaxy Formation
Does not take place this semester.

W  6 credits 3G S. Cantalupo

Abstract In this course, the students will discover how galaxies formed and developed in the context of the large scale structure of the
universe. Following actual research practices, they will use galaxy observations in order to understand the physical properties of galactic
constituents and they will combine their results with cosmological models to address unsolved questions in galaxy formation.

Objective Content goals/objectives include:

- The students will learn how to use astronomical observations at different wavelengths to infer physical properties (mass, angular
momentum, composition) of galaxies and their constituents (stars, interstellar medium, dark matter).

- The students will learn about the diversity of galaxies in the universe, in terms of, e.g., morphology, kinematics, stellar populations,
properties of the interstellar medium. In this context, the students will learn how to identify possible trends and regularities, which may be
then used as possible clues to their physical origin.

- The students will consolidate their knowledge and understanding of the most important astrophysical processes (cosmological expansion,
gravity, radiative processes, stellar evolution) and learn how to apply them to the complex astrophysical problem of galaxy formation.

Practice goals/objectives include:

- The students will learn how to combine the observational data and theoretical models to formulate meaningful questions and hypotheses
on possible galaxy formation paths, as well as strategies to test them.
- Through this course, the students will learn/consolidate the fundamental skills in scientific research practice including: i) asking and
refining scientific questions, ii) reducing complex problems in smaller units, iii) finding relevant variables in physical problems, iv) making
relevant assumptions v) formulate testable hypotheses  vi) express physical ideas in a mathematical language and vii) effectively sharing
and communicating the results.

 In order to achieve these goals, the course is designed through inquiry-based activities, lead by the students themselves and facilitated by
the instructors, in which the students will be able to choose their own investigation path, develop their own material and, finally, share their
findings with their peers.
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Lecture notes Class material will include: i) power point and black-board presentations, ii) material developed in the class during the activities by the
students, iii) research papers and reviews, iv) extracts from books. 

Some of the material will be available online but it is expected that a large fraction of the material/notes will be produced during the
classroom activities. Class attendance and active participation are fundamental factors for both learning and assessment during this course
and for the assessment.

Prerequisites /
notice

The course is geared towards students at any level (Bachelor, Master and Ph.D students) in the physical sciences with no particular
prerequisites on previous classes or study background. Previous attendance of the course “Cosmic Structure Formation and Radiation
Processes” could be beneficial in terms of the acquisition of relevant practice skills and some content information for this course but it is not
a prerequisite. The only prerequisites necessary for this class are: i) motivation, ii) curiosity, iii) willingness to actively participate.

402-0368-61L The Sun, Stars and Planets - Properties, Processes
and Interactions
Does not take place this semester.

W  4 credits 1G L. Harra, S. P. Quanz

Abstract The physics of solar flares, coronal mass ejections and the solar wind will be described. A discussion of the similarities and differences to
stellar flares and coronal mass ejections will follow. An introduction to the detection and characterization of extrasolar planets, the impact of
stellar phenomena on exoplanets and in particular on their potential habitability will be given.

Objective The main goal of the course is to give the students an overview of physical phenomena that lead to impacts on the Earth, planets and
exoplanets. The areas described are at the forefront of scientific research internationally, and touch on significant questions such as ‘is
there life on other planets’.  These topics will be of interest to students studying astrophysics, earth science and planetary sciences.

402-0395-00L Multimessenger Constraints of Generalizations of
Gravity

W  8 credits 3G L. Heisenberg

Abstract The LIGO detections of Gravitational Waves have started the field of Gravitational Wave astronomy. This opens an exiting opportunity to
test gravity theories in regimes where it has not been tested yet. Together with standard cosmological observations, one can put tight
multimessenger constraints on different cosmological models.

Objective These lecture series will be dedicated to combining theory with cosmological observations. First of all, I will discuss the consistent
construction of prominent gravity theories, both from a geometrical as well as field theory perspectives. I will introduce more general space-
time geometries as well as the building blocks of field theories based on additional degrees of freedom in the gravity sector. Coming from
the theory side, I will explain the theoretical constraints and consistency checks that can be applied to fundamental gravity theories. In the
observational side, the confrontation of gravity theories with cosmological observations is a crucial ingredient in testing these theories. A
natural starting point will be the study of the background evolution. Theory parameters can then be constrained using the distance redshift
relation from Supernovae, the distance priors method from CMB and BAO measurements. Given the recent developments in gravitational
wave physics, I will discuss the implications of alternative gravity theories in the regime of strong gravity. 

Literature Useful reading materials: cosmology book by Matthias Bartelmann, gravitational waves book by Michele Maggiore and the articles
arXiv:1807.01725, arXiv:1806.05195

402-0384-00L Life in the Universe
This course is aimed at physics and other science
students who would like to understand the astrophysics
background to the multi-disciplinary question of Life in the
Universe.

W  6 credits 2V+1S S. Lilly

Abstract This course examines the astrophysical background to the study of Life in the Universe.  What is Life, and what are the most basic
requirements for Life to exist in the Universe?  What environments are conducive to Life, and how do these come about?  Can we imagine
Universes without Life.

Objective This course is aimed at physics and other science students who would like to understand the astrophysics background to the multi-
disciplinary question of Life in the Universe.  Most of the class time is traditional lectures.   Students prepare a short (20 minute)
presentation on a topic, which can be then of their own suggestion.  The course will be in English.

Content What is Life; requirements for Life; formation of planetary systems like the Solar System; potential habitats for Life elsewhere in the Solar
System;  impacts and mass extinctions on Earth; searches for other planetary systems; exosolar planetary systems; is Life common in the
Universe; searches for extraterrestrial Life and intelligent Life;   The evolution of stars and the origin of the chemical elements; The
interesting case of carbon;  cosmology and the formation of structure in the Universe; anthropic principles; is Life inevitable.

Lecture notes Presentation Powerpoint
Prerequisites /
notice

None.  A general familiarity with physical science is assumed, but the course has been successfully taken by students with a diverse range
of backgrounds, including civil engineers, information technology etc.

 Selection: Further Electives
Number Title Type ECTS Hours Lecturers

402-0742-00L Energy and Environment in the 21st Century (Part II) W  6 credits 2V+1U M. Dittmar, P. Morf
Abstract Despite the widely used concepts of sustainability and sustainable 

development, one remarks the absence of a scientific 
definition. In this lecture we will discuss, based on the natural laws and the scientific method, various proposed concepts for a 
development towards sustainability.

Objective A scientifically useful definition of sustainability?
Unsustainable aspects of our lifestyle and our society? 
(unsustainable use of ressources, environmental destruction 
and climate change, mass extinctions etc)
How long can humanity continue on its current unsustainable path,
what are the possible consequences? Historical examples of society collapse. What can we learn from them.   
Existing Gedanken models/experiments (like Permaculture) promise to transform the human society into the direction of sustainability. 
If these ideas would theoretically transform our global society 
into a sustainable one, what are the large scale limitations and why 
do we not yet follow these ideas?

Content Introduction ``sustainability" (21.2.); Population Dynamik (28.2.);
finite (energy)-resources (6.3.); waste problems (13.3.);
water, soil and industrial agriculture (20.3.); biodiversity (27.3.); (un)-sustainable development (3.4./24.4./8.5); example for sustainable
systems; human nature, Ethics and earth-care(?) (15.5./22.5.) summary  (29.5.)

Lecture notes Web page:
http://ihp-lx2.ethz.ch/energy21/index.html

Literature for example:
Environmental Physics (Boeker and Grandelle)
A prosperous way down: Principles and Policies (H. Odum and E. Odum)
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Prerequisites /
notice

Basic knowledge of the ``physics laws" governing todays energy
system and it use to deliver ``useful" work for our life 
(laws of energie conservation and of the 
energy transformation to do work).

Interest to learn about the problems (and possible solutions) 
related to the transition from an unsustainable use of renewable and non renewable (energy) resources to a sustainable system 
using scientific method.

402-0248-00L Electronics for Physicists II (Digital)
Number of participants limited to 30.

W  4 credits 4G Y. M. Acremann

Abstract The course will start with logic and finite state machines. These concepts will be applied in practical exercises using FPGAs. Based on this
knowledge we will cover the working  principles of microprocessors. We will cover combined systems where a micro processor is used for
the complex parts and specialized logic on the FPGA is in charge of processing time-critical signals.

Objective The goal of this lecture is to give an overview over digital electronic design needed for timing and data acquisition systems used in physics.
After this lecture you will have the knowledge to design digital systems based on FPGAs and microcontrollers.

Content The goal of this lecture is to give an overview over digital electronic design needed for timing and data acquisition systems used in physics.
After this lecture you will have the knowledge to design  digital systems based on FPGAs and micro controllers.

Contents:
Combinational logic
Flip-Flops
Binary representations of numbers, binary arithmetic
Counters, shift registers

Hardware description languages (mostly VHDL)
Field programmable gate arrays (FPGAs)
From algorithm to architecture
Finite state machines

Buses (parallel, serial)
The SPI bus

Digital signal processing
The sampling theorem
Z-transform,
Digital filters
Frequency conversion

The microprocessor (illustrated on an open-source implementation of the RISC-V microprocessor)
SPI bus with a micro controller
Combined systems: FPGA for the time critical part, processor for the user interface
System-on-chip (FPGA based)

Prerequisites /
notice

We recommend the students to have taken Analog Electronics for Physicists or to have  knowledge of basic analog electronics.

Students (or at least each group of 2 / 3 students) need a laptop computer, preferably running Linux or Windows. For other operating
systems we recommend running Linux or Windows on a virtual machine.

 Selection: Neuroinformatics /INI
Number Title Type ECTS Hours Lecturers

227-1032-00L Neuromorphic Engineering II
Information for UZH students:
Enrolment to this course unit only possible at ETH. No
enrolment to module INI405 at UZH. 

Please mind the ETH enrolment deadlines for UZH
students: https://www.ethz.ch/en/studies/non-
degree-
courses/special-
students/special-students-university-of-zurich.html

W  6 credits 5G S.-C. Liu, T. Delbrück, G. Indiveri

Abstract This course teaches the basics of analog chip design and layout with an emphasis on neuromorphic circuits, which are introduced in the fall
semester course "Neuromorphic Engineering I".

Objective Design of a neuromorphic circuit for implementation with CMOS technology.
Content This course teaches the basics of analog chip design and layout with an emphasis on neuromorphic circuits, which are introduced in the

autumn semester course "Neuromorphic Engineering I".

The principles of CMOS processing technology are presented. Using a set of inexpensive software tools for simulation, layout and
verification, suitable for neuromorphic circuits, participants learn to simulate circuits on the transistor level and to make their layouts on the
mask level. Important issues in the layout of neuromorphic circuits will be explained and illustrated with examples. In the latter part of the
semester students simulate and layout a neuromorphic chip. Schematics of basic building blocks will be provided. The layout will then be
fabricated and will be tested by students during the following fall semester.

Literature S.-C. Liu et al.: Analog VLSI Circuits and Principles; software documentation.
Prerequisites /
notice

Prerequisites: Neuromorphic Engineering I strongly recommended

 Selection: Biophysics, Physical Chemistry
no course offering in this semester

 Selection: Medical Physics
Number Title Type ECTS Hours Lecturers

402-0787-00L Therapeutic Applications of Particle Physics:
Principles and Practice of Particle Therapy

W  6 credits 2V+1U A. J. Lomax

Abstract Physics and medical physics aspects of particle physics
Subjects: Physics interactions and beam characteristics; medical accelerators; beam delivery; pencil beam scanning; dosimetry and QA;
treatment planning; precision and uncertainties; in-vivo dose verification; proton therapy biology.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1432 of 1785

Objective The lecture series is focused on the physics and medical physics aspects of particle therapy. The radiotherapy of tumours using particles
(particularly protons) is a rapidly expanding discipline, with many new proton and particle therapy facilities currently being planned and built
throughout Europe.  In this lecture series, we study in detail the physics background to particle therapy, starting from the fundamental
physics interactions of particles with tissue, through to treatment delivery, treatment planning and in-vivo dose verification. The course is
aimed at students with a good physics background and an interest in the application of physics to medicine.

Prerequisites /
notice

The former title of this course was "Medical Imaging and Therapeutic Applications of Particle Physics".

227-0968-00L Monte Carlo in Medical Physics W  4 credits 3G M. Stampanoni, M. K. Fix
Abstract Introduction in basics of Monte Carlo simulations in the field of medical radiation physics. General recipe for Monte Carlo simulations in

medical physics from code selection to fine-tuning the implementation. Characterization of radiation by means of Monte Carlo simulations.
Objective Understanding the concept of the Monte Carlo method. Getting familiar with the Monte Carlo technique, knowing different codes and

several applications of this method. Learn how to use Monte Carlo in the field of applied medical radiation physics. Understand the usage
of Monte Carlo to characterize the physical behaviour of ionizing radiation in medical physics. Share the enthusiasm about the potential of
the Monte Carlo technique and its usefulness in an interdisciplinary environment.

Content The lecture provides the basic principles of the Monte Carlo method in medical radiation physics. Some fundamental concepts on
applications of ionizing radiation in clinical medical physics will be reviewed. Several techniques in order to increase the simulation
efficiency of Monte Carlo will be discussed. A general recipe for performing Monte Carlo simulations will be compiled. This recipe will be
demonstrated for typical clinical devices generating ionizing radiation, which will help to understand implementation of a Monte Carlo
model. Next, more patient related effects including the estimation of the dose distribution in the patient, patient movements and imaging of
the patient's anatomy. A further part of the lecture covers the simulation of radioactive sources as well as heavy ion treatment modalities.
The field of verification and quality assurance procedures from the perspective of Monte Carlo simulations will be discussed. To complete
the course potential future applications of Monte Carlo methods in the evolving field of treating patients with ionizing radiation.

Lecture notes A script will be provided.

402-0342-00L Medical Physics II W  6 credits 2V+1U P. Manser
Abstract Applications of ionizing radiation in medicine such as radiation therapy, nuclear medicine and radiation diagnostics. Theory of dosimetry

based on cavity theory and clinical consequences. Fundamentals of dose calculation, optimization and evaluation. Concepts of external
beam radiation therapy and brachytherapy. Recent and future developments: IMRT, IGRT, SRS/SBRT, particle therapy.

Objective Getting familiar with the different medical applications of ionizing radiation in the fields of radiation therapy, nuclear medicine, and radiation
diagnostics. Dealing with concepts such as external beam radiation therapy as well as brachytherapy for the treatment of cancer patients.
Understanding the fundamental cavity theory for dose measurements and its consequences on clinical practice. Understanding different
delivery techniques such as IMRT, IGRT, SRS/SBRT, brachytherapy, particle therapy using protons, heavy ions or neutrons.
Understanding the principles of dose calculation, optimization and evaluation for radiation therapy, nuclear medicine and radiation
diagnostic applications. Finally, the lecture aims to demonstrate that medical physics is a fascinating and evolving discipline where physics
can directly be used for the benefits of patients and the society.

Content In this lecture, the use of ionizing radiation in different clinical applications is discussed. Primarily, we will concentrate on radiation therapy
and will cover applications such as external beam radiotherapy with photons and electrons, intensity modulated radiotherapy (IMRT),
image guided radiotherapy (IGRT), stereotactic radiotherapy and radiosurgery, brachytherapy, particle therapy using protons, heavy ions or
neutrons. In addition, dosimetric methods based on cavity theory are reviewed and principles of treatment planning (dose calculation,
optimization and evaluation) are discussed. Next to these topics, applications in nuclear medicine and radiation diagnostics are explained
with the clear focus on dosimetric concepts and behaviour.

Lecture notes A script will be provided.
Prerequisites /
notice

It is recommended that the students have taken the lecture Medical Physics I in advance.

402-0343-00L Physics Against Cancer: The Physics of Imaging and
Treating Cancer
Special Students UZH must book the module PHY361
directly at UZH.

W 6 credits 2V+1U A. J. Lomax, U. Schneider

Abstract Radiotherapy is a rapidly developing and technology driven medical discipline that is heavily dependent on physics and engineering. In this
lecture series, we will review and describe some of the current developments in radiotherapy, particularly from the physics and
technological view point, and will indicate in which direction future research in radiotherapy will lie.

Objective Radiotherapy is a rapidly developing and technology driven medical discipline that is heavily dependent on physics and engineering. In the
last few years, a multitude of new techniques, equipment and technology have been introduced, all with the primary aim of more accurately
targeting and treating cancerous tissues, leading to a precise, predictable and effective therapy technique. In this lecture series, we will
review and describe some of the current developments in radiotherapy, particularly from the physics and technological view point, and will
indicate in which direction future research in radiotherapy will lie. Our ultimate aim is to provide the student with a taste for the critical role
that physics plays in this rapidly evolving discipline and to show that there is much interesting physics still to be done.

Content The lecture series will begin with a short introduction to radiotherapy and an overview of the lecture series (lecture 1). Lecture 2 will cover
the medical imaging as applied to radiotherapy, without which it would be impossible to identify or accurately calculate the deposition of
radiation in the patient. This will be followed by a detailed description  of the treatment planning process, whereby the distribution of
deposited energy within the tumour and patient can be accurately calculated, and the optimal treatment defined (lecture 3). Lecture 4 will
follow on with this theme, but concentrating on the more theoretical and mathematical techniques that can be used to evaluate different
treatments, using mathematically based biological models for predicting the outcome of treatments. The role of physics modeling, in order
to accurately calculate the dose deposited from radiation in the patient, will be examined in lecture 5, together with a review of
mathematical tools that can be used to optimize patient treatments. Lecture 6 will investigate a rather different issue, that is the
standardization of data sets for radiotherapy and the importance of medical data bases in modern therapy. In lecture 7 we will look in some
detail at one of the most advanced radiotherapy delivery techniques, namely Intensity Modulated Radiotherapy (IMRT). In lecture 8, the two
topics of imaging and therapy will be somewhat combined, when we will describe the role of imaging in the daily set-up and assessment of
patients. Lecture 9 follows up on this theme, in which a major problem of radiotherapy, namely organ motion and changes in patient and
tumour geometry during therapy, will be addressed, together with methods for dealing with such problems. Finally, in lectures 10-11, we will
describe in some of the multitude of different delivery techniques that are now available, including particle based therapy, rotational (tomo)
therapy approaches and robot assisted radiotherapy. In the final lecture, we will provide an overview of the likely avenues of research in the
next 5-10 years in radiotherapy. The course will be rounded-off with an opportunity to visit a modern radiotherapy unit, in order to see some
of the techniques and delivery methods described in the course in action.

Prerequisites /
notice

Although this course is seen as being complimentary to the Medical Physics I and II course of Dr Manser, no previous knowledge of
radiotherapy is necessarily expected or required for interested students who have not attended the other two courses.

402-0673-00L Physics in Medical Research: From Humans to Cells W  6 credits 2V+1U B. K. R. Müller
Abstract The aim of this lecture series is to introduce the role of physics in state-of-the-art medical research and clinical practice. Topics to be

covered range from applications of physics in medical implant technology and tissue engineering, through imaging technology, to its role in
interventional and non-interventional therapies.
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Objective The lecture series is focused on applying knowledge from physics in diagnosis, planning, and therapy close to clinical practice and
fundamental medical research. Beside a general overview, the lectures give a deep insight into a very few selected techniques, which will
help the students to apply the knowledge to a broad range of related techniques.

In particular, the lectures will elucidate the physics behind the X-ray imaging currently used in clinical environment and contemporary high-
resolution developments. It is the goal to visualize and quantify (sub-)microstructures of human tissues and implants as well as their
interface.

Ultrasound is not only used for diagnostic purposes but includes therapeutic approaches such as the control of the blood-brain barrier
under MR-guidance.

Physicists in medicine are working on modeling and simulation. Based on the vascular structure in cancerous and healthy tissues, the
characteristic approaches in computational physics to develop strategies against cancer are presented. In order to deliberately destroy
cancerous tissue, heat can be supplied or extracted in different manner: cryotherapy (heat conductivity in anisotropic, viscoelastic
environment), radiofrequency treatment (single and multi-probe), laser application, and proton therapy.

Medical implants play an important role to take over well-defined tasks within the human body. Although biocompatibility is here of crucial
importance, the term is insufficiently understood. The aim of the lectures is the understanding of biocompatibility performing well-defined
experiments in vitro and in vivo. Dealing with different classes of materials (metals, ceramics, polymers) the influence of surface
modifications (morphology and surface coatings) are key issues for implant developments, which might be bio-inspired.

Mechanical stimuli can drastically influence soft and hard tissue behavior. The students should realize that a physiological window exists,
where a positive tissue response is expected and how the related parameter including strain, frequency, and resting periods can be
selected and optimized for selected tissues such as bone.

For the treatment of severe incontinence, we are developing artificial smart muscles. The students should have a critical look at promising
solutions and the selection procedure as well as realize the time-consuming and complex way to clinical practice.

The course will be completed by relating the numerous examples and a common round of questions.

Content This lecture series will cover the following topics:
Introduction: Imaging the human body down to individual cells and beyond
Development of artificial muscles for incontinence treatment
X-ray-based computed tomography in clinics and related medical research
High-resolution micro computed tomography
Phase tomography using hard X-rays in biomedical research
Metal-based implants and scaffolds
Natural and synthetic ceramics for implants and regenerative medicine
Biomedical simulations
Polymers for medical implants
From open surgery to non-invasive interventions - Physical approaches in medical imaging
Dental research
Focused Ultrasound and its clinical use
Applying physics in medicine: Benefitting patients

Lecture notes http://www.bmc.unibas.ch/education/ETH_Zurich.phtml

login and password to be provided during the lecture

Prerequisites /
notice

Students from other departments are very welcome to join and gain insight into a variety of sophisticated techniques for the benefit of
patients.
No special knowledge is required. Nevertheless, gaps in basic physical knowledge will require additional efforts.

 Selection: Environmental Physics
Number Title Type ECTS Hours Lecturers

701-1216-00L Numerical Modelling of Weather and Climate W  4 credits 3G C. Schär, S. Soerland,
J. Vergara Temprado

Abstract The course provides an introduction to weather and climate models. It discusses how these models are built addressing both the dynamical
core and the physical parameterizations, and it provides an overview of how these models are used in numerical weather prediction and
climate research. As a tutorial, students conduct a term project and build a simple atmospheric model using the language PYTHON.

Objective At the end of this course, students understand how weather and climate models are formulated from the governing physical principles, and
how they are used for climate and weather prediction purposes.

Content The course provides an introduction into the following themes: numerical methods (finite differences and spectral methods); adiabatic
formulation of atmospheric models (vertical coordinates, hydrostatic approximation); parameterization of physical processes (e.g. clouds,
convection, boundary layer, radiation); atmospheric data assimilation and weather prediction; predictability (chaos-theory, ensemble
methods); climate models (coupled atmospheric, oceanic and biogeochemical models); climate prediction. Hands-on experience with
simple models will be acquired in the tutorials.

Lecture notes Slides and lecture notes will be made available at
http://www.iac.ethz.ch/edu/courses/master/modules/numerical-modelling-of-weather-and-climate.html

Literature List of literature will be provided.
Prerequisites /
notice

Prerequisites: to follow this course, you need some basic background in atmospheric science, numerical methods (e.g., "Numerische
Methoden in der Umweltphysik", 701-0461-00L) as well as experience in programming. Previous experience with PYTHON is useful but not
required.

151-0110-00L Compressible Flows W  4 credits 2V+1U T. Rösgen
Abstract Topics: unsteady one-dimensional subsonic and supersonic flows, acoustics, sound propagation, supersonic flows with shocks and

Prandtl-Meyer expansions, flow around slender bodies, shock tubes, reaction fronts (deflagration and detonation). 
Mathematical tools: method of characteristics and selected numerical methods.

Objective Illustration of compressible flow phenomena and introduction to the corresponding mathematical description methods.
Content The interaction of compressibility and inertia is responsible for wave generation in a fluid. The compressibility plays an important role for

example in unsteady phenomena, such as oscillations in gas pipelines or exhaust pipes. Compressibility effects are also important in
steady subsonic flows with high Mach numbers (M>0.3) and in supersonic flows (e.g. aeronautics, turbomachinery).
The first part of the lecture deals with wave propagation phenomena in one-dimensional subsonic and supersonic flows. The discussion
includes waves with small amplitudes in an acoustic approximation and waves with large amplitudes with possible shock formation.
The second part deals with plane, steady supersonic flows. Slender bodies in a parallel flow are considered as small perturbations of the
flow and can be treated by means of acoustic methods. The description of the two-dimensional supersonic flow around bodies with
arbitrary shapes includes oblique shocks and Prandtl-Meyer expansions etc.. Various boundary conditions, which are imposed for example
by walls or free-jet boundaries, and interactions, reflections etc. are taken into account.
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Lecture notes not available
Literature a list of recommended textbooks is handed out at the beginning of the lecture.
Prerequisites /
notice

prerequisites: Fluiddynamics I and II

701-1244-00L Aerosols II: Applications in Environment and
Technology

W  4 credits 2V+1U M. Gysel Beer, U. Baltensperger,
D. Bell

Abstract The life-cycle of atmospheric aerosols, the evolution of their physical and chemical properties, and their impacts on climate, atmospheric
chemistry and health are studied in detail using examples from current research.

Objective The students achieve a profound knowledge of atmospheric aerosols and their climate and health impacts including the underlying physical
and chemical processes. The students know and understand advanced experimental methods and are able to design experiments to study
aforementioned impacts and processes.

Content Atmospheric aerosols:
important sources and sinks, wet and dry deposition, chemical composition and transformation processes, importance for men and
environment, interaction with the gas phase, influence on health and climate.

Lecture notes Information is distributed during the lectures
Literature Seinfeld, J.H. and Pandis, S.N., Atmospheric Chemistry and Physics: From Air Pollution to Climate Change. 3rd ed., John Wiley & Sons,

Hoboken, 2016.
Prerequisites /
notice

This course build up on the lecture "Aerosols I: Physical and Chemical Principles"

701-1264-00L Atmospheric Physics Lab Work
Number of participants limited to 18.

Target grous are: MSc Atmospheric and Climate Science,
MSc Interdisciplinary Sciences, MSc Physics, MSc
Environmental Sciences.

W  2.5 credits 5P Z. A. Kanji

Abstract Experiments covering atmospheric physics, meteorology, and aeerosol physics which will be performed in the lab and partly outdoors.
Objective This course delivers inisghts into various aspects of atmospheric physics. These will be acquired within individual experiments which cover

the following topics: Wind and movement of air parcels, evaporation and cooling depending on wind velocity (wind chill), the analysis of
particulate matter (aerosol particles), and their influence on the solar radiation that reaches the earth.

Content Details about the course are available on the web page (cf. link).
Lecture notes Experiment instructions can be found on the Atmospheric physics lab work web page.
Prerequisites /
notice

Three out of four available experiments must be carried out. The experiments are conducted in groups of 2 (or 3). 
There will be three introduction lectures of 2 hours each in the beginning of the semester to familiarise students with the topics covered and
report writing process. The introduction lectures will take place on Mondays Feb 17, March 2 and March 16 from 10-12 hours in CHN L17.1

651-1504-00L Snowcover: Physics and Modelling W  4 credits 3G M.  Schneebeli, H. Löwe
Abstract Snow is a fascinating high-temperature material and relevant for applications in glaciology, hydrology, atmospheric sciences, polar

climatology, remote sensing and natural hazards. This course introduces key concepts and underlying physical principles of snow, ranging
from individual crystals to polar ice sheets.

Objective The course aims at a cross-disciplinary overview about the phenomenology of relevant processes in the snow cover, traditional and
advanced experimental methods for snow measurements and theoretical foundations with key equations required for snow modeling.
Tutorials and short presentations will also consider the bigger picture of snow physics with respect to climatology, hydrology and earth
science.

Content The lectures will treat snow formation, crystal growth, snow microstructure, metamorphism, ice physics, snow mechanics, heat and mass
transport in the snowcover, surface energy balance, snow models, wind transport, snow chemistry, electromagnetic properties,
experimental techniques.

The tutorials include a demonstration/exercise part and a presentation part. The demonstration/exercise part consolidates key subjects of
the lecture by means of small data sets, mathematical toy models, order of magnitude estimates, image analysis and visualization, small
simulation examples, etc. The presentation part comprises short presentations (about 15 min) based on selected papers in the subject.

First practical experience with modern methods measuring snow properties can be acquired in a field excursion.

Lecture notes Lecture notes and selected publications.
Prerequisites /
notice

We strongly recommend the field excursion to Davos on Saturday, March 14, 2020, in Davos. We will demonstrate traditional and modern
field-techniques (snow profile, Near-infrared photography, SnowMicroPen) and you will have the chance to use the instruments yourself.
The excursion includes a visit of the SLF cold laboratories with the micro-tomography setup and the snowmaker.

 Selection: Mathematics
Number Title Type ECTS Hours Lecturers

401-3532-08L Differential Geometry II W  10 credits 4V+1U U. Lang
Abstract Introduction to Riemannian geometry in combination with some elements of modern metric geometry. Contents: Riemannian manifolds,

Levi-Civita connection, geodesics, Hopf-Rinow Theorem, curvature, second fundamental form, Riemannian submersions and coverings,
Hadamard-Cartan Theorem, triangle and volume comparison, relations between curvature and topology, spaces of Riemannian manifolds.

Objective Learn the basics of Riemannian geometry and some elements of modern metric geometry.
Literature - M. P. do Carmo, Riemannian Geometry, Birkhäuser 1992

- S. Gallot, D. Hulin, J. Lafontaine, Riemannian Geometry, Springer 2004
- B. O'Neill, Semi-Riemannian Geometry, With Applications to Relativity, Academic Press 1983

Prerequisites /
notice

Prerequisite is a working knowledge of elementary differential geometry (curves and surfaces in Euclidean space), differentiable manifolds,
and differential forms.

401-3462-00L Functional Analysis II W  10 credits 4V+1U M. Struwe
Abstract Sobolev spaces, weak solutions of elliptic boundary value problems, elliptic regularity
Objective Acquiring the methods for solving elliptic boundary value problems, Sobolev spaces, Schauder estimates
Lecture notes Funktionalanalysis II, Michael Struwe
Literature Funktionalanalysis II, Michael Struwe 


Functional Analysis, Spectral Theory and Applications.
Manfred Einsiedler and Thomas Ward, GTM Springer 2017

Prerequisites /
notice

Functional Analysis I and a solid background in measure theory, Lebesgue integration and L^p spaces.
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401-0674-00L Numerical Methods for Partial Differential Equations
Not meant for BSc/MSc students of mathematics.

W  10 credits 2G+2U+2P+4A R. Hiptmair

Abstract Derivation, properties, and implementation of fundamental numerical methods for a few key partial differential equations: convection-
diffusion, heat equation, wave equation, conservation laws. Implementation in C++ based on a finite element library.

Objective Main skills to be acquired in this course:
* Ability to implement fundamental numerical methods for the solution of partial differential equations efficiently.
* Ability to modify and adapt numerical algorithms guided by awareness of their mathematical foundations.
* Ability to select and assess numerical methods in light of the predictions of theory
* Ability to identify features of a PDE (= partial differential equation) based model that are relevant for the selection and performance of a
numerical algorithm.
* Ability to understand research publications on theoretical and practical aspects of numerical methods for partial differential equations.
* Skills in the efficient implementation of finite element methods on unstructured meshes.

This course is neither a course on the mathematical foundations and numerical analysis of methods nor an course that merely teaches
recipes and how to apply software packages.

Content 1 Second-Order Scalar Elliptic Boundary Value Problems
1.2 Equilibrium Models: Examples 
1.3 Sobolev spaces
1.4 Linear Variational Problems
1.5 Equilibrium Models: Boundary Value Problems
1.6 Diffusion Models (Stationary Heat Conduction)
1.7 Boundary Conditions
1.8 Second-Order Elliptic Variational Problems
1.9 Essential and Natural Boundary Conditions
2 Finite Element Methods (FEM)
2.2 Principles of Galerkin Discretization
2.3 Case Study: Linear FEM for Two-Point Boundary Value Problems
2.4 Case Study: Triangular Linear FEM in Two Dimensions
2.5 Building Blocks of General Finite Element Methods
2.6 Lagrangian Finite Element Methods
2.7 Implementation of Finite Element Methods
2.7.1 Mesh Generation and Mesh File Format
2.7.2 Mesh Information and Mesh Data Structures
2.7.2.1 L EHR FEM++ Mesh: Container Layer
2.7.2.2 L EHR FEM++ Mesh: Topology Layer
2.7.2.3 L EHR FEM++ Mesh: Geometry Layer
2.7.3 Vectors and Matrices
2.7.4 Assembly Algorithms
2.7.4.1 Assembly: Localization
2.7.4.2 Assembly: Index Mappings
2.7.4.3 Distribute Assembly Schemes
2.7.4.4 Assembly: Linear Algebra Perspective
2.7.5 Local Computations
2.7.5.1 Analytic Formulas for Entries of Element Matrices
2.7.5.2 Local Quadrature
2.7.6 Treatment of Essential Boundary Conditions
2.8 Parametric Finite Element Methods
3 FEM: Convergence and Accuracy
3.1 Abstract Galerkin Error Estimates
3.2 Empirical (Asymptotic) Convergence of Lagrangian FEM
3.3 A Priori (Asymptotic) Finite Element Error Estimates
3.4 Elliptic Regularity Theory
3.5 Variational Crimes
3.6 FEM: Duality Techniques for Error Estimation
3.7 Discrete Maximum Principle
3.8 Validation and Debugging of Finite Element Codes
4 Beyond FEM: Alternative Discretizations [dropped]
5 Non-Linear Elliptic Boundary Value Problems [dropped]
6 Second-Order Linear Evolution Problems
6.1 Time-Dependent Boundary Value Problems
6.2 Parabolic Initial-Boundary Value Problems
6.3 Linear Wave Equations
7 Convection-Diffusion Problems [dropped]
8 Numerical Methods for Conservation Laws
8.1 Conservation Laws: Examples
8.2 Scalar Conservation Laws in 1D
8.3 Conservative Finite Volume (FV) Discretization
8.4 Timestepping for Finite-Volume Methods
8.5 Higher-Order Conservative Finite-Volume Schemes

Lecture notes The lecture will be taught in flipped classroom format:
- Video tutorials for all thematic units will be published online.
- Tablet notes accompanying the videos will be made available to the audience as PDF.
- A comprehensive lecture document will cover all aspects of the course.
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Literature Chapters of the following books provide supplementary reading
(detailed references in course material):

* D. Braess: Finite Elemente,
Theorie, schnelle Löser und Anwendungen in der Elastizitätstheorie, Springer 2007 (available online).
* S. Brenner and R. Scott. Mathematical theory of finite element methods, Springer 2008 (available online).
* A. Ern and J.-L. Guermond. Theory and Practice of Finite Elements, volume 159 of Applied Mathematical Sciences. Springer, New York,
2004.
* Ch. Großmann and H.-G. Roos: Numerical Treatment of Partial Differential Equations, Springer 2007.
* W. Hackbusch. Elliptic Differential Equations. Theory and Numerical Treatment, volume 18 of Springer Series in Computational
Mathematics. Springer, Berlin, 1992.
* P. Knabner and L. Angermann. Numerical Methods for Elliptic and Parabolic Partial Differential Equations, volume 44 of Texts in Applied
Mathematics. Springer, Heidelberg, 2003.
* S. Larsson and V. Thomée. Partial Differential Equations with Numerical Methods, volume 45 of Texts in Applied Mathematics. Springer,
Heidelberg, 2003.
* R. LeVeque. Finite Volume Methods for Hyperbolic Problems. Cambridge Texts in Applied Mathematics. Cambridge University Press,
Cambridge, UK, 2002.

However, study of supplementary literature is not important for for following the course.

Prerequisites /
notice

Mastery of basic calculus and linear algebra is taken for granted.
Familiarity with fundamental numerical methods (solution methods for linear systems of equations, interpolation, approximation, numerical
quadrature, numerical integration of ODEs) is essential.

Important: Coding skills and experience in C++ are essential.

Homework assignments involve substantial coding, partly based on a C++ finite element library. The written examination will be computer
based and will comprise coding tasks.

 Selection: Electives at the University of Zurich
University of Zurich lecturers explicitly recommended the following courses also to physics students at ETH Zurich.
Recognition of the corresponding external ECTS credits has to be granted by the Director of Studies. Submit your request to the Study Administration
(www.phys.ethz.ch/studies/study-administration.html).

Number Title Type ECTS Hours Lecturers

402-0752-00L Experimental Astro Particle Physics (University of
Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: PHY465

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  6 credits 2V+2U University lecturers

402-0770-00L Physics with Muons: From Atomic to Solid State
Physics (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: PHY432

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  6 credits 2V+1U University lecturers

Abstract Introduction and overview of muon science. Particularly, the use of polarized muons as microscopic magnetic probes in condensed matter
physics will be presented (Muon spin rotation and relaxation techniques, muSR). Examples of recent research results in magnetism,
superconductivity, semiconductors, thin film and heterostructures.

Objective Basic understanding of the use of muons as microscopic magnetic micro probes of matter. Theory and examples of muon spin precession
and relaxation (muSR) in various materials. Selected examples in magnetism, superconductivity, semiconductor physics and investigations
of heterostructures. Determination of fundamental constants and atomic spectroscopy with muons. The lecture is a useful introduction for
people interested in a Bachelor/Master thesis in muSR research at the Paul Scherrer Institute.

Content Introduction: Muon characteristics. Generation of muon beams
Particle physics aspects: Muon decay, measurement of the muon magnetic anomaly
Hyperfine interaction, muonium spectroscopy
Fundamentals of muon spin rotation/relaxation and resonance. 
Static and dynamic spin relaxation. 
Applications in magnetism: local magnetic fields, phase transitions, spin-glass dynamics. 
Applications in superconductivity: determination of magnetic penetration depths and coherence length, phase diagram of HTc
superconductors, dynamics of the vortex state
Hydrogen states in semiconductors
Thin film and surface studies with low energy muons.

Lecture notes Lecture notes in English are distributed at the beginning.
see also http://www.psi.ch/lmu/lectures

Literature http://www.psi.ch/lmu/EducationLecturesEN/Literature.pdf
Prerequisites /
notice

Lecture can also be given in English.

 General Electives
Students may choose General Electives from the entire course programme of ETH Zurich - with the following restrictions: courses that belong to the first
or second year of a Bachelor curriculum at ETH Zurich as well as courses from GESS "Science in Perspective" are not eligible here.
The following courses are explicitly recommended to physics students by their lecturers. (Courses in this list may be assigned to the category "General
Electives" directly in myStudies. For the category assignment of other eligible courses keep the choice "no category" and take contact with the Study
Administration (www.phys.ethz.ch/studies/study-administration.html) after having received the credits.)

Number Title Type ECTS Hours Lecturers

227-1046-00L Computer Simulations of Sensory Systems
Does not take place this semester.

W  3 credits 3G
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Abstract This course deals with computer simulations of the human auditory, visual, and balance system. The lecture will cover the physiological
and mechanical mechanisms of these sensory systems. And in the exercises, the simulations will be implemented with Python. The
simulations will be such that their output could be used as input for actual neuro-sensory prostheses.

Objective Our sensory systems provide us with information about what is happening in the world surrounding us. Thereby they transform incoming
mechanical, electromagnetic, and chemical signals into action potentials, the language of the central nervous system.
The main goal of this lecture is to describe how our sensors achieve these transformations, how they can be reproduced with
computational tools. For example, our auditory system performs approximately a Fourier transformation of the incoming sound waves; our
early visual system is optimized for finding edges in images that are projected onto our retina; and our balance system can be well
described with a control system that transforms linear and rotational movements into nerve impulses.
In the exercises that go with this lecture, we will use Python to reproduce the transformations achieved by our sensory systems. The goal is
to write programs whose output could be used as input for actual neurosensory prostheses: such prostheses have become commonplace
for the auditory system, and are under development for the visual and the balance system. For the corresponding exercises, at least some
basic programing experience is required!!

Content The following topics will be covered:
 Introduction into the signal processing in nerve cells.
 Introduction into Python.
 Simplified simulation of nerve cells (Hodgkins-Huxley model).
 Description of the auditory system, including the application of Fourier transforms on recorded sounds.
 Description of the visual system, including the retina and the information processing in the visual cortex. The corresponding exercises will
provide an introduction to digital image processing.
 Description of the mechanics of our balance system, and the Control System-language that can be used for an efficient description of the
corresponding signal processing (essentially Laplace transforms and control systems).

Lecture notes For each module additional material will be provided on the e-learning platform "moodle". The main content of the lecture is also available
as a wikibook, under http://en.wikibooks.org/wiki/Sensory_Systems

Literature Open source information is available as wikibook http://en.wikibooks.org/wiki/Sensory_Systems

For good overviews I recommend:

 Principles of Neural Science (5th Ed, 2012), by Eric Kandel, James Schwartz, Thomas Jessell, Steven Siegelbaum, A.J. Hudspeth     
ISBN 0071390111 / 9780071390118
THE standard textbook on neuroscience.

 L. R. Squire, D. Berg, F. E. Bloom, Lac S. du, A. Ghosh, and N. C. Spitzer. Fundamental Neuroscience, Academic Press - Elsevier, 2012
[ISBN: 9780123858702].
This book covers the biological components, from the functioning of an individual ion channels through the various senses, all the way to
consciousness. And while it does not cover the computational aspects, it nevertheless provides an excellent overview of the underlying
neural processes of sensory systems. 

 G. Mather. Foundations of Sensation and Perception, 2nd Ed Psychology Press, 2009 [ISBN: 978-1-84169-698-0 (hardcover), oder 978-
1-84169-699-7 (paperback)]
A coherent, up-to-date introduction to the basic facts and theories concerning human sensory perception.

 The best place to get started with Python programming are the https://scipy-lectures.org/
Prerequisites /
notice

 Since I have to gravel from Linz, Austria, to Zurich to give this lecture, I plan to hold this lecture in blocks (every 2nd week).
 In addition to the lectures, this course includes external lab visits to institutes actively involved in research on the relevant sensory
systems.

465-0952-00L Biomedical Photonics
Does not take place this semester.

W  3 credits 2V

Abstract The lecture introduces the principles of generation, propagation and detection of light and its therapeutic and diagnostic application in
medicine.

Objective The lecture provides knowledge about light sources and light delivery systems, optical biomedical imaging techniques, optical
measurement technologies and their specific applications in medicine. Fundamental principles will be accompanied by practical and
contemporary examples. Different selected optical systems used in diagnostics and therapy will be discussed.

Content Optics always was strongly connected to the observation and interpretation of physiological phenomenon. The basic knowledge of optics
for example was initially gained by studying the function of the human eye. Nowadays, biomedical optics is an independent research field
that is no longer restricted to the observation of physiological processes but studies diagnostic and therapeutic problems in medicine. A
basic prerequisite for applying optical techniques in medicine is the understanding of the physical properties of light, the light propagation in
and its interaction with tissue. The lecture gives inside into the generation, propagation and detection of light, its propagation in tissue and
into selected optical applications in medicine. Various optical imaging techniques (optical coherence tomography or optoacoustics) as well
as therapeutic laser applications (refractive surgery, photodynamic therapy or nanosurgery) will be discussed.

Lecture notes will be provided via Internet (Ilias)
Literature - M. Born, E. Wolf, "Principles of Optics", Pergamon Press

- B.E.A. Saleh, M.C. Teich, "Fundamentals of Photonics", John Wiley and Sons, Inc.
- O. Svelto, "Principles of Lasers", Plenum Press
- J. Eichler, T. Seiler, "Lasertechnik in der Medizin", Springer Verlag
- M.H. Niemz, "Laser-Tissue Interaction", Springer Verlag
- A.J. Welch, M.J.C. van Gemert, "Optical-thermal response of laser-irradiated tissue", Plenum Press

Prerequisites /
notice

Language of instruction: English
This is the same course unit (465-0952-00L) with former course title "Medical Optics".

151-0160-00L Nuclear Energy Systems W  4 credits 2V+1U H.-M. Prasser, P. Burgherr,
I. Günther-Leopold, W. Hummel,
T. Kämpfer, T. Kober, X. Zhang

Abstract Nuclear energy and sustainability, uranium production, uranium enrichment, nuclear fuel production, reprocessing of spent fuel, nuclear
waste disposal, Life Cycle Analysis, energy and materials balance of Nuclear Power Plants.

Objective Students get an overview on the physical and chemical fundamentals, the technological processes and  the environmental impact of the full
energy conversion chain of nuclear power generation. The are enabled to assess to potentials and risks arising from embedding nuclear
power in a complex energy system.
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Content (1) survey on the cosmic and geological origin of uranium, methods of uranium mining, separation of uranium from the ore, (2) enrichment
of uranium (diffusion cells, ultra-centrifuges, alternative methods), chemical conversion uranium oxid - fluorid - oxid, fuel rod fabrication
processes, (3) fuel reprocessing (hydrochemical, pyrochemical) including modern developments of deep partitioning as well as methods to
treat and minimize the amount and radiotoxicity of nuclear waste. (4) nuclear waste disposal, waste categories and origin, geological and
engineered barriers in deep geological repositories, the project of a deep geological disposal for radioactive waste in Switzerland, (5)
methods to measure the sustainability of energy systems, comparison of nuclear energy with other energy sources, environmental impact
of the nuclear energy system as a whole, including the question of CO2 emissions, CO2 reduction costs, radioactive releases from the
power plant, the fuel chain and the final disposal. The material balance of different fuel cycles with thermal and fast reactors isdiscussed.

Lecture notes Lecture slides will be distributed as handouts and in digital form

151-0156-00L Safety of Nuclear Power Plants W  4 credits 2V+1U H.-M. Prasser, V. Dang,
L. Podofillini

Abstract Knowledge about safety concepts and requirements of nuclear power plants and their implementation in deterministic safety concepts and
safety systems. Knowledge about behavior under accident conditions and about the methods of probabilistic risk analysis and how to
handle results. Introduction into key elements of the enhanced safety of nuclear systems for the future.

Objective Deep understanding of safety requirements, concepts and system of nuclear power plants, knowledge of deterministic and probabilistic
methods for safety analysis, aspects of nuclear safety research, licensing of nuclear power plant operation. Overview on key elements of
the enhanced safety of nuclear systems for the future.

Content (1) Introduction into the specific safety issues of nuclear power plants, main facts of health effects of ionizing radiation, defense in depth
approach. (2) Reactor protection and reactivity control, reactivity induced accidents (RIA). (3) Loss-of-coolant accidents (LOCA),
emergency core cooling systems. (4) Short introduction into severe accidents (Beyond Design Base Accidents, BDBA). (5)  Probabilistic
risk analysis (PRA level 1,2,3). (6) Passive safety systems. (7) Safety of innovative reactor concepts.

Lecture notes Script: 
Hand-outs of lecture slides will be distributed
Audio recording of lectures will be provided
Script "Short introduction into basics of nuclear power"

Literature S. Glasston & A. Sesonke: Nuclear Reactor Engineering, Reactor System Engineering, Ed. 4, Vol. 2., Chapman & Hall, NY, 1994
Prerequisites /
notice

Prerequisites: 
Recommended in advance (not binding): 151-0163-00L Nuclear Energy Conversion

151-0166-00L Physics of Nuclear Reactor II W  4 credits 3G S. Pelloni, K. Mikityuk, A. Pautz
Abstract Reactor physics calculations for assessing the performance and safety of nuclear power plants are, in practice, carried out using large

computer codes simulating different key phenomena. This course provides a basis for understanding state-of-the-art calculational
methodologies in the above context.

Objective Students are introduced to advanced methods of reactor physics analysis for nuclear power plants.
Content Cross-sections preparation. Slowing down theory. Differential form of the neutron transport equation and method of discrete ordinates (Sn).

Integral form of the neutron transport equation and method of characteristics. Method of Monte-Carlo. Modeling of fuel depletion. Lattice
calculations and cross-section parametrization. Modeling of full core neutronics using nodal methods. Modeling of feedbacks from fuel
behavior and thermal hydraulics. Point and spatial reactor kinetics. Uncertainty and sensitivity analysis.

Lecture notes Hand-outs will be provided on the website.
Literature Chapters from various text books on Reactor Theory, etc.

151-2016-00L Radiation Imaging for Industrial Applications W  4 credits 2V+1U H.-M. Prasser, R. Adams
Abstract The course gives an overview of the physics and practical principles of imaging techniques using ionizing radiation such as X-rays, gamma

photons, and neutrons in the context of various industrial (non-medical) challenges. This includes the interaction of radiation with matter,
parameters affecting imaging performance, source and detector technology, image processing, and tomographic techniques.

Objective Understanding of the principles and applicability of various radiation-based imaging techniques including radiography and tomography to
various industrial challenges.

Content principles of radiation imaging; physics of interaction of radiation with matter (X-ray, gamma, neutron); X-ray source physics and
technology; neutron source physics and technology; radiation detection principles; radiation detection as applied to imaging; radiography
(image quality parameters, image processing); computed tomography (image reconstruction techniques, artifacts, image processing);
overview of more exotic techniques (e.g. dual modality, fast neutrons, time of flight); general industrial applications, security applications;
special issues in dynamic imaging and example applications; PET/PEPT imaging; nuclear energy applications

Lecture notes Lecture slides will be provided, as well as references for further reading
Literature - Wang, Industrial Tomography: Systems and Applications

- Knoll, Radiation Detection and Measurement
- Kak & Slaney, Principles of Computerized Tomographic Imaging

Prerequisites /
notice

Recommended courses (not binding): 151-0163-00L Nuclear Energy Conversion, 151-2035-00L, Radiobiology and Radiation Protection,
151-0123-00L, Experimental Methods for Engineers, MATLAB skills for exercises.

151-1906-00L Multiphase Flow W  4 credits 3G H.-M. Prasser
Abstract Basics in multiphase flow systems,, mainly gas-liquid, is presented in this course. An introduction summarizes the characteristics of multi

phase flows, some theoretical models are discussed. Following we focus on pipe flow, film and bubbly/droplet flow. Finally specific
measuring methods are shown and a summary of the CFD models for multiphases is presented.

Objective This course contributes to a deep understanding of complex multiphase systems and allows to predict multiphase conditions to design
appropriate systems/apparatus. Actual examples and new developments are presented.

Content The course gives an overview on following subjects: Basics in multiphase systems, pipeflow, films, bubbles and bubble columns, droplets,
measuring techniques, multiphase flow in microsystems, numerical procedures with multiphase flows.

Lecture notes Lecturing notes are available (copy of slides or a german script) partly in english
Literature Special literature is recommended for each chapter.
Prerequisites /
notice

The course builds on the basics in fluidmechanics.

151-0530-00L Nonlinear Dynamics and Chaos II W  4 credits 4G G. Haller
Abstract The internal structure of chaos; Hamiltonian dynamical systems; Normally hyperbolic invariant manifolds; Geometric singular perturbation

theory; Finite-time dynamical systems
Objective The course introduces the student to advanced, comtemporary concepts of nonlinear dynamical systems analysis.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1439 of 1785

Content I. The internal structure of chaos: symbolic dynamics, Bernoulli shift map,  sub-shifts of finite type; chaos is numerical iterations.

II.Hamiltonian dynamical systems: conservation and recurrence, stability of fixed points, integrable systems,  invariant tori, Liouville-
Arnold-Jost Theorem, KAM theory.

III. Normally hyperbolic invariant manifolds: Crash course on differentiable manifolds,  existence, persistence, and smoothness,
applications.
IV. Geometric singular perturbation theory:  slow manifolds  and their stability, physical examples. V. Finite-time dynamical system;
detecting  Invariant manifolds and coherent structures  in finite-time flows

Lecture notes Students have to prepare their own lecture notes
Literature Books will be recommended in class
Prerequisites /
notice

Nonlinear Dynamics I (151-0532-00) or equivalent

151-0116-10L High Performance Computing for Science and
Engineering (HPCSE) for Engineers II

W  4 credits 4G P. Koumoutsakos, S. M. Martin

Abstract This course focuses on programming methods and tools for parallel computing on multi and many-core architectures. Emphasis will be
placed on practical and computational aspects of Uncertainty Quantification and Propagation including the implementation of relevant
algorithms on HPC architectures.

Objective The course will teach 
- programming models and tools for multi and many-core architectures
- fundamental concepts of Uncertainty Quantification and Propagation (UQ+P) for computational models of systems in Engineering and Life
Sciences

Content High Performance Computing:
- Advanced topics in shared-memory programming
- Advanced topics in MPI
- GPU architectures and CUDA programming

Uncertainty Quantification:
- Uncertainty quantification under parametric and non-parametric modeling uncertainty
- Bayesian inference with model class assessment
- Markov Chain Monte Carlo simulation

Lecture notes https://www.cse-lab.ethz.ch/teaching/hpcse-ii_fs20/
Class notes, handouts

Literature - Class notes
- Introduction to High Performance Computing for Scientists and Engineers, G. Hager and G. Wellein
- CUDA by example, J. Sanders and E. Kandrot
- Data Analysis: A Bayesian Tutorial, D. Sivia and J. Skilling
- An introduction to Bayesian Analysis - Theory and Methods, J. Gosh, N. Delampady and S. Tapas 
- Bayesian Data Analysis, A. Gelman, J. Carlin, H. Stern, D. Dunson, A. Vehtari and D. Rubin
- Machine Learning: A Bayesian and Optimization Perspective, S. Theodorides

Prerequisites /
notice

Students must be familiar with the content of High Performance Computing for Science and Engineering I (151-0107-20L)

327-2222-00L Soft Materials: from Fundamentals to Applications
Does not take place this semester.

W  3 credits 2V+1U L. Isa

Abstract This course consists of a series of lectures, each focusing on a specific fundamental concept previously encountered by the student during
basic courses, and on its direct relevance for soft materials and their applications (e.g. colloidal crystals, dense suspensions, emulsions,
foams and liquid crystals).

Objective Soft materials, such as complex fluids, polymers, liquid crystals, foams etc. are of paramount importance in many technological
applications and consumer products. Additionally, they also work as "open laboratories", where basic phenomena, normally studied at the
atomic or molecular length and time scales, can be easily and directly observed at the micro and nanoscale. 
The aim of this course is to offer the student the possibility to connect fundamental concepts (e.g. entropy or thermodynamic equilibrium),
which too often stay as abstract constructions, to direct examples of soft materials. At the end of the course the student will have acquired
advanced knowledge of soft matter systems and strengthened his/her background in basic physics and physical chemistry.

Content Each lecture will be divided into two parts. In the first part a specific concept will be introduced and discussed. In the second part the
implications for soft materials will be presented, often with practical demonstration in the class. 
Examples are:
- Entropy and phase transitions; application to colloidal crystals.
- Thermodynamics versus kinetics; application to Pickering emulsions.
- Excluded volume; application to liquid crystals.
The detailed series will be presented at the beginning of the course.

Lecture notes Notes will be handed out during the lectures and published online before each lecture.
Literature Provided in the lecture notes.
Prerequisites /
notice

Pre-existing notions of physics, thermodynamics, physical chemistry and statistical mechanics are necessary

227-0161-00L Molecular and Materials Modelling W  4 credits 2V+2U D. Passerone, C. Pignedoli
Abstract The course introduces the basic techniques to interpret experiments with contemporary atomistic simulation, including force fields or ab

initio based molecular dynamics and Monte Carlo. Structural and electronic properties will be simulated hands-on for realistic systems.
The modern methods of "big data" analysis applied to the screening of chemical structures will be introduced with examples.

Objective The ability to select a suitable atomistic approach to model a nanoscale system, and to employ a simulation package to compute quantities
providing a theoretically sound explanation of a given experiment.  This includes knowledge of empirical force fields and insight in
electronic structure theory, in particular density functional theory (DFT). Understanding the advantages of Monte Carlo and molecular
dynamics (MD), and how these simulation methods can be used to compute various static and dynamic material properties. Basic
understanding on how to simulate different spectroscopies (IR, X-ray, UV/VIS). Performing a basic computational experiment: interpreting
the experimental input, choosing theory level and model approximations, performing the calculations, collecting and representing the
results, discussing the comparison to the experiment.
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Content -Classical force fields in molecular and condensed phase systems
-Methods for finding stationary states in a potential energy surface
-Monte Carlo techniques applied to nanoscience
-Classical molecular dynamics: extracting quantities and relating to experimentally accessible properties
-From molecular orbital theory to quantum chemistry: chemical reactions
-Condensed phase systems: from periodicity to band structure
-Larger scale systems and their electronic properties: density functional theory and its approximations
-Advanced molecular dynamics: Correlation functions and extracting free energies
-The use of Smooth Overlap of Atomic Positions (SOAP) descriptors in the evaluation of the (dis)similarity of crystalline, disordered and
molecular compounds

Lecture notes A script will be made available and complemented by literature references.
Literature D. Frenkel and B. Smit, Understanding Molecular Simulations, Academic Press, 2002.


M. P. Allen and D.J. Tildesley, Computer Simulations of Liquids, Oxford University   Press 1990.

C. J. Cramer, Essentials of Computational Chemistry. Theories and Models, Wiley 2004

G. L. Miessler, P. J. Fischer, and Donald A. Tarr, Inorganic Chemistry, Pearson 2014.

K. Huang, Statistical Mechanics, Wiley, 1987.

N. W. Ashcroft, N. D. Mermin, Solid State Physics, Saunders College 1976.

E. Kaxiras, Atomic and Electronic Structure of Solids, Cambridge University Press 2010.

529-0442-00L Advanced Kinetics W  6 credits 3G J. Richardson
Abstract This lecture covers the theoretical and conceptual foundations of quantum dynamics in molecular systems.  Particular attention is taken to

derive and compare quantum and classical approximations which can be used to simulate the dynamics of molecular systems and the
reaction rate constant used in chemical kinetics.

Objective The theory of quantum dynamics is derived from the time-dependent Schrödinger equation.  This is illustrated with molecular examples
including tunnelling, recurrences, nonadiabatic crossings.  We consider thermal distributions, correlation functions, interaction with light and
nonadiabatic effects.  Quantum scattering theory is introduced and applied to discuss molecular collisions. The dynamics of systems with a
very large number of quantum states are discussed to understand the transition from microscopic to macroscopic dynamics.  A rigorous
rate theory is obtained both from a quantum-mechanical picture as well as within the classical approximation.  The approximations leading
to conventional transition-state theory for polyatomic reactions are discussed.  In this way, relaxation and irreversibility will be explained
which are at the foundation of statistical mechanics.

By the end of the course, the student will have learned many ways to simplify the complex problem posed by quantum dynamics.  They will
understand when and why certain approximations are valid in different situations and will use this to make quantitative and qualitative
predictions about how different molecular systems behave.

Lecture notes Will be available online.
Literature D. J. Tannor, Introduction to Quantum Mechanics: A Time-Dependent Perspective

R. D. Levine, Molecular Reaction Dynamics
S. Mukamel, Principles of Nonlinear Optical Spectroscopy

Prerequisites /
notice

529-0422-00L Physical Chemistry II: Chemical Reaction Dynamics

529-0434-00L Physical Chemistry V: Spectroscopy W  4 credits 3G H. J. Wörner
Abstract Absorption and scattering of electromagnetic radiation; transition probabilities, rate equations; Einstein coefficients and lasers; selection

rules and symmetry; band shape, energy transfer, and broadening mechanisms; atomic spectroscopy; molecular spectroscopy: vibration
and rotation; spectroscopy of clusters, nanoparticles and condensed phases

Objective The lecture is devoted to atomic, molecular, and condensed phase spectroscopy treating both theoretical and experimental aspects. The
focus is on the interaction between electromagnetic radiation and matter.

Content Absorption and scattering of electromagnetic radiation; transition probabilities, rate equations; Einstein coefficients and lasers; selection
rules and symmetry; band shape, energy transfer, and broadening mechanisms; atomic spectroscopy; molecular spectroscopy: vibration
and rotation; spectroscopy of clusters, nanoparticles and condensed phases

Lecture notes is partly available

529-0440-00L Physical Electrochemistry and Electrocatalysis W  6 credits 3G T. Schmidt
Abstract Fundamentals of electrochemistry, electrochemical electron transfer, electrochemical processes, electrochemical kinetics, electrocatalysis,

surface electrochemistry, electrochemical energy conversion processes and introduction into the technologies (e.g., fuel cell, electrolysis),
electrochemical methods (e.g., voltammetry, impedance spectroscopy), mass transport.

Objective Providing an overview and in-depth understanding of Fundamentals of electrochemistry, electrochemical electron transfer, electrochemical
processes, electrochemical kinetics, electrocatalysis, surface electrochemistry, electrochemical energy conversion processes (fuel cell,
electrolysis), electrochemical methods and mass transport during electrochemical reactions. The students will learn about the importance
of electrochemical kinetics and its relation to industrial electrochemical processes and in the energy seactor.

Content Review of electrochemical thermodynamics, description electrochemical kinetics, Butler-Volmer equation, Tafel kinetics, simple
electrochemical reactions, electron transfer, Marcus Theory, fundamentals of electrocatalysis, elementary reaction processes, rate-
determining steps in electrochemical reactions, practical examples and applications specifically for electrochemical energy conversion
processes, introduction to electrochemical methods, mass transport in electrochemical systems. Introduction to fuel cells and electrolysis

Lecture notes Will be handed out during the Semester
Literature Physical Electrochemistry, E. Gileadi, Wiley VCH

Electrochemical Methods, A. Bard/L. Faulkner, Wiley-VCH
Modern Electrochemistry 2A - Fundamentals of Electrodics, J. Bockris, A. Reddy, M. Gamboa-Aldeco, Kluwer Academic/Plenum
Publishers

227-0948-00L Magnetic Resonance Imaging in Medicine W  4 credits 3G S. Kozerke, M. Weiger Senften
Abstract Introduction to magnetic resonance imaging and spectroscopy, encoding and contrast mechanisms and their application in medicine.
Objective Understand the basic principles of signal generation, image encoding and decoding, contrast manipulation and the application thereof to

assess anatomical and functional information in-vivo.
Content Introduction to magnetic resonance imaging including basic phenomena of nuclear magnetic resonance; 2- and 3-dimensional imaging

procedures; fast and parallel imaging techniques; image reconstruction; pulse sequences and image contrast manipulation; equipment;
advanced techniques for identifying activated brain areas; perfusion and flow; diffusion tensor imaging and fiber tracking; contrast agents;
localized magnetic resonance spectroscopy and spectroscopic imaging; diagnostic applications and applications in research.

Lecture notes D. Meier, P. Boesiger, S. Kozerke
Magnetic Resonance Imaging and Spectroscopy
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227-0384-00L Ultrasound Fundamentals, Imaging, and Medical
Applications
Course is offered for the last time in Spring Semester
2020.

W  4 credits 3G O. Göksel

Abstract Ultrasound is the only imaging modality that is nonionizing (safe), real-time, cost-effective, and portable, with many medical uses in
diagnosis, intervention guidance, surgical navigation, and as a therapeutic option. In this course, we introduce conventional and
prospective applications of ultrasound, starting with the fundamentals of ultrasound physics and imaging.

Objective Students can use the fundamentals of ultrasound, to analyze and evaluate ultrasound imaging techniques and applications, in particular in
the field of medicine, as well as to design and implement basic applications.

Content Ultrasound is used in wide range of products, from car parking sensors, to assessing fault lines in tram wheels. Medical imaging is the eye
of the doctor into body; and ultrasound is the only imaging modality that is nonionizing (safe), real-time, cheap, and portable. Some of its
medical uses include diagnosing breast and prostate cancer, guiding needle insertions/biopsies, screening for fetal anomalies, and
monitoring cardiac arrhythmias. Ultrasound physically interacts with the tissue, and thus can also be used therapeutically, e.g., to deliver
heat to treat tumors, break kidney stones, and targeted drug delivery. Recent years have seen several novel ultrasound techniques and
applications – with many more waiting in the horizon to be discovered.

This course covers ultrasonic equipment, physics of wave propagation, numerical methods for its simulation, image generation,
beamforming (basic delay-and-sum and advanced methods), transducers (phased-, linear-, convex-arrays), near- and far-field effect,
imaging modes (e.g., A-, M-, B-mode), Doppler and harmonic imaging, ultrasound signal processing techniques (e.g., filtering, time-
gain-compensation, displacement tracking), image analysis techniques (deconvolution, real-time processing, tracking, segmentation,
computer-assisted interventions), acoustic-radiation force, plane-wave imaging, contrast agents, micro-bubbles, elastography,
biomechanical characterization, high-intensity focused ultrasound and therapy, lithotripsy, histotripsy, photo-acoustics phenomenon and
opto-acoustic imaging, as well as sample non-medical applications such as the basics of non-destructive testing (NDT).

Hands-on exercises: These will help to apply the concepts learned in the course, using simulation environments (such as Matlab k-Wave
and FieldII toolboxes).  The exercises will involve a mix of design, implementation, and evaluation examples commonly encountered in
practical applications.

Project: Current and relevant applications in the field of ultrasound are offered as project topics. Projects will be carried out throughout the
course, where the project reporting and presentations will be due towards the end of the semester. These will be part of the assessment in
grading.

Prerequisites /
notice

Prerequisites: Familiarity with basic numerical methods.
Basic programming skills in Matlab.

227-0303-00L Advanced Photonics W  6 credits 2V+2U+1A A. Emboras, M. Burla, A. Dorodnyy
Abstract The lecture gives a comprehensive insight into various types of nano-scale photonic devices, physical fundamentals of their operation, and

an overview of the micro/nano-fabrication technologies. Following applications of nano-scale photonic structures are discussed in details:
detectors, photovoltaic cells, atomic/ionic opto-electronic devices and integrated microwave photonics.

Objective General training in advanced photonic devices with an in-depth understanding of the fundamentals of theory, fabrication, and
characterization. Hands-on experience with photonic and optoelectronic device technologies and theory. The students will learn about the
importance of advanced photonic devices in energy, communications, digital and neuromorphic computing applications.

Content The following topics will be addressed:
•    Photovoltaics: basic thermodynamic principles and fundamental efficiency limitations, physics of semiconductor solar cell, overview of
existing solar cell concepts and underlying physical phenomena. 
•    Micro/nano-fabrication technologies for advanced optoelectronic devices: introduction and device examples.
•    Comprehensive insight into the physical mechanisms that govern ionic-atomic devices, present the techniques required to fabricate
ultra-scaled nanostructures and show some applications in digital and neuromorphic computing. 
•    Introduction to microwave photonics (MWP), microwave photonic links, photonic techniques for microwave signal generation and
processing.

Lecture notes The presentation and the lecture notes will be provided every week.
Literature “Atomic/Ionic Devices”:

•    Resistive Switching: From Fundamentals of Nanoionic Redox Processes to Memristive Device Applications, Daniele Ielmini and Rainer
Waser, Wiley-VCH 
•    Electrochemical Methods: Fundamentals and Applications, A. Bard and L. Faulkner, John Willey & Sons, Inc.

“Photovoltaics”:
•    Prof. Peter Wurfel: Physics of Solar Cells, Wiley 

“Micro and nano Fabrication”:
•    Prof. H. Gatzen, Prof. Volker Saile, Prof. Juerg Leuthold: Micro and Nano Fabrication, Springer

 “Microwave Photonics”:
•    D. M. Pozar, Microwave Engineering. J. Wiley & Sons, New York, 2005.
•    M. Burla, Advanced integrated optical beam forming networks for broadband phased array antenna systems. Enschede, The
Netherlands, 2013. DOI: 10.3990/1.9789036507295
•    C.H. Cox, Analog optical links: theory and practice. Cambridge University Press, 2006.

Prerequisites /
notice

Basic knowledge of semiconductor physics, physics of the electromagnetic filed and thermodynamics.

227-0390-00L Elements of Microscopy W  4 credits 3G M. Stampanoni, G. Csúcs,
A. Sologubenko

Abstract The lecture reviews the basics of microscopy by discussing wave propagation, diffraction phenomena and aberrations. It gives the basics
of light microscopy, introducing fluorescence, wide-field, confocal and multiphoton imaging. It further covers 3D electron microscopy and
3D X-ray tomographic micro and nanoimaging.

Objective Solid introduction to the basics of microscopy, either with visible light, electrons or X-rays.
Content It would be impossible to imagine any scientific activities without the help of microscopy.  Nowadays, scientists can count on very powerful

instruments that allow investigating sample down to the atomic level.
The lecture includes a general introduction to the principles of microscopy, from wave physics to image formation. It provides the physical
and engineering basics to understand visible light, electron and X-ray microscopy. 
During selected exercises in the lab, several sophisticated instrument will be explained and their capabilities demonstrated.

Literature Available Online.

227-0396-00L EXCITE Interdisciplinary Summer School on Bio-
Medical Imaging
The school admits 60 MSc or PhD students with
backgrounds in biology, chemistry, mathematics, physics,

W  4 credits 6G S. Kozerke, G. Csúcs, J. Klohs-
Füchtemeier, S. F. Noerrelykke,
M. P. Wolf
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computer science or engineering based on a selection
process.
 
Students have to apply for acceptance by April 20, 2020.
To apply a curriculum vitae and an application letter need
to be submitted. The notification of acceptance will be
given by May 22, 2020. Further information can be found
at: www.excite.ethz.ch.

Abstract Two-week summer school organized by EXCITE (Center for EXperimental & Clinical Imaging TEchnologies Zurich) on biological and
medical imaging. The course covers X-ray imaging, magnetic resonance imaging, nuclear imaging, ultrasound imaging, infrared and optical
microscopy, electron microscopy, image processing and analysis.

Objective Students understand basic concepts and implementations of biological and medical imaging. Based on relative advantages and limitations
of each method they can identify preferred procedures and applications. Common foundations and conceptual differences of the methods
can be explained.

Content Two-week summer school on biological and medical imaging. The course covers concepts and implementations of X-ray imaging,
magnetic resonance imaging, nuclear imaging, ultrasound imaging, infrared and optical microscopy and electron microscopy. Multi-modal
and multi-scale imaging and supporting technologies such as image analysis and modeling are discussed. Dedicated modules for physical
and life scientists taking into account the various backgrounds are offered.

Lecture notes Hand-outs, Web links
Prerequisites /
notice

The school admits 60 MSc or PhD students with backgrounds in biology, chemistry, mathematics, physics, computer science or
engineering based on a selection process. To apply a curriculum vitae, a statement of purpose and applicants references need to be
submitted. Further information can be found at: http://www.excite.ethz.ch/education/summer-school.html

227-0434-10L Mathematics of Information W  8 credits 3V+2U+2A H. Bölcskei
Abstract The class focuses on mathematical aspects of 


1. Information science: Sampling theorems, frame theory, compressed sensing, sparsity, super-resolution, spectrum-blind sampling,
subspace algorithms, dimensionality reduction

2. Learning theory: Approximation theory, uniform laws of large numbers, Rademacher complexity, Vapnik-Chervonenkis dimension

Objective The aim of the class is to familiarize the students with the most commonly used mathematical theories in data science, high-dimensional
data analysis, and learning theory. The class consists of the lecture, exercise sessions with homework problems, and of a research project,
which can be carried out either individually or in groups. The research project consists of either 1. software development for the solution of
a practical signal processing or machine learning problem or 2. the analysis of a research paper or 3. a theoretical research problem of
suitable complexity. Students are welcome to propose their own project at the beginning of the semester. The outcomes of all projects have
to be presented to the entire class at the end of the semester.

Content Mathematics of Information

1. Signal representations: Frame theory, wavelets, Gabor expansions, sampling theorems, density theorems

2. Sparsity and compressed sensing: Sparse linear models, uncertainty relations in sparse signal recovery, matching pursuits, super-
resolution, spectrum-blind sampling, subspace algorithms (MUSIC, ESPRIT, matrix pencil), estimation in the high-dimensional noisy case,
Lasso

3. Dimensionality reduction: Random projections, the Johnson-Lindenstrauss Lemma

Mathematics of Learning

4. Approximation theory: Nonlinear approximation theory, fundamental limits on compressibility of signal classes, Kolmogorov-Tikhomirov
epsilon-entropy of signal classes, optimal compression of signal classes, recovery from incomplete data, information-based complexity,
curse of dimensionality

5. Uniform laws of large numbers: Rademacher complexity, Vapnik-Chervonenkis dimension, classes with polynomial discrimination,
blessings of dimensionality

Lecture notes Detailed lecture notes will be provided at the beginning of the semester and as we go along.
Prerequisites /
notice

This course is aimed at students with a background in basic linear algebra, analysis, statistics, and probability. 

We encourage students who are interested in mathematical data science to take both this course and "401-4944-20L Mathematics of Data
Science" by Prof. A. Bandeira. The two courses are designed to be complementary.

H. Bölcskei and A. Bandeira

227-0159-00L Semiconductor Devices: Quantum Transport at the
Nanoscale

W  6 credits 2V+2U M. Luisier, A. Emboras

Abstract This class offers an introduction into quantum transport theory, a rigorous approach to electron transport at the nanoscale. It covers
different topics such as bandstructure, Wave Function and Non-equilibrium Green's Function formalisms, and electron interactions with
their environment. Matlab exercises accompany the lectures where students learn how to develop their own transport simulator.

Objective The continuous scaling of electronic devices has given rise to structures whose dimensions do not exceed a few atomic layers. At this size,
electrons do not behave as particle any more, but as propagating waves and the classical representation of electron transport as the sum
of drift-diffusion processes fails. The purpose of this class is to explore and understand the displacement of electrons through nanoscale
device structures based on state-of-the-art quantum transport methods and to get familiar with the underlying equations by developing his
own nanoelectronic device simulator.

Content The following topics will be addressed:
- Introduction to quantum transport modeling
- Bandstructure representation and effective mass approximation
- Open vs closed boundary conditions to the Schrödinger equation
- Comparison of the Wave Function and Non-equilibrium Green's Function formalisms as solution to the Schrödinger equation
- Self-consistent Schödinger-Poisson simulations
- Quantum transport simulations of resonant tunneling diodes and quantum well nano-transistors
- Top-of-the-barrier simulation approach to nano-transistor
- Electron interactions with their environment (phonon, roughness, impurity,...) 
- Multi-band transport models

Lecture notes Lecture slides are distributed every week and can be found at
https://iis-students.ee.ethz.ch/lectures/quantum-transport-in-nanoscale-devices/

Literature Recommended textbook: "Electronic Transport in Mesoscopic Systems", Supriyo Datta, Cambridge Studies in Semiconductor Physics and
Microelectronic Engineering, 1997
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Prerequisites /
notice

Basic knowledge of semiconductor device physics and quantum mechanics

227-0395-00L Neural Systems W  6 credits 2V+1U+1A R. Hahnloser, M. F. Yanik,
B. Grewe

Abstract This course introduces principles of information processing in neural systems. It covers basic neuroscience for engineering students,
experiment techniques used in animal research and methods for inferring neural mechanisms. Students learn about neural information
processing and basic principles of natural intelligence and their impact on artificially intelligent systems.

Objective This course introduces 
- Basic neurophysiology and mathematical descriptions of neurons
- Methods for dissecting animal behavior 
- Neural recordings in intact nervous systems and information decoding principles
- Methods for manipulating the state and activity in selective neuron types  
- Neuromodulatory systems and their computational roles
- Reward circuits and reinforcement learning
- Imaging methods for reconstructing the synaptic networks among neurons  
- Birdsong and language 
- Neurobiological principles for machine learning.

Content From active membranes to propagation of action potentials. From synaptic physiology to synaptic learning rules. From receptive fields to
neural population decoding. From fluorescence imaging to connectomics.  Methods for reading and manipulation neural ensembles. From
classical  conditioning to reinforcement learning. From the visual system to deep convolutional networks. Brain architectures for learning
and memory. From birdsong to computational linguistics.

Prerequisites /
notice

Before taking this course, students are encouraged to complete "Bioelectronics and Biosensors" (227-0393-10L).

As part of the exercises for this class, students are expected to complete a programming or literature review project to be defined at the
beginning of the semester.

363-0588-00L Complex Networks W  4 credits 2V+1U F. Schweitzer, G. Casiraghi
Abstract The course provides an overview of the methods and abstractions used in (i) the quantitative study of complex networks, (ii) empirical

network analysis, (iii) the study of dynamical processes in networked systems, (iv) the analysis of robustness of networked systems, (v) the
study of network evolution, and (vi) data mining techniques for networked data sets.

Objective * the network approach to complex systems, where actors are represented as nodes and interactions are represented as links
* learn about structural properties of classes of networks
* learn about feedback mechanism in the formation of networks
* learn about statistical inference and data mining techniques for data on networked systems
* learn methods and abstractions used in the growing literature on complex networks

Content Networks matter! This holds for social and economic systems, for technical infrastructures as well as for information systems. Increasingly,
these networked systems are outside the control of a centralized authority but rather evolve in a distributed and self-organized way. How
can we understand their evolution and what are the local processes that shape their global features? How does their topology influence
dynamical processes like diffusion? And how can we characterize the importance of specific nodes? 

This course provides a systematic answer to such questions, by developing methods and tools which can be applied to networks in diverse
areas like infrastructure, communication, information systems, biology or (online) social networks. In a network approach, agents in such
systems (like e.g. humans, computers, documents, power plants, biological or financial entities) are represented as nodes, whereas their
interactions are represented as links. 

The first part of the course, "Introduction to networks: basic and advanced metrics", describes how networks can be represented
mathematically and how the properties of their link structures can be quantified empirically. 

In a second part "Stochastic Models of Complex Networks" we address how analytical statements about crucial properties like
connectedness or robustness can be made based on simple macroscopic stochastic models without knowing the details of a topology.

In the third part we address "Dynamical processes on complex networks". We show how a simple model for a random walk in networks can
give insights into the authority of nodes, the efficiency of diffusion processes as well as the existence of community structures.

A fourth part "Network Optimisation and Inference" introduces models for the emergence of complex topological features which are due to
stochastic optimization processes, as well as statistical methods to detect patterns in large data sets on networks.

In a fifth part, we address "Network Dynamics", introducing models for the emergence of complex features that are due to (i) feedback
phenomena in simple network growth processes or (iii) order correlations in systems with highly dynamic links.

A final part "Research Trends" introduces recent research on the application of data mining and machine learning techniques to relational
data.

Lecture notes The lecture slides are provided as handouts - including notes and literature sources - to registered students only. 
All material is to be found on Moodle at the following URL: https://moodle-app2.let.ethz.ch/course/view.php?id=12428

Literature See handouts. Specific literature is provided for download - for registered students, only.
Prerequisites /
notice

There are no pre-requisites for this course. Self-study tasks (to be solved analytically and by means of computer simulations) are provided
as home work. Weekly exercises (45 min) are used to discuss selected solutions. Active participation in the exercises is strongly suggested
for a successful completion of the final exam.

363-0543-00L Agent-Based Modelling of Social Systems W  3 credits 2V+1U F. Schweitzer
Abstract Agent-based modeling is introduced as a bottom-up approach to understand the complex dynamics of social systems. The course is based

on formal models of agents and their interactions. Computer simulations using Python allow the quantitative analysis of a wide range of
social phenomena, e.g. cooperation and competition, opinion dynamics, spatial interactions and behaviour in social networks.

Objective A successful participant of this course is able to
- understand the rationale of agent-based models of social systems
- understand the relation between rules implemented at the individual level and the emerging behavior at the global level
- learn to choose appropriate model classes to characterize different social systems
- grasp the influence of agent heterogeneity on the model output
- efficiently implement agent-based models using Python and visualize the output
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Content This full-featured course on agent-based modeling (ABM) allows participants with no prior expertise to understand concepts, methods and
tools of ABM, to apply them in their master or doctoral thesis. We focus on a formal description of agents and their interactions, to allow for
a suitable implementation in computer simulations. Given certain rules for the agents, we are interested to model their collective dynamics
on the systemic level.

Agent-based modeling is introduced as a bottom-up approach to understand the complex dynamics of social systems.
Agents represent the basic constituents of such systems. The are described by internal states or degrees of freedom (opinions, strategies,
etc.), the ability to perceive and change their environment, and the ability to interact with other agents. Their individual (microscopic)
actions and interactions with other agents, result in macroscopic (collective, system) dynamics with emergent properties, which we want to
understand and to analyze.

The course is structured in three main parts. The first two parts introduce two main agent concepts - Boolean agents and Brownian agents,
which differ in how the internal dynamics of agents is represented. Boolean agents are characterized by binary internal states, e.g. yes/no
opinion, while Brownian agents can have a continuous spectrum of internal states, e.g. preferences and attitudes.  The last part introduces
models in which agents interact in physical space, e.g. migrate or move collectively.  

Throughout the course, we will discuss a wide variety of application areas, such as:
 - opinion dynamics and social influence,
 - cooperation and competition,
 - online social networks,
 - systemic risk
 - emotional influence and communication
 - swarming behavior
 - spatial competition
   
While the lectures focus on the theoretical foundations of agent-based modeling, weekly exercise classes provide practical skills. Using the
Python programming language, the participants implement agent-based models in guided and in self-chosen projects, which they present
and jointly discuss.

Lecture notes The lecture slides will be available on the Moodle platform, for registered students only.
Literature See handouts. Specific literature is provided for download, for registered students only.
Prerequisites /
notice

Participants of the course should have some background in mathematics and an interest in formal modeling and in computer simulations,
and should be motivated to learn about social systems from a quantitative perspective.

Prior knowledge of Python is not necessary.

Self-study tasks are provided as home work for small teams (2-4 members).
Weekly exercises (45 min) are used to discuss the solutions and guide the students.
 
The examination will account for 70% of the grade and will be conducted electronically. The "closed book" rule applies: no books, no
summaries, no lecture materials. The exam questions and answers will be only in English. The use of a paper-based dictionary is
permitted. 
The group project to be handed in at the beginning of July will count 30% to the final grade.

701-1708-00L Infectious Disease Dynamics W  4 credits 2V S. Bonhoeffer, R. D. Kouyos,
R. R. Regös, T. Stadler

Abstract This course introduces into current research on the population biology of infectious diseases. The course discusses the most important
mathematical tools and their application to relevant diseases of human, natural or managed populations.

Objective Attendees will learn about:
* the impact of important infectious pathogens and their evolution on human, natural and managed populations
* the population biological impact of interventions such as treatment or vaccination
* the impact of population structure on disease transmission

Attendees will learn how:
* the emergence spread of infectious diseases is described mathematically
* the impact of interventions can be predicted and optimized with mathematical models
* population biological models are parameterized from empirical data
* genetic information can be used to infer the population biology of the infectious disease

The course will focus on how the formal methods ("how") can be used to derive biological insights about the host-pathogen system
("about").

Content After an introduction into the history of infectious diseases and epidemiology the course will discuss basic epidemiological models and the
mathematical methods of their analysis. We will then discuss the population dynamical effects of intervention strategies such as vaccination
and treatment. In the second part of the course we will introduce into more advanced topics such as the effect of spatial population
structure, explicit contact structure, host heterogeneity, and stochasticity. In the final part of the course we will introduce basic concepts of
phylogenetic analysis in the context of infectious diseases.

Lecture notes Slides and script of the lecture will be available online.
Literature The course is not based on any of the textbooks below, but they are excellent choices as accompanying material:

* Keeling & Rohani, Modeling Infectious Diseases in Humans and Animals, Princeton Univ Press 2008
* Anderson & May, Infectious Diseases in Humans, Oxford Univ Press 1990
* Murray, Mathematical Biology, Springer 2002/3
* Nowak & May, Virus Dynamics, Oxford Univ Press 2000
* Holmes, The Evolution and Emergence of RNA Viruses, Oxford Univ Press 2009

Prerequisites /
notice

Basic knowledge of population dynamics and population genetics as well as linear algebra and analysis will be an advantage.

701-1236-00L Measurement Methods in Meteorology and Climate
Research

W  1 credit 1V M. Hirschi, D. Michel

Abstract The course provides the physical, technical, and theoretical basics for measuring physical quantities in the atmosphere. Also,
considerations related to the planning of observation campaigns and to data evaluation are discussed.

Objective Aims of the course are:
- to become sensitive for specific problems when making measurements in the atmosphere under severe environmental conditions
- to gain knowledge of the different measurement methods and techniques
- to develop criteria for the choice of the optimal measurement method for a given problem
- to find the optimal observation strategy in terms of choice of instrument, frequency of observation, accuracy, etc.
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Content Problems related to time series analysis, sampling theorem, time constant and sampling rate. Theoretical analysis of different sensors for
temperature, humidity, wind, and pressure. Discussion of effects disturbing the instruments. Principles of active and passive remote
sensing. Measuring turbulent fluxes (e.g. heatflux) using eddy-correlation technique. Discussion of technical realizations of complex
observing systems (radiosondes, automatic weather stations, radar, wind profilers). Demonstration of instruments.

Lecture notes Students can download a copy of the lectures as PDF-files.
Literature - Emeis, Stefan: Measurement Methods in Atmospheric Sciences, In situ and remote. Bornträger 2010, ISBN 978-3-443-01066-9

- Brock, F. V. and S. J. Richardson: Meteorological Measurement Systems, Oxford University Press 2001, ISBN 0-19-513451-6
- Thomas P. DeFelice: An Introduction to Meteorological Instrumentation and Measurement. Prentice-Hall 2000, 229 p., ISBN 0-
13-243270-6
- Fritschen, L.J., Gay L.W.: Environmental Instrumentation, 216 p., Springer, New York 1979.
- Lenschow, D.H. (ed.): Probing the Atmospheric Boundary Layer, 269 p., American Meteorological Society, Boston MA 1986.
- Meteorological Office (publ.): Handbook of Meteorological Instruments, 8 vols., Her Majesty's Stationery Office, London 1980.
- Wang, J.Y., Felton, C.M.M.: Instruments for Physical Environmental measurements, 2 vol., 801 p., Kendall/Hunt Publ. Comp., Dubuque
Iowa 1975/76.

Prerequisites /
notice

The lecture focuses on physical atmospheric parameters while lecture 701-0234-00 concentrates on the chemical quantities. The lectures
are complementary, together they provide the instrumental basics for the lab course 701-0460-00. Contact hours of the lab course are such
that the lectures can be attended (which is recommended).

701-0234-00L Atmospheric Chemistry: Instruments and Measuring
Techniques

W  1 credit 1V U. Krieger

Abstract Measuring Techniques: Environmental Monitoring, Trace Gas Detection, Remote Sensing, Aerosol Characterization, Techniques used in
the laboratory.

Objective Find out about the specific problems connected to composition measurements in the atmosphere. Working out criteria for selecting an
optimal measuring strategy. Acquiring knowledge about different measuring methods their spectroscopic principles and of some specific
instruments.

Content Es werden Methoden und Geräte vorgestellt und theoretisch analysiert, die in atmosphärenchemischen Messungen Verwendung finden:
Geräte zur Überwachung im Rahmen der Luftreinhalteverordnung, Spurengasanlysemethoden, "remote sensing", Aerosolmessgeräte,
Messverfahren bei Labormessungen zu atmosphärischen Fragestellungen.

Literature B. J. Finnlayson-Pitts, J. N. Pitts, "Chemistry of the Upper and Lower Atmosphere", Academic Press, San Diego, 2000
Prerequisites /
notice

Methodenvorlesung zu den Praktika 701-0460-00 und 701-1230-00. Die Kontaktzeiten in diesen Praktika sind so abgestimmt, dass der
(empfohlene) Besuch der Vorlesung möglich ist.

Voraussetzungen: Atmosphärenphysik I und II

151-0620-00L Embedded MEMS Lab
Number of participants limited to 20.

W  5 credits 3P C. Hierold, S. Blunier, M. Haluska

Abstract Practical course: Students are introduced to the process steps required for the fabrication of MEMS (Micro Electro Mechanical System) and
carry out the fabrication and testing steps in the clean rooms themselves. Additionally, they learn the requirements for working in clean
rooms. Processing and characterization will be documented and analyzed in a final report.

Objective Students learn the individual process steps that are required to make a MEMS (Micro Electro Mechanical System). Students carry out the
process steps themselves in laboratories and clean rooms. Furthermore, participants become familiar with the special requirements
(cleanliness, safety, operation of equipment and handling hazardous chemicals) of working in the clean rooms and laboratories. The entire
production, processing, and characterization of the MEMS is documented and evaluated in a final report.

Content With guidance from a tutor, the individual silicon microsystem process steps that are required for the fabrication of an accelerometer are
carried out:
- Photolithography, dry etching, wet etching, sacrificial layer etching,  various cleaning procedures
- Packaging and electrical connection of a MEMS device
- Testing and characterization of the MEMS device
- Written documentation and evaluation of the entire production, processing and characterization

Lecture notes A document containing theory, background and practical course content is distributed in the informational meeting.
Literature The document provides sufficient information for the participants to successfully participate in the course.
Prerequisites /
notice

Participating students are required to attend all scheduled lectures and meetings of the course. 

Participating students are required to provide proof that they have personal accident insurance prior to the start of the laboratory portion of
the course. 

This master's level course is limited to 20 students per semester for safety and efficiency reasons.
If there are more than 20 students registered, we regret to restrict access to this course by the following rules:

Priority 1: master students of the master's program in "Micro and Nanosystems"

Priority 2: master students of the master's program in "Mechanical Engineering" with a specialization in Microsystems and Nanoscale
Engineering (MAVT-tutors Profs Dual, Hierold, Koumoutsakos, Nelson, Norris, Poulikakos, Pratsinis, Stemmer), who attended the bachelor
course "151-0621-00L Microsystems Technology" successfully.

Priority 3: master students, who attended the bachelor course "151-0621-00L Microsystems Technology" successfully.

Priority 4: all other students (PhD, bachelor, master) with a background in silicon or microsystems process technology.

If there are more students in one of these priority groups than places available, we will decide with respect to (in following order) best
achieved grade from 151-0621-00L Microsystems Technology, registration to this practicum at previous semester, and by drawing lots.
Students will be notified at the first lecture of the course (introductory lecture) as to whether they are able to participate.

The course is offered in autumn and spring semester.

227-0147-00L VLSI II: Design of Very Large Scale Integration
Circuits

W  6 credits 5G F. K. Gürkaynak, L. Benini

Abstract This second course in our VLSI series is concerned with how to turn digital circuit netlists into safe, testable and manufacturable mask
layout, taking into account various parasitic effects. Low-power circuit design is another important topic. Economic aspects and
management issues of VLSI projects round off the course.

Objective Know how to design digital VLSI circuits that are safe, testable, durable, and make economic sense.
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Content The second course begins with a thorough discussion of various technical aspects at the circuit and layout level before moving on to
economic issues of VLSI. Topics include: 
- The difficulties of finding fabrication defects in large VLSI chips. 
- How to make integrated circuit testable (design for test). 
- Synchronous clocking disciplines compared, clock skew, clock distribution, input/output timing. 
- Synchronization and metastability. 
- CMOS transistor-level circuits of gates, flip-flops and random access memories. 
- Sinks of energy in CMOS circuits. 
- Power estimation and low-power design. 
- Current research in low-energy computing. 
- Layout parasitics, interconnect delay, static timing analysis. 
- Switching currents, ground bounce, IR-drop, power distribution. 
- Floorplanning, chip assembly, packaging. 
- Layout design at the mask level, physical design verification. 
- Electromigration, electrostatic discharge, and latch-up. 
- Models of industrial cooperation in microelectronics. 
- The caveats of virtual components. 
- The cost structures of ASIC development and manufacturing.
- Market requirements, decision criteria, and case studies.
- Yield models.
- Avenues to low-volume fabrication. 
- Marketing considerations and case studies. 
- Management of VLSI projects.

Exercises are concerned with back-end design (floorplanning, placement, routing, clock and power distribution, layout verification).
Industrial CAD tools are being used.

Lecture notes H. Kaeslin: "Top-Down Digital VLSI Design, from Gate-Level Circuits to CMOS Fabrication", Lecture Notes Vol.2 , 2015.

All written documents in English.

Literature H. Kaeslin: "Top-Down Digital VLSI Design, from Architectures to Gate-Level Circuits and FPGAs", Elsevier, 2014, ISBN 9780128007303.
Prerequisites /
notice

Highlight:
Students are offered the opportunity to design a circuit of their own which then gets actually fabricated as a microchip! Students who elect
to participate in this program register for a term project at the Integrated Systems Laboratory in parallel to attending the VLSI II course.

Prerequisites: 
"VLSI I: from Architectures to Very Large Scale Integration Circuits and FPGAs" or equivalent knowledge.

Further details:
https://vlsi2.ethz.ch

101-0178-01L Uncertainty Quantification in Engineering W  3 credits 2G S. Marelli
Abstract Uncertainty quantification aims at studying the impact of aleatory and epistemic uncertainty onto computational models used in science and

engineering. The course introduces the basic concepts of uncertainty quantification: probabilistic modelling of data (copula theory),
uncertainty propagation techniques (Monte Carlo simulation, polynomial chaos expansions), and sensitivity analysis.

Objective After this course students will be able to properly pose an uncertainty quantification problem, select the appropriate computational methods
and interpret the results in meaningful statements for field scientists, engineers and decision makers. The course is suitable for any
master/Ph.D. student in engineering or natural sciences, physics, mathematics, computer science with a basic knowledge in probability
theory.

Content The course introduces uncertainty quantification through a set of practical case studies that come from civil, mechanical, nuclear and
electrical engineering, from which a general framework is introduced. The course in then divided into three blocks: probabilistic modelling
(introduction to copula theory), uncertainty propagation (Monte Carlo simulation and polynomial chaos expansions) and sensitivity analysis
(correlation measures, Sobol' indices). Each block contains lectures and tutorials using Matlab and the in-house software UQLab
(www.uqlab.com).

Lecture notes Detailed slides are provided for each lecture. A printed script gathering all the lecture slides may be bought at the beginning of the
semester.

Prerequisites /
notice

A basic background in probability theory and statistics (bachelor level) is required. A summary of useful notions will be handed out at the
beginning of the course.

A good knowledge of Matlab is required to participate in the tutorials and for the mini-project.

327-0506-01L Materials Physics II W  3 credits 2V+1U P. Gambardella
Abstract This course provides physical foundations to understand the response of different classes of materials to electromagnetic fields, focusing

on the dielectric, optical, and magnetic properties of materials, and on the basic functioning of devices that exploit such properties,
including photodiodes, photovoltaic cells, LEDs, laser diodes, permanent magnet motors, transformers, and magnetic memories.

Objective This course aims at giving a deepened understanding of physical phenomena relevant to Materials Science.
Content PART I: Introduction to the dielectric properties of matter

Microscopic origin of dipoles in matter: Electronic, ionic, molecular polarization. Electric field inside and outside dielectric materials.
Connection between macroscopic and microscopic polarization. Dielectric breakdown.

PART II: Interaction of electromagnetic waves with matter
The EM spectrum. Electromagnetic waves in vacuum; Energy, momentum, and angular momentum of EM waves; Sources of EM radiation;
EM waves in matter. The refractive index. Transmission, Reflection, and Refraction from a microscopic point of view. Optical anisotropy,
Optical activity, Dichroism.
Optical Materials: Crystalline Insulators and Semiconductors, Glasses, Metals
Photonic devices: Photodiodes, Photovoltaic cells, LEDs, Laser diodes

PART III: Magnetism
Magnetostatics: Classical concepts. Microscopic origin of magnetism. Diamagnetism, paramagnetism, ferromagnetism. Magnetic materials
and applications.

Lecture notes Lectures and script will be in English.
Lecture notes can be downloaded at 
http://www.intermag.mat.ethz.ch/education.html

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1447 of 1785

Literature Electromagnetism and dielectric properties: E.M. Purcell and D.J. Morin, Electricity and Magnetism (Cambridge U. Press, 2013)
Optics and optical materials: E. Hecht, Optics (Lehmanns) ; M. Fox, Optical Properties of Solids (Oxford U. Press)
Photonic Devices: Simon Sze, Physics of Semiconductor Devices (Wiley)
Magnetism: J.M.D. Coey, Magnetism and magnetic materials (Cambridge U. Press, 2010).
General: C. Kittel, Introduction to Solid State Physics (Wiley, 2005), also available in German.

Prerequisites /
notice

Materials Physics I (327-0407-01)

227-0455-00L Terahertz: Technology and Applications W  5 credits 3G+3A K. Sankaran
Abstract This block course will provide a solid foundation for understanding physical principles of THz applications. We will discuss various building

blocks of THz technology - components dealing with generation, manipulation, and detection of THz electromagnetic radiation. We will
introduce THz applications in the domain of imaging, sensing, communications, non-destructive testing and evaluations.

Objective This is an introductory course on Terahertz (THz) technology and applications. Devices operating in THz frequency range (0.1 to 10 THz)
have been increasingly studied in the recent years. Progress in nonlinear optical materials, ultrafast optical and electronic techniques has
strengthened research in THz application developments. Due to unique interaction of THz waves with materials, applications with new
capabilities can be developed. In theory, they can penetrate somewhat like X-rays, but are not considered harmful radiation, because THz
energy level is low. They should be able to provide resolution as good as or better than magnetic resonance imaging (MRI), possibly with
simpler equipment. Imaging, very-high bandwidth communication, and energy harvesting are the most widely explored THz application
areas. We will study the basics of THz generation, manipulation, and detection. Our emphasis will be on the physical principles and
applications of THz in the domain of imaging, sensing, communications, non-destructive testing and evaluations. 

The second part of the block course will be a short project work related to the topics covered in the lecture. The learnings from the project
work should be presented in the end.

Content PART I:

- INTRODUCTION -
Chapter 1: Introduction to THz Physics
Chapter 2: Components of THz Technology

- THz TECHNOLOGY MODULES -
Chapter 3: THz Generation
Chapter 4: THz Detection
Chapter 5: THz Manipulation

- APPLICATIONS -
Chapter 6: THz Imaging / Sensing / Communication
Chapter 7: THz Non-destructive Testing
Chapter 8: THz Applications in Plastic & Recycling Industries

PART 2:
 
- PROJECT WORK -
Short project work related to the topics covered in the lecture.
Short presentation of the learnings from the project work.
Full guidance and supervision will be given for successful completion of the short project work.

Lecture notes Soft-copy of lectures notes will be provided.
Literature - Yun-Shik Lee, Principles of Terahertz Science and Technology, Springer 2009

- Ali Rostami, Hassan Rasooli, and Hamed Baghban, Terahertz Technology: Fundamentals and Applications, Springer 2010
Prerequisites /
notice

Basic foundation in physics, particularly, electromagnetics is required. 
Students who want to refresh their electromagnetics fundamentals can get additional material required for the course.

327-2139-00L Diffraction Physics in Materials Science W  3 credits 3G R. Erni
Abstract The lecture focuses on diffraction and scattering phenomena in materials science beyond basic Bragg diffraction. Introducing the 1st-order

Born approximation and Kirchoff’s theory, diffraction from ideal and non-ideal crystals is treated including, e.g., temperature and shape
effects, ordering phenomena, small-angle scattering and dynamical diffraction theories.

Objective • To become familiar with advanced diffraction phenomena in order to be able to explore the structure and properties of (solid) matter and
their defects. 
• To build up a generally applicable and fundamental theoretical understanding of scattering and diffraction effects. 
• To learn about limitations of the methods and the underlying theory which is commonly used to analyze diffraction data.

Content The course provides a general introduction to advanced diffraction phenomena in materials science. The lecture series covers the following
topics: derivation of a general scattering theory based on Green’s function as basis for the introduction of the first-order Born
approximation; Kirchhoff’s diffraction theory with its integral theorem and the specific cases of Fresnel and Fraunhofer diffraction; diffraction
from ideal crystals and diffraction from real crystals considering temperature effects expressed by the temperature Debye-Waller factor and
by thermal diffuse scattering, atomic size effects expressed by the static Debye-Waller factor and diffuse scattering due to the modulation
of the Laue monotonic scattering as a consequence of local order or clustering; the basics of small-angle scattering; and finally approaches
used to treat dynamical diffraction are introduced and exemplified by performing simulations. In addition, the specifics of X-ray, electron
and neutron scattering are being discussed. The course is complemented by a lab visit, live demos, selected exercises and short topical
presentations given by the participants.
 

Lecture notes Full-text script is available covering within about 100 pages the core topics of the lecture and all necessary derivations.
Literature - Diffraction Physics, 3rd ed., J. M. Cowley, Elsevier, 1994.

- X-Ray Diffraction, B. E. Warren, Dover, 1990.
- Diffraction from Materials, 2nd ed., L. H. Schwartz, J. B. Cohen, Springer, 1987.
- X-Ray Diffraction – In Crystals, Imperfect Crystals and Amorphous Bodies, A. Guinier, Dover, 1994.
- Aberration-corrected imaging in transmission electron microscopy, 2nd ed., R. Erni, Imperial College Press, 2015.


Prerequisites /
notice

Basics of crystallography and the concept of reciprocal space, basics of electromagnetic and particle waves (but not mandatory)

252-0834-00L Information Systems for Engineers
Wird ab HS20 nur in Herbstsemester angeboten.

W  4 credits 2V+1U G. Fourny

Abstract This course provides the basics of relational databases from the perspective of the user.

We will discover why tables are so incredibly powerful to express relations, learn the SQL query language, and how to make the most of it.
The course also covers support for data cubes (analytics).
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Objective This lesson is complementary with Big Data for Engineers as they cover different time periods of database history and practices -- you can
even take both lectures at the same time.

After visiting this course, you will be capable to:

1. Explain, in the big picture, how a relational database works and what it can do in your own words.

2. Explain the relational data model (tables, rows, attributes, primary keys, foreign keys), formally and informally, including the relational
algebra operators (select, project, rename, all kinds of joins, division, cartesian product, union, intersection, etc).

3. Perform non-trivial reading SQL queries on existing relational databases, as well as insert new data, update and delete existing data.

4. Design new schemas to store data in accordance to the real world's constraints, such as relationship cardinality

5. Explain what bad design is and why it matters.

6. Adapt and improve an existing schema to make it more robust against anomalies, thanks to a very good theoretical knowledge of what is
called "normal forms".

7. Understand how indices work (hash indices, B-trees), how they are implemented, and how to use them to make queries faster.

8. Access an existing relational database from a host language such as Java, using bridges such as JDBC.

9. Explain what data independence is all about and didn't age a bit since the 1970s.

10. Explain, in the big picture, how a relational database is physically implemented.

11. Know and deal with the natural syntax for relational data, CSV.

12. Explain the data cube model including slicing and dicing.

13. Store data cubes in a relational database.

14. Map cube queries to SQL.

15. Slice and dice cubes in a UI.

And of course, you will think that tables are the most wonderful object in the world.

Content Using a relational database
=================
1. Introduction
2. The relational model
3. Data definition with SQL
4. The relational algebra
5. Queries with SQL

Taking a relational database to the next level
=================
6. Database design theory
7. Databases and host languages
8. Databases and host languages
9. Indices and optimization
10. Database architecture and storage

Analytics on top of a relational database
=================
12. Data cubes

Outlook
=================
13. Outlook

Literature - Lecture material (slides).

- Book: "Database Systems: The Complete Book", H. Garcia-Molina, J.D. Ullman, J. Widom
(It is not required to buy the book, as the library has it)

Prerequisites /
notice

For non-CS/DS students only, BSc and MSc
Elementary knowledge of set theory and logics
Knowledge as well as basic experience with a programming language such as Pascal, C, C++, Java, Haskell, Python

 Proseminars and Semester Papers
To organise a semester project take contact with one of the instructors.

Not all lecturers are directly eligible in myStudies if "Professors" is the required type of lecturers. In such cases please take contact with the Study
Administration (www.phys.ethz.ch/studies/study-administration.html).

Number Title Type ECTS Hours Lecturers

402-0210-MSL Proseminar Theoretical Physics
Limited number of participants.

W  9 credits 4S Supervisors

Abstract A guided self-study of original papers and of advanced textbooks in theoretical physics. Within the general topic, determined each
semester, participants give a presentation on a particular subject and deliver a written report.

402-0217-MSL Semester Project in Theoretical Physics W  9 credits 18A Supervisors
Abstract This course unit is an alternative if no suitable "Proseminar Theoretical Physics" is available of if the proseminar is already overbooked.

402-0215-MSL Experimental Semester Project in Physics W  9 credits 18A Supervisors
Abstract The aim of the project is to give the student experience in working in a research environment, carrying out physics experiments, analysing

and interpreting the resulting data.
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402-0717-MSL Particle Physics at CERN W  9 credits 18P F. Nessi-Tedaldi, W. Lustermann
Abstract During the semester break participating students stay for 4 weeks at CERN and perform experimental work relevant to our particle physics

projects. Dates to be agreed upon.
Objective Students learn the needed skills to, and perform a small particle physics experiment: setup, problem solving, data taking, analysis,

interpretation and presentation in a written report of publication quality.
Content Detailed information in: https://nessif.web.cern.ch/ETHTeilchenpraktikumCERNen.html
Prerequisites /
notice

Language of instruction: English or German

402-0719-MSL Particle Physics at PSI (Paul Scherrer Institute) W  9 credits 18P C. Grab
Abstract During semester breaks in Summer 6-12 students stay for 3 weeks at PSI and participate in a hands-on course on experimental particle

physics. A small real experiment is performed in common, including apparatus design, construction, running and data analysis. The course
includes some lectures, but the focus lies on the practical aspects of experimenting.

Objective Students learn all the different steps it takes to perform a complete particle physics experiment in a small team. They acquire skills to do
this themselves in the team, including design, construction, data taking and data analysis.

402-0340-MSL Medical Physics W  9 credits 18P A. J. Lomax, K. P. Prüssmann
Abstract In agreement with the lecturers a semester paper in the context of the topics discussed in the lectures can be written.

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
PHYS

see Science in Perspective: Language Courses ETH/UZH

 Master's Thesis
Number Title Type ECTS Hours Lecturers

402-2000-00L Scientific Works in Physics
Target audience:
Master students who cannot document to have received
an adequate training in working scientifically.

Directive
https://www.ethz.ch/content/dam/ethz/common/docs/weis
ungssammlung/files-en/declaration-of-originality.pdf

O  0 credits C. Grab

Abstract Literature Review: ETH-Library, Journals in Physics, Google Scholar; Thesis Structure: The IMRAD Model; Document Processing: LaTeX
and BibTeX, Mathematical Writing, AVETH Survival Guide; ETH Guidelines for Integrity; Authorship Guidelines; ETH Citation Etiquettes;
Declaration of Originality.

Objective Basic standards for scientific works in physics: How to write a Master Thesis. What to know about research integrity.

402-0900-30L Master's Thesis
Only students who fulfil the following criteria are allowed to
begin with their master thesis:
a. successful completion of the bachelor programme; 
b. fulfilling of any additional requirements necessary to
gain admission to the master programme.
c. have acquired at least 8 credits in the category
Proseminars and Semester Papers.

Further information:
www.phys.ethz.ch/phys/education/master/msc-theses

O  30 credits 57D Supervisors

Abstract The master's thesis concludes the study programme. Thesis work should prove the students' ability to independent, structured and
scientific working.

 Seminars, Colloquia, and Additional Courses
Number Title Type ECTS Hours Lecturers

529-4000-00L Chemistry Z  4 credits 3G E. C. Meister
Abstract Introduction to chemistry with aspects of inorganic, organic and physical chemistry.
Objective - Understanding of simple models of chemical bonding and the three-dimensional molecular structure

- Quantitative description of selected chemical systems by means of reaction equations and equilibria
- Understanding of fundamental concepts of chemical kinetics (e.g. reaction order, rate law, rate constant)

Content Chemical bonding (LCAO-MO) and molecular structure (VSEPR), reactions, equilibria, electrochemistry, chemical kinetics.
Lecture notes Handouts of lecture presentations and additional supporting information will be offered.
Literature C.E. Housecroft, E.C. Constable, Chemistry. An Introduction to Organic, Inorganic and Physical Chemistry, 4th ed., Pearson: Harlow 2010.

C.E. Mortimer, U. Müller, Chemie, 11. Auflage, Thieme: Stuttgart 2014.

402-0101-00L The Zurich Physics Colloquium
Cancelled until further notice.

E-  0 credits 1K S. Huber, A. Refregier, University
lecturers

Abstract Research colloquium
Objective The goal of this event is to bring you closer to current day research in all fields of physics. In each semester we have a set of distinguished

speakers covering the full range of topics in physics. As a participating student should learn how to follow a research talk. In particular, you
should be able to extract key points from a colloquium where you don't necessarily understand every detail that is presented.

402-0800-00L The Zurich Theoretical Physics Colloquium E-  0 credits 1K O. Zilberberg, University lecturers
Abstract Research colloquium
Prerequisites /
notice

Talks in German are also possible.

402-0890-00L Seminars of the Platform for Advanced Scientific
Computing (PASC)

E-  0 credits 2S T. C. Schulthess, N. Spaldin

Abstract Seminars by invited speakers in the area of advanced scientific computing.
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Objective Discussion of state of the art techniques and methodologies in scientific computing.
Content This course consists in a series of seminars by invited speakers on subjects of interest for the ``Platform for Advanced Scientific

Computing''.
Lecture notes There is no script.
Literature Literature will be provided by the speakers in their respective presentations.
Prerequisites /
notice

Participants should have experience on advanced scientific computing.

402-0501-00L Solid State Physics E-  0 credits 1S G. Blatter, C. Degen, K. Ensslin,
D. Pescia, M. Sigrist, A. Wallraff,
A. Zheludev

Abstract Research colloquium

402-0551-00L Laser Seminar E-  0 credits 1S T. Esslinger, J. Faist, J. Home,
A. Imamoglu, U. Keller, F. Merkt,
H. J. Wörner

Abstract Research colloquium

402-0600-00L Nuclear and Particle Physics with Applications E-  0 credits 2S A. Rubbia, G. Dissertori, C. Grab,
K. S. Kirch, R. Wallny

Abstract Research colloquium, with a particular emphasis on IPA-related research topics.
Objective Widen the horizon on the physics topics relevant for our IPA groups.

In addition, it shall provide opportunities to share and exchange scientific ideas.

402-0700-00L Seminar in Elementary Particle Physics E-  0 credits 1S M. Spira
Abstract Research colloquium
Objective Stay informed about current research results in elementary particle physics.

402-0746-00L Seminar: Particle and Astrophysics (Aktuelles aus der
Teilchen- und Astrophysik)

E-  0 credits 1S C. Grab, University lecturers

Abstract Research colloquium
Objective The goal is to widen the horizon on the physics topics and provide opportunities to share and exchange scientific ideas.
Content In Seminarvorträgen werden aktuelle Fragestellungen aus der Teilchenphysik vom theoretischen und experimentellen Standpunkt aus

diskutiert. Besonders wichtig erscheint uns der Bezug zu den eigenen Forschungsmöglichkeiten am PSI, CERN und DESY.

402-0893-00L Particle Physics Seminar E-  0 credits 1S C. Anastasiou, T. K. Gehrmann
Abstract Research colloquium
Prerequisites /
notice

Occasionally, talks may be delivered in German.

402-0530-00L Mesoscopic Systems E-  0 credits 1S T. M. Ihn
Abstract Research colloquium
Objective Students are able to understand modern experiments in the field of mesoscopic systems and nanostructures. They can present their own

results, critically reflect published research in this field, explain both to an audience of physicists, and participate in a critical and
constructive scientific discussion.

402-0620-00L Current Topics in Accelerator Mass Spectrometry and
Its Applicatons

E-  0 credits 1S M. Christl, S. Willett

Abstract The seminar is aimed at all students who, during their studies, are confronted with age determination methods based on long-living
radionuclides found in nature. Basic methodology, the latest developments, and special examples from a wide range of applications will be
discussed.

Objective The seminar provides the participants an overview about newest trends and developments of accelerator mass spectrometry (AMS) and
related applications. In their talks and subsequent discussions the participants learn intensively about the newest trends in the field of AMS
thus attaining a broad knowledge on both, the physical principles and the applications of AMS, which goes far beyond the horizon of their
own studies.

227-0980-00L Seminar on Biomedical Magnetic Resonance E-  0 credits 1S K. P. Prüssmann, S. Kozerke
Abstract Actuel developments and problems of magnetic resonance imaging (MRI)
Objective Getting insight to advanced topics in Magnetic Resonance Imaging

402-0396-00L Recent Research Highlights in Astrophysics
(University of Zurich)
Does not take place this semester.
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: AST006.1

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

E-  0 credits 1S University lecturers

Abstract Research colloquium

401-5330-00L Talks in Mathematical Physics E-  0 credits 1K A. Cattaneo, G. Felder,
M. Gaberdiel, G. M. Graf,
T. H. Willwacher, University
lecturers

Abstract Research colloquium
Content Forschungsseminar mit wechselnden Themen aus dem Gebiet der mathematischen Physik.

227-1043-00L Neuroinformatics - Colloquia (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: INI701

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

E-  0 credits 1K S.-C. Liu, R. Hahnloser, V. Mante
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Abstract The colloquium in Neuroinformatics is a series of lectures given by invited experts. The lecture topics reflect the current themes in
neurobiology and neuromorphic engineering that are relevant for our Institute.

Objective The goal of these talks is to provide insight into recent research results. The talks are not meant for the general public, but really aimed at
specialists in the field.

Content The topics depend heavily on the invited speakers, and thus change from week to week. All topics concern neural computation and their
implementation in biological or artificial systems.

402-0300-00L IPA Colloquium E-  0 credits 1S A. Biland, C. Grab, A. Refregier,
H. M. Schmid, further lecturers

Abstract Research colloquium, with a particular emphasis on IPA-related research topics.
Objective "The goal is to widen the horizon on the physics topics investigated inhouse by the IPA groups.

In addition, it shall provide opportunities to share and exchange scientific ideas among the IPA people."

 Course Units for Additional Admission Requirements
The courses below are only available for MSc students with additional admission requirements.

Number Title Type ECTS Hours Lecturers

406-0204-AAL Electrodynamics
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  7 credits 15R R. Renner

Abstract Derivation and discussion of Maxwell's equations, from the static limit to the full dynamical case. Wave equation, waveguides, cavities.
Generation of electromagnetic radiation, scattering and diffraction of light. Structure of Maxwell's equations, relativity theory and
covariance, Lagrangian formulation. Dynamics of relativistic particles in the presence of fields and radiation properties.

Objective Develop a physical understanding for static and dynamic phenomena related to (moving) charged objects and understand the structure of
the classical field theory of electrodynamics (transverse versus longitudinal physics, invariances (Lorentz-, gauge-)). Appreciate the
interrelation between electric, magnetic, and optical phenomena and the influence of media. Understand a set of classic electrodynamical
phenomena and develop the ability to solve simple problems independently. Apply previously learned mathematical concepts (vector
analysis, complete systems of functions, Green's functions, co- and contravariant coordinates, etc.). Prepare for quantum mechanics
(eigenvalue problems, wave guides and cavities).

Content Classical field theory of electrodynamics: Derivation and discussion of Maxwell equations, starting from the static limit (electrostatics,
magnetostatics, boundary value problems) in the vacuum and in media and subsequent generalization to the full dynamical case
(Faraday's law, Ampere/Maxwell law; potentials and gauge invariance). Wave equation and solutions in full space, half-space (Snell's law),
waveguides, cavities, generation of electromagnetic radiation, scattering and diffraction of light (optics). Application to various specific
examples. Discussion of the structure of Maxwell's equations, Lorentz invariance, relativity theory and covariance, Lagrangian formulation.
Dynamics
of relativistic particles in the presence of fields and their radiation properties (synchrotron).

Literature J.D. Jackson, Classical Electrodynamics
W.K.H Panovsky and M. Phillis, Classical electricity and magnetism
L.D. Landau, E.M. Lifshitz, and L.P. Pitaevskii, Electrodynamics of continuus media
A. Sommerfeld, Electrodynamics / Optics (Lectures on Theoretical Physics)
M. Born and E. Wolf, Principles of optics
R. Feynman, R. Leighton, and M. Sands, The Feynman Lectures of Physics, Vol II

406-0663-AAL Numerical Methods for CSE
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  8 credits 17R R. Hiptmair

Abstract Introduction into fundamental techniques and algorithms of numerical mathematics which play a central role in numerical simulations in
science and technology.

Objective * Knowledge of the fundamental algorithms in numerical mathematics
* Knowledge of the essential terms in numerical mathematics and the 
   techniques used for the analysis of numerical algorithms
* Ability to choose the appropriate numerical method for concrete problems
* Ability to interpret numerical results
* Ability to implement  numerical algorithms afficiently in C++

Content 1. Computing with Matrices and Vectors
2. Direct Methods for Linear Systems of Equations
3. Direct Methods for Linear Least Squares Problems
4. Filtering Algorithms
5. Data Interpolation and Data Fitting in 1D
6. Approximation of Functions in 1D
7. Numerical Quadrature
8. Iterative Methods for Non-linear Systems of Equations
12. Numerical Integration - Single Step Methods
13. Single Step Methods for Stiff Initial Value Problems

Lecture notes https://people.math.ethz.ch/~grsam/HS16/NumCSE/NumCSE16.pdf
Literature W. Dahmen, A. Reusken "Numerik für Ingenieure und Naturwissenschaftler", Springer 2006.

M. Hanke-Bourgeois "Grundlagen der Numerischen Mathematik und des wissenschaftlichen Rechnens", BG Teubner, 2002
P. Deuflhard and A. Hohmann, "Numerische Mathematik I", DeGruyter, 2002
U. Ascher and C. Greif "A first course in Numerical Methods"

Prerequisites /
notice

Examination will be conducted at the computer and will involve coding in C++/Eigen. 
A course covering the material is taught in English every autumn term (course unit 401-0663-00L). Course documents, exercises and
examinations are available online.

Physics Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Quantitative Finance Master
see www.msfinance.ch/index.html?/portrait/Curriculum.html

Students in the Joint Degree Master's Programme "Quantitative Finance" must book UZH modules directly at the UZH. Those modules are not listed
here.

 Core Courses
 Economic Theory for Finance

No offering in this semester yet

 Mathematical Methods for Finance
Number Title Type ECTS Hours Lecturers

401-4658-00L Computational Methods for Quantitative Finance: PDE
Methods

W  6 credits 3V+1U C. Schwab

Abstract Introduction to principal methods of option pricing. Emphasis on PDE-based methods. Prerequisite MATLAB programming
and knowledge of numerical mathematics at ETH BSc level.

Objective Introduce the main methods for efficient numerical valuation of derivative contracts in a
Black Scholes as well as in incomplete markets due Levy processes or due to stochastic volatility
models. Develop implementation of pricing methods in MATLAB. 
Finite-Difference/ Finite Element based methods for the solution of the pricing integrodifferential equation.

Content 1. Review of option pricing. Wiener and Levy price process models. Deterministic, local and stochastic
     volatility models.
2. Finite Difference Methods for option pricing. Relation to bi- and multinomial trees.
    European contracts.
3. Finite Difference methods for Asian, American and Barrier type contracts.
4. Finite element methods for European and American style contracts.
5. Pricing under local and stochastic volatility in Black-Scholes Markets.
6. Finite Element Methods for option pricing under Levy processes. Treatment of 
    integrodifferential operators.
7. Stochastic volatility models for Levy processes.
8. Techniques for multidimensional problems. Baskets in a Black-Scholes setting and 
    stochastic volatility models in Black Scholes and Levy markets.
9. Introduction to sparse grid option pricing techniques.

Lecture notes There will be english, typed lecture notes as well as MATLAB software for registered participants in the course.
Literature R. Cont and P. Tankov : Financial Modelling with Jump Processes, Chapman and Hall Publ. 2004.


Y. Achdou and O. Pironneau : Computational Methods for Option Pricing, SIAM Frontiers in Applied Mathematics, SIAM Publishers,
Philadelphia 2005.

D. Lamberton and B. Lapeyre : Introduction to stochastic calculus Applied to Finance (second edition), Chapman & Hall/CRC Financial
Mathematics Series, Taylor & Francis Publ. Boca Raton, London, New York 2008.

J.-P. Fouque, G. Papanicolaou and K.-R. Sircar : Derivatives in financial markets with stochastic volatility, Cambridge Univeristy Press,
Cambridge, 2000.

N. Hilber, O. Reichmann, Ch. Schwab and Ch. Winter: Computational Methods for Quantitative Finance, Springer Finance, Springer, 2013.

401-3629-00L Quantitative Risk Management W  4 credits 2V+1U P. Cheridito
Abstract This course introduces methods from probability theory and statistics that can be used to model financial risks. Topics addressed include

loss distributions, risk measures, extreme value theory, multivariate models, copulas, dependence structures and operational risk.
Objective The goal is to learn the most important methods from probability theory and statistics used in financial risk modeling.
Content 1. Introduction 

2. Basic Concepts in Risk Management
3. Empirical Properties of Financial Data
4. Financial Time Series
5. Extreme Value Theory
6. Multivariate Models
7. Copulas and Dependence
8. Operational Risk

Lecture notes Course material is available on https://people.math.ethz.ch/~patrickc/qrm
Literature Quantitative Risk Management: Concepts, Techniques and Tools

AJ McNeil, R Frey and P Embrechts
Princeton University Press, Princeton, 2015 (Revised Edition)
http://press.princeton.edu/titles/10496.html

Prerequisites /
notice

The course corresponds to the Risk Management requirement for the SAA ("Aktuar SAV Ausbildung") as well as for the Master of Science
UZH-ETH in Quantitative Finance.

 Elective Courses
 Economic Theory for Finance

Number Title Type ECTS Hours Lecturers

401-3956-00L Economic Theory of Financial Markets
Does not take place this semester.

W  4 credits 2V M. V. Wüthrich

Abstract This lecture provides an introduction to the economic theory of financial markets. It presents the basic financial and economic concepts to
insurance mathematicians and actuaries.

Objective This lecture aims at providing the fundamental financial and economic concepts to insurance mathematicians and actuaries. It focuses on
portfolio theory, cash flow valuation and deflator techniques.
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Content We treat the following topics:
- Fundamental concepts in economics
- Portfolio theory
- Mean variance analysis, capital asset pricing model
- Arbitrage pricing theory
- Cash flow theory
- Valuation principles
- Stochastic discounting, deflator techniques
- Interest rate modeling
- Utility theory

Prerequisites /
notice

The exams ONLY take place during the official ETH examination period.

This course will be held in English and counts towards the diploma of "Aktuar SAV". For the latter, see details under www.actuaries.ch. 
 
Knowledge in probability theory, stochastic processes and statistics is assumed.

 Mathematical Methods for Finance
Number Title Type ECTS Hours Lecturers

401-3936-00L Data Analytics for Non-Life Insurance Pricing W  4 credits 2V C. M. Buser, M. V. Wüthrich
Abstract We study statistical methods in supervised learning for non-life insurance pricing such as generalized linear models, generalized additive

models, Bayesian models, neural networks, classification and regression trees, random forests and gradient boosting machines.
Objective The student is familiar with classical actuarial pricing methods as well as with modern machine learning methods for insurance pricing and

prediction.
Content We present the following chapters:

- generalized linear models (GLMs)
- generalized additive models (GAMs)
- neural networks
- credibility theory
- classification and regression trees (CARTs)
- bagging, random forests and boosting

Lecture notes The lecture notes are available from:
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2870308

Prerequisites /
notice

This course will be held in English and counts towards the diploma of "Aktuar SAV".
For the latter, see details under www.actuaries.ch

Good knowledge in probability theory, stochastic processes and statistics is assumed.

401-4920-00L Market-Consistent Actuarial Valuation W  4 credits 2V M. V. Wüthrich, H. Furrer
Abstract Introduction to market-consistent actuarial valuation. 

Topics: Stochastic discounting, full balance sheet approach, valuation portfolio in life and non-life insurance, technical and financial risks,
risk management for insurance companies.

Objective Goal is to give the basic mathematical tools for describing insurance products within a financial market and economic environment and
provide the basics of solvency considerations.

Content In this lecture we give a full balance sheet approach to the task of actuarial valuation of an insurance company. Therefore we introduce a
multidimensional valuation portfolio (VaPo) on the liability side of the balance sheet. The basis of this multidimensional VaPo is a set of
financial instruments. This approach makes the liability side of the balance sheet directly comparable to its asset side.

The lecture is based on four sections:
1) Stochastic discounting
2) Construction of a multidimensional Valuation Portfolio for life insurance products (with guarantees)
3) Construction of a multidimensional Valuation Portfolio for a run-off portfolio of a non-life insurance company
4) Measuring financial risks in a full balance sheet approach (ALM risks)

Literature Market-Consistent Actuarial Valuation, 3rd edition.
Wüthrich, M.V.
EAA Series, Springer 2016.
ISBN: 978-3-319-46635-4

Wüthrich, M.V., Merz, M. 
Claims run-off uncertainty: the full picture.
SSRN Manuscript ID 2524352 (2015).

England, P.D, Verrall, R.J., Wüthrich, M.V. 
On the lifetime and one-year views of reserve risk, with application to IFRS 17 and Solvency II risk margins.
Insurance: Mathematics and Economics 85 (2019), 74-88. 

Wüthrich, M.V., Embrechts, P., Tsanakas, A.
Risk margin for a non-life insurance run-off.
Statistics & Risk Modeling 28 (2011), no. 4, 299--317.

Financial Modeling, Actuarial Valuation and Solvency in Insurance.
Wüthrich, M.V., Merz, M.
Springer Finance 2013.
ISBN: 978-3-642-31391-2

Cheridito, P., Ery, J., Wüthrich, M.V.
Assessing asset-liability risk with neural networks. 
Risks 8/1 (2020), article 16.

Prerequisites /
notice

The exams ONLY take place during the official ETH examination period.

This course will be held in English and counts towards the diploma of "Aktuar SAV". 
For the latter, see details under www.actuaries.ch. 
 
Knowledge in probability theory, stochastic processes and statistics is assumed.

401-3642-00L Brownian Motion and Stochastic Calculus W  10 credits 4V+1U W. Werner
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Abstract This course covers some basic objects of stochastic analysis. In particular, the following topics are discussed: construction and properties
of Brownian motion, stochastic integration, Ito's formula and applications, stochastic differential equations and connection with partial
differential equations.

Objective This course covers some basic objects of stochastic analysis. In particular, the following topics are discussed: construction and properties
of Brownian motion, stochastic integration, Ito's formula and applications, stochastic differential equations and connection with partial
differential equations.

Lecture notes Lecture notes will be distributed in class.
Literature - J.-F. Le Gall, Brownian Motion, Martingales, and Stochastic Calculus, Springer (2016).

- I. Karatzas, S. Shreve, Brownian Motion and Stochastic Calculus, Springer (1991).
- D. Revuz, M. Yor, Continuous Martingales and Brownian Motion, Springer (2005).
- L.C.G. Rogers, D. Williams, Diffusions, Markov Processes and Martingales, vol. 1 and 2, Cambridge University Press (2000).
- D.W. Stroock, S.R.S. Varadhan, Multidimensional Diffusion Processes, Springer (2006).

Prerequisites /
notice

Familiarity with measure-theoretic probability as in the standard D-MATH course "Probability Theory" will be assumed. Textbook accounts
can be found for example in 
- J. Jacod, P. Protter, Probability Essentials, Springer (2004).
- R. Durrett, Probability: Theory and Examples, Cambridge University Press (2010).

227-0224-00L Stochastic Systems W  4 credits 2V+1U F. Herzog
Abstract Probability. Stochastic processes. Stochastic differential equations. Ito. Kalman filters. St Stochastic optimal control. Applications in

financial engineering.
Objective Stochastic dynamic systems. Optimal control and filtering  of stochastic systems. Examples in technology and finance.
Content - Stochastic processes

- Stochastic calculus (Ito)
- Stochastic differential equations
- Discrete time stochastic difference equations
- Stochastic processes AR, MA, ARMA, ARMAX, GARCH
- Kalman filter
- Stochastic optimal control
- Applications in finance and engineering

Lecture notes H. P. Geering et al., Stochastic Systems, Measurement and Control Laboratory, 2007 and handouts

401-3917-00L Stochastic Loss Reserving Methods W  4 credits 2V R. Dahms
Abstract Loss Reserving is one of the central topics in non-life insurance. Mathematicians and actuaries need to estimate adequate reserves for

liabilities caused by claims. These claims reserves have influence all financial statements, future premiums and solvency margins. We
present the stochastics behind various methods that are used in practice to calculate those loss reserves.

Objective Our goal is to present the stochastics behind various methods that are used in prctice to estimate claim reserves. These methods enable
us to set adequate reserves for liabilities caused by claims and to determine prediction errors of these predictions.

Content We will present the following stochastic claims reserving methods/models:
- Stochastic Chain-Ladder Method
- Bayesian Methods, Bornhuetter-Ferguson Method, Credibility Methods
- Distributional Models
- Linear Stochastic Reserving Models, with and without inflation
- Bootstrap Methods
- Claims Development Result (solvency view)
- Coupling of portfolios

Literature M. V. Wüthrich, M. Merz, Stochastic Claims Reserving Methods in Insurance, Wiley 2008.
Prerequisites /
notice

The exams ONLY take place during the official ETH examination periods.

This course will be held in English and counts towards the diploma "Aktuar SAV".
For the latter, see details under www.actuaries.ch.

Basic knowledge in probability theory is assumed, in particular conditional expectations.

401-3932-19L Machine Learning in Finance W  6 credits 3V+1U J. Teichmann
Abstract The course will deal with the following topics with rigorous proofs and many coding excursions: Universal approximation    theorems,

Stochastic gradient Descent, Deep
networks and wavelet analysis, Deep Hedging, Deep calibration,
Different network architectures, Reservoir Computing, Time series analysis by machine learning, Reinforcement learning, generative
adversersial networks, Economic games.

Prerequisites /
notice

Bachelor in mathematics, physics, economics or computer science.

252-0220-00L Introduction to Machine Learning
Limited number of participants. Preference is given to
students in programmes in which the course is being
offered. All other students will be waitlisted. Please do not
contact Prof. Krause for any questions in this regard. If
necessary, please contact studiensekretariat@inf.ethz.ch 

W  8 credits 4V+2U+1A A. Krause

Abstract The course introduces the foundations of learning and making predictions based on data.
Objective The course will introduce the foundations of learning and making predictions from data. We will study basic concepts such as trading

goodness of fit and model complexitiy. We will discuss important machine learning algorithms used in practice, and provide hands-on
experience in a course project.

Content - Linear regression (overfitting, cross-validation/bootstrap, model selection, regularization, [stochastic] gradient descent)
- Linear classification: Logistic regression (feature selection, sparsity, multi-class)
- Kernels and the kernel trick (Properties of kernels; applications to linear and logistic regression); k-nearest neighbor
- Neural networks (backpropagation, regularization, convolutional neural networks)
- Unsupervised learning (k-means, PCA, neural network autoencoders)
- The statistical perspective (regularization as prior; loss as likelihood; learning as MAP inference)
- Statistical decision theory (decision making based on statistical models and utility functions)
- Discriminative vs. generative modeling (benefits and challenges in modeling joint vy. conditional distributions)
- Bayes' classifiers (Naive Bayes, Gaussian Bayes; MLE)
- Bayesian approaches to unsupervised learning (Gaussian mixtures, EM)

Literature Textbook: Kevin Murphy, Machine Learning: A Probabilistic Perspective, MIT Press
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Prerequisites /
notice

Designed to provide a basis for following courses:
- Advanced Machine Learning
- Deep Learning
- Probabilistic Artificial Intelligence 
- Seminar "Advanced Topics in Machine Learning"

363-1114-00L Introduction to Risk Modelling and Management W  3 credits 2V B. J. Bergmann, D. N. Bresch,
J. Teichmann

Abstract This course provides an introduction to various aspects of modelling, dealing and managing risk across different industries, contexts and
applications. Classes will alternate between  risk professionals from industry and government and academics coming from different
disciplines.

Objective Students get familiar with the building blocks of risk modelling: uncertainty, vulnerability, resilience, decision-making under uncertainty. The
course looks at different approaches to modelling and dealing as well as mitigating different kind of risks in different industries and get to
understand the relation to the decision-making process in business and the value chain of a company. Cases range from enterprise risk
management, natural catastrophes, climate risk, energy market risk, risk engineering, financial risks, operational risk, cyber risk and more.
An additional emphasis will be on the data-driven approach to smart algorithms applied to risk modelling and management. After taking this
course, students should be able to demonstrate that they can identify and formulate a risk analysis problem with quantitative methods in a
particular field.

Content The course covers the following areas: 
1. Fundamentals of Risk Modelling: Probability, Uncertainty, Vulnerability, Decision-Making under Uncertainty 
2. Fundamentals of Risk Management and Enterprise Risk Management 
3. Risk Modelling and Management across Different areas with invited Speakers
The list of Speakers can be found here: https://riskcenter.ethz.ch/education/lectures/introduction-to-risk-modelling-and-management--.html

Lecture notes Lecture notes and slides will be provided via moodle

 Master's Thesis
see www.oec.uzh.ch/studies/general/theses/oec_en.html

Quantitative Finance Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Quantum Engineering Master
 Core Courses

A minimum of 24 credits must be obtained from core courses during the MSc QE, course selection is subject to the tutor's agreement.

 Engineering Core Courses
These core courses target students with a physics background and all those who need additional engineering foundations.

Number Title Type ECTS Hours Lecturers

227-0159-00L Semiconductor Devices: Quantum Transport at the
Nanoscale

W  6 credits 2V+2U M. Luisier, A. Emboras

Abstract This class offers an introduction into quantum transport theory, a rigorous approach to electron transport at the nanoscale. It covers
different topics such as bandstructure, Wave Function and Non-equilibrium Green's Function formalisms, and electron interactions with
their environment. Matlab exercises accompany the lectures where students learn how to develop their own transport simulator.

Objective The continuous scaling of electronic devices has given rise to structures whose dimensions do not exceed a few atomic layers. At this size,
electrons do not behave as particle any more, but as propagating waves and the classical representation of electron transport as the sum
of drift-diffusion processes fails. The purpose of this class is to explore and understand the displacement of electrons through nanoscale
device structures based on state-of-the-art quantum transport methods and to get familiar with the underlying equations by developing his
own nanoelectronic device simulator.

Content The following topics will be addressed:
- Introduction to quantum transport modeling
- Bandstructure representation and effective mass approximation
- Open vs closed boundary conditions to the Schrödinger equation
- Comparison of the Wave Function and Non-equilibrium Green's Function formalisms as solution to the Schrödinger equation
- Self-consistent Schödinger-Poisson simulations
- Quantum transport simulations of resonant tunneling diodes and quantum well nano-transistors
- Top-of-the-barrier simulation approach to nano-transistor
- Electron interactions with their environment (phonon, roughness, impurity,...) 
- Multi-band transport models

Lecture notes Lecture slides are distributed every week and can be found at
https://iis-students.ee.ethz.ch/lectures/quantum-transport-in-nanoscale-devices/

Literature Recommended textbook: "Electronic Transport in Mesoscopic Systems", Supriyo Datta, Cambridge Studies in Semiconductor Physics and
Microelectronic Engineering, 1997

Prerequisites /
notice

Basic knowledge of semiconductor device physics and quantum mechanics

227-0207-00L Nonlinear Systems and Control
Prerequisite: Control Systems (227-0103-00L)

W  6 credits 4G E. Gallestey Alvarez,
P. F. Al Hokayem

Abstract Introduction to the area of nonlinear systems and their control. Familiarization with tools for analysis of nonlinear systems. Discussion of the
various nonlinear controller design methods and their applicability to real life problems.

Objective On completion of the course, students understand the difference between linear and nonlinear systems, know the mathematical techniques
for analysing these systems, and have learnt various methods for designing controllers accounting for their characteristics.

Course puts the student in the position to deploy nonlinear control techniques in real applications. Theory and exercises are combined for
better understanding of the virtues and drawbacks present in the different methods.

Content Virtually all practical control problems are of nonlinear nature. In some cases application of linear control methods leads to satisfactory
controller performance. In many other cases however, only application of nonlinear analysis and control synthesis methods will guarantee
achievement of the desired objectives. 

During the past decades mature nonlinear controller design methods have been developed and have proven themselves in applications.
After an introduction of the basic methods for analysing nonlinear systems, these methods will be introduced together with a critical
discussion of their pros and cons. Along the course the students will be familiarized with the basic concepts of nonlinear control theory.

This course is designed as an introduction to the nonlinear control field and thus no prior knowledge of this area is required. The course
builds, however, on a good knowledge of the basic concepts of linear control and mathematical analysis.

Lecture notes An english manuscript will be made available on the course homepage during the course.
Literature H.K. Khalil: Nonlinear Systems, Prentice Hall, 2001.
Prerequisites /
notice

Prerequisites: Linear Control Systems, or equivalent.

227-0418-00L Algebra and Error Correcting Codes W  6 credits 4G H.-A. Loeliger
Abstract The course is an introduction to error correcting codes covering both classical algebraic codes and modern iterative decoding. The course

includes a self-contained introduction of the pertinent basics of "abstract" algebra.
Objective The course is an introduction to error correcting codes covering both classical algebraic codes and modern iterative decoding. The course

includes a self-contained introduction of the pertinent basics of "abstract" algebra.
Content Error correcting codes: coding and modulation, linear codes, Hamming space codes, Euclidean space codes, trellises and Viterbi decoding,

convolutional codes, factor graphs and message passing algorithms, low-density parity check codes, turbo codes, polar codes, Reed-
Solomon codes.

Algebra: groups, rings, homomorphisms, quotient groups, ideals, finite fields, vector spaces, polynomials.

Lecture notes Lecture Notes (english)

 Physics Core Courses
These core courses target students with an engineering background and all those who need additional physics foundations.

Number Title Type ECTS Hours Lecturers

402-0448-01L Quantum Information Processing I: Concepts
This theory part QIP I together with the experimental part
402-0448-02L QIP II (both offered in the Spring Semester)
combine to the core course in experimental physics
"Quantum Information Processing" (totally 10 ECTS
credits). This applies to the Master's degree programme in
Physics.

W  5 credits 2V+1U P. Kammerlander
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Abstract The course will cover the key concepts and ideas of quantum information processing, including descriptions of quantum algorithms which
give the quantum computer the power to compute problems outside the reach of any classical supercomputer. 
Key concepts such as quantum error correction will be described. These ideas provide fundamental insights into the nature of quantum
states and measurement.

Objective We aim to provide an overview of the central concepts in Quantum Information Processing, including insights into the advantages to be
gained from using quantum mechanics and the range of techniques based on quantum error correction which enable the elimination of
noise.

Content The topics covered in the course will include quantum circuits, gate decomposition and universal sets of gates, efficiency of quantum
circuits, quantum algorithms (Shor, Grover, Deutsch-Josza,..), error correction, fault-tolerant design, entanglement, teleportation and dense
conding, teleportation of gates, and cryptography.

Lecture notes More details to follow.
Literature Quantum Computation and Quantum Information

Michael Nielsen and Isaac Chuang
Cambridge University Press

Prerequisites /
notice

Basic knowledge in the formalism of quantum states, unitary evolution and quantum measurement is recommended.

402-0448-02L Quantum Information Processing II: Implementations
This experimental part QIP II together with the theory part
402-0448-01L QIP I (both offered in the Spring Semester)
combine to the core course in experimental physics
"Quantum Information Processing" (totally 10 ECTS
credits). This applies to the Master's degree programme in
Physics.

W  5 credits 2V+1U J. Home

Abstract Introduction to experimental systems for quantum information processing (QIP). Quantum bits. Coherent Control. Measurement.
Decoherence. Microscopic and macroscopic quantum systems. Nuclear magnetic resonance (NMR). Photons. Ions and neutral atoms in
electromagnetic traps. Charges and spins in quantum dots and NV centers. Charges and flux quanta in superconducting circuits. Novel
hybrid systems.

Objective Throughout the past 20 years the realm of quantum physics has entered the domain of information technology in more and more prominent
ways. Enormous progress in the physical sciences and in engineering and technology has allowed us to build novel types of information
processors based on the concepts of quantum physics. In these processors information is stored in the quantum state of physical systems
forming quantum bits (qubits). The interaction between qubits is controlled and the resulting states are read out on the level of single
quanta in order to process information. Realizing such challenging tasks is believed to allow constructing an information processor much
more powerful than a classical computer. This task is taken on by academic labs, startups and major industry. The aim of this class is to
give a thorough introduction to physical implementations pursued in current research for realizing quantum information processors. The
field of quantum information science is one of the fastest growing and most active domains of research in modern physics.

Content Introduction to experimental systems for quantum information processing (QIP). 
- Quantum bits
- Coherent Control
- Measurement
- Decoherence
QIP with
- Ions
- Superconducting Circuits
- Photons
- NMR
- Rydberg atoms
- NV-centers
- Quantum dots

Lecture notes Course material be made available at www.qudev.ethz.ch and on the Moodle platform for the course. More details to follow.
Literature Quantum Computation and Quantum Information

Michael Nielsen and Isaac Chuang
Cambridge University Press

Prerequisites /
notice

The class will be taught in English language.

Basic knowledge of concepts of quantum physics and quantum systems, e.g from courses such as Phyiscs III, Quantum Mechanics I and II
or courses on topics such as atomic physics, solid state physics, quantum electronics are considered helpful.

More information on this class can be found on the web site www.qudev.ethz.ch

402-0871-00L Solid State Theory
UZH students are not allowed to register this course unit
at ETH. They must book the corresponding module
directly at UZH.

W  10 credits 4V+1U M. Sigrist

Abstract The course is addressed to students in experimental and theoretical condensed matter physics and provides a theoretical introduction to a
variety of important concepts used in this field.

Objective The course provides a theoretical frame for the understanding of basic pinciples in solid state physics. Such a frame includes the topics of
symmetries, band structures, many body interactions, Landau Fermi-liquid theory, and specific topics such as transport, Quantum Hall
effect and magnetism. The exercises illustrate the various themes in the lecture and help to develop problem-solving skills. The student
understands basic concepts in solid state physics and is able to solve simple problems. No diagrammatic tools will be used.

Content The course is addressed to students in experimental and theoretical condensed matter physics and provides a theoretical introduction to a
variety of important concepts used in this field. The following subjects will be covered: Symmetries and their handling via group theoretical
concepts, electronic structure in crystals, insulators-semiconductors-metals, phonons, interaction effects, (un-)screened Fermi-liquids,
linear response theory, collective modes, screening, transport in semiconductors and metals, magnetism, Mott-insulators, quantum-Hall
effect.

Lecture notes in English

 Electives
This is a selection of courses particularly suitable for the MSc QE. In agreement with the tutor, students may choose other courses from the ETH course
catalogue.

Number Title Type ECTS Hours Lecturers

227-0111-00L Communication Electronics W  6 credits 2V+2U Q. Huang
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Abstract Electronics for communications systems, with emphasis on realization.  Low noise amplifiers, modulators and demodulators, transmit
amplifiers and oscillators are discussed in the context of wireless communications. Wireless receiver, transmitter and frequency synthesizer
will be described. Importance of and trade offs among sensitivity, linearity and selectivity are discussed extensively.

Objective Foundation course for understanding modern electronic circuits for communication applications. We learn how theoretical communications
principles are reduced to practice using transistors, switches, inductors, capacitors and resistors. The harsh environment such
communication electronics will be exposed to and the resulting requirements on the sensitivity, linearity and selectivity help explain the
design trade offs encountered in every circuit block found in a modern transceiver.

Content Accounting for more than two trillion dollars per year, communications is one of the most important drivers for advanced economies of our
time. Wired networks have been a key enabler to the internet age and the proliferation of search engines, social networks and electronic
commerce, whereas wireless communications, cellular networks in particular, have liberated people and increased productivity in
developed and developing nations alike. Integrated circuits that make such communications devices light weight and affordable have
played a key role in the proliferation of communications. 
 This course introduces our students to the key components that realize the tangible products in electronic form. We begin with an
introduction to wireless communications, and describe the harsh environment in which a transceiver has to work reliably. In this context we
highlight the importance of sensitivity or low noise, linearity, selectivity, power consumption and cost, that are all vital to a competitive
device in such applications. 
 We shall review bipolar and MOS devices from a designer's prospectives, before discussing basic amplifier structures - common
emitter/source, common base/gate configurations, their noise performance and linearity, impedance matching, and many other things one
needs to know about a low noise amplifier.
 We will discuss modulation, and the mixer that enables its implementation. Noise and linearity form an inseparable part of the discussion
of its design, but we also introduce the concept of quadrature demodulator, image rejection, and the effects of mismatch on performance.
 When mixers are used as a modulator the signals they receive are usually large and the natural linearity of transistors becomes
insufficient. The concept of feedback will be introduced and its function as an improver of linearity studied in detail. 
 Amplifiers in the transmit path are necessary to boost the power level before the signal leaves an integrated circuit to drive an even more
powerful amplifier (PA) off chip. Linearized pre-amplifiers will be studied as part of the transmitter.
 A crucial part of a mobile transceiver terminal is the generation of local oscillator signals at the desired frequencies that are required for
modulation and demodulation. Oscillators will be studied, starting from stability criteria of an electronic system, then leading to criteria for
controlled instability or oscillation. Oscillator design will be discussed in detail, including that of crystal controlled oscillators which provide
accurate time base.
 An introduction to phase-locked loops will be made, illustrating how it links a variable frequency oscillator to a very stable fixed frequency
crystal oscillator, and how phase detector, charge pump and programmable dividers all serve to realize an agile frequency synthesizer that
is very stable in each frequency synthesized.

Lecture notes Script is available online under https://iis-students.ee.ethz.ch/lectures/communication-electronics/
Prerequisites /
notice

The course Analog Integrated Circuits is recommended as preparation for this course.

227-0104-00L Communication and Detection Theory W  6 credits 4G A. Lapidoth
Abstract This course teaches the foundations of modern digital communications and detection theory. Topics include the geometry of the space of

energy-limited signals; the baseband representation of passband signals, spectral efficiency and the Nyquist Criterion; the power and
power spectral density of PAM and QAM; hypothesis testing; Gaussian stochastic processes; and detection in white Gaussian noise.

Objective This is an introductory class to the field of wired and wireless communication. It offers a glimpse at classical analog modulation (AM, FM),
but mainly focuses on aspects of modern digital communication, including modulation schemes, spectral efficiency, power budget analysis,
block and convolu- tional codes, receiver design, and multi- accessing schemes such as TDMA, FDMA and Spread Spectrum.

Content - Baseband representation of passband signals.
- Bandwidth and inner products in baseband and passband.
- The geometry of the space of energy-limited signals.
- The Sampling Theorem as an orthonormal expansion.
- Sampling passband signals.
- Pulse Amplitude Modulation (PAM): energy, power, and power spectral density.
- Nyquist Pulses.
- Quadrature Amplitude Modulation (QAM).
- Hypothesis testing.
- The Bhattacharyya Bound.
- The multivariate Gaussian distribution
- Gaussian stochastic processes.
- Detection in white Gaussian noise.

Lecture notes n/a
Literature A. Lapidoth, A Foundation in Digital Communication, Cambridge University Press, 2nd edition (2017)

227-0125-00L Optics and Photonics W  6 credits 2V+2U J. Leuthold
Abstract This lecture covers both - the fundamentals of "Optics" such as e.g. "ray optics", "coherence", the "Planck law" or the "Einstein relations"

but also the fundamentals of "Photonics" on the generation, processing, transmission and detection of photons.
Objective A sound base for work in the field of optics and photonics will be given.
Content Chapter 1: Ray Optics

Chapter 2: Electromagnetic Optics
Chapter 3: Polarization
Chapter 4: Coherence and Interference
Chapter 5: Fourier Optics and Diffraction
Chapter 6: Guided Wave Optics
Chapter 7: Optical Fibers
Chapter 8: The Laser

Lecture notes Lecture notes will be handed out.
Prerequisites /
notice

Fundamentals of Electromagnetic Fields (Maxwell Equations) & Bachelor Lectures on Physics.

227-0146-00L Analog-to-Digital Converters
Does not take place this semester.
Course will be moved to the fall semester 2021.

W  6 credits 2V+2U

Abstract This course provides a thorough treatment of integrated data conversion systems from system level specifications and trade-offs, over
architecture choice down to circuit implementation.
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Objective Data conversion systems are substantial sub-parts of many electronic systems, e.g. the audio conversion system of a home-cinema
systems or the base-band front-end of a wireless modem. Data conversion systems usually determine the performance of the overall
system in terms of dynamic range and linearity. The student will learn to understand the basic principles behind data conversion and be
introduced to the different methods and circuit architectures to implement such a conversion. The conversion methods such as successive
approximation or algorithmic conversion are explained with their principle of operation accompanied with the appropriate mathematical
calculations, including the effects of non-idealties in some cases. After successful completion of the course the student should understand
the concept of an ideal ADC, know all major converter architectures, their principle of operation and what governs their performance.

Content - Introduction: information representation and communication; abstraction, categorization and symbolic representation; basic conversion
algorithms; data converter application; tradeoffs among key parameters; ADC taxonomy.
- Dual-slope & successive approximation register (SAR) converters: dual slope principle & converter; SAR ADC operating principle; SAR
implementation with a capacitive array; range extension with segmented array.
- Algorithmic & pipelined A/D converters: algorithmic conversion principle; sample & hold stage; pipe-lined converter; multiplying DAC; flash
sub-ADC and n-bit MDAC; redundancy for correction of non-idealties, error correction.
- Performance metrics and non-linearity: ideal ADC; offset, gain error, differential and integral non-linearities; capacitor mismatch; impact of
capacitor mismatch on SAR ADC's performance.
- Flash, folding an interpolating analog-to-digital converters: flash ADC principle, thermometer to binary coding, sparkle correction;
limitations of flash converters; the folding principle, residue extraction; folding amplifiers; cascaded folding; interpolation for folding
converters; cascaded folding and interpolation.
- Noise in analog-to-digital converters: types of noise; noise calculation in electronic circuit, kT/C-noise, sampled noise; noise analysis in
switched-capacitor circuits; aperture time uncertainty and sampling jitter.
- Delta-sigma A/D-converters: linearity and resolution; from delta-modulation to delta-sigma modulation; first-oder delta-sigma modulation,
circuit level implementation; clock-jitter & SNR in delta-sigma modulators; second-order delta-sigma modulation, higher-order modulation,
design procedure for a single-loop modulator.
- Digital-to-analog converters: introduction; current scaling D/A converter, current steering DAC, calibration for improved performance.

Lecture notes Slides are available online under https://iis-students.ee.ethz.ch/lectures/analog-to-digital-converters/
Literature - B. Razavi, Principles of Data Conversion System Design, IEEE Press, 1994

- M. Gustavsson et. al., CMOS Data Converters for Communications, Springer, 2010
- R.J. van de Plassche, CMOS Integrated Analog-to-Digital and Digital-to-Analog Converters, Springer, 2010

Prerequisites /
notice

It is highly recommended to attend the course "Analog Integrated Circuits" of Prof. Huang as a preparation for this course.

227-0147-00L VLSI II: Design of Very Large Scale Integration
Circuits

W  6 credits 5G F. K. Gürkaynak, L. Benini

Abstract This second course in our VLSI series is concerned with how to turn digital circuit netlists into safe, testable and manufacturable mask
layout, taking into account various parasitic effects. Low-power circuit design is another important topic. Economic aspects and
management issues of VLSI projects round off the course.

Objective Know how to design digital VLSI circuits that are safe, testable, durable, and make economic sense.
Content The second course begins with a thorough discussion of various technical aspects at the circuit and layout level before moving on to

economic issues of VLSI. Topics include: 
- The difficulties of finding fabrication defects in large VLSI chips. 
- How to make integrated circuit testable (design for test). 
- Synchronous clocking disciplines compared, clock skew, clock distribution, input/output timing. 
- Synchronization and metastability. 
- CMOS transistor-level circuits of gates, flip-flops and random access memories. 
- Sinks of energy in CMOS circuits. 
- Power estimation and low-power design. 
- Current research in low-energy computing. 
- Layout parasitics, interconnect delay, static timing analysis. 
- Switching currents, ground bounce, IR-drop, power distribution. 
- Floorplanning, chip assembly, packaging. 
- Layout design at the mask level, physical design verification. 
- Electromigration, electrostatic discharge, and latch-up. 
- Models of industrial cooperation in microelectronics. 
- The caveats of virtual components. 
- The cost structures of ASIC development and manufacturing.
- Market requirements, decision criteria, and case studies.
- Yield models.
- Avenues to low-volume fabrication. 
- Marketing considerations and case studies. 
- Management of VLSI projects.

Exercises are concerned with back-end design (floorplanning, placement, routing, clock and power distribution, layout verification).
Industrial CAD tools are being used.

Lecture notes H. Kaeslin: "Top-Down Digital VLSI Design, from Gate-Level Circuits to CMOS Fabrication", Lecture Notes Vol.2 , 2015.

All written documents in English.

Literature H. Kaeslin: "Top-Down Digital VLSI Design, from Architectures to Gate-Level Circuits and FPGAs", Elsevier, 2014, ISBN 9780128007303.
Prerequisites /
notice

Highlight:
Students are offered the opportunity to design a circuit of their own which then gets actually fabricated as a microchip! Students who elect
to participate in this program register for a term project at the Integrated Systems Laboratory in parallel to attending the VLSI II course.

Prerequisites: 
"VLSI I: from Architectures to Very Large Scale Integration Circuits and FPGAs" or equivalent knowledge.

Further details:
https://vlsi2.ethz.ch

227-0216-00L Control Systems II W  6 credits 4G R. Smith
Abstract Introduction to basic and advanced concepts of modern feedback control.
Objective Introduction to basic and advanced concepts of modern feedback control.
Content This course is designed as a direct continuation of the course "Regelsysteme" (Control Systems). The primary goal is to further familiarize

students with various dynamic phenomena and their implications for the analysis and design of feedback controllers. Simplifying
assumptions on the underlying plant that were made in the course "Regelsysteme" are relaxed, and advanced concepts and techniques
that allow the treatment of typical industrial control problems are presented. Topics include control of systems with multiple inputs and
outputs, control of uncertain systems (robustness issues), limits of achievable performance, and controller implementation issues.

Lecture notes The slides of the lecture are available to download.
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Literature Skogestad, Postlethwaite: Multivariable Feedback Control - Analysis and Design. Second Edition. John Wiley, 2005.
Prerequisites /
notice

Prerequisites:
Control Systems or equivalent

227-0434-10L Mathematics of Information W  8 credits 3V+2U+2A H. Bölcskei
Abstract The class focuses on mathematical aspects of 


1. Information science: Sampling theorems, frame theory, compressed sensing, sparsity, super-resolution, spectrum-blind sampling,
subspace algorithms, dimensionality reduction

2. Learning theory: Approximation theory, uniform laws of large numbers, Rademacher complexity, Vapnik-Chervonenkis dimension

Objective The aim of the class is to familiarize the students with the most commonly used mathematical theories in data science, high-dimensional
data analysis, and learning theory. The class consists of the lecture, exercise sessions with homework problems, and of a research project,
which can be carried out either individually or in groups. The research project consists of either 1. software development for the solution of
a practical signal processing or machine learning problem or 2. the analysis of a research paper or 3. a theoretical research problem of
suitable complexity. Students are welcome to propose their own project at the beginning of the semester. The outcomes of all projects have
to be presented to the entire class at the end of the semester.

Content Mathematics of Information

1. Signal representations: Frame theory, wavelets, Gabor expansions, sampling theorems, density theorems

2. Sparsity and compressed sensing: Sparse linear models, uncertainty relations in sparse signal recovery, matching pursuits, super-
resolution, spectrum-blind sampling, subspace algorithms (MUSIC, ESPRIT, matrix pencil), estimation in the high-dimensional noisy case,
Lasso

3. Dimensionality reduction: Random projections, the Johnson-Lindenstrauss Lemma

Mathematics of Learning

4. Approximation theory: Nonlinear approximation theory, fundamental limits on compressibility of signal classes, Kolmogorov-Tikhomirov
epsilon-entropy of signal classes, optimal compression of signal classes, recovery from incomplete data, information-based complexity,
curse of dimensionality

5. Uniform laws of large numbers: Rademacher complexity, Vapnik-Chervonenkis dimension, classes with polynomial discrimination,
blessings of dimensionality

Lecture notes Detailed lecture notes will be provided at the beginning of the semester and as we go along.
Prerequisites /
notice

This course is aimed at students with a background in basic linear algebra, analysis, statistics, and probability. 

We encourage students who are interested in mathematical data science to take both this course and "401-4944-20L Mathematics of Data
Science" by Prof. A. Bandeira. The two courses are designed to be complementary.

H. Bölcskei and A. Bandeira

151-0966-00L Introduction to Quantum Mechanics for Engineers W  4 credits 2V+2U D. J. Norris
Abstract This course provides fundamental knowledge in the principles of quantum mechanics and connects it to applications in engineering.
Objective To work effectively in many areas of modern engineering, such as renewable energy and nanotechnology, students must possess a basic

understanding of quantum mechanics. The aim of this course is to provide this knowledge while making connections to applications of
relevancy to engineers. After completing this course, students will understand the basic postulates of quantum mechanics and be able to
apply mathematical methods for solving various problems including atoms, molecules, and solids. Additional examples from engineering
disciplines will also be integrated.

Content Fundamentals of Quantum Mechanics 
-    Historical Perspective 
-    Schrödinger Equation
-    Postulates of Quantum Mechanics
-    Operators 
-    Harmonic Oscillator
-    Hydrogen atom
-    Multielectron Atoms
-    Crystalline Systems
-    Spectroscopy
-    Approximation Methods
-    Applications in Engineering

Lecture notes Class Notes and Handouts
Literature Text: David J. Griffiths, Introduction to Quantum Mechanics, 2nd Edition, Pearson International Edition.
Prerequisites /
notice

Analysis III, Mechanics III, Physics I, Linear Algebra II

252-0220-00L Introduction to Machine Learning
Limited number of participants. Preference is given to
students in programmes in which the course is being
offered. All other students will be waitlisted. Please do not
contact Prof. Krause for any questions in this regard. If
necessary, please contact studiensekretariat@inf.ethz.ch 

W  8 credits 4V+2U+1A A. Krause

Abstract The course introduces the foundations of learning and making predictions based on data.
Objective The course will introduce the foundations of learning and making predictions from data. We will study basic concepts such as trading

goodness of fit and model complexitiy. We will discuss important machine learning algorithms used in practice, and provide hands-on
experience in a course project.
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Content - Linear regression (overfitting, cross-validation/bootstrap, model selection, regularization, [stochastic] gradient descent)
- Linear classification: Logistic regression (feature selection, sparsity, multi-class)
- Kernels and the kernel trick (Properties of kernels; applications to linear and logistic regression); k-nearest neighbor
- Neural networks (backpropagation, regularization, convolutional neural networks)
- Unsupervised learning (k-means, PCA, neural network autoencoders)
- The statistical perspective (regularization as prior; loss as likelihood; learning as MAP inference)
- Statistical decision theory (decision making based on statistical models and utility functions)
- Discriminative vs. generative modeling (benefits and challenges in modeling joint vy. conditional distributions)
- Bayes' classifiers (Naive Bayes, Gaussian Bayes; MLE)
- Bayesian approaches to unsupervised learning (Gaussian mixtures, EM)

Literature Textbook: Kevin Murphy, Machine Learning: A Probabilistic Perspective, MIT Press
Prerequisites /
notice

Designed to provide a basis for following courses:
- Advanced Machine Learning
- Deep Learning
- Probabilistic Artificial Intelligence 
- Seminar "Advanced Topics in Machine Learning"

263-4660-00L Applied Cryptography
Number of participants limited to 150.

W  8 credits 3V+2U+2P K. Paterson

Abstract This course will introduce the basic primitives of cryptography, using rigorous syntax and game-based security definitions. The course will
show how these primitives can be combined to build cryptographic protocols and systems.

Objective The goal of the course is to put students' understanding of cryptography on sound foundations, to enable them to start to build well-
designed cryptographic systems, and to expose them to some of the pitfalls that arise when doing so.

Content Basic symmetric primitives (block ciphers, modes, hash functions); generic composition; AEAD; basic secure channels; basic public key
primitives (encryption,signature, DH key exchange); ECC; randomness; applications.

Literature Textbook: Boneh and Shoup, “A Graduate Course in Applied Cryptography”,
https://crypto.stanford.edu/~dabo/cryptobook/BonehShoup_0_4.pdf.

Prerequisites /
notice

Ideally, students will have taken the D-INFK Bachelors course “Information Security" or an equivalent course at Bachelors level.

402-0206-00L Quantum Mechanics II W  10 credits 3V+2U G. Blatter
Abstract Many-body quantum physics rests on symmetry considerations that lead to two kinds of particles, fermions and bosons. Formal techniques

include Hartree-Fock theory and second-quantization techniques, as well as quantum statistics with ensembles. Few- and many-body
systems include atoms, molecules, the Fermi sea, elastic chains, radiation and its interaction with matter, and ideal quantum gases.

Objective Basic command  of few- and many-particle physics for fermions and bosons, including second quantisation and quantum statistical
techniques. Understanding of elementary many-body systems such as atoms, molecules, the Fermi sea, electromagnetic radiation and its
interaction with matter, ideal quantum gases and relativistic theories.

Content The description of indistinguishable particles leads us to (exchange-) symmetrized wave functions for fermions and bosons. We discuss
simple few-body problems (Helium atoms, hydrogen molecule) und proceed with a systematic description of fermionic many body problems
(Hartree-Fock approximation, screening, correlations with applications on atomes and the Fermi sea). The second quantisation formalism
allows for the compact description of the Fermi gas, of elastic strings (phonons), and the radiation field (photons). We study the interaction
of radiation and matter and the associated phenomena of radiative decay, light scattering, and the Lamb shift. Quantum statistical
description of ideal Bose and Fermi gases at finite temperatures concludes the program. If time permits, we will touch upon of relativistic
one particle physics, the Klein-Gordon equation for spin-0 bosons and the Dirac equation describing spin-1/2 fermions.

Lecture notes Quanten Mechanik I und II in German.
Literature G. Baym, Lectures on Quantum Mechanics (Benjamin, Menlo Park, California, 1969)

L.I. Schiff, Quantum Mechanics (Mc-Graw-Hill, New York, 1955)
A. Messiah, Quantum Mechanics I & II (North-Holland, Amsterdam, 1976)
E. Merzbacher, Quantum Mechanics (John Wiley, New York, 1998)
C. Cohen-Tannoudji, B. Diu, F. Laloe, Quantum Mechanics I & II (John Wiley, New York, 1977)
P.P. Feynman and A.R. Hibbs, Quantum Mechanics and Path Integrals (Mc Graw-Hill, New York, 1965)
A.L. Fetter and J.D. Walecka, Theoretical Mechanics of Particles and Continua (Mc Graw-Hill, New York, 1980)
J.J. Sakurai, Modern Quantum Mechanics (Addison Wesley, Reading, 1994)
J.J. Sakurai, Advanced Quantum mechanics (Addison Wesley)
F. Gross, Relativistic Quantum Mechanics and Field Theory (John Wiley, New York, 1993)

Prerequisites /
notice

Basic knowledge of single-particle Quantum Mechanics

402-0275-00L Quantum Electronics W  10 credits 3V+2U S. Johnson
Abstract Classical and semi-classical introduction to Quantum Electronics. Mandatory for further elective courses in Quantum Electronics. The field

of Quantum Electronics describes propagation of light and its interaction with matter. The emphasis is set on linear pulse and beam
propagation in dispersive media, optical anisotropic materials, and waveguides and lasers.

Objective Teach the fundamental building blocks of Quantum Electronics.  After taking this course students will be able to describe light propagation
in dispersive and nonlinear media, as well as the operation of polarization optics and lasers.

Content Propagation of light in dispersive media
Light propagation through interfaces
Interference and coherence
Interferometry
Fourier Optics
Beam propagation
Optical resonators
Laser fundamentals
Polarization optics
Waveguides
Nonlinear optics

Lecture notes Scripts will be distributed in class (online) via moodle
Literature Reference:

Saleh, B.E.A.,  Teich, M.C.; Fundamentals of Photonics, John Wiley & Sons, Inc., newest edition
Prerequisites /
notice

Mandatory lecture for physics students

Prerequisites (minimal): vector analysis, differential equations, Fourier transformation

402-0318-00L Semiconductor Materials: Characterization,
Processing and Devices

W  6 credits 2V+1U S. Schön, W. Wegscheider

Abstract This course gives an introduction into the fundamentals of semiconductor materials. The main focus in this semester is on state-of-the-art
characterization, semiconductor processing and devices.
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Objective Basic knowledge of semiconductor physics and technology. Application of this knowledge for state-of-the-art semiconductor device
processing

Content 1. Material characterization: structural and chemical methods
1.1 X-ray diffraction methods (Powder diffraction, HRXRD, XRR, RSM)
1.2 Electron microscopy Methods (SEM, EDX, TEM, STEM, EELS)
1.3 SIMS, RBS
2. Material characterization: electronic methods
2.1 van der Pauw techniquel2.2 Floating zone method
2.2 Hall effect
2.3 Cyclotron resonance spectroscopy
2.4. Quantum Hall effect
3. Material characterization: Optical methods
3.1 Absorption methods
3.2 Photoluminescence methods
3.3 FTIR, Raman spectroscopy
4. Semiconductor processing: lithography
4.1 Optical lithography methods
4.2 Electron beam lithography
4.3 FIB lithography
4.4 Scanning probe lithography
4.5 Direct growth methods (CEO, Nanowires)
5. Semiconductor processing: structuring of layers and devices
5.1 Wet etching methods
5.2 Dry etching methods (RIE, ICP, ion milling)
5.3 Physical vapor depositon methods (thermal, e-beam, sputtering)
5.4 Chemical vapor Deposition methods (PECVD, LPCVD, ALD)
5.5 Cleanroom basics & tour
6. Semiconductor devices
6.1 Semiconductor lasers
6.2 LED & detectors
6.3 Solar cells
6.4 Transistors (FET, HBT, HEMT)

Lecture notes https://moodle-app2.let.ethz.ch/course/view.php?id=12230
Prerequisites /
notice

The "compulsory performance element" of this lecture is a short presentation of a research paper complementing the lecture topics.
Several topics and corresponding papers will be offered on the moodle page of this lecture.

402-0444-00L Advanced Quantum Optics W  6 credits 2V+1U A. Imamoglu
Abstract This course builds up on the material covered in the Quantum Optics course. The emphasis will be on quantum optics in condensed-matter

systems.
Objective The course aims to provide the knowledge necessary for pursuing advanced research in the field of Quantum Optics in condensed matter

systems. Fundamental concepts and techniques of Quantum Optics will be linked to experimental research in systems such as quantum
dots, exciton-polaritons, quantum Hall fluids and two-dimensional materials.

Content Description of open quantum systems using master equation and quantum trajectories. Decoherence and quantum measurements. Dicke
superradiance. Dissipative phase transitions. Signatures of electron-exciton and electron-electron interactions in optical response.

Lecture notes Lecture notes will be provided
Literature C. Cohen-Tannoudji et al., Atom-Photon-Interactions (recommended)

Y. Yamamoto and A. Imamoglu, Mesoscopic Quantum Optics (recommended)
A collection of review articles (will be pointed out during the lecture)

Prerequisites /
notice

Masters level quantum optics knowledge

402-0462-00L Advanced Topics in Quantum Information Theory W  6 credits 2V+1U J. Renes
Abstract The course covers a selection of topics that are of current interest in quantum information theory and quantum computation. Particular

focus will be put on theoretical concepts that impact future implementations of quantum technologies.
Objective The course provides an insight into current research activities in quantum information science.
Content The course covers a selection of topics that are of current interest in quantum information theory and quantum computation. Particular

focus will be put on theoretical concepts that impact future implementations of quantum technologies. Topics include quantum error-
correction, fault-tolerant quantum computation, tensor-network methods, and quantum information in many-body systems.

Prerequisites /
notice

Prerequisites are the courses Quantum Mechanics I and II. The course is complementary to the course Quantum Information Theory.

402-0468-15L Nanomaterials for Photonics
Does not take place this semester.

W  6 credits 2V+1U R. Grange

Abstract The lecture describes various nanomaterials (semiconductor, metal, dielectric, carbon-based...) for photonic applications (optoelectronics,
plasmonics, photonic crystal...). It starts with nanophotonic concepts of light-matter interactions, then the fabrication methods, the optical
characterization techniques, the description of the properties and the state-of-the-art applications.

Objective The students will acquire theoretical and experimental knowledge in the different types of nanomaterials (semiconductors, metals,
dielectric, carbon-based, ...) and their uses as building blocks for advanced applications in photonics (optoelectronics, plasmonics, photonic
crystal, ...). Together with the exercises, the students will learn (1) to read, summarize and discuss scientific articles related to the lecture,
(2) to estimate order of magnitudes with calculations using the theory seen during the lecture, (3) to prepare a short oral presentation about
one topic related to the lecture, and (4) to imagine a useful photonic device.
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Content 1.    Introduction to Nanomaterials for photonics
     a.    Classification of the materials in sizes and speed...
     b.    General info about scattering and absorption
     c.    Nanophotonics concepts 

2.    Analogy between photons and electrons
     a.    Wavelength, wave equation
     b.    Dispersion relation
     c.    How to confine electrons and photons
     d.    Tunneling effects

3.    Characterization of Nanomaterials
     a.    Optical microscopy: Bright and dark field, fluorescence, confocal, High resolution: PALM (STORM), STED
     b.    Electron microscopy : SEM, TEM
     c.    Scanning probe microscopy: STM, AFM
     d.    Near field microscopy: SNOM
     e.    X-ray diffraction: XRD, EDS

4.    Generation of Nanomaterials
     a.    Top-down approach
     b.    Bottom-up approach

5.    Plasmonics
     a.    What is a plasmon, Drude model
     b.    Surface plasmon and localized surface plasmon (sphere, rod, shell)
     c.    Theoretical models to calculate the radiated field: electrostatic approximation and Mie scattering
     d.    Fabrication of plasmonic structures: Chemical synthesis, Nanofabrication
     e.    Applications

6.    Organic nanomaterials
     a.    Organic quantum-confined structure: nanomers and quantum dots.
     b.    Carbon nanotubes: properties, bandgap description, fabrication
     c.    Graphene: motivation, fabrication, devices

7.    Semiconductors
     a.    Crystalline structure, wave function...
     b.    Quantum well: energy levels equation, confinement
     c.    Quantum wires, quantum dots
     d.    Optical properties related to quantum confinement
     e.    Example of effects: absorption, photoluminescence...
     f.    Solid-state-lasers : edge emitting, surface emitting, quantum cascade

8.    Photonic crystals
     a.    Analogy photonic and electronic crystal, in nature
     b.    1D, 2D, 3D photonic crystal
     c.    Theoretical modeling: frequency and time domain technique
     d.    Features: band gap, local enhancement, superprism...
  
9.    Optofluidic
     a.    What is optofluidic ?
     b.    History of micro-nano-opto-fluidic
     c.    Basic properties of fluids
     d.    Nanoscale forces and scale law
     e.    Optofluidic: fabrication
     f.    Optofluidic: applications
     g.    Nanofluidics

10.    Nanomarkers
     a.    Contrast in imaging modalities
     b.    Optical imaging mechanisms
     c.    Static versus dynamic probes

Lecture notes Slides and book chapter will be available for downloading
Literature References will be given during the lecture
Prerequisites /
notice

Basics of solid-state physics (i.e. energy bands) can help

402-0484-00L Experimental and Theoretical Aspects of Quantum
Gases

W  6 credits 2V+1U T. U. Donner, T. Esslinger

Abstract Quantum Gases are the most precisely controlled many-body systems in physics. This provides a unique interface between theory and
experiment, which allows addressing fundamental concepts and long-standing questions. This course lays the foundation for the
understanding of current research in this vibrant field.

Objective The lecture conveys a basic understanding for the current research on quantum gases. Emphasis will be put on the connection between
theory and experimental observation. It will enable students to read and understand publications in this field.
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Content Cooling and trapping of neutral atoms

Bose and Fermi gases

Ultracold collisions

The Bose-condensed state

Elementary excitations

Vortices

Superfluidity

Interference and Correlations

Optical lattices

Lecture notes notes and material accompanying the lecture will be provided
Literature C. J. Pethick and H. Smith, Bose-Einstein condensation in dilute Gases,

   Cambridge.
   Proceedings of the Enrico Fermi International School of Physics, Vol. CXL,
   ed. M. Inguscio, S. Stringari, and C.E. Wieman (IOS Press, Amsterdam,
   1999).

402-0498-00L Cavity QED and Ion Trap Physics W  6 credits 2V+1U D. Kienzler, M. Grau
Abstract This course covers the physics of systems where harmonic oscillators are coupled to spin systems, for which the 2012 Nobel prize was

awarded. Experimental realizations include photons trapped in high-finesse cavities and ions trapped by electro-magnetic fields. These
approaches have achieved an extraordinary level of control and provide leading technologies for quantum information processing.

Objective The objective is to provide a basis for understanding the wide range of research currently being performed on fundamental quantum
mechanics with spin-spring systems, including cavity-QED and ion traps. During the course students would expect to gain an
understanding of the current frontier of research in these areas, and the challenges which must be overcome to make further advances.
This should provide a solid background for tackling recently published research in these fields, including experimental realisations of
quantum information processing.

Content This course will cover cavity-QED and ion trap physics, providing links and differences between the two. It aims to cover both theoretical
and experimental aspects. In all experimental settings the role of decoherence and the quantum-classical transition is of great importance,
and this will therefore form one of the key components of the course. The topics of the course were cited in the Nobel prize which was
awarded to Serge Haroche and David Wineland in 2012.

Topics which will be covered include:

Cavity QED
(atoms/spins coupled to a quantized field mode)
Ion trap
(charged atoms coupled to a quantized motional mode)

Quantum state engineering:
Coherent and squeezed states
Entangled states
Schrodinger's cat states

Decoherence:
The quantum optical master equation
Monte-Carlo wavefunction
Quantum measurements
Entanglement and decoherence

Applications:
Quantum information processing
Quantum sensing

Literature S. Haroche and J-M. Raimond "Exploring the Quantum" (required)
M. Scully and M.S. Zubairy, Quantum Optics (recommended)

Prerequisites /
notice

This course requires a good working knowledge in non-relativistic quantum mechanics. Prior knowledge of quantum optics is
recommended but not required.

402-0533-00L Quantum Acoustics and Optomechanics W  6 credits 2V+1U Y. Chu
Abstract This course gives an introduction to the interaction of mechanical motion with electromagnetic fields in the quantum regime. There are

parallels between the quantum descriptions of mechanical resonators, electrical circuits, and light, but each system also has its own unique
properties. We will explore how interfacing them can be useful for technological applications and fundamental science.

Objective The goal of this course is provide the introductory knowledge necessary to understand current research in quantum acoustics and
optomechanics. As part of this goal, we will also cover some related aspects of acoustics, quantum optics, and circuit/cavity quantum
electrodynamics.

Content The focus of this course will be on the properties of and interactions between mechanical and electromagnetic systems in the context of
quantum information and technologies. We will only briefly touch upon precision measurement and sensing with optomechanics since it is
the topic of another course (227-0653-00L). Some topics that will be covered are:
- Mechanical motion and acoustics in solid state materials
- Quantum description of motion, electrical circuits, and light.
- Different models for quantum interactions: optomechanical, Jaynes-Cummings, etc.
- Mechanisms for mechanical coupling to electromagnetic fields: piezoelectricity, electrostriction, radiation pressure, etc.
- Coherent interactions vs. dissipative processes: phenomenon and applications in different regimes.
- State-of the art electromechanical and optomechanical systems.

Lecture notes Notes will be provided for each lecture.
Literature Parts of books and research papers will be used.
Prerequisites /
notice

Basic knowledge of quantum mechanics would be highly useful.

402-0538-16L Introduction to Magnetic Resonance for Physicists
Does not take place this semester.

W  6 credits 2V+1U C. Degen

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1466 of 1785

Abstract This course provides the fundamental principles of magnetic resonance and discusses its applications in physics and other disciplines.
Objective Magnetic resonance is a textbook example of quantum mechanics that has made its way into numerous applications. It describes the

response of nuclear and electronic spins to radio-frequency magnetic fields. The aim of this course is to provide the basic concepts of
magnetic resonance while making connections of relevancy to other areas of science.
After completing this course, students will understand the basic interactions of spins and how they are manipulated and detected. They will
be able to calculate and simulate the quantum dynamics of spin systems. Examples of current-day applications in solid state physics,
quantum information, magnetic resonance tomography, and biomolecular structure determination will also be integrated.

Content Fundamentals and Applications of Magnetic Resonance
- Historical Perspective
- Bloch Equations
- Quantum Picture of Magnetic Resonance
- Spin Hamiltonian
- Pulsed Magnetic Resonance
- Spin Relaxation
- Electron Paramagnetic Resonance and Ferromagnetic Resonance
- Signal Detection
- Modern Topics and Applications of Magnetic Resonance

Lecture notes Class Notes and Handouts
Literature 1) Charles Slichter, "Principles of Magnetic Resonance"

2) Anatole Abragam, "The Principles of Nuclear Magnetism"
Prerequisites /
notice

Basic knowledge of quantum mechanics is not formally required but highly advantageous.

402-0596-00L Electronic Transport in Nanostructures W  6 credits 2V+1U T. M. Ihn
Abstract The lecture discusses modern topics in quantum transport through nanostructures including the underlying materials. Topics are: the

quantum Hall effects with emphasis on the fractional quantum Hall effect, two-dimensional topological insulators, graphene and other 2D
layered materials, quantum interferometers, quantum dot qubits for quantum information processing, decoherence of quantum states

Objective Students are able to understand modern experiments in the field of electronic transport in nanostructures. They can critically reflect
published research in this field and explain it to an audience of physicists. Students know and understand the fundamental phenomena of
electron transport in the quantum regime and their significance. They are able to apply their knowledge to practical experiments in a
modern research lab.

Lecture notes The lecture is based on the book:
T. Ihn, Semiconductor Nanostructures: Quantum States and Electronic Transport, ISBN 978-0-19-953442-5, Oxford University Press,
2010.

Prerequisites /
notice

A solid basis in quantum mechanics, electrostatics, quantum statistics and in solid state physics is required. Having passed the lecture
Semiconductor Nanostructures (fall semester) may be advantageous, but is not required.

Students of the Master in Micro- and Nanosystems should at least have attended the lecture by David Norris, Introduction to quantum
mechanics for engineers. They should also have passed the exam of the lecture Semiconductor Nanostructures.

402-0810-00L Computational Quantum Physics
Special Students UZH must book the module PHY522
directly at UZH.

W  8 credits 2V+2U T. Neupert, M. H. Fischer

Abstract This course provides an introduction to simulation methods for quantum systems, starting with the one-body problem and finishing with
quantum field theory, with special emphasis on quantum many-body systems. Both approximate methods (Hartree-Fock, density functional
theory) and exact methods (exact diagonalization, quantum Monte Carlo) are covered.

Objective The goal is to become familiar with computer simulation techniques for quantum physics, through lectures and practical programming
exercises.

 Semester Project
Number Title Type ECTS Hours Lecturers

227-1871-00L Semester Project
Registration in myStudies required!
Supervisor must be a professor at D-ITET or D-PHYS, see
http://master-qe.ethz.ch/education/semester-project.html

O  12 credits 20A Supervisors

Abstract Semester projects are designed to train the students  for independent scientific work. A project uses the student's technical and social skills
acquired during the master's program. The semester project comprises 280 hours of work and is supervised by a professor.

Objective see above
Prerequisites /
notice

Supervisor must be a professor at D-ITET or associated, see https://www.ee.ethz.ch/studies/main-master/projects-and-master-thesis.html

 Internship
Number Title Type ECTS Hours Lecturers

227-1873-00L Internship in Industry
Only for Quantum Engineering MSc.

W  12 credits external organisers

Abstract The main objective of the 12-week internship is to expose bachelor's students to the industrial work environment. During this period,
students have the opportunity to be involved in on-going projects at the host institution.

Objective see above

227-1873-10L QuanTech Workshops
Only for Quantum Engineering MSc.

W  12 credits G. Raino, M. Frimmer

Abstract The mission of the QuanTech Workshops is project oriented learning in the context of quantum technology. 
Students will work in teams (2-5 students), consisting of engineers and physicists, and jointly tackle a quantum engineering project. During
the Case Studies: Application of Quantum Technologies course (see course catalogue HS2019) students will work on several project
propositions. 

Objective Students will learn and practice how to execute a project in the quantum engineering domain. By working in close collaboration with senior
scientists and professors from the two departments (D-ITET and D-PHYS), students will define and tackle some of the pressing challenges
n in the field of quantum technologies.

Prerequisites /
notice

Attendance of "227-1831-10L Case Studies: Applications of Quantum Technology".

 Master's Thesis
Number Title Type ECTS Hours Lecturers
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227-1800-00L Master's Thesis
Admission only if  ALL  of the following apply:
a) bachelor program successfully completed;
b) acquired (if applicable) all credits from additional
requirements for admission to master program;
c) successfully completed the semester project.

Note: the conditions above are not applicable to incoming
exchange students.

Registration in mystudies required!
Supervisor must be a professor at D-ITET or D-PHYS, see
http://master-qe.ethz.ch/education/master-project.html.

O  30 credits 68D Supervisors

Abstract The Master Program finishes with a 6-months Master Thesis which is directed by a Professor of the Department or a Professor of another
Department who is associated with the D-ITET. Students gain the ability to conduct independent scientific research on a specific research
problem.

Objective see above
Prerequisites /
notice

Supervisor must be a professor at D-ITET or associated, see https://www.ee.ethz.ch/studies/main-master/projects-and-master-thesis.html

 GESS Science in Perspective
Recommended Science in Perspective (Type B) for D-
ITET

see Science in Perspective: Type A: Enhancement of
Reflection Capability

see Science in Perspective: Language Courses ETH/UZH

Quantum Engineering Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Geospatial Engineering Bachelor
 Basic Courses

 First Year Examinations
Number Title Type ECTS Hours Lecturers

401-0242-00L Analysis II O  7 credits 5V+2U M. Akveld
Abstract Mathematical tools of an engineer
Objective Mathematics as a tool to solve engineering problems, mathematical formulation of problems in science and engineering. Basic

mathematical knowledge of an engineer
Content Multi variable calculus: gradient, directional derivative, chain rule, Taylor expansion. Multiple integrals: coordinate transformations, path

integrals, integrals over surfaces, theorems of Green, Gauss and Stokes, applications in physics.
Lecture notes The lecturer's lecture notes will be available in Moodle.
Literature - Dürrschnabel, Mathematik für Ingenieure

- M. Akveld, R. Sperb. Analysis II. vdf, 2015
- James Stewart: Multivariable Calculus, Thomson Brooks/Cole
- Papula, L.: Mathematik für Ingenieure 2, Vieweg Verlag
- Arens et al., Mathematik.

Prerequisites /
notice

Analysis I

401-0612-00L Statistics and Probability Theory O  5 credits 3V+1U P. L. Bühlmann
Abstract Einführung in die Grundlagen der Statistik, Wahrscheinlichkeitstheorie und Modellierung von Unsicherheiten im Zusammenhang mit

Entscheidungsfindungen im Ingenieurwesen. Die Schwerpunkte liegen im Erstellen wahrscheinlichkeitstheoretischer Modelle, im Testen
von Hypothesen und in der Überprüfung der Modelle. Als Software wird MATLAB verwendet.

Objective Das Ziel des Kurses besteht darin, den Studenten grundlegende Hilfsmittel der Statistik und Wahrscheinlichkeitstheorie näherzubringen.
Stets bezogen auf den Bereich der Risikobeurteilung und Entscheidungsfindung im Ingenieurwesen liegt der Schwerpunkt in der
Anwendung der Hilfsmittel und in der Argumentation, die hinter der Anwendung dieser Disziplinen steht.

Content Grundlagen der Wahrscheinlichkeitstheorie:

Grundlagen der Mengenlehre, Definitionen von Wahrscheinlichkeit, Axiome der Wahrscheinlichkeitstheorie, Wahrscheinlichkeiten von
Vereinigungen und Schnittmengen, bedingte Wahrscheinlichkeiten, Satz von Bayes.

Modellierung von Unsicherheiten:

Zufallsvariablen, diskrete und kontinuierliche Verteilungen, Momente, Verteilungsparameter, Eigenschaften des Erwartungswertes,
multivariate Verteilungen, Funktionen von Zufallsvariablen, der zentrale Grenzwertsatz, typische Verteilungen im Ingenieurswesen.

Beschreibende Statistik:

Grafische Darstellungen (Histogramme, Streudiagramme, Box-Plots), numerische Kennwerte.

Schätzungen und Modellbildung:

Auswahl der Verteilungsmodelle, QQ-Plots, Parameterschätzung, Momentenmethode, Maximum-Likelihood-Methode, Vertrauensintervalle,
Hypothesentests.

Lecture notes Ein Skript wird zur Verfügung gestellt.

252-0846-00L Computer Science II O  4 credits 2V+2U F. Friedrich Wicker, H. Lehner
Abstract Together with the introductory course Informatics I this course provides the foundations of programming. This course particularly covers

algorithms and data structures. Programming languages used in this course are Java and Python.
Objective Basing on the knowledge covered by lecture Informatics I, the primary educational objectives of this course are constructive knowledge of

data structures and algorithms.

When successfully attended the course, students have a good command of the mechanisms to construct an object oriented program. They
know the typically used control and data structures and understand how an algorithmic problem is mapped to a sufficiently efficient
computer program.

Secondary goals are an algorithmic computational thinking, undestanding the possibilities and limits of programming and to impart the way
of thinking of a computer scientist.

Content We discuss typical data structures and algorithms.

More generally, formal thinking and the need for abstraction and importance of appropriate modeling capabilities will be motivated.
Concrete topics are complexity of algorithms, divide and conquer-principles, recursion, sort- and search-algorithms,  elementary dynamic
data structures, algorithms on graphs.

The concepts of the lectures will be motivated with applications. The programming languages used in the lectures and the practical
exercises are Java and Python.

For the exercises an online-compiler and online-submission system is used.

Lecture notes The slides will be available for download on the course home page.
Literature Robert Sedgewick, Kevin Wayne, Introduction to Programming in Java: An Interdisciplinary Approach, Addison-Wesley, 2008


T. Cormen, C. Leiserson, R. Rivest, C. Stein, Introduction to Algorithms , 3rd ed., MIT Press, 2009

Prerequisites /
notice

Prerequisites are knowledge and programming experience according to course 252-0845-00 Computer Science I (D-BAUG).

103-0414-10L Transport Basics O  4 credits 3G K. W. Axhausen, F. Corman,
A. Kouvelas

Abstract -Introduction to the fundamentals of transportation
-Developing an understanding of the interactions between land use and transportation
-Introduction to the dynamics of transport systems: daily patterns and historical developments

Objective -Einführung in die Grundbegriffe des Verkehrswesens
-Bildung des Verständnisses der Wechselwirkung zwischen Flächennutzung und Verkehr
-Einführung in die Dynamik der Systeme von den täglichen bis zu den historischen Mustern
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Content -Erreichbarkeit
-Gleichgewichte in Netzen
-Grundlegende Verhaltensmodelle
-Verkehrsfluss und seine Steuerung
-Fahrdynamik Schiene und Strasse
-Verkehrsmittel und ihre Angebotsstrukturen
-Fahrplan

103-0132-00L Geodetic Metrology Fundamentals O  6 credits 4G+3P A. Wieser, L. Schmid
Abstract Introduction to the most important sensors, operation and calculation methods of Geodetic Metrology
Objective Getting to know the most important sensors, operation and calculation methods of Geodetic Metrology
Content Overview on the different domains of geodetic metrology

Geodetic instruments and sensors
Determination of 3D-coordinates with GNSS, total sttaion and levelling
Calculation methods of geodetic metrology
Assessment of precision, Introduction to variance propagation
Survey and staking-out methods

Lecture notes The slides of the lectures will be provided as PDF (in German).
Literature Witte B, Sparla P (2015) Vermessungskunde und Grundlagen der Statistik für das Bauwesen. 8. Aufl., Wichmann Verlag (in German)
Prerequisites /
notice

The subjects taught during the semester are enhanced by practical application and discussion within the field course. The field course
takes place in Lenk/BE from June 2-5 (arrival: June 1, evening). Further details will be announced at the beginning of the semester in the
lecture.

 Additional Basic Courses
Number Title Type ECTS Hours Lecturers

101-0510-10L Project Work Geospatial Engineering O  4 credits 8A Lecturers
Abstract This project-based course allows the students to get insights into a selected real-world challenge in Geospatial Engineering. Besides the

methodical and subject related competences which the students acquire, the course aims particularly at enhancing a variety of transferable
skills, above all teamwork, critical thinking and communication. 

Objective -The students know the basic rules of scientific work and integrity, and apply them to their work.
-The students know and apply success factors for teamwork including team roles, team phases and reflection.
-The students know and apply the elements of critical thinking, they identify and reflect their own position within discussions.
-The students have obtained insight into a selected challenge within Geospatial Engineering and are able to share this insight with their
fellow students.

Content The students chose one of the offered topics. They work on the topic in groups of about 4 students. The team members discuss and plan
their roles, they take initiative and responsibility for the team result such that the project goals can be achieved. At the beginning of the
semester there is an introduction to scientific working for all students. The groups carry out the project at least partially during times
individually agreed upon by the group members. At pre-arranged times there is an exchange with the supervisors and with the other
groups. The results are documented in a report and on a poster, and are presented tot he other students.

Lecture notes There is no script. 
Literature Documents and literature recommendations are handed out during the semester by the supervisors, according to the chosen topic.
Prerequisites /
notice

There are no special conditions or prerequisites.

 Compulsory Courses
 Examination Block 2

Number Title Type ECTS Hours Lecturers

402-0044-00L Physics II O  4 credits 3V+1U S. P. Quanz
Abstract Introduction to the concepts and tools in physics with the help of demonstration experiments: electromagnetism, optics, introduction to

modern physics.
Objective The concepts and tools in physics, as well as the methods of an experimental science are taught. The student should learn to identify,

communicate and solve physical problems in his/her own field of science.
Content Electromagnetism (electric current, magnetic fields, electromagnetic induction, magnetic materials, Maxwell's equations)

Optics (light, geometrical optics, interference and diffraction)
Short introduction to quantum physics

Lecture notes The lecture follows the book "Physik" by Paul A. Tipler.
Literature Paul A. Tipler and Gene Mosca

Physik
Springer Spektrum Verlag

103-0849-00L Multivariate Statistics and Machine Learning
Number of participants limited to 40.

O  4 credits 4G K. Schindler

Abstract Introduction to statistical modelling and machine learning.
Objective The goal is to familiarise students with the principles and tools of machine learning, and to enable them to apply them for practical data

analysis.
Content multivariate probability distributions; comparison of distributions; regression; classification; model selection and cross-validation; clustering

and density estimation; mixture models; neural networks
Literature C. Bishop: Pattern Recognition and Machine Learning, Springer 2006

T. Hastie, R. Tibshirani, J. Friedman, The Elements of Statistical Learning, Springer 2017
R. Duda, P. Hart, D. Stork: Pattern Classification, Wiley 2000

 Examination Block 3
Teaching is offered from 5th semester on (HS20).

 Elective Blocks
 Geodesy and Satellite Navigation

Number Title Type ECTS Hours Lecturers

103-0850-00L Physical and Kinematic Geodesy W  6 credits 4G M. Rothacher

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1470 of 1785

Abstract Newton's laws and reference systems, gravity field of the Earth, reference surfaces and height systems, description of the gravity field by
spherical harmonics functions, gravity field measurements, geoid determination, moving measurment platforms, trajectography, inertial
navigation

Objective Erkenntnis, dass ein erdfestes Bezugssystem ein beschleunigtes
Bezugssystem darstellt, das alle Messprozesse beeinflusst; Beherrschen der Grundlagen der physikalischen Geodäsie; Fähigkeit, mit
ellipsoidischen und physikalischen Höhen umzugehen und diese zu bestimmen; Kenntnis der Methoden der Geoidbestimmung; Wissen
über die Effekte, die auf einer bewegten Messplattform zu beachten sind; Grundkenntnisse in der Trägheitsnavigation

Lecture notes Lecture notes are available

 Digitisation and 3D Modelling
Number Title Type ECTS Hours Lecturers

103-0851-00L Photogrammetry W  6 credits 4G K. Schindler
Abstract The class conveys the basics of photogrammetry.
Objective The aim is to equip students with an in-depth understanding of the principles, methods and applications of image-based 3D measurement.
Content Basics of photogrammetry, its products and applications: the principle of image-based measurement; digital aerial cameras and related

sensors; projective geometry; mathematical modeling, calibration and orientation of cameras; photogrammetric Triangulation and surface
reconstruction; bundle adjustment; recording geometry and flight planning; airborne laser-scanning

Literature - Wolfgang Foerstner and Bernahrd Wrobel: Photogrammetric Computer Vision, Springer, 2016
- Thomas Luhmann, Stuart Robson, Stephen Kyle, Jan Boehm: Close-Range Photogrammetry and 3D Imaging, De Gruyter, 3rd edition
2019
- Richard Hartley and Andrew Zisserman: Multiple View Geometry, Cambridge University Press; 2nd edition 2004

 GIS and Cartography
Number Title Type ECTS Hours Lecturers

103-0153-00L Cartography II W  6 credits 4G L. Hurni
Abstract Theory and mathematical basics of the cartographic visualisation of attributed geo-objects for static and interactive maps (with exercises).
Objective The course offers first computer graphics and mathematical basics and concepts of cartography. The accompanying exercises introduce

further cartographic and GIS software, programming libraries for cartographic visualisation purposes. It is shown how web browsers, text
editors and scripting languages can be used to develop efficient tools for cartographic data processing, design and visualisation in.

Content Topics like cartographic workflow, data capturing, data sources and legal aspects and Web map technologies:
- Introduction to QGIS, ArcGIS and OCAD
- Data sets, data types and data formats
- Analytical and visualisation processes in cartography
- Colour management and pre-press processes
- Web maps using HTML, CSS, JavaScript, SVG and Canvas 2D
- Interaction with diagrams and maps
- Libraries and APIs for cartographic applications

Lecture notes Handouts will be distributed.
Literature References will be announced.
Prerequisites /
notice

Cartography Fundamentals

 Spatial and Environmental Planning
Number Title Type ECTS Hours Lecturers

103-0357-00L Environmental Planning W  3 credits 2G M. Sudau, S.-E. Rabe
Abstract The lecture covers tools, methods and procedures of

Landscape and Environmental Planning developed. By means of field trips their implementation will be illustrated.
Objective Knowledge of the various instruments and possibilities for the practical implementation of environmental planning.

Knowledge of the complex interactions of the instruments.
Content - forest planning

- inventories
- Intervention and compensation
- ecological network
- agricultural policy
- landscape development concepts (LEK)
- parks
- swiss concept of landscape
- riverine zone
- natural hazards
- field trips

Lecture notes - lecture notes concerning the instruments
- Handouts
- Copies of selected literature

Download: http://irl.ethz.ch/de/education/vorlesungen/bsc/environmental_planning.html

Prerequisites /
notice

Additional information on mode of examination:
No calculators allowed

102-0516-01L Environmental Impact Assessment W  3 credits 2G S.-E. Rabe
Abstract Focus of the course are the method, the process and content of the Environmental Impact Assessment (EIA) as well as the legal bases

and methods for compiling an environmental impact study (EIS).
Using examples, a comprehensive view of the EIA is made possible by means of excursions.
In the frame of a project the process of am EIA will be workt out by the students.

Objective - Understanding the context of spatial planning and environmental protection
- Ability to use central planning instruments and procedures for assessing the environmental impacts and risks of projects
- Ability to apply quantitative methods to assess the environmental impacts and risks of projects
- Knowledge about the process and content of an EIA
- a capacity for critical review of environmental impact assessments
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Content - Nominal and functional environmental protection in Switzerland
- Instruments of environmental protection
- Need for coordination between environmental protection and spatial planning
- Environmental Protection and environmental impact assessment
- Legal basis of the EIA
- Procedure of EIA
- Content of the EIA
- Content and structure of the EIS
- Application of the impact analysis
- Monitoring and Controlling
- View regarding the strategic environmental assessment (SEA)
- Excursions projects obligated under the EEA

Lecture notes No script. The documents for the lecture can be found for download on the homepage of the Chair of Planning of Landscape and Urban
Systems.

Download: http://irl.ethz.ch/de/education/vorlesungen/bsc/environmental_impact.html

Literature - Bundesamt für Umwelt 2009: UVP-Handbuch. Richtlinie des Bundes
für die Umweltverträglichkeitsprüfung. Umwelt-Vollzug Nr. 0923,
Bern. 156 S.
- Leitfäden zur UVP (werden in der Vorlesung bekannt gegben)

Prerequisites /
notice

Additional information on mode of examination:
No calculators allowed

 Traffic Systems
Number Title Type ECTS Hours Lecturers

101-0414-00L Transport Planning (Transportation I) W  3 credits 2G K. W. Axhausen
Abstract The lecture course discusses the basic concepts, approaches and methods of transport planning in both their theoretical and practical

contexts.
Objective The course introduces the basic theories and methods of transport planning.
Content Basic theoretical links between transport, space and economic development; basic terminology; measurement and observation of travel

behaviour; methods of the four stage approach; cost-benefit analysis.
Literature Ortuzar, J. de D. and L. Willumsen (2011) Modelling Transport, Wiley, Chichester.

101-0416-10L Road Transport Systems W  3 credits 2G A. Kouvelas
Abstract The course covers road transportation technologies, network design, traffic flow theory, operations of private and public transport,

management and control of intelligent transportation systems.
Objective This course gives the students an overview of topics involved in road transport systems and provides the background for Masters degree

study.
Lecture notes The lecture notes and additional handouts will be provided during the lectures.

 Network Infrastructure
Number Title Type ECTS Hours Lecturers

102-0214-02L Introduction to Urban Water Management
Civil Engineers and Environmental Scientist have to
enrole for the course unit 102-0214-02L (without
excursions).

W  5 credits 4G E. Morgenroth, M. Maurer

Abstract Introduction to urban water management (water supply,  urban drainage, wastewater treatment, sewage sluge treatment)
Objective This course provides an introduction and an overview over the topics of urban water management (water supply,  urban drainage,

wastewater treatment, sewage sludge treatment). It supports the understanding of the interactions of the relevant technical and natural
systems. Simple models for the design are introduced.

Content Overview over the field of urban water management.
Introduction into systems analysis.
Characterization of water and water quality.
Requirement of drinking water, production of wastewater and pollutants
Production and supply of drinking water.
Urban drainage, treatment of combined sewer overflow.
Wastewater treatment, nutrient elimination, sludge handling.
Planning of urban water infrastructure.

Lecture notes Gujer, W.: Siedlungswasserwirtschaft, 3. Aufl., Springer Verlag Berlin Heidelberg 2007
Handouts

Prerequisites /
notice

This course is required for further in depth courses in urban water management.


 Electives
 Electives ETH Zurich

Course Catalogue of ETH Zurich

 Recommended Electives of Bachelor Degree Programme
No offer in Spring Semester.2020.

 GESS Science in Perspective
 Science in Perspective

see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
BAUG

 Language Courses
see Science in Perspective: Language Courses ETH/UZH
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Geospatial Engineering Bachelor - Key for Type

W Eligible for credits
E- Recommended, not eligible for credits
Z Courses outside the curriculum

Dr Suitable for doctorate
W+ Eligible for credits and recommended
O Compulsory

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Spatial Development and Infrastructure Systems Master
 2. Semester

 Major Courses
 Major in Spatial and Landscape Development

Number Title Type ECTS Hours Lecturers

103-0428-02L Spatial Design and Argumentation in Planning
Only for MSc Students or special approval by the lecturer.

W  6 credits 4G M. Nollert, M. Koll-Schretzenmayr,
T. Lannuzel

Abstract Designing and presenting arguments are two essential components of acting in spatial planning. Spatial design as instrument for
investigating and testing of possible solutions and options of action or, in addition, for finding central questions. Arguing, in order to be able
to communicate suggested decisions or actions inside the planning process and to win relevant actors over those.

Objective Goal of the lecture is to obtain the basic knowledge of designing and presenting argumentations in spatial planning. With reference on a
practical case study typical characteristics and the connections between arguing and designing in spatial planning are worked out. 
In terms of arguing the students should be enabled to substantiate their decisions with different techniques, in order to compile clearly
understandable and convincing argumentations and successfully communicate them. This includes beside an adequate handling of
different kinds of information coding (like texts, pictures and numbers), also dealing with uncertainties, which is a typical asset of the
argumentation in spatial planning.
In terms of spatial design, the understanding of this specific and unconventional instrument is to be provided and to be trained on the basis
of different cases. Beside the development of an intuition/sensibility for designing in spatial planning and the ability to handle different
scales (from national contexts down to the proofing of the principal possibilities for development on the scale of architectural design), the
discernment of decisive criteria for the possible employment and the application of spatial design is also to be trained.

Lecture notes The documents for the lecture can be found in Moodle
Prerequisites /
notice

Spatial Planning Design 

Spatial Planning Design is used as a tool for exploration and testing. Overall goal is the obtainment of basic knowledge for general
recommendations and specific strategies in the case of difficult and unclear tasks. However, it is not intended to create drafts for direct
implementation in reality.

Even if current problems and questions occuring in the dimension of spatial planning might show some correlation, the spaces themselves,
the diversity of urban patterns and interests widely differ. This is particularly the case in highly developed Europe. As soon as conventional
solutions and standards fail in the case of difficult and vast questions, modern spatial planning operates by using the method of designing.

In contrast to the method of designing on the basis of a given programme, which is common in the fields of urban design and architecture,
spatial planning is generally operating with comprehensive and open terms of reference. Thus, in order to achieve safe results, spatial
planning uses all imaginable scopes and freedoms of research.

Not every case and every problem in spatial planning cause an examination by using the method of designing. In frequent cases difficulties
not only arise in identifying the right scale of design but rather in selecting the appropriate informal procedures. Furthermore, scales are not
necessarily the same as they are typically used in regional- and urban planning. The verification of the general ability to develop an area in
the scale of architecture is possible as well.

103-0458-00L Economical Land Use
Only for MSc Students or special approval by the lecturer.

W  3 credits 2G R. Nebel

Abstract The lecture demonstrates current trends of land use, arguments for an economical handling of land and instruments as well as procedures
to implement economical land use in practice. This is considered on different planning levels, especially on the regional level. The main
focus is the introduction of a comprehensive settlement management in the light of current trends of land use.

Objective Students learn to understand backgrounds, basic principles, goals and approaches of appropriate and economical use of land as a scarce
resource. They are able to summarise in a comprehensible way the core arguments for redevelopment before new development.
Furthermore, students can illustrate how to implement economical land use in a differentiated and customised manner.

Content - settlement development and land use: facts, trends, causes and consequences
- redevelopment before new development: basic principles and strategic goals
- overviews of existing land reserves 
- formal and informal instruments and procedures
- comprehensive settlement management: implementation on municipal, regional and national level

Lecture notes The documents for the lecture are available on Moodle.
Prerequisites /
notice

Eligible only for master students, otherwise a special permisson by the lecturer is required.

103-0326-01L Site Management W  2 credits 2G C. Abegg
Abstract Site competition, site options and land-use management

Site Management and city-marketing
Objective - To identify, in theoretical and practical terms, the procedures and factors, which determine the spatial development of an area

- To understand regional development proceses in a local as well as an international context.
- To interpret responses by private and public stakeholders to challenges of the development and the management of locations and
regions.

Content - Standortwettbewerb, Standortwahl und Bodennutzung
- Standortpolitik, Standortmanagement udn Städtemarketing
- Massnahmen im Wettbewerb um mobile Produktionsverfahren

Lecture notes All relevant documents will be accessible on the webpage of PLUS: http://irl.ethz.ch/de/education/vorlesungen/bsc/site_management.html
Prerequisites /
notice

Additional information on mode of examination:
No calculators allowed

851-0702-01L Public Construction Law
Particularly suitable for students of D-BAUG

W  2 credits 2V O. Bucher

Abstract Students will be introduced to the basic principles of planning and public construction legislation (development application procedures) as
well as to the basics of public procurement law.

Objective Students shall have an understanding for the basic principles of planning and public construction legislation (incl. environmental law,
development application procedures) as well as for the basics of public procurement law.

Content Topics of this unit are: 1. Fundamentals of planning and public construction legislation (development, constitutional and legal foundation,
basic principles and aims of spatial planning), 2. Federal, cantonal and communal planning legislation, 3. Public construction law
(accessibility, zoning, construction and land use regulations [incl. environmental, water, heritage and energy use law], 4. Development
application proceedings (obtaining development consent, appeal proceedings), 5. Basics of public procurement law
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Lecture notes ALAIN GRIFFEL, Raumplanungs- und Baurecht - in a nutshell, Dike Verlag, 3. A., Zürich 2017

CLAUDIA SCHNEIDER HEUSI, Vergaberecht - in a nutshell, Dike Verlag, 2. A., Zürich 2018

Die Vorlesung basiert auf diesen Lehrmitteln.

Literature PETER HÄNNI, Planungs-, Bau- und besonderes Umweltschutzrecht, 6. A., Bern 2016

WALTER HALLER/PETER KARLEN, Raumplanungs-, Bau- und Umweltrecht, Bd. I, 3. A., Zürich 1999

Prerequisites /
notice

Voraussetzungen: Vorlesung Rechtslehre GZ (851-0703-00/01)

103-0318-02L GIS-Based 3D Landscape Visualization
Limited number of participants.

Please send an email to the lecturer to make sure that
places are still available.

W  3 credits 2G U. Wissen Hayek

Abstract Concepts, methods and techniques for 3D landscape visualization and their application in landscape and environmental planning. Practical
application of a workflow for 3D landscape visualization. Reflection of relevant aspects such as the choice of viewpoints, the landscape
sections, or the level of detail, and their effects on the perception of the visualized landscape.

Objective The main goals of this lab are (1) to know digital techniques for 3D landscape visualization, (2) to know different examples and application
areas for GIS-based 3D landscape visualizations, (3) to establish software skills in 3D landscape visualization, and (4) to be able to explain
principles of 3D landscape visualization, which are important for landscape and environmental planning situations, and to apply these for
the evaluation or the planning of 3D landscape visualizations.

Content The lectures provide an introduction to the area of GIS-based 3D landscape visualization and on visualization principles. Examples of 3D
landscape visualizations generated and applied in different projects are presented. The theoretical principles for 3D landscape visualization
are further deepened in small exercises during the whole course. These exercises are organized in such a way, that a workflow for 3D
landscape visualization can be reproduced. Thereby aspects such as the choice of viewpoints, the sections of a landscape, or the level of
detail, and their effects on the perception of the visualized landscape are reflected.

Lecture notes Handouts of the slides used in the lectures will be made available for download.
Prerequisites /
notice

Will be specified in the course.

051-0162-00L Landscape Architecture II
Only for Architecture BSc, Programme Regulations 2011.

W  1 credit 2V C. Girot

Abstract The lecture series gives an introduction to the field of contemporary landscape architecture. The course
provides a perspective on forthcoming landscape architecture in terms of the aspects site, soil, water and
vegetation.

Objective Overview to contemporary and forthcoming tasks of landscape architecture. A critical reflection of the
present design practice and discussion of new approaches in landscape architecture.

Content The lecture series "Theory and Design in Contemporary Landscape Architecture" (Landscape Architecure
II) follows the lecture series "History and Theory of Garden Design and Landscape Architecture"
(Landscape Architecure I). Rather than concentrating only on questions of style, the series will also tackle
issues such as revitalisation, sustainability etc. The lectures review design approaches that critically
reflect our inherited perception of nature. The themes of site, soil, water and vegetation provide some
useful aspects for the design practice.

Lecture notes No script. Handouts and learning material will be provided.
Literature A reading list will be provided for the exams.
Prerequisites /
notice

General Information for the final exam:

Bachelor students: The content of the lectures as well as texts and exam-relevant literature provided by the Chair make up the basis for
preparing for the exam. The lecture series is conceived as a yearlong course. Since the written session examination tests knowledge from
both semesters. It is necessary to attend the lectures throughout the course of the year. 
The test themes will be announced at the end of the semester. The Chair will provide literature and texts available for download as pdfs.
These allow a more in-depth understanding of the lecture material. 

Transfer students or students of other departments: Students attending one semester may opt to take only the oral end-of-semester
examination. Test-relevant literature will also be made available for download for this purpose. The students are requested to get in touch
by email with the Chair.

751-2700-00L Land Markets and Land Policy W  2 credits 2G G. M. Giuliani
Abstract In this course the students acquire knowledge on the particularities of land markets and the effects of policy interventions such as ceiling

prices and land redistributions on land markets. Special emphasis is placed on the knowledge of land market structures and on the forms of
land markets.

Objective In this course the students acquire knowledge on the particularities of land markets and the effects of policy interventions such as ceiling
prices and land redistributions on land markets. Special emphasis is placed on the knowledge of land market structures and on the forms of
land markets.

Content The first part of the course deals with the following topics: historical outline of land use; historical models of individual and collective land
regulations; Swiss land regulations and land policies; specific theoretical aspects of agricultural land markets; empirical investigations on
land property and land markets; interconnections between land policy and agricultural policy. The second part of the course focuses on
land property structures in developing countries and in transition countries. After a general systematic and theoretical introduction on land
policies and land reforms in these countries, case studies and topcis of current political relevance are discussed. This course provides
principles contributing to the evaluation of the sustainability of land use and to the establishment of sustainable land use systems.

Lecture notes Will be provided in the course.
Literature Are included in the lecture notes.

103-0338-00L Project Week in Landscape Development
Number of participants limited to 24.


W  5 credits 9P S.-E. Rabe, E. Celio, A. Grêt-
Regamey

Abstract In particular, the aspects measuring, understanding and assessing of landscape-relevant land-use, requirements and developments will be
taught. Concerning the landscape development in a project area, aims will be developed and corresponding actions defined.

Objective The students are able to:
- recognize and undestand the history of land-use
- recognize and undestand the context of arrangement of a landscape
- assess a landscape in its entirety and in its single-elements
- understand and apply the concepts of the landscape approach
- prepare and provide substantiated actions
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Content The course consists of 
- four theoretical inputs from internal and external speakers
- a preliminary excursion to the project area
- two exercises for preparation
- the project week and the preparation of a report

Depending on the subject area to be processed (eg. water, landscape aesthetics, natural hazards, nature conservation), different methods
are used.
This applies to both the methods of investigation of landscape-elements and characteristics as well as the methods for evaluation of
landscape-elements and characteristics.

Subjects and methods are developed and defined in the preparation to be applied in the project week. Based on the assessments actions
will be developed that are adapted to the definde question or problem in the light of a desirable development.

Lecture notes - Handouts
- Copies of selected literature

Download: http://irl.ethz.ch/de/education/vorlesungen/msc/projektwoche_landschaftsentwicklung.html

Literature Will be named in the course.
Prerequisites /
notice

Requirements are an interest in landscape-related issues and commitment to developing proposals for solutions.
Prerequisite: Knowledge and skills equivalent the course 103-0357-00 Umweltplanung

101-0278-00L Flood Protection W  3 credits 2G R. Boes, J. Eberli
Abstract Concepts and structural measures to prevent or mitigate flood damage, planning methods to implement projects in practice
Objective To get to know processes leading to flood damage, the different concepts and structural measures allowing to prevent or mitigate flood

damage, as well as promising practical planning methods to implement flood protection measures in practice.
Content Explanation of relevant processes: flooding, aggradation, sedimentations, erosion, debris flows.

Concept of different objectives of protection for various land uses (from rural areas to industrial regions).
General possibilities of flood protection / control.
Land use planning on the basis of hazard zones.
Classical procedures against flood damage with the use of examples such as increase of flow capacity, release structures, flood detention
basins, polder.
Property protection as continuative measure.
Maintenance.
Considering of overload case, Emergency procedures.
Damage determination and risk analysis.
Management of residual risk.
Conflict of objective during implementation of procedures.
Situatively adjusted approach.
Case studies (group work).
Field trip.

Lecture notes Flood protection script
Literature Guidelines of Swiss federal administration (especially Federal Office for the Environment, FOEN)

701-1653-00L Policy and Economics of Ecosystem Services W  3 credits 2G R. Garrett, A. Müller
Abstract The course addresses ecosystem services, their value for society, the causes of their degradation, the stakeholders involved in their

provision and use, and policies to reduce their degradation. One focus is on environmental economics approaches, highlighting their
potential and limitations. During the spring of 2020 this course will focus on these issues through the case of the Brazilian Amazon.

Objective Students can describe, analyse and explain 
•    the basic concepts used to describe ecosystem services provision and management;
•    the basic social and natural science theory underlying ecosystem service degradation,
•    the role and characteristics of different key stakeholders involved in ecosystem services management, including their different value
systems;
•    the different types of policy instruments and institutional arrangements that can be used for improved ecosystem services management
and provision; and
•    empirical tools to assess the performance of various policy instruments and management systems for ecosystem services provision,
and to investigate the factors of success or failure of different policy instruments

Content Many of the world's ecosystem services are being degraded or used unsustainably, which has considerable impacts on human well-being.
Various aspects need to be taken into account to change this development, to work towards improved ecosystem services management
and to design appropriate policy instruments and institutional contexts. First, the societal value of different ecosystem services and the
trade-offs between them needs to be assessed. Second, an assessment of the causes of excessive ecosystem services degradation is
needed. Potential causes include the presence of externalities and public goods, improperly designed property rights systems, divergence
of private and social discount rates, and lack of information and knowledge. Third, we need to understand the drivers of human decision-
making in relation to ecosystem services use. Fourth, choosing an appropriate policy instrument (or a combination thereof) requires an
understanding of the relative strengths and weaknesses of different instruments, their preconditions for success and the political economy
of their implementation.
Finally, it is important to assess the actual impacts of different policy and management options. This requires a careful assessment of
appropriate baselines, of the situation after a policy or management change, and of the various stakeholder groups involved, etc. To
address all these issues, we will first work with some broad conceptual issues and theories relevant to this field and then deepen our
understanding through reading, presentations, and assignments focused on the case of the Brazilian Amazon.

Lecture notes Lecture notes, homework exercises and readings will be made available on Moodle.
Literature There is no single textbook for this class. Instead, a number of texts will be distributed and used during the lecture, and some texts for

further reading will be indicated.
Prerequisites /
notice

The course consists of a combination of lectures, homework assignments and discussions in small groups. The final grade will be based on
the homework assignments, class participation, and a group project.
A prerequisite for this course is a bachelor-level course in Environmental Economics (e.g. 363-0537-00L Resource and Environmental
Economics) or Quantitative Policy Analysis and Management. In particular, students are expected to be familiar with basic environmental
economics' concepts such as externality, public good, market failure, opportunity cost, social optimum and market equilibrium, the basic
types of policy instruments, and methods of policy analysis. Students with no background in environmental economics or policy analysis
will be expected to come up to the required standards on their own, prior to starting the class.

701-0518-00L Soil Resources and Global Change W  3 credits 2G S. Dötterl, M. W. Evangelou
Abstract Introduction into the importance, concepts and areas of action related to soil development and the use of soil resources in a changing

world.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1476 of 1785

Objective Understanding the 
- conditions under which soils develop and are used at the global scale

- consequences and problems of the use of soil and the resulting pressure on soil resources

- impact of climate and global change on the future development of soil resources

Content Soil functions and soil formation; regional and global soil development, impacts of land use on soil water and gas circulation; forms of soil
pollution and degradation; regional and global estimates of soil degradation; soil amendment and remediation of contaminated soils;
planning and legal implementation of soil protection.

Lecture notes Handouts will be available for download. Related scientific articles will be recommended after each session.
Literature Some useful text books to know of: 


- Scheffer/Schachtschabel - Soil Science, Springer, Heidelberg, 2016.

- Brady N.C. and Weil, R.R. The Nature and Properties of Soils. 14th ed. Prentice Hall, 2007.

- Press & Siever: Allgemeine Geologie, 7th ed., Springer, Heidelberg, 2016.  

- Mason/Burt - Physical Geography, 5th ed., Oxford Uni. Press, Oxford, 2015.

Prerequisites /
notice

Prerequisites: Interest in physical geography and soil development. Basic knowledge in chemistry, biology and geology. A previous
participation in lecture "Pedosphere" (701-0501-00L) is recommended.

103-0330-00L Landscape Aesthetics W 2 credits 2G R. Rodewald
Abstract Landscape aesthetics - Theory and practice of the sensuous cognition of landscape qualities.The lecture comprises short excursions as

well as theoretical and practical applications of landscape quality and their development goals.
Objective Becoming familiar with the concepts of landscape aesthetics and obtaining an overview of the im-portance, methods and applicability of

aesthetical landscape valuation and development.
Content Aesthetic qualities of landscapes are difficult to measure. However, they play a big role in evaluating landscape change. In recent years

there has been a growing interest in theoretical and practical sen-sory methods that enable the assessment and understanding of
landscape perception. Practical analyses of landscapes and their development requires knowledge of the concepts of "beauty" and
"aesthetic cognition and evaluation".

Literature Bourassa, S.C. 1991. The aesthetics of landscape, London
Nohl. W. 2015. Landschaftsästhetik heute. Auf dem Wege zu einer Landschaftsästhetik des guten Lebens. Ausgewählte Aufsätze aus vier
Jahrzehnten, München
Rodewald, R., Gantenbein, K. 2016. Arkadien. Landschaften poetisch gestalten, Zürich
Welsch, W. 2016. Ästhetische Welterfahrung. Zeitgenössische Kunst zwischen Natur und Kultur, Paderborn.
Wöbse, H. H. 2002. Landschaftsästhetik, Stuttgart

Prerequisites /
notice

The lecture of Bourassa The aesthetics of landscape, 1991, will be expected.

103-0448-01L Transformation of Urban Landscapes
Only for masters students, otherwise a special permit of
the lecturer is necessary.

W  3 credits 2G J. Van Wezemael,
A. Gonzalez Martinez

Abstract The lecture course addresses the transformation of urban landscapes towards sustainable inward development. The course reconnects
two largely separated complexity approaches in «spatial planning» and «urban sciences» as a basic framework to look at a number of
spatial systems considering economic, political, and cultural factors. Focus lies on participation and interaction of students in groups.

Objective - Understand cities as complex adaptive systems
- Understand planning in a complex context and planning competitions as decision-making
- Seeing cities through big data and understand (Urban) Governance as self-organization
- Learn Design-Thinking methods for solving problems of inward development
- Practice presentation skills
- Practice argumentation and reflection skills by writing critiques
- Practice writing skills in a small project
- Practice teamwork

Content Starting point and red thread of the lecture course is the transformation of urban landscapes as we can see for example across the Swiss
Mittelland - but in fact also globally. The lecture course presents a theoretical foundation to see cities as complex systems. On this basis it
addresses practical questions as well as the complex interplay of economic, political or spatial systems.

While cities and their planning were always complex the new era of globalization exposed and brought to the fore this complexity. It created
a situation that the complexity of cities can no longer be ignored. The reason behind this is the networking of hitherto rather isolated places
and systems across scales on the basis of Information and Communication Technologies. «Parts» of the world still look pretty much the
same but we have networked them and made them strongly interdependent. This networking fuels processes of self-organization. In this
view regions emerge from a multitude of relational networks of varying geographical reach and they display intrinsic timescales at which
problems develop. In such a context, an increasing number of planning problems remain unaffected by either «command-and-control»
approaches or instruments of spatial development that are one-sidedly infrastructure- or land-use orientated. In fact, they urge for novel,
more open and more bottom-up assembling modes of governance and a «smart» focus on how space is actually used. Thus, in order to be
effective, spatial planning and governance must be reconceptualised based on a complexity understanding of cities and regions,
considering self-organizing and participatory approaches and the increasingly available wealth of data.

Literature A reader with original papers will be provided via the ILIAS system.
Prerequisites /
notice

Only for masters students, otherwise a special permit of the lecturer is necessary.

052-0706-00L Landscape Architecture II W  2 credits 2V C. Girot

052-0802-00L Global History of Urban Design II W  2 credits 2V T. Avermaete, J. Gosseye
Abstract This course focuses on the history of the city, as well as on the ideas, processes and actors that propel their development and

transformation. This course approaches the history of urban design as a cross-cultural field of knowledge that integrates scientific,
economic and technical innovation as well as social and cultural change.

Objective The lectures in this course deal with the definition of urban design as an independent discipline that nevertheless maintains strong
connections with other disciplines and fields that affect the transformation of the city (e.g. politics, sociology, geography, etc). The aim is to
introduce students to the multiple theories, concepts and approaches of urban design that have been articulated from the turn of the 20th
century to today, in a variety of cultural contexts. The course thus offers a historical and theoretical framework for students’ future design
work.
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Content 20.02.2020 / lecture 1: Course introduction
27.02.2020 / lecture 2: Housing and the Industrial City: From Speculative to Cooperative
05.03.2020 / lecture 3: Cities and Ideologies: Building for Healthy Minds in Healthy Bodies
12.03.2020 / lecture 4: Envisioning Urban Utopias
19.03.2020: no class (Seminar Woche)
26.03.2020 / lecture 5: Reconstructing the City, Constructing New Towns
02.04.2020 / lecture 6: New Capitals for New Democracies; New Institutions for Old Democracies
09.04.2020 / lecture 7: Rethinking Masterplanning
16.04.2020: no class (Easter)
23.04.2020 / lecture 8: The Countercultural City
30.04.2020: no class
07.05.2020 / lecture 9: The Postmodern City: From Neo-rationalism to Neo-liberalism
14.05.2020 / lecture 10: Urban Implosion

Lecture notes Prior to each lecture a chapter of the reader (Skript) will be made available through the webpage of the Chair. These Skripts will introduce
the lecture, as well as the basic visual references of each lecture, key dates and events, and references to further/additional readings.

Literature There are three books that will function as main reference literature throughout the course:

Eric Mumford, Designing the Modern City: Urban Design Since 1850 (New Haven, CT: Yale University Press, 2018)

Francis D. K. Ching, Mark Jarzombek and Vikramditya Prakash, A Global History of Architecture (Hoboken: Wiley & Sons, 2017)

David Grahame Shane, Urban Design Since 1945: A Global Perspective (Hoboken: Wiley & Sons, 2011)

These books will be reserved for consultation in the ETH Baubibliothek, and will not be available for individual loans. A list of further
recommended literature will be found within each chapter of the reader (Skript).

 Major in Transport Systems and Behaviour
Number Title Type ECTS Hours Lecturers

101-0478-00L Measurement and Modelling of Travel Behaviour W  6 credits 4G K. W. Axhausen
Abstract Comprehensive introduction to survey methods in transport planning and modeling of travel behavior, using advanced discrete choice

models.
Objective Enabling the student to understand and apply the various measurement approaches and models of modelling travel behaviour.
Content Behavioral model and measurement; travel diary, design process, hypothetical markets, discrete choice model, parameter estimation,

pattern of travel behaviour, market segments, simulation, advanced discrete choice models
Lecture notes Various papers and notes are distributed during the course.

101-0481-00L Readings in Transport Policy W  3 credits 2G K. W. Axhausen
Abstract This course will explore the issues and constraints of transport policy through the joint readings of a set of relevant papers. 


The class will meet every three weeks to discuss the texts.

Objective Familiarize the students with issues of transport policy making and the conflicts arising. 

Train the ability to read critically and to summarize his/her understanding for him/herself and others through a review paper, paper
abstracts and a paper review.

101-0488-01L Human Powered Mobility W 6 credits 4G U. Walter, E. Bosina, M. Meeder
Abstract Basics of pedestrian transport planning and planning of cycle traffic facilities,

Transport-related attributes of the human being,
Design of pedestrian and cycle traffic networks,
Pedestrian and cycle traffic facilities,
Microsimulation of pedestrian flows,
Assessment of performance and level of service

Objective Acquirement of basic knowledge in the field of pedestrian and cycle traffic planning,
Knowledge and understanding of the transport-related attributes of human beings and the consequences for the design and planning of
appropriate transport facilities,
Ability to assess level of service and performance,
Basic knowledge about pedestrian microsimulation as an up-to-date instrument for planning and analysis

Content 1)      Introduction to human-powered mobility
2)      Characteristics of bicycle transport
3)      Principles of bicycle networks
4)      Exercise: design of a bicycle network
5)      design and development of bicycle traffic facilities
6)      Bicycle parking
7)      Characteristics of pedestrians, walking speed
8)      Quality of traffic conditions and capacity of cycling and walking facilities
9)      design and development of pedestrian traffic facilities
10)     Configuration and design of pedestrian traffic facilities in public transport hubs
11)     Obstacle free traffic areas - Demands of people with disabilities
12)     Counting pedestrian and bicycle traffic
13)     Pedestrian simulations
14)     Technologies for pedestrian micro-simulations
15)     Exercise: Design of pedestrian facilities
16)     Shared Space
17)     Promoting pedestrian and bicycle transport
18)     Excursions to selected topics in pedestrian and bicycle transport

Lecture notes Slides and other course materials will be provided on this course's Moodle page.
Literature References for further reading will be provided during the lectures.
Prerequisites /
notice

During the semester there will be 2 supporting exercises as well as 2 field trips covering pedestrian and bicycle transport.

101-0459-00L Logistics and Freight Transportation W  6 credits 4G F. Corman, K. Brossok,
D. Bruckmann, M. Ruesch,
T. Schmid, A. Trivella

Abstract Basics and concepts of logistics and freight transport; offers, infrastructure and production processes of different transport systems;
regulatory framework
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Objective Identification and understanding the interconnections between logistic requirements, market, transport offers, operational processes,
transport means and regulation in freight transport of all transport systems (road, rail, intermodal, waterborne and air).

Content Basics and concepts of logistics, actors in logistics and freight transport, transport demand (1) in-house logistics, storage, transport safety,
dangerous goods (2), basics to transport offers, production processes and infrastructure for road, rail, intermodal, waterborne (sea and
inland waterways) and air transport, urban logistics (3), transport policy, regulation, spatial planning, location issues and network design
with optimization methods (4)

Lecture notes Lecture slides in German or English will be provided.

151-0228-00L Management of Air Transport (Aviation II) W 4 credits 3G P. Wild
Abstract Providing an overview in management, planning, processes and operations in air transport, the lecture shall enable students to operate and

lead a unit within that industry. In addition, the modules provide a good understanding for other transport modes and are a sort of "Mini
MBA" (topics see below). Ideally, students complete first "Basics in Air Transport" yet there is no requirement for it.

Objective After completion of the course, they shall be familiar with tasks, processes and interactions and have the ability to understand implications
of developments in the airlines industry and its environment. This shall enable them to work within the air transport industry.

Content Weekly: 1h independent preparation; 2h lectures and 1 h training with an expert in the respective field
Overall concept: This lecture build on the content of the lecture "Basics in Air Transport" (101-0499-00L) and provides deeper insights into
the airline industry.
Content: Strategy, Alliances & Joint Ventures, Negotiations with Stakeholder, Environmental Protection, Safety & Risk Management, Airline
Economics, Network Management, Revenue Management & Pricing, Sales & Distribution, Airline Marketing, Scheduling & Slot
Management, Fleet Management & Leasing, Continuing Airworthiness Management, Supply Chain Management, Operational Steering

Lecture notes No offical lecture notes. Lecturers' slides will be made available
Literature Literature will be provided by the lecturers respective there will be additional Information upon registration

101-0428-00L Highway Geometric Design and Engineering W  6 credits 4G H.-R. Müller
Abstract Knowledge and application of the bases and connections of the geometric highway design.

Identification of construction risks; Road construction an dimensioning incl. drainage systems; principles and certification of safety and
serviceability.

Objective Knowledge and application of the bases and connections of the geometric highway design.
Assessing of construction risks, knowledge of dimensioning road structures and drainage systems.

Content Design bases and modells, alignement, cross-section, intersections, highway equipment and project handling.
Identification and assessing of construction risks, application of principles and certification of safety requirements, dimensioning and
construction of road structures and drainage systems.

Lecture notes HR. Müller: Entwurf von Strassen, IVT-ETHZ, Januar 2014

HR. Müller: Bau und Erhaltung von Verkehrsanlagen, IVT-ETHZ, Januar 2014

227-0524-00L Railway Systems II W  6 credits 4G M. Meyer
Abstract Characteristics of traction drive systems:

- electrical systems and their components
- thermal propulsion systems
- vehicles with battery storage systems
System integration:
- train control
- energy consumption
- electrical system compatibility

Objective - Know-how about the design and construction principles of rail traction systems
- Overview of overall-system tasks (electrical system integration, train control, energy consumption)
- Insight into the activities of the railway vehicle industry and railway operators in Switzerland
- Motivation of young engineers to start a career in the railway vehicle manufacturers, railway infrastructure and operating companies

Content EST II (Frühjahrsemester) - Vertiefung Antriebssysteme, Systemfragen

1 Traktionsausrüstung:
1.1 Systemkonzepte für Traktionsantriebe
1.2 Haupttransformator
1.3 Fahrmotoren
1.4 Stromrichter
1.5 Hochspannungskreise und Erdung
1.6 Thermische Auslegung
1.7 Diesel-Antriebssysteme
1.8 Batteriespeicher

2 Systemintegration
2.1 Zugbeeinflussung
2.2 Energieverbrauch
2.3 Aufbau der Bahnstromversorgung
2.4 Elektrische Systemkompatibilität

Geplante Exkursionen:
- Engineering und Leistungslabor, ABB Turgi
- evtl. Sicherungsanlagen, Siemens Wallisellen
- 2-tägige Schlussexkursion (Besichtigungen und Führerstandsfahrten, ausschliesslich für regelmässige Vorlesungsteilnehmer)

Lecture notes Abgabe der Unterlagen (gegen eine Schutzgebühr) zu Beginn des Semesters. Rechtzeitig eingeschriebene Teilnehmer (bis 8 Tage vor
Vorlesungsbeginn) können die Unterlagen auf Wunsch und gegen eine Zusatzgebühr auch in Farbe beziehen.

Prerequisites /
notice

Dozent:
Dr. Markus Meyer, Emkamatik GmbH

Voraussichtlich Gastvortrag über ETCS von einem SBB-Referenten.

EST I (Herbstsemester) ist als Voraussetzung empfohlen, aber nicht notwendig. EST II (Frühjahrssemester) kann bei Interesse an
Antriebssystemen auch als separate Vorlesung besucht werden.

151-0226-00L Energy and Transport Futures W  4 credits 3G K. Boulouchos,
P. J. de Haan van der Weg,
G. Georges
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Abstract The course teaches to view local energy solutions as part of the larger energy system. Because it powers all sectors, local changes can
have consequences reaching well beyond one sector. While we explore all sectors, we put a particular emphasis on mobility and its unique
challenges. We not only cover engineering aspects, but also policymaking and behavioral economics.

Objective The main objectives of this lecture are:
(i) Systemic view on the Energy Sytem with emphasis on Transport Applications
(ii) Students can assess the reduction of energy demand (or greenhouse gas emissions) of sectoral solutions.
(iii) Students understand the advantages and disadvantages of technology options in mobility
(iv) Students know policy tools to affect change in mobility, and understand the rebound effect.

Content The course describes the role of energy system plays for the well-being of modern societies, and drafts a future energy system based on
renewable energy sources, able to meet the demands of the sectors building, industry and transport. The projected Swiss energy system is
used as an example. Students learn how all sectoral solutions feedback on the whole system and how sector coupling could lead to optimal
transformation paths. The course then focuses on the history, status quo and technical potentials of the transport sector. Policy mixes to
reduce energy demand and CO2 emissions from transport are introduced. Both direct and indirect effects of different policy types are
discussed. Concepts from behavioral economics (car purchase behavior and rebound effects) are presented.

Preliminary schedule:
Block 1.  Energy technologies and policies.
                 Climate, Environment, Security of Supply.Technology options and policies in power generation,   building and industrial sectors . 
Block 2. Transport technologies. 
                Technology options in mobility and their physical aspects 
Block 3. Transport policies 
                Regulation, policy tools and technological potential to affect change in mobility
Block 4. Energy and Transport Futures
                Closing loop across all sectors. Sector-coupling.

Lecture notes t.b.d.
Literature t.b.d.

 Network Infrastructure
Number Title Type ECTS Hours Lecturers

101-0428-00L Highway Geometric Design and Engineering W  6 credits 4G H.-R. Müller
Abstract Knowledge and application of the bases and connections of the geometric highway design.

Identification of construction risks; Road construction an dimensioning incl. drainage systems; principles and certification of safety and
serviceability.

Objective Knowledge and application of the bases and connections of the geometric highway design.
Assessing of construction risks, knowledge of dimensioning road structures and drainage systems.

Content Design bases and modells, alignement, cross-section, intersections, highway equipment and project handling.
Identification and assessing of construction risks, application of principles and certification of safety requirements, dimensioning and
construction of road structures and drainage systems.

Lecture notes HR. Müller: Entwurf von Strassen, IVT-ETHZ, Januar 2014

HR. Müller: Bau und Erhaltung von Verkehrsanlagen, IVT-ETHZ, Januar 2014

102-0248-00L Infrastructure Systems in Urban Water Management
Prerequisites: 102-0214-02L Urban Water Management I
and 102-0215-00L Urban Water Management II.

W  3 credits 2G J. P. Leitão Correia , M. Maurer,
A. Scheidegger

Abstract An increasing demand for infrastructure management skills can be observed in the environmental engineering practice. This course gives
an introductory overview of infrastructure management skills needed for urban water infrastructures, with a specific focus on pipe
deterioration and engineering economics.

Objective After successfully finishing the class, the participants will have the following skills and knowledge:
  - They can perform basic engineering economic analysis
  - Know the typical value and costs involved in running a wastewater infrastructure
  - Know the key principles of infrastructure management
  - Know how to quantify the future rehabilitation demand

Content The nationwide coverage of water distribution and wastewater treatment is one of the major public works achievements in Switzerland and
other countries.  Annually and per person, 135,000 kg of drinking water is produced and distributed and over 535,000 kg of stormwater and
wastewater is drained. These impressive services are done with a pipe network with a length of almost 200,000 km and a total replacement
value of 30,000 CHF per capita.

Water services in Switzerland are moving from a phase of new constructions into one of maintenance and optimization. The aim today
must be to ensure that existing infrastructure is professionally maintained, to reduce costs, and to ensure the implementation of modern,
improved technologies and approaches. These challenging tasks call for sound expertise and professional management.

This course gives an introduction into basic principles of water infrastructure management. The focus is primarily on Switzerland, but most
methods and conclusions are valid for many other countries.

Lecture notes The script 'Engineering Economics for Public Water Utilities' can be downloaded on the course website: 
http://www.sww.ifu.ethz.ch/education/lectures/infrastructure-systems

Literature See the reading resources on the course website:
http://www.sww.ifu.ethz.ch/education/lectures/infrastructure-systems

Prerequisites /
notice

Course website:
http://www.sww.ifu.ethz.ch/education/lectures/infrastructure-systems

101-0579-00L Infrastructure Management 2: Evaluation Tools W  4 credits 2G B. T. Adey, C. Kielhauser
Abstract This course provides tools to predict the service being provided by infrastructure in situations where the infrastructure is expected to 


1) to evolve slowly with relatively little uncertainty over time, e.g. due to the corrosion of a metal bridge, and 

2) to change suddenly with relatively large uncertainty, e.g. due to being washed away from an extreme flood.

Objective The course learning objective is to equip students with tools to be used to the service being provided from infrastructure.
The course increases a student's ability to analyse complex problems and propose solutions and to use state-of-the-art methods of
analysis to assess complex problems
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Content Reliability 
Availability and maintainability
Regression analysis
Event trees
Fault trees
Markov chains
Neural networks
Bayesian networks

Lecture notes All necessary materials (e.g. transparencies and hand-outs) will be distributed before class.
Literature Appropriate reading material will be assigned when necessary.
Prerequisites /
notice

Although not an official prerequisite, it is perferred that students have taken the IM1:Process course first. Understanding of the
infrastructure management process enables a better understanding of where and how the tools introduced in this course can be used in the
management of infrastructure.

101-0530-00L Real Options for Infrastructure Management
Number of participants limited to 12.

W  3 credits 2G C. Martani

Abstract The course will provide an introduction to the paradigm of flexibility/ real option for infrastructure management. It will also provide insights
on the tools to model uncertainty and class applications on example cases.

Objective Upon successful completion of this course students will be able:
- To recognize and model uncertainty affecting infrastructure;
- To identify possible interventions on infrastructure 
- To develop dynamic model for simulating future scenarios, considering uncertainty

Content Part 1: Introduction to the concept of flexibility in engineering, including the problem of the flaw of average on traditional engineering design
processes.
Part 2: Explanation of the real option methodology and of the main methods for uncertainty modelling, including binomial trees and Monte
Carlo simulations.
Part 3: Application in class of the real option methodology on two example cases.

Literature A list of relevant publications for the course will be given out before the first class.

101-0419-01L Railway Infrastructures 1 W  2 credits 2G U. A. Weidmann
Abstract Introduction in rail infrastructures, interoperability and technical standards, network development, infrastructure planning, design of rail

infrastructures, planning and design of railway stations, introduction to rail technology, innovation of the rail system, beginning
commissioning of rail infrastructures, strategies for cost optimization, operational aspects of maintenance.

Objective Teaches the basic principles of railway infrastructures, of network and infrastructure design, of the railway technology and aspects of
infrastructure operation. Fundamentals for railway infrastructures 2.

Content (1) Fundamentals: Infrastructures of public transport systems; interaction between track and vehicles; passengers and goods as
infrastructure users; management and financing of networks; railway standards and normes. (2) Infrastructure planning: Planning
processes and decision levels; planning processes of governmental bodies and railway companies; layout of a line. (3) Infrastructure
design: Topologies of passenger stations; rail freight facilities; workshops. (4) Design of passenger stations: Planning and design of the
passenger parts of stations. (5) Rail technology: Track, power supply, safety systems, telecommunication systems. (6) Innovation:
Fundamentals of innovation in rail systems; technological perspectives. (7) Commission of rail infrastructure: Definitions; processes; test
methods; responsibilities. (8) Maintenance: Fundamentals of infrastructure maintenance; kinds of depreviations; supervision methods;
steps of infrastructure maintenance; maintenance need; methods to minimize maintenance costs; operational aspects.

Lecture notes Textbook in German under preparation. Slides are made available.
Literature References to technical literature will be included in the textbook.
Prerequisites /
notice

No remarks.

101-0388-00L Planning of Underground Space W  3 credits 2G A. Cornaro
Abstract Urban underground space is the undiscovered or underutilised asset that can help shape the cities of the future. Planning the urban

subsurface calls for multi disciplinary professionals to work together in shaping a new urban tissue beneath our cities. The need to plan the
third dimension in the subsurface is critical in making our cities future proof, resilient and sustainable.

Objective Gain an appreciation and knowledge of what lies beneath our feet and what an asset the underground is for our cities. The need to plan
this asset is more complext than on the surface, as it is invisible and in parts impenentrable. We look at methods and tools to gain an
understanding of the subsurface and what issues and challenges are involved in planning it.

Content weekly lectures on various topics involving cities and the subsurface. 
-Major aspects of urban planning and urban development
-Introduction to urban underground space planning 
-History of underground space development
-Modelling and mapping the underground
-Policy building and urban planning 
-Design and architecture -creating a new urban tissue
-Future cities -resilient cities
-Governance and legal challenges
-Investment aspects: value capture and societal values
-Future proofing our infrastructure
-Best practice of underground space use
-Excursion to underground facility

Lecture notes presentation slides 
book: Underground Spaces Unveiled: Planning and Creating the Cities of the Future, ICE Publishing, 2018, Admiraal, H., Cornaro, A.,
ISBN 978-0-7277-6145-3

Literature various articles and books will be recommended during the course

please see also weblinks "learning materials"

 Major Courses for all majors
Number Title Type ECTS Hours Lecturers

103-0427-00L Regional Economics W  4 credits 2G B. Buser, C. Abegg
Abstract The lecture on Regional Economics focusses on the theoretical aspects of spatial factor allocation and of growth determinants. The course

takes a top down stance and looks at regional development from a macroeconomic perspective. Implications of theoretical models on
regional and growth policy will be discussed in and connections to the course Site Management will be made.

Objective Students shall know the theoretical basics of spatial economy and growth theories an a regional scale; they shall gain the competence to
apply concepts and theories of spatial science as well as regional economics to concrete problems of their area of study.
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Content Origin of "Spatial Economics"
Indices of regional economics and growth analysis
Regional  advantages in competition and growth theories
Regional innovation theory (innovation processes, cluster theory and innovation policy)
Theory and political implications with examples (New Regional Policy NRP, Regional Innovation Systems RIS)
External Speaker and discussion of topicality by press

Lecture notes Download two days before lecture: http://irl.ethz.ch/de/education/vorlesungen/msc/regional_economics.html

https://ilias-app2.let.ethz.ch/goto.php?target=crs_118394&client_id=ilias_lda

Literature Literature is optional, there will be given hints to:

Bathelt, H., Glückler J. (2012): Wirtschaftsgeographie.
Ökonomische Beziehungen in räumlicher Perspektive. 3. Auflage. ISBN: 978-3-8252-8492-3

Eisenhut, P. (2014): Aktuelle Volkswirtschaftslehre 2018/2019.
Rüegger Verlag, Zürich. ISBN: 978-3-7253-1066-1

Eckey, H.-F. (2008): Regionalökonomie. GWV Fachverlag GmbH, Wiesbaden. ISBN: 978-3-8349-0999-2

363-1039-00L Introduction to Negotiation W  3 credits 2G M. Ambühl
Abstract The course combines different lecture formats to provide students with both the theoretical background and the practical appreciation of

negotiation. A core element of the course is an introduction to the concept of negotiation engineering.
Objective Students learn to understand and to identify different negotiation situations, analyze specific cases, and discuss respective negotiation

approaches based on important negotiation methods (i.a. Game Theory, Harvard Method).
Content The course combines different lecture formats to provide students with both the theoretical background and the practical appreciation of

negotiation. A core element is an introduction to the concept of negotiation engineering. The course covers a brief overview of different
negotiation approaches, different categories of negotiations, selected negotiation models, as well as in-depth discussions of real-world
case studies on international negotiations involving Switzerland. Students learn to deconstruct specific negotiation situations, to
differentiate key aspects and to develop and apply a suitable negotiation approach based on important negotiation methods.

Literature The list of relevant references will be distributed in the beginning of the course.

701-1674-00L Geospatial Data Management and Analysis
Number of participants limited to 25.

Prerequisites: 701-0951-00L "GIS - Introduction into
Geoinformation Science" in autum semester or
comparable preparatory training.

W  5 credits 4G M. A. M. Niederhuber, T. Crowther

Abstract Problems encountered in forest and landscape management often have a spatial dimension. Methods of geoinformation sciences provide
support in identifying creative solutions. Students will learn to a) understand, search for, and manage different forms of geospatial data; b)
conceptualize, implement, and combine spatial analysis methods; and c) interpret the results.

Objective Understand, search for, and manage various types of geospatial data; Carry out conceptual data modelling for a spatial problem and
translate it into a tangible form within a GIS software; Conceptualize spatial problems and design a workflow that transitions from "data
processing" through "advanced spatial analysis" to "presentation of results"; Implement such a workflow in standard GIS software, verify
and validate the procedures, then present the final results.

Prerequisites /
notice

Knowledge and skills equal those of the course "GIST - Einführung in die räumliche Informationswissenschaften und Technologien"

103-0488-00L Seminar in Spatial Development and Infrastructure
Systems

W  9 credits 18A Supervisors

Abstract This seminar offers the students the opportunity to research and present a topic of their choice in depth resulting in a term paper. 

The topic can be freely chosen after consultation with the chair supervising the student. The chairs will also provide a list of proposed
topics.

Objective Practise independent scientific working addressing a relevant topic from the range of the master's programme course.
Content The students can work on a topic of their choice from the range of the he master's programme course.

103-0517-00L Urban and Spatial Economics W  3 credits 2V R. H. van Nieuwkoop
Abstract This course explores the economic factors which influence location decisions of households and firms, and it explores theories of how

these decisions induce the formation of cities.  The course will cover the neoclassical models of land use, concepts from the new economic
geography, zoning, and transportation and traffic congestion.

Objective The objective of the course is to provide graduate students with an understanding of the economic factors which give rise to urban spatial
structure and the models which have been employed to study these processes.  The course aims to help students develop an appreciation
for the use of economic models in both positive and normative frameworks.  We will assess both the history of thought regarding the role of
markets in creating urban development, and we will read about modern theories of externalities and economic factors which induce
agglomeration.  The final section of the course will focus on transportation problems in urban areas and the use of economic models to
assess public policy measures to deal with congestion and associated externalities.

Content Outline of Lectures

Topic 1: Why do cities exist? 
Topic 2: The Basic Muth-Mills model
Topic 3: The New Economic Geography 
Topic 4: Business demand for land and Von Thünen's model)
Topic 5: Urban spatial structure
Topic 6: Land use control 
Topic 7: City size and city growth 
Topic 8: Traffic externalities and congestion 
Topic 9: Public transport
Topic 10: The housing crisis
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Literature Textbook

o Urban Economics by Arthur O'Sullivan, McGraw-Hill.

Ancillary Texts

o Lectures on Urban Economics, K. Brückner, 2011, The MIT Press

o Cities, agglomeration and spatial equilibrium by E. L. Glaeser, 2008,  Oxford University Press.

o A Companion to Urban Economics, Richard Arnott and Daniel McMillen (eds.), Blackwell, 2006.

o The new introduction to geographical economics, Steven Brakman, Harry Garretsen and Charles van Marrewijk, Cambridge.

o Urban transport economics, by K. A. Small and E. Verhoef, Routledge.

101-0521-10L Machine Learning for Predictive Maintenance
Applications
The number of participants in the course is limited to 25
students.

Students interested in attending the lecture are requested
to upload their transcript and a short motivation
responding the following two questions (max. 200 words):
-How does this course fit to the other courses you have
attended so far?
-How does the course support you in achieving your goal?
The following link can be used to upload the documents.
https://polybox.ethz.ch/index.php/s/3S9ZlyxQTiOS3fM

W  8 credits 4G O. Fink

Abstract The course aims at developing machine learning algorithms that are able to use condition monitoring data efficiently and detect occurring
faults in complex industrial assets, isolate their root cause and ultimately predict the remaining useful lifetime.

Objective Students will 
- be able to understand the main challenges faced by predictive maintenance systems
- learn to extract relevant features from condition monitoring data
-learn to select appropriate machine learning algorithms for fault detection, diagnostics and prognostics
-learn to define the learning problem in way that allows its solution based on existing constrains such as lack of fault samples. 
- learn to design end-to-end machine learning algorithms for fault detection and diagnostics 
-be able to evaluate the performance of the applied algorithms.

At the end of the course, the students will be able to design data-driven predictive maintenance applications for complex engineered
systems from raw condition monitoring data.

Content Early and reliable detection, isolation and prediction of faulty system conditions enables the operators to take recovery actions to prevent
critical system failures and ensure a high level of availability and safety. This is particularly crucial for complex systems such as
infrastructures, power plants and aircraft engines. Therefore, their system condition is increasingly tightly monitored by a large number of
diverse condition monitoring sensors. With the increased availability of data on system condition on the one hand, and the increased
complexity of explicit system physics-based models on the other hand, the application of data-driven approaches for predictive
maintenance has been recently increasing. 
This course provides insights and hands-on experience in selecting, designing, optimizing and evaluating machine learning algorithms to
tackle the challenges faced by maintenance systems of complex engineered systems.

Specific topics include:

-Introduction to condition monitoring and predictive maintenance systems 
-Feature extraction and selection methodology
-Machine learning algorithms for fault detection and fault isolation
-End-to-end learning architectures (including feature learning) for fault detection and fault isolation
-Unsupervised and semi-supervised learning algorithms for predictive maintenance
-Machine learning algorithms for prediction of the remaining useful life 
-Performance evaluation
-Predictive maintenance systems at fleet level
-Domain adaptation for fault diagnostics
-Introduction to decision support systems for maintenance applications

Lecture notes Slides and other materials will be available online.
Literature Relevant scientific papers will be discussed in the course.
Prerequisites /
notice

Strong analytical skills.
Programming skills in python are strongly recommended.

 Interdisciplinary Project Work
The Interdisciplinary Project Workis only offered in autumn semester!

 Electives
The entire course programs of ETH Zurich and the University of Zurich are open to the students to individual selection. The students have themselves to
check whether they meet the admission requirements for a course.

 Recommended Electives of Master Degree Programme
Number Title Type ECTS Hours Lecturers

101-0408-00L Laboratory Transport and Spatial Planning
Number of participants limited to 25.

W  3 credits 2P B. Vitins

Abstract This laboratory applies main transport planning methods based on land use types and patterns. Using a small scale case study, students
implement a four-stage travel demand model based on real-world data and propose scenarios for improvements of transport and land use
infrastructure.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1483 of 1785

Objective - Methods for analyzing and solving transport planning issues 
- Dependencies between land use and transport planning
- Development of models for solving of planning tasks 
- Model plausibility and calibration 
- Development of solutions and scenarios
- Scenario evaluation and effect

851-0705-01L Environmental Law II: Fields of Law and Case Studies W  3 credits 2V M. Pflüger, A. Gossweiler
Abstract Overview of selected fields of Swiss Environmental Law. Outline of European Environmental Law (excursus). Immission control (protection

against noise, air pollution), climate protection, conservation of water, forest and nature, regulations on waste and contaminated sites.
Theory and consolidation based on case studies and guest lectures.

Objective Basic understanding of scope and function of Environmental Law in the selected fields. Basic knowledge of legal instruments and of
interrelations within Environmental Law and other fields of law. The students will be able to comprehend all sides of a question and to
develop a possible legal solution (practical training on case studies).

Content Die Vorlesung gliedert sich in einzelne Teile und umfasst hauptsächlich folgende Themen: Grundkonzept des Immissionsschutzes,
Lärmschutz und Luftreinhaltung, Klimaschutz, Gewässerschutz, Naturschutz, Wald, Behandlung von Abfällen/Altlasten. Diskussion von
konkreten Fällen. Vorgesehen sind zudem zwei Gastreferate von externen Experten.

Lecture notes Christoph Jäger/Andreas Bühler, Schweizerisches Umweltrecht, Stämpfli-Skripten, Bern 2016
Prerequisites /
notice

Vorausgesetzt wird der Besuch der Vorlesung "Umweltrecht I: Grundlagen und Konzepte" im Herbstsemester

102-0348-00L Prospective Environmental Assessments
Prerequisite for this lecture is basic knowledge of
environmental assessment tools, such as material flow
analysis, risk assessment and life cycle assessment. 
Students without previous knowledge in these areas need
to read according textbooks prior to or at the beginning of
the lecture.

W  3 credits 2G S. Hellweg, N. Heeren, A. Spörri

Abstract This lecture deals with prospective assessments of emerging technologies as well as with the assessment of long-term environmental
impact caused by today's activities.

Objective - Understanding prospective environmental assessments, including scenario analysis techniques, prospective emission models, dynamic
MFA and LCA.
- Ability to properly plan and conduct prospective environmental assessment studies, for example on emerging technologies or on technical
processes that cause long-term environmental impacts. 
- Being aware of the uncertainties involved in prospective studies.
- Getting to know measures to prevent long-term emissions or impact in case studies
- Knowing the arguments in favor and against a temporally differentiated weighting of environmental impacts (discounting)

Content - Scenario analysis 
- Dynamic material flow analysis
- Temporal differentiation in LCA
- Systems dynamics tools
- Assessment of future and present environmental impact
- Case studies

Lecture notes Lecture slides and further documents will be made available on Moodle.

364-0576-00L Advanced Sustainability Economics
PhD course, open for MSc students

W  3 credits 3G L. Bretschger

Abstract The course covers current resource and sustainability economics, including ethical foundations of sustainability, intertemporal optimisation
in capital-resource economies, sustainable use of non-renewable and renewable resources, pollution dynamics, population growth, and
sectoral heterogeneity. A final part is on empirical contributions, e.g. the resource curse, energy prices, and the EKC.

Objective Understanding of the current issues and economic methods in sustainability research; ability to solve typical problems like the calculation of
the growth rate under environmental restriction with the help of appropriate model equations.

701-0104-00L Statistical Modelling of Spatial Data W  3 credits 2G A. J. Papritz
Abstract In environmental sciences one often deals with spatial data. When analysing such data the focus is either on exploring their structure

(dependence on explanatory variables, autocorrelation) and/or on spatial prediction. The course provides an introduction to geostatistical
methods that are useful for such analyses.

Objective The course will provide an overview of the basic concepts and stochastic models that are used to model spatial data. In addition,
participants will learn a number of geostatistical techniques and acquire familiarity with R software that is useful for analyzing spatial data.

Content After an introductory discussion of the types of problems and the kind of data that arise in environmental research, an introduction into
linear geostatistics (models: stationary and intrinsic random processes, modelling large-scale spatial patterns by linear regression,
modelling autocorrelation by variogram; kriging: mean square prediction of spatial data) will be taught. The lectures will be complemented
by data analyses that the participants have to do themselves.

Lecture notes Slides, descriptions of the problems for the data analyses and solutions to them will be provided.
Literature P.J. Diggle & P.J. Ribeiro Jr. 2007. Model-based Geostatistics. Springer.


Bivand, R. S., Pebesma, E. J. & Gómez-Rubio, V. 2013. Applied Spatial Data Analysis with R. Springer.

Prerequisites /
notice

Familiarity with linear regression analysis (e.g. equivalent to the first part of the course 401-0649-00L Applied Statistical Regression) and
with the software R (e.g. 401-6215-00L Using R for Data Analysis and Graphics (Part I), 401-6217-00L Using R for Data Analysis and
Graphics (Part II)) are required for attending the course.

701-1502-00L Transdisciplinary Case Study
Does not take place this semester.
Number of participants limited to 25.

Students have to apply for this course by sending a two-
page motivation letter (why are you interested? what do
you want to learn? what can you contribute?) to
michael.stauffacher@usys.ethz.ch and
pius.kruetli@usys.ethz.ch (latest by 10th January 2020).

Important: for students in Agricultural Sciences, the case
study can replace the compulsory course 751-1000-00L
Interdisciplinary Project Work!

W  7 credits 15P M. Stauffacher

Abstract This course is a project-oriented and research based teaching activity organized in a real-world setting. Students work on societally
relevant problems. Sustainability issues and collaboration between science and society are key.
In 2020, the case area is Seychelles, a small developing island state in the Indian ocean.
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Objective Students learn how to plan and implement their research work in interdisciplinary and intercultural teams of students. This includes:
structure ill defined problems; derive research questions; design research plans; apply qualitative and quantitative methods; work in
interdisciplinary and inter-cultural teams; organise transdisciplinary collaboration between research and people from outside academia.

Content The Seychelles is a Small Island Developing State (SIDS) in the Indian Ocean comprising some 115 islands spread over a sea area of 1.4
million km2. SIDS share some common characteristics. They are: small in size and economy; are remote and isolated from international
markets; are vulnerable against external disturbances and climate change effects. Seychelles is highly dependent on  intact nature.
Tourism and fishery are major economic pillars. Seychelles is in transformation from a developing to a developed country.

Between 2012-2015 ARUP, an international consultant, developed the Strategy Plan Seychelles 2040. The Seychelles Planning Authority
is currently working on the implementation of the strategy plan. Current major activity is land use planning.

The preparation of the case study happens in close collaboration with the Seychelles Planning Authority, major partner of the case study, to
secure that research is relevant for the local context and can have concrete impacts in the case area. Together we defined Sustainable
Land Use as umbrella theme. Topics to look at may include transport infrastructure, tourism, conservation, housing, agriculture, etc.

This is the third time that the transdisciplinary case study is organized in Seychelles. In 2016 and 2018 we were working on solid waste
management. While in 2016 the goal was to provide the 'big' picture of the Seychelles waste system, in 2018 the focus was on waste
sorting and waste treatment options, see: https://tdlab.usys.ethz.ch/teaching/tdcs/former/cs2016.html
https://tdlab.usys.ethz.ch/teaching/tdcs/former/cs2018.html



See as well the short movie here which explains what the transdisciplinary case study is
http://www.tdlab.usys.ethz.ch/teaching/tdcs.html

Prerequisites /
notice

The number of participants is limited. Students have to apply for this course by sending a two-page motivation letter. The letter should refer
to: Why are you interested? What do you want to learn? What can you contribute? The latter may include particular skills you have the
case study could benefit from. Please send the letter to michael.stauffacher@usys.ethz.ch and pius.kruetli@usys.ethz.ch (latest by January
10, 2020).

Important: for students in Agricultural Sciences, the case study can replace the compulsory course 751-1000-00L Interdisciplinary Project
Work!

101-0193-00L Systemic Design Labs: RE:GENERATE Alpine-Urban
Circularity

W  4 credits 2S T. Luthe

Abstract Systemic design (SD) optimizes an entire system as a whole, rather than its parts in isolation. SD is iterative, recursive and circular,
requires creative, curious, informed and critical systems thinking and doing, yielding radical resource efficiency. Systems mapping, design
thinking, footprint assessment, test planning, prototyping, fabrication, social experiments are part of SD.

Objective The growing necessity to consider eco-social aspects makes design, planning and engineering practices more complex. Systemic design
combines systems thinking skills with design thinking to address such complexity. The objectives of the course are to introduce students to
the most important topics in systemic design methods, models, theory and methodology that form the basis for engineering, design and
planning practices, and research for sustainability. A main goal is to develop whole systems thinking, life cycle and cradle to cradle
thinking, to build knowledge on environmental impacts of materials and processes, and to stimulate overall reflective eco-social thinking in
design, planning and engineering disciplines.The teaching purpose of Systemic Design Labs is to better tackle the complexity of today’s
sustainability challenges. Often, in current education we learn to disassemble design challenges into their bits and parts for individual
optimization. While being useful for developing topical expertise, this reductionism to parts with less emphasis on their interaction does not
match with the growing complexity of today’s challenges. In contrast, systemic design approaches a task from a holistic perspective,
zooming out of a system to reveal its structure and connections between its parts – to zoom in on the hub of influence that matters most.

Content Design Challenge: How to revive mountain livelihoods, focusing on local identity, resilient landscapes and a regenerative economy? The
specific design challenge is to identify and layout a holistic, partly quantified and visualized systems strategy for building a resilient
community economy on the case of Ostana, Italy, that embraces local identity, revitalizes cultural and landscape biodiversity,  and creates
alpine-urban circularity. A clear connection is between the local identity (culture, traditions, visions) which is formed by Occitan culture
(food, music, dance, language), traditional stone building architecture which is under pressure to carefully evolve with new needs for
carbon-neutral and net-positive buildings, and the Monte Viso landscape. How does a re-growing economy that should be regenerative and
circular by design, correlate with innovation in architecture, with population growth and associated challenges in mobility, waste systems
and supplies, with growing tourism, new agro-forestry practices like industrial hemp and Paulownia, while impacts of climate change are
clearly visible? How does the community design a vision that is based on cooperation on different governance scales, balancing local
identity and urgently needed international innovation?

Deliverables & output: This SDL course RE:GENERATE builds upon related work from former courses hosted and lead by the MonViso
Institute (i.e. on social innovation, mobility, architecture and local identity, tourism, circular economy, land use change) to develop and
design foundations for a visualized and partly quantified systems map, that will support ongoing and future innovation processes in this
community. Foci are the interplay of architecture, circular economy, land use change, and identity. The map will be accompanied by a
detailed report.

Lecture notes see learning materials
Literature e.g. Striebig, B. and Ogundipe, A. 2016. Engineering Applications in Sustainable Design and Development. ISBN-10: 8131529053.

Jones, P. 2014. Design research methods for systemic design: Perspectives from design education and practice. Proceedings of ISSS
2014, July 28 – Aug1, 2014, Washington, D.C.

Blizzard, J. L. and L. E. Klotz. 2012. A framework for sustainable whole systems design. Design Studies 33(5).

Brown, T. and J. Wyatt. 2010. Design thinking for social innovation. Stanford Social Innovation Review. Stanford University.

Fischer, M. 2015. Design it! Solving Sustainability problems by applying design thinking. GAIA 24/3:174-178.

Luthe, T., Kaegi, T. and J. Reger. 2013. A Systems Approach to Sustainable Technical Product Design. Combining life cycle assessment
and virtual development in the case of skis. Journal of Industrial Ecology 17(4), 605-617. DOI: 10.1111/jiec.12000

Prerequisites /
notice

Prior to the start of the field course, participants have to prepare a presentation based on pre-given topics.
After the field trip, students have to work alone and in teams on the preparation of the deliverables, a systemic strategy map and a written
report.

 Electives ETH Zürich
Course Catalogue of ETH Zurich

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability
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Recommended Science in Perspective (Type B) for D-
BAUG

see Science in Perspective: Language Courses ETH/UZH

 Master's Thesis
Number Title Type ECTS Hours Lecturers

103-0010-00L Master's Thesis
Before starting the Master's thesis, students must have
a. obtained the Bachelor's degree;
b. fulfilled all specified admission conditions, if any;
c. acquired at least 90 credits in the Master's programme,
including the credits in the mandatory courses and 12
credits in the area of the interdisciplinary project.


O  24 credits 51D Supervisors

Abstract The Master Programme concludes with the Master Thesis, which has to be done in one of the chosen Majors and  has to be completed
within 16 weeks. The Master Thesis is supervised by a professor and shall attest the students ability to work independently and to produce
scientifically structured work.

Objective To work independently and to produce a scientifically structured work.
Content The topics of the Mastrer Thesis are published by the professors. The Topic can  be set also in consultation between the student and the

professor.

 Course Units for Additional Admission Requirements
The courses below are only available for MSc students with additional admission requirements.

Number Title Type ECTS Hours Lecturers

101-0031-AAL Systems Engineering
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  4 credits 9R B. T. Adey

Abstract This course is designed to familiarize students with formal methods to be used in general situations to solve problems. The content can be
applied in the fields of Civil Engineering, Environmental Engineering, Geomatic Engineering and Spatial Planning and Infrastructure
Systems.

Objective Upon successful completion of the course the students will be able:
-to apply the basic solving problem process, 
-to develop basic mathematical models to determine optimal solutions to problems, to 
-to develop basic models to be used in decision making, and 
-to be able to conduct basic economic and cost-benefit analyses.

All of which will improve their ability to find optimal solutions to problems in the fields of Civil Engineering, Environmental Engineering,
Geomatic Engineering and Spatial Planning and Infrastructure Systems.

Content -Introduction
-Problem solving process
-Optimisation models
-Decision making models
-Economic analysis
-Cost-benefit analysis

Lecture notes The script for the original course is in German. The English material that can be used for the virtual course is:
1 ) Adey, B.T., Hackl, J., Lam, J.C., van Gelder, P., van Erp, N., Prak, P., Heitzler, M., Iosifescu, I., Hurni, L., (2016), Ensuring acceptable
levels of infrastructure related risks due to natural hazards with emphasis on stress tests, International Symposium on Infrastructure Asset
Management (SIAM), Kyoto, Japan, January 21-22.
2) Blanchard, B.S., and Fabrycky W.J., (2008), Systems Engineering and Analysis, 5th International Edition, Prentice Hall.
3) Revelle, C.S., Whitlach, E.E., and Wright, J.R., (2003), Civil and Environmental Systems Engineering, 2nd Edition, Prentice Hall.

101-0414-AAL Transport Planning (Transportation I)
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R K. W. Axhausen

Abstract The lecture course discusses the basic concepts, approaches and methods of transport planning in both their theoretical and practical
contexts.

Objective The course introduces the basic theories and methods of transport planning.
Content Basic theoretical links between transport, space and economic development; basic terminology; measurement and observation of travel

behaviour; methods of the four stage approach; cost-benefit analysis.
Literature Ortuzar, J. de D. and L. Willumsen (2011) Modelling Transport, Wiley, Chichester.

101-0515-AAL Project Management
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  2 credits 4R B. T. Adey

Abstract General introduction to the development, the life cycle and the characteristics of projects. Introduction to, and experience with, the methods
and tools to help with the preparation, evaluation, organisation, planning, controlling and completion of projects.

Objective To introduce the methods and tools of project management. To impart knowledge in the areas of project organisation and structure, project
planning, resource management, project controlling and on team leadership and team work.
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Content - From strategic planning to implementation (Project phases, goals, constraints, and feasibility)
- Project leadership (Leadership, Teams)
- Project organization (Structure)
- Project planning (Schedule, cost and resource planning)
- Project controlling
- Risk and Quality Management
- Project completion

Lecture notes Yes
The transparencies will be available for download from the website at least one week before each class.
Copies of all necessary documents will be distributed at appropriate times.

102-0516-AAL Environmental Impact Assessment
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R S.-E. Rabe

Abstract Focus of the course are the method, the process and content of the Environmental Impact Assessment (EIA) as well as the legal bases
and methods for compiling an environmental impact study (EIS).
Excursions provide a comprehensive view of the EIA.
Using exemplary projects, the process of an EIA will be worked out by the students.

Objective - Understanding the context of spatial planning and environmental protection
- Ability to use central planning instruments and procedures for assessing the environmental impacts and risks of projects
- Ability to apply quantitative methods to assess the environmental impacts and risks of projects
- Knowledge about the process and content of an EIA
- a capacity for critical review of environmental impact assessments

Content - Nominal and functional environmental protection in Switzerland
- Instruments of environmental protection
- Need for coordination between environmental protection and spatial planning
- Environmental Protection and environmental impact assessment
- Legal basis of the EIA
- Procedure of EIA
- Content of the EIA
- Application of the impact analysis
- Monitoring and Controlling
- View regarding the strategic environmental assessment (SEA)
- Excursions to projects obligated under the EIA

Lecture notes No script. The documents for the lecture can be found for download on the homepage of the Chair of Planning of Landscape and Urban
Systems.

Literature Supplementary literature is available for download on the homepage of the Chair of Planning of Landscape and Urban Systems.

103-0233-AAL GIS Basics
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R M. Raubal

Abstract Fundamentals in geo information technologies: database principles, including modeling of spatial information, geometric and semantic
models, topology and metrics;

Objective Know the fundamentals in geo information technologies for the realization, application and operation of geographic information systems in
engineering projects.

Content Modellierung von raumbezogenen Informationen 
Geometrische und semantische Modelle 
Topologie und Metrik
Raster und Vektormodelle
Datenbanken
Anwendungsbeispiele

Literature Worboys, M., & Duckham, M. (2004). GIS - A Computing Perspective (2nd Edition ed.). Boca Raton, FL: CRC Press.
O'Sullivan, D., & Unwin, D. (2010). Geographic Information Analysis (second ed.). Hoboken, New Jersey: Wiley.
Bill, R. (2016). Grundlagen der Geo-Informationssysteme (6. Auflage ed.): Wichmann.

103-0234-AAL GIS II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  5 credits 11R M. Raubal

Abstract Advanced geoinformation technologies: geodatabases advanced; system architectures; mobile GIS; user interfaces; fields and
interpolation; data quality, uncertainty, metadata; temporal aspects in GIS.

Objective Knowing advanced topics of geoinformation technologies for the realization, application and operation of geographic information systems in
engineering projects.

Literature Worboys, M., & Duckham, M. (2004). GIS - A Computing Perspective (2nd Edition ed.). Boca Raton, FL: CRC Press.

103-0313-AAL Spatial Planning and Landscape Development
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  5 credits 11R S.-E. Rabe

Abstract The lecture introduce into the main-features of spatial planning. Attended will be the themes planning as a national responsibility,
instruments of spatial planning, techniques for problem-solutions in spatial planning and the swiss concept for regional planning.

Objective - To get to know the interaction between the community and our living space and their resulting conflicts. 
- Link theory and practice in spatial planning.
- To get to know instruments and facilities to process problems in spatial planning.

252-0846-AAL Computer Science II
Enrolment ONLY for MSc students with a decree declaring

E-  4 credits 9R F. Friedrich Wicker, H. Lehner
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this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

Abstract Together with the introductory course Informatics I this course provides the foundations of programming and databases. This course
particularly covers algorithms and data structures and basics about design and implementation of databases. Programming language used
in this course is Java.

Objective Basing on the knowledge covered by lecture Informatics I, the primary educational objectives of this course are
- constructive knowledge of data structures and algorithms amd
- the knowledge of relational databases and
When successfully attended the course, students have a good command of the mechanisms to construct an object oriented program. They
know the typically used control and data structures and understand how an algorithmic problem is mapped to a sufficiently efficient
computer program. They have an idea of what happens "behind the secenes" when a program is translated and executed. The know how
to write database queries and how to design simple databases.
Secondary goals are an algorithmic computational thinking, undestanding the possibilities and limits of programming and to impart the way
of thinking of a computer scientist.

Content We discuss the paradigm of object oriented programming, typical data structures and algorithms and design principles for the design and
usage of relational databases.
More generally, formal thinking and the need for abstraction and importance of appropriate modelling capabilities will be motivated. The
course emphasizes applied computer science. Concrete topics are complexity of algorithms, divide and conquer-principles, recursion, sort-
and search-algorithms, backtracking, data structures (lists, stacks, queues, trees) and data management  in relational data bases.

Lecture notes The slides will be available for download on the course home page.
Literature Robert Sedgewick, Kevin Wayne, Introduction to Programming in Java: An Interdisciplinary Approach, Addison-Wesley, 2008


T. Cormen, C. Leiserson, R. Rivest, C. Stein, Introduction to Algorithms , 3rd ed., MIT Press, 2009

Prerequisites /
notice

Prerequisites are knowledge and programming experience according to course 252-0845-00 Computer Science I (D-BAUG).

406-0242-AAL Analysis II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  7 credits 15R M. Akveld

Abstract Mathematical tools of an engineer
Objective Mathematics as a tool to solve engineering problems, mathematical formulation of problems in science and engineering. Basic

mathematical knowledge of an engineer
Content Multi variable calculus: gradient, directional derivative, chain rule, Taylor expansion. Multiple integrals: coordinate transformations, path

integrals, integrals over surfaces, divergence theorem, applications in physics.
Literature - James Stewart: Multivariable Calculus, Thomson Brooks/Cole

- William L. Briggs / Lyle Cochran: Calculus: Early Transcendentals: International Edition, Pearson Education (Chapters 10 - 14)

406-0251-AAL Mathematics I
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  6 credits 13R A. Cannas da Silva

Abstract This course covers mathematical concepts and techniques necessary to model, solve and discuss scientific problems - notably through
ordinary differential equations.

Objective Mathematics is of ever increasing importance to the Natural Sciences and Engineering. The key is the so-called mathematical modelling
cycle, i.e. the translation of problems from outside of mathematics into mathematics, the study of the mathematical problems (often with the
help of high level mathematical software packages) and the interpretation of the results in the original environment.

The goal of Mathematics I and II is to provide the mathematical foundations relevant for this paradigm. Differential equations are by far the
most important tool for modelling and are therefore a main focus of both of these courses.

Content 1. Linear Algebra and Complex Numbers:
systems of linear equations, Gauss-Jordan elimination, matrices, determinants, eigenvalues and eigenvectors, cartesian and polar forms
for complex numbers, complex powers, complex roots, fundamental theorem of algebra.

2. Single-Variable Calculus:
review of differentiation, linearisation, Taylor polynomials, maxima and minima, fundamental theorem of calculus, antiderivative, integration
methods, improper integrals.

3. Ordinary Differential Equations:
variation of parameters, separable equations, integration by substitution, systems of linear equations with constant coefficients, 1st and
higher order equations, introduction to dynamical systems.

Literature - Bretscher, O.: Linear Algebra with Applications, Pearson Prentice Hall.
- Thomas, G. B.: Thomas' Calculus, Part 1, Pearson Addison-Wesley.

406-0603-AAL Stochastics (Probability and Statistics)
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  4 credits 9R M. Kalisch

Abstract Introduction to basic methods and fundamental concepts of statistics and
probability theory for non-mathematicians. The concepts are presented on
the basis of some descriptive examples. The course will be based on the
book "Statistics for research" by S. Dowdy et.al. and on the
book "Introductory Statistics with R" by P. Dalgaard.
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Objective The objective of this course is to build a solid fundament in probability
and statistics. The student should understand some fundamental concepts and
be able to apply these concepts to applications in the real
world. Furthermore, the student should have a basic knowledge of the
statistical programming language "R". The main topics of the course are:
- Introduction to probability
- Common distributions
- Binomialtest
- z-Test, t-Test
- Regression

Content From "Statistics for research":
Ch 1: The Role of Statistics
Ch 2: Populations, Samples, and Probability Distributions
Ch 3: Binomial Distributions
Ch 6: Sampling Distribution of Averages
Ch 7: Normal Distributions
Ch 8: Student's t Distribution
Ch 9: Distributions of Two Variables [Regression]

From "Introductory Statistics with R":
Ch 1: Basics
Ch 2: Probability and distributions
Ch 3: Descriptive statistics and tables
Ch 4: One- and two-sample tests
Ch 5: Regression and correlation

Literature "Statistics for research" by S. Dowdy et. al. (3rd
edition); Print ISBN: 9780471267355; Online ISBN: 9780471477433; DOI:
10.1002/0471477435; 
From within the ETH, this book is freely available online under:
http://onlinelibrary.wiley.com/book/10.1002/0471477435

"Introductory Statistics with R" by Peter Dalgaard; ISBN
978-0-387-79053-4; DOI: 10.1007/978-0-387-79054-1
From within the ETH, this book is freely available online under:
http://www.springerlink.com/content/m17578/

103-0414-AAL Transport Basics
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  4 credits 9R K. W. Axhausen

Objective -Introduction to the fundamentals of transportation
-Developing an understanding of the interactions between land use and transportation
-Introduction to the dynamics of transport systems: daily patterns and historical developments

Content -Accessibility
-Equilibrium in transport networks
-Fundamental transport models
-Traffic flow and control
-Vehicle dynamics on rail and road
-Transport modes and supply patterns
-Time tables

103-0357-AAL Environmental Planning
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R M. Sudau, S.-E. Rabe

Abstract The lecture covers tools, methods and procedures of
Landscape and Environmental Planning developed. By means of field trips their implementation will be illustrated.

Objective Knowledge of the various instruments and possibilities for the practical implementation of environmental planning.
Knowledge of the complex interactions of the instruments.

Content Topics of the Lectures 
- forest planning
- inventories
- intervention and compensation
- ecological network
- agricultural policy
- landscape development concepts (LEK)
- parks
- swiss landscape concept
- riverine zone
- natural hazards 
  
Note: there are several non-obligatory field trips as part of the lecture. It is recommended to participate at these to boost the in-depth
understanding of the different topics.

Lecture notes - lecture notes concerning the instruments
- handouts
- copies of selected literature

Download: http://irl.ethz.ch/de/education/vorlesungen/bsc/environmental_planning.html

103-0116-AAL Ecology and Soil Science
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,

E-  3 credits 6R S. Tobias
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doctoral students) CANNOT enrol for this course unit.
Abstract The main focus of the lecture are the basics of ecology and soil science. Students learn about the interdependence of organisms and

environment, resource cycles, ecosystems as well as soil characteristics and genesis. The impact of human behavior on ecosystems and
the problems of different land use are covered by the lecture, too.

Objective -getting insights into the basics of ecology 
-ability to assess the consequences of spatial planning on ecosystems 
-understanding of ecological processes and interdependency 
-understanding of function and potential of soil

Content Basics of Ecology 
-definition of ecology, types, habitat, ecosystem, environment 
-human influence on ecosystem 
-context of landscape and ecology 
-ecological context for practical application (e.g. in spatial planning) 
  
Basics of Soil Science 
-basic concept and definition of soil, soiltype and essential parameters 
-soil water balance (irrigation, drainage) 
-soil compaction and erosion 
-reclamation and renaturation 
-material pollution of soil and remediation approaches 
- soil and spatial planning

Lecture notes Lecture notes and slides (in German) can be downloaded from the IRL-website:
http://irl.ethz.ch/de/education/vorlesungen/bsc/ecology_and_soil_science.html

Literature Lecture notes and slides (in German) can be downloaded from the IRL-website:
http://irl.ethz.ch/de/education/vorlesungen/bsc/ecology_and_soil_science.html

Spatial Development and Infrastructure Systems Master - Key for Type

W Eligible for credits
E- Recommended, not eligible for credits
Z Courses outside the curriculum

Dr Suitable for doctorate
W+ Eligible for credits and recommended
O Compulsory

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Computational Science and Engineering Bachelor
 Bachelor Studies (Programme Regulations 2018)

 First Year Compulsory Courses
 First Year Examination Block 1

Offered in the Autumn Semester

 First Year Examination Block 2
Number Title Type ECTS Hours Lecturers

401-0232-10L Analysis 2
Students in BSc EEIT who registered for the course unit
401-1261-07L Analysis I in the Autumn Semester may
instead register for 401-1262-07L Analysis II (for BSc
Mathematics, BSc Physics and BSc Interdisciplinary
Science (Phys Chem)) and take the performance
assessment of the corresponding two-semester course.

O  8 credits 4V+2U P. Feller

Abstract Introduction to differential calculus and integration in several variables.
Objective Einführung in die Grundlagen der Analysis
Content Differentiation in several variables, maxima and minima, 

the implicit function theorem, integration in several variables, 
integration over submanifolds, the theorems of Gauss and Stokes.

Lecture notes Christian Blatter: Ingenieur-Analysis (Kapitel 4-6).
Konrad Koenigsberger, Analysis II.

401-0302-10L Complex Analysis
as of 4 March 2020: The lecturer and many students are
in the lecture hall, but some students are absent. The
lecture is recorded.

O  4 credits 3V+1U A. Iozzi

Abstract Basics of complex analysis in theory and applications, in particular the global properties of analytic functions. Introduction to the integral
transforms and description of some applications

Objective Erwerb von einigen grundlegenden Werkzeuge der komplexen Analysis.
Content Examples of analytic functions,   Cauchys theorem, Taylor and Laurent series, singularities of analytic functions, residues. Fourier series

and Fourier integral, Laplace transform.
Literature J. Brown, R. Churchill:  "Complex Analysis and Applications", McGraw-Hill 1995


T. Needham. Visual complex analysis. Clarendon Press, Oxford. 2004.

M. Ablowitz, A. Fokas: "Complex variables: introduction and applications", Cambridge Text in Applied Mathematics, Cambridge University
Press 1997

E. Kreyszig: "Advanced Engineering Analysis", Wiley 1999

J. Marsden, M. Hoffman: "Basic complex analysis", W. H. Freeman 1999

P. P. G. Dyke: "An Introduction to Laplace Transforms and Fourier Series", Springer 2004

A. Oppenheim, A. Willsky: "Signals & Systems", Prentice Hall 1997

M. Spiegel: "Laplace Transforms", Schaum's Outlines,  Mc Graw Hill

Prerequisites /
notice

Prerequisites: Analysis I and II

402-0044-00L Physics II O  4 credits 3V+1U S. P. Quanz
Abstract Introduction to the concepts and tools in physics with the help of demonstration experiments: electromagnetism, optics, introduction to

modern physics.
Objective The concepts and tools in physics, as well as the methods of an experimental science are taught. The student should learn to identify,

communicate and solve physical problems in his/her own field of science.
Content Electromagnetism (electric current, magnetic fields, electromagnetic induction, magnetic materials, Maxwell's equations)

Optics (light, geometrical optics, interference and diffraction)
Short introduction to quantum physics

Lecture notes The lecture follows the book "Physik" by Paul A. Tipler.
Literature Paul A. Tipler and Gene Mosca

Physik
Springer Spektrum Verlag

529-4000-00L Chemistry O  4 credits 3G E. C. Meister
Abstract Introduction to chemistry with aspects of inorganic, organic and physical chemistry.
Objective - Understanding of simple models of chemical bonding and the three-dimensional molecular structure

- Quantitative description of selected chemical systems by means of reaction equations and equilibria
- Understanding of fundamental concepts of chemical kinetics (e.g. reaction order, rate law, rate constant)

Content Chemical bonding (LCAO-MO) and molecular structure (VSEPR), reactions, equilibria, electrochemistry, chemical kinetics.
Lecture notes Handouts of lecture presentations and additional supporting information will be offered.
Literature C.E. Housecroft, E.C. Constable, Chemistry. An Introduction to Organic, Inorganic and Physical Chemistry, 4th ed., Pearson: Harlow 2010.

C.E. Mortimer, U. Müller, Chemie, 11. Auflage, Thieme: Stuttgart 2014.

252-0002-00L Data Structures and Algorithms O  8 credits 4V+2U F. Friedrich Wicker
Abstract This course is about fundamental algorithm design paradigms (such as induction, divide-and-conquer, backtracking, dynamic

programming), classic algorithmic problems (such as sorting and searching), and data structures (such as lists, hashing, search trees).
Moreover, an introduction to parallel programming is provided. The programming model of C++ will be discussed in some depth.

Objective An understanding of the design and analysis of fundamental algorithms and data structures. Knowledge regarding chances, problems and
limits of parallel and concurrent programming. Deeper insight into a modern programming model by means of the programming language
C++.
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Content Fundamental algorithms and data structures are presented and analyzed. Firstly, this comprises design paradigms for the development of
algorithms such as induction, divide-and-conquer, backtracking and dynamic programming and classical algorithmic problems such as
searching and sorting. Secondly, data structures for different purposes are presented, such as linked lists, hash tables, balanced search
trees, heaps and union-find structures. The relationship and tight coupling between algorithms and data structures is illustrated with
geometric problems and graph algorithms.

In the part about parallel programming, parallel architectures are discussed conceptually (multicore, vectorization, pipelining). Parallel
programming concepts are presented (Amdahl's and Gustavson's laws, task/data parallelism, scheduling). Problems of concurrency are
analyzed (Data races, bad interleavings, memory reordering). Process synchronisation and communication in a shared memory system is
explained (mutual exclusion, semaphores, monitors, condition variables). Progress conditions are analysed (freedom from deadlock,
starvation, lock- and wait-freedom). The concepts are underpinned with examples of concurrent and parallel programs and with parallel
algorithms.

The programming model of C++ is discussed in some depth. The RAII (Resource Allocation is Initialization) principle will be explained.
Exception handling, functors and lambda expression and generic prorgamming with templates are further examples of this part. The
implementation of parallel and concurrent algorithm with C++ is also part of the exercises (e.g. threads, tasks, mutexes, condition variables,
promises and futures).

Literature Cormen, Leiserson, Rivest, and Stein: Introduction to Algorithms, 3rd ed., MIT Press, 2009. ISBN 978-0-262-03384-8 (recommended text)

Maurice Herlihy, Nir Shavit, The Art of Multiprocessor Programming, Elsevier, 2012.

B. Stroustrup, The C++ Programming Language (4th Edition) Addison-Wesley, 2013.

Prerequisites /
notice

Prerequisites:
Lecture Series 252-0835-00L Informatik I or equivalent knowledge in programming with C++.

 Basic Courses
 Block G1

All course units within Block G1 are offered in the autumn semester.

 Block G2
All course units within Block G2 are offered in the autumn semester.

 Block G3
Number Title Type ECTS Hours Lecturers

401-0674-00L Numerical Methods for Partial Differential Equations
Not meant for BSc/MSc students of mathematics.

O  10 credits 2G+2U+2P+4A R. Hiptmair

Abstract Derivation, properties, and implementation of fundamental numerical methods for a few key partial differential equations: convection-
diffusion, heat equation, wave equation, conservation laws. Implementation in C++ based on a finite element library.

Objective Main skills to be acquired in this course:
* Ability to implement fundamental numerical methods for the solution of partial differential equations efficiently.
* Ability to modify and adapt numerical algorithms guided by awareness of their mathematical foundations.
* Ability to select and assess numerical methods in light of the predictions of theory
* Ability to identify features of a PDE (= partial differential equation) based model that are relevant for the selection and performance of a
numerical algorithm.
* Ability to understand research publications on theoretical and practical aspects of numerical methods for partial differential equations.
* Skills in the efficient implementation of finite element methods on unstructured meshes.

This course is neither a course on the mathematical foundations and numerical analysis of methods nor an course that merely teaches
recipes and how to apply software packages.
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Content 1 Second-Order Scalar Elliptic Boundary Value Problems
1.2 Equilibrium Models: Examples 
1.3 Sobolev spaces
1.4 Linear Variational Problems
1.5 Equilibrium Models: Boundary Value Problems
1.6 Diffusion Models (Stationary Heat Conduction)
1.7 Boundary Conditions
1.8 Second-Order Elliptic Variational Problems
1.9 Essential and Natural Boundary Conditions
2 Finite Element Methods (FEM)
2.2 Principles of Galerkin Discretization
2.3 Case Study: Linear FEM for Two-Point Boundary Value Problems
2.4 Case Study: Triangular Linear FEM in Two Dimensions
2.5 Building Blocks of General Finite Element Methods
2.6 Lagrangian Finite Element Methods
2.7 Implementation of Finite Element Methods
2.7.1 Mesh Generation and Mesh File Format
2.7.2 Mesh Information and Mesh Data Structures
2.7.2.1 L EHR FEM++ Mesh: Container Layer
2.7.2.2 L EHR FEM++ Mesh: Topology Layer
2.7.2.3 L EHR FEM++ Mesh: Geometry Layer
2.7.3 Vectors and Matrices
2.7.4 Assembly Algorithms
2.7.4.1 Assembly: Localization
2.7.4.2 Assembly: Index Mappings
2.7.4.3 Distribute Assembly Schemes
2.7.4.4 Assembly: Linear Algebra Perspective
2.7.5 Local Computations
2.7.5.1 Analytic Formulas for Entries of Element Matrices
2.7.5.2 Local Quadrature
2.7.6 Treatment of Essential Boundary Conditions
2.8 Parametric Finite Element Methods
3 FEM: Convergence and Accuracy
3.1 Abstract Galerkin Error Estimates
3.2 Empirical (Asymptotic) Convergence of Lagrangian FEM
3.3 A Priori (Asymptotic) Finite Element Error Estimates
3.4 Elliptic Regularity Theory
3.5 Variational Crimes
3.6 FEM: Duality Techniques for Error Estimation
3.7 Discrete Maximum Principle
3.8 Validation and Debugging of Finite Element Codes
4 Beyond FEM: Alternative Discretizations [dropped]
5 Non-Linear Elliptic Boundary Value Problems [dropped]
6 Second-Order Linear Evolution Problems
6.1 Time-Dependent Boundary Value Problems
6.2 Parabolic Initial-Boundary Value Problems
6.3 Linear Wave Equations
7 Convection-Diffusion Problems [dropped]
8 Numerical Methods for Conservation Laws
8.1 Conservation Laws: Examples
8.2 Scalar Conservation Laws in 1D
8.3 Conservative Finite Volume (FV) Discretization
8.4 Timestepping for Finite-Volume Methods
8.5 Higher-Order Conservative Finite-Volume Schemes

Lecture notes The lecture will be taught in flipped classroom format:
- Video tutorials for all thematic units will be published online.
- Tablet notes accompanying the videos will be made available to the audience as PDF.
- A comprehensive lecture document will cover all aspects of the course.

Literature Chapters of the following books provide supplementary reading
(detailed references in course material):

* D. Braess: Finite Elemente,
Theorie, schnelle Löser und Anwendungen in der Elastizitätstheorie, Springer 2007 (available online).
* S. Brenner and R. Scott. Mathematical theory of finite element methods, Springer 2008 (available online).
* A. Ern and J.-L. Guermond. Theory and Practice of Finite Elements, volume 159 of Applied Mathematical Sciences. Springer, New York,
2004.
* Ch. Großmann and H.-G. Roos: Numerical Treatment of Partial Differential Equations, Springer 2007.
* W. Hackbusch. Elliptic Differential Equations. Theory and Numerical Treatment, volume 18 of Springer Series in Computational
Mathematics. Springer, Berlin, 1992.
* P. Knabner and L. Angermann. Numerical Methods for Elliptic and Parabolic Partial Differential Equations, volume 44 of Texts in Applied
Mathematics. Springer, Heidelberg, 2003.
* S. Larsson and V. Thomée. Partial Differential Equations with Numerical Methods, volume 45 of Texts in Applied Mathematics. Springer,
Heidelberg, 2003.
* R. LeVeque. Finite Volume Methods for Hyperbolic Problems. Cambridge Texts in Applied Mathematics. Cambridge University Press,
Cambridge, UK, 2002.

However, study of supplementary literature is not important for for following the course.

Prerequisites /
notice

Mastery of basic calculus and linear algebra is taken for granted.
Familiarity with fundamental numerical methods (solution methods for linear systems of equations, interpolation, approximation, numerical
quadrature, numerical integration of ODEs) is essential.

Important: Coding skills and experience in C++ are essential.

Homework assignments involve substantial coding, partly based on a C++ finite element library. The written examination will be computer
based and will comprise coding tasks.

401-0614-00L Probability and Statistics O  5 credits 2V+2U J. Teichmann
Abstract Einführung in die Wahrscheinlichkeitstheorie und Statistik
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Objective a) Fähigkeit, die behandelten wahrscheinlichkeitstheoretischen Methoden zu verstehen und anzuwenden

b) Probabilistisches Denken und stochastische Modellierung

c) Fähigkeit, einfache statistische Tests selbst durchzuführen und die Resultate zu interpretieren

Content Wahrscheinlichkeitsraum, Wahrscheinlichkeitsmass, Zufallsvariablen, Verteilungen, Dichten, Unabhängigkeit, bedingte
Wahrscheinlichkeiten, Erwartungswert, Varianz, Kovarianz, Gesetz der grossen Zahlen, Zentraler Grenzwertsatz, grosse Abweichungen,
Chernoff-Schranken, Maximum-Likelihood-Schätzer, Momentenschätzer, Tests, Neyman-Pearson Lemma, Konfidenzintervalle

Lecture notes Lernmaterialien sind erhältlich auf https://metaphor.ethz.ch/x/2019/fs/401-0614-00L/

 Block G4
Number Title Type ECTS Hours Lecturers

529-0431-00L Physical Chemistry III: Molecular Quantum Mechanics O  4 credits 4G F. Merkt

Abstract Postulates of quantum mechanics, operator algebra, Schrödinger's equation, state functions and expectation values, matrix representation
of operators, particle in a box, tunneling, harmonic oscillator, molecular vibrations, angular momentum and spin, generalised Pauli principle,
perturbation theory, electronic structure of atoms and molecules, Born-Oppenheimer approximation.

Objective This is an introductory course in quantum mechanics. The course starts with an overview of the fundamental concepts of quantum
mechanics and introduces the mathematical formalism. The postulates and theorems of quantum mechanics are discussed in the context
of experimental and numerical determination of physical quantities. The course develops the tools necessary for the understanding and
calculation of elementary quantum phenomena in atoms and molecules.

Content Postulates and theorems of quantum mechanics: operator algebra, Schrödinger's equation, state functions and expectation values. Linear
motions: free particles, particle in a box, quantum mechanical tunneling, the harmonic oscillator and molecular vibrations. Angular
momentum: electronic spin and orbital motion, molecular rotations. Electronic structure of atoms and molecules: the Pauli principle, angular
momentum coupling, the Born-Oppenheimer approximation. Variational principle and perturbation theory. Discussion of bigger systems
(solids, nano-structures).

Lecture notes A script written in German will be available. The script is, however, no replacement for personal notes during the lecture and does not cover
all aspects discussed.

151-0102-00L Fluid Dynamics I O  6 credits 4V+2U T. Rösgen
Abstract An introduction to the physical and mathematical foundations of fluid dynamics is given.

Topics include dimensional analysis, integral and differential conservation laws, inviscid and viscous flows, Navier-Stokes equations,
boundary layers, turbulent pipe flow. Elementary solutions and examples are presented.

Objective An introduction to the physical and mathematical principles of fluid dynamics. Fundamental terminology/principles and their application to
simple problems.

Content Phenomena, applications, foundations
dimensional analysis and similitude; kinematic description; conservation laws (mass, momentum, energy), integral and differential
formulation; inviscid flows: Euler equations, stream filament theory, Bernoulli equation; viscous flows: Navier-Stokes equations; boundary
layers; turbulence

Lecture notes Lecture notes (extended formulary) for the course are made available electronically.
Literature Recommended book: Fluid Mechanics,  Kundu  &  Cohen  &  Dowling, 6th ed., Academic Press / Elsevier (2015).
Prerequisites /
notice

Voraussetzungen: Physik, Analysis

529-0483-00L Statistical Physics and Computer Simulation O  4 credits 2V+1U S. Riniker, P. H. Hünenberger
Abstract Principles and applications of statistical mechanics and equilibrium molecular dynamics, Monte Carlo simulation, Stochastic dynamics.

Exercises using a MD simulation program to generate ensembles and subsequently calculate ensemble averages.
Objective Introduction to statistical mechanics with the aid of computer simulation, development of skills to carry out statistical mechanical

calculations using computers and interpret the results.
Content Principles and applications of statistical mechanics and equilibrium molecular dynamics, Monte Carlo simulation, Stochastic dynamics.

Exercises using a MD simulation program to generate ensembles and subsequently calculate ensemble averages.
Literature will be announced in the lecture
Prerequisites /
notice

Since the exercises on the computer do convey and test essentially different skills as those being conveyed during the lectures and tested
at the written exam, the results of a small programming project will be presented in a 10-minutes talk by pairs of students who had been
working on the project.

Additional information will be provided in the first lecture.

 Core Courses from Group I (Modules)
 Module A

Number Title Type ECTS Hours Lecturers

151-0116-00L High Performance Computing for Science and
Engineering (HPCSE) for CSE

W  7 credits 4G+2P P. Koumoutsakos, S. M. Martin

Abstract This course focuses on programming methods and tools for parallel computing on multi and many-core architectures. Emphasis will be
placed on practical and computational aspects of Bayesian Uncertainty Quantification and Machine Learning including the implementation
of these algorithms on HPC architectures.

Objective The course will teach 
- programming models and tools for multi and many-core architectures
- fundamental concepts of Uncertainty Quantification and Propagation (UQ+P) for computational models of systems in Engineering and Life
Sciences.
- fundamentals of Deep Learning
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Content High Performance Computing:
- Advanced topics in shared-memory programming
- Advanced topics in MPI
- GPU architectures and CUDA programming

Uncertainty Quantification:
- Uncertainty quantification under parametric and non-parametric modeling uncertainty
- Bayesian inference with model class assessment
- Markov Chain Monte Carlo simulation

Machine Learning
- Deep Neural Networks and Stochastic Gradient Descent
- Deep Neural Networks for  Data Compression  (Autoencoders)
- Recurrent Neural Networks

Lecture notes https://www.cse-lab.ethz.ch/teaching/hpcse-ii_fs20/
Class notes, handouts

Literature - Class notes
- Introduction to High Performance Computing for Scientists and Engineers, G. Hager and G. Wellein
- CUDA by example, J. Sanders and E. Kandrot
- Data Analysis: A Bayesian Tutorial, D. Sivia and J. Skilling
- An introduction to Bayesian Analysis - Theory and Methods, J. Gosh, N. Delampady and S. Tapas 
- Bayesian Data Analysis, A. Gelman, J. Carlin, H. Stern, D. Dunson, A. Vehtari and D. Rubin
- Machine Learning: A Bayesian and Optimization Perspective, S. Theodorides

Prerequisites /
notice

Attendance of HPCSE I

 Module B
Number Title Type ECTS Hours Lecturers

401-3670-00L High-Performance Computing Lab for CSE W  7 credits 4G+1P R. Käppeli, O. Schenk
Abstract This HPC Lab for CSE will focus on the effective exploitation of state-of-the-art HPC systems with a special focus on Computational

Science and Engineering. The content of the course is tailored for 3th year Bachelor students interested in both learning parallel
programming models, scientific mathematical libraries, and having hands-on experience using HPC systems.

Objective A goal of the course is that students will learn principles and practices of basic numerical methods and HPC to enable large-scale scientific
simulations. This goal will be achieved within six to eight mini-projects with a focus on HPC and CSE.

Content Despite the success of parallel programming languages standardization, there is growing evidence that future computational science
applications will depend on a computational software stack. The computational software approach in this HPC Lab is based on building and
using small, simple software parts with flexible, easy-to-use interfaces. These simple software parts are toolkits - libraries containing basic
services commonly needed by applications - and they build the underlying software layer for computational science and engineering
applications. This course will introduce some of the many ways in which mathematical HPC software and numerical algorithms in computer
science and mathematics play a role in computational science. The students will learn within several mini-projects how these algorithms
and software can be used to enable large-scale scientific applications.  It covers  topics such as single core optimization for the memory
hierarchy, parallel large-scale graph partititoning, parallel mathematical linear solvers, large-scale nonlinear optimization, and parallel
software for the mathematical solution of nonlinear partial differential equations. The course takes both an algorithmic and a computing
approach, focusing on techniques that have  a high level of applicability to engineering, computer science, and industrial mathematics.

Lecture notes Link to Moodle course: https://moodle-app2.let.ethz.ch/course/view.php?id=12315#section-0
Prerequisites /
notice

Solid knowledge of the C programming language, parallel programming paradigms such as OpenMP and MPI, and numerical methods in
scientific computing in the area of linear algebra, mathematical optimization, and partial differential equations.

The students might continue to study these HPC techniques within the annual USI-CSCS summer school on "Effective High-Performance
Computing & Data Analytics Summer School". The content of the course is tailored for intermediate graduate students interested in both
learning parallel programming models, and having hands-on experience using HPC systems. Starting from an introductory explanation of
the available systems at CSCS, the course will progress to more applied topics such as parallel programming on accelerators, scientific
libraries, and deep learning software frameworks. The following topics will be covered: GPU architectures, GPU programming, Message
passing programming model (MPI), Performance optimization and scientific libraries, interactive supercomputing, Python libraries,
Introduction to Machine Learning, and GPU optimized framework.  The Summer School will be held from July 13 to 24, 2020 at the Steger
Center in Riva San Vitale, located in the Italian area of Switzerland.

More information about the summer school is available here: https://www.cscs.ch/events/upcoming-
events/event-detail/cscs-usi-summer-school-2020/

 Core Courses from Group II
Recognition of 252-0220-00L Introduction to Machine Learning as a core course implies that this course unit cannot be recognised for the robotics field
of specialisation.

Number Title Type ECTS Hours Lecturers

252-0232-00L Software Engineering W  6 credits 2V+1U F. Friedrich Wicker, H. Lehner
Abstract This course introduces both theoretical and applied aspects of software engineering. It covers:


- Software Architecture
- Informal and formal Modeling
- Design Patterns
- Software Engineering Principles
- Code Refactoring
- Program Testing

Objective The course has two main objectives:

- Obtain an end-to-end (both, theoretical and practical) understanding of the core techniques used for building quality software.
- Be able to apply these techniques in practice.

Content While the lecture will provide the theoretical foundations for the various aspects of software engineering, the students will apply those
techniques in project work that will span over the whole semester - involving all aspects of software engineering, from understanding
requirements over design and implementation to deployment and change requests.

Lecture notes no lecture notes
Literature Will be announced in the lecture
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252-0220-00L Introduction to Machine Learning
Limited number of participants. Preference is given to
students in programmes in which the course is being
offered. All other students will be waitlisted. Please do not
contact Prof. Krause for any questions in this regard. If
necessary, please contact studiensekretariat@inf.ethz.ch 

W  8 credits 4V+2U+1A A. Krause

Abstract The course introduces the foundations of learning and making predictions based on data.
Objective The course will introduce the foundations of learning and making predictions from data. We will study basic concepts such as trading

goodness of fit and model complexitiy. We will discuss important machine learning algorithms used in practice, and provide hands-on
experience in a course project.

Content - Linear regression (overfitting, cross-validation/bootstrap, model selection, regularization, [stochastic] gradient descent)
- Linear classification: Logistic regression (feature selection, sparsity, multi-class)
- Kernels and the kernel trick (Properties of kernels; applications to linear and logistic regression); k-nearest neighbor
- Neural networks (backpropagation, regularization, convolutional neural networks)
- Unsupervised learning (k-means, PCA, neural network autoencoders)
- The statistical perspective (regularization as prior; loss as likelihood; learning as MAP inference)
- Statistical decision theory (decision making based on statistical models and utility functions)
- Discriminative vs. generative modeling (benefits and challenges in modeling joint vy. conditional distributions)
- Bayes' classifiers (Naive Bayes, Gaussian Bayes; MLE)
- Bayesian approaches to unsupervised learning (Gaussian mixtures, EM)

Literature Textbook: Kevin Murphy, Machine Learning: A Probabilistic Perspective, MIT Press
Prerequisites /
notice

Designed to provide a basis for following courses:
- Advanced Machine Learning
- Deep Learning
- Probabilistic Artificial Intelligence 
- Seminar "Advanced Topics in Machine Learning"

 Bachelor's Thesis
If you wish to have recognised 402-2000-00L Scientific Works in Physics instead of 401-2000-00L Scientific Works in Mathematics (as allowed for the
CSE programme), take contact with the Study Administration Office (www.math.ethz.ch/studiensekretariat) after having passed the performance
assessment.

Number Title Type ECTS Hours Lecturers

401-2000-00L Scientific Works in Mathematics
Target audience:
Third year Bachelor students;
Master students who cannot document to have received
an adequate training in working scientifically.

O  0 credits Ö. Imamoglu, E. Kowalski

Abstract Introduction to scientific writing for students with focus on publication standards and ethical issues, especially in the case of citations
(references to works of others.)

Objective Learn the basic standards of scientific works in mathematics.
Content - Types of mathematical works

 - Publication standards in pure and applied mathematics
 - Data handling
 - Ethical issues
 - Citation guidelines

Lecture notes Moodle of the Mathematics Library: https://moodle-app2.let.ethz.ch/course/view.php?id=519
Prerequisites /
notice

Directive https://www.ethz.ch/content/dam/ethz/common/docs/weisungssammlung/files-en/declaration-of-originality.pdf

401-2000-01L Lunch Sessions – Thesis Basics for Mathematics
Students
Details and registration for the optional MathBib training
course: https://www.math.ethz.ch/mathbib-schulungen

Z  0 credits Speakers

Abstract Optional course "Recherchieren in der Mathematik" (held in German) by the Mathematics Library.

402-2000-00L Scientific Works in Physics
Target audience:
Master students who cannot document to have received
an adequate training in working scientifically.

Directive
https://www.ethz.ch/content/dam/ethz/common/docs/weis
ungssammlung/files-en/declaration-of-originality.pdf

W  0 credits C. Grab

Abstract Literature Review: ETH-Library, Journals in Physics, Google Scholar; Thesis Structure: The IMRAD Model; Document Processing: LaTeX
and BibTeX, Mathematical Writing, AVETH Survival Guide; ETH Guidelines for Integrity; Authorship Guidelines; ETH Citation Etiquettes;
Declaration of Originality.

Objective Basic standards for scientific works in physics: How to write a Master Thesis. What to know about research integrity.

401-3990-18L Bachelor's Thesis
Only for Computational Science and Engineering BSc,
Programme Regulations 2018.

Successful participation in the course unit 401-2000-00L
Scientific Works in Mathematics or 402-2000-00L
Scientific Works in Physicsis is required.
For more information, see
www.math.ethz.ch/intranet/students/study-
administration/theses.html

O  14 credits 30D Supervisors

Abstract The BSc thesis concludes the curriculum. In their BSc thesis, students should demonstrate their ability to carry out independent, structured
scientific work. The purpose of the BSc thesis is to deepen knowledge in a certain subject and to bring students into closer contact with
applications in an existing computational group. The BSc thesis requires approximately 420 hours of work.

Objective In their Bsc thesis students should demonstrate their ability to carry out independent, structured scientific work. The purpose is to deepen
knowledge in a certain subject and to enable students to collaborate in an existing scientific group to take a computational approach to
problems encountered in applications.
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Prerequisites /
notice

The supervisor responsible for the Bachelor thesis defines the task and determines the start and the submission date. The Bachelor thesis
concludes with a written report. The Bachelor thesis is graded.

 Bachelor Studies (Programme Regulations 2016)
 Basic Courses

 Block G2
The other course units within Block G2 are offered in the autumn semester.

Number Title Type ECTS Hours Lecturers

252-0834-00L Information Systems for Engineers
Wird ab HS20 nur in Herbstsemester angeboten.

O  4 credits 2V+1U G. Fourny

Abstract This course provides the basics of relational databases from the perspective of the user.

We will discover why tables are so incredibly powerful to express relations, learn the SQL query language, and how to make the most of it.
The course also covers support for data cubes (analytics).

Objective This lesson is complementary with Big Data for Engineers as they cover different time periods of database history and practices -- you can
even take both lectures at the same time.

After visiting this course, you will be capable to:

1. Explain, in the big picture, how a relational database works and what it can do in your own words.

2. Explain the relational data model (tables, rows, attributes, primary keys, foreign keys), formally and informally, including the relational
algebra operators (select, project, rename, all kinds of joins, division, cartesian product, union, intersection, etc).

3. Perform non-trivial reading SQL queries on existing relational databases, as well as insert new data, update and delete existing data.

4. Design new schemas to store data in accordance to the real world's constraints, such as relationship cardinality

5. Explain what bad design is and why it matters.

6. Adapt and improve an existing schema to make it more robust against anomalies, thanks to a very good theoretical knowledge of what is
called "normal forms".

7. Understand how indices work (hash indices, B-trees), how they are implemented, and how to use them to make queries faster.

8. Access an existing relational database from a host language such as Java, using bridges such as JDBC.

9. Explain what data independence is all about and didn't age a bit since the 1970s.

10. Explain, in the big picture, how a relational database is physically implemented.

11. Know and deal with the natural syntax for relational data, CSV.

12. Explain the data cube model including slicing and dicing.

13. Store data cubes in a relational database.

14. Map cube queries to SQL.

15. Slice and dice cubes in a UI.

And of course, you will think that tables are the most wonderful object in the world.

Content Using a relational database
=================
1. Introduction
2. The relational model
3. Data definition with SQL
4. The relational algebra
5. Queries with SQL

Taking a relational database to the next level
=================
6. Database design theory
7. Databases and host languages
8. Databases and host languages
9. Indices and optimization
10. Database architecture and storage

Analytics on top of a relational database
=================
12. Data cubes

Outlook
=================
13. Outlook

Literature - Lecture material (slides).

- Book: "Database Systems: The Complete Book", H. Garcia-Molina, J.D. Ullman, J. Widom
(It is not required to buy the book, as the library has it)

Prerequisites /
notice

For non-CS/DS students only, BSc and MSc
Elementary knowledge of set theory and logics
Knowledge as well as basic experience with a programming language such as Pascal, C, C++, Java, Haskell, Python

 Block G3
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227-0014-10L Operating Systems and Networks was offered for the last time in the Spring Semester 2019.

Number Title Type ECTS Hours Lecturers

401-0674-00L Numerical Methods for Partial Differential Equations
Not meant for BSc/MSc students of mathematics.

O  10 credits 2G+2U+2P+4A R. Hiptmair

Abstract Derivation, properties, and implementation of fundamental numerical methods for a few key partial differential equations: convection-
diffusion, heat equation, wave equation, conservation laws. Implementation in C++ based on a finite element library.

Objective Main skills to be acquired in this course:
* Ability to implement fundamental numerical methods for the solution of partial differential equations efficiently.
* Ability to modify and adapt numerical algorithms guided by awareness of their mathematical foundations.
* Ability to select and assess numerical methods in light of the predictions of theory
* Ability to identify features of a PDE (= partial differential equation) based model that are relevant for the selection and performance of a
numerical algorithm.
* Ability to understand research publications on theoretical and practical aspects of numerical methods for partial differential equations.
* Skills in the efficient implementation of finite element methods on unstructured meshes.

This course is neither a course on the mathematical foundations and numerical analysis of methods nor an course that merely teaches
recipes and how to apply software packages.

Content 1 Second-Order Scalar Elliptic Boundary Value Problems
1.2 Equilibrium Models: Examples 
1.3 Sobolev spaces
1.4 Linear Variational Problems
1.5 Equilibrium Models: Boundary Value Problems
1.6 Diffusion Models (Stationary Heat Conduction)
1.7 Boundary Conditions
1.8 Second-Order Elliptic Variational Problems
1.9 Essential and Natural Boundary Conditions
2 Finite Element Methods (FEM)
2.2 Principles of Galerkin Discretization
2.3 Case Study: Linear FEM for Two-Point Boundary Value Problems
2.4 Case Study: Triangular Linear FEM in Two Dimensions
2.5 Building Blocks of General Finite Element Methods
2.6 Lagrangian Finite Element Methods
2.7 Implementation of Finite Element Methods
2.7.1 Mesh Generation and Mesh File Format
2.7.2 Mesh Information and Mesh Data Structures
2.7.2.1 L EHR FEM++ Mesh: Container Layer
2.7.2.2 L EHR FEM++ Mesh: Topology Layer
2.7.2.3 L EHR FEM++ Mesh: Geometry Layer
2.7.3 Vectors and Matrices
2.7.4 Assembly Algorithms
2.7.4.1 Assembly: Localization
2.7.4.2 Assembly: Index Mappings
2.7.4.3 Distribute Assembly Schemes
2.7.4.4 Assembly: Linear Algebra Perspective
2.7.5 Local Computations
2.7.5.1 Analytic Formulas for Entries of Element Matrices
2.7.5.2 Local Quadrature
2.7.6 Treatment of Essential Boundary Conditions
2.8 Parametric Finite Element Methods
3 FEM: Convergence and Accuracy
3.1 Abstract Galerkin Error Estimates
3.2 Empirical (Asymptotic) Convergence of Lagrangian FEM
3.3 A Priori (Asymptotic) Finite Element Error Estimates
3.4 Elliptic Regularity Theory
3.5 Variational Crimes
3.6 FEM: Duality Techniques for Error Estimation
3.7 Discrete Maximum Principle
3.8 Validation and Debugging of Finite Element Codes
4 Beyond FEM: Alternative Discretizations [dropped]
5 Non-Linear Elliptic Boundary Value Problems [dropped]
6 Second-Order Linear Evolution Problems
6.1 Time-Dependent Boundary Value Problems
6.2 Parabolic Initial-Boundary Value Problems
6.3 Linear Wave Equations
7 Convection-Diffusion Problems [dropped]
8 Numerical Methods for Conservation Laws
8.1 Conservation Laws: Examples
8.2 Scalar Conservation Laws in 1D
8.3 Conservative Finite Volume (FV) Discretization
8.4 Timestepping for Finite-Volume Methods
8.5 Higher-Order Conservative Finite-Volume Schemes

Lecture notes The lecture will be taught in flipped classroom format:
- Video tutorials for all thematic units will be published online.
- Tablet notes accompanying the videos will be made available to the audience as PDF.
- A comprehensive lecture document will cover all aspects of the course.
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Literature Chapters of the following books provide supplementary reading
(detailed references in course material):

* D. Braess: Finite Elemente,
Theorie, schnelle Löser und Anwendungen in der Elastizitätstheorie, Springer 2007 (available online).
* S. Brenner and R. Scott. Mathematical theory of finite element methods, Springer 2008 (available online).
* A. Ern and J.-L. Guermond. Theory and Practice of Finite Elements, volume 159 of Applied Mathematical Sciences. Springer, New York,
2004.
* Ch. Großmann and H.-G. Roos: Numerical Treatment of Partial Differential Equations, Springer 2007.
* W. Hackbusch. Elliptic Differential Equations. Theory and Numerical Treatment, volume 18 of Springer Series in Computational
Mathematics. Springer, Berlin, 1992.
* P. Knabner and L. Angermann. Numerical Methods for Elliptic and Parabolic Partial Differential Equations, volume 44 of Texts in Applied
Mathematics. Springer, Heidelberg, 2003.
* S. Larsson and V. Thomée. Partial Differential Equations with Numerical Methods, volume 45 of Texts in Applied Mathematics. Springer,
Heidelberg, 2003.
* R. LeVeque. Finite Volume Methods for Hyperbolic Problems. Cambridge Texts in Applied Mathematics. Cambridge University Press,
Cambridge, UK, 2002.

However, study of supplementary literature is not important for for following the course.

Prerequisites /
notice

Mastery of basic calculus and linear algebra is taken for granted.
Familiarity with fundamental numerical methods (solution methods for linear systems of equations, interpolation, approximation, numerical
quadrature, numerical integration of ODEs) is essential.

Important: Coding skills and experience in C++ are essential.

Homework assignments involve substantial coding, partly based on a C++ finite element library. The written examination will be computer
based and will comprise coding tasks.

529-0431-00L Physical Chemistry III: Molecular Quantum Mechanics O  4 credits 4G F. Merkt

Abstract Postulates of quantum mechanics, operator algebra, Schrödinger's equation, state functions and expectation values, matrix representation
of operators, particle in a box, tunneling, harmonic oscillator, molecular vibrations, angular momentum and spin, generalised Pauli principle,
perturbation theory, electronic structure of atoms and molecules, Born-Oppenheimer approximation.

Objective This is an introductory course in quantum mechanics. The course starts with an overview of the fundamental concepts of quantum
mechanics and introduces the mathematical formalism. The postulates and theorems of quantum mechanics are discussed in the context
of experimental and numerical determination of physical quantities. The course develops the tools necessary for the understanding and
calculation of elementary quantum phenomena in atoms and molecules.

Content Postulates and theorems of quantum mechanics: operator algebra, Schrödinger's equation, state functions and expectation values. Linear
motions: free particles, particle in a box, quantum mechanical tunneling, the harmonic oscillator and molecular vibrations. Angular
momentum: electronic spin and orbital motion, molecular rotations. Electronic structure of atoms and molecules: the Pauli principle, angular
momentum coupling, the Born-Oppenheimer approximation. Variational principle and perturbation theory. Discussion of bigger systems
(solids, nano-structures).

Lecture notes A script written in German will be available. The script is, however, no replacement for personal notes during the lecture and does not cover
all aspects discussed.

 Block G4
Students that enrol for the second year in the CSE Bachelor Programme and whose first year examination did not involve the subject "Physics I" will
instead of "Physics II" (402-0034-10L) take the "Physics I and II" (402-0043-00L and 402-0044-00L) courses with performance assessment as a yearly
course.
As of FS 2018 the course unit 151-0122-00L Fluid Dynamics for CSE gets replaced in Block G4 by 151-0102-00L Fluid Dynamics I.

Number Title Type ECTS Hours Lecturers

402-0034-10L Physics II W  4 credits 2V+2U W. Wegscheider
Abstract This is a two-semester course introducing students into the foundations of Modern Physics. Topics include electricity and magnetism, light,

waves, quantum physics, solid state physics, and semiconductors. Selected topics with important applications in industry will also be
considered.

Objective The lecture is intended to promote critical, scientific thinking. Key concepts of Physics will be acquired, with a focus on technically relevant
applications. At the end of the two semesters, students will have a good overview over the topics of classical and modern Physics.

Content Introduction into Quantum Physics, Absorption and Emission of Electromagnetic Radiation, Basics of Solid State Physics, Semiconductors
Lecture notes Lecture notes will be available in German.
Literature Paul A. Tipler, Gene Mosca, Michael Basler und Renate Dohmen

Physik: für Wissenschaftler und Ingenieure
Spektrum Akademischer Verlag, 2009, 1636 Seiten, ca. 80 Euro.

Paul A. Tipler, Ralph A. Llewellyn
Moderne Physik
Oldenbourg Wissenschaftsverlag, 2009, 982 Seiten, ca. 75 Euro.

Prerequisites /
notice

No testat requirements for this lecture.

402-0044-00L Physics II W  4 credits 3V+1U S. P. Quanz
Abstract Introduction to the concepts and tools in physics with the help of demonstration experiments: electromagnetism, optics, introduction to

modern physics.
Objective The concepts and tools in physics, as well as the methods of an experimental science are taught. The student should learn to identify,

communicate and solve physical problems in his/her own field of science.
Content Electromagnetism (electric current, magnetic fields, electromagnetic induction, magnetic materials, Maxwell's equations)

Optics (light, geometrical optics, interference and diffraction)
Short introduction to quantum physics

Lecture notes The lecture follows the book "Physik" by Paul A. Tipler.
Literature Paul A. Tipler and Gene Mosca

Physik
Springer Spektrum Verlag

151-0102-00L Fluid Dynamics I O  6 credits 4V+2U T. Rösgen
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Abstract An introduction to the physical and mathematical foundations of fluid dynamics is given.
Topics include dimensional analysis, integral and differential conservation laws, inviscid and viscous flows, Navier-Stokes equations,
boundary layers, turbulent pipe flow. Elementary solutions and examples are presented.

Objective An introduction to the physical and mathematical principles of fluid dynamics. Fundamental terminology/principles and their application to
simple problems.

Content Phenomena, applications, foundations
dimensional analysis and similitude; kinematic description; conservation laws (mass, momentum, energy), integral and differential
formulation; inviscid flows: Euler equations, stream filament theory, Bernoulli equation; viscous flows: Navier-Stokes equations; boundary
layers; turbulence

Lecture notes Lecture notes (extended formulary) for the course are made available electronically.
Literature Recommended book: Fluid Mechanics,  Kundu  &  Cohen  &  Dowling, 6th ed., Academic Press / Elsevier (2015).
Prerequisites /
notice

Voraussetzungen: Physik, Analysis

529-0483-00L Statistical Physics and Computer Simulation O  4 credits 2V+1U S. Riniker, P. H. Hünenberger
Abstract Principles and applications of statistical mechanics and equilibrium molecular dynamics, Monte Carlo simulation, Stochastic dynamics.

Exercises using a MD simulation program to generate ensembles and subsequently calculate ensemble averages.
Objective Introduction to statistical mechanics with the aid of computer simulation, development of skills to carry out statistical mechanical

calculations using computers and interpret the results.
Content Principles and applications of statistical mechanics and equilibrium molecular dynamics, Monte Carlo simulation, Stochastic dynamics.

Exercises using a MD simulation program to generate ensembles and subsequently calculate ensemble averages.
Literature will be announced in the lecture
Prerequisites /
notice

Since the exercises on the computer do convey and test essentially different skills as those being conveyed during the lectures and tested
at the written exam, the results of a small programming project will be presented in a 10-minutes talk by pairs of students who had been
working on the project.

Additional information will be provided in the first lecture.

 Core Courses
Number Title Type ECTS Hours Lecturers

151-0116-00L High Performance Computing for Science and
Engineering (HPCSE) for CSE

O  7 credits 4G+2P P. Koumoutsakos, S. M. Martin

Abstract This course focuses on programming methods and tools for parallel computing on multi and many-core architectures. Emphasis will be
placed on practical and computational aspects of Bayesian Uncertainty Quantification and Machine Learning including the implementation
of these algorithms on HPC architectures.

Objective The course will teach 
- programming models and tools for multi and many-core architectures
- fundamental concepts of Uncertainty Quantification and Propagation (UQ+P) for computational models of systems in Engineering and Life
Sciences.
- fundamentals of Deep Learning

Content High Performance Computing:
- Advanced topics in shared-memory programming
- Advanced topics in MPI
- GPU architectures and CUDA programming

Uncertainty Quantification:
- Uncertainty quantification under parametric and non-parametric modeling uncertainty
- Bayesian inference with model class assessment
- Markov Chain Monte Carlo simulation

Machine Learning
- Deep Neural Networks and Stochastic Gradient Descent
- Deep Neural Networks for  Data Compression  (Autoencoders)
- Recurrent Neural Networks

Lecture notes https://www.cse-lab.ethz.ch/teaching/hpcse-ii_fs20/
Class notes, handouts

Literature - Class notes
- Introduction to High Performance Computing for Scientists and Engineers, G. Hager and G. Wellein
- CUDA by example, J. Sanders and E. Kandrot
- Data Analysis: A Bayesian Tutorial, D. Sivia and J. Skilling
- An introduction to Bayesian Analysis - Theory and Methods, J. Gosh, N. Delampady and S. Tapas 
- Bayesian Data Analysis, A. Gelman, J. Carlin, H. Stern, D. Dunson, A. Vehtari and D. Rubin
- Machine Learning: A Bayesian and Optimization Perspective, S. Theodorides

Prerequisites /
notice

Attendance of HPCSE I

252-0232-00L Software Engineering O 6 credits 2V+1U F. Friedrich Wicker, H. Lehner
Abstract This course introduces both theoretical and applied aspects of software engineering. It covers:


- Software Architecture
- Informal and formal Modeling
- Design Patterns
- Software Engineering Principles
- Code Refactoring
- Program Testing

Objective The course has two main objectives:

- Obtain an end-to-end (both, theoretical and practical) understanding of the core techniques used for building quality software.
- Be able to apply these techniques in practice.

Content While the lecture will provide the theoretical foundations for the various aspects of software engineering, the students will apply those
techniques in project work that will span over the whole semester - involving all aspects of software engineering, from understanding
requirements over design and implementation to deployment and change requests.

Lecture notes no lecture notes
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Literature Will be announced in the lecture

 Bachelor's Thesis
If you wish to have recognised 402-2000-00L Scientific Works in Physics instead of 401-2000-00L Scientific Works in Mathematics (as allowed for the
CSE programme), take contact with the Study Administration Office (www.math.ethz.ch/studiensekretariat) after having passed the performance
assessment.

Number Title Type ECTS Hours Lecturers

401-2000-00L Scientific Works in Mathematics
Target audience:
Third year Bachelor students;
Master students who cannot document to have received
an adequate training in working scientifically.

O  0 credits Ö. Imamoglu, E. Kowalski

Abstract Introduction to scientific writing for students with focus on publication standards and ethical issues, especially in the case of citations
(references to works of others.)

Objective Learn the basic standards of scientific works in mathematics.
Content - Types of mathematical works

 - Publication standards in pure and applied mathematics
 - Data handling
 - Ethical issues
 - Citation guidelines

Lecture notes Moodle of the Mathematics Library: https://moodle-app2.let.ethz.ch/course/view.php?id=519
Prerequisites /
notice

Directive https://www.ethz.ch/content/dam/ethz/common/docs/weisungssammlung/files-en/declaration-of-originality.pdf

401-2000-01L Lunch Sessions – Thesis Basics for Mathematics
Students
Details and registration for the optional MathBib training
course: https://www.math.ethz.ch/mathbib-schulungen

Z  0 credits Speakers

Abstract Optional course "Recherchieren in der Mathematik" (held in German) by the Mathematics Library.

402-2000-00L Scientific Works in Physics
Target audience:
Master students who cannot document to have received
an adequate training in working scientifically.

Directive
https://www.ethz.ch/content/dam/ethz/common/docs/weis
ungssammlung/files-en/declaration-of-originality.pdf

W  0 credits C. Grab

Abstract Literature Review: ETH-Library, Journals in Physics, Google Scholar; Thesis Structure: The IMRAD Model; Document Processing: LaTeX
and BibTeX, Mathematical Writing, AVETH Survival Guide; ETH Guidelines for Integrity; Authorship Guidelines; ETH Citation Etiquettes;
Declaration of Originality.

Objective Basic standards for scientific works in physics: How to write a Master Thesis. What to know about research integrity.

401-3990-01L Bachelor's Thesis
Only for Computational Science and Engineering BSc,
Programme Regulations 2012 and 2016.

Successful participation in the course unit 401-2000-00L
Scientific Works in Mathematics or 402-2000-00L
Scientific Works in Physicsis is required.
For more information, see
www.math.ethz.ch/intranet/students/study-
administration/theses.html

O  8 credits 11D Supervisors

Abstract The BSc thesis concludes the curriculum. In their BSc thesis, students should demonstrate their ability to carry out independent, structured
scientific work. The purpose of the BSc thesis is to deepen knowledge in a certain subject and to bring students into closer contact with
applications in an existing computational group. The BSc thesis requires approximately 160 hours of work.

Objective In their Bsc thesis students should demonstrate their ability to carry out independent, structured scientific work. The purpose is to deepen
knowledge in a certain subject and to enable students to collaborate in an existing scientific group to take a computational approach to
problems encountered in applications.

Prerequisites /
notice

The supervisor responsible for the Bachelor thesis defines the task and determines the start and the submission date. The Bachelor thesis
concludes with a written report. The Bachelor thesis is graded.

 For All Programme Regulations
 Fields of Specialization

 Astrophysics
Number Title Type ECTS Hours Lecturers

402-0394-00L Theoretical Cosmology
UZH students are not allowed to register this course unit
at ETH. They must book the corresponding module
directly at UZH.

W  10 credits 4V+2U L. M. Mayer, J. Yoo

Abstract This is the second of a two course series which starts with "General Relativity" and continues in the spring with "Theoretical Astrophysics
and Cosmology", where the focus will be on applying general relativity to cosmology as well as developing the modern theory of structure
formation in a cold dark matter Universe.

Objective Learning the fundamentals of modern physical cosmology. This
entails understanding the physical principles behind the description
of the homogeneous Universe on large scales in the first part of the
course, and moving on to the inhomogeneous Universe model where
perturbation theory is used to study the development of structure
through gravitational instability in the second part of the course.
Modern notions of dark matter and dark energy will also be introduced and discussed.
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Content The course will cover the following topics:
- Homogeneous cosmology
- Thermal history of the universe, recombination, baryogenesis and nucleosynthesis
- Dark matter and Dark Energy
- Inflation
- Perturbation theory: Relativistic and Newtonian
- Model of structure formation and initial conditions from Inflation
- Cosmic microwave background anisotropies
- Spherical collapse and galaxy formation
- Large scale structure and cosmological probes

Literature Suggested textbooks:
H.Mo, F. Van den Bosch, S. White: Galaxy Formation and Evolution
S. Carroll: Space-Time and Geometry: An Introduction to General Relativity
S. Dodelson: Modern Cosmology
Secondary textbooks: 
S. Weinberg: Gravitation and Cosmology
V. Mukhanov: Physical Foundations of Cosmology
E. W. Kolb and M. S. Turner: The Early Universe
N. Straumann: General relativity with applications to astrophysics
A. Liddle and D. Lyth: Cosmological Inflation and Large Scale Structure

Prerequisites /
notice

Knowledge of General Relativity is recommended.

 Physics of the Atmosphere
Number Title Type ECTS Hours Lecturers

701-1216-00L Numerical Modelling of Weather and Climate W  4 credits 3G C. Schär, S. Soerland,
J. Vergara Temprado

Abstract The course provides an introduction to weather and climate models. It discusses how these models are built addressing both the dynamical
core and the physical parameterizations, and it provides an overview of how these models are used in numerical weather prediction and
climate research. As a tutorial, students conduct a term project and build a simple atmospheric model using the language PYTHON.

Objective At the end of this course, students understand how weather and climate models are formulated from the governing physical principles, and
how they are used for climate and weather prediction purposes.

Content The course provides an introduction into the following themes: numerical methods (finite differences and spectral methods); adiabatic
formulation of atmospheric models (vertical coordinates, hydrostatic approximation); parameterization of physical processes (e.g. clouds,
convection, boundary layer, radiation); atmospheric data assimilation and weather prediction; predictability (chaos-theory, ensemble
methods); climate models (coupled atmospheric, oceanic and biogeochemical models); climate prediction. Hands-on experience with
simple models will be acquired in the tutorials.

Lecture notes Slides and lecture notes will be made available at
http://www.iac.ethz.ch/edu/courses/master/modules/numerical-modelling-of-weather-and-climate.html

Literature List of literature will be provided.
Prerequisites /
notice

Prerequisites: to follow this course, you need some basic background in atmospheric science, numerical methods (e.g., "Numerische
Methoden in der Umweltphysik", 701-0461-00L) as well as experience in programming. Previous experience with PYTHON is useful but not
required.

 Chemistry
Number Title Type ECTS Hours Lecturers

529-0474-00L Quantum Chemistry W  6 credits 3G S. Knecht, T. Weymuth
Abstract Introduction into the basic concepts of electronic structure theory and into numerical methods of quantum chemistry. Exercise classes are

designed to deepen the theory; practical case studies using quantum chemical software to provide a 'hands-on' expertise in applying these
methods.

Objective Nowadays, chemical research can be carried out in silico, an intellectual achievement for which Pople and Kohn have been awarded the
Nobel prize of the year 1998. This lecture shows how that has been accomplished. It works out the many-particle theory of many-electron
systems (atoms and molecules) and discusses its implementation into computer programs. A complete picture of quantum chemistry shall
be provided that will allow students to carry out such calculations on molecules (for accompanying experimental work in the wet lab or as a
basis for further study of the theory).

Content Basic concepts of many-particle quantum mechanics. Derivation of the many-electron theory for atoms and molecules; starting with the
harmonic approximation for the nuclear problem and with Hartree-Fock theory for the electronic problem to Moeller-Plesset perturbation
theory and configuration interaction and to coupled cluster and multi-configurational approaches. Density functional theory. Case studies
using quantum mechanical software.

Lecture notes Hand outs in German will be provided for each lecture (they are supplemented by (computer) examples that continuously illustrate how the
theory works).

Literature Textbooks on Quantum Chemistry:
F.L. Pilar, Elementary Quantum Chemistry, Dover Publications
I.N. Levine, Quantum Chemistry, Prentice Hall

Hartree-Fock in basis set representation:
A. Szabo and N. Ostlund, Modern Quantum Chemistry: Introduction to Advanced Electronic Structure Theory, McGraw-Hill

Textbooks on Computational Chemistry:
F. Jensen, Introduction to Computational Chemistry, John Wiley & Sons
C.J. Cramer, Essentials of Computational Chemistry, John Wiley & Sons

Prerequisites /
notice

Basic knowledge in quantum mechanics (e.g. through course physical chemistry III - quantum mechanics) required

227-0161-00L Molecular and Materials Modelling W  4 credits 2V+2U D. Passerone, C. Pignedoli
Abstract The course introduces the basic techniques to interpret experiments with contemporary atomistic simulation, including force fields or ab

initio based molecular dynamics and Monte Carlo. Structural and electronic properties will be simulated hands-on for realistic systems.
The modern methods of "big data" analysis applied to the screening of chemical structures will be introduced with examples.
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Objective The ability to select a suitable atomistic approach to model a nanoscale system, and to employ a simulation package to compute quantities
providing a theoretically sound explanation of a given experiment.  This includes knowledge of empirical force fields and insight in
electronic structure theory, in particular density functional theory (DFT). Understanding the advantages of Monte Carlo and molecular
dynamics (MD), and how these simulation methods can be used to compute various static and dynamic material properties. Basic
understanding on how to simulate different spectroscopies (IR, X-ray, UV/VIS). Performing a basic computational experiment: interpreting
the experimental input, choosing theory level and model approximations, performing the calculations, collecting and representing the
results, discussing the comparison to the experiment.

Content -Classical force fields in molecular and condensed phase systems
-Methods for finding stationary states in a potential energy surface
-Monte Carlo techniques applied to nanoscience
-Classical molecular dynamics: extracting quantities and relating to experimentally accessible properties
-From molecular orbital theory to quantum chemistry: chemical reactions
-Condensed phase systems: from periodicity to band structure
-Larger scale systems and their electronic properties: density functional theory and its approximations
-Advanced molecular dynamics: Correlation functions and extracting free energies
-The use of Smooth Overlap of Atomic Positions (SOAP) descriptors in the evaluation of the (dis)similarity of crystalline, disordered and
molecular compounds

Lecture notes A script will be made available and complemented by literature references.
Literature D. Frenkel and B. Smit, Understanding Molecular Simulations, Academic Press, 2002.


M. P. Allen and D.J. Tildesley, Computer Simulations of Liquids, Oxford University   Press 1990.

C. J. Cramer, Essentials of Computational Chemistry. Theories and Models, Wiley 2004

G. L. Miessler, P. J. Fischer, and Donald A. Tarr, Inorganic Chemistry, Pearson 2014.

K. Huang, Statistical Mechanics, Wiley, 1987.

N. W. Ashcroft, N. D. Mermin, Solid State Physics, Saunders College 1976.

E. Kaxiras, Atomic and Electronic Structure of Solids, Cambridge University Press 2010.

 Fluid Dynamics
Number Title Type ECTS Hours Lecturers

151-0208-00L Computational Methods for Flow, Heat and Mass
Transfer Problems

W  4 credits 4G D. W. Meyer-Massetti

Abstract Numerical methods for the solution of flow, heat & mass transfer problems are presented and illustrated by analytical & computer
exercises.

Objective Knowledge of and practical experience with discretization and solution methods for computational fluid dynamics and heat and mass
transfer problems

Content - Introduction with application examples, steps to a numerical solution
- Classification of PDEs, application examples
- Finite differences
- Finite volumes
- Method of weighted residuals, spectral methods, finite elements
- Stability analysis, consistency, convergence
- Numerical solution methods, linear solvers
The learning materials are illustrated with practical examples.

Lecture notes Slides to be completed during the lecture will be handed out.
Literature References are provided during the lecture. Notes in close agreement with the lecture material are available (in German).
Prerequisites /
notice

Basic knowledge in fluid dynamics, thermodynamics and programming (lecture: "Models, Algorithms and Data: Introduction to Computing")

 Systems and Control
Number Title Type ECTS Hours Lecturers

227-0216-00L Control Systems II W  6 credits 4G R. Smith
Abstract Introduction to basic and advanced concepts of modern feedback control.
Objective Introduction to basic and advanced concepts of modern feedback control.
Content This course is designed as a direct continuation of the course "Regelsysteme" (Control Systems). The primary goal is to further familiarize

students with various dynamic phenomena and their implications for the analysis and design of feedback controllers. Simplifying
assumptions on the underlying plant that were made in the course "Regelsysteme" are relaxed, and advanced concepts and techniques
that allow the treatment of typical industrial control problems are presented. Topics include control of systems with multiple inputs and
outputs, control of uncertain systems (robustness issues), limits of achievable performance, and controller implementation issues.

Lecture notes The slides of the lecture are available to download.
Literature Skogestad, Postlethwaite: Multivariable Feedback Control - Analysis and Design. Second Edition. John Wiley, 2005.
Prerequisites /
notice

Prerequisites:
Control Systems or equivalent

227-0046-10L Signals and Systems II W  4 credits 2V+2U J. Lygeros
Abstract Continuous and discrete time linear system theory, state space methods, frequency domain methods, controllability, observability, stability.
Objective Introduction to basic concepts of system theory.
Content Modeling and classification of dynamical systems.


Modeling of linear, time invariant systems by state equations. Solution of state equations by time domain and Laplace methods. Stability,
controllability and observability analysis. Frequency domain description, Bode and Nyquist plots. Sampled data and discrete time systems.

Advanced topics: Nonlinear systems, chaos, discrete event systems, hybrid systems.

Lecture notes Copy of transparencies
Literature Recommended:

K.J. Astrom and R. Murray, "Feedback Systems: An Introduction for Scientists and Engineers", Princeton University Press 2009

http://www.cds.caltech.edu/~murray/amwiki/
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 Robotics
Number Title Type ECTS Hours Lecturers

151-0854-00L Autonomous Mobile Robots W  5 credits 4G R. Siegwart, M. Chli, N. Lawrance
Abstract The objective of this course is to provide the basics required to develop autonomous mobile robots and systems. Main emphasis is put on

mobile robot locomotion and kinematics, environment perception, and probabilistic environment modeling, localizatoin, mapping and
navigation. Theory will be deepened by exercises with small mobile robots and discussed accross application examples.

Objective The objective of this course is to provide the basics required to develop autonomous mobile robots and systems. Main emphasis is put on
mobile robot locomotion and kinematics, environment perception, and probabilistic environment modeling, localizatoin, mapping and
navigation.

Lecture notes This lecture is enhanced by around 30 small videos introducing the core topics, and multiple-choice questions for continuous self-
evaluation.   It is developed along the TORQUE (Tiny, Open-with-Restrictions courses focused on QUality and Effectiveness) concept,
which is ETH's response to the popular MOOC (Massive Open Online Course) concept.

Literature This lecture is based on the Textbook: 
Introduction to Autonomous Mobile Robots
Roland Siegwart, Illah Nourbakhsh, Davide Scaramuzza, The MIT Press, Second Edition 2011, ISBN: 978-0262015356

151-0566-00L Recursive Estimation W  4 credits 2V+1U R. D'Andrea
Abstract Estimation of the state of a dynamic system based on a model and observations in a computationally efficient way.
Objective Learn the basic recursive estimation methods and their underlying principles.
Content Introduction to state estimation; probability review; Bayes' theorem; Bayesian tracking; extracting estimates from probability distributions;

Kalman filter; extended Kalman filter; particle filter; observer-based control and the separation principle.
Lecture notes Lecture notes available on course website: http://www.idsc.ethz.ch/education/lectures/recursive-estimation.html
Prerequisites /
notice

Requirements: Introductory probability theory and matrix-vector algebra.

252-0579-00L 3D Vision W  5 credits 3G+1A M. Pollefeys, V. Larsson
Abstract The course covers camera models and calibration, feature tracking and matching, camera motion estimation via simultaneous localization

and mapping (SLAM) and visual odometry (VO), epipolar and mult-view geometry, structure-from-motion, (multi-view) stereo, augmented
reality, and image-based (re-)localization.

Objective After attending this course, students will:
   1. understand the core concepts for recovering 3D shape of objects and scenes from images and video.
   2. be able to implement basic systems for vision-based robotics and simple virtual/augmented reality applications.
   3. have a good overview over the current state-of-the art in 3D vision.
   4. be able to critically analyze and asses current research in this area.

Content The goal of this course is to teach the core techniques required for robotic and augmented reality applications: How to determine the
motion of a camera and how to estimate the absolute position and orientation of a camera in the real world. This course will introduce the
basic concepts of 3D Vision in the form of short lectures, followed by student presentations discussing the current state-of-the-art. The
main focus of this course are student projects on 3D Vision topics, with an emphasis on robotic vision and virtual and augmented reality
applications.

252-0220-00L Introduction to Machine Learning
Limited number of participants. Preference is given to
students in programmes in which the course is being
offered. All other students will be waitlisted. Please do not
contact Prof. Krause for any questions in this regard. If
necessary, please contact studiensekretariat@inf.ethz.ch 

W  8 credits 4V+2U+1A A. Krause

Abstract The course introduces the foundations of learning and making predictions based on data.
Objective The course will introduce the foundations of learning and making predictions from data. We will study basic concepts such as trading

goodness of fit and model complexitiy. We will discuss important machine learning algorithms used in practice, and provide hands-on
experience in a course project.

Content - Linear regression (overfitting, cross-validation/bootstrap, model selection, regularization, [stochastic] gradient descent)
- Linear classification: Logistic regression (feature selection, sparsity, multi-class)
- Kernels and the kernel trick (Properties of kernels; applications to linear and logistic regression); k-nearest neighbor
- Neural networks (backpropagation, regularization, convolutional neural networks)
- Unsupervised learning (k-means, PCA, neural network autoencoders)
- The statistical perspective (regularization as prior; loss as likelihood; learning as MAP inference)
- Statistical decision theory (decision making based on statistical models and utility functions)
- Discriminative vs. generative modeling (benefits and challenges in modeling joint vy. conditional distributions)
- Bayes' classifiers (Naive Bayes, Gaussian Bayes; MLE)
- Bayesian approaches to unsupervised learning (Gaussian mixtures, EM)

Literature Textbook: Kevin Murphy, Machine Learning: A Probabilistic Perspective, MIT Press
Prerequisites /
notice

Designed to provide a basis for following courses:
- Advanced Machine Learning
- Deep Learning
- Probabilistic Artificial Intelligence 
- Seminar "Advanced Topics in Machine Learning"

 Physics
Number Title Type ECTS Hours Lecturers

402-0812-00L Computational Statistical Physics W  8 credits 2V+2U O. Zilberberg
Abstract Computer simulation methods in statistical physics. Classical Monte-Carlo-simulations: finite-size scaling, cluster algorithms, histogram-

methods, renormalization group. Application to Boltzmann machines. Simulation of non-equilibrium systems.

Molecular dynamics simulations: long range interactions, Ewald summation, discrete elements, parallelization.

Objective The lecture will give a deeper insight into computer simulation methods in statistical physics. Thus, it is an ideal continuation of the lecture
"Introduction to Computational Physics" of the autumn semester. In the first part students learn to apply the following methods: Classical
Monte Carlo-simulations, finite-size scaling, cluster algorithms, histogram-methods, renormalization group. Moreover, students learn about
the application of statistical physics methods to Boltzmann machines and how to simulate non-equilibrium systems.

In the second part, students apply molecular dynamics simulation methods. This part includes long range interactions, Ewald summation
and discrete elements.
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Content Computer simulation methods in statistical physics. Classical Monte-Carlo-simulations: finite-size scaling, cluster algorithms, histogram-
methods, renormalization group. Application to Boltzmann machines. Simulation of non-equilibrium systems. Molecular dynamics
simulations: long range interactions, Ewald summation, discrete elements, parallelization.

Lecture notes Lecture notes and slides are available online and will be distributed if desired.
Literature Literature recommendations and references are included in the lecture notes.
Prerequisites /
notice

Some basic knowledge about statistical physics, classical mechanics and computational methods is recommended.

402-0810-00L Computational Quantum Physics
Special Students UZH must book the module PHY522
directly at UZH.

W  8 credits 2V+2U T. Neupert, M. H. Fischer

Abstract This course provides an introduction to simulation methods for quantum systems, starting with the one-body problem and finishing with
quantum field theory, with special emphasis on quantum many-body systems. Both approximate methods (Hartree-Fock, density functional
theory) and exact methods (exact diagonalization, quantum Monte Carlo) are covered.

Objective The goal is to become familiar with computer simulation techniques for quantum physics, through lectures and practical programming
exercises.

227-0161-00L Molecular and Materials Modelling W  4 credits 2V+2U D. Passerone, C. Pignedoli
Abstract The course introduces the basic techniques to interpret experiments with contemporary atomistic simulation, including force fields or ab

initio based molecular dynamics and Monte Carlo. Structural and electronic properties will be simulated hands-on for realistic systems.
The modern methods of "big data" analysis applied to the screening of chemical structures will be introduced with examples.

Objective The ability to select a suitable atomistic approach to model a nanoscale system, and to employ a simulation package to compute quantities
providing a theoretically sound explanation of a given experiment.  This includes knowledge of empirical force fields and insight in
electronic structure theory, in particular density functional theory (DFT). Understanding the advantages of Monte Carlo and molecular
dynamics (MD), and how these simulation methods can be used to compute various static and dynamic material properties. Basic
understanding on how to simulate different spectroscopies (IR, X-ray, UV/VIS). Performing a basic computational experiment: interpreting
the experimental input, choosing theory level and model approximations, performing the calculations, collecting and representing the
results, discussing the comparison to the experiment.

Content -Classical force fields in molecular and condensed phase systems
-Methods for finding stationary states in a potential energy surface
-Monte Carlo techniques applied to nanoscience
-Classical molecular dynamics: extracting quantities and relating to experimentally accessible properties
-From molecular orbital theory to quantum chemistry: chemical reactions
-Condensed phase systems: from periodicity to band structure
-Larger scale systems and their electronic properties: density functional theory and its approximations
-Advanced molecular dynamics: Correlation functions and extracting free energies
-The use of Smooth Overlap of Atomic Positions (SOAP) descriptors in the evaluation of the (dis)similarity of crystalline, disordered and
molecular compounds

Lecture notes A script will be made available and complemented by literature references.
Literature D. Frenkel and B. Smit, Understanding Molecular Simulations, Academic Press, 2002.


M. P. Allen and D.J. Tildesley, Computer Simulations of Liquids, Oxford University   Press 1990.

C. J. Cramer, Essentials of Computational Chemistry. Theories and Models, Wiley 2004

G. L. Miessler, P. J. Fischer, and Donald A. Tarr, Inorganic Chemistry, Pearson 2014.

K. Huang, Statistical Mechanics, Wiley, 1987.

N. W. Ashcroft, N. D. Mermin, Solid State Physics, Saunders College 1976.

E. Kaxiras, Atomic and Electronic Structure of Solids, Cambridge University Press 2010.

 Computational Finance
Offered in the autumn semester.

 Electromagnetics
Number Title Type ECTS Hours Lecturers

227-0707-00L Optimization Methods for Engineers W  3 credits 2G P. Leuchtmann
Abstract First half of the semester: Introduction to the main methods of numerical optimization with focus on stochastic methods such as genetic

algorithms, evolutionary strategies, etc.
Second half of the semester: Each participant implements a selected optimizer and applies it on a problem of practical interest.

Objective Numerical optimization is of increasing importance for the development of devices and for the design of numerical methods. The students
shall learn to select, improve, and combine appropriate procedures for efficiently solving practical problems.

Content Typical optimization problems and their difficulties are outlined. Well-known deterministic search strategies, combinatorial minimization, and
evolutionary algorithms are presented and compared. In engineering, optimization problems are often very complex. Therefore, new
techniques based on the generalization and combination of known methods are discussed. To illustrate the procedure, various problems of
practical interest are presented and solved with different optimization codes.

Lecture notes PDF of a short skript (39 pages) plus the view graphs are provided
Prerequisites /
notice

Lecture only in the first half of the semester, exercises in form of small projects in the second half, presentation of the results in the last
week of the semester.

 Geophysics
Recommended combinations:
Subject 1 + Subject 2
Subject 1 + Subject 3
Subject 2 + Subject 3
Subject 3 + Subject 4
Subject 5 + Subject 6 + Subject 8
Subject 4 + Subject 5
Subject 7 + Subject 8

 Geophysics: Subject 1
offered in the autumn semester
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 Geophysics: Subject 2
offered in the autumn semester

 Geophysics: Subject 3
Number Title Type ECTS Hours Lecturers

651-4008-00L Dynamics of the Mantle and Lithosphere W  3 credits 2G A. Rozel
Abstract The goal of this course is to obtain a detailed understanding of the physical properties, structure, and dynamical behavior of the mantle-

lithosphere system, focusing mainly on Earth but also discussing how these processes occur differently in other terrestrial planets.
Objective The goal of this course is to obtain a detailed understanding of the physical properties, structure, and dynamical behavior of the mantle-

lithosphere system, focusing mainly on Earth but also discussing how these processes occur differently in other terrestrial planets.

 Geophysics: Subject 4
Number Title Type ECTS Hours Lecturers

651-4094-00L Numerical Modelling for Applied Geophysics W  5 credits 2G J. Robertsson, H. Maurer
Abstract Numerical modelling in environmental and exploration geophysics.  The course covers different numerical methods such as finite difference

and finite element methods applied to solve PDE’s for instance governing seismic wave propagation and geoelectric problems.

Prerequisites include basic knowledge of (i) signal processing and applied mathematics such as Fourier analysis and (ii) Matlab.

Objective After this course students should have a good overview of numerical modelling techniques commonly used in environmental and
exploration geophysics.  Students should be familiar with the basic principles of the methods and how they are used to solve real problems.
They should know advantages and disadvantages as well as the limitations of the individual approaches.

The course includes exercises in Matlab where the stduents both should lear, understand and use existing scripts as well as carrying out
some coding in Matlab themselves.

Content During the first part of the course, the following topics are covered:
- Applications of modelling
- Physics of acoustic, elastic, viscoelastic wave equations as well as Maxwell's equations for electromagnetic wave propagation and
diffusive problems
- Recap of basic techniques in signal processing and applied mathematics
- Potential field modelling
- Solving PDE's, boundary conditions and initial conditions
- Acoustic/elastic wave propagation I, explicit time-domain finite-difference methods
- Acoustic/elastic wave propagation II, Viscoelastic, pseudospectral
- Acoustic/elastic wave propagation III, spectral accuracy in time, frequency domain FD, Eikonal
- Implicit finite-difference methods (geoelectric)
- Finite element methods, 1D/2D (heat equation)
- Finite element methods, 3D (geoelectric)
- Acoustic/elastic wave propagation IV,  Finite element and spectral element methods
- HPC and current challenges in computational seismology 
- Seismic data imaging project

Most of the lecture modules are accompanied by exercises  Small projects will be assigned to the students. They either include a
programming exercise or applications of existing modelling codes.

Lecture notes Presentation slides and some background material will be provided.
Literature Igel, H., 2017. Computational seismology: a practical introduction. Oxford University Press.
Prerequisites /
notice

This course is offered as a full semester course.  During the second part of the semester some lecture slots will be dedicated towards
working on exercises and course projects.

 Geophysics: Subject 5
Number Title Type ECTS Hours Lecturers

651-4014-00L Tomographic Imaging W  3 credits 2G T. Diehl, F. Lanza, A. Obermann
Abstract This course provides an overview on the most widely used seismological methods to image the Earth’s interior with a focus on crustal and

upper-mantle structures. Topics include controlled source methods such as refraction and wide-angle reflection, as well as passive body-
wave and surface-wave based methods. The course will discuss the strengths and weaknesses of each method.

Objective Understand the strengths and weaknesses of various active and passive tomographic methods to image the structure of the Earth.
Literature -Stein, S., Wysession, M., & Stein, S. (Ed.) (2003). Introduction to Seismology, Earthquakes, and Earth Structure. Blackwell Publishing.

-Lay, T. and T. C. Wallace, Modern Global Seismology, Academic Press, San Diego, 1995. A very basic seismology textbook. Chapters 2
through 4 provide a useful introduction to the contents of this course.
-Menke, W., Geophysical Data Analysis: Discrete Inverse Theory, revised edition, Academic Press, San Diego, 1989. A very complete
textbook on inverse theory in geophysics.
-Press, W. H., S. A. Teukolsky, W. T. Vetterling and B. P. Flannery, Numerical Recipes, Cambridge University Press. The art of scientific
computing.
-Aki, K. and P. G. Richards, Quantitative Seismology, second edition, University Science Books, Sausalito, 2002. The most standard
textbook in seismology, for grad students and advanced undergraduates.
-Dahlen, F. A. and J. Tromp, Theoretical Global Seismology, Princeton University Press, Princeton, 1998. A very good book, suited for
advanced graduate students with a strong math background.
-Kennett B.L.N., The Seismic Wavefield. Volume I: Introduction and Theoretical Development (2001). Volume II: Interpretation of
Seismograms on Regional and Global Scales (2002). Cambridge University Press.
-Trefethen, L. N. and D. Bau III, Numerical Linear Algebra, Soc. for Ind. and Appl. Math., Philadelphia, 1997. A textbook on the numerical
solution of large linear inverse problems, designed for advanced math undergraduates.

 Geophysics: Subject 6
Number Title Type ECTS Hours Lecturers

651-4006-00L Seismology of the Spherical Earth W  3 credits 3G M. van Driel, S. C. Stähler
Abstract Brief review of continuum mechanics and the seismic wave equation; P and S waves; reciprocity and representation theorems; eikonal

equation and ray tracing; Huygens and Fresnel; surface-waves; normal-modes; seismic interferometry and noise; numerical solutions.
Objective After taking this course, students will have the background knowledge necessary to start an original research project in quantitative

seismology.
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Literature Shearer, P., Introduction to Seismology, Cambridge University Press,
1999.

Aki, K. and P. G. Richards, Quantitative Seismology, second edition,
University Science Books, Sausalito, 2002.

Nolet, G., A Breviary of Seismic Tomography,  Cambridge University Press, 2008.

Prerequisites /
notice

This is a quantitative lecture with an emphasis on mathematical description of wave propagation phenomena on the global scale, hence
basic knowledge in vector calculus, linear algebra and analysis as well as seismology (e.g. from the 'wave propagation' lecture) are
essential to follow this course.

 Geophysics: Subject 7
Number Title Type ECTS Hours Lecturers

651-4096-00L Inverse Theory I: Basics W  3 credits 2V A. Fichtner
Abstract Inverse theory is the art of inferring properties of a physical system from noisy and sparse observations. It is used to transform

observations of waves into 3D images of a medium seismic tomography, medical imaging and material science; to constrain density in the
Earth from gravity; to obtain probabilities of life on exoplanets ... . Inverse theory is at the heart of many natural sciences.

Objective The goal of this course is to enable students to develop a mathematical formulation of specific inference (inverse) problems that may arise
anywhere in the physical sciences, and to implement suitable solution methods. Furthermore, students should become aware that nearly all
relevant inverse problems are ill-posed, and that their meaningful solution requires the addition of prior knowledge in the form of expertise
and physical intuition. This is what makes inverse theory an art.

Content This first of two courses covers the basics needed to address (and hopefully solve) any kind of inverse problem. Starting from the
description of information in terms of probabilities, we will derive Bayes' Theorem, which forms the mathematical foundation of modern
scientific inference. This will allow us to formalise the process of gaining information about a physical system using new observations.
Following the conceptual part of the course, we will focus on practical solutions of inverse problems, which will lead us to study Monte
Carlo methods and the special case of least-squares inversion.

In more detail, we aim to cover the following main topics:

1. The nature of observations and physical model parameters
2. Representing information by probabilities
3. Bayes' theorem and mathematical scientific inference
4. Random walks and Monte Carlo Methods
5. The Metropolis-Hastings algorithm
6. Simulated Annealing
7. Linear inverse problems and the least-squares method
8. Resolution and the nullspace
9. Basic concepts of iterative nonlinear inversion methods

While the concepts introduced in this course are universal, they will be illustrated with numerous simple and intuitive examples. These will
be complemented with a collection of computer and programming exercises.

Prerequisites for this course include (i) basic knowledge of analysis and linear algebra, (ii) basic programming skills, for instance in Matlab
or Python, and (iii) scientific curiosity.

Lecture notes Presentation slides and detailed lecture notes will be provided.
Prerequisites /
notice

This course is offered as a half-semester course during the first part of the semester

651-4096-02L Inverse Theory II: Applications
Prerequisites: The successful completion of 651-4096-00L
Inverse Theory I: Basics is mandatory.

W  3 credits 2G A. Fichtner, C. Böhm

Abstract This second part of the course on Inverse Theory provides an introduction to the numerical solution of large-scale inverse problems.
Specific examples are drawn from different areas of geophysics and image processing. Students solve various model problems using
python and jupyter notebooks, and familiarize themselves with relevant open-source libraries and commercial software.

Objective This course provides numerical tools and recipes to solve (non)-linear inverse problems arising in nearly all fields of science and
engineering. After successful completion of the class, the students will have a thorough understanding of suitable solution algorithms,
common challenges and possible mitigations to infer parameters that govern large-scale physical systems from sparse data
measurements. 

Prerequisites for this course are (i)  651-4096-00L Inverse Theory: Basics, (ii) basic programming skills.

Content The class discusses several important concepts to solve (non)-linear inverse problems and demonstrates how to  apply them to real-world
data applications. All sessions are split into a lecture part in the first half, followed by tutorials using python and jupyter notebooks in the
second. The range of covered topics include:

1. Regularization filters and image deblurring
2. Travel-time tomography
3. Line-search methods
4. Time reversal and Born’s approximation
5. Adjoint methods
6. Full-waveform inversion

Lecture notes Presentation slides and some background material will be provided.
Prerequisites /
notice

This course is offered as a half-semester course during the second part of the semester

 Geophysics: Subject 8
offered in the autumn semester

 Biology
Number Title Type ECTS Hours Lecturers

636-0702-00L Statistical Models in Computational Biology W  6 credits 2V+1U+2A N. Beerenwinkel
Abstract The course offers an introduction to graphical models and their application to complex biological systems. Graphical models combine a

statistical methodology with efficient algorithms for inference in settings of high dimension and uncertainty. The unifying graphical model
framework is developed and used to examine several classical and topical computational biology methods.
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Objective The goal of this course is to establish the common language of graphical models for applications in computational biology and to see this
methodology at work for several real-world data sets.

Content Graphical models are a marriage between probability theory and graph theory. They combine the notion of probabilities with efficient
algorithms for inference among many random variables. Graphical models play an important role in computational biology, because they
explicitly address two features that are inherent to biological systems: complexity and uncertainty. We will develop the basic theory and the
common underlying formalism of graphical models and discuss several computational biology applications. Topics covered include
conditional independence, Bayesian networks, Markov random fields, Gaussian graphical models, EM algorithm, junction tree algorithm,
model selection, Dirichlet process mixture, causality, the pair hidden Markov model for sequence alignment, probabilistic phylogenetic
models, phylo-HMMs, microarray experiments and gene regulatory networks, protein interaction networks, learning from perturbation
experiments, time series data and dynamic Bayesian networks. Some of the biological applications will be explored in small data analysis
problems as part of the exercises.

Lecture notes no
Literature - Airoldi EM (2007) Getting started in probabilistic graphical models. PLoS Comput Biol 3(12): e252. doi:10.1371/journal.pcbi.0030252

- Bishop CM. Pattern Recognition and Machine Learning. Springer, 2007.
- Durbin R, Eddy S, Krogh A, Mitchinson G. Biological Sequence Analysis. Cambridge university Press, 2004

 Electives
In the ‘electives’ subcategory, at least two course units must be successfully completed.

Number Title Type ECTS Hours Lecturers

151-0834-00L Forming Technology II - Introduction Virtual Process
Modelling

W  4 credits 2V+2U P. Hora

Abstract The lecture imparts the principles of the nonlinear Finite-Element-Methods (FEM), implicit and explicit FEM-integration procedures for
quasistatic applications, modeling of coupled thermo-mechanical problems, modeling of time dependent contact conditions, modeling of the
nonlinear material behaviour, modeling of friction, FEM-based prediction of failure by means of cracks and crinkles.

Objective Prozess optimization through numerical methods
Content Application of virtual simulation methods for planning and optimization of metal-forming processes. Fundamentals of virtual simulation

processes, based on Finite-Element-Methods (FEM) and Finite-Difference-Methods (FDM). Introduction to the basics of continuum and
plasto mechanics to mathematically describe the plastic material flow of metals. The procedures to acquire process relevant features. The
exercises include the application of industrial simulation tools for deep drawing in automotive applications, high pressure inner metal
working (space frame) and rod extrusion.

Lecture notes yes

151-0836-00L Virtual Process Control in Forming Manufacturing
Systems

W  5 credits 2V+2U P. Hora

Abstract Introduction to the methods of virtual modeling of manufacturing processes, illustrated with examples from the digital automotive plant and
others. The lecture presents an opportunity to learn the application of non-linear finite element analysis and  optimization methods and also
adresses stochastical methods for the control of the robust processes.

Objective Integral study of virtual planning technologies in forming manufacturing systems
Content Introduction to the methods of digital plant modeling. Examples: digital automitive plant, digital space-frame manufacturing, digital extrusion

plant. Methods: virtual modeling of complex forming processes, non-linear FEA, optimization methods, stochastical methods.
Lecture notes yes

151-3202-00L Product Development and Engineering Design
Does not take place this semester.
Number of participants limited to 60.

W  4 credits 2G K. Shea

Abstract The course introduces students to the product development process. In a team, you will explore the early phases of conceptual
development and product design, from ideation and concept generation through to hands-on prototyping. This is an opportunity to gain
product development experience and improve your skills in prototyping and presenting your product ideas. The project topic changes each
year.

Objective The course introduces you to the product development process and methods in engineering design for: product planning, user-centered
design, creating product specifications, ideation including concept generation and selection methods, material selection methods and
prototyping. Further topics include product lifecycle and sustainable design as well as design for manufacture, focusing on additive
manufacture. You will actively apply the process and methods learned throughout the semester in a team on a product development project
including hands-on prototyping.

Content Weekly topics accompanying the product development project include:
1      Introduction to Product Development and Engineering Design
2    Product Planning and Social-Economic-Technology (SET) Factors
3    User-Centered Design and Product Specification
4    Concept Generation and Selection Methods
5    System Design and Embodiment Design
6    Hands-On Prototyping and Prototype Planning
7    Material Selection in Engineering Design
8    Product Lifecycle and Sustainability
9    Design for Manufacture and Design for Additive Manufacture

Lecture notes available on Moodle
Literature Ulrich and Eppinger, Product Design and Development, 6th Edition, McGraw Hill Education, 2016.


Cagan and Vogel, Creating Breakthrough Products: Revealing the Secrets that Drive Global Innovation, 2nd Edition, Pearson Education,
2013.

Prerequisites /
notice

Although the course is offered to ME (BSc and MSc) and CS (BSc and MSc) students, priority will be given to ME BSc students in the
Focus Design, Mechanics, and Materials if the course is full.

151-0840-00L Principles of FEM-Based Optimization and
Robustness Analysis

W  5 credits 2V+2U B. Berisha, P. Hora, N. Manopulo

Abstract The course provides fundamentals of stochastic simulation and non-linear optimization methods. Methods of non-linear optimizaion for
complex mechanical systems will be introduced und applied on real processes. Typical applications of stochastical methods for the
prediction of process stability and robustness analysis will be discussed.
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Objective Real systems are, in general, of non-linear nature. Moreover, they are submitted to process parameter variations. In spite of this, most
research is performed assuming deterministic boundary conditions, in which all parameters are constant. As a consequence, such research
cannot draw conclusions on real system behavior, but only on behavior under singular conditions. Hence, the objective of this course is to
give an insight into stochastic simulations and non-linear optimization methods. 

Students will learn mathematical methods e.g. gradient based and gradient free methods like genetic algorithm, and optimization tools
(Matlab Optimization Toolbox) to solve basic optimization and stochastic problems. 

Furthermore, special attention will be paid to the modeling of engineering problems using a commercial finite element program e.g.
ABAQUS to evaluate the mechanical response of a system, and an optimization tool e.g. LS-Opt for the mathematical optimization and
robustness analysis.

Content Principles of nonlinear optimization

-    Introduction into nonlinear optimization and stochastic process simulation
-    Principles of nonlinear optimization
-    Introduction into the design optimization and probabilistic tool LS-Opt
-    Design of Experiments DoE
-    Introduction into nonlinear finite element methods

Optimization of nonlinear systems

-    Application: Optimization of simple structures using LS-Opt and ABAQUS
-    Optimization based on meta modeling techniques
-    Introduction into structure optimization
-    Introduction into geometry parametrization for shape and topology optimization

Robustness and sensitivity of multiparameter systems

-    Introduction into stochastics and robustness of processes
-    Sensitivity analysis
-    Application examples

Lecture notes yes

151-0206-00L Energy Systems and Power Engineering W  4 credits 2V+2U R. S. Abhari, A. Steinfeld
Abstract Introductory first course for the specialization in ENERGY. The course provides an overall view of the energy field and pertinent global

problems, reviews some of the thermodynamic basics in energy conversion, and presents the state-of-the-art technology for power
generation and fuel processing.

Objective Introductory first course for the specialization in ENERGY. The course provides an overall view of the energy field and pertinent global
problems, reviews some of the thermodynamic basics in energy conversion, and presents the state-of-the-art technology for power
generation and fuel processing.

Content World primary energy resources and use: fossil fuels, renewable energies, nuclear energy; present situation, trends, and future
developments. Sustainable energy system and environmental impact of energy conversion and use: energy, economy and society. Electric
power and the electricity economy worldwide and in Switzerland; production, consumption, alternatives. The electric power distribution
system. Renewable energy and power: available techniques and their potential. Cost of electricity. Conventional power plants and their
cycles; state-of-the -art and advanced cycles. Combined cycles and cogeneration; environmental benefits. Solar thermal power generation
and solar photovoltaics. Hydrogen as energy carrier. Fuel cells: characteristics, fuel reforming and combined cycles. Nuclear power plant
technology.

Lecture notes Vorlesungsunterlagen werden verteilt

151-0306-00L Visualization, Simulation and Interaction - Virtual
Reality I

W  4 credits 4G A. Kunz

Abstract Technology of Virtual Reality. Human factors, Creation of virtual worlds, Lighting models, Display- and acoustic- systems, Tracking,
Haptic/tactile interaction, Motion platforms, Virtual prototypes, Data exchange, VR Complete systems, Augmented reality, Collaboration
systems; VR and Design; Implementation of the VR in the industry; Human Computer Interfaces (HCI).

Objective The product development process in the future will be characterized by the Digital Product which is the center point for concurrent
engineering with teams spreas worldwide. Visualization and simulation of complex products including their physical behaviour at an early
stage of development will be relevant in future. The lecture will give an overview to techniques for virtual reality, to their ability to visualize
and to simulate objects. It will be shown how virtual reality is already used in the product development process.

Content Introduction to the world of virtual reality; development of new VR-techniques; introduction to 3D-computergraphics; modelling; physical
based simulation; human factors; human interaction; equipment for virtual reality; display technologies; tracking systems; data gloves;
interaction in virtual environment; navigation; collision detection; haptic and tactile interaction; rendering; VR-systems; VR-applications in
industry, virtual mockup; data exchange, augmented reality.

Lecture notes A complete version of the handout is also available in English.
Prerequisites /
notice

Voraussetzungen:
keine
Vorlesung geeignet für D-MAVT, D-ITET, D-MTEC und D-INF

Testat/ Kredit-Bedingungen/ Prüfung:
 Teilnahme an Vorlesung und Kolloquien
 Erfolgreiche Durchführung von Übungen in Teams 
 Mündliche Einzelprüfung 30 Minuten

151-0314-00L Information Technologies in the Digital Product W  4 credits 3G E. Zwicker, R. Montau
Abstract Objectives, Concepts and Methods of Digitalization, Digital Product and Product Lifecycle Management (PLM), Industry 4.0

Concepts for Digitalization: Product Structures, Optimization of Engineering Processes with digital models in Sales, Production, Service,
Digital Twin versus Digital Thread
PLM Fundamentals: Objects, Structures, Processes, Integrations, Visualization
Best Practices

Objective Students learn the fundamentals and concepts of Digitalization along the in the product lifecycle on the foundation of Product Lifecycle
Management (PLM) technologies, the usage of databases, the integration of CAx systems and Visualization/AR, the configuration of
computer-based collaboration leveraging IT-standards as well as variant and configuration management to enable an efficient utilization of
the digital product approach in industry 4.0.
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Content Possibilities and potential of modern IT applications focussing on PLM and CAx technologies for targeted utilization in the context of
product platform - business processes - IT tools. Introduction to the concepts of Product Lifecycle Management (PLM): information
modeling, data management, revision, usage and distribution of product data. Structure and functional principles of PLM systems.
Integration of new IT technologies in business processes. Possibilities of publication and automatic configuration of product variants via the
Internet. Using state-of-the-art information and communication technologies to develop products globally across distributed locations.
Interfaces in computer-integrated product development. Selection, configuration, adaptation and introduction of PLM systems. Examples
and case studies for industrial usage of modern information technologies.

Learning modules:
-  Introduction to Digitalization (Digital Product, PLM technology)
-  Database technology (foundation of digitalization)
-  Object Management 
-  Object Classification 
-  Object identification with Part Numbering Systems 
-  CAx/PLM integration with Visualization/AR
-  Workflow & Change Management 
-  Interfaces of the Digital Product
-  Enterprise Application Integration (EAI)

Lecture notes Didactic concept / learning materials:
The course consists of lectures and exercises based on practical examples.
Provision of lecture handouts and script digitally in Moodle.

Prerequisites /
notice

Prerequisites: None
Recommended: Fokus-Project, interest in Digitalization
Lecture appropriate for D-MAVT, D-MTEC, D-ITET and D-INFK

Testat/Credit Requirements / Exam:
 - execution of exercises in teams (recommended)
 - Oral exam 30 minutes, based on concrete problem cases

151-0660-00L Model Predictive Control W  4 credits 2V+1U M. Zeilinger
Abstract Model predictive control is a flexible paradigm that defines the control law as an optimization problem, enabling the specification of time-

domain objectives, high performance control of complex multivariable systems and the ability to explicitly enforce constraints on system
behavior. This course provides an introduction to the theory and practice of MPC and covers advanced topics.             

Objective Design and implement Model Predictive Controllers (MPC) for various system classes to provide high performance controllers with desired
properties (stability, tracking, robustness,..) for constrained systems.              

Content - Review of required optimal control theory
- Basics on optimization
- Receding-horizon control (MPC) for constrained linear systems
- Theoretical properties of MPC: Constraint satisfaction and stability
- Computation: Explicit and online MPC
- Practical issues: Tracking and offset-free control of constrained systems, soft constraints
- Robust MPC: Robust constraint satisfaction
- Nonlinear MPC: Theory and computation
- Hybrid MPC: Modeling hybrid systems and logic, mixed-integer optimization
- Simulation-based project providing practical experience with MPC             

Lecture notes Script / lecture notes will be provided.
Prerequisites /
notice

One semester course on automatic control, Matlab, linear algebra.
Courses on signals and systems and system modeling are recommended. Important concepts to start the course: State-space modeling,
basic concepts of stability, linear quadratic regulation / unconstrained optimal control. 
Expected student activities: Participation in lectures, exercises and course project; homework (~2hrs/week).          

151-0940-00L Modelling and Mathematical Methods in Process and
Chemical Engineering

W  4 credits 3G M. Mazzotti

Abstract Study of the non-numerical solution of systems of ordinary differential equations and first order partial differential equations, with application
to chemical kinetics, simple batch distillation, and chromatography.

Objective Study of the non-numerical solution of systems of ordinary differential equations and first order partial differential equations, with application
to chemical kinetics, simple batch distillation, and chromatography.

Content Development of mathematical models in process and chemical engineering, particularly for chemical kinetics, batch distillation, and
chromatography. Study of systems of ordinary differential equations (ODEs), their stability, and their qualitative analysis. Study of single
first order partial differential equation (PDE) in space and time, using the method of characteristics. Application of the theory of ODEs to
population dynamics, chemical kinetics (Belousov-Zhabotinsky reaction), and simple batch distillation (residue curve maps). Application of
the method of characteristic to chromatography.

Lecture notes no skript
Literature A. Varma, M. Morbidelli, "Mathematical methods in chemical engineering," Oxford University Press (1997) 

H.K. Rhee, R. Aris, N.R. Amundson, "First-order partial differential equations. Vol. 1," Dover Publications, New York (1986)
R. Aris, "Mathematical modeling: A chemical engineers perspective," Academic Press, San Diego (1999)

151-0980-00L Biofluiddynamics W  4 credits 2V+1U D. Obrist, P. Jenny
Abstract Introduction to the fluid dynamics of the human body and the modeling of physiological flow processes (biomedical fluid dynamics).
Objective A basic understanding of fluid dynamical processes in the human body. Knowledge of the basic concepts of fluid dynamics and the ability

to apply these concepts appropriately.
Content This lecture is an introduction to the fluid dynamics of the human body (biomedical fluid dynamics). For selected topics of human

physiology, we introduce fundamental concepts of fluid dynamics (e.g., creeping flow, incompressible flow, flow in porous media, flow with
particles, fluid-structure interaction) and use them to model physiological flow processes. The list of studied topics includes the
cardiovascular system and related diseases,  blood rheology, microcirculation, respiratory fluid dynamics and fluid dynamics of the inner
ear.

Lecture notes Lecture notes are provided electronically.
Literature A list of books on selected topics of biofluiddynamics can be found on the course web page.

227-0052-10L Electromagnetic Fields and Waves W  4 credits 2V+2U L. Novotny
Abstract This course is focused on the generation and propagation of electromagnetic fields. Based on Maxwell's equations we will derive the wave

equation and its solutions. Specifically, we will discuss fields and waves in free space, refraction and reflection at plane interfaces, dipole
radiation and Green functions, vector and scalar potentials, as well as gauge transformations.

Objective Understanding of electromagnetic fields

227-0418-00L Algebra and Error Correcting Codes W  6 credits 4G H.-A. Loeliger
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Abstract The course is an introduction to error correcting codes covering both classical algebraic codes and modern iterative decoding. The course
includes a self-contained introduction of the pertinent basics of "abstract" algebra.

Objective The course is an introduction to error correcting codes covering both classical algebraic codes and modern iterative decoding. The course
includes a self-contained introduction of the pertinent basics of "abstract" algebra.

Content Error correcting codes: coding and modulation, linear codes, Hamming space codes, Euclidean space codes, trellises and Viterbi decoding,
convolutional codes, factor graphs and message passing algorithms, low-density parity check codes, turbo codes, polar codes, Reed-
Solomon codes.

Algebra: groups, rings, homomorphisms, quotient groups, ideals, finite fields, vector spaces, polynomials.

Lecture notes Lecture Notes (english)

227-0420-00L Information Theory II
Does not take place this semester.

W  6 credits 2V+2U A. Lapidoth

Abstract This course builds on Information Theory I. It introduces additional topics in single-user communication, connections between Information
Theory and Statistics, and Network Information Theory.

Objective The course has two objectives: to introduce the students to the key information theoretic results that underlay the design of communication
systems and to equip the students with the tools that are needed to conduct research in Information Theory.

Content Differential entropy, maximum entropy, the Gaussian channel and water filling, the entropy-power inequality, Sanov's Theorem, Fisher
information, the broadcast channel, the multiple-access channel, Slepian-Wolf coding, and the Gelfand-Pinsker problem.

Lecture notes n/a
Literature T.M. Cover and J.A. Thomas, Elements of Information Theory, second edition, Wiley 2006

227-0104-00L Communication and Detection Theory W  6 credits 4G A. Lapidoth
Abstract This course teaches the foundations of modern digital communications and detection theory. Topics include the geometry of the space of

energy-limited signals; the baseband representation of passband signals, spectral efficiency and the Nyquist Criterion; the power and
power spectral density of PAM and QAM; hypothesis testing; Gaussian stochastic processes; and detection in white Gaussian noise.

Objective This is an introductory class to the field of wired and wireless communication. It offers a glimpse at classical analog modulation (AM, FM),
but mainly focuses on aspects of modern digital communication, including modulation schemes, spectral efficiency, power budget analysis,
block and convolu- tional codes, receiver design, and multi- accessing schemes such as TDMA, FDMA and Spread Spectrum.

Content - Baseband representation of passband signals.
- Bandwidth and inner products in baseband and passband.
- The geometry of the space of energy-limited signals.
- The Sampling Theorem as an orthonormal expansion.
- Sampling passband signals.
- Pulse Amplitude Modulation (PAM): energy, power, and power spectral density.
- Nyquist Pulses.
- Quadrature Amplitude Modulation (QAM).
- Hypothesis testing.
- The Bhattacharyya Bound.
- The multivariate Gaussian distribution
- Gaussian stochastic processes.
- Detection in white Gaussian noise.

Lecture notes n/a
Literature A. Lapidoth, A Foundation in Digital Communication, Cambridge University Press, 2nd edition (2017)

227-0120-00L Communication Networks W  6 credits 4G L. Vanbever
Abstract At the end of this course, you will understand the fundamental concepts behind communication networks and the Internet. Specifically, you

will be able to:

- understand how the Internet works;
- build and operate Internet-like infrastructures;
- identify the right set of metrics to evaluate the performance of a network and propose ways to improve it.

Objective At the end of the course, the students will understand the fundamental concepts of communication networks and Internet-based
communications. Specifically, students will be able to:

- understand how the Internet works;
- build and operate Internet-like network infrastructures;
- identify the right set of metrics to evaluate the performance or the adequacy of a network and propose ways to improve it (if any).

The course will introduce the relevant mechanisms used in today's networks both from an abstract perspective but also from a practical one
by presenting many real-world examples and through multiple hands-on projects.

For more information about the lecture, please visit: https://comm-net.ethz.ch

Lecture notes Lecture notes and material for the course will be available before each course on: https://comm-net.ethz.ch
Literature Most of course follows the textbook "Computer Networking: A Top-Down Approach (6th Edition)" by Kurose and Ross.
Prerequisites /
notice

No prior networking background is needed. The course will include some programming assignments (in Python) for which the material
covered in Technische Informatik 1 (227-0013-00L) and Technische Informatik 2 (227-0014-00L) will be useful.

227-0159-00L Semiconductor Devices: Quantum Transport at the
Nanoscale

W  6 credits 2V+2U M. Luisier, A. Emboras

Abstract This class offers an introduction into quantum transport theory, a rigorous approach to electron transport at the nanoscale. It covers
different topics such as bandstructure, Wave Function and Non-equilibrium Green's Function formalisms, and electron interactions with
their environment. Matlab exercises accompany the lectures where students learn how to develop their own transport simulator.

Objective The continuous scaling of electronic devices has given rise to structures whose dimensions do not exceed a few atomic layers. At this size,
electrons do not behave as particle any more, but as propagating waves and the classical representation of electron transport as the sum
of drift-diffusion processes fails. The purpose of this class is to explore and understand the displacement of electrons through nanoscale
device structures based on state-of-the-art quantum transport methods and to get familiar with the underlying equations by developing his
own nanoelectronic device simulator.
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Content The following topics will be addressed:
- Introduction to quantum transport modeling
- Bandstructure representation and effective mass approximation
- Open vs closed boundary conditions to the Schrödinger equation
- Comparison of the Wave Function and Non-equilibrium Green's Function formalisms as solution to the Schrödinger equation
- Self-consistent Schödinger-Poisson simulations
- Quantum transport simulations of resonant tunneling diodes and quantum well nano-transistors
- Top-of-the-barrier simulation approach to nano-transistor
- Electron interactions with their environment (phonon, roughness, impurity,...) 
- Multi-band transport models

Lecture notes Lecture slides are distributed every week and can be found at
https://iis-students.ee.ethz.ch/lectures/quantum-transport-in-nanoscale-devices/

Literature Recommended textbook: "Electronic Transport in Mesoscopic Systems", Supriyo Datta, Cambridge Studies in Semiconductor Physics and
Microelectronic Engineering, 1997

Prerequisites /
notice

Basic knowledge of semiconductor device physics and quantum mechanics

227-0558-00L Principles of Distributed Computing W  7 credits 2V+2U+2A R. Wattenhofer, M. Ghaffari
Abstract We study the fundamental issues underlying the design of distributed systems: communication, coordination, fault-tolerance, locality,

parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential algorithmic ideas and lower bound
techniques.

Objective Distributed computing is essential in modern computing and communications systems. Examples are on the one hand large-scale networks
such as the Internet, and on the other hand multiprocessors such as your new multi-core laptop. This course introduces the principles of
distributed computing, emphasizing the fundamental issues underlying the design of distributed systems and networks: communication,
coordination, fault-tolerance, locality, parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential
algorithmic ideas and lower bound techniques, basically the "pearls" of distributed computing. We will cover a fresh topic every week.

Content Distributed computing models and paradigms, e.g. message passing, shared memory, synchronous vs. asynchronous systems, time and
message complexity, peer-to-peer systems, small-world networks, social networks, sorting networks, wireless communication, and self-
organizing systems.

Distributed algorithms, e.g. leader election, coloring, covering, packing, decomposition, spanning trees, mutual exclusion, store and collect,
arrow, ivy, synchronizers, diameter, all-pairs-shortest-path, wake-up, and lower bounds

Lecture notes Available. Our course script is used at dozens of other universities around the world.
Literature Lecture Notes By Roger Wattenhofer. These lecture notes are taught at about a dozen different universities through the world.


Distributed Computing: Fundamentals, Simulations and Advanced Topics
Hagit Attiya, Jennifer Welch.
McGraw-Hill Publishing, 1998, ISBN 0-07-709352 6

Introduction to Algorithms
Thomas Cormen, Charles Leiserson, Ronald Rivest.
The MIT Press, 1998, ISBN 0-262-53091-0 oder 0-262-03141-8

Disseminatin of Information in Communication Networks
Juraj Hromkovic, Ralf Klasing, Andrzej Pelc, Peter Ruzicka, Walter Unger.
Springer-Verlag, Berlin Heidelberg, 2005, ISBN 3-540-00846-2

Introduction to Parallel Algorithms and Architectures: Arrays, Trees, Hypercubes
Frank Thomson Leighton.
Morgan Kaufmann Publishers Inc., San Francisco, CA, 1991, ISBN 1-55860-117-1

Distributed Computing: A Locality-Sensitive Approach
David Peleg.
Society for Industrial and Applied Mathematics (SIAM), 2000, ISBN 0-89871-464-8

Prerequisites /
notice

Course pre-requisites: Interest in algorithmic problems. (No particular course needed.)

252-0211-00L Information Security W  8 credits 4V+3U D. Basin, S. Capkun, R. Sasse
Abstract This course provides an introduction to Information Security. The focus

is on fundamental concepts and models, basic cryptography, protocols and system security, and privacy and data protection.  While the
emphasis is on foundations, case studies will be given that examine different realizations of these ideas in practice.

Objective Master fundamental concepts in Information Security and their
application to system building.   (See objectives listed below for more details).
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Content 1. Introduction and Motivation (OBJECTIVE: Broad conceptual overview of information security) Motivation: implications of IT on
society/economy, Classical security problems, Approaches to 
defining security and security goals, Abstractions, assumptions, and trust, Risk management and the  human factor, Course verview.
2. Foundations of Cryptography (OBJECTIVE: Understand basic 
cryptographic mechanisms and applications) Introduction, Basic concepts in cryptography: Overview, Types of Security, computational
hardness, Abstraction of channel security properties, Symmetric 
encryption, Hash functions, Message authentication codes, Public-key distribution, Public-key cryptosystems, Digital signatures,
Application case studies, Comparison of encryption at different layers, VPN, SSL, Digital payment systems, blind signatures, e-cash, Time
stamping        3. Key Management and Public-key Infrastructures (OBJECTIVE: Understand the basic mechanisms relevant in an Internet
context) Key management in distributed systems, Exact characterization of requirements, the role of trust, Public-key Certificates, Public-
key Infrastructures, Digital evidence and non-repudiation, Application case studies, Kerberos, X.509, PGP.
4. Security Protocols (OBJECTIVE: Understand network-oriented security, i.e..  how to employ building blocks to secure applications in
(open) networks) Introduction, Requirements/properties, Establishing shared secrets, Principal and message origin authentication,
Environmental assumptions, Dolev-Yao intruder model and 
variants, Illustrative examples, Formal models and reasoning, Trace-based interleaving semantics,  Inductive verification, or model-
checking for falsification, Techniques for protocol design, 
Application case study 1: from Needham-Schroeder Shared-Key to Kerberos, Application case study 2: from DH to IKE.                            5.
Access Control and Security Policies (OBJECTIVES: Study system-oriented security, i.e., policies, models, and  mechanisms) Motivation
(relationship to CIA, relationship to Crypto) and examples Concepts: policies versus models versus mechanisms, DAC and MAC, Modeling
formalism, Access Control Matrix Model, Roll Based Access Control, Bell-LaPadula, Harrison-Ruzzo-Ullmann, Information flow, Chinese
Wall, Biba, Clark-Wilson, System mechanisms: Operating Systems, Hardware Security Features, Reference Monitors, File-system
protection,  Application case studies                                                    6. Anonymity and Privacy (OBJECTIVE: examine protection goals
beyond standard CIA and corresponding mechanisms) Motivation and Definitions, Privacy, policies and policy languages, mechanisms,
problems, Anonymity: simple mechanisms (pseudonyms, proxies), Application case studies:  mix networks and crowds.                           7.
Larger application case study: GSM, mobility

263-4660-00L Applied Cryptography
Number of participants limited to 150.

W  8 credits 3V+2U+2P K. Paterson

Abstract This course will introduce the basic primitives of cryptography, using rigorous syntax and game-based security definitions. The course will
show how these primitives can be combined to build cryptographic protocols and systems.

Objective The goal of the course is to put students' understanding of cryptography on sound foundations, to enable them to start to build well-
designed cryptographic systems, and to expose them to some of the pitfalls that arise when doing so.

Content Basic symmetric primitives (block ciphers, modes, hash functions); generic composition; AEAD; basic secure channels; basic public key
primitives (encryption,signature, DH key exchange); ECC; randomness; applications.

Literature Textbook: Boneh and Shoup, “A Graduate Course in Applied Cryptography”,
https://crypto.stanford.edu/~dabo/cryptobook/BonehShoup_0_4.pdf.

Prerequisites /
notice

Ideally, students will have taken the D-INFK Bachelors course “Information Security" or an equivalent course at Bachelors level.

252-0570-00L Game Programming Laboratory
In the Master Programme max. 10 credits can be
accounted by Labs on top of the Interfocus Courses.
Additional Labs will be listed on the Addendum.

W  10 credits 9P B. Sumner

Abstract The goal of this course is the in-depth understanding of the technology and programming underlying computer games. Students gradually
design and develop a computer game in small groups and get acquainted with the art of game programming.

Objective The goal of this new course is to acquaint students with the
technology and art of programming modern three-dimensional computer
games.

Content This course addresses modern three-dimensional computer game technology.  During the course, small groups of students will design and
develop a computer game.  Focus will be put on technical aspects of game development, such as rendering, cinematography, interaction,
physics, animation, and AI.  In addition, we will cultivate creative thinking for advanced gameplay and visual effects. 

The "laboratory" format involves a practical, hands-on approach with traditional lectures.  We will meet once a week to discuss technical
issues and to track progress.  For development we use MonoGames, which is a collection of libraries and tools that facilitate game
development. While development will take place on PCs, we will ultimately deployour games on the Xbox One console.

At the end of the course we will present our results to the public.

Lecture notes Game Design Workshop: A Playcentric Approach to Creating Innovative Games by Tracy Fullerton
Prerequisites /
notice

The number of participants is limited.

Prerequisites include:

- Good programming skills (Java, C++, C#, etc.)

- CG experience: Students should have taken, at a minimum, Visual
Computing.  Higher level courses are recommended, such as Introduction
to Computer Graphics, Surface Representations and Geometric Modeling,
and Physically-based Simulation in Computer Graphics.

252-0538-00L Shape Modeling and Geometry Processing W  6 credits 2V+1U+2A O. Sorkine Hornung
Abstract This course covers the fundamentals and some of the latest developments in geometric modeling and geometry processing. Topics include

surface modeling based on point clouds and polygonal meshes, mesh generation, surface reconstruction, mesh fairing and
parameterization, discrete differential geometry, interactive shape editing, topics in digital shape fabrication.

Objective The students will learn how to design, program and analyze algorithms and systems for interactive 3D shape modeling and geometry
processing.

Content Recent advances in 3D geometry processing have created a plenitude of novel concepts for the mathematical representation and
interactive manipulation of geometric models. This course covers the fundamentals and some of the latest developments in geometric
modeling and geometry processing. Topics include surface modeling based on point clouds and triangle meshes, mesh generation, surface
reconstruction, mesh fairing and parameterization, discrete differential geometry, interactive shape editing and digital shape fabrication.

Lecture notes Slides and course notes
Prerequisites /
notice

Prerequisites:
Visual Computing, Computer Graphics or an equivalent class. Experience with C++ programming. Solid background in linear algebra and
analysis. Some knowledge of differential geometry, computational geometry and numerical methods is helpful but not a strict requirement.

263-5806-00L Computational Models of Motion for Character
Animation and Robotics

W  6 credits 2V+2U+1A S. Coros, M. Bächer,
B. Thomaszewski
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Abstract This course covers fundamentals of physics-based modelling and numerical optimization from the perspective of character animation and
robotics applications. The methods discussed in class derive their theoretical underpinnings from applied mathematics, control theory and
computational mechanics, and they will be richly illustrated using examples ranging from locomotion controllers and crowd simula

Objective Students will learn how to represent, model and algorithmically control the behavior of animated characters and real-life robots. The
lectures are accompanied by programming assignments (written in C++) and a capstone project.

Content Optimal control and trajectory optimization; multibody systems; kinematics; forward and inverse dynamics; constrained and unconstrained
numerical optimization; mass-spring models for crowd simulation; FEM; compliant systems; sim-to-real; robotic manipulation of elastically-
deforming objects. 

Prerequisites /
notice

Experience with C++ programming, numerical linear algebra and multivariate calculus. Some background in physics-based modeling,
kinematics and dynamics is helpful, but not necessary.


252-3900-00L Big Data for Engineers
This course is not intended for Computer Science and
Data Science MSc students! 

W  6 credits 2V+2U+1A G. Fourny

Abstract This course is part of the series of database lectures offered to all ETH departments, together with Information Systems for Engineers. It
introduces the most recent advances in the database field: how do we scale storage and querying to Petabytes of data, with trillions of
records? How do we deal with heterogeneous data sets? How do we deal with alternate data shapes like trees and graphs?

Objective This lesson is complementary with Information Systems for Engineers as they cover different time periods of database history and
practices -- you can even take both lectures at the same time.

The key challenge of the information society is to turn data into information, information into knowledge, knowledge into value. This has
become increasingly complex. Data comes in larger volumes, diverse shapes, from different sources. Data is more heterogeneous and less
structured than forty years ago. Nevertheless, it still needs to be processed fast, with support for complex operations.

This combination of requirements, together with  the technologies that have emerged in order to address them, is typically referred to as
"Big Data." This revolution has led to a completely new way to do business, e.g., develop new products and business models, but also to
do science -- which is sometimes referred to as data-driven science or the "fourth paradigm".

Unfortunately, the quantity of data produced and available -- now in the Zettabyte range (that's 21 zeros) per year -- keeps growing faster
than our ability to process it. Hence, new architectures and approaches for processing it were and are still needed. Harnessing them must
involve a deep understanding of data not only in the large, but also in the small.

The field of databases evolves at a fast pace. In order to be prepared, to the extent possible, to the (r)evolutions that will take place in the
next few decades, the emphasis of the lecture will be on the paradigms and core design ideas, while today's technologies will serve as
supporting illustrations thereof.

After visiting this lecture, you should have gained an overview and understanding of the Big Data landscape, which is the basis on which
one can make informed decisions, i.e., pick and orchestrate the relevant technologies together for addressing each business use case
efficiently and consistently.

Content This course gives an overview of database technologies and of the most important database design principles that lay the foundations of
the Big Data universe. 

It targets specifically students with a scientific or Engineering, but not Computer Science, background.

We take the monolithic, one-machine relational stack from the 1970s, smash it down and rebuild it on top of large clusters: starting with
distributed storage, and all the way up to syntax, models, validation, processing, indexing, and querying. A broad range of aspects is
covered with a focus on how they fit all together in the big picture of the Big Data ecosystem.

No data is harmed during this course, however, please be psychologically prepared that our data may not always be in normal form.

- physical storage: distributed file systems (HDFS), object storage(S3), key-value stores

- logical storage: document stores (MongoDB), column stores (HBase)

- data formats and syntaxes (XML, JSON, RDF, CSV, YAML, protocol buffers, Avro)

- data shapes and models (tables, trees)

- type systems and schemas: atomic types, structured types (arrays, maps), set-based type systems (?, *, +)

- an overview of functional, declarative programming languages across data shapes (SQL, JSONiq)

- the most important query paradigms (selection, projection, joining, grouping, ordering, windowing)

- paradigms for parallel processing, two-stage (MapReduce) and DAG-based (Spark)

- resource management (YARN)

- what a data center is made of and why it matters (racks, nodes, ...)

- underlying architectures (internal machinery of HDFS, HBase, Spark)

- optimization techniques (functional and declarative paradigms, query plans, rewrites, indexing)

- applications.

Large scale analytics and machine learning are outside of the scope of this course.

Literature Papers from scientific conferences and journals. References will be given as part of the course material during the semester.
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Prerequisites /
notice

This course is not intended for Computer Science and Data Science students. Computer Science and Data Science students interested in
Big Data MUST attend the Master's level Big Data lecture, offered in Fall.

Requirements: programming knowledge (Java, C++, Python, PHP, ...) as well as basic knowledge on databases (SQL). If you have already
built your own website with a backend SQL database, this is perfect.

Attendance is especially recommended to those who attended Information Systems for Engineers last Fall, which introduced the "good old
databases of the 1970s" (SQL, tables and cubes). However, this is not a strict requirement, and it is also possible to take the lectures in
reverse order.

252-0312-00L Ubiquitous Computing W  4 credits 2V+1A C. Holz, F. Mattern, S. Mayer
Abstract Unlike desktop computing, ubiquitous computing occurs anytime and everywhere, using any device, in any location, and in any format.

Computers exist in different forms, from watches and phones to refrigerators or pairs of glasses. 
Main topics: Smart environments, IoT, mobiles & wearables, context & location, sensing & tracking, computer vision on embedded
systems, health monitoring, fabrication.

Objective Unlike desktop computing, ubiquitous computing occurs anytime and everywhere, using any device, in any location, and in any format.
Computers exist in different forms, from watches and phones to refrigerators or pairs of glasses. 
Main topics: Smart environments, IoT, mobiles & wearables, context & location, sensing & tracking, computer vision on embedded
systems, health monitoring, fabrication.

Lecture notes Copies of slides will be made available
Literature Will be provided in the lecture. To put you in the mood:

Mark Weiser: The Computer for the 21st Century. Scientific American, September 1991, pp. 94-104

252-0834-00L Information Systems for Engineers
Wird ab HS20 nur in Herbstsemester angeboten.

W  4 credits 2V+1U G. Fourny

Abstract This course provides the basics of relational databases from the perspective of the user.

We will discover why tables are so incredibly powerful to express relations, learn the SQL query language, and how to make the most of it.
The course also covers support for data cubes (analytics).

Objective This lesson is complementary with Big Data for Engineers as they cover different time periods of database history and practices -- you can
even take both lectures at the same time.

After visiting this course, you will be capable to:

1. Explain, in the big picture, how a relational database works and what it can do in your own words.

2. Explain the relational data model (tables, rows, attributes, primary keys, foreign keys), formally and informally, including the relational
algebra operators (select, project, rename, all kinds of joins, division, cartesian product, union, intersection, etc).

3. Perform non-trivial reading SQL queries on existing relational databases, as well as insert new data, update and delete existing data.

4. Design new schemas to store data in accordance to the real world's constraints, such as relationship cardinality

5. Explain what bad design is and why it matters.

6. Adapt and improve an existing schema to make it more robust against anomalies, thanks to a very good theoretical knowledge of what is
called "normal forms".

7. Understand how indices work (hash indices, B-trees), how they are implemented, and how to use them to make queries faster.

8. Access an existing relational database from a host language such as Java, using bridges such as JDBC.

9. Explain what data independence is all about and didn't age a bit since the 1970s.

10. Explain, in the big picture, how a relational database is physically implemented.

11. Know and deal with the natural syntax for relational data, CSV.

12. Explain the data cube model including slicing and dicing.

13. Store data cubes in a relational database.

14. Map cube queries to SQL.

15. Slice and dice cubes in a UI.

And of course, you will think that tables are the most wonderful object in the world.
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Content Using a relational database
=================
1. Introduction
2. The relational model
3. Data definition with SQL
4. The relational algebra
5. Queries with SQL

Taking a relational database to the next level
=================
6. Database design theory
7. Databases and host languages
8. Databases and host languages
9. Indices and optimization
10. Database architecture and storage

Analytics on top of a relational database
=================
12. Data cubes

Outlook
=================
13. Outlook

Literature - Lecture material (slides).

- Book: "Database Systems: The Complete Book", H. Garcia-Molina, J.D. Ullman, J. Widom
(It is not required to buy the book, as the library has it)

Prerequisites /
notice

For non-CS/DS students only, BSc and MSc
Elementary knowledge of set theory and logics
Knowledge as well as basic experience with a programming language such as Pascal, C, C++, Java, Haskell, Python

227-1032-00L Neuromorphic Engineering II
Information for UZH students:
Enrolment to this course unit only possible at ETH. No
enrolment to module INI405 at UZH. 

Please mind the ETH enrolment deadlines for UZH
students: https://www.ethz.ch/en/studies/non-
degree-
courses/special-
students/special-students-university-of-zurich.html

W  6 credits 5G S.-C. Liu, T. Delbrück, G. Indiveri

Abstract This course teaches the basics of analog chip design and layout with an emphasis on neuromorphic circuits, which are introduced in the fall
semester course "Neuromorphic Engineering I".

Objective Design of a neuromorphic circuit for implementation with CMOS technology.
Content This course teaches the basics of analog chip design and layout with an emphasis on neuromorphic circuits, which are introduced in the

autumn semester course "Neuromorphic Engineering I".

The principles of CMOS processing technology are presented. Using a set of inexpensive software tools for simulation, layout and
verification, suitable for neuromorphic circuits, participants learn to simulate circuits on the transistor level and to make their layouts on the
mask level. Important issues in the layout of neuromorphic circuits will be explained and illustrated with examples. In the latter part of the
semester students simulate and layout a neuromorphic chip. Schematics of basic building blocks will be provided. The layout will then be
fabricated and will be tested by students during the following fall semester.

Literature S.-C. Liu et al.: Analog VLSI Circuits and Principles; software documentation.
Prerequisites /
notice

Prerequisites: Neuromorphic Engineering I strongly recommended

227-1034-00L Computational Vision (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: INI402

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  6 credits 2V+1U D. Kiper

Abstract This course focuses on neural computations that underlie visual perception. We study how visual signals are processed in the retina, LGN
and visual cortex. We study the morpholgy and functional architecture of cortical circuits responsible for pattern, motion, color, and three-
dimensional vision.

Objective This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Content This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.
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Literature Books: (recommended references, not required)
1. An Introduction to Natural Computation, D. Ballard (Bradford Books, MIT Press) 1997.
2. The Handbook of Brain Theorie and Neural Networks, M. Arbib (editor), (MIT Press) 1995.

227-1046-00L Computer Simulations of Sensory Systems
Does not take place this semester.

W  3 credits 3G

Abstract This course deals with computer simulations of the human auditory, visual, and balance system. The lecture will cover the physiological
and mechanical mechanisms of these sensory systems. And in the exercises, the simulations will be implemented with Python. The
simulations will be such that their output could be used as input for actual neuro-sensory prostheses.

Objective Our sensory systems provide us with information about what is happening in the world surrounding us. Thereby they transform incoming
mechanical, electromagnetic, and chemical signals into action potentials, the language of the central nervous system.
The main goal of this lecture is to describe how our sensors achieve these transformations, how they can be reproduced with
computational tools. For example, our auditory system performs approximately a Fourier transformation of the incoming sound waves; our
early visual system is optimized for finding edges in images that are projected onto our retina; and our balance system can be well
described with a control system that transforms linear and rotational movements into nerve impulses.
In the exercises that go with this lecture, we will use Python to reproduce the transformations achieved by our sensory systems. The goal is
to write programs whose output could be used as input for actual neurosensory prostheses: such prostheses have become commonplace
for the auditory system, and are under development for the visual and the balance system. For the corresponding exercises, at least some
basic programing experience is required!!

Content The following topics will be covered:
 Introduction into the signal processing in nerve cells.
 Introduction into Python.
 Simplified simulation of nerve cells (Hodgkins-Huxley model).
 Description of the auditory system, including the application of Fourier transforms on recorded sounds.
 Description of the visual system, including the retina and the information processing in the visual cortex. The corresponding exercises will
provide an introduction to digital image processing.
 Description of the mechanics of our balance system, and the Control System-language that can be used for an efficient description of the
corresponding signal processing (essentially Laplace transforms and control systems).

Lecture notes For each module additional material will be provided on the e-learning platform "moodle". The main content of the lecture is also available
as a wikibook, under http://en.wikibooks.org/wiki/Sensory_Systems

Literature Open source information is available as wikibook http://en.wikibooks.org/wiki/Sensory_Systems

For good overviews I recommend:

 Principles of Neural Science (5th Ed, 2012), by Eric Kandel, James Schwartz, Thomas Jessell, Steven Siegelbaum, A.J. Hudspeth     
ISBN 0071390111 / 9780071390118
THE standard textbook on neuroscience.

 L. R. Squire, D. Berg, F. E. Bloom, Lac S. du, A. Ghosh, and N. C. Spitzer. Fundamental Neuroscience, Academic Press - Elsevier, 2012
[ISBN: 9780123858702].
This book covers the biological components, from the functioning of an individual ion channels through the various senses, all the way to
consciousness. And while it does not cover the computational aspects, it nevertheless provides an excellent overview of the underlying
neural processes of sensory systems. 

 G. Mather. Foundations of Sensation and Perception, 2nd Ed Psychology Press, 2009 [ISBN: 978-1-84169-698-0 (hardcover), oder 978-
1-84169-699-7 (paperback)]
A coherent, up-to-date introduction to the basic facts and theories concerning human sensory perception.

 The best place to get started with Python programming are the https://scipy-lectures.org/
Prerequisites /
notice

 Since I have to gravel from Linz, Austria, to Zurich to give this lecture, I plan to hold this lecture in blocks (every 2nd week).
 In addition to the lectures, this course includes external lab visits to institutes actively involved in research on the relevant sensory
systems.

227-0384-00L Ultrasound Fundamentals, Imaging, and Medical
Applications
Course is offered for the last time in Spring Semester
2020.

W  4 credits 3G O. Göksel

Abstract Ultrasound is the only imaging modality that is nonionizing (safe), real-time, cost-effective, and portable, with many medical uses in
diagnosis, intervention guidance, surgical navigation, and as a therapeutic option. In this course, we introduce conventional and
prospective applications of ultrasound, starting with the fundamentals of ultrasound physics and imaging.

Objective Students can use the fundamentals of ultrasound, to analyze and evaluate ultrasound imaging techniques and applications, in particular in
the field of medicine, as well as to design and implement basic applications.

Content Ultrasound is used in wide range of products, from car parking sensors, to assessing fault lines in tram wheels. Medical imaging is the eye
of the doctor into body; and ultrasound is the only imaging modality that is nonionizing (safe), real-time, cheap, and portable. Some of its
medical uses include diagnosing breast and prostate cancer, guiding needle insertions/biopsies, screening for fetal anomalies, and
monitoring cardiac arrhythmias. Ultrasound physically interacts with the tissue, and thus can also be used therapeutically, e.g., to deliver
heat to treat tumors, break kidney stones, and targeted drug delivery. Recent years have seen several novel ultrasound techniques and
applications – with many more waiting in the horizon to be discovered.

This course covers ultrasonic equipment, physics of wave propagation, numerical methods for its simulation, image generation,
beamforming (basic delay-and-sum and advanced methods), transducers (phased-, linear-, convex-arrays), near- and far-field effect,
imaging modes (e.g., A-, M-, B-mode), Doppler and harmonic imaging, ultrasound signal processing techniques (e.g., filtering, time-
gain-compensation, displacement tracking), image analysis techniques (deconvolution, real-time processing, tracking, segmentation,
computer-assisted interventions), acoustic-radiation force, plane-wave imaging, contrast agents, micro-bubbles, elastography,
biomechanical characterization, high-intensity focused ultrasound and therapy, lithotripsy, histotripsy, photo-acoustics phenomenon and
opto-acoustic imaging, as well as sample non-medical applications such as the basics of non-destructive testing (NDT).

Hands-on exercises: These will help to apply the concepts learned in the course, using simulation environments (such as Matlab k-Wave
and FieldII toolboxes).  The exercises will involve a mix of design, implementation, and evaluation examples commonly encountered in
practical applications.

Project: Current and relevant applications in the field of ultrasound are offered as project topics. Projects will be carried out throughout the
course, where the project reporting and presentations will be due towards the end of the semester. These will be part of the assessment in
grading.

Prerequisites /
notice

Prerequisites: Familiarity with basic numerical methods.
Basic programming skills in Matlab.

402-0738-00L Statistical Methods and Analysis Techniques in W  10 credits 5G M. Donegà, C. Grab

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1517 of 1785

Experimental Physics
Abstract This lecture gives an introduction to the statistical methods and the various analysis techniques applied in experimental particle physics.

The exercises treat problems of general statistical topics; they also include hands-on analysis projects, where students perform
independent analyses on their computer, based on real data from actual particle physics experiments.

Objective Students will learn the most important statistical methods used in experimental particle physics. They will acquire the necessary skills to
analyse large data records in a statistically correct manner. Learning how to present scientific results in a professional manner and how to
discuss them.

Content Topics include:
- modern methods of statistical data analysis
- probability distributions, error analysis, simulation methos, hypothesis testing, confidence intervals, setting limits and introduction to
multivariate methods.
- most examples are taken from particle physics.

Methodology:
- lectures about the statistical topics;
- common discussions of examples;
- exercises: specific exercises to practise the topics of the lectures;
- all students perform statistical calculations on (their) computers;
- students complete a full data analysis in teams (of two) over the second half of the course, using real data taken from particle physics
experiments;
- at the end of the course, the students present their analysis results in a scientific presentation;
- all students are directly tutored by assistants in the classroom.

Lecture notes - Copies of all lectures are available on the web-site of the course.
- A scriptum of the lectures is also available to all students of the course.

Literature 1) Statistics: A guide to the use of statistical medhods in the Physical Sciences, R.J.Barlow; Wiley Verlag  . 
2) J Statistical data analysis, G. Cowan,                             Oxford University Press; ISBN: 0198501552. 
3) Statistische und numerische Methoden der Datenanalyse, V.Blobel und E.Lohrmann,  Teubner Studienbuecher Verlag.
4) Data Analysis, a Bayesian Tutorial,  D.S.Sivia with J.Skilling, 
Oxford Science Publications.

Prerequisites /
notice

Basic knowlege of nuclear and particle physics are prerequisites.

636-0016-00L Computational Systems Biology: Stochastic
Approaches

W  4 credits 3G M. H. Khammash, A. Gupta

Abstract This course is concerned with the development of computational methods for modeling, simulation, and analysis of stochasticity in living
cells. Using these tools, the course explores the richness of stochastic phenomena, how it arises from the interactions of dynamics and
noise, and its biological implications.

Objective To understand the origins and implications of stochastic noise in living cells, and to learn the computational tools for the modeling,
simulation, analysis, and identification of stochastic biochemical reaction networks.

Content The cellular environment is abuzz with noise. A key source of this noise is the randomness that characterizes the motion of cellular
constituents at the molecular level. Cellular noise not only results in random fluctuations (over time) within individual cells, but it is also a
main source of phenotypic variability among clonal cell populations. 

Review of basic probability and stochastic processes; Introduction to stochastic gene expression; deterministic vs. stochastic models; the
stochastic chemical kinetics framework; a rigorous derivation of the chemical master equation; moment computations; linear vs. nonlinear
propensities; linear noise approximations; Monte Carlo simulations; Gillespie's Stochastic Simulation Algorithm (SSA) and variants; direct
methods for the solution of the Chemical Master Equation; moment closure methods; intrinsic and extrinsic noise in gene expression;
parameter identification from noise; propagation of noise in cell networks; noise suppression in cells; the role of feedback; exploiting noise;
bimodality and stochastic switches.

Literature Literature will be distributed during the course as needed.
Prerequisites /
notice

Students are expected to have completed the course `Mathematical modeling for systems biology (BSc Biotechnology) or `Computational
systems biology (MSc Computational biology and bioinformatics). Concurrent enrollment in `Computational Systems Biology: Deterministic
Approaches is recommended.

701-0412-00L Climate Systems W  3 credits 2G S. I. Seneviratne, L. Gudmundsson
Abstract This course introduces the most important physical components of the climate system and their interactions. The mechanisms of

anthropogenic climate change are analysed against the background of climate history and variability. Those completing the course will be
in a position to identify and explain simple problems in the area of climate systems.

Objective Students are able
- to describe the most important physical components of the global climate system and sketch their interactions
- to explain the mechanisms of anthropogenic climate change
- to identify and explain simple problems in the area of climate systems

Lecture notes Copies of the slides are provided in electronic form.
Literature A comprehensive list of references is provided in the class. Two books are

particularly recommended:
- Hartmann, D., 2016: Global Physical Climatology. Academic Press, London, 485 pp.
- Peixoto, J.P. and A.H. Oort, 1992: Physics of Climate. American Institute of Physics, New York, 520 pp.

Prerequisites /
notice

Teaching: Sonia I. Seneviratne & Lukas Gudmundsson, several keynotes to special topics by other professors
Course taught in german/english, slides in english

327-2201-00L Transport Phenomena II W  5 credits 4G J. Vermant
Abstract Numerical and analytical methods for real-world "Transport Phenomena"; atomistic understanding of transport properties based on kinetic

theory and mesoscopic models; fundamentals, applications, and simulations
Objective The teaching goals of this course are on five different levels:

(1) Deep understanding of fundamentals: kinetic theory, mesoscopic models, ...
(2) Ability to use the fundamental concepts in applications
(3) Insight into the role of boundary conditions
(4) Knowledge of a number of applications
(5) Flavor of numerical techniques: finite elements, lattice Boltzmann, ...
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Content Thermodynamics of Interfaces
Interfacial Balance Equations
Interfacial Force-Flux Relations
Polymer Processing
Transport Around a Sphere
Refreshing Topics in Equilibrium Statistical Mechanics
Kinetic Theory of Gases
Kinetic Theory of Polymeric Liquids
Transport in Biological Systems
Dynamic Light Scattering

Lecture notes The course is based on the book D. C. Venerus and H. C. Öttinger, A Modern Course in Transport Phenomena (Cambridge University
Press, 2018)

Literature 1. D. C. Venerus and H. C. Öttinger, A Modern Course in Transport Phenomena (Cambridge University Press, 2018)
2. R. B. Bird, W. E. Stewart, and E. N. Lightfoot, Transport Phenomena, 2nd Ed. (Wiley, 2001)
3. Deen,W. Analysis of Transport Phenomena, Oxford University Press, 2012
4. R. B. Bird, Five Decades of Transport Phenomena (Review Article), AIChE J. 50 (2004) 273-287

Prerequisites /
notice

Complex numbers. Vector analysis (integrability; Gauss' divergence theorem). Laplace and Fourier transforms. Ordinary differential
equations (basic ideas). Linear algebra (matrices; functions of matrices; eigenvectors and eigenvalues; eigenfunctions). Probability theory
(Gaussian distributions; Poisson distributions; averages; moments; variances; random variables). Numerical mathematics (integration).
Statistical thermodynamics (Gibbs' fundamental equation; thermodynamic potentials; Legendre transforms; Gibbs' phase rule; ergodicity;
partition functions; Einstein's fluctuation theory). Linear irreversible thermodynamics (forces and fluxes; Fourier's, Newton's and Fick's laws
for fluxes). Hydrodynamics (local equilibrium; balance equations for mass, momentum, energy and entropy). Programming and simulation
techniques (Matlab, Monte Carlo simulations).

see also Fields of Specialization

Electives (CSE Master)

 Additional Electives from the Fields of Specialization (CSE Master)
recognition of 227-0662-00L and 227-0662-10L requires the successful completion of both course units

Number Title Type ECTS Hours Lecturers

701-1228-00L Cloud Dynamics: Hurricanes W  4 credits 3G U. Lohmann
Abstract Hurricanes are among the most destructive elements in the atmosphere. This lecture will discuss the physical requirements for their

formation, life cycle, damage potential and their relationship to global warming. It also distinguishes hurricanes from thunderstorms and
tornadoes.

Objective At the end of this course students will be able to distinguish the formation and life cycle mechanisms of tropical cyclones from those of
extratropical thunderstorms/cyclones, project how tropical cyclones change in a warmer climate based on their physics and evaluate
different tropical cyclone modification ideas.

Content see course outline at: https://iac.ethz.ch/edu/courses/master/modules/cloud-dynamics
Lecture notes Slides will be made available
Literature A literature list can be found here: https://www.iac.ethz.ch/edu/courses/master/modules/cloud_dynamics
Prerequisites /
notice

At least one introductory lecture in Atmospheric Science or Instructor's consent. This lecture will build on some concepts of atmospheric
dynamics and their governing equations. Thus, mathematical knowledge will be needed to use the equations to understand the material of
the course.

701-1270-00L High Performance Computing for Weather and
Climate

W  3 credits 3G O. Fuhrer

Abstract State-of-the-art weather and climate simulations rely on large and complex software running on supercomputers. This course focuses on
programming methods and tools for understanding, developing and optimizing the computational aspects of weather and climate models.
Emphasis will be placed on the foundations of parallel computing, practical exercises and emerging trends such as heterogeneous comput

Objective After attending this course, students will be able to:
- understand a broad variety of high performance computing concepts relevant for weather and climate simulations
- work with weather and climate simulation codes that run on large supercomputers

Content HPC Overview:
- Why does weather and climate require HPC?
- Today's HPC: Beowulf-style clusters, massively parallel architectures, hybrid computing, accelerators
- Scaling / Parallel efficiency
- Algorithmic motifs in weather and climate

Writing HPC code:
- Data locality and single node efficiency
- Shared memory parallelism with OpenMP
- Distributed memory parallelism with MPI
- GPU computing
- High-level programming and domain-specific languages

Literature - Introduction to High Performance Computing for Scientists and Engineers, G. Hager and G. Wellein, CRC Press, 2011
- Computer Organization and Design, D.H. Patterson and J.L. Hennessy
- Parallel Computing, A. Grama, A. Gupta, G. Karypis, V. Kumar (https://www-users.cs.umn.edu/~karypis/parbook/)
- Parallel Programming in MPI and OpenMP, V. Eijkhout (http://pages.tacc.utexas.edu/~eijkhout/pcse/html/index.html)

Prerequisites /
notice

- fundamentals of numerical analysis and atmospheric modeling
- basic experience in a programming language (C/C++, Fortran, Python, …) 
- experience using command line interfaces in *nix environments (e.g., Unix, Linux)

151-0110-00L Compressible Flows W  4 credits 2V+1U T. Rösgen
Abstract Topics: unsteady one-dimensional subsonic and supersonic flows, acoustics, sound propagation, supersonic flows with shocks and

Prandtl-Meyer expansions, flow around slender bodies, shock tubes, reaction fronts (deflagration and detonation). 
Mathematical tools: method of characteristics and selected numerical methods.

Objective Illustration of compressible flow phenomena and introduction to the corresponding mathematical description methods.
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Content The interaction of compressibility and inertia is responsible for wave generation in a fluid. The compressibility plays an important role for
example in unsteady phenomena, such as oscillations in gas pipelines or exhaust pipes. Compressibility effects are also important in
steady subsonic flows with high Mach numbers (M>0.3) and in supersonic flows (e.g. aeronautics, turbomachinery).
The first part of the lecture deals with wave propagation phenomena in one-dimensional subsonic and supersonic flows. The discussion
includes waves with small amplitudes in an acoustic approximation and waves with large amplitudes with possible shock formation.
The second part deals with plane, steady supersonic flows. Slender bodies in a parallel flow are considered as small perturbations of the
flow and can be treated by means of acoustic methods. The description of the two-dimensional supersonic flow around bodies with
arbitrary shapes includes oblique shocks and Prandtl-Meyer expansions etc.. Various boundary conditions, which are imposed for example
by walls or free-jet boundaries, and interactions, reflections etc. are taken into account.

Lecture notes not available
Literature a list of recommended textbooks is handed out at the beginning of the lecture.
Prerequisites /
notice

prerequisites: Fluiddynamics I and II

327-0613-00L Computer Applications: Finite Elements in Solids and
Structures
The course will only take place if at least 7 students are
enrolled.

W  4 credits 2V+2U A. Gusev

Abstract To introduce the Finite Element Method to the students with a general interest in the topic
Objective To introduce the Finite Element Method to the students with a general interest in the topic
Content Introduction; Energy formulations; Displacement finite elements; Solutions to the finite element equations; Linear elements; Convergence,

compatibility and completeness; Higher order elements; Beam and frame elements, Plate and shell elements; Dynamics and vibration;
Generalization of the Finite Element concepts (Galerkin-weighted residual and variational approaches)

Lecture notes Autographie
Literature - Astley R.J. Finite Elements in Solids and Structures, Chapman & Hill, 1992

- Zienkiewicz O.C., Taylor R.L. The Finite Element Method, 5th ed., vol. 1, Butterworth-Heinemann, 2000

151-0212-00L Advanced CFD Methods W  4 credits 2V+1U P. Jenny
Abstract Fundamental and advanced numerical methods used in commercial and open-source CFD codes will be explained. The main focus is on

numerical methods for conservation laws with discontinuities, which is relevant for trans- and hypersonic gas dynamics problems, but also
CFD of incompressible flows, Direct Simulation Monte Carlo and the Lattice Boltzmann method are explained.

Objective Knowing what's behind a state-of-the-art CFD code is not only important for developers, but also for users in order to choose the right
methods and to achieve meaningful and accurate numerical results. Acquiring this knowledge is the main goal of this course.

Established numerical methods to solve the incompressible and compressible Navier-Stokes equations are explained, whereas the focus
lies on finite volume methods for compressible flow simulations. In that context, first the main theory and then numerical schemes related to
hyperbolic conservation laws are explained, whereas not only examples from fluid mechanics, but also simpler, yet illustrative ones are
considered (e.g. Burgers and traffic flow equations). In addition, two less commonly used yet powerful approaches, i.e., the Direct
Simulation Monte Carlo (DSMC) and Lattice Boltzmann methods, are introduced.

For most exercises a C++ code will have to be modified and applied.

Content - Finite-difference vs. finite-element vs. finite-volume methods
- Basic approach to simulate incompressible flows
- Brief introduction to turbulence modeling
- Theory and numerical methods for compressible flow simulations
- Direct Simulation Monte Carlo (DSMC)
- Lattice Boltzmann method

Lecture notes Part of the course is based on the referenced books. In addition, the participants receive a manuscript and the slides.
Literature "Computational Fluid Dynamics" by H. K. Versteeg and W. Malalasekera.

"Finite Volume Methods for Hyperbolic Problems" by R. J. Leveque.
Prerequisites /
notice

Basic knowledge in
- fluid dynamics
- numerical mathematics
- programming (programming language is not important, but C++ is of advantage)

401-8908-00L Continuous Time Quantitative Finance (University of
Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: MFOEC204

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  3 credits 3V University lecturers

Abstract American Options, Stochastic Volatility, Lévy Processes and Option Pricing, Exotic Options, Transaction Costs and Real Options.
Objective The course focuses on the theoretical foundations of modern derivative pricing. It aims at deriving and explaining important option pricing

models by relying on some mathematical tools of continuous time finance.
A particular focus on jump processes is given. The introduction of possible financial crashes is now essential in some models and a clear
understanding of Poisson processes is therefore important. A standard background in stochastic calculus is required.

Content Stochastic volatility models
Itô's formula and Girsanov theorem for jump-diffusion processes
The pricing of options in presence of possible discontinuities
Exotic options
Transaction costs

Lecture notes See: http://www.isb.uzh.ch/institut/staff/chesney.marc/teaching/
Literature See: http://www.isb.uzh.ch/institut/staff/chesney.marc/teaching/
Prerequisites /
notice

This course replaces "Continuous Time Quantitative Finance" (MFOEC108), which will be discontinued. Students who have taken
"Continuous Time Quantitative Finance" (MFOEC108) in the past, are not allowed to book this course "Continuous Time Quantitative
Finance" (MFOEC204).

227-0662-00L Organic and Nanostructured Optics and Electronics
(Course)
Does not take place this semester.

W  3 credits 2G V. Wood
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Abstract This course examines the optical and electronic properties of excitonic materials that can be leveraged to create thin-film light emitting
devices and solar cells. Laboratory sessions provide students with experience in synthesis and optical characterization of nanomaterials as
well as fabrication and characterization of thin film devices.

Objective Gain the knowledge and practical experience to begin research with organic or nanostructured materials and understand the key
challenges in this rapidly emerging field.

Content 0-Dimensional Excitonic Materials (organic molecules and colloidal quantum dots)

Energy Levels and Excited States (singlet and triplet states, optical absorption and luminescence).

Excitonic and Polaronic Processes (charge transport, Dexter and Förster energy transfer, and exciton diffusion).

Devices (photodetectors, solar cells, and light emitting devices).

Literature Lecture notes and reading assignments from current literature to be posted on website.

227-0662-10L Organic and Nanostructured Optics and Electronics
(Project)
Does not take place this semester.

W  3 credits 2A V. Wood

Abstract This course examines the optical and electronic properties of excitonic materials that can be leveraged to create thin-film light emitting
devices and solar cells. Laboratory sessions provide students with experience in synthesis and optical characterization of nanomaterials as
well as fabrication and characterization of thin film devices.

Objective Gain the knowledge and practical experience to begin research with organic or nanostructured materials and understand the key
challenges in this rapidly emerging field.

Content 0-Dimensional Excitonic Materials (organic molecules and colloidal quantum dots)

Energy Levels and Excited States (singlet and triplet states, optical absorption and luminescence).

Excitonic and Polaronic Processes (charge transport, Dexter and Förster energy transfer, and exciton diffusion).

Devices (photodetectors, solar cells, and light emitting devices).

Literature Lecture notes and reading assignments from current literature to be posted on website.
Prerequisites /
notice

Admission is conditional to passing 227-0662-00L  Organic and Nanostructured Optics and Electronics (Course)

262-0200-00L Bayesian Phylodynamics W  4 credits 2G+2A T. Stadler, T. Vaughan
Abstract How fast was Ebola spreading in West Africa? Where and when did the epidemic outbreak start? How can we construct the phylogenetic

tree of great apes, and did gene flow occur between different apes? At the end of the course, students will have designed, performed,
presented, and discussed their own phylodynamic data analysis to answer such questions.

Objective Attendees will extend their knowledge of Bayesian phylodynamics obtained in the “Computational Biology” class (636-0017-00L) and will
learn how to apply this theory to real world data. The main theoretical concepts introduced are:
* Bayesian statistics
* Phylogenetic and phylodynamic models
* Markov Chain Monte Carlo methods
Attendees will apply these concepts to a number of applications yielding biological insight into:
* Epidemiology
* Pathogen evolution
* Macroevolution of species

Content In the first part of the semester, in each week, we will first present the theoretical concepts of Bayesian phylodynamics. The presentation
will be followed by attendees using the software package BEAST v2 to apply these theoretical concepts to empirical data. We use
previously published datasets on e.g. Ebola, Zika, Yellow Fever, Apes, and Penguins for analysis. Examples of these practical tutorials are
available on https://taming-the-beast.org/. 
In the second part of the semester, the students choose an empirical dataset of genetic sequencing data and possibly some non-genetic
metadata. They then design and conduct a research project in which they perform Bayesian phylogenetic analyses of their dataset. The
weekly class is intended to discuss and monitor progress and to address students’ questions very interactively. At the end of the semester,
the students present their research project in an oral presentation. The content of the presentation, the style of the presentation, and the
performance in answering the questions after the presentation will be marked.

Lecture notes Lecture slides will be available on moodle.
Literature The following books provide excellent background material:

•    Drummond, A. & Bouckaert, R. 2015. Bayesian evolutionary analysis with BEAST.
•    Yang, Z. 2014. Molecular Evolution: A Statistical Approach.
•    Felsenstein, J. 2003. Inferring Phylogenies.
The tutorials in this course are based on our Summer School “Taming the BEAST”: https://taming-the-beast.org/

Prerequisites /
notice

This class builds upon the content which we teach in the Computational Biology class (636-0017-00L). Attendees must have either taken
the Computational Biology class or acquired the content elsewhere.

701-1708-00L Infectious Disease Dynamics W  4 credits 2V S. Bonhoeffer, R. D. Kouyos,
R. R. Regös, T. Stadler

Abstract This course introduces into current research on the population biology of infectious diseases. The course discusses the most important
mathematical tools and their application to relevant diseases of human, natural or managed populations.

Objective Attendees will learn about:
* the impact of important infectious pathogens and their evolution on human, natural and managed populations
* the population biological impact of interventions such as treatment or vaccination
* the impact of population structure on disease transmission

Attendees will learn how:
* the emergence spread of infectious diseases is described mathematically
* the impact of interventions can be predicted and optimized with mathematical models
* population biological models are parameterized from empirical data
* genetic information can be used to infer the population biology of the infectious disease

The course will focus on how the formal methods ("how") can be used to derive biological insights about the host-pathogen system
("about").

Content After an introduction into the history of infectious diseases and epidemiology the course will discuss basic epidemiological models and the
mathematical methods of their analysis. We will then discuss the population dynamical effects of intervention strategies such as vaccination
and treatment. In the second part of the course we will introduce into more advanced topics such as the effect of spatial population
structure, explicit contact structure, host heterogeneity, and stochasticity. In the final part of the course we will introduce basic concepts of
phylogenetic analysis in the context of infectious diseases.
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Lecture notes Slides and script of the lecture will be available online.
Literature The course is not based on any of the textbooks below, but they are excellent choices as accompanying material:

* Keeling & Rohani, Modeling Infectious Diseases in Humans and Animals, Princeton Univ Press 2008
* Anderson & May, Infectious Diseases in Humans, Oxford Univ Press 1990
* Murray, Mathematical Biology, Springer 2002/3
* Nowak & May, Virus Dynamics, Oxford Univ Press 2000
* Holmes, The Evolution and Emergence of RNA Viruses, Oxford Univ Press 2009

Prerequisites /
notice

Basic knowledge of population dynamics and population genetics as well as linear algebra and analysis will be an advantage.

 Case Studies
Number Title Type ECTS Hours Lecturers

401-3667-20L Case Studies Seminar (Spring Semester 2020)
CSE Case Studies on 05.03.2020 cancelled

W  3 credits 2S V. C. Gradinaru, R. Hiptmair,
R. Käppeli

Abstract In the CSE Case Studies Seminar invited speakers from ETH, from other universities as well as from industry give a talk on an applied
topic. Beside of attending the scientific talks students are asked to give short presentations (10 minutes) on a published paper out of a list.

Content In the CSE Case Studies Seminar invited speakers from ETH, from other universities as well as from industry give a talk on an applied
topic. Beside of attending the scientific talks students are asked to give short presentations (10 minutes) on a published paper out of a list
(containing articles from, e.g., Nature, Science, Scientific American, etc.). If the underlying paper comprises more than 15 pages, two or
three consecutive case studies presentations delivered by different students can be based on it. Consistency in layout, style, and contents
of those presentations is expected.

Prerequisites /
notice

In Spring 2020 the talks will be given via Zoom.
About the video conferencing system Zoom: 

Zoom is a do-it-yourself video conferencing system supported by ETH. With Zoom, one person can give a lecture with a presentation and
up to 100 people can join in via chat or audio connection.Use the provided link to enter the Zoom room at the designated time.
Download/Open the Zoom App or join the meeting via the browser. Please test whether you can join the room and whether the audio works
properly beforehand. We recommend you use a headset in order to minimize unwanted sounds from your environment. 
  
More Info: 

https://support.zoom.us/hc/en-us/articles/201362193-Joining-a-Meeting
https://ethz.ch/services/de/it-services/katalog/multimedia/video-konferenz/zoom.html
https://support.zoom.us/hc/en-us

 GESS Science in Perspective
 Science in Perspective

see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
MATH

 Language Courses
siehe Studiengang Wissenschaft im Kontext: Sprachkurse
ETH/UZH

 Colloquia
Number Title Type ECTS Hours Lecturers

401-5650-00L Zurich Colloquium in Applied and Computational
Mathematics

E-  0 credits 1K R. Abgrall, R. Alaifari, H. Ammari,
R. Hiptmair, S. Mishra, S. Sauter,
C. Schwab

Abstract Research colloquium

Computational Science and Engineering Bachelor - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Computational Science and Engineering Master
 Core Courses

In the ‘core courses’ subcategory, at least two course units must be successfully completed.

Number Title Type ECTS Hours Lecturers

401-3632-00L Computational Statistics W  8 credits 3V+1U M. H. Maathuis
Abstract We discuss modern statistical methods for data analysis, including methods for data exploration, prediction and inference. We pay attention

to algorithmic aspects, theoretical properties and practical considerations. The class is hands-on and methods are applied using the
statistical programming language R.

Objective The student obtains an overview of modern statistical methods for data analysis, including their algorithmic aspects and theoretical
properties. The methods are applied using the statistical programming language R.

Content See the class website
Prerequisites /
notice

At least one semester of (basic) probability and statistics.

Programming experience is helpful but not required.

263-0007-00L Advanced Systems Lab
Only for master students, otherwise a special permission
by the study administration of D-INFK is required.

W  8 credits 3V+2U+2A M. Püschel, C. Zhang

Abstract This course introduces the student to the foundations and state-of-the-art techniques in developing high performance software for
mathematical functionality occurring in various fields in computer science. The focus is on optimizing for a single core and includes
optimizing for the memory hierarchy, for special instruction sets, and the possible use of automatic performance tuning.

Objective Software performance (i.e., runtime) arises through the complex interaction of algorithm, its implementation, the compiler used, and the
microarchitecture the program is run on. The first goal of the course is to provide the student with an understanding of this "vertical"
interaction, and hence software performance, for mathematical functionality. The second goal is to teach a systematic strategy how to use
this knowledge to write fast software for numerical problems. This strategy will be trained in several homeworks and a semester-long group
project.

Content The fast evolution and increasing complexity of computing platforms pose a major challenge for developers of high performance software
for engineering, science, and consumer applications: it becomes increasingly harder to harness the available computing power.
Straightforward implementations may lose as much as one or two orders of magnitude in performance. On the other hand, creating optimal
implementations requires the developer to have an understanding of algorithms, capabilities and limitations of compilers, and the target
platform's architecture and microarchitecture.

This interdisciplinary course introduces the student to the foundations and state-of-the-art techniques in high performance mathematical
software development using important functionality such as matrix operations, transforms, filters, and others as examples. The course will
explain how to optimize for the memory hierarchy, take advantage of special instruction sets, and other details of current processors that
require optimization. The concept of automatic performance tuning is introduced. The focus is on optimization for a single core; thus, the
course complements others on parallel and distributed computing.

Finally a general strategy for performance analysis and optimization is introduced that the students will apply in group projects that
accompany the course.

Prerequisites /
notice

Solid knowledge of the C programming language and matrix algebra.

261-5110-00L Optimization for Data Science W  8 credits 3V+2U+2A B. Gärtner, D. Steurer
Abstract This course provides an in-depth theoretical treatment of optimization methods that are particularly relevant in data science.
Objective Understanding the theoretical guarantees (and their limits) of relevant optimization methods used in data science. Learning general

paradigms to deal with optimization problems arising in data science.
Content This course provides an in-depth theoretical treatment of optimization methods that are particularly relevant in machine learning and data

science.

In the first part of the course, we will first give a brief introduction to convex optimization, with some basic motivating examples from
machine learning. Then we will analyse classical and more recent first and second order methods for convex optimization: gradient
descent, projected gradient descent, subgradient descent, stochastic gradient descent, Nesterov's accelerated method, Newton's method,
and Quasi-Newton methods. The emphasis will be on analysis techniques that occur repeatedly in convergence analyses for various
classes of convex functions. We will also discuss some classical and recent theoretical results for nonconvex optimization. 

In the second part, we discuss convex programming relaxations as a powerful and versatile paradigm for designing efficient algorithms to
solve computational problems arising in data science. We will learn about this paradigm and develop a unified perspective on it through the
lens of the sum-of-squares semidefinite programming hierarchy. As applications, we are discussing non-negative matrix factorization,
compressed sensing and sparse linear regression, matrix completion and phase retrieval, as well as robust estimation.

Prerequisites /
notice

As background, we require material taught in the course "252-0209-00L Algorithms, Probability, and Computing". It is not necessary that
participants have actually taken the course, but they should be prepared to catch up if necessary.

 Fields of Specialization
 Astrophysics

Number Title Type ECTS Hours Lecturers

402-0394-00L Theoretical Cosmology
UZH students are not allowed to register this course unit
at ETH. They must book the corresponding module
directly at UZH.

W  10 credits 4V+2U L. M. Mayer, J. Yoo

Abstract This is the second of a two course series which starts with "General Relativity" and continues in the spring with "Theoretical Astrophysics
and Cosmology", where the focus will be on applying general relativity to cosmology as well as developing the modern theory of structure
formation in a cold dark matter Universe.

Objective Learning the fundamentals of modern physical cosmology. This
entails understanding the physical principles behind the description
of the homogeneous Universe on large scales in the first part of the
course, and moving on to the inhomogeneous Universe model where
perturbation theory is used to study the development of structure
through gravitational instability in the second part of the course.
Modern notions of dark matter and dark energy will also be introduced and discussed.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1523 of 1785

Content The course will cover the following topics:
- Homogeneous cosmology
- Thermal history of the universe, recombination, baryogenesis and nucleosynthesis
- Dark matter and Dark Energy
- Inflation
- Perturbation theory: Relativistic and Newtonian
- Model of structure formation and initial conditions from Inflation
- Cosmic microwave background anisotropies
- Spherical collapse and galaxy formation
- Large scale structure and cosmological probes

Literature Suggested textbooks:
H.Mo, F. Van den Bosch, S. White: Galaxy Formation and Evolution
S. Carroll: Space-Time and Geometry: An Introduction to General Relativity
S. Dodelson: Modern Cosmology
Secondary textbooks: 
S. Weinberg: Gravitation and Cosmology
V. Mukhanov: Physical Foundations of Cosmology
E. W. Kolb and M. S. Turner: The Early Universe
N. Straumann: General relativity with applications to astrophysics
A. Liddle and D. Lyth: Cosmological Inflation and Large Scale Structure

Prerequisites /
notice

Knowledge of General Relativity is recommended.

 Physics of the Atmosphere
Number Title Type ECTS Hours Lecturers

701-1216-00L Numerical Modelling of Weather and Climate W  4 credits 3G C. Schär, S. Soerland,
J. Vergara Temprado

Abstract The course provides an introduction to weather and climate models. It discusses how these models are built addressing both the dynamical
core and the physical parameterizations, and it provides an overview of how these models are used in numerical weather prediction and
climate research. As a tutorial, students conduct a term project and build a simple atmospheric model using the language PYTHON.

Objective At the end of this course, students understand how weather and climate models are formulated from the governing physical principles, and
how they are used for climate and weather prediction purposes.

Content The course provides an introduction into the following themes: numerical methods (finite differences and spectral methods); adiabatic
formulation of atmospheric models (vertical coordinates, hydrostatic approximation); parameterization of physical processes (e.g. clouds,
convection, boundary layer, radiation); atmospheric data assimilation and weather prediction; predictability (chaos-theory, ensemble
methods); climate models (coupled atmospheric, oceanic and biogeochemical models); climate prediction. Hands-on experience with
simple models will be acquired in the tutorials.

Lecture notes Slides and lecture notes will be made available at
http://www.iac.ethz.ch/edu/courses/master/modules/numerical-modelling-of-weather-and-climate.html

Literature List of literature will be provided.
Prerequisites /
notice

Prerequisites: to follow this course, you need some basic background in atmospheric science, numerical methods (e.g., "Numerische
Methoden in der Umweltphysik", 701-0461-00L) as well as experience in programming. Previous experience with PYTHON is useful but not
required.

701-1232-00L Radiation and Climate Change W  3 credits 2G M. Wild
Abstract This lecture focuses on the prominent role of radiation in the energy balance of the Earth and in the context of past and future climate

change.
Objective The aim of this course is to develop a thorough understanding of the fundamental role of radiation in the context of Earth's energy balance

and climate change.
Content The course will cover the following topics:

Basic radiation laws; sun-earth relations; the sun as driver of climate change (faint sun paradox, Milankovic ice age theory, solar cycles);
radiative forcings in the atmosphere: aerosol, water vapour, clouds; radiation balance of the Earth (satellite and surface observations,
modeling approaches);  anthropogenic perturbation of the Earth radiation balance: greenhouse gases and enhanced greenhouse effect, air
pollution and global dimming; radiation-induced feedbacks in the climate system (water vapour feedback, snow albedo feedback);  climate
model scenarios under various radiative forcings.

Lecture notes Slides will be made available, lecture notes for part of the course
Literature As announced in the course

701-1228-00L Cloud Dynamics: Hurricanes W  4 credits 3G U. Lohmann
Abstract Hurricanes are among the most destructive elements in the atmosphere. This lecture will discuss the physical requirements for their

formation, life cycle, damage potential and their relationship to global warming. It also distinguishes hurricanes from thunderstorms and
tornadoes.

Objective At the end of this course students will be able to distinguish the formation and life cycle mechanisms of tropical cyclones from those of
extratropical thunderstorms/cyclones, project how tropical cyclones change in a warmer climate based on their physics and evaluate
different tropical cyclone modification ideas.

Content see course outline at: https://iac.ethz.ch/edu/courses/master/modules/cloud-dynamics
Lecture notes Slides will be made available
Literature A literature list can be found here: https://www.iac.ethz.ch/edu/courses/master/modules/cloud_dynamics
Prerequisites /
notice

At least one introductory lecture in Atmospheric Science or Instructor's consent. This lecture will build on some concepts of atmospheric
dynamics and their governing equations. Thus, mathematical knowledge will be needed to use the equations to understand the material of
the course.

701-1270-00L High Performance Computing for Weather and
Climate

W  3 credits 3G O. Fuhrer

Abstract State-of-the-art weather and climate simulations rely on large and complex software running on supercomputers. This course focuses on
programming methods and tools for understanding, developing and optimizing the computational aspects of weather and climate models.
Emphasis will be placed on the foundations of parallel computing, practical exercises and emerging trends such as heterogeneous comput

Objective After attending this course, students will be able to:
- understand a broad variety of high performance computing concepts relevant for weather and climate simulations
- work with weather and climate simulation codes that run on large supercomputers
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Content HPC Overview:
- Why does weather and climate require HPC?
- Today's HPC: Beowulf-style clusters, massively parallel architectures, hybrid computing, accelerators
- Scaling / Parallel efficiency
- Algorithmic motifs in weather and climate

Writing HPC code:
- Data locality and single node efficiency
- Shared memory parallelism with OpenMP
- Distributed memory parallelism with MPI
- GPU computing
- High-level programming and domain-specific languages

Literature - Introduction to High Performance Computing for Scientists and Engineers, G. Hager and G. Wellein, CRC Press, 2011
- Computer Organization and Design, D.H. Patterson and J.L. Hennessy
- Parallel Computing, A. Grama, A. Gupta, G. Karypis, V. Kumar (https://www-users.cs.umn.edu/~karypis/parbook/)
- Parallel Programming in MPI and OpenMP, V. Eijkhout (http://pages.tacc.utexas.edu/~eijkhout/pcse/html/index.html)

Prerequisites /
notice

- fundamentals of numerical analysis and atmospheric modeling
- basic experience in a programming language (C/C++, Fortran, Python, …) 
- experience using command line interfaces in *nix environments (e.g., Unix, Linux)

401-5930-00L Seminar in Physics of the Atmosphere for CSE W 4 credits 2S H. Joos, C. Schär
Abstract In this seminar, the process of writing a scientific proposal will be

introduced. The essential elements of a proposal, including the peer
review process, will be outlined and class exercises will train
scientific writing skills. Knowledge exchange between class
participants is promoted through the preparation of a master thesis
proposal and evaluation of each other's work.

Objective Scientific writing skills
How to effectively write a scientific proposal

Content In this seminar, the process of writing a scientific proposal will be
introduced. The essential elements of a proposal, including the peer
review process, will be outlined and class exercises will train
scientific writing skills. Knowledge exchange between class
participants is promoted through the preparation of a master thesis
proposal and evaluation of each other's work.

 Chemistry
Number Title Type ECTS Hours Lecturers

529-0474-00L Quantum Chemistry W  6 credits 3G S. Knecht, T. Weymuth
Abstract Introduction into the basic concepts of electronic structure theory and into numerical methods of quantum chemistry. Exercise classes are

designed to deepen the theory; practical case studies using quantum chemical software to provide a 'hands-on' expertise in applying these
methods.

Objective Nowadays, chemical research can be carried out in silico, an intellectual achievement for which Pople and Kohn have been awarded the
Nobel prize of the year 1998. This lecture shows how that has been accomplished. It works out the many-particle theory of many-electron
systems (atoms and molecules) and discusses its implementation into computer programs. A complete picture of quantum chemistry shall
be provided that will allow students to carry out such calculations on molecules (for accompanying experimental work in the wet lab or as a
basis for further study of the theory).

Content Basic concepts of many-particle quantum mechanics. Derivation of the many-electron theory for atoms and molecules; starting with the
harmonic approximation for the nuclear problem and with Hartree-Fock theory for the electronic problem to Moeller-Plesset perturbation
theory and configuration interaction and to coupled cluster and multi-configurational approaches. Density functional theory. Case studies
using quantum mechanical software.

Lecture notes Hand outs in German will be provided for each lecture (they are supplemented by (computer) examples that continuously illustrate how the
theory works).

Literature Textbooks on Quantum Chemistry:
F.L. Pilar, Elementary Quantum Chemistry, Dover Publications
I.N. Levine, Quantum Chemistry, Prentice Hall

Hartree-Fock in basis set representation:
A. Szabo and N. Ostlund, Modern Quantum Chemistry: Introduction to Advanced Electronic Structure Theory, McGraw-Hill

Textbooks on Computational Chemistry:
F. Jensen, Introduction to Computational Chemistry, John Wiley & Sons
C.J. Cramer, Essentials of Computational Chemistry, John Wiley & Sons

Prerequisites /
notice

Basic knowledge in quantum mechanics (e.g. through course physical chemistry III - quantum mechanics) required

227-0161-00L Molecular and Materials Modelling W  4 credits 2V+2U D. Passerone, C. Pignedoli
Abstract The course introduces the basic techniques to interpret experiments with contemporary atomistic simulation, including force fields or ab

initio based molecular dynamics and Monte Carlo. Structural and electronic properties will be simulated hands-on for realistic systems.
The modern methods of "big data" analysis applied to the screening of chemical structures will be introduced with examples.

Objective The ability to select a suitable atomistic approach to model a nanoscale system, and to employ a simulation package to compute quantities
providing a theoretically sound explanation of a given experiment.  This includes knowledge of empirical force fields and insight in
electronic structure theory, in particular density functional theory (DFT). Understanding the advantages of Monte Carlo and molecular
dynamics (MD), and how these simulation methods can be used to compute various static and dynamic material properties. Basic
understanding on how to simulate different spectroscopies (IR, X-ray, UV/VIS). Performing a basic computational experiment: interpreting
the experimental input, choosing theory level and model approximations, performing the calculations, collecting and representing the
results, discussing the comparison to the experiment.
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Content -Classical force fields in molecular and condensed phase systems
-Methods for finding stationary states in a potential energy surface
-Monte Carlo techniques applied to nanoscience
-Classical molecular dynamics: extracting quantities and relating to experimentally accessible properties
-From molecular orbital theory to quantum chemistry: chemical reactions
-Condensed phase systems: from periodicity to band structure
-Larger scale systems and their electronic properties: density functional theory and its approximations
-Advanced molecular dynamics: Correlation functions and extracting free energies
-The use of Smooth Overlap of Atomic Positions (SOAP) descriptors in the evaluation of the (dis)similarity of crystalline, disordered and
molecular compounds

Lecture notes A script will be made available and complemented by literature references.
Literature D. Frenkel and B. Smit, Understanding Molecular Simulations, Academic Press, 2002.


M. P. Allen and D.J. Tildesley, Computer Simulations of Liquids, Oxford University   Press 1990.

C. J. Cramer, Essentials of Computational Chemistry. Theories and Models, Wiley 2004

G. L. Miessler, P. J. Fischer, and Donald A. Tarr, Inorganic Chemistry, Pearson 2014.

K. Huang, Statistical Mechanics, Wiley, 1987.

N. W. Ashcroft, N. D. Mermin, Solid State Physics, Saunders College 1976.

E. Kaxiras, Atomic and Electronic Structure of Solids, Cambridge University Press 2010.

327-0613-00L Computer Applications: Finite Elements in Solids and
Structures
The course will only take place if at least 7 students are
enrolled.

W  4 credits 2V+2U A. Gusev

Abstract To introduce the Finite Element Method to the students with a general interest in the topic
Objective To introduce the Finite Element Method to the students with a general interest in the topic
Content Introduction; Energy formulations; Displacement finite elements; Solutions to the finite element equations; Linear elements; Convergence,

compatibility and completeness; Higher order elements; Beam and frame elements, Plate and shell elements; Dynamics and vibration;
Generalization of the Finite Element concepts (Galerkin-weighted residual and variational approaches)

Lecture notes Autographie
Literature - Astley R.J. Finite Elements in Solids and Structures, Chapman & Hill, 1992

- Zienkiewicz O.C., Taylor R.L. The Finite Element Method, 5th ed., vol. 1, Butterworth-Heinemann, 2000

401-5940-00L Seminar in Chemistry for CSE W 4 credits 2S P. H. Hünenberger
Abstract The student will carry out a literature study on a topic of his or her liking or suggested by the supervisor in the area of computer simulation

in chemistry, the results of which are to be presented both orally and in written form.

For more information: www.csms.ethz.ch/education/RW

 Fluid Dynamics
One of the course units
 151-0208-00L Computational Methods for Flow, Heat and Mass Transfer Problems
 151-0212-00L Advanced CFD Methods
is compulsory.

Number Title Type ECTS Hours Lecturers

151-0208-00L Computational Methods for Flow, Heat and Mass
Transfer Problems

O  4 credits 4G D. W. Meyer-Massetti

Abstract Numerical methods for the solution of flow, heat & mass transfer problems are presented and illustrated by analytical & computer
exercises.

Objective Knowledge of and practical experience with discretization and solution methods for computational fluid dynamics and heat and mass
transfer problems

Content - Introduction with application examples, steps to a numerical solution
- Classification of PDEs, application examples
- Finite differences
- Finite volumes
- Method of weighted residuals, spectral methods, finite elements
- Stability analysis, consistency, convergence
- Numerical solution methods, linear solvers
The learning materials are illustrated with practical examples.

Lecture notes Slides to be completed during the lecture will be handed out.
Literature References are provided during the lecture. Notes in close agreement with the lecture material are available (in German).
Prerequisites /
notice

Basic knowledge in fluid dynamics, thermodynamics and programming (lecture: "Models, Algorithms and Data: Introduction to Computing")

151-0212-00L Advanced CFD Methods W  4 credits 2V+1U P. Jenny
Abstract Fundamental and advanced numerical methods used in commercial and open-source CFD codes will be explained. The main focus is on

numerical methods for conservation laws with discontinuities, which is relevant for trans- and hypersonic gas dynamics problems, but also
CFD of incompressible flows, Direct Simulation Monte Carlo and the Lattice Boltzmann method are explained.

Objective Knowing what's behind a state-of-the-art CFD code is not only important for developers, but also for users in order to choose the right
methods and to achieve meaningful and accurate numerical results. Acquiring this knowledge is the main goal of this course.

Established numerical methods to solve the incompressible and compressible Navier-Stokes equations are explained, whereas the focus
lies on finite volume methods for compressible flow simulations. In that context, first the main theory and then numerical schemes related to
hyperbolic conservation laws are explained, whereas not only examples from fluid mechanics, but also simpler, yet illustrative ones are
considered (e.g. Burgers and traffic flow equations). In addition, two less commonly used yet powerful approaches, i.e., the Direct
Simulation Monte Carlo (DSMC) and Lattice Boltzmann methods, are introduced.

For most exercises a C++ code will have to be modified and applied.
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Content - Finite-difference vs. finite-element vs. finite-volume methods
- Basic approach to simulate incompressible flows
- Brief introduction to turbulence modeling
- Theory and numerical methods for compressible flow simulations
- Direct Simulation Monte Carlo (DSMC)
- Lattice Boltzmann method

Lecture notes Part of the course is based on the referenced books. In addition, the participants receive a manuscript and the slides.
Literature "Computational Fluid Dynamics" by H. K. Versteeg and W. Malalasekera.

"Finite Volume Methods for Hyperbolic Problems" by R. J. Leveque.
Prerequisites /
notice

Basic knowledge in
- fluid dynamics
- numerical mathematics
- programming (programming language is not important, but C++ is of advantage)

151-0110-00L Compressible Flows W  4 credits 2V+1U T. Rösgen
Abstract Topics: unsteady one-dimensional subsonic and supersonic flows, acoustics, sound propagation, supersonic flows with shocks and

Prandtl-Meyer expansions, flow around slender bodies, shock tubes, reaction fronts (deflagration and detonation). 
Mathematical tools: method of characteristics and selected numerical methods.

Objective Illustration of compressible flow phenomena and introduction to the corresponding mathematical description methods.
Content The interaction of compressibility and inertia is responsible for wave generation in a fluid. The compressibility plays an important role for

example in unsteady phenomena, such as oscillations in gas pipelines or exhaust pipes. Compressibility effects are also important in
steady subsonic flows with high Mach numbers (M>0.3) and in supersonic flows (e.g. aeronautics, turbomachinery).
The first part of the lecture deals with wave propagation phenomena in one-dimensional subsonic and supersonic flows. The discussion
includes waves with small amplitudes in an acoustic approximation and waves with large amplitudes with possible shock formation.
The second part deals with plane, steady supersonic flows. Slender bodies in a parallel flow are considered as small perturbations of the
flow and can be treated by means of acoustic methods. The description of the two-dimensional supersonic flow around bodies with
arbitrary shapes includes oblique shocks and Prandtl-Meyer expansions etc.. Various boundary conditions, which are imposed for example
by walls or free-jet boundaries, and interactions, reflections etc. are taken into account.

Lecture notes not available
Literature a list of recommended textbooks is handed out at the beginning of the lecture.
Prerequisites /
notice

prerequisites: Fluiddynamics I and II

401-5950-00L Seminar in Fluid Dynamics for CSE W  4 credits 2S P. Jenny, T. Rösgen
Abstract Enlarged knowledge and practical abilities in fundamentals and applications of Computational Fluid Dynamics
Objective Enlarged knowledge and practical abilities in fundamentals and applications of Computational Fluid Dynamics
Prerequisites /
notice

Contact Prof. P. Jenny or PD Dr. D. Meyer-Massetti before the beginning of the semester

 Systems and Control
Number Title Type ECTS Hours Lecturers

227-0216-00L Control Systems II W  6 credits 4G R. Smith
Abstract Introduction to basic and advanced concepts of modern feedback control.
Objective Introduction to basic and advanced concepts of modern feedback control.
Content This course is designed as a direct continuation of the course "Regelsysteme" (Control Systems). The primary goal is to further familiarize

students with various dynamic phenomena and their implications for the analysis and design of feedback controllers. Simplifying
assumptions on the underlying plant that were made in the course "Regelsysteme" are relaxed, and advanced concepts and techniques
that allow the treatment of typical industrial control problems are presented. Topics include control of systems with multiple inputs and
outputs, control of uncertain systems (robustness issues), limits of achievable performance, and controller implementation issues.

Lecture notes The slides of the lecture are available to download.
Literature Skogestad, Postlethwaite: Multivariable Feedback Control - Analysis and Design. Second Edition. John Wiley, 2005.
Prerequisites /
notice

Prerequisites:
Control Systems or equivalent

227-0224-00L Stochastic Systems W  4 credits 2V+1U F. Herzog
Abstract Probability. Stochastic processes. Stochastic differential equations. Ito. Kalman filters. St Stochastic optimal control. Applications in

financial engineering.
Objective Stochastic dynamic systems. Optimal control and filtering  of stochastic systems. Examples in technology and finance.
Content - Stochastic processes

- Stochastic calculus (Ito)
- Stochastic differential equations
- Discrete time stochastic difference equations
- Stochastic processes AR, MA, ARMA, ARMAX, GARCH
- Kalman filter
- Stochastic optimal control
- Applications in finance and engineering

Lecture notes H. P. Geering et al., Stochastic Systems, Measurement and Control Laboratory, 2007 and handouts

227-0207-00L Nonlinear Systems and Control
Prerequisite: Control Systems (227-0103-00L)

W  6 credits 4G E. Gallestey Alvarez,
P. F. Al Hokayem

Abstract Introduction to the area of nonlinear systems and their control. Familiarization with tools for analysis of nonlinear systems. Discussion of the
various nonlinear controller design methods and their applicability to real life problems.

Objective On completion of the course, students understand the difference between linear and nonlinear systems, know the mathematical techniques
for analysing these systems, and have learnt various methods for designing controllers accounting for their characteristics.

Course puts the student in the position to deploy nonlinear control techniques in real applications. Theory and exercises are combined for
better understanding of the virtues and drawbacks present in the different methods.
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Content Virtually all practical control problems are of nonlinear nature. In some cases application of linear control methods leads to satisfactory
controller performance. In many other cases however, only application of nonlinear analysis and control synthesis methods will guarantee
achievement of the desired objectives. 

During the past decades mature nonlinear controller design methods have been developed and have proven themselves in applications.
After an introduction of the basic methods for analysing nonlinear systems, these methods will be introduced together with a critical
discussion of their pros and cons. Along the course the students will be familiarized with the basic concepts of nonlinear control theory.

This course is designed as an introduction to the nonlinear control field and thus no prior knowledge of this area is required. The course
builds, however, on a good knowledge of the basic concepts of linear control and mathematical analysis.

Lecture notes An english manuscript will be made available on the course homepage during the course.
Literature H.K. Khalil: Nonlinear Systems, Prentice Hall, 2001.
Prerequisites /
notice

Prerequisites: Linear Control Systems, or equivalent.

227-0690-11L Advanced Topics in Control (Spring 2020)
New topics are introduced every year.

W  4 credits 2V+2U G. Banjac

Abstract Advanced Topics in Control (ATIC) covers advanced research topics in control theory. It is offered each Spring semester with the topic
rotating from year to year. Repetition for credit is possible, with consent of the instructor.

Objective During Spring 2020 the course will cover a range of topics in large-scale convex optimization. The students should be able to apply various
numerical methods to solve large-scale optimization problems arising in control, machine learning, signal processing, and finance.

Content Convex analysis and methods for large-scale optimization. Topics will include: convex sets and functions ; duality theory ; optimality and
infeasibility conditions ; structured optimization problems ; gradient-based methods ; operator splitting methods ; distributed and
decentralized optimization ; applications in various research areas.

Lecture notes Copies of the projection slides will be made available on the course Moodle platform.
Literature The course will be largely based on the Large-Scale Convex Optimization course taught at Lund University: https://archive.control.lth.se/ls-

convex-2015/


Prerequisites /
notice

Sufficient mathematical maturity, in particular in linear algebra and analysis.


401-5850-00L Seminar in Systems and Control for CSE W  4 credits 2S J. Lygeros
Abstract Course based on individual study. Short projects involving literature review, possibly simple research tasks.
Objective Introduce students to state of the art research in systems and control.

 Robotics
Number Title Type ECTS Hours Lecturers

151-0854-00L Autonomous Mobile Robots W  5 credits 4G R. Siegwart, M. Chli, N. Lawrance
Abstract The objective of this course is to provide the basics required to develop autonomous mobile robots and systems. Main emphasis is put on

mobile robot locomotion and kinematics, environment perception, and probabilistic environment modeling, localizatoin, mapping and
navigation. Theory will be deepened by exercises with small mobile robots and discussed accross application examples.

Objective The objective of this course is to provide the basics required to develop autonomous mobile robots and systems. Main emphasis is put on
mobile robot locomotion and kinematics, environment perception, and probabilistic environment modeling, localizatoin, mapping and
navigation.

Lecture notes This lecture is enhanced by around 30 small videos introducing the core topics, and multiple-choice questions for continuous self-
evaluation.   It is developed along the TORQUE (Tiny, Open-with-Restrictions courses focused on QUality and Effectiveness) concept,
which is ETH's response to the popular MOOC (Massive Open Online Course) concept.

Literature This lecture is based on the Textbook: 
Introduction to Autonomous Mobile Robots
Roland Siegwart, Illah Nourbakhsh, Davide Scaramuzza, The MIT Press, Second Edition 2011, ISBN: 978-0262015356

151-0566-00L Recursive Estimation W  4 credits 2V+1U R. D'Andrea
Abstract Estimation of the state of a dynamic system based on a model and observations in a computationally efficient way.
Objective Learn the basic recursive estimation methods and their underlying principles.
Content Introduction to state estimation; probability review; Bayes' theorem; Bayesian tracking; extracting estimates from probability distributions;

Kalman filter; extended Kalman filter; particle filter; observer-based control and the separation principle.
Lecture notes Lecture notes available on course website: http://www.idsc.ethz.ch/education/lectures/recursive-estimation.html
Prerequisites /
notice

Requirements: Introductory probability theory and matrix-vector algebra.

252-0579-00L 3D Vision W  5 credits 3G+1A M. Pollefeys, V. Larsson
Abstract The course covers camera models and calibration, feature tracking and matching, camera motion estimation via simultaneous localization

and mapping (SLAM) and visual odometry (VO), epipolar and mult-view geometry, structure-from-motion, (multi-view) stereo, augmented
reality, and image-based (re-)localization.

Objective After attending this course, students will:
   1. understand the core concepts for recovering 3D shape of objects and scenes from images and video.
   2. be able to implement basic systems for vision-based robotics and simple virtual/augmented reality applications.
   3. have a good overview over the current state-of-the art in 3D vision.
   4. be able to critically analyze and asses current research in this area.

Content The goal of this course is to teach the core techniques required for robotic and augmented reality applications: How to determine the
motion of a camera and how to estimate the absolute position and orientation of a camera in the real world. This course will introduce the
basic concepts of 3D Vision in the form of short lectures, followed by student presentations discussing the current state-of-the-art. The
main focus of this course are student projects on 3D Vision topics, with an emphasis on robotic vision and virtual and augmented reality
applications.

252-0220-00L Introduction to Machine Learning
Limited number of participants. Preference is given to
students in programmes in which the course is being
offered. All other students will be waitlisted. Please do not
contact Prof. Krause for any questions in this regard. If
necessary, please contact studiensekretariat@inf.ethz.ch 

W  8 credits 4V+2U+1A A. Krause

Abstract The course introduces the foundations of learning and making predictions based on data.
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Objective The course will introduce the foundations of learning and making predictions from data. We will study basic concepts such as trading
goodness of fit and model complexitiy. We will discuss important machine learning algorithms used in practice, and provide hands-on
experience in a course project.

Content - Linear regression (overfitting, cross-validation/bootstrap, model selection, regularization, [stochastic] gradient descent)
- Linear classification: Logistic regression (feature selection, sparsity, multi-class)
- Kernels and the kernel trick (Properties of kernels; applications to linear and logistic regression); k-nearest neighbor
- Neural networks (backpropagation, regularization, convolutional neural networks)
- Unsupervised learning (k-means, PCA, neural network autoencoders)
- The statistical perspective (regularization as prior; loss as likelihood; learning as MAP inference)
- Statistical decision theory (decision making based on statistical models and utility functions)
- Discriminative vs. generative modeling (benefits and challenges in modeling joint vy. conditional distributions)
- Bayes' classifiers (Naive Bayes, Gaussian Bayes; MLE)
- Bayesian approaches to unsupervised learning (Gaussian mixtures, EM)

Literature Textbook: Kevin Murphy, Machine Learning: A Probabilistic Perspective, MIT Press
Prerequisites /
notice

Designed to provide a basis for following courses:
- Advanced Machine Learning
- Deep Learning
- Probabilistic Artificial Intelligence 
- Seminar "Advanced Topics in Machine Learning"

401-5860-00L Seminar in Robotics for CSE W  4 credits 2S R. Siegwart
Abstract This course provides an opportunity to familiarize yourself with the advanced topics of robotics and mechatronics research. The seminar

consists of a literature study, including a report and a presentation.
Objective The students are familiar with the challenges of the fascinating and interdisciplinary field of Robotics and Mechatronics. They are

introduced in the basics of independent non-experimental scientific research and are able to summarize and to present the results
efficiently.

Content This 4 ECTS course requires each student to discuss a study plan with the lecturer and select minimum 10 relevant scientific publications
to read through. At the end of semester, the results should be presented in an oral presentation and summarized in a report.

 Physics
For the field of specialization `Physics' basic knowledge in quantum mechanics is required.

Number Title Type ECTS Hours Lecturers

402-0812-00L Computational Statistical Physics W 8 credits 2V+2U O. Zilberberg
Abstract Computer simulation methods in statistical physics. Classical Monte-Carlo-simulations: finite-size scaling, cluster algorithms, histogram-

methods, renormalization group. Application to Boltzmann machines. Simulation of non-equilibrium systems.

Molecular dynamics simulations: long range interactions, Ewald summation, discrete elements, parallelization.

Objective The lecture will give a deeper insight into computer simulation methods in statistical physics. Thus, it is an ideal continuation of the lecture
"Introduction to Computational Physics" of the autumn semester. In the first part students learn to apply the following methods: Classical
Monte Carlo-simulations, finite-size scaling, cluster algorithms, histogram-methods, renormalization group. Moreover, students learn about
the application of statistical physics methods to Boltzmann machines and how to simulate non-equilibrium systems.

In the second part, students apply molecular dynamics simulation methods. This part includes long range interactions, Ewald summation
and discrete elements.

Content Computer simulation methods in statistical physics. Classical Monte-Carlo-simulations: finite-size scaling, cluster algorithms, histogram-
methods, renormalization group. Application to Boltzmann machines. Simulation of non-equilibrium systems. Molecular dynamics
simulations: long range interactions, Ewald summation, discrete elements, parallelization.

Lecture notes Lecture notes and slides are available online and will be distributed if desired.
Literature Literature recommendations and references are included in the lecture notes.
Prerequisites /
notice

Some basic knowledge about statistical physics, classical mechanics and computational methods is recommended.

402-0810-00L Computational Quantum Physics
Special Students UZH must book the module PHY522
directly at UZH.

W  8 credits 2V+2U T. Neupert, M. H. Fischer

Abstract This course provides an introduction to simulation methods for quantum systems, starting with the one-body problem and finishing with
quantum field theory, with special emphasis on quantum many-body systems. Both approximate methods (Hartree-Fock, density functional
theory) and exact methods (exact diagonalization, quantum Monte Carlo) are covered.

Objective The goal is to become familiar with computer simulation techniques for quantum physics, through lectures and practical programming
exercises.

402-0448-01L Quantum Information Processing I: Concepts
This theory part QIP I together with the experimental part
402-0448-02L QIP II (both offered in the Spring Semester)
combine to the core course in experimental physics
"Quantum Information Processing" (totally 10 ECTS
credits). This applies to the Master's degree programme in
Physics.

W  5 credits 2V+1U P. Kammerlander

Abstract The course will cover the key concepts and ideas of quantum information processing, including descriptions of quantum algorithms which
give the quantum computer the power to compute problems outside the reach of any classical supercomputer. 
Key concepts such as quantum error correction will be described. These ideas provide fundamental insights into the nature of quantum
states and measurement.

Objective We aim to provide an overview of the central concepts in Quantum Information Processing, including insights into the advantages to be
gained from using quantum mechanics and the range of techniques based on quantum error correction which enable the elimination of
noise.

Content The topics covered in the course will include quantum circuits, gate decomposition and universal sets of gates, efficiency of quantum
circuits, quantum algorithms (Shor, Grover, Deutsch-Josza,..), error correction, fault-tolerant design, entanglement, teleportation and dense
conding, teleportation of gates, and cryptography.

Lecture notes More details to follow.
Literature Quantum Computation and Quantum Information

Michael Nielsen and Isaac Chuang
Cambridge University Press

Prerequisites /
notice

Basic knowledge in the formalism of quantum states, unitary evolution and quantum measurement is recommended.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1529 of 1785

227-0161-00L Molecular and Materials Modelling W  4 credits 2V+2U D. Passerone, C. Pignedoli
Abstract The course introduces the basic techniques to interpret experiments with contemporary atomistic simulation, including force fields or ab

initio based molecular dynamics and Monte Carlo. Structural and electronic properties will be simulated hands-on for realistic systems.
The modern methods of "big data" analysis applied to the screening of chemical structures will be introduced with examples.

Objective The ability to select a suitable atomistic approach to model a nanoscale system, and to employ a simulation package to compute quantities
providing a theoretically sound explanation of a given experiment.  This includes knowledge of empirical force fields and insight in
electronic structure theory, in particular density functional theory (DFT). Understanding the advantages of Monte Carlo and molecular
dynamics (MD), and how these simulation methods can be used to compute various static and dynamic material properties. Basic
understanding on how to simulate different spectroscopies (IR, X-ray, UV/VIS). Performing a basic computational experiment: interpreting
the experimental input, choosing theory level and model approximations, performing the calculations, collecting and representing the
results, discussing the comparison to the experiment.

Content -Classical force fields in molecular and condensed phase systems
-Methods for finding stationary states in a potential energy surface
-Monte Carlo techniques applied to nanoscience
-Classical molecular dynamics: extracting quantities and relating to experimentally accessible properties
-From molecular orbital theory to quantum chemistry: chemical reactions
-Condensed phase systems: from periodicity to band structure
-Larger scale systems and their electronic properties: density functional theory and its approximations
-Advanced molecular dynamics: Correlation functions and extracting free energies
-The use of Smooth Overlap of Atomic Positions (SOAP) descriptors in the evaluation of the (dis)similarity of crystalline, disordered and
molecular compounds

Lecture notes A script will be made available and complemented by literature references.
Literature D. Frenkel and B. Smit, Understanding Molecular Simulations, Academic Press, 2002.


M. P. Allen and D.J. Tildesley, Computer Simulations of Liquids, Oxford University   Press 1990.

C. J. Cramer, Essentials of Computational Chemistry. Theories and Models, Wiley 2004

G. L. Miessler, P. J. Fischer, and Donald A. Tarr, Inorganic Chemistry, Pearson 2014.

K. Huang, Statistical Mechanics, Wiley, 1987.

N. W. Ashcroft, N. D. Mermin, Solid State Physics, Saunders College 1976.

E. Kaxiras, Atomic and Electronic Structure of Solids, Cambridge University Press 2010.

529-0474-00L Quantum Chemistry W  6 credits 3G S. Knecht, T. Weymuth
Abstract Introduction into the basic concepts of electronic structure theory and into numerical methods of quantum chemistry. Exercise classes are

designed to deepen the theory; practical case studies using quantum chemical software to provide a 'hands-on' expertise in applying these
methods.

Objective Nowadays, chemical research can be carried out in silico, an intellectual achievement for which Pople and Kohn have been awarded the
Nobel prize of the year 1998. This lecture shows how that has been accomplished. It works out the many-particle theory of many-electron
systems (atoms and molecules) and discusses its implementation into computer programs. A complete picture of quantum chemistry shall
be provided that will allow students to carry out such calculations on molecules (for accompanying experimental work in the wet lab or as a
basis for further study of the theory).

Content Basic concepts of many-particle quantum mechanics. Derivation of the many-electron theory for atoms and molecules; starting with the
harmonic approximation for the nuclear problem and with Hartree-Fock theory for the electronic problem to Moeller-Plesset perturbation
theory and configuration interaction and to coupled cluster and multi-configurational approaches. Density functional theory. Case studies
using quantum mechanical software.

Lecture notes Hand outs in German will be provided for each lecture (they are supplemented by (computer) examples that continuously illustrate how the
theory works).

Literature Textbooks on Quantum Chemistry:
F.L. Pilar, Elementary Quantum Chemistry, Dover Publications
I.N. Levine, Quantum Chemistry, Prentice Hall

Hartree-Fock in basis set representation:
A. Szabo and N. Ostlund, Modern Quantum Chemistry: Introduction to Advanced Electronic Structure Theory, McGraw-Hill

Textbooks on Computational Chemistry:
F. Jensen, Introduction to Computational Chemistry, John Wiley & Sons
C.J. Cramer, Essentials of Computational Chemistry, John Wiley & Sons

Prerequisites /
notice

Basic knowledge in quantum mechanics (e.g. through course physical chemistry III - quantum mechanics) required

402-0778-00L Particle Accelerator Physics and Modeling II W  6 credits 2V+1U A. Adelmann
Abstract The effect of nonlinearities on the beam dynamics of charged particles will be discussed. For the nonlinear beam transport, Lie-Methods in

combination with differential algebra (DA) and truncated power series (TPS) will be introduced. In the second part we will discuss surrogate
model construction for such non-linear dynamical systems using neural networks and polynomial chaos expansion.

Objective Models for nonlinear beam dynamics can be applied to new or existing particle accelerators. 
You create Python based surrogate models of dynamical systems, such as charged particle accelerators using Keras and Tensorflow.

Content - Symplectic Maps and Higher Order Beam Dynamics
- Taylor Modells and Differential Algebra
- Lie Methods
- Normal Forms
- Surrogate Models for dynamical systems
- Surrogate model based neural networks 
- Surrogate model based polynomial chaos 
- Uncertanty quantification of dynamical systems

Lecture notes Lecture notes
Literature * Modern Map Methods in Particle Beam Physics

M. Berz (http://bt.pa.msu.edu/pub/papers/AIEP108book/AIEP108book.pdf)
Prerequisites /
notice

Ideally Particle Accelerator Physics and Modelling 1 (PAM-1), however at the beginning of the semester, a crash course is offered
introducing the minimum level of particle accelerator modeling needed to follow. This lecture is also suited for PhD. Students.

401-5810-00L Seminar in Physics for CSE W  4 credits 2S A. Adelmann
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Abstract In this seminar the students present a talk on an advanced topic in modern theoretical or computational physics.

 Computational Finance
Number Title Type ECTS Hours Lecturers

401-4658-00L Computational Methods for Quantitative Finance: PDE
Methods

W  6 credits 3V+1U C. Schwab

Abstract Introduction to principal methods of option pricing. Emphasis on PDE-based methods. Prerequisite MATLAB programming
and knowledge of numerical mathematics at ETH BSc level.

Objective Introduce the main methods for efficient numerical valuation of derivative contracts in a
Black Scholes as well as in incomplete markets due Levy processes or due to stochastic volatility
models. Develop implementation of pricing methods in MATLAB. 
Finite-Difference/ Finite Element based methods for the solution of the pricing integrodifferential equation.

Content 1. Review of option pricing. Wiener and Levy price process models. Deterministic, local and stochastic
     volatility models.
2. Finite Difference Methods for option pricing. Relation to bi- and multinomial trees.
    European contracts.
3. Finite Difference methods for Asian, American and Barrier type contracts.
4. Finite element methods for European and American style contracts.
5. Pricing under local and stochastic volatility in Black-Scholes Markets.
6. Finite Element Methods for option pricing under Levy processes. Treatment of 
    integrodifferential operators.
7. Stochastic volatility models for Levy processes.
8. Techniques for multidimensional problems. Baskets in a Black-Scholes setting and 
    stochastic volatility models in Black Scholes and Levy markets.
9. Introduction to sparse grid option pricing techniques.

Lecture notes There will be english, typed lecture notes as well as MATLAB software for registered participants in the course.
Literature R. Cont and P. Tankov : Financial Modelling with Jump Processes, Chapman and Hall Publ. 2004.


Y. Achdou and O. Pironneau : Computational Methods for Option Pricing, SIAM Frontiers in Applied Mathematics, SIAM Publishers,
Philadelphia 2005.

D. Lamberton and B. Lapeyre : Introduction to stochastic calculus Applied to Finance (second edition), Chapman & Hall/CRC Financial
Mathematics Series, Taylor & Francis Publ. Boca Raton, London, New York 2008.

J.-P. Fouque, G. Papanicolaou and K.-R. Sircar : Derivatives in financial markets with stochastic volatility, Cambridge Univeristy Press,
Cambridge, 2000.

N. Hilber, O. Reichmann, Ch. Schwab and Ch. Winter: Computational Methods for Quantitative Finance, Springer Finance, Springer, 2013.

401-8908-00L Continuous Time Quantitative Finance (University of
Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: MFOEC204

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  3 credits 3V University lecturers

Abstract American Options, Stochastic Volatility, Lévy Processes and Option Pricing, Exotic Options, Transaction Costs and Real Options.
Objective The course focuses on the theoretical foundations of modern derivative pricing. It aims at deriving and explaining important option pricing

models by relying on some mathematical tools of continuous time finance.
A particular focus on jump processes is given. The introduction of possible financial crashes is now essential in some models and a clear
understanding of Poisson processes is therefore important. A standard background in stochastic calculus is required.

Content Stochastic volatility models
Itô's formula and Girsanov theorem for jump-diffusion processes
The pricing of options in presence of possible discontinuities
Exotic options
Transaction costs

Lecture notes See: http://www.isb.uzh.ch/institut/staff/chesney.marc/teaching/
Literature See: http://www.isb.uzh.ch/institut/staff/chesney.marc/teaching/
Prerequisites /
notice

This course replaces "Continuous Time Quantitative Finance" (MFOEC108), which will be discontinued. Students who have taken
"Continuous Time Quantitative Finance" (MFOEC108) in the past, are not allowed to book this course "Continuous Time Quantitative
Finance" (MFOEC204).

401-5820-00L Seminar in Computational Finance for CSE W  4 credits 2S J. Teichmann

 Electromagnetics
recognition of 227-0662-00L and 227-0662-10L requires the successful completion of both course units

Number Title Type ECTS Hours Lecturers

227-0536-00L Multiphysics Simulations for Power Systems
This course is defined so and planned to be an addition to
the module "227-0537-00L Technology of Electric Power
System Components".
However, the students who are familiar with the
fundamentals of electromagnetic fields could attend only
this course without its 227-0537-00-complement.

W  4 credits 2V+2U J. Smajic

Abstract The goals of this course are a) understanding the fundamentals of the electromagnetic, thermal, mechanical, and coupled field simulations
and b) performing effective simulations of primary equipment  of electric power systems. The course is understood complementary to 227-
0537-00L  "Technology of Electric Power System Components", but can also be taken separately.
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Objective The student should learn the fundamentals of the electromagnetic, thermal, mechanical, and coupled fields simulations necessary for
modern product development and research based on virtual prototyping. She / he should also learn the theoretical background of the finite
element method (FEM) and its application to low- and high-frequency electromagnetic field simulation problems. The practical exercises of
the course should be done by using one of the commercially available field simulation software (Infolytica, ANSYS, and / or COMSOL).
After completing the course the student should be able to properly and efficiently use the software to simulate practical design problems
and to understand and interpret the obtained results.

Content 1.    Elektromagnetic Fields and Waves: Simulation Aspects (1 lecture, 2 hours)
a.    Short review of the governing equations
b.    Boundary conditions
c.    Initial conditions
d.    Linear and nonlinear material properties
e.    Coupled fields (electro-mechanical and electro-thermal coupling)

2.    Finite Element Method for elektromagnetic simulations (5 lectures and 3 exercises, 16 hours)
a.    Scalar-FEM in 2-D (electrostatic, magnetostatic, eddy-currents, etc.) 
b.    Vector-FEM in 3-D (3-D eddy-currents, wave propagation, etc.)
c.    Numerical aspects of the analysis (convergence, linear solvers, preconditioning, mesh quality, etc.)
d.    Matlab code for 2-D FEM for learning and experimenting

3.    Practical applications (5 lectures and 5 exercises, 20 hours)
a.    Dielectric analysis of high-voltage equipment
b.    Nonlinear quasi-electrostatic analysis of surge arresters
c.    Eddy-currents analysis of power transformers
d.    Electromagnetic analysis of electric machines
e.    Very fast transients in gas insulated switchgears (GIS)
f.    Electromagnetic compatibility (EMC)

227-0662-00L Organic and Nanostructured Optics and Electronics
(Course)
Does not take place this semester.

W  3 credits 2G V. Wood

Abstract This course examines the optical and electronic properties of excitonic materials that can be leveraged to create thin-film light emitting
devices and solar cells. Laboratory sessions provide students with experience in synthesis and optical characterization of nanomaterials as
well as fabrication and characterization of thin film devices.

Objective Gain the knowledge and practical experience to begin research with organic or nanostructured materials and understand the key
challenges in this rapidly emerging field.

Content 0-Dimensional Excitonic Materials (organic molecules and colloidal quantum dots)

Energy Levels and Excited States (singlet and triplet states, optical absorption and luminescence).

Excitonic and Polaronic Processes (charge transport, Dexter and Förster energy transfer, and exciton diffusion).

Devices (photodetectors, solar cells, and light emitting devices).

Literature Lecture notes and reading assignments from current literature to be posted on website.

227-0662-10L Organic and Nanostructured Optics and Electronics
(Project)
Does not take place this semester.

W  3 credits 2A V. Wood

Abstract This course examines the optical and electronic properties of excitonic materials that can be leveraged to create thin-film light emitting
devices and solar cells. Laboratory sessions provide students with experience in synthesis and optical characterization of nanomaterials as
well as fabrication and characterization of thin film devices.

Objective Gain the knowledge and practical experience to begin research with organic or nanostructured materials and understand the key
challenges in this rapidly emerging field.

Content 0-Dimensional Excitonic Materials (organic molecules and colloidal quantum dots)

Energy Levels and Excited States (singlet and triplet states, optical absorption and luminescence).

Excitonic and Polaronic Processes (charge transport, Dexter and Förster energy transfer, and exciton diffusion).

Devices (photodetectors, solar cells, and light emitting devices).

Literature Lecture notes and reading assignments from current literature to be posted on website.
Prerequisites /
notice

Admission is conditional to passing 227-0662-00L  Organic and Nanostructured Optics and Electronics (Course)

227-0622-00L Thermal Modeling: From Semiconductor to Medical
Devices and Personalized Therapy Planning

W  4 credits 2V+1U E. Neufeld, M. Luisier

Abstract The course introduces computational techniques to model electromagnetic heating across many orders of magnitudes, from the atomic to
the macroscopic scale. Both desired and undesired thermal effects will be covered, e.g. thermal cancer therapies based on tissue heating
or Joule heating in semiconductor devices. A wide range of simulation approaches and numerical methods will be introduced.

Objective During this course the students will:

- learn the physics governing and computational models describing electromagnetic-induced heating;

- get familiar with computational simulation techniques across a wide range of spatial scales, incl. methods to simulate in vivo heating,
considering thermoregulation and perfusion, or quantum mechanical approaches considering heat at the level of atomic vibrations;

- implement and apply simulation techniques within a state-of-the-art open-source simulation platform for computational life sciences, as
well as a framework for computer-aided design of semiconductor devices;

- learn about remaining challenges in this field
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Content The following topics will be discussed during the semester:

- Introduction about electromagnetic heating (from its historical perspective to its application in biology);

- Microscopic/Macroscopic thermal transport (governing equations, numerical methods, examples);

- Numerical algorithms and their implementation in python and/or C++, parallelisation approaches, and high performance computing
solutions;

- Practical examples: thermal therapy planning with Sim4Life and technology computer aided design with OMEN;

- Model verification and validation.

Lecture notes Lecture slides are distributed every week and can be found at
https://iis-students.ee.ethz.ch/lectures/thermal-modeling/

Prerequisites /
notice

The course requires an open attitude towards interdisciplinarity, basic python scripting and C++ coding skills, undergraduate entry-level
familiarity with electric & magnetic fields/forces, differential equations, calculus, and basic knowledge of biology and quantum mechanics.

227-0707-00L Optimization Methods for Engineers W  3 credits 2G P. Leuchtmann
Abstract First half of the semester: Introduction to the main methods of numerical optimization with focus on stochastic methods such as genetic

algorithms, evolutionary strategies, etc.
Second half of the semester: Each participant implements a selected optimizer and applies it on a problem of practical interest.

Objective Numerical optimization is of increasing importance for the development of devices and for the design of numerical methods. The students
shall learn to select, improve, and combine appropriate procedures for efficiently solving practical problems.

Content Typical optimization problems and their difficulties are outlined. Well-known deterministic search strategies, combinatorial minimization, and
evolutionary algorithms are presented and compared. In engineering, optimization problems are often very complex. Therefore, new
techniques based on the generalization and combination of known methods are discussed. To illustrate the procedure, various problems of
practical interest are presented and solved with different optimization codes.

Lecture notes PDF of a short skript (39 pages) plus the view graphs are provided
Prerequisites /
notice

Lecture only in the first half of the semester, exercises in form of small projects in the second half, presentation of the results in the last
week of the semester.

401-5870-00L Seminar in Electromagnetics for CSE W  4 credits 2S J. Smajic, J. Leuthold
Abstract Discussion of fundamentals of electromagnetics and various applications (wave propagation, scattering, antennas, waveguides, bandgap

materials, etc.). Numerical methods suited for the analysis of electromagnetic fields and for the optimal design of electromagnetic
structures.

Objective Knowledge about classical electromagnetics, main applications, and appropriate numerical methods.
Prerequisites /
notice

Students study a selected topic and give a 15-30 minutes presentation towards the end of the semester. The topic and the supervisor is
defined in a discussion with J. Smajic or J. Leuthold.

 Geophysics
Recommended combinations:
Subject 2 + Subject 5 + Subject 6 + Subject 7
Subject 2 + Subject 4 + Subject 5 + Subject 6 + Subject 8
Subject 2 + Subject 5 + Subject 6 + (Subject 1 or Subject 3)

 Geophysics: Subject 1
offered in the autumn semester

 Geophysics: Subject 2
offered in the autumn semester

 Geophysics: Subject 3
Number Title Type ECTS Hours Lecturers

651-4008-00L Dynamics of the Mantle and Lithosphere W  3 credits 2G A. Rozel
Abstract The goal of this course is to obtain a detailed understanding of the physical properties, structure, and dynamical behavior of the mantle-

lithosphere system, focusing mainly on Earth but also discussing how these processes occur differently in other terrestrial planets.
Objective The goal of this course is to obtain a detailed understanding of the physical properties, structure, and dynamical behavior of the mantle-

lithosphere system, focusing mainly on Earth but also discussing how these processes occur differently in other terrestrial planets.

 Geophysics: Subject 4
Number Title Type ECTS Hours Lecturers

651-4094-00L Numerical Modelling for Applied Geophysics W  5 credits 2G J. Robertsson, H. Maurer
Abstract Numerical modelling in environmental and exploration geophysics.  The course covers different numerical methods such as finite difference

and finite element methods applied to solve PDE’s for instance governing seismic wave propagation and geoelectric problems.

Prerequisites include basic knowledge of (i) signal processing and applied mathematics such as Fourier analysis and (ii) Matlab.

Objective After this course students should have a good overview of numerical modelling techniques commonly used in environmental and
exploration geophysics.  Students should be familiar with the basic principles of the methods and how they are used to solve real problems.
They should know advantages and disadvantages as well as the limitations of the individual approaches.

The course includes exercises in Matlab where the stduents both should lear, understand and use existing scripts as well as carrying out
some coding in Matlab themselves.
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Content During the first part of the course, the following topics are covered:
- Applications of modelling
- Physics of acoustic, elastic, viscoelastic wave equations as well as Maxwell's equations for electromagnetic wave propagation and
diffusive problems
- Recap of basic techniques in signal processing and applied mathematics
- Potential field modelling
- Solving PDE's, boundary conditions and initial conditions
- Acoustic/elastic wave propagation I, explicit time-domain finite-difference methods
- Acoustic/elastic wave propagation II, Viscoelastic, pseudospectral
- Acoustic/elastic wave propagation III, spectral accuracy in time, frequency domain FD, Eikonal
- Implicit finite-difference methods (geoelectric)
- Finite element methods, 1D/2D (heat equation)
- Finite element methods, 3D (geoelectric)
- Acoustic/elastic wave propagation IV,  Finite element and spectral element methods
- HPC and current challenges in computational seismology 
- Seismic data imaging project

Most of the lecture modules are accompanied by exercises  Small projects will be assigned to the students. They either include a
programming exercise or applications of existing modelling codes.

Lecture notes Presentation slides and some background material will be provided.
Literature Igel, H., 2017. Computational seismology: a practical introduction. Oxford University Press.
Prerequisites /
notice

This course is offered as a full semester course.  During the second part of the semester some lecture slots will be dedicated towards
working on exercises and course projects.

 Geophysics: Subject 5
Number Title Type ECTS Hours Lecturers

651-4014-00L Tomographic Imaging W  3 credits 2G T. Diehl, F. Lanza, A. Obermann
Abstract This course provides an overview on the most widely used seismological methods to image the Earth’s interior with a focus on crustal and

upper-mantle structures. Topics include controlled source methods such as refraction and wide-angle reflection, as well as passive body-
wave and surface-wave based methods. The course will discuss the strengths and weaknesses of each method.

Objective Understand the strengths and weaknesses of various active and passive tomographic methods to image the structure of the Earth.
Literature -Stein, S., Wysession, M., & Stein, S. (Ed.) (2003). Introduction to Seismology, Earthquakes, and Earth Structure. Blackwell Publishing.

-Lay, T. and T. C. Wallace, Modern Global Seismology, Academic Press, San Diego, 1995. A very basic seismology textbook. Chapters 2
through 4 provide a useful introduction to the contents of this course.
-Menke, W., Geophysical Data Analysis: Discrete Inverse Theory, revised edition, Academic Press, San Diego, 1989. A very complete
textbook on inverse theory in geophysics.
-Press, W. H., S. A. Teukolsky, W. T. Vetterling and B. P. Flannery, Numerical Recipes, Cambridge University Press. The art of scientific
computing.
-Aki, K. and P. G. Richards, Quantitative Seismology, second edition, University Science Books, Sausalito, 2002. The most standard
textbook in seismology, for grad students and advanced undergraduates.
-Dahlen, F. A. and J. Tromp, Theoretical Global Seismology, Princeton University Press, Princeton, 1998. A very good book, suited for
advanced graduate students with a strong math background.
-Kennett B.L.N., The Seismic Wavefield. Volume I: Introduction and Theoretical Development (2001). Volume II: Interpretation of
Seismograms on Regional and Global Scales (2002). Cambridge University Press.
-Trefethen, L. N. and D. Bau III, Numerical Linear Algebra, Soc. for Ind. and Appl. Math., Philadelphia, 1997. A textbook on the numerical
solution of large linear inverse problems, designed for advanced math undergraduates.

 Geophysics: Subject 6
Number Title Type ECTS Hours Lecturers

651-4006-00L Seismology of the Spherical Earth W  3 credits 3G M. van Driel, S. C. Stähler
Abstract Brief review of continuum mechanics and the seismic wave equation; P and S waves; reciprocity and representation theorems; eikonal

equation and ray tracing; Huygens and Fresnel; surface-waves; normal-modes; seismic interferometry and noise; numerical solutions.
Objective After taking this course, students will have the background knowledge necessary to start an original research project in quantitative

seismology.
Literature Shearer, P., Introduction to Seismology, Cambridge University Press,

1999.

Aki, K. and P. G. Richards, Quantitative Seismology, second edition,
University Science Books, Sausalito, 2002.

Nolet, G., A Breviary of Seismic Tomography,  Cambridge University Press, 2008.

Prerequisites /
notice

This is a quantitative lecture with an emphasis on mathematical description of wave propagation phenomena on the global scale, hence
basic knowledge in vector calculus, linear algebra and analysis as well as seismology (e.g. from the 'wave propagation' lecture) are
essential to follow this course.

 Geophysics: Subject 7
Number Title Type ECTS Hours Lecturers

651-4096-00L Inverse Theory I: Basics W  3 credits 2V A. Fichtner
Abstract Inverse theory is the art of inferring properties of a physical system from noisy and sparse observations. It is used to transform

observations of waves into 3D images of a medium seismic tomography, medical imaging and material science; to constrain density in the
Earth from gravity; to obtain probabilities of life on exoplanets ... . Inverse theory is at the heart of many natural sciences.

Objective The goal of this course is to enable students to develop a mathematical formulation of specific inference (inverse) problems that may arise
anywhere in the physical sciences, and to implement suitable solution methods. Furthermore, students should become aware that nearly all
relevant inverse problems are ill-posed, and that their meaningful solution requires the addition of prior knowledge in the form of expertise
and physical intuition. This is what makes inverse theory an art.
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Content This first of two courses covers the basics needed to address (and hopefully solve) any kind of inverse problem. Starting from the
description of information in terms of probabilities, we will derive Bayes' Theorem, which forms the mathematical foundation of modern
scientific inference. This will allow us to formalise the process of gaining information about a physical system using new observations.
Following the conceptual part of the course, we will focus on practical solutions of inverse problems, which will lead us to study Monte
Carlo methods and the special case of least-squares inversion.

In more detail, we aim to cover the following main topics:

1. The nature of observations and physical model parameters
2. Representing information by probabilities
3. Bayes' theorem and mathematical scientific inference
4. Random walks and Monte Carlo Methods
5. The Metropolis-Hastings algorithm
6. Simulated Annealing
7. Linear inverse problems and the least-squares method
8. Resolution and the nullspace
9. Basic concepts of iterative nonlinear inversion methods

While the concepts introduced in this course are universal, they will be illustrated with numerous simple and intuitive examples. These will
be complemented with a collection of computer and programming exercises.

Prerequisites for this course include (i) basic knowledge of analysis and linear algebra, (ii) basic programming skills, for instance in Matlab
or Python, and (iii) scientific curiosity.

Lecture notes Presentation slides and detailed lecture notes will be provided.
Prerequisites /
notice

This course is offered as a half-semester course during the first part of the semester

651-4096-02L Inverse Theory II: Applications
Prerequisites: The successful completion of 651-4096-00L
Inverse Theory I: Basics is mandatory.

W  3 credits 2G A. Fichtner, C. Böhm

Abstract This second part of the course on Inverse Theory provides an introduction to the numerical solution of large-scale inverse problems.
Specific examples are drawn from different areas of geophysics and image processing. Students solve various model problems using
python and jupyter notebooks, and familiarize themselves with relevant open-source libraries and commercial software.

Objective This course provides numerical tools and recipes to solve (non)-linear inverse problems arising in nearly all fields of science and
engineering. After successful completion of the class, the students will have a thorough understanding of suitable solution algorithms,
common challenges and possible mitigations to infer parameters that govern large-scale physical systems from sparse data
measurements. 

Prerequisites for this course are (i)  651-4096-00L Inverse Theory: Basics, (ii) basic programming skills.

Content The class discusses several important concepts to solve (non)-linear inverse problems and demonstrates how to  apply them to real-world
data applications. All sessions are split into a lecture part in the first half, followed by tutorials using python and jupyter notebooks in the
second. The range of covered topics include:

1. Regularization filters and image deblurring
2. Travel-time tomography
3. Line-search methods
4. Time reversal and Born’s approximation
5. Adjoint methods
6. Full-waveform inversion

Lecture notes Presentation slides and some background material will be provided.
Prerequisites /
notice

This course is offered as a half-semester course during the second part of the semester

 Geophysics: Subject 8
offered in the autumn semester

 Geophysics: Seminar
Number Title Type ECTS Hours Lecturers

401-5880-00L Seminar in Geophysics for CSE W  4 credits 2S T. Gerya, P. Tackley

 Biology
Number Title Type ECTS Hours Lecturers

636-0702-00L Statistical Models in Computational Biology W  6 credits 2V+1U+2A N. Beerenwinkel
Abstract The course offers an introduction to graphical models and their application to complex biological systems. Graphical models combine a

statistical methodology with efficient algorithms for inference in settings of high dimension and uncertainty. The unifying graphical model
framework is developed and used to examine several classical and topical computational biology methods.

Objective The goal of this course is to establish the common language of graphical models for applications in computational biology and to see this
methodology at work for several real-world data sets.

Content Graphical models are a marriage between probability theory and graph theory. They combine the notion of probabilities with efficient
algorithms for inference among many random variables. Graphical models play an important role in computational biology, because they
explicitly address two features that are inherent to biological systems: complexity and uncertainty. We will develop the basic theory and the
common underlying formalism of graphical models and discuss several computational biology applications. Topics covered include
conditional independence, Bayesian networks, Markov random fields, Gaussian graphical models, EM algorithm, junction tree algorithm,
model selection, Dirichlet process mixture, causality, the pair hidden Markov model for sequence alignment, probabilistic phylogenetic
models, phylo-HMMs, microarray experiments and gene regulatory networks, protein interaction networks, learning from perturbation
experiments, time series data and dynamic Bayesian networks. Some of the biological applications will be explored in small data analysis
problems as part of the exercises.

Lecture notes no
Literature - Airoldi EM (2007) Getting started in probabilistic graphical models. PLoS Comput Biol 3(12): e252. doi:10.1371/journal.pcbi.0030252

- Bishop CM. Pattern Recognition and Machine Learning. Springer, 2007.
- Durbin R, Eddy S, Krogh A, Mitchinson G. Biological Sequence Analysis. Cambridge university Press, 2004

701-1708-00L Infectious Disease Dynamics W  4 credits 2V S. Bonhoeffer, R. D. Kouyos,
R. R. Regös, T. Stadler
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Abstract This course introduces into current research on the population biology of infectious diseases. The course discusses the most important
mathematical tools and their application to relevant diseases of human, natural or managed populations.

Objective Attendees will learn about:
* the impact of important infectious pathogens and their evolution on human, natural and managed populations
* the population biological impact of interventions such as treatment or vaccination
* the impact of population structure on disease transmission

Attendees will learn how:
* the emergence spread of infectious diseases is described mathematically
* the impact of interventions can be predicted and optimized with mathematical models
* population biological models are parameterized from empirical data
* genetic information can be used to infer the population biology of the infectious disease

The course will focus on how the formal methods ("how") can be used to derive biological insights about the host-pathogen system
("about").

Content After an introduction into the history of infectious diseases and epidemiology the course will discuss basic epidemiological models and the
mathematical methods of their analysis. We will then discuss the population dynamical effects of intervention strategies such as vaccination
and treatment. In the second part of the course we will introduce into more advanced topics such as the effect of spatial population
structure, explicit contact structure, host heterogeneity, and stochasticity. In the final part of the course we will introduce basic concepts of
phylogenetic analysis in the context of infectious diseases.

Lecture notes Slides and script of the lecture will be available online.
Literature The course is not based on any of the textbooks below, but they are excellent choices as accompanying material:

* Keeling & Rohani, Modeling Infectious Diseases in Humans and Animals, Princeton Univ Press 2008
* Anderson & May, Infectious Diseases in Humans, Oxford Univ Press 1990
* Murray, Mathematical Biology, Springer 2002/3
* Nowak & May, Virus Dynamics, Oxford Univ Press 2000
* Holmes, The Evolution and Emergence of RNA Viruses, Oxford Univ Press 2009

Prerequisites /
notice

Basic knowledge of population dynamics and population genetics as well as linear algebra and analysis will be an advantage.

262-0200-00L Bayesian Phylodynamics W  4 credits 2G+2A T. Stadler, T. Vaughan
Abstract How fast was Ebola spreading in West Africa? Where and when did the epidemic outbreak start? How can we construct the phylogenetic

tree of great apes, and did gene flow occur between different apes? At the end of the course, students will have designed, performed,
presented, and discussed their own phylodynamic data analysis to answer such questions.

Objective Attendees will extend their knowledge of Bayesian phylodynamics obtained in the “Computational Biology” class (636-0017-00L) and will
learn how to apply this theory to real world data. The main theoretical concepts introduced are:
* Bayesian statistics
* Phylogenetic and phylodynamic models
* Markov Chain Monte Carlo methods
Attendees will apply these concepts to a number of applications yielding biological insight into:
* Epidemiology
* Pathogen evolution
* Macroevolution of species

Content In the first part of the semester, in each week, we will first present the theoretical concepts of Bayesian phylodynamics. The presentation
will be followed by attendees using the software package BEAST v2 to apply these theoretical concepts to empirical data. We use
previously published datasets on e.g. Ebola, Zika, Yellow Fever, Apes, and Penguins for analysis. Examples of these practical tutorials are
available on https://taming-the-beast.org/. 
In the second part of the semester, the students choose an empirical dataset of genetic sequencing data and possibly some non-genetic
metadata. They then design and conduct a research project in which they perform Bayesian phylogenetic analyses of their dataset. The
weekly class is intended to discuss and monitor progress and to address students’ questions very interactively. At the end of the semester,
the students present their research project in an oral presentation. The content of the presentation, the style of the presentation, and the
performance in answering the questions after the presentation will be marked.

Lecture notes Lecture slides will be available on moodle.
Literature The following books provide excellent background material:

•    Drummond, A. & Bouckaert, R. 2015. Bayesian evolutionary analysis with BEAST.
•    Yang, Z. 2014. Molecular Evolution: A Statistical Approach.
•    Felsenstein, J. 2003. Inferring Phylogenies.
The tutorials in this course are based on our Summer School “Taming the BEAST”: https://taming-the-beast.org/

Prerequisites /
notice

This class builds upon the content which we teach in the Computational Biology class (636-0017-00L). Attendees must have either taken
the Computational Biology class or acquired the content elsewhere.

227-0973-00L Translational Neuromodeling W  8 credits 3V+2U+1A K. Stephan
Abstract This course provides a systematic introduction to Translational Neuromodeling (the development of mathematical models for diagnostics of

brain diseases) and their application to concrete clinical questions (Computational Psychiatry/Psychosomatics). It focuses on a generative
modeling strategy and teaches (hierarchical) Bayesian models of neuroimaging data and behaviour, incl. exercises.

Objective To obtain an understanding of the goals, concepts and methods of Translational Neuromodeling and Computational
Psychiatry/Psychosomatics, particularly with regard to Bayesian models of neuroimaging (fMRI, EEG) and behavioural data.
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Content This course provides a systematic introduction to Translational Neuromodeling (the development of mathematical models for diagnostics of
brain diseases) and their application to concrete clinical questions (Computational Psychiatry/Psychosomatics). The first part of the course
will introduce disease concepts from psychiatry and psychosomatics, their history, and clinical priority problems. The second part of the
course concerns computational modeling of neuronal and cognitive processes for clinical applications. A particular focus is on Bayesian
methods and generative models, for example, dynamic causal models for inferring neuronal processes from neuroimaging data, and
hierarchical Bayesian models for inference on cognitive processes from behavioural data. The course discusses the mathematical and
statistical principles behind these models, illustrates their application to various psychiatric diseases, and outlines a general research
strategy based on generative models. 

Lecture topics include:
1.    Introduction to Translational Neuromodeling and Computational Psychiatry/Psychosomatics
2.    Psychiatric nosology 
3.    Pathophysiology of psychiatric disease mechanisms
4.    Principles of Bayesian inference and generative modeling
5.    Variational Bayes (VB)
6.    Bayesian model selection
7.    Markov Chain Monte Carlo techniques (MCMC)
8.    Bayesian frameworks for understanding psychiatric and psychosomatic diseases
9.    Generative models of fMRI data
10.    Generative models of electrophysiological data
11.    Generative models of behavioural data
12.    Computational concepts of schizophrenia, depression and autism
13.    Model-based predictions about individual patients

Practical exercises include mathematical derivations and the implementation of specific models and inference methods. In additional
project work, students are required to use one of the examples discussed in the course as a basis for developing their own generative
model and use it for simulations and/or inference in application to a clinical question. Group work (up to 3 students) is permitted.

Literature See TNU website:
https://www.tnu.ethz.ch/en/teaching.html

Prerequisites /
notice

Good knowledge of principles of statistics, good programming skills (MATLAB or Python)

701-1418-00L Modelling Course in Population and Evolutionary
Biology
Number of participants limited to 20. 

Priority is given to MSc Biology and Environmental
Sciences students.

W  4 credits 6P S. Bonhoeffer, V. Müller

Abstract This course provides a "hands-on" introduction into mathematical/computational modelling of biological processes with particular emphasis
on evolutionary and population-biological questions. The models are developed using the Open Source software R.

Objective The aim of this course is to provide a practical introduction into the modelling of fundamental biological questions. The participants will
receive guidance to develop mathematical/computational models in small teams. The participants chose two modules with different levels
of difficulty from a list of projects.

The participant shall get a sense of the utility of modelling as a tool to investigate biological problems. The simpler modules are based
mostly on examples from the earlier lecture "Ecology and evolution: populations" (script accessible at the course webpage). The advanced
modules address topical research questions. Although being based on evolutionary and population biological methods and concepts, these
modules also address topics from other areas of biology.

Content see www.tb.ethz.ch/education/learningmaterials/modelingcourse.html
Lecture notes Detailed handouts describing both the modelling and the biological background are available to each module at the course website. In

addition, the script of the earlier lecture "Ecology and evolution: populations" can also be downloaded, and contains further backround
information.

Prerequisites /
notice

The course is based on the open source software R. Experience with R is useful but not required for the course. Similarly, the course 701-
1708-00L Infectious Disease Dynamics is useful but not required.

 Electives
In the ‘electives’ subcategory, at least two course units must be successfully completed.

Number Title Type ECTS Hours Lecturers

151-0834-00L Forming Technology II - Introduction Virtual Process
Modelling

W  4 credits 2V+2U P. Hora

Abstract The lecture imparts the principles of the nonlinear Finite-Element-Methods (FEM), implicit and explicit FEM-integration procedures for
quasistatic applications, modeling of coupled thermo-mechanical problems, modeling of time dependent contact conditions, modeling of the
nonlinear material behaviour, modeling of friction, FEM-based prediction of failure by means of cracks and crinkles.

Objective Prozess optimization through numerical methods
Content Application of virtual simulation methods for planning and optimization of metal-forming processes. Fundamentals of virtual simulation

processes, based on Finite-Element-Methods (FEM) and Finite-Difference-Methods (FDM). Introduction to the basics of continuum and
plasto mechanics to mathematically describe the plastic material flow of metals. The procedures to acquire process relevant features. The
exercises include the application of industrial simulation tools for deep drawing in automotive applications, high pressure inner metal
working (space frame) and rod extrusion.

Lecture notes yes

151-0836-00L Virtual Process Control in Forming Manufacturing
Systems

W  5 credits 2V+2U P. Hora

Abstract Introduction to the methods of virtual modeling of manufacturing processes, illustrated with examples from the digital automotive plant and
others. The lecture presents an opportunity to learn the application of non-linear finite element analysis and  optimization methods and also
adresses stochastical methods for the control of the robust processes.

Objective Integral study of virtual planning technologies in forming manufacturing systems
Content Introduction to the methods of digital plant modeling. Examples: digital automitive plant, digital space-frame manufacturing, digital extrusion

plant. Methods: virtual modeling of complex forming processes, non-linear FEA, optimization methods, stochastical methods.
Lecture notes yes

151-3202-00L Product Development and Engineering Design
Does not take place this semester.
Number of participants limited to 60.

W  4 credits 2G K. Shea
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Abstract The course introduces students to the product development process. In a team, you will explore the early phases of conceptual
development and product design, from ideation and concept generation through to hands-on prototyping. This is an opportunity to gain
product development experience and improve your skills in prototyping and presenting your product ideas. The project topic changes each
year.

Objective The course introduces you to the product development process and methods in engineering design for: product planning, user-centered
design, creating product specifications, ideation including concept generation and selection methods, material selection methods and
prototyping. Further topics include product lifecycle and sustainable design as well as design for manufacture, focusing on additive
manufacture. You will actively apply the process and methods learned throughout the semester in a team on a product development project
including hands-on prototyping.

Content Weekly topics accompanying the product development project include:
1      Introduction to Product Development and Engineering Design
2    Product Planning and Social-Economic-Technology (SET) Factors
3    User-Centered Design and Product Specification
4    Concept Generation and Selection Methods
5    System Design and Embodiment Design
6    Hands-On Prototyping and Prototype Planning
7    Material Selection in Engineering Design
8    Product Lifecycle and Sustainability
9    Design for Manufacture and Design for Additive Manufacture

Lecture notes available on Moodle
Literature Ulrich and Eppinger, Product Design and Development, 6th Edition, McGraw Hill Education, 2016.


Cagan and Vogel, Creating Breakthrough Products: Revealing the Secrets that Drive Global Innovation, 2nd Edition, Pearson Education,
2013.

Prerequisites /
notice

Although the course is offered to ME (BSc and MSc) and CS (BSc and MSc) students, priority will be given to ME BSc students in the
Focus Design, Mechanics, and Materials if the course is full.

151-0840-00L Principles of FEM-Based Optimization and
Robustness Analysis

W  5 credits 2V+2U B. Berisha, P. Hora, N. Manopulo

Abstract The course provides fundamentals of stochastic simulation and non-linear optimization methods. Methods of non-linear optimizaion for
complex mechanical systems will be introduced und applied on real processes. Typical applications of stochastical methods for the
prediction of process stability and robustness analysis will be discussed.

Objective Real systems are, in general, of non-linear nature. Moreover, they are submitted to process parameter variations. In spite of this, most
research is performed assuming deterministic boundary conditions, in which all parameters are constant. As a consequence, such research
cannot draw conclusions on real system behavior, but only on behavior under singular conditions. Hence, the objective of this course is to
give an insight into stochastic simulations and non-linear optimization methods. 

Students will learn mathematical methods e.g. gradient based and gradient free methods like genetic algorithm, and optimization tools
(Matlab Optimization Toolbox) to solve basic optimization and stochastic problems. 

Furthermore, special attention will be paid to the modeling of engineering problems using a commercial finite element program e.g.
ABAQUS to evaluate the mechanical response of a system, and an optimization tool e.g. LS-Opt for the mathematical optimization and
robustness analysis.

Content Principles of nonlinear optimization

-    Introduction into nonlinear optimization and stochastic process simulation
-    Principles of nonlinear optimization
-    Introduction into the design optimization and probabilistic tool LS-Opt
-    Design of Experiments DoE
-    Introduction into nonlinear finite element methods

Optimization of nonlinear systems

-    Application: Optimization of simple structures using LS-Opt and ABAQUS
-    Optimization based on meta modeling techniques
-    Introduction into structure optimization
-    Introduction into geometry parametrization for shape and topology optimization

Robustness and sensitivity of multiparameter systems

-    Introduction into stochastics and robustness of processes
-    Sensitivity analysis
-    Application examples

Lecture notes yes

151-0206-00L Energy Systems and Power Engineering W  4 credits 2V+2U R. S. Abhari, A. Steinfeld
Abstract Introductory first course for the specialization in ENERGY. The course provides an overall view of the energy field and pertinent global

problems, reviews some of the thermodynamic basics in energy conversion, and presents the state-of-the-art technology for power
generation and fuel processing.

Objective Introductory first course for the specialization in ENERGY. The course provides an overall view of the energy field and pertinent global
problems, reviews some of the thermodynamic basics in energy conversion, and presents the state-of-the-art technology for power
generation and fuel processing.

Content World primary energy resources and use: fossil fuels, renewable energies, nuclear energy; present situation, trends, and future
developments. Sustainable energy system and environmental impact of energy conversion and use: energy, economy and society. Electric
power and the electricity economy worldwide and in Switzerland; production, consumption, alternatives. The electric power distribution
system. Renewable energy and power: available techniques and their potential. Cost of electricity. Conventional power plants and their
cycles; state-of-the -art and advanced cycles. Combined cycles and cogeneration; environmental benefits. Solar thermal power generation
and solar photovoltaics. Hydrogen as energy carrier. Fuel cells: characteristics, fuel reforming and combined cycles. Nuclear power plant
technology.

Lecture notes Vorlesungsunterlagen werden verteilt

151-0306-00L Visualization, Simulation and Interaction - Virtual
Reality I

W  4 credits 4G A. Kunz

Abstract Technology of Virtual Reality. Human factors, Creation of virtual worlds, Lighting models, Display- and acoustic- systems, Tracking,
Haptic/tactile interaction, Motion platforms, Virtual prototypes, Data exchange, VR Complete systems, Augmented reality, Collaboration
systems; VR and Design; Implementation of the VR in the industry; Human Computer Interfaces (HCI).
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Objective The product development process in the future will be characterized by the Digital Product which is the center point for concurrent
engineering with teams spreas worldwide. Visualization and simulation of complex products including their physical behaviour at an early
stage of development will be relevant in future. The lecture will give an overview to techniques for virtual reality, to their ability to visualize
and to simulate objects. It will be shown how virtual reality is already used in the product development process.

Content Introduction to the world of virtual reality; development of new VR-techniques; introduction to 3D-computergraphics; modelling; physical
based simulation; human factors; human interaction; equipment for virtual reality; display technologies; tracking systems; data gloves;
interaction in virtual environment; navigation; collision detection; haptic and tactile interaction; rendering; VR-systems; VR-applications in
industry, virtual mockup; data exchange, augmented reality.

Lecture notes A complete version of the handout is also available in English.
Prerequisites /
notice

Voraussetzungen:
keine
Vorlesung geeignet für D-MAVT, D-ITET, D-MTEC und D-INF

Testat/ Kredit-Bedingungen/ Prüfung:
 Teilnahme an Vorlesung und Kolloquien
 Erfolgreiche Durchführung von Übungen in Teams 
 Mündliche Einzelprüfung 30 Minuten

151-0314-00L Information Technologies in the Digital Product W  4 credits 3G E. Zwicker, R. Montau
Abstract Objectives, Concepts and Methods of Digitalization, Digital Product and Product Lifecycle Management (PLM), Industry 4.0

Concepts for Digitalization: Product Structures, Optimization of Engineering Processes with digital models in Sales, Production, Service,
Digital Twin versus Digital Thread
PLM Fundamentals: Objects, Structures, Processes, Integrations, Visualization
Best Practices

Objective Students learn the fundamentals and concepts of Digitalization along the in the product lifecycle on the foundation of Product Lifecycle
Management (PLM) technologies, the usage of databases, the integration of CAx systems and Visualization/AR, the configuration of
computer-based collaboration leveraging IT-standards as well as variant and configuration management to enable an efficient utilization of
the digital product approach in industry 4.0.

Content Possibilities and potential of modern IT applications focussing on PLM and CAx technologies for targeted utilization in the context of
product platform - business processes - IT tools. Introduction to the concepts of Product Lifecycle Management (PLM): information
modeling, data management, revision, usage and distribution of product data. Structure and functional principles of PLM systems.
Integration of new IT technologies in business processes. Possibilities of publication and automatic configuration of product variants via the
Internet. Using state-of-the-art information and communication technologies to develop products globally across distributed locations.
Interfaces in computer-integrated product development. Selection, configuration, adaptation and introduction of PLM systems. Examples
and case studies for industrial usage of modern information technologies.

Learning modules:
-  Introduction to Digitalization (Digital Product, PLM technology)
-  Database technology (foundation of digitalization)
-  Object Management 
-  Object Classification 
-  Object identification with Part Numbering Systems 
-  CAx/PLM integration with Visualization/AR
-  Workflow & Change Management 
-  Interfaces of the Digital Product
-  Enterprise Application Integration (EAI)

Lecture notes Didactic concept / learning materials:
The course consists of lectures and exercises based on practical examples.
Provision of lecture handouts and script digitally in Moodle.

Prerequisites /
notice

Prerequisites: None
Recommended: Fokus-Project, interest in Digitalization
Lecture appropriate for D-MAVT, D-MTEC, D-ITET and D-INFK

Testat/Credit Requirements / Exam:
 - execution of exercises in teams (recommended)
 - Oral exam 30 minutes, based on concrete problem cases

151-0660-00L Model Predictive Control W  4 credits 2V+1U M. Zeilinger
Abstract Model predictive control is a flexible paradigm that defines the control law as an optimization problem, enabling the specification of time-

domain objectives, high performance control of complex multivariable systems and the ability to explicitly enforce constraints on system
behavior. This course provides an introduction to the theory and practice of MPC and covers advanced topics.             

Objective Design and implement Model Predictive Controllers (MPC) for various system classes to provide high performance controllers with desired
properties (stability, tracking, robustness,..) for constrained systems.              

Content - Review of required optimal control theory
- Basics on optimization
- Receding-horizon control (MPC) for constrained linear systems
- Theoretical properties of MPC: Constraint satisfaction and stability
- Computation: Explicit and online MPC
- Practical issues: Tracking and offset-free control of constrained systems, soft constraints
- Robust MPC: Robust constraint satisfaction
- Nonlinear MPC: Theory and computation
- Hybrid MPC: Modeling hybrid systems and logic, mixed-integer optimization
- Simulation-based project providing practical experience with MPC             

Lecture notes Script / lecture notes will be provided.
Prerequisites /
notice

One semester course on automatic control, Matlab, linear algebra.
Courses on signals and systems and system modeling are recommended. Important concepts to start the course: State-space modeling,
basic concepts of stability, linear quadratic regulation / unconstrained optimal control. 
Expected student activities: Participation in lectures, exercises and course project; homework (~2hrs/week).          

151-0940-00L Modelling and Mathematical Methods in Process and
Chemical Engineering

W  4 credits 3G M. Mazzotti

Abstract Study of the non-numerical solution of systems of ordinary differential equations and first order partial differential equations, with application
to chemical kinetics, simple batch distillation, and chromatography.

Objective Study of the non-numerical solution of systems of ordinary differential equations and first order partial differential equations, with application
to chemical kinetics, simple batch distillation, and chromatography.
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Content Development of mathematical models in process and chemical engineering, particularly for chemical kinetics, batch distillation, and
chromatography. Study of systems of ordinary differential equations (ODEs), their stability, and their qualitative analysis. Study of single
first order partial differential equation (PDE) in space and time, using the method of characteristics. Application of the theory of ODEs to
population dynamics, chemical kinetics (Belousov-Zhabotinsky reaction), and simple batch distillation (residue curve maps). Application of
the method of characteristic to chromatography.

Lecture notes no skript
Literature A. Varma, M. Morbidelli, "Mathematical methods in chemical engineering," Oxford University Press (1997) 

H.K. Rhee, R. Aris, N.R. Amundson, "First-order partial differential equations. Vol. 1," Dover Publications, New York (1986)
R. Aris, "Mathematical modeling: A chemical engineers perspective," Academic Press, San Diego (1999)

151-0980-00L Biofluiddynamics W  4 credits 2V+1U D. Obrist, P. Jenny
Abstract Introduction to the fluid dynamics of the human body and the modeling of physiological flow processes (biomedical fluid dynamics).
Objective A basic understanding of fluid dynamical processes in the human body. Knowledge of the basic concepts of fluid dynamics and the ability

to apply these concepts appropriately.
Content This lecture is an introduction to the fluid dynamics of the human body (biomedical fluid dynamics). For selected topics of human

physiology, we introduce fundamental concepts of fluid dynamics (e.g., creeping flow, incompressible flow, flow in porous media, flow with
particles, fluid-structure interaction) and use them to model physiological flow processes. The list of studied topics includes the
cardiovascular system and related diseases,  blood rheology, microcirculation, respiratory fluid dynamics and fluid dynamics of the inner
ear.

Lecture notes Lecture notes are provided electronically.
Literature A list of books on selected topics of biofluiddynamics can be found on the course web page.

151-0530-00L Nonlinear Dynamics and Chaos II W  4 credits 4G G. Haller
Abstract The internal structure of chaos; Hamiltonian dynamical systems; Normally hyperbolic invariant manifolds; Geometric singular perturbation

theory; Finite-time dynamical systems
Objective The course introduces the student to advanced, comtemporary concepts of nonlinear dynamical systems analysis.
Content I. The internal structure of chaos: symbolic dynamics, Bernoulli shift map,  sub-shifts of finite type; chaos is numerical iterations.


II.Hamiltonian dynamical systems: conservation and recurrence, stability of fixed points, integrable systems,  invariant tori, Liouville-
Arnold-Jost Theorem, KAM theory.

III. Normally hyperbolic invariant manifolds: Crash course on differentiable manifolds,  existence, persistence, and smoothness,
applications.
IV. Geometric singular perturbation theory:  slow manifolds  and their stability, physical examples. V. Finite-time dynamical system;
detecting  Invariant manifolds and coherent structures  in finite-time flows

Lecture notes Students have to prepare their own lecture notes
Literature Books will be recommended in class
Prerequisites /
notice

Nonlinear Dynamics I (151-0532-00) or equivalent

101-0178-01L Uncertainty Quantification in Engineering W  3 credits 2G S. Marelli
Abstract Uncertainty quantification aims at studying the impact of aleatory and epistemic uncertainty onto computational models used in science and

engineering. The course introduces the basic concepts of uncertainty quantification: probabilistic modelling of data (copula theory),
uncertainty propagation techniques (Monte Carlo simulation, polynomial chaos expansions), and sensitivity analysis.

Objective After this course students will be able to properly pose an uncertainty quantification problem, select the appropriate computational methods
and interpret the results in meaningful statements for field scientists, engineers and decision makers. The course is suitable for any
master/Ph.D. student in engineering or natural sciences, physics, mathematics, computer science with a basic knowledge in probability
theory.

Content The course introduces uncertainty quantification through a set of practical case studies that come from civil, mechanical, nuclear and
electrical engineering, from which a general framework is introduced. The course in then divided into three blocks: probabilistic modelling
(introduction to copula theory), uncertainty propagation (Monte Carlo simulation and polynomial chaos expansions) and sensitivity analysis
(correlation measures, Sobol' indices). Each block contains lectures and tutorials using Matlab and the in-house software UQLab
(www.uqlab.com).

Lecture notes Detailed slides are provided for each lecture. A printed script gathering all the lecture slides may be bought at the beginning of the
semester.

Prerequisites /
notice

A basic background in probability theory and statistics (bachelor level) is required. A summary of useful notions will be handed out at the
beginning of the course.

A good knowledge of Matlab is required to participate in the tutorials and for the mini-project.

227-0418-00L Algebra and Error Correcting Codes W  6 credits 4G H.-A. Loeliger
Abstract The course is an introduction to error correcting codes covering both classical algebraic codes and modern iterative decoding. The course

includes a self-contained introduction of the pertinent basics of "abstract" algebra.
Objective The course is an introduction to error correcting codes covering both classical algebraic codes and modern iterative decoding. The course

includes a self-contained introduction of the pertinent basics of "abstract" algebra.
Content Error correcting codes: coding and modulation, linear codes, Hamming space codes, Euclidean space codes, trellises and Viterbi decoding,

convolutional codes, factor graphs and message passing algorithms, low-density parity check codes, turbo codes, polar codes, Reed-
Solomon codes.

Algebra: groups, rings, homomorphisms, quotient groups, ideals, finite fields, vector spaces, polynomials.

Lecture notes Lecture Notes (english)

227-0420-00L Information Theory II
Does not take place this semester.

W  6 credits 2V+2U A. Lapidoth

Abstract This course builds on Information Theory I. It introduces additional topics in single-user communication, connections between Information
Theory and Statistics, and Network Information Theory.

Objective The course has two objectives: to introduce the students to the key information theoretic results that underlay the design of communication
systems and to equip the students with the tools that are needed to conduct research in Information Theory.

Content Differential entropy, maximum entropy, the Gaussian channel and water filling, the entropy-power inequality, Sanov's Theorem, Fisher
information, the broadcast channel, the multiple-access channel, Slepian-Wolf coding, and the Gelfand-Pinsker problem.

Lecture notes n/a
Literature T.M. Cover and J.A. Thomas, Elements of Information Theory, second edition, Wiley 2006

227-0434-10L Mathematics of Information W  8 credits 3V+2U+2A H. Bölcskei

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1540 of 1785

Abstract The class focuses on mathematical aspects of 

1. Information science: Sampling theorems, frame theory, compressed sensing, sparsity, super-resolution, spectrum-blind sampling,
subspace algorithms, dimensionality reduction

2. Learning theory: Approximation theory, uniform laws of large numbers, Rademacher complexity, Vapnik-Chervonenkis dimension

Objective The aim of the class is to familiarize the students with the most commonly used mathematical theories in data science, high-dimensional
data analysis, and learning theory. The class consists of the lecture, exercise sessions with homework problems, and of a research project,
which can be carried out either individually or in groups. The research project consists of either 1. software development for the solution of
a practical signal processing or machine learning problem or 2. the analysis of a research paper or 3. a theoretical research problem of
suitable complexity. Students are welcome to propose their own project at the beginning of the semester. The outcomes of all projects have
to be presented to the entire class at the end of the semester.

Content Mathematics of Information

1. Signal representations: Frame theory, wavelets, Gabor expansions, sampling theorems, density theorems

2. Sparsity and compressed sensing: Sparse linear models, uncertainty relations in sparse signal recovery, matching pursuits, super-
resolution, spectrum-blind sampling, subspace algorithms (MUSIC, ESPRIT, matrix pencil), estimation in the high-dimensional noisy case,
Lasso

3. Dimensionality reduction: Random projections, the Johnson-Lindenstrauss Lemma

Mathematics of Learning

4. Approximation theory: Nonlinear approximation theory, fundamental limits on compressibility of signal classes, Kolmogorov-Tikhomirov
epsilon-entropy of signal classes, optimal compression of signal classes, recovery from incomplete data, information-based complexity,
curse of dimensionality

5. Uniform laws of large numbers: Rademacher complexity, Vapnik-Chervonenkis dimension, classes with polynomial discrimination,
blessings of dimensionality

Lecture notes Detailed lecture notes will be provided at the beginning of the semester and as we go along.
Prerequisites /
notice

This course is aimed at students with a background in basic linear algebra, analysis, statistics, and probability. 

We encourage students who are interested in mathematical data science to take both this course and "401-4944-20L Mathematics of Data
Science" by Prof. A. Bandeira. The two courses are designed to be complementary.

H. Bölcskei and A. Bandeira

227-0104-00L Communication and Detection Theory W  6 credits 4G A. Lapidoth
Abstract This course teaches the foundations of modern digital communications and detection theory. Topics include the geometry of the space of

energy-limited signals; the baseband representation of passband signals, spectral efficiency and the Nyquist Criterion; the power and
power spectral density of PAM and QAM; hypothesis testing; Gaussian stochastic processes; and detection in white Gaussian noise.

Objective This is an introductory class to the field of wired and wireless communication. It offers a glimpse at classical analog modulation (AM, FM),
but mainly focuses on aspects of modern digital communication, including modulation schemes, spectral efficiency, power budget analysis,
block and convolu- tional codes, receiver design, and multi- accessing schemes such as TDMA, FDMA and Spread Spectrum.

Content - Baseband representation of passband signals.
- Bandwidth and inner products in baseband and passband.
- The geometry of the space of energy-limited signals.
- The Sampling Theorem as an orthonormal expansion.
- Sampling passband signals.
- Pulse Amplitude Modulation (PAM): energy, power, and power spectral density.
- Nyquist Pulses.
- Quadrature Amplitude Modulation (QAM).
- Hypothesis testing.
- The Bhattacharyya Bound.
- The multivariate Gaussian distribution
- Gaussian stochastic processes.
- Detection in white Gaussian noise.

Lecture notes n/a
Literature A. Lapidoth, A Foundation in Digital Communication, Cambridge University Press, 2nd edition (2017)

227-0120-00L Communication Networks W  6 credits 4G L. Vanbever
Abstract At the end of this course, you will understand the fundamental concepts behind communication networks and the Internet. Specifically, you

will be able to:

- understand how the Internet works;
- build and operate Internet-like infrastructures;
- identify the right set of metrics to evaluate the performance of a network and propose ways to improve it.

Objective At the end of the course, the students will understand the fundamental concepts of communication networks and Internet-based
communications. Specifically, students will be able to:

- understand how the Internet works;
- build and operate Internet-like network infrastructures;
- identify the right set of metrics to evaluate the performance or the adequacy of a network and propose ways to improve it (if any).

The course will introduce the relevant mechanisms used in today's networks both from an abstract perspective but also from a practical one
by presenting many real-world examples and through multiple hands-on projects.

For more information about the lecture, please visit: https://comm-net.ethz.ch

Lecture notes Lecture notes and material for the course will be available before each course on: https://comm-net.ethz.ch
Literature Most of course follows the textbook "Computer Networking: A Top-Down Approach (6th Edition)" by Kurose and Ross.
Prerequisites /
notice

No prior networking background is needed. The course will include some programming assignments (in Python) for which the material
covered in Technische Informatik 1 (227-0013-00L) and Technische Informatik 2 (227-0014-00L) will be useful.

227-0159-00L Semiconductor Devices: Quantum Transport at the
Nanoscale

W  6 credits 2V+2U M. Luisier, A. Emboras
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Abstract This class offers an introduction into quantum transport theory, a rigorous approach to electron transport at the nanoscale. It covers
different topics such as bandstructure, Wave Function and Non-equilibrium Green's Function formalisms, and electron interactions with
their environment. Matlab exercises accompany the lectures where students learn how to develop their own transport simulator.

Objective The continuous scaling of electronic devices has given rise to structures whose dimensions do not exceed a few atomic layers. At this size,
electrons do not behave as particle any more, but as propagating waves and the classical representation of electron transport as the sum
of drift-diffusion processes fails. The purpose of this class is to explore and understand the displacement of electrons through nanoscale
device structures based on state-of-the-art quantum transport methods and to get familiar with the underlying equations by developing his
own nanoelectronic device simulator.

Content The following topics will be addressed:
- Introduction to quantum transport modeling
- Bandstructure representation and effective mass approximation
- Open vs closed boundary conditions to the Schrödinger equation
- Comparison of the Wave Function and Non-equilibrium Green's Function formalisms as solution to the Schrödinger equation
- Self-consistent Schödinger-Poisson simulations
- Quantum transport simulations of resonant tunneling diodes and quantum well nano-transistors
- Top-of-the-barrier simulation approach to nano-transistor
- Electron interactions with their environment (phonon, roughness, impurity,...) 
- Multi-band transport models

Lecture notes Lecture slides are distributed every week and can be found at
https://iis-students.ee.ethz.ch/lectures/quantum-transport-in-nanoscale-devices/

Literature Recommended textbook: "Electronic Transport in Mesoscopic Systems", Supriyo Datta, Cambridge Studies in Semiconductor Physics and
Microelectronic Engineering, 1997

Prerequisites /
notice

Basic knowledge of semiconductor device physics and quantum mechanics

227-0558-00L Principles of Distributed Computing W  7 credits 2V+2U+2A R. Wattenhofer, M. Ghaffari
Abstract We study the fundamental issues underlying the design of distributed systems: communication, coordination, fault-tolerance, locality,

parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential algorithmic ideas and lower bound
techniques.

Objective Distributed computing is essential in modern computing and communications systems. Examples are on the one hand large-scale networks
such as the Internet, and on the other hand multiprocessors such as your new multi-core laptop. This course introduces the principles of
distributed computing, emphasizing the fundamental issues underlying the design of distributed systems and networks: communication,
coordination, fault-tolerance, locality, parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential
algorithmic ideas and lower bound techniques, basically the "pearls" of distributed computing. We will cover a fresh topic every week.

Content Distributed computing models and paradigms, e.g. message passing, shared memory, synchronous vs. asynchronous systems, time and
message complexity, peer-to-peer systems, small-world networks, social networks, sorting networks, wireless communication, and self-
organizing systems.

Distributed algorithms, e.g. leader election, coloring, covering, packing, decomposition, spanning trees, mutual exclusion, store and collect,
arrow, ivy, synchronizers, diameter, all-pairs-shortest-path, wake-up, and lower bounds

Lecture notes Available. Our course script is used at dozens of other universities around the world.
Literature Lecture Notes By Roger Wattenhofer. These lecture notes are taught at about a dozen different universities through the world.


Distributed Computing: Fundamentals, Simulations and Advanced Topics
Hagit Attiya, Jennifer Welch.
McGraw-Hill Publishing, 1998, ISBN 0-07-709352 6

Introduction to Algorithms
Thomas Cormen, Charles Leiserson, Ronald Rivest.
The MIT Press, 1998, ISBN 0-262-53091-0 oder 0-262-03141-8

Disseminatin of Information in Communication Networks
Juraj Hromkovic, Ralf Klasing, Andrzej Pelc, Peter Ruzicka, Walter Unger.
Springer-Verlag, Berlin Heidelberg, 2005, ISBN 3-540-00846-2

Introduction to Parallel Algorithms and Architectures: Arrays, Trees, Hypercubes
Frank Thomson Leighton.
Morgan Kaufmann Publishers Inc., San Francisco, CA, 1991, ISBN 1-55860-117-1

Distributed Computing: A Locality-Sensitive Approach
David Peleg.
Society for Industrial and Applied Mathematics (SIAM), 2000, ISBN 0-89871-464-8

Prerequisites /
notice

Course pre-requisites: Interest in algorithmic problems. (No particular course needed.)

252-0211-00L Information Security W  8 credits 4V+3U D. Basin, S. Capkun, R. Sasse
Abstract This course provides an introduction to Information Security. The focus

is on fundamental concepts and models, basic cryptography, protocols and system security, and privacy and data protection.  While the
emphasis is on foundations, case studies will be given that examine different realizations of these ideas in practice.

Objective Master fundamental concepts in Information Security and their
application to system building.   (See objectives listed below for more details).
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Content 1. Introduction and Motivation (OBJECTIVE: Broad conceptual overview of information security) Motivation: implications of IT on
society/economy, Classical security problems, Approaches to 
defining security and security goals, Abstractions, assumptions, and trust, Risk management and the  human factor, Course verview.
2. Foundations of Cryptography (OBJECTIVE: Understand basic 
cryptographic mechanisms and applications) Introduction, Basic concepts in cryptography: Overview, Types of Security, computational
hardness, Abstraction of channel security properties, Symmetric 
encryption, Hash functions, Message authentication codes, Public-key distribution, Public-key cryptosystems, Digital signatures,
Application case studies, Comparison of encryption at different layers, VPN, SSL, Digital payment systems, blind signatures, e-cash, Time
stamping        3. Key Management and Public-key Infrastructures (OBJECTIVE: Understand the basic mechanisms relevant in an Internet
context) Key management in distributed systems, Exact characterization of requirements, the role of trust, Public-key Certificates, Public-
key Infrastructures, Digital evidence and non-repudiation, Application case studies, Kerberos, X.509, PGP.
4. Security Protocols (OBJECTIVE: Understand network-oriented security, i.e..  how to employ building blocks to secure applications in
(open) networks) Introduction, Requirements/properties, Establishing shared secrets, Principal and message origin authentication,
Environmental assumptions, Dolev-Yao intruder model and 
variants, Illustrative examples, Formal models and reasoning, Trace-based interleaving semantics,  Inductive verification, or model-
checking for falsification, Techniques for protocol design, 
Application case study 1: from Needham-Schroeder Shared-Key to Kerberos, Application case study 2: from DH to IKE.                            5.
Access Control and Security Policies (OBJECTIVES: Study system-oriented security, i.e., policies, models, and  mechanisms) Motivation
(relationship to CIA, relationship to Crypto) and examples Concepts: policies versus models versus mechanisms, DAC and MAC, Modeling
formalism, Access Control Matrix Model, Roll Based Access Control, Bell-LaPadula, Harrison-Ruzzo-Ullmann, Information flow, Chinese
Wall, Biba, Clark-Wilson, System mechanisms: Operating Systems, Hardware Security Features, Reference Monitors, File-system
protection,  Application case studies                                                    6. Anonymity and Privacy (OBJECTIVE: examine protection goals
beyond standard CIA and corresponding mechanisms) Motivation and Definitions, Privacy, policies and policy languages, mechanisms,
problems, Anonymity: simple mechanisms (pseudonyms, proxies), Application case studies:  mix networks and crowds.                           7.
Larger application case study: GSM, mobility

263-4660-00L Applied Cryptography
Number of participants limited to 150.

W  8 credits 3V+2U+2P K. Paterson

Abstract This course will introduce the basic primitives of cryptography, using rigorous syntax and game-based security definitions. The course will
show how these primitives can be combined to build cryptographic protocols and systems.

Objective The goal of the course is to put students' understanding of cryptography on sound foundations, to enable them to start to build well-
designed cryptographic systems, and to expose them to some of the pitfalls that arise when doing so.

Content Basic symmetric primitives (block ciphers, modes, hash functions); generic composition; AEAD; basic secure channels; basic public key
primitives (encryption,signature, DH key exchange); ECC; randomness; applications.

Literature Textbook: Boneh and Shoup, “A Graduate Course in Applied Cryptography”,
https://crypto.stanford.edu/~dabo/cryptobook/BonehShoup_0_4.pdf.

Prerequisites /
notice

Ideally, students will have taken the D-INFK Bachelors course “Information Security" or an equivalent course at Bachelors level.

252-0526-00L Statistical Learning Theory W  7 credits 3V+2U+1A J. M. Buhmann, C. Cotrini Jimenez
Abstract The course covers advanced methods of statistical learning: 


- Variational methods and optimization.
- Deterministic annealing. 
- Clustering for diverse types of data.
- Model validation by information theory.

Objective The course surveys recent methods of statistical learning. The fundamentals of machine learning, as presented in the courses "Introduction
to Machine Learning" and "Advanced Machine Learning", are expanded from the perspective of statistical learning.

Content - Variational methods and optimization. We consider optimization approaches for problems where the optimizer is a probability distribution.
We will discuss concepts like maximum entropy, information bottleneck, and deterministic annealing.

- Clustering. This is the problem of sorting data into groups without using training samples. We discuss alternative notions of "similarity"
between data points and adequate optimization procedures.

- Model selection and validation. This refers to the question of how complex the chosen model should be. In particular, we present an
information theoretic approach for model validation.

- Statistical physics models. We discuss approaches for approximately optimizing large systems, which originate in statistical physics (free
energy minimization applied to spin glasses and other models). We also study sampling methods based on these models.

Lecture notes A draft of a script will be provided. Lecture slides will be made available.
Literature Hastie, Tibshirani, Friedman: The Elements of Statistical Learning, Springer, 2001.


L. Devroye, L. Gyorfi, and G. Lugosi: A probabilistic theory of pattern recognition. Springer, New York, 1996

Prerequisites /
notice

Knowledge of machine learning (introduction to machine learning and/or advanced machine learning)
Basic knowledge of statistics.

252-3005-00L Natural Language Understanding
Does not take place this semester.
Takes place in HS20.

W  5 credits 2V+1U+1A to be announced

Abstract This course presents topics in natural language processing with an emphasis on modern techniques, primarily focusing on statistical and
deep learning approaches. The course provides an overview of the primary areas of research in language processing as well as a detailed
exploration of the models and techniques used both in research and in commercial natural language systems.

Objective The objective of the course is to learn the basic concepts in the statistical processing of natural languages. The course will be project-
oriented so that the students can also gain hands-on experience with state-of-the-art tools and techniques.

Content This course presents an introduction to general topics and techniques used in natural language processing today, primarily focusing on
statistical approaches. The course provides an overview of the primary areas of research in language processing as well as a detailed
exploration of the models and techniques used both in research and in commercial natural language systems.

Literature Lectures will make use of textbooks such as the one by Jurafsky and Martin where appropriate, but will also make use of original research
and survey papers.

263-0008-00L Computational Intelligence Lab
Only for master students, otherwise a special permission
by the study administration of D-INFK is required.

W  8 credits 2V+2U+3A T. Hofmann

Abstract This laboratory course teaches fundamental concepts in computational science and machine learning with a special emphasis on matrix
factorization and  representation learning. The class covers techniques like dimension reduction, data clustering, sparse coding, and deep
learning as well as a wide spectrum of related use cases and applications.
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Objective Students acquire fundamental theoretical concepts and methodologies from machine learning and how to apply these techniques to build
intelligent systems that solve real-world problems. They learn to successfully develop solutions to application problems by following the key
steps of modeling, algorithm design, implementation and experimental validation. 

This lab course has a strong focus on practical assignments. Students work in groups of three to four people, to develop solutions to three
application problems: 1. Collaborative filtering and recommender systems, 2. Text sentiment classification, and 3. Road segmentation in
aerial imagery. 

For each of these problems, students submit their solutions to an online evaluation and ranking system, and get feedback in terms of
numerical accuracy and computational speed. In the final part of the course, students combine and extend one of their previous promising
solutions, and write up their findings in an extended abstract in the style of a conference paper.

(Disclaimer: The offered projects may be subject to change from year to year.)

Content see course description

252-0570-00L Game Programming Laboratory
In the Master Programme max. 10 credits can be
accounted by Labs on top of the Interfocus Courses.
Additional Labs will be listed on the Addendum.

W  10 credits 9P B. Sumner

Abstract The goal of this course is the in-depth understanding of the technology and programming underlying computer games. Students gradually
design and develop a computer game in small groups and get acquainted with the art of game programming.

Objective The goal of this new course is to acquaint students with the
technology and art of programming modern three-dimensional computer
games.

Content This course addresses modern three-dimensional computer game technology.  During the course, small groups of students will design and
develop a computer game.  Focus will be put on technical aspects of game development, such as rendering, cinematography, interaction,
physics, animation, and AI.  In addition, we will cultivate creative thinking for advanced gameplay and visual effects. 

The "laboratory" format involves a practical, hands-on approach with traditional lectures.  We will meet once a week to discuss technical
issues and to track progress.  For development we use MonoGames, which is a collection of libraries and tools that facilitate game
development. While development will take place on PCs, we will ultimately deployour games on the Xbox One console.

At the end of the course we will present our results to the public.

Lecture notes Game Design Workshop: A Playcentric Approach to Creating Innovative Games by Tracy Fullerton
Prerequisites /
notice

The number of participants is limited.

Prerequisites include:

- Good programming skills (Java, C++, C#, etc.)

- CG experience: Students should have taken, at a minimum, Visual
Computing.  Higher level courses are recommended, such as Introduction
to Computer Graphics, Surface Representations and Geometric Modeling,
and Physically-based Simulation in Computer Graphics.

252-0538-00L Shape Modeling and Geometry Processing W  6 credits 2V+1U+2A O. Sorkine Hornung
Abstract This course covers the fundamentals and some of the latest developments in geometric modeling and geometry processing. Topics include

surface modeling based on point clouds and polygonal meshes, mesh generation, surface reconstruction, mesh fairing and
parameterization, discrete differential geometry, interactive shape editing, topics in digital shape fabrication.

Objective The students will learn how to design, program and analyze algorithms and systems for interactive 3D shape modeling and geometry
processing.

Content Recent advances in 3D geometry processing have created a plenitude of novel concepts for the mathematical representation and
interactive manipulation of geometric models. This course covers the fundamentals and some of the latest developments in geometric
modeling and geometry processing. Topics include surface modeling based on point clouds and triangle meshes, mesh generation, surface
reconstruction, mesh fairing and parameterization, discrete differential geometry, interactive shape editing and digital shape fabrication.

Lecture notes Slides and course notes
Prerequisites /
notice

Prerequisites:
Visual Computing, Computer Graphics or an equivalent class. Experience with C++ programming. Solid background in linear algebra and
analysis. Some knowledge of differential geometry, computational geometry and numerical methods is helpful but not a strict requirement.

263-5806-00L Computational Models of Motion for Character
Animation and Robotics

W  6 credits 2V+2U+1A S. Coros, M. Bächer,
B. Thomaszewski

Abstract This course covers fundamentals of physics-based modelling and numerical optimization from the perspective of character animation and
robotics applications. The methods discussed in class derive their theoretical underpinnings from applied mathematics, control theory and
computational mechanics, and they will be richly illustrated using examples ranging from locomotion controllers and crowd simula

Objective Students will learn how to represent, model and algorithmically control the behavior of animated characters and real-life robots. The
lectures are accompanied by programming assignments (written in C++) and a capstone project.

Content Optimal control and trajectory optimization; multibody systems; kinematics; forward and inverse dynamics; constrained and unconstrained
numerical optimization; mass-spring models for crowd simulation; FEM; compliant systems; sim-to-real; robotic manipulation of elastically-
deforming objects. 

Prerequisites /
notice

Experience with C++ programming, numerical linear algebra and multivariate calculus. Some background in physics-based modeling,
kinematics and dynamics is helpful, but not necessary.


252-3900-00L Big Data for Engineers
This course is not intended for Computer Science and
Data Science MSc students! 

W  6 credits 2V+2U+1A G. Fourny

Abstract This course is part of the series of database lectures offered to all ETH departments, together with Information Systems for Engineers. It
introduces the most recent advances in the database field: how do we scale storage and querying to Petabytes of data, with trillions of
records? How do we deal with heterogeneous data sets? How do we deal with alternate data shapes like trees and graphs?
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Objective This lesson is complementary with Information Systems for Engineers as they cover different time periods of database history and
practices -- you can even take both lectures at the same time.

The key challenge of the information society is to turn data into information, information into knowledge, knowledge into value. This has
become increasingly complex. Data comes in larger volumes, diverse shapes, from different sources. Data is more heterogeneous and less
structured than forty years ago. Nevertheless, it still needs to be processed fast, with support for complex operations.

This combination of requirements, together with  the technologies that have emerged in order to address them, is typically referred to as
"Big Data." This revolution has led to a completely new way to do business, e.g., develop new products and business models, but also to
do science -- which is sometimes referred to as data-driven science or the "fourth paradigm".

Unfortunately, the quantity of data produced and available -- now in the Zettabyte range (that's 21 zeros) per year -- keeps growing faster
than our ability to process it. Hence, new architectures and approaches for processing it were and are still needed. Harnessing them must
involve a deep understanding of data not only in the large, but also in the small.

The field of databases evolves at a fast pace. In order to be prepared, to the extent possible, to the (r)evolutions that will take place in the
next few decades, the emphasis of the lecture will be on the paradigms and core design ideas, while today's technologies will serve as
supporting illustrations thereof.

After visiting this lecture, you should have gained an overview and understanding of the Big Data landscape, which is the basis on which
one can make informed decisions, i.e., pick and orchestrate the relevant technologies together for addressing each business use case
efficiently and consistently.

Content This course gives an overview of database technologies and of the most important database design principles that lay the foundations of
the Big Data universe. 

It targets specifically students with a scientific or Engineering, but not Computer Science, background.

We take the monolithic, one-machine relational stack from the 1970s, smash it down and rebuild it on top of large clusters: starting with
distributed storage, and all the way up to syntax, models, validation, processing, indexing, and querying. A broad range of aspects is
covered with a focus on how they fit all together in the big picture of the Big Data ecosystem.

No data is harmed during this course, however, please be psychologically prepared that our data may not always be in normal form.

- physical storage: distributed file systems (HDFS), object storage(S3), key-value stores

- logical storage: document stores (MongoDB), column stores (HBase)

- data formats and syntaxes (XML, JSON, RDF, CSV, YAML, protocol buffers, Avro)

- data shapes and models (tables, trees)

- type systems and schemas: atomic types, structured types (arrays, maps), set-based type systems (?, *, +)

- an overview of functional, declarative programming languages across data shapes (SQL, JSONiq)

- the most important query paradigms (selection, projection, joining, grouping, ordering, windowing)

- paradigms for parallel processing, two-stage (MapReduce) and DAG-based (Spark)

- resource management (YARN)

- what a data center is made of and why it matters (racks, nodes, ...)

- underlying architectures (internal machinery of HDFS, HBase, Spark)

- optimization techniques (functional and declarative paradigms, query plans, rewrites, indexing)

- applications.

Large scale analytics and machine learning are outside of the scope of this course.

Literature Papers from scientific conferences and journals. References will be given as part of the course material during the semester.
Prerequisites /
notice

This course is not intended for Computer Science and Data Science students. Computer Science and Data Science students interested in
Big Data MUST attend the Master's level Big Data lecture, offered in Fall.

Requirements: programming knowledge (Java, C++, Python, PHP, ...) as well as basic knowledge on databases (SQL). If you have already
built your own website with a backend SQL database, this is perfect.

Attendance is especially recommended to those who attended Information Systems for Engineers last Fall, which introduced the "good old
databases of the 1970s" (SQL, tables and cubes). However, this is not a strict requirement, and it is also possible to take the lectures in
reverse order.

252-0312-00L Ubiquitous Computing W  4 credits 2V+1A C. Holz, F. Mattern, S. Mayer
Abstract Unlike desktop computing, ubiquitous computing occurs anytime and everywhere, using any device, in any location, and in any format.

Computers exist in different forms, from watches and phones to refrigerators or pairs of glasses. 
Main topics: Smart environments, IoT, mobiles & wearables, context & location, sensing & tracking, computer vision on embedded
systems, health monitoring, fabrication.

Objective Unlike desktop computing, ubiquitous computing occurs anytime and everywhere, using any device, in any location, and in any format.
Computers exist in different forms, from watches and phones to refrigerators or pairs of glasses. 
Main topics: Smart environments, IoT, mobiles & wearables, context & location, sensing & tracking, computer vision on embedded
systems, health monitoring, fabrication.

Lecture notes Copies of slides will be made available
Literature Will be provided in the lecture. To put you in the mood:

Mark Weiser: The Computer for the 21st Century. Scientific American, September 1991, pp. 94-104

401-4944-20L Mathematics of Data Science W  8 credits 4G A. Bandeira
Abstract Mostly self-contained, but fast-paced, introductory masters level course on various theoretical aspects of algorithms that aim to extract

information from data.
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Objective Introduction to various mathematical aspects of Data Science.
Content These topics lie in overlaps of (Applied) Mathematics with: Computer Science, Electrical Engineering, Statistics, and/or Operations

Research. Each lecture will feature a couple of Mathematical Open Problem(s) related to Data Science. The main mathematical tools used
will be Probability and Linear Algebra, and a basic familiarity with these subjects is required. There will also be some (although knowledge
of these tools is not assumed) Graph Theory, Representation Theory, Applied Harmonic Analysis, among others. The topics treated will
include Dimension reduction, Manifold learning, Sparse recovery, Random Matrices, Approximation Algorithms, Community detection in
graphs, and several others.

Lecture notes https://people.math.ethz.ch/~abandeira/TenLecturesFortyTwoProblems.pdf
Prerequisites /
notice

The main mathematical tools used will be Probability, Linear Algebra (and real analysis), and a working knowledge of these subjects is
required. In addition
to these prerequisites, this class requires a certain degree of mathematical maturity--including abstract thinking and the ability to
understand and write proofs.

We encourage students who are interested in mathematical data science to take both this course and ``227-0434-10L    Mathematics of
Information'' taught by Prof. H. Bölcskei. The two courses are designed to be 
complementary.
A. Bandeira and H. Bölcskei

401-3903-11L Geometric Integer Programming W  6 credits 2V+1U J. Paat
Abstract Integer programming is the task of minimizing a linear function over all the integer points in a polyhedron. This lecture introduces the key

concepts of an algorithmic theory for solving such problems.
Objective The purpose of the lecture is to provide a geometric treatment of the theory of integer optimization.
Content Key topics are:


- Lattice theory and the polynomial time solvability of integer optimization problems in fixed dimension.

- Structural properties of integer sets that reveal other parameters affecting the complexity of integer problems

- Duality theory for integer optimization problems from the vantage point of lattice free sets.

Lecture notes not available, blackboard presentation
Literature Lecture notes will be provided. 


Other helpful materials include 

Bertsimas, Weismantel: Optimization over Integers, 2005

and

Schrijver: Theory of linear and integer programming, 1986.

Prerequisites /
notice

"Mathematical Optimization" (401-3901-00L)

402-0448-02L Quantum Information Processing II: Implementations
This experimental part QIP II together with the theory part
402-0448-01L QIP I (both offered in the Spring Semester)
combine to the core course in experimental physics
"Quantum Information Processing" (totally 10 ECTS
credits). This applies to the Master's degree programme in
Physics.

W  5 credits 2V+1U J. Home

Abstract Introduction to experimental systems for quantum information processing (QIP). Quantum bits. Coherent Control. Measurement.
Decoherence. Microscopic and macroscopic quantum systems. Nuclear magnetic resonance (NMR). Photons. Ions and neutral atoms in
electromagnetic traps. Charges and spins in quantum dots and NV centers. Charges and flux quanta in superconducting circuits. Novel
hybrid systems.

Objective Throughout the past 20 years the realm of quantum physics has entered the domain of information technology in more and more prominent
ways. Enormous progress in the physical sciences and in engineering and technology has allowed us to build novel types of information
processors based on the concepts of quantum physics. In these processors information is stored in the quantum state of physical systems
forming quantum bits (qubits). The interaction between qubits is controlled and the resulting states are read out on the level of single
quanta in order to process information. Realizing such challenging tasks is believed to allow constructing an information processor much
more powerful than a classical computer. This task is taken on by academic labs, startups and major industry. The aim of this class is to
give a thorough introduction to physical implementations pursued in current research for realizing quantum information processors. The
field of quantum information science is one of the fastest growing and most active domains of research in modern physics.

Content Introduction to experimental systems for quantum information processing (QIP). 
- Quantum bits
- Coherent Control
- Measurement
- Decoherence
QIP with
- Ions
- Superconducting Circuits
- Photons
- NMR
- Rydberg atoms
- NV-centers
- Quantum dots

Lecture notes Course material be made available at www.qudev.ethz.ch and on the Moodle platform for the course. More details to follow.
Literature Quantum Computation and Quantum Information

Michael Nielsen and Isaac Chuang
Cambridge University Press

Prerequisites /
notice

The class will be taught in English language.

Basic knowledge of concepts of quantum physics and quantum systems, e.g from courses such as Phyiscs III, Quantum Mechanics I and II
or courses on topics such as atomic physics, solid state physics, quantum electronics are considered helpful.

More information on this class can be found on the web site www.qudev.ethz.ch
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402-0738-00L Statistical Methods and Analysis Techniques in
Experimental Physics

W  10 credits 5G M. Donegà, C. Grab

Abstract This lecture gives an introduction to the statistical methods and the various analysis techniques applied in experimental particle physics.
The exercises treat problems of general statistical topics; they also include hands-on analysis projects, where students perform
independent analyses on their computer, based on real data from actual particle physics experiments.

Objective Students will learn the most important statistical methods used in experimental particle physics. They will acquire the necessary skills to
analyse large data records in a statistically correct manner. Learning how to present scientific results in a professional manner and how to
discuss them.

Content Topics include:
- modern methods of statistical data analysis
- probability distributions, error analysis, simulation methos, hypothesis testing, confidence intervals, setting limits and introduction to
multivariate methods.
- most examples are taken from particle physics.

Methodology:
- lectures about the statistical topics;
- common discussions of examples;
- exercises: specific exercises to practise the topics of the lectures;
- all students perform statistical calculations on (their) computers;
- students complete a full data analysis in teams (of two) over the second half of the course, using real data taken from particle physics
experiments;
- at the end of the course, the students present their analysis results in a scientific presentation;
- all students are directly tutored by assistants in the classroom.

Lecture notes - Copies of all lectures are available on the web-site of the course.
- A scriptum of the lectures is also available to all students of the course.

Literature 1) Statistics: A guide to the use of statistical medhods in the Physical Sciences, R.J.Barlow; Wiley Verlag  . 
2) J Statistical data analysis, G. Cowan,                             Oxford University Press; ISBN: 0198501552. 
3) Statistische und numerische Methoden der Datenanalyse, V.Blobel und E.Lohrmann,  Teubner Studienbuecher Verlag.
4) Data Analysis, a Bayesian Tutorial,  D.S.Sivia with J.Skilling, 
Oxford Science Publications.

Prerequisites /
notice

Basic knowlege of nuclear and particle physics are prerequisites.

227-1032-00L Neuromorphic Engineering II
Information for UZH students:
Enrolment to this course unit only possible at ETH. No
enrolment to module INI405 at UZH. 

Please mind the ETH enrolment deadlines for UZH
students: https://www.ethz.ch/en/studies/non-
degree-
courses/special-
students/special-students-university-of-zurich.html

W  6 credits 5G S.-C. Liu, T. Delbrück, G. Indiveri

Abstract This course teaches the basics of analog chip design and layout with an emphasis on neuromorphic circuits, which are introduced in the fall
semester course "Neuromorphic Engineering I".

Objective Design of a neuromorphic circuit for implementation with CMOS technology.
Content This course teaches the basics of analog chip design and layout with an emphasis on neuromorphic circuits, which are introduced in the

autumn semester course "Neuromorphic Engineering I".

The principles of CMOS processing technology are presented. Using a set of inexpensive software tools for simulation, layout and
verification, suitable for neuromorphic circuits, participants learn to simulate circuits on the transistor level and to make their layouts on the
mask level. Important issues in the layout of neuromorphic circuits will be explained and illustrated with examples. In the latter part of the
semester students simulate and layout a neuromorphic chip. Schematics of basic building blocks will be provided. The layout will then be
fabricated and will be tested by students during the following fall semester.

Literature S.-C. Liu et al.: Analog VLSI Circuits and Principles; software documentation.
Prerequisites /
notice

Prerequisites: Neuromorphic Engineering I strongly recommended

227-1034-00L Computational Vision (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: INI402

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  6 credits 2V+1U D. Kiper

Abstract This course focuses on neural computations that underlie visual perception. We study how visual signals are processed in the retina, LGN
and visual cortex. We study the morpholgy and functional architecture of cortical circuits responsible for pattern, motion, color, and three-
dimensional vision.

Objective This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.
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Content This course considers the operation of circuits in the process of neural computations. The evolution of neural systems will be considered to
demonstrate how neural structures and mechanisms are optimised for energy capture, transduction, transmission and representation of
information. Canonical brain circuits will be described as models for the analysis of sensory information. The concept of receptive fields will
be introduced and their role in coding spatial and temporal information will be considered. The constraints of the bandwidth of neural
channels and the mechanisms of normalization by neural circuits will be discussed. 
The visual system will form the basis of case studies in the computation of  form, depth, and motion. The role of multiple channels and
collective computations for object recognition will 
be considered. Coordinate transformations of space and time by cortical and subcortical mechanisms will be analysed. The means by
which sensory and motor systems are integrated to allow for adaptive behaviour will be considered.

Literature Books: (recommended references, not required)
1. An Introduction to Natural Computation, D. Ballard (Bradford Books, MIT Press) 1997.
2. The Handbook of Brain Theorie and Neural Networks, M. Arbib (editor), (MIT Press) 1995.

227-1046-00L Computer Simulations of Sensory Systems
Does not take place this semester.

W 3 credits 3G

Abstract This course deals with computer simulations of the human auditory, visual, and balance system. The lecture will cover the physiological
and mechanical mechanisms of these sensory systems. And in the exercises, the simulations will be implemented with Python. The
simulations will be such that their output could be used as input for actual neuro-sensory prostheses.

Objective Our sensory systems provide us with information about what is happening in the world surrounding us. Thereby they transform incoming
mechanical, electromagnetic, and chemical signals into action potentials, the language of the central nervous system.
The main goal of this lecture is to describe how our sensors achieve these transformations, how they can be reproduced with
computational tools. For example, our auditory system performs approximately a Fourier transformation of the incoming sound waves; our
early visual system is optimized for finding edges in images that are projected onto our retina; and our balance system can be well
described with a control system that transforms linear and rotational movements into nerve impulses.
In the exercises that go with this lecture, we will use Python to reproduce the transformations achieved by our sensory systems. The goal is
to write programs whose output could be used as input for actual neurosensory prostheses: such prostheses have become commonplace
for the auditory system, and are under development for the visual and the balance system. For the corresponding exercises, at least some
basic programing experience is required!!

Content The following topics will be covered:
 Introduction into the signal processing in nerve cells.
 Introduction into Python.
 Simplified simulation of nerve cells (Hodgkins-Huxley model).
 Description of the auditory system, including the application of Fourier transforms on recorded sounds.
 Description of the visual system, including the retina and the information processing in the visual cortex. The corresponding exercises will
provide an introduction to digital image processing.
 Description of the mechanics of our balance system, and the Control System-language that can be used for an efficient description of the
corresponding signal processing (essentially Laplace transforms and control systems).

Lecture notes For each module additional material will be provided on the e-learning platform "moodle". The main content of the lecture is also available
as a wikibook, under http://en.wikibooks.org/wiki/Sensory_Systems

Literature Open source information is available as wikibook http://en.wikibooks.org/wiki/Sensory_Systems

For good overviews I recommend:

 Principles of Neural Science (5th Ed, 2012), by Eric Kandel, James Schwartz, Thomas Jessell, Steven Siegelbaum, A.J. Hudspeth     
ISBN 0071390111 / 9780071390118
THE standard textbook on neuroscience.

 L. R. Squire, D. Berg, F. E. Bloom, Lac S. du, A. Ghosh, and N. C. Spitzer. Fundamental Neuroscience, Academic Press - Elsevier, 2012
[ISBN: 9780123858702].
This book covers the biological components, from the functioning of an individual ion channels through the various senses, all the way to
consciousness. And while it does not cover the computational aspects, it nevertheless provides an excellent overview of the underlying
neural processes of sensory systems. 

 G. Mather. Foundations of Sensation and Perception, 2nd Ed Psychology Press, 2009 [ISBN: 978-1-84169-698-0 (hardcover), oder 978-
1-84169-699-7 (paperback)]
A coherent, up-to-date introduction to the basic facts and theories concerning human sensory perception.

 The best place to get started with Python programming are the https://scipy-lectures.org/
Prerequisites /
notice

 Since I have to gravel from Linz, Austria, to Zurich to give this lecture, I plan to hold this lecture in blocks (every 2nd week).
 In addition to the lectures, this course includes external lab visits to institutes actively involved in research on the relevant sensory
systems.

227-0384-00L Ultrasound Fundamentals, Imaging, and Medical
Applications
Course is offered for the last time in Spring Semester
2020.

W  4 credits 3G O. Göksel

Abstract Ultrasound is the only imaging modality that is nonionizing (safe), real-time, cost-effective, and portable, with many medical uses in
diagnosis, intervention guidance, surgical navigation, and as a therapeutic option. In this course, we introduce conventional and
prospective applications of ultrasound, starting with the fundamentals of ultrasound physics and imaging.

Objective Students can use the fundamentals of ultrasound, to analyze and evaluate ultrasound imaging techniques and applications, in particular in
the field of medicine, as well as to design and implement basic applications.
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Content Ultrasound is used in wide range of products, from car parking sensors, to assessing fault lines in tram wheels. Medical imaging is the eye
of the doctor into body; and ultrasound is the only imaging modality that is nonionizing (safe), real-time, cheap, and portable. Some of its
medical uses include diagnosing breast and prostate cancer, guiding needle insertions/biopsies, screening for fetal anomalies, and
monitoring cardiac arrhythmias. Ultrasound physically interacts with the tissue, and thus can also be used therapeutically, e.g., to deliver
heat to treat tumors, break kidney stones, and targeted drug delivery. Recent years have seen several novel ultrasound techniques and
applications – with many more waiting in the horizon to be discovered.

This course covers ultrasonic equipment, physics of wave propagation, numerical methods for its simulation, image generation,
beamforming (basic delay-and-sum and advanced methods), transducers (phased-, linear-, convex-arrays), near- and far-field effect,
imaging modes (e.g., A-, M-, B-mode), Doppler and harmonic imaging, ultrasound signal processing techniques (e.g., filtering, time-
gain-compensation, displacement tracking), image analysis techniques (deconvolution, real-time processing, tracking, segmentation,
computer-assisted interventions), acoustic-radiation force, plane-wave imaging, contrast agents, micro-bubbles, elastography,
biomechanical characterization, high-intensity focused ultrasound and therapy, lithotripsy, histotripsy, photo-acoustics phenomenon and
opto-acoustic imaging, as well as sample non-medical applications such as the basics of non-destructive testing (NDT).

Hands-on exercises: These will help to apply the concepts learned in the course, using simulation environments (such as Matlab k-Wave
and FieldII toolboxes).  The exercises will involve a mix of design, implementation, and evaluation examples commonly encountered in
practical applications.

Project: Current and relevant applications in the field of ultrasound are offered as project topics. Projects will be carried out throughout the
course, where the project reporting and presentations will be due towards the end of the semester. These will be part of the assessment in
grading.

Prerequisites /
notice

Prerequisites: Familiarity with basic numerical methods.
Basic programming skills in Matlab.

636-0016-00L Computational Systems Biology: Stochastic
Approaches

W  4 credits 3G M. H. Khammash, A. Gupta

Abstract This course is concerned with the development of computational methods for modeling, simulation, and analysis of stochasticity in living
cells. Using these tools, the course explores the richness of stochastic phenomena, how it arises from the interactions of dynamics and
noise, and its biological implications.

Objective To understand the origins and implications of stochastic noise in living cells, and to learn the computational tools for the modeling,
simulation, analysis, and identification of stochastic biochemical reaction networks.

Content The cellular environment is abuzz with noise. A key source of this noise is the randomness that characterizes the motion of cellular
constituents at the molecular level. Cellular noise not only results in random fluctuations (over time) within individual cells, but it is also a
main source of phenotypic variability among clonal cell populations. 

Review of basic probability and stochastic processes; Introduction to stochastic gene expression; deterministic vs. stochastic models; the
stochastic chemical kinetics framework; a rigorous derivation of the chemical master equation; moment computations; linear vs. nonlinear
propensities; linear noise approximations; Monte Carlo simulations; Gillespie's Stochastic Simulation Algorithm (SSA) and variants; direct
methods for the solution of the Chemical Master Equation; moment closure methods; intrinsic and extrinsic noise in gene expression;
parameter identification from noise; propagation of noise in cell networks; noise suppression in cells; the role of feedback; exploiting noise;
bimodality and stochastic switches.

Literature Literature will be distributed during the course as needed.
Prerequisites /
notice

Students are expected to have completed the course `Mathematical modeling for systems biology (BSc Biotechnology) or `Computational
systems biology (MSc Computational biology and bioinformatics). Concurrent enrollment in `Computational Systems Biology: Deterministic
Approaches is recommended.

701-0412-00L Climate Systems W  3 credits 2G S. I. Seneviratne, L. Gudmundsson
Abstract This course introduces the most important physical components of the climate system and their interactions. The mechanisms of

anthropogenic climate change are analysed against the background of climate history and variability. Those completing the course will be
in a position to identify and explain simple problems in the area of climate systems.

Objective Students are able
- to describe the most important physical components of the global climate system and sketch their interactions
- to explain the mechanisms of anthropogenic climate change
- to identify and explain simple problems in the area of climate systems

Lecture notes Copies of the slides are provided in electronic form.
Literature A comprehensive list of references is provided in the class. Two books are

particularly recommended:
- Hartmann, D., 2016: Global Physical Climatology. Academic Press, London, 485 pp.
- Peixoto, J.P. and A.H. Oort, 1992: Physics of Climate. American Institute of Physics, New York, 520 pp.

Prerequisites /
notice

Teaching: Sonia I. Seneviratne & Lukas Gudmundsson, several keynotes to special topics by other professors
Course taught in german/english, slides in english

327-2201-00L Transport Phenomena II W  5 credits 4G J. Vermant
Abstract Numerical and analytical methods for real-world "Transport Phenomena"; atomistic understanding of transport properties based on kinetic

theory and mesoscopic models; fundamentals, applications, and simulations
Objective The teaching goals of this course are on five different levels:

(1) Deep understanding of fundamentals: kinetic theory, mesoscopic models, ...
(2) Ability to use the fundamental concepts in applications
(3) Insight into the role of boundary conditions
(4) Knowledge of a number of applications
(5) Flavor of numerical techniques: finite elements, lattice Boltzmann, ...

Content Thermodynamics of Interfaces
Interfacial Balance Equations
Interfacial Force-Flux Relations
Polymer Processing
Transport Around a Sphere
Refreshing Topics in Equilibrium Statistical Mechanics
Kinetic Theory of Gases
Kinetic Theory of Polymeric Liquids
Transport in Biological Systems
Dynamic Light Scattering

Lecture notes The course is based on the book D. C. Venerus and H. C. Öttinger, A Modern Course in Transport Phenomena (Cambridge University
Press, 2018)
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Literature 1. D. C. Venerus and H. C. Öttinger, A Modern Course in Transport Phenomena (Cambridge University Press, 2018)
2. R. B. Bird, W. E. Stewart, and E. N. Lightfoot, Transport Phenomena, 2nd Ed. (Wiley, 2001)
3. Deen,W. Analysis of Transport Phenomena, Oxford University Press, 2012
4. R. B. Bird, Five Decades of Transport Phenomena (Review Article), AIChE J. 50 (2004) 273-287

Prerequisites /
notice

Complex numbers. Vector analysis (integrability; Gauss' divergence theorem). Laplace and Fourier transforms. Ordinary differential
equations (basic ideas). Linear algebra (matrices; functions of matrices; eigenvectors and eigenvalues; eigenfunctions). Probability theory
(Gaussian distributions; Poisson distributions; averages; moments; variances; random variables). Numerical mathematics (integration).
Statistical thermodynamics (Gibbs' fundamental equation; thermodynamic potentials; Legendre transforms; Gibbs' phase rule; ergodicity;
partition functions; Einstein's fluctuation theory). Linear irreversible thermodynamics (forces and fluxes; Fourier's, Newton's and Fick's laws
for fluxes). Hydrodynamics (local equilibrium; balance equations for mass, momentum, energy and entropy). Programming and simulation
techniques (Matlab, Monte Carlo simulations).

see also Fields of Specialization

 Case Studies
Number Title Type ECTS Hours Lecturers

401-3667-20L Case Studies Seminar (Spring Semester 2020)
CSE Case Studies on 05.03.2020 cancelled

W  3 credits 2S V. C. Gradinaru, R. Hiptmair,
R. Käppeli

Abstract In the CSE Case Studies Seminar invited speakers from ETH, from other universities as well as from industry give a talk on an applied
topic. Beside of attending the scientific talks students are asked to give short presentations (10 minutes) on a published paper out of a list.

Content In the CSE Case Studies Seminar invited speakers from ETH, from other universities as well as from industry give a talk on an applied
topic. Beside of attending the scientific talks students are asked to give short presentations (10 minutes) on a published paper out of a list
(containing articles from, e.g., Nature, Science, Scientific American, etc.). If the underlying paper comprises more than 15 pages, two or
three consecutive case studies presentations delivered by different students can be based on it. Consistency in layout, style, and contents
of those presentations is expected.

Prerequisites /
notice

In Spring 2020 the talks will be given via Zoom.
About the video conferencing system Zoom: 

Zoom is a do-it-yourself video conferencing system supported by ETH. With Zoom, one person can give a lecture with a presentation and
up to 100 people can join in via chat or audio connection.Use the provided link to enter the Zoom room at the designated time.
Download/Open the Zoom App or join the meeting via the browser. Please test whether you can join the room and whether the audio works
properly beforehand. We recommend you use a headset in order to minimize unwanted sounds from your environment. 
  
More Info: 

https://support.zoom.us/hc/en-us/articles/201362193-Joining-a-Meeting
https://ethz.ch/services/de/it-services/katalog/multimedia/video-konferenz/zoom.html
https://support.zoom.us/hc/en-us

 Semester Paper
There are several course units "Semester Paper" that are all equivalent. If, during your studies, you write several semester papers, choose among the
different numbers in order to be able to obtain credits again.

Number Title Type ECTS Hours Lecturers

401-3740-01L Semester Paper
Successful participation in the course unit 401-2000-00L
Scientific Works in Mathematics or 402-2000-00L
Scientific Works in Physicsis is required.
For more information, see
www.math.ethz.ch/intranet/students/study-
administration/theses.html
Supervisors only authorised for term papers must be
assigned by the Study Administration.

W  8 credits 11A Supervisors

Abstract Semester Papers help to deepen the students' knowledge of a specific subject area. Students are offered a selection of topics. These
papers serve to develop the students' ability for independent mathematical work as well as to enhance skills in presenting mathematical
results in writing.

Prerequisites /
notice

There are several course units "Semester Paper" that are all equivalent. If, during your studies, you write several semester papers, choose
among the different numbers in order to be able to obtain credits again.

401-3740-02L Semester Paper (No. 2)
Successful participation in the course unit 401-2000-00L
Scientific Works in Mathematics or 402-2000-00L
Scientific Works in Physicsis is required.
For more information, see
www.math.ethz.ch/intranet/students/study-
administration/theses.html
Supervisors only authorised for term papers must be
assigned by the Study Administration.

W  8 credits 11A Supervisors

Abstract Semester Papers help to deepen the students' knowledge of a specific subject area. Students are offered a selection of topics. These
papers serve to develop the students' ability for independent mathematical work as well as to enhance skills in presenting mathematical
results in writing.

Prerequisites /
notice

There are several course units "Semester Paper" that are all equivalent. If, during your studies, you write several semester papers, choose
among the different numbers in order to be able to obtain credits again.

 GESS Science in Perspective
Two credits are needed from the "Science in Perspective" programme with language courses excluded if three credits from language courses have
already been recognised for the Bachelor's degree.
see https://ethz.ch/content/dam/ethz/common/docs/weisungssammlung/files-en/science-in-perspective.pdf (Eight credits must be acquired in this
category: normally six during the Bachelor’s degree programme, and two during the Master’s degree programme. A maximum of three credits from
language courses from the range of the Language Center of the University of Zurich and ETH Zurich may be recognised. In addition, only advanced
courses (level B2 upwards) in the European languages English, French, Italian and Spanish are recognised. German language courses are recognised
from level C2 upwards.)

see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
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MATH

see Science in Perspective: Language Courses ETH/UZH

 Master's Thesis
If you wish to have recognised 402-2000-00L Scientific Works in Physics instead of 401-2000-00L Scientific Works in Mathematics (as allowed for the
CSE programme), take contact with the Study Administration Office (www.math.ethz.ch/studiensekretariat) after having passed the performance
assessment.

Number Title Type ECTS Hours Lecturers

401-2000-00L Scientific Works in Mathematics
Target audience:
Third year Bachelor students;
Master students who cannot document to have received
an adequate training in working scientifically.

O  0 credits Ö. Imamoglu, E. Kowalski

Abstract Introduction to scientific writing for students with focus on publication standards and ethical issues, especially in the case of citations
(references to works of others.)

Objective Learn the basic standards of scientific works in mathematics.
Content - Types of mathematical works

 - Publication standards in pure and applied mathematics
 - Data handling
 - Ethical issues
 - Citation guidelines

Lecture notes Moodle of the Mathematics Library: https://moodle-app2.let.ethz.ch/course/view.php?id=519
Prerequisites /
notice

Directive https://www.ethz.ch/content/dam/ethz/common/docs/weisungssammlung/files-en/declaration-of-originality.pdf

401-2000-01L Lunch Sessions – Thesis Basics for Mathematics
Students
Details and registration for the optional MathBib training
course: https://www.math.ethz.ch/mathbib-schulungen

Z  0 credits Speakers

Abstract Optional course "Recherchieren in der Mathematik" (held in German) by the Mathematics Library.

402-2000-00L Scientific Works in Physics
Target audience:
Master students who cannot document to have received
an adequate training in working scientifically.

Directive
https://www.ethz.ch/content/dam/ethz/common/docs/weis
ungssammlung/files-en/declaration-of-originality.pdf

W  0 credits C. Grab

Abstract Literature Review: ETH-Library, Journals in Physics, Google Scholar; Thesis Structure: The IMRAD Model; Document Processing: LaTeX
and BibTeX, Mathematical Writing, AVETH Survival Guide; ETH Guidelines for Integrity; Authorship Guidelines; ETH Citation Etiquettes;
Declaration of Originality.

Objective Basic standards for scientific works in physics: How to write a Master Thesis. What to know about research integrity.

401-4990-01L Master's Thesis
Only students who fulfil the following criteria are permitted
to commence the Master's thesis:
a. successful completion of the Bachelor's programme;
b. fulfilling of any additional requirements necessary to
gain admission to the Master's programme;
c. successful completion of
   1) at least two course units in the category ‘Core
courses’;
   2) at least five course units, including a seminar, in the
category ‘Fields of specialisation’; and
   3) the semester paper.
Successful participation in the course unit 401-2000-00L
Scientific Works in Mathematics or 402-2000-00L
Scientific Works in Physicsis is required.
For more information, see
www.math.ethz.ch/intranet/students/study-
administration/theses.html

O 30 credits 57D Supervisors

Abstract The master's thesis concludes the study programme. Thesis work should prove the students' ability to independent, structured and
scientific working.

Objective Die Studierenden sollen mit der Master-Arbeit, die den Abschluss des Studiengangs bildet, ihre Fähigkeit zu selbständiger, strukturierter
und wissenschaftlicher Tätigkeit unter Beweis stellen.

 Colloquia
Number Title Type ECTS Hours Lecturers

401-5650-00L Zurich Colloquium in Applied and Computational
Mathematics

E-  0 credits 1K R. Abgrall, R. Alaifari, H. Ammari,
R. Hiptmair, S. Mishra, S. Sauter,
C. Schwab

Abstract Research colloquium

 Course Units for Additional Admission Requirements
The courses below are only available for MSc students with additional admission requirements.

Number Title Type ECTS Hours Lecturers

252-0232-AAL Software Engineering
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  6 credits 13R F. Friedrich Wicker, H. Lehner
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Abstract This course introduces both theoretical and applied aspects of software engineering. It covers:

- Software Architecture
- Informal and formal Modeling
- Design Patterns
- Software Engineering Principles
- Code Refactoring
- Program Testing

Objective The course has two main objectives:

- Obtain an end-to-end (both, theoretical and practical) understanding of the core techniques used for building quality software.
- Be able to apply these techniques in practice.

Content While the lecture will provide the theoretical foundations for the various aspects of software engineering, the students will apply those
techniques in project work that will span over the whole semester - involving all aspects of software engineering, from understanding
requirements over design and implementation to deployment and change requests.

Literature Will be announced in the lecture

406-0353-AAL Analysis III
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  4 credits 9R F. Da Lio

Abstract The focus lies on the simplest cases of three fundamental types of partial differential equations of second order: the Laplace equation, the
heat equation and the wave equation.

Literature Reference books and notes

Main books:

    Giovanni Felder: "Partielle Differenzialgleichungen für Ingenieurinnen und Ingenieure" (Download PDF:
http://www.math.ethz.ch/u/felder/Teaching/Partielle_Differenzialgleichungen ),
    Erwin Kreyszig: "Advanced Engineering Mathematics", John Wiley & Sons, just chapters 11, 16.


Extra readings:

    Norbert Hungerbühler: "Einführung in die partiellen Differentialgleichungen", vdf Hochschulverlag AG an der ETH Zürich,
    Yehuda Pinchover, Jacob Rubinstein: "Partial Differential Equations", Cambridge University Press 2005.


For reference/complement of the Analysis I/II courses:

    Christian Blatter: Ingenieur-Analysis (Download PDF)

Prerequisites /
notice

The precise content changes with the examiner. Candidates must therefore contact the examiner in person before studying the material.

406-0603-AAL Stochastics (Probability and Statistics)
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  4 credits 9R M. Kalisch

Abstract Introduction to basic methods and fundamental concepts of statistics and
probability theory for non-mathematicians. The concepts are presented on
the basis of some descriptive examples. The course will be based on the
book "Statistics for research" by S. Dowdy et.al. and on the
book "Introductory Statistics with R" by P. Dalgaard.

Objective The objective of this course is to build a solid fundament in probability
and statistics. The student should understand some fundamental concepts and
be able to apply these concepts to applications in the real
world. Furthermore, the student should have a basic knowledge of the
statistical programming language "R". The main topics of the course are:
- Introduction to probability
- Common distributions
- Binomialtest
- z-Test, t-Test
- Regression

Content From "Statistics for research":
Ch 1: The Role of Statistics
Ch 2: Populations, Samples, and Probability Distributions
Ch 3: Binomial Distributions
Ch 6: Sampling Distribution of Averages
Ch 7: Normal Distributions
Ch 8: Student's t Distribution
Ch 9: Distributions of Two Variables [Regression]

From "Introductory Statistics with R":
Ch 1: Basics
Ch 2: Probability and distributions
Ch 3: Descriptive statistics and tables
Ch 4: One- and two-sample tests
Ch 5: Regression and correlation
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Literature "Statistics for research" by S. Dowdy et. al. (3rd
edition); Print ISBN: 9780471267355; Online ISBN: 9780471477433; DOI:
10.1002/0471477435; 
From within the ETH, this book is freely available online under:
http://onlinelibrary.wiley.com/book/10.1002/0471477435

"Introductory Statistics with R" by Peter Dalgaard; ISBN
978-0-387-79053-4; DOI: 10.1007/978-0-387-79054-1
From within the ETH, this book is freely available online under:
http://www.springerlink.com/content/m17578/

406-0663-AAL Numerical Methods for CSE
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  8 credits 17R R. Hiptmair

Abstract Introduction into fundamental techniques and algorithms of numerical mathematics which play a central role in numerical simulations in
science and technology.

Objective * Knowledge of the fundamental algorithms in numerical mathematics
* Knowledge of the essential terms in numerical mathematics and the 
   techniques used for the analysis of numerical algorithms
* Ability to choose the appropriate numerical method for concrete problems
* Ability to interpret numerical results
* Ability to implement  numerical algorithms afficiently in C++

Content 1. Computing with Matrices and Vectors
2. Direct Methods for Linear Systems of Equations
3. Direct Methods for Linear Least Squares Problems
4. Filtering Algorithms
5. Data Interpolation and Data Fitting in 1D
6. Approximation of Functions in 1D
7. Numerical Quadrature
8. Iterative Methods for Non-linear Systems of Equations
12. Numerical Integration - Single Step Methods
13. Single Step Methods for Stiff Initial Value Problems

Lecture notes https://people.math.ethz.ch/~grsam/HS16/NumCSE/NumCSE16.pdf
Literature W. Dahmen, A. Reusken "Numerik für Ingenieure und Naturwissenschaftler", Springer 2006.

M. Hanke-Bourgeois "Grundlagen der Numerischen Mathematik und des wissenschaftlichen Rechnens", BG Teubner, 2002
P. Deuflhard and A. Hohmann, "Numerische Mathematik I", DeGruyter, 2002
U. Ascher and C. Greif "A first course in Numerical Methods"

Prerequisites /
notice

Examination will be conducted at the computer and will involve coding in C++/Eigen. 
A course covering the material is taught in English every autumn term (course unit 401-0663-00L). Course documents, exercises and
examinations are available online.

401-0674-AAL Numerical Methods for Partial Differential Equations
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  10 credits 21R R. Hiptmair

Abstract Derivation, properties, and implementation of fundamental numerical methods for a few key partial differential equations,among them
(convection)-diffusion and heat equations, wave equation, conservation laws. Implementation in C++ based on a finite element library.

Objective Main skills to be acquired in this course:
* Ability to implement fundamental numerical methods for the solution of partial differential equations efficiently.
* Ability to modify and adapt numerical algorithms guided by awareness of their mathematical foundations.
* Ability to select and assess numerical methods in light of the predictions of theory
* Ability to identify features of a PDE (= partial differential equation) based model that are relevant for the selection and performance of a
numerical algorithm.
* Ability to understand research publications on theoretical and practical aspects of numerical methods for partial differential equations.
* Skills in the efficient implementation of finite element methods on unstructured meshes.

This course is neither a course on the mathematical foundations and numerical analysis of methods nor an course that merely teaches
recipes and how to apply software packages.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1553 of 1785

Content 1 Second-Order Scalar Elliptic Boundary Value Problems
1.2 Equilibrium Models: Examples 
1.3 Sobolev spaces
1.4 Linear Variational Problems
1.5 Equilibrium Models: Boundary Value Problems
1.6 Diffusion Models (Stationary Heat Conduction)
1.7 Boundary Conditions
1.8 Second-Order Elliptic Variational Problems
1.9 Essential and Natural Boundary Conditions
2 Finite Element Methods (FEM)
2.2 Principles of Galerkin Discretization
2.3 Case Study: Linear FEM for Two-Point Boundary Value Problems
2.4 Case Study: Triangular Linear FEM in Two Dimensions
2.5 Building Blocks of General Finite Element Methods
2.6 Lagrangian Finite Element Methods
2.7 Implementation of Finite Element Methods
2.7.1 Mesh Generation and Mesh File Format
2.7.2 Mesh Information and Mesh Data Structures
2.7.2.1 L EHR FEM++ Mesh: Container Layer
2.7.2.2 L EHR FEM++ Mesh: Topology Layer
2.7.2.3 L EHR FEM++ Mesh: Geometry Layer
2.7.3 Vectors and Matrices
2.7.4 Assembly Algorithms
2.7.4.1 Assembly: Localization
2.7.4.2 Assembly: Index Mappings
2.7.4.3 Distribute Assembly Schemes
2.7.4.4 Assembly: Linear Algebra Perspective
2.7.5 Local Computations
2.7.5.1 Analytic Formulas for Entries of Element Matrices
2.7.5.2 Local Quadrature
2.7.6 Treatment of Essential Boundary Conditions
2.8 Parametric Finite Element Methods
3 FEM: Convergence and Accuracy
3.1 Abstract Galerkin Error Estimates
3.2 Empirical (Asymptotic) Convergence of Lagrangian FEM
3.3 A Priori (Asymptotic) Finite Element Error Estimates
3.4 Elliptic Regularity Theory
3.5 Variational Crimes
3.6 FEM: Duality Techniques for Error Estimation
3.7 Discrete Maximum Principle
3.8 Validation and Debugging of Finite Element Codes
4 Beyond FEM: Alternative Discretizations [dropped]
5 Non-Linear Elliptic Boundary Value Problems [dropped]
6 Second-Order Linear Evolution Problems
6.1 Time-Dependent Boundary Value Problems
6.2 Parabolic Initial-Boundary Value Problems
6.3 Linear Wave Equations
7 Convection-Diffusion Problems [dropped]
8 Numerical Methods for Conservation Laws
8.1 Conservation Laws: Examples
8.2 Scalar Conservation Laws in 1D
8.3 Conservative Finite Volume (FV) Discretization
8.4 Timestepping for Finite-Volume Methods
8.5 Higher-Order Conservative Finite-Volume Schemes

Lecture notes The lecture will be taught in flipped classroom format:
- Video tutorials for all thematic units will be published online.
- Tablet notes accompanying the videos will be made available to the audience as PDF.
- A comprehensive PDF handout will cover all aspects of the lecture.

Literature Chapters of the following books provide supplementary reading
(detailed references in course material):

* D. Braess: Finite Elemente,
Theorie, schnelle Löser und Anwendungen in der Elastizitätstheorie, Springer 2007 (available online).
* S. Brenner and R. Scott. Mathematical theory of finite element methods, Springer 2008 (available online).
* A. Ern and J.-L. Guermond. Theory and Practice of Finite Elements, volume 159 of Applied Mathematical Sciences. Springer, New York,
2004.
* Ch. Großmann and H.-G. Roos: Numerical Treatment of Partial Differential Equations, Springer 2007.
* W. Hackbusch. Elliptic Differential Equations. Theory and Numerical Treatment, volume 18 of Springer Series in Computational
Mathematics. Springer, Berlin, 1992.
* P. Knabner and L. Angermann. Numerical Methods for Elliptic and Parabolic Partial Differential Equations, volume 44 of Texts in Applied
Mathematics. Springer, Heidelberg, 2003.
* S. Larsson and V. Thomée. Partial Differential Equations with Numerical Methods, volume 45 of Texts in Applied Mathematics. Springer,
Heidelberg, 2003.
* R. LeVeque. Finite Volume Methods for Hyperbolic Problems. Cambridge Texts in Applied Mathematics. Cambridge University Press,
Cambridge, UK, 2002.

However, study of supplementary literature is not important for for following the course.

Prerequisites /
notice

Mastery of basic calculus and linear algebra is taken for granted.
Familiarity with fundamental numerical methods (solution methods for linear systems of equations, interpolation, approximation, numerical
quadrature, numerical integration of ODEs) is essential.

Important: Coding skills and experience in C++ are essential.

Homework assignments involve substantial coding, partly based on a C++ finite element library. The written examination will be computer
based and will comprise coding tasks.
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Computational Science and Engineering Master - Key for Type

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Robotics, Systems and Control Master
 Core Courses

Number Title Type ECTS Hours Lecturers

151-0116-10L High Performance Computing for Science and
Engineering (HPCSE) for Engineers II

W  4 credits 4G P. Koumoutsakos, S. M. Martin

Abstract This course focuses on programming methods and tools for parallel computing on multi and many-core architectures. Emphasis will be
placed on practical and computational aspects of Uncertainty Quantification and Propagation including the implementation of relevant
algorithms on HPC architectures.

Objective The course will teach 
- programming models and tools for multi and many-core architectures
- fundamental concepts of Uncertainty Quantification and Propagation (UQ+P) for computational models of systems in Engineering and Life
Sciences

Content High Performance Computing:
- Advanced topics in shared-memory programming
- Advanced topics in MPI
- GPU architectures and CUDA programming

Uncertainty Quantification:
- Uncertainty quantification under parametric and non-parametric modeling uncertainty
- Bayesian inference with model class assessment
- Markov Chain Monte Carlo simulation

Lecture notes https://www.cse-lab.ethz.ch/teaching/hpcse-ii_fs20/
Class notes, handouts

Literature - Class notes
- Introduction to High Performance Computing for Scientists and Engineers, G. Hager and G. Wellein
- CUDA by example, J. Sanders and E. Kandrot
- Data Analysis: A Bayesian Tutorial, D. Sivia and J. Skilling
- An introduction to Bayesian Analysis - Theory and Methods, J. Gosh, N. Delampady and S. Tapas 
- Bayesian Data Analysis, A. Gelman, J. Carlin, H. Stern, D. Dunson, A. Vehtari and D. Rubin
- Machine Learning: A Bayesian and Optimization Perspective, S. Theodorides

Prerequisites /
notice

Students must be familiar with the content of High Performance Computing for Science and Engineering I (151-0107-20L)

151-0306-00L Visualization, Simulation and Interaction - Virtual
Reality I

W  4 credits 4G A. Kunz

Abstract Technology of Virtual Reality. Human factors, Creation of virtual worlds, Lighting models, Display- and acoustic- systems, Tracking,
Haptic/tactile interaction, Motion platforms, Virtual prototypes, Data exchange, VR Complete systems, Augmented reality, Collaboration
systems; VR and Design; Implementation of the VR in the industry; Human Computer Interfaces (HCI).

Objective The product development process in the future will be characterized by the Digital Product which is the center point for concurrent
engineering with teams spreas worldwide. Visualization and simulation of complex products including their physical behaviour at an early
stage of development will be relevant in future. The lecture will give an overview to techniques for virtual reality, to their ability to visualize
and to simulate objects. It will be shown how virtual reality is already used in the product development process.

Content Introduction to the world of virtual reality; development of new VR-techniques; introduction to 3D-computergraphics; modelling; physical
based simulation; human factors; human interaction; equipment for virtual reality; display technologies; tracking systems; data gloves;
interaction in virtual environment; navigation; collision detection; haptic and tactile interaction; rendering; VR-systems; VR-applications in
industry, virtual mockup; data exchange, augmented reality.

Lecture notes A complete version of the handout is also available in English.
Prerequisites /
notice

Voraussetzungen:
keine
Vorlesung geeignet für D-MAVT, D-ITET, D-MTEC und D-INF

Testat/ Kredit-Bedingungen/ Prüfung:
 Teilnahme an Vorlesung und Kolloquien
 Erfolgreiche Durchführung von Übungen in Teams 
 Mündliche Einzelprüfung 30 Minuten

151-0534-00L Advanced Dynamics W  4 credits 3V+1U P. Tiso
Abstract Lagrangian dynamics - Principle of virtual work and virtual power - holonomic and non holonomic contraints - 3D rigid body dynamics  -

equilibrium - linearization - stability - vibrations - frequency response
Objective This course provides the students of mechanical engineering with fundamental analytical mechanics for the study of complex mechanical

systems .We introduce the powerful techniques of principle of virtual work and virtual power to systematically write the equation of motion
of arbitrary systems subjected to holonomic and non-holonomic constraints. The linearisation around equilibrium states is then presented,
together with the concept of linearised stability. Linearized models allow the study of small amplitude vibrations for unforced and forced
systems. For this, we introduce the concept of vibration modes and frequencies, modal superposition and modal truncation. The case of
the vibration of light damped systems is discussed. The kinematics and dynamics of 3D rigid bodies is also extensively treated.

Lecture notes Lecture notes are produced in class and are downloadable right after each lecture.
Literature The students will prepare their own notes. A copy of the lecture notes will be available.
Prerequisites /
notice

Mechanics III or equivalent; Analysis I-II, or equivalent; Linear Algebra I-II, or equivalent.

151-0566-00L Recursive Estimation W  4 credits 2V+1U R. D'Andrea
Abstract Estimation of the state of a dynamic system based on a model and observations in a computationally efficient way.
Objective Learn the basic recursive estimation methods and their underlying principles.
Content Introduction to state estimation; probability review; Bayes' theorem; Bayesian tracking; extracting estimates from probability distributions;

Kalman filter; extended Kalman filter; particle filter; observer-based control and the separation principle.
Lecture notes Lecture notes available on course website: http://www.idsc.ethz.ch/education/lectures/recursive-estimation.html
Prerequisites /
notice

Requirements: Introductory probability theory and matrix-vector algebra.

151-0623-00L ETH Zurich Distinguished Seminar in Robotics,
Systems and Controls
Does not take place this semester.

W  1 credit 1S B. Nelson, M. Chli, R. Gassert,
M. Hutter, W. Karlen, R. Riener,
R. Siegwart
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Abstract This course consists of a series of seven lectures given by researchers who have distinguished themselves in the area of Robotics,
Systems, and Controls.

Objective Obtain an overview of various topics in Robotics, Systems, and Controls from leaders in the field. Please see
http://www.msrl.ethz.ch/education/distinguished-seminar-in-robotics--systems---controls--151-0623-0.html for a list of upcoming lectures.

Content This course consists of a series of seven lectures given by researchers who have distinguished themselves in the area of Robotics,
Systems, and Controls. MSc students in Robotics, Systems, and Controls are required to attend every lecture. Attendance will be
monitored. If for some reason a student cannot attend one of the lectures, the student must select another ETH or University of Zurich
seminar related to the field and submit a one page description of the seminar topic. Please see
http://www.msrl.ethz.ch/education/distinguished-seminar-in-robotics--systems---controls--151-0623-0.html for a suggestion of other
lectures.

Prerequisites /
notice

Students are required to attend all seven lectures to obtain credit. If a student must miss a lecture then attendance at a related special
lecture will be accepted that is reported in a one page summary of the attended lecture. No exceptions to this rule are allowed.

151-0630-00L Nanorobotics W  4 credits 2V+1U S. Pané Vidal
Abstract Nanorobotics is an interdisciplinary field that includes topics from nanotechnology and robotics. The aim of this course is to expose

students to the fundamental and essential aspects of this emerging field.
Objective The aim of this course is to expose students to the fundamental and essential aspects of this emerging field. These topics include basic

principles of nanorobotics, building parts for nanorobotic systems, powering and locomotion of nanorobots, manipulation, assembly and
sensing using nanorobots, molecular motors, and nanorobotics for nanomedicine.

151-0634-00L Perception and Learning for Robotics
Number of participants limited to: 30

To apply for the course please create a CV in pdf of max.
2 pages, including your machine learning and/or robotics
experience. Please send the pdf to cesarc@ethz.ch for
approval.

W  4 credits 9A C. D. Cadena Lerma, J. J. Chung

Abstract This course covers tools from statistics and machine learning enabling the participants to deploy these algorithms as building blocks for
perception pipelines on robotic tasks. All mathematical methods provided within the course will be discussed in context of and motivated by
example applications mostly from robotics. The main focus of this course are student projects on robotics.

Objective Applying Machine Learning methods for solving real-world robotics problems.
Content Deep Learning for Perception; (Deep) Reinforcement Learning; Graph-Based Simultaneous Localization and Mapping
Lecture notes Slides will be made available to the students.
Literature Will be announced in the first lecture.
Prerequisites /
notice

The students are expected to be familiar with material of the "Recursive Estimation" and the "Introduction to Machine Learning" lectures.
Particularly understanding of basic machine learning concepts, stochastic gradient descent for neural networks, reinforcement learning
basics, and knowledge of Bayesian Filtering are required. Furtheremore, good knowledge of programming in C++ and Python is required.

151-0641-00L Introduction to Robotics and Mechatronics
Number of participants limited to 60.

Enrollment is only valid through registration on the MSRL
website (www.msrl.ethz.ch). Registrations per e-mail is no
longer accepted!

W  4 credits 2V+2U B. Nelson, N. Shamsudhin

Abstract The aim of this lecture is to expose students to the fundamentals of mechatronic and robotic systems. Over the course of these lectures,
topics will include how to interface a computer with the real world, different types of sensors and their use, different types of actuators and
their use.

Objective An ever-increasing number of mechatronic systems are finding their way into our daily lives. Mechatronic systems synergistically combine
computer science, electrical engineering, and mechanical engineering. Robotics systems can be viewed as a subset of mechatronics that
focuses on sophisticated control of moving devices. 

The aim of this course is to practically and theoretically expose students to the fundamentals of mechatronic and robotic systems. Over the
course of the semester, the lecture topics will include an overview of robotics, an introduction to different types of sensors and their use, the
programming of microcontrollers and interfacing these embedded computers with the real world, signal filtering and processing, an
introduction to different types of actuators and their use, an overview of computer vision, and forward and inverse kinematics. Throughout
the course, students will periodically attend laboratory sessions and implement lessons learned during lectures on real mechatronic
systems. By the end of the course, you will be able to independently choose, design and integrate these different building blocks into a
working mechatronic system.

Content The course consists of weekly lectures and lab sessions. The weekly topics are the following:
0. Course Introduction
1. C Programming
2. Sensors
3. Data Acquisition
4. Signal Processing
5. Digital Filtering
6. Actuators
7. Computer Vision and Kinematics
8. Modeling and Control
9. Review and Outlook

The lecture schedule can be found on our course page on the MSRL website (www.msrl.ethz.ch)

Prerequisites /
notice

The students are expected to be familiar with C programming.

151-0660-00L Model Predictive Control W  4 credits 2V+1U M. Zeilinger
Abstract Model predictive control is a flexible paradigm that defines the control law as an optimization problem, enabling the specification of time-

domain objectives, high performance control of complex multivariable systems and the ability to explicitly enforce constraints on system
behavior. This course provides an introduction to the theory and practice of MPC and covers advanced topics.             

Objective Design and implement Model Predictive Controllers (MPC) for various system classes to provide high performance controllers with desired
properties (stability, tracking, robustness,..) for constrained systems.              
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Content - Review of required optimal control theory
- Basics on optimization
- Receding-horizon control (MPC) for constrained linear systems
- Theoretical properties of MPC: Constraint satisfaction and stability
- Computation: Explicit and online MPC
- Practical issues: Tracking and offset-free control of constrained systems, soft constraints
- Robust MPC: Robust constraint satisfaction
- Nonlinear MPC: Theory and computation
- Hybrid MPC: Modeling hybrid systems and logic, mixed-integer optimization
- Simulation-based project providing practical experience with MPC             

Lecture notes Script / lecture notes will be provided.
Prerequisites /
notice

One semester course on automatic control, Matlab, linear algebra.
Courses on signals and systems and system modeling are recommended. Important concepts to start the course: State-space modeling,
basic concepts of stability, linear quadratic regulation / unconstrained optimal control. 
Expected student activities: Participation in lectures, exercises and course project; homework (~2hrs/week).          

151-0854-00L Autonomous Mobile Robots W  5 credits 4G R. Siegwart, M. Chli, N. Lawrance
Abstract The objective of this course is to provide the basics required to develop autonomous mobile robots and systems. Main emphasis is put on

mobile robot locomotion and kinematics, environment perception, and probabilistic environment modeling, localizatoin, mapping and
navigation. Theory will be deepened by exercises with small mobile robots and discussed accross application examples.

Objective The objective of this course is to provide the basics required to develop autonomous mobile robots and systems. Main emphasis is put on
mobile robot locomotion and kinematics, environment perception, and probabilistic environment modeling, localizatoin, mapping and
navigation.

Lecture notes This lecture is enhanced by around 30 small videos introducing the core topics, and multiple-choice questions for continuous self-
evaluation.   It is developed along the TORQUE (Tiny, Open-with-Restrictions courses focused on QUality and Effectiveness) concept,
which is ETH's response to the popular MOOC (Massive Open Online Course) concept.

Literature This lecture is based on the Textbook: 
Introduction to Autonomous Mobile Robots
Roland Siegwart, Illah Nourbakhsh, Davide Scaramuzza, The MIT Press, Second Edition 2011, ISBN: 978-0262015356

151-1115-00L Aircraft Aerodynamics and Flight Mechanics W  4 credits 3G J. Wildi
Abstract Equations of motion. Aircraft flight perfomance, flight envelope. Aircraft static stability and control, longituadinal and lateral stbility. Dynamic

longitudinal and lateral stability.
Flight test. Wind tunnel test.

Objective - Knowledge of methods to solve flight mechanic problems
- To be able to apply basic methods for flight performence calculation and stability investigations
- Basic knowledge of flight and wind tunnel tests and test evaluation methods

Content Equations of motion. Aircraft flight perfomance, flight envelope. Aircraft static stability and control, longituadinal and lateral stbility. Dynamic
longitudinal and lateral stability.
Flight testing. Wind tunnel testing.

Lecture notes Ausgewählte Kapitel der Flugtechnik (J. Wildi)
Literature Mc Cormick, B.W.: Aerodynamics, Aeronautics and Flight Mechanics (John Wiley and Sons), 1979 / 1995


Anderson, J: Fundamentals of Aerodynamics (McGraw-Hill Comp Inc), 2010

Prerequisites /
notice

Recommended: Lecture 'Basics of Aircraft und Vehicle Aerodynamics' (FS)

101-0521-10L Machine Learning for Predictive Maintenance
Applications
The number of participants in the course is limited to 25
students.

Students interested in attending the lecture are requested
to upload their transcript and a short motivation
responding the following two questions (max. 200 words):
-How does this course fit to the other courses you have
attended so far?
-How does the course support you in achieving your goal?
The following link can be used to upload the documents.
https://polybox.ethz.ch/index.php/s/3S9ZlyxQTiOS3fM

W  8 credits 4G O. Fink

Abstract The course aims at developing machine learning algorithms that are able to use condition monitoring data efficiently and detect occurring
faults in complex industrial assets, isolate their root cause and ultimately predict the remaining useful lifetime.

Objective Students will 
- be able to understand the main challenges faced by predictive maintenance systems
- learn to extract relevant features from condition monitoring data
-learn to select appropriate machine learning algorithms for fault detection, diagnostics and prognostics
-learn to define the learning problem in way that allows its solution based on existing constrains such as lack of fault samples. 
- learn to design end-to-end machine learning algorithms for fault detection and diagnostics 
-be able to evaluate the performance of the applied algorithms.

At the end of the course, the students will be able to design data-driven predictive maintenance applications for complex engineered
systems from raw condition monitoring data.
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Content Early and reliable detection, isolation and prediction of faulty system conditions enables the operators to take recovery actions to prevent
critical system failures and ensure a high level of availability and safety. This is particularly crucial for complex systems such as
infrastructures, power plants and aircraft engines. Therefore, their system condition is increasingly tightly monitored by a large number of
diverse condition monitoring sensors. With the increased availability of data on system condition on the one hand, and the increased
complexity of explicit system physics-based models on the other hand, the application of data-driven approaches for predictive
maintenance has been recently increasing. 
This course provides insights and hands-on experience in selecting, designing, optimizing and evaluating machine learning algorithms to
tackle the challenges faced by maintenance systems of complex engineered systems.

Specific topics include:

-Introduction to condition monitoring and predictive maintenance systems 
-Feature extraction and selection methodology
-Machine learning algorithms for fault detection and fault isolation
-End-to-end learning architectures (including feature learning) for fault detection and fault isolation
-Unsupervised and semi-supervised learning algorithms for predictive maintenance
-Machine learning algorithms for prediction of the remaining useful life 
-Performance evaluation
-Predictive maintenance systems at fleet level
-Domain adaptation for fault diagnostics
-Introduction to decision support systems for maintenance applications

Lecture notes Slides and other materials will be available online.
Literature Relevant scientific papers will be discussed in the course.
Prerequisites /
notice

Strong analytical skills.
Programming skills in python are strongly recommended.

103-0848-00L Industrial Metrology and Machine Vision
Number of participants limited to 30.

W  4 credits 3G K. Schindler, A. Wieser

Abstract This course introduces contact and non-contact techniques for 3D coordinate, shape and motion determination as used for 3D inspection,
dimensional control, reverse engineering, motion capture and similar industrial applications.

Objective Understanding the physical basis of photographic sensors and imaging; familiarization with a broader view of image-based 3D geometry
estimation beyond the classical photogrammetric approach; understanding the concepts of measurement traceability and uncertainty;
acquiring an overview of general 3D image metrology including contact and non-contact techniques (coordinate measurement machines;
optical tooling; laser-based high-precision instruments).

Content CCD and CMOS technology; structured light and active stereo; shading models, shape from shading and photometric stereo; shape from
focus; laser interferometry, laser tracker, laser radar; contact and non-contact coordinate measurement machines; optical tooling;
measurement traceability, measurement uncertainty, calibration of measurement systems; 3d surface representations; case studies.

Lecture notes Lecture slides and further literature will be made available on the course webpage.

227-0207-00L Nonlinear Systems and Control
Prerequisite: Control Systems (227-0103-00L)

W  6 credits 4G E. Gallestey Alvarez,
P. F. Al Hokayem

Abstract Introduction to the area of nonlinear systems and their control. Familiarization with tools for analysis of nonlinear systems. Discussion of the
various nonlinear controller design methods and their applicability to real life problems.

Objective On completion of the course, students understand the difference between linear and nonlinear systems, know the mathematical techniques
for analysing these systems, and have learnt various methods for designing controllers accounting for their characteristics.

Course puts the student in the position to deploy nonlinear control techniques in real applications. Theory and exercises are combined for
better understanding of the virtues and drawbacks present in the different methods.

Content Virtually all practical control problems are of nonlinear nature. In some cases application of linear control methods leads to satisfactory
controller performance. In many other cases however, only application of nonlinear analysis and control synthesis methods will guarantee
achievement of the desired objectives. 

During the past decades mature nonlinear controller design methods have been developed and have proven themselves in applications.
After an introduction of the basic methods for analysing nonlinear systems, these methods will be introduced together with a critical
discussion of their pros and cons. Along the course the students will be familiarized with the basic concepts of nonlinear control theory.

This course is designed as an introduction to the nonlinear control field and thus no prior knowledge of this area is required. The course
builds, however, on a good knowledge of the basic concepts of linear control and mathematical analysis.

Lecture notes An english manuscript will be made available on the course homepage during the course.
Literature H.K. Khalil: Nonlinear Systems, Prentice Hall, 2001.
Prerequisites /
notice

Prerequisites: Linear Control Systems, or equivalent.

227-0216-00L Control Systems II W  6 credits 4G R. Smith
Abstract Introduction to basic and advanced concepts of modern feedback control.
Objective Introduction to basic and advanced concepts of modern feedback control.
Content This course is designed as a direct continuation of the course "Regelsysteme" (Control Systems). The primary goal is to further familiarize

students with various dynamic phenomena and their implications for the analysis and design of feedback controllers. Simplifying
assumptions on the underlying plant that were made in the course "Regelsysteme" are relaxed, and advanced concepts and techniques
that allow the treatment of typical industrial control problems are presented. Topics include control of systems with multiple inputs and
outputs, control of uncertain systems (robustness issues), limits of achievable performance, and controller implementation issues.

Lecture notes The slides of the lecture are available to download.
Literature Skogestad, Postlethwaite: Multivariable Feedback Control - Analysis and Design. Second Edition. John Wiley, 2005.
Prerequisites /
notice

Prerequisites:
Control Systems or equivalent

227-0224-00L Stochastic Systems W  4 credits 2V+1U F. Herzog
Abstract Probability. Stochastic processes. Stochastic differential equations. Ito. Kalman filters. St Stochastic optimal control. Applications in

financial engineering.
Objective Stochastic dynamic systems. Optimal control and filtering  of stochastic systems. Examples in technology and finance.
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Content - Stochastic processes
- Stochastic calculus (Ito)
- Stochastic differential equations
- Discrete time stochastic difference equations
- Stochastic processes AR, MA, ARMA, ARMAX, GARCH
- Kalman filter
- Stochastic optimal control
- Applications in finance and engineering

Lecture notes H. P. Geering et al., Stochastic Systems, Measurement and Control Laboratory, 2007 and handouts

227-0248-00L Power Electronic Systems II W  6 credits 4G J. W. Kolar
Abstract This course details structures, operating ranges, and control concepts of modern power electronic systems to provide a deeper

understanding of power electronic circuits and power components. Most recent concepts of high switching frequency AC/DC converters
and AC/AC matrix inverters are presented. Simulation exercises, implemented in GeckoCIRCUITS, are used to consolidate the concepts
discussed.

Objective The objective of this course is to convey knowledge of structures, operating ranges, and control concepts of modern power electronic
systems. Further objectives are: to know most recent concepts and operation modes of high switching frequency AC/DC converters and
AC/AC matrix inverters; to develop a deeper understanding of multi-pulse power converter circuits, transformers, and electromechanical
energy converters; and to understand in-depth details of power electronic systems. Simulation exercises, implemented in the electric circuit
simulator GeckoCIRCUITS, are used to consolidate the presented theoretical concepts.

Content Converter dynamics and control: State Space Averaging, transfer functions, controller design, impact of the input filter on the converter
transfer functions. 
Performance data of single-phase and three-phase systems: effect of different loss components on the efficiency characteristics, linear and
non-linear single phase loads, power flow of general three-phase systems, space vector calculus. 
Modeling and control of three-phase PWM rectifiers: system characterization using rotating coordinates, control structure, transfer
functions, operation with symmetrical and unsymmetrical mains voltages.
Scaling laws of transformers and electromechanical actuators. 
Drives with permanent magnet synchronous machines: basic function, modeling, field-oriented control.
Unidirectional AC/DC converters and AC/AC converters: voltage and current DC link converters, indirect and direct matrix converters.

Lecture notes Lecture notes and associated exercises including correct answers, simulation program for interactive self-learning including
visualization/animation features.

Prerequisites /
notice

Prerequisites: Introductory course on power electronics.

227-0528-00L Power System Dynamics, Control and Operation W  6 credits 4G G. Hug
Abstract The electric power system is a system that is never in steady state due to constant changes in load and generation inputs. This course is

dedicated to the dynamical properties of the electric power grid including how the system state is estimated, generation/load balance is
ensured by frequency control and how the system reacts in case of faults in the system. The course includes two excursions.

Objective The learning objectives of the course are to understand and be able to apply the dynamic modeling of power systems, to compute and
discuss the actions of generators based on frequency control, to describe the workings of a synchronous machine and the implications on
the grid, to describe and apply state estimation procedures, to discuss the IT infrastructure and protection algorithms in power systems.

Content The electric power system is a system that is never in steady state due to constant changes in load and generation inputs. Consequently,
the monitoring and operation of the electric power grid is a challenging task. The course starts with the introduction of general operational
procedures and the discussion of state estimation which is an important tool to observe the state of the grid. The course is then dedicated
to the modeling and studying of the dynamical properties of the electric power grid. Frequency control which ensures the generation/load
balance in real time is the basis for real-time control and is presented in depth. For the analysis of how the system detects and reacts
dynamically in fault situations, protection and dynamic models for synchronous machines are introduced.

Lecture notes Lecture notes. WWW pages.

227-0560-00L Deep Learning for Autonomous Driving
Registration in this class requires the permission of the
instructors. Class size will be limited to 80 students.
Preference is given to EEIT, INF and RSC students.

W  6 credits 3V+2P D. Dai, A. Liniger

Abstract Autonomous driving has moved from the realm of science fiction to a very real possibility during the past twenty years, largely due to rapid
developments of deep learning approaches, automotive sensors, and microprocessor capacity. This course covers the core techniques
required for building a self-driving car, especially the practical use of deep learning through this theme.

Objective Students will learn about the fundamental aspects of a self-driving car. They will also learn to use modern automotive sensors and HD
navigational maps, and to implement, train and debug their own deep neural networks in order to gain a deep understanding of cutting-
edge research in autonomous driving tasks, including perception, localization and control.

After attending this course, students will:
1) understand the core technologies of building a self-driving car;
2) have a good overview over the current state of the art in self-driving cars;
3) be able to critically analyze and evaluate current research in this area;
4) be able to implement basic systems for multiple autonomous driving tasks.
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Content We will focus on teaching the following topics centered on autonomous driving: deep learning, automotive sensors, multimodal driving
datasets, road scene perception, ego-vehicle localization, path planning, and control.

The course covers the following main areas: 

I) Foundation
a) Fundamentals of a self-driving car
b) Fundamentals of deep-learning 


II) Perception
a) Semantic segmentation and lane detection
b) Depth estimation with images and sparse LiDAR data 
c) 3D object detection with images and LiDAR data 
d) Object tracking and motion prediction 

III) Localization 
a) GPS-based and Vision-based Localization
b) Visual Odometry and Lidar Odometry

IV) Path Planning and Control
a) Path planning for autonomous driving
b) Motion planning and vehicle control
c) Imitation learning and reinforcement learning for self driving cars

The exercise projects will involve training complex neural networks and applying them on real-world, multimodal driving datasets. In
particular, students should be able to develop systems that deal with the following problems:
- Sensor calibration and synchronization to obtain multimodal driving data;
- Semantic segmentation and depth estimation with deep neural networks ;
- Learning to drive with images and map data directly (a.k.a. end-to-end driving)

Lecture notes The lecture slides will be provided as a PDF.
Prerequisites /
notice

This is an advanced grad-level course. Students must have taken courses on machine learning and computer vision or have acquired
equivalent knowledge. Students are expected to have a solid mathematical foundation, in particular in linear algebra, multivariate calculus,
and probability. All practical exercises will require basic knowledge of Python and will use libraries such as PyTorch, scikit-learn and scikit-
image.

227-0690-11L Advanced Topics in Control (Spring 2020)
New topics are introduced every year.

W  4 credits 2V+2U G. Banjac

Abstract Advanced Topics in Control (ATIC) covers advanced research topics in control theory. It is offered each Spring semester with the topic
rotating from year to year. Repetition for credit is possible, with consent of the instructor.

Objective During Spring 2020 the course will cover a range of topics in large-scale convex optimization. The students should be able to apply various
numerical methods to solve large-scale optimization problems arising in control, machine learning, signal processing, and finance.

Content Convex analysis and methods for large-scale optimization. Topics will include: convex sets and functions ; duality theory ; optimality and
infeasibility conditions ; structured optimization problems ; gradient-based methods ; operator splitting methods ; distributed and
decentralized optimization ; applications in various research areas.

Lecture notes Copies of the projection slides will be made available on the course Moodle platform.
Literature The course will be largely based on the Large-Scale Convex Optimization course taught at Lund University: https://archive.control.lth.se/ls-

convex-2015/


Prerequisites /
notice

Sufficient mathematical maturity, in particular in linear algebra and analysis.


227-0694-00L Game Theory and Control W  4 credits 2V+2U S. Bolognani
Abstract Game Theory is the study of strategic decision making, and was used to solve problems in economics by John Nash (A Beautiful Mind) and

others. We study concepts and methods in Game Theory, and show how these can be used to solve control design problems. The course
covers non-cooperative dynamic games and Nash equilibria, and emphasizes their use in control applications.

Objective Formulate an optimal control problem as a noncooperative dynamic game, compute mixed and behavioural strategies for different
equilibria.

Content Introduction to game theory, mathematical tools including convex optimisation and dynamic programming, zero sum games in matrix and
extensive form, pure and mixed strategies, minimax theorem, nonzero sum games in normal and extensive form, numerical computation of
mixed equilibrium strategies, Nash and Stackelberg equilibria, potential games, infinite dynamic games, differential games, behavioral
strategies and informational properties for dynamic games, aggregative games, VCG mechanism.

Lecture notes Will be made available from SPOD or course webpage.
Literature Basar, T. and Olsder, G. Dynamic Noncooperative Game Theory, 2nd

Edition, Society for Industrial and Applied Mathematics, 1998. Available through ETH Bibliothek directly at
http://epubs.siam.org/doi/abs/10.1137/1.9781611971132.

Prerequisites /
notice

Control Systems I (or equivalent). Necessary methods and concepts from optimization will be covered in the course.

227-0696-00L Predictive Control of Power Electronics Systems W  6 credits 2V+2U T. Geyer
Abstract Bridging the gap between modern control methods and power electronics, this course focuses on predictive control methods applied to

power electronics systems. This includes emerging model predictive control methods (with and without a modulator), as well as classic
predictive methods, such as deadbeat control. This course targets power electronics and control students.

Objective - Knowledge of modern time-domain control methods applied to dc-dc and dc-ac converters and their corresponding loads. These control
methods include model predictive control (MPC) and deadbeat control. 
- Understanding of optimized pulse patterns and techniques to achieve fast closed-loop control. 
- Ability to derive suitable mathematical models. 
- Knowledge of and experience in optimization techniques to solve the underlying mixed-integer and quadratic programs. 
- Appreciation of the advantages and disadvantages of the different control methods.
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Content - Review of mathematical modelling and time-domain control methods (particularly MPC and deadbeat control).
- Direct MPC with reference tracking (finite control set MPC). Derivation of mathematical models of three-phase power electronics systems,
formulation of the control problem, techniques to solve the one-step and the multi-step horizon problems using branch and bound
techniques. 
- MPC with optimized pulse patterns (OPPs). Computation of OPPs, formulation of fast closed-loop controllers and methods to solve the
underlying quadratic programming problem.
- Indirect MPC with pulse width modulation (PWM). Formulation of the MPC problem, imposition of hard and soft constraints, techniques to
solve the quadratic program in real time and application to modular multilevel converters. 
- Summary of recent research results and activities.
- Matlab / Simulink exercises to enhance the understanding of the control concepts.

Lecture notes The lecture is based on the recent book "Model Predictive Control of High Power Converters and Industrial Drives" by T. Geyer. Additional
notes and related literature will be distributed in the class.

Prerequisites /
notice

- Power Electronic Systems I
- Control Systems I (Regelsysteme I)
- Signal and System Theory II

252-0220-00L Introduction to Machine Learning
Limited number of participants. Preference is given to
students in programmes in which the course is being
offered. All other students will be waitlisted. Please do not
contact Prof. Krause for any questions in this regard. If
necessary, please contact studiensekretariat@inf.ethz.ch 

W  8 credits 4V+2U+1A A. Krause

Abstract The course introduces the foundations of learning and making predictions based on data.
Objective The course will introduce the foundations of learning and making predictions from data. We will study basic concepts such as trading

goodness of fit and model complexitiy. We will discuss important machine learning algorithms used in practice, and provide hands-on
experience in a course project.

Content - Linear regression (overfitting, cross-validation/bootstrap, model selection, regularization, [stochastic] gradient descent)
- Linear classification: Logistic regression (feature selection, sparsity, multi-class)
- Kernels and the kernel trick (Properties of kernels; applications to linear and logistic regression); k-nearest neighbor
- Neural networks (backpropagation, regularization, convolutional neural networks)
- Unsupervised learning (k-means, PCA, neural network autoencoders)
- The statistical perspective (regularization as prior; loss as likelihood; learning as MAP inference)
- Statistical decision theory (decision making based on statistical models and utility functions)
- Discriminative vs. generative modeling (benefits and challenges in modeling joint vy. conditional distributions)
- Bayes' classifiers (Naive Bayes, Gaussian Bayes; MLE)
- Bayesian approaches to unsupervised learning (Gaussian mixtures, EM)

Literature Textbook: Kevin Murphy, Machine Learning: A Probabilistic Perspective, MIT Press
Prerequisites /
notice

Designed to provide a basis for following courses:
- Advanced Machine Learning
- Deep Learning
- Probabilistic Artificial Intelligence 
- Seminar "Advanced Topics in Machine Learning"

252-0526-00L Statistical Learning Theory W  7 credits 3V+2U+1A J. M. Buhmann, C. Cotrini Jimenez
Abstract The course covers advanced methods of statistical learning: 


- Variational methods and optimization.
- Deterministic annealing. 
- Clustering for diverse types of data.
- Model validation by information theory.

Objective The course surveys recent methods of statistical learning. The fundamentals of machine learning, as presented in the courses "Introduction
to Machine Learning" and "Advanced Machine Learning", are expanded from the perspective of statistical learning.

Content - Variational methods and optimization. We consider optimization approaches for problems where the optimizer is a probability distribution.
We will discuss concepts like maximum entropy, information bottleneck, and deterministic annealing.

- Clustering. This is the problem of sorting data into groups without using training samples. We discuss alternative notions of "similarity"
between data points and adequate optimization procedures.

- Model selection and validation. This refers to the question of how complex the chosen model should be. In particular, we present an
information theoretic approach for model validation.

- Statistical physics models. We discuss approaches for approximately optimizing large systems, which originate in statistical physics (free
energy minimization applied to spin glasses and other models). We also study sampling methods based on these models.

Lecture notes A draft of a script will be provided. Lecture slides will be made available.
Literature Hastie, Tibshirani, Friedman: The Elements of Statistical Learning, Springer, 2001.


L. Devroye, L. Gyorfi, and G. Lugosi: A probabilistic theory of pattern recognition. Springer, New York, 1996

Prerequisites /
notice

Knowledge of machine learning (introduction to machine learning and/or advanced machine learning)
Basic knowledge of statistics.

252-0579-00L 3D Vision W  5 credits 3G+1A M. Pollefeys, V. Larsson
Abstract The course covers camera models and calibration, feature tracking and matching, camera motion estimation via simultaneous localization

and mapping (SLAM) and visual odometry (VO), epipolar and mult-view geometry, structure-from-motion, (multi-view) stereo, augmented
reality, and image-based (re-)localization.

Objective After attending this course, students will:
   1. understand the core concepts for recovering 3D shape of objects and scenes from images and video.
   2. be able to implement basic systems for vision-based robotics and simple virtual/augmented reality applications.
   3. have a good overview over the current state-of-the art in 3D vision.
   4. be able to critically analyze and asses current research in this area.

Content The goal of this course is to teach the core techniques required for robotic and augmented reality applications: How to determine the
motion of a camera and how to estimate the absolute position and orientation of a camera in the real world. This course will introduce the
basic concepts of 3D Vision in the form of short lectures, followed by student presentations discussing the current state-of-the-art. The
main focus of this course are student projects on 3D Vision topics, with an emphasis on robotic vision and virtual and augmented reality
applications.

263-5806-00L Computational Models of Motion for Character
Animation and Robotics

W  6 credits 2V+2U+1A S. Coros, M. Bächer,
B. Thomaszewski
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Abstract This course covers fundamentals of physics-based modelling and numerical optimization from the perspective of character animation and
robotics applications. The methods discussed in class derive their theoretical underpinnings from applied mathematics, control theory and
computational mechanics, and they will be richly illustrated using examples ranging from locomotion controllers and crowd simula

Objective Students will learn how to represent, model and algorithmically control the behavior of animated characters and real-life robots. The
lectures are accompanied by programming assignments (written in C++) and a capstone project.

Content Optimal control and trajectory optimization; multibody systems; kinematics; forward and inverse dynamics; constrained and unconstrained
numerical optimization; mass-spring models for crowd simulation; FEM; compliant systems; sim-to-real; robotic manipulation of elastically-
deforming objects. 

Prerequisites /
notice

Experience with C++ programming, numerical linear algebra and multivariate calculus. Some background in physics-based modeling,
kinematics and dynamics is helpful, but not necessary.


376-1217-00L Rehabilitation Engineering I: Motor Functions W  4 credits 2V+1U R. Riener, E. Wilhelm
Abstract Rehabilitation engineering is the application of science and technology to ameliorate the handicaps of individuals with disabilities in order to

reintegrate them into society. The goal of this lecture is to present classical and new rehabilitation engineering principles and examples
applied to compensate or enhance especially motor deficits.

Objective Provide theoretical and practical knowledge of principles and applications used to rehabilitate individuals with motor disabilities.
Content Rehabilitation is the (re)integration of an individual with a disability into society. Rehabilitation engineering is the application of science and

technology to ameliorate the handicaps of individuals with disability. Such handicaps can be classified into motor, sensor, and cognitive
(also communicational) disabilities. In general, one can distinguish orthotic and prosthetic methods to overcome these disabilities. Orthoses
support existing but affected body functions (e.g., glasses, crutches), while prostheses compensate for lost body functions (e.g., cochlea
implant, artificial limbs). In case of sensory disorders, the lost function can also be substituted by other modalities (e.g. tactile Braille display
for vision impaired persons). 

The goal of this lecture is to present classical and new technical principles as well as specific examples applied to compensate or enhance
mainly motor deficits. Modern methods rely more and more on the application of multi-modal and interactive techniques. Multi-modal
means that visual, acoustical, tactile, and kinaesthetic sensor channels are exploited by displaying the patient with a maximum amount of
information in order to compensate his/her impairment. Interaction means that the exchange of information and energy occurs bi-
directionally between the rehabilitation device and the human being. Thus, the device cooperates with the patient rather than imposing an
inflexible strategy (e.g., movement) upon the patient. Multi-modality and interactivity have the potential to increase the therapeutical
outcome compared to classical rehabilitation strategies.
In the 1 h exercise the students will learn how to solve representative problems with computational methods applied to exoprosthetics,
wheelchair dynamics, rehabilitation robotics and neuroprosthetics.

Literature Introductory Books

Neural prostheses - replacing motor function after desease or disability. Eds.: R. Stein, H. Peckham, D. Popovic. New York and Oxford:
Oxford University Press.

Advances in Rehabilitation Robotics  Human-Friendly Technologies on Movement Assistance and Restoration for People with Disabilities.
Eds: Z.Z. Bien, D. Stefanov (Lecture Notes in Control and Information Science, No. 306). Springer Verlag Berlin 2004.

Intelligent Systems and Technologies in Rehabilitation Engineering. Eds: H.N.L. Teodorescu, L.C. Jain (International Series on
Computational Intelligence). CRC Press Boca Raton, 2001.

Control of Movement for the Physically Disabled. Eds.: D. Popovic, T. Sinkjaer. Springer Verlag London, 2000.

Interaktive und autonome Systeme der Medizintechnik - Funktionswiederherstellung und Organersatz. Herausgeber: J. Werner,
Oldenbourg Wissenschaftsverlag 2005. 

Biomechanics and Neural Control of Posture and Movement. Eds.: J.M. Winters, P.E. Crago. Springer New York, 2000.

Selected Journal Articles

Abbas, J., Riener, R. (2001) Using mathematical models and advanced control systems techniques to enhance neuroprosthesis function.
Neuromodulation 4, pp. 187-195. 

Burdea, G., Popescu, V., Hentz, V., and Colbert, K. (2000): Virtual reality-based orthopedic telerehabilitation, IEEE Trans. Rehab. Eng., 8,
pp. 430-432

Colombo, G., Jörg, M., Schreier, R., Dietz, V. (2000) Treadmill training of paraplegic patients using a robotic orthosis. Journal of
Rehabilitation Research and Development, vol. 37, pp. 693-700.

Colombo, G., Jörg, M., Jezernik, S. (2002) Automatisiertes Lokomotionstraining auf dem Laufband. Automatisierungstechnik at, vol. 50, pp.
287-295.

Cooper, R. (1993) Stability of a wheelchair controlled by a human. IEEE Transactions on Rehabilitation Engineering 1, pp. 193-206. 

Krebs, H.I., Hogan, N., Aisen, M.L., Volpe, B.T. (1998): Robot-aided neurorehabilitation, IEEE Trans. Rehab. Eng., 6, pp. 75-87

Leifer, L. (1981): Rehabilitive robotics, Robot Age, pp. 4-11

Platz, T. (2003): Evidenzbasierte Armrehabilitation: Eine systematische Literaturübersicht, Nervenarzt, 74, pp. 841-849

Quintern, J. (1998) Application of functional electrical stimulation in paraplegic patients. NeuroRehabilitation 10, pp. 205-250.

Riener, R., Nef, T., Colombo, G. (2005) Robot-aided neurorehabilitation for the upper extremities. Medical & Biological Engineering &
Computing 43(1), pp. 2-10.

Riener, R., Fuhr, T., Schneider, J. (2002) On the complexity of biomechanical models used for neuroprosthesis development. International
Journal of Mechanics in Medicine and Biology 2, pp. 389-404.

Riener, R. (1999) Model-based development of neuroprostheses for paraplegic patients. Royal Philosophical Transactions: Biological
Sciences 354, pp. 877-894.
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Prerequisites /
notice

Target Group: 
Students of higher semesters and PhD students of 
- D-MAVT, D-ITET, D-INFK
- Biomedical Engineering 
- Medical Faculty, University of Zurich 
Students of other departments, faculties, courses are also welcome

 Multidisciplinary Courses
Number Title Type ECTS Hours Lecturers

151-9062-00L Robotics Summer School
Does not take place this semester.
Number of participants limited to 30.

Students need to apply here: http://www.robotics-
summerschool.ethz.ch/

W  1 credit 2S M. Chli, M. Hutter

Abstract This summer school offers lectures and hands-on tutorials on fundamental concepts that every roboticist around the world should possess.
The tutorials as well as  hands-on sessions with cutting edge robotics platforms will take place at a dedicated education and training center
for search and rescue. 

Objective Practical robotics application of fundamental concepts of state estimation, control and navigation.
Content Trajectory Optimization; State Estimation; Localization and Mapping with multiple sensor modalities; Obstacle Avoidance and Path

Planning; Recognition and Tracking.
Prerequisites /
notice

C++ programming basics, Linux Basics. Students need to bring their own laptop to the summer school. Instructions how to prepare the
laptop are provided on the summer school homepage one week prior to the start. Students are expected to have taken the "151-0662-00L
Programming for Robotics - Introduction to ROS" lecture or have acquired equivalent knowledge of ROS.

Course Catalogue of ETH Zurich

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
MAVT

see Science in Perspective: Language Courses ETH/UZH

 Semester Project
Number Title Type ECTS Hours Lecturers

151-1014-00L Semester Project Robotics, Systems and Control
Only for Robotics, Systems and Control MSc.

The subject of the Semester Project and the choice of the
supervisor (ETH-professor) are to be approved in advance
by the tutor.

O 8 credits 18A Professors

Abstract The semester project is designed to train the students in the solution of specific engineering problems. This makes use of the technical and
social skills acquired during the master's program. Tutors propose the subject of the project, elaborate the project plan, and define the
roadmap together with their students, as well as monitor the overall execution.

Objective The semester project is designed to train the students in the solution of specific engineering problems. This makes use of the technical and
social skills acquired during the master's program. 

 Industrial Internship
Number Title Type ECTS Hours Lecturers

151-1090-00L Industrial Internship
Access to the company list and request for recognition
under www.mavt.ethz.ch/praxis.

No registration required via myStudies.

O  8 credits external organisers

Abstract The main objective of the minimum twelve-week internship is to expose Master’s students to the industrial work environment. The aim of
the Industrial Internship is to apply engineering knowledge to practical situations.

Objective The aim of the Industrial Internship is to apply engineering knowledge to practical situations.

 Master's Thesis
Number Title Type ECTS Hours Lecturers

151-1016-00L Master's Thesis Robotics, Systems and Control
Students who fulfill the following criteria are allowed to
begin with their Master's Thesis:
a. successful completion of the bachelor program; 
b. fulfilling of any additional requirements necessary to
gain admission to the master programme;
c. successful completion of the semester project;
d. achievement of 28 ECTS in the category "Core
Courses".

The Master's Thesis must be approved in advance by the
tutor and is supervised by a professor of ETH Zurich or an
adjunct faculty of RSC. 
To choose a titular professor as a supervisor, please
contact the D-MAVT Student Administration. 

O 30 credits 64D Professors

Abstract Master's programs are concluded by the master's thesis. The thesis is aimed at enhancing the student's capability to work independently
toward the solution of a theoretical or applied problem. The subject of the master's thesis, as well as the project plan and roadmap, are
proposed by the tutor and further elaborated with the student.

Objective The thesis is aimed at enhancing the student's capability to work independently toward the solution of a theoretical or applied problem. 
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Robotics, Systems and Control Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Science, Technology, and Policy Master
 Social Sciences

Number Title Type ECTS Hours Lecturers

860-0005-01L Colloquium Science, Technology, and Policy (FS)
Only for Science, Technology, and Policy MSc.

O 1 credit 2K T. Bernauer, T. Schmidt

Abstract Presentations by invited guest speakers from academia and practice/policy. Students are assigned to play a leading role in the discussion
and write a report on the respective event.

Objective Presentations by invited guest speakers from academia and practice/policy. Students are assigned to play a leading role in the discussion
and write a report on the respective event. 

Content See program on the ISTP website: http://www.istp.ethz.ch/events/colloquium.html

860-0001-00L Public Institutions and Policy-Making Processes
Number of participants limited to 25.

Priority for MSc Science, Technology, and Policy.

O 3 credits 2.8G T. Bernauer, S. Bechtold,
F. Schimmelfennig

Abstract Students acquire the contextual knowledge for analyzing public policies. They learn why and how public policies and laws are developed,
designed, and implemented at national and international levels, and what challenges arise in this regard.

Objective Public policies result from decision-making processes that take place within formal institutions of the state (parliament, government, public
administration, courts). That is, policies are shaped by the characteristics of decision-making processes and the characteristics of public
institutions and related actors (e.g. interest groups). In this course, students acquire the contextual knowledge for analyzing public policies.
They learn why and how public policies and laws are developed, designed, and implemented at national and international levels, and what
challenges arise in this regard. The course is organized in three modules. The first module (Stefan Bechtold) examines basic concepts and
the role of law, law-making, and law enforcement in modern societies. The second module (Thomas Bernauer) deals with the functioning of
legislatures, governments, and interest groups. The third module (Frank Schimmelfennig) focuses on the European Union and international
organisations.

Content Public policies result from decision-making processes that take place within formal institutions of the state (parliament, government, public
administration, courts). That is, policies are shaped by the characteristics of decision-making processes and the characteristics of public
institutions and related actors (e.g. interest groups). In this course, students acquire the contextual knowledge for analyzing public policies.
They learn why and how public policies and laws are developed, designed, and implemented at national and international levels, and what
challenges arise in this regard. The course is organized in three modules. The first module (Stefan Bechtold) examines basic concepts and
the role of law, law-making, and law enforcement in modern societies. The second module (Thomas Bernauer) deals with the functioning of
legislatures, governments, and interest groups. The third module (Frank Schimmelfennig) focuses on the European Union and international
organisations.

Lecture notes Reading materials will be distributed electronically to the students when the semester starts.
Literature Baylis, John, Steve Smith, and Patricia Owens (2014): The Globalization of World Politics. An Introduction to International Relations.

Oxford: Oxford University Press.

Caramani, Daniele (ed.) (2014): Comparative Politics. Oxford: Oxford University Press. 

Gilardi, Fabrizio (2012): Transnational Diffusion: Norms, Ideas, and Policies, in Carlsnaes, Walter, Thomas Risse and Beth Simmons,
Handbook of International Relations, 2nd Edition, London: Sage, pp. 453-477.

Hage, Jaap and Bram Akkermans (eds.) (2nd edition 2017): Introduction to Law, Heidelberg: Springer.

Jolls, Christine (2013): Product Warnings, Debiasing, and Free Speech: The Case of Tobacco Regulation, Journal of Institutional and
Theoretical Economics 169: 53-78.

Lelieveldt, Herman and Sebastiaan Princen (2011): The Politics of European Union. Cambridge: Cambridge University Press.

Lessig, Lawrence (2006): Code and Other Laws of Cyberspace, Version 2.0, New York: Basic Books. Available at
http://codev2.cc/download+remix/Lessig-Codev2.pdf.

Schimmelfennig, Frank and Ulrich Sedelmeier (2004): Governance by Conditionality: EU Rule Transfer to the Candidate Countries of
Central and Eastern Europe, in: Journal of European Public Policy 11(4): 669-687.

Shipan, Charles V. and Craig Volden (2012): Policy Diffusion: Seven Lessons for Scholars and Practitioners. Public Administration Review
72(6): 788-796. 

Sunstein, Cass R. (2014): The Limits of Quantification, California Law Review 102: 1369-1422.

Thaler, Richard H. and Cass R. Sunstein (2003): Libertarian Paternalism. American Economic Review: Papers & Proceedings 93: 175-179.

Prerequisites /
notice

This is a Master level course. The course is capped at 25 students, with ISTP Master students having priority.

860-0042-00L Statistics 2
Only for MSc Science, Technology and Policy

O 4 credits 2G K. Harttgen, I. Günther

Abstract This course introduces students to key statistical methods for analyzing social science data with a special emphasis on causal inference
and policy evaluation. 

Objective Students
- have a sound understanding of standard regression techniques
- know strategies to test causal hypotheses using regression analysis and/or experimental methods
- are able to formulate and implement a regression model for a particular policy question and a particular type of data
- are able to critically interpret results of applied statistics, in particular, regarding causal inference 
- are able to critically read and assess published studies on policy evaluation
- are able to use the statistical software Stata for data analysis

Content The topics covered in the first part of the course are a revision and linear regression and non-linear regression techniques such as probit
and logit regression analysis. The second part of the course focuses on causal inference and introduces methods such as panel data
analysis, difference-in-difference methods, instrumental variable estimation, regression discontinuity design, and randomized controlled
trials used for policy evaluation. The course shows how the various methods differ in terms of the required identifying assumptions to infer
causality as well as the data needs.

Students will apply the methods from the lectures by solving bi-weekly assignments using statistical software and data sets provided by the
instructors. These data sets will cover topics at the interface of policy, technology and society. Solving the assignments contributes to the
final grade with a weight of 30%.
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860-0032-00L Principles of Macroeconomics
Prerequisite: An introductory course in Economics is
required to sign up for this course.

Number of participants is limited to 20

STP students have priority

O 3 credits 2V S. Sarferaz

Abstract This course examines the behaviour of macroeconomic variables, such as gross domestic product, unemployment and inflation rates. It
tries to answer questions like: How can we explain fluctuations of national economic activity? What can economic policy do against
unemployment and inflation?

Objective This lecture will introduce the fundamentals of macroeconomic theory and explain their relevance to every-day economic problems.
Content This course helps you understand the world in which you live. There are many questions about the macroeconomy that might spark your

curiosity. Why are living standards so meagre in many African countries? Why do some countries have high rates of inflation while others
have stable prices? Why have some European countries adopted a common currency? These are just a few of the questions that this
course will help you answer. Furthermore, this course will give you a better understanding of the potential and limits of economic policy. As
a voter, you help choose the policies that guide the allocation of society's resources. When deciding which policies to support, you may find
yourself asking various questions about economics. What are the burdens associated with alternative forms of taxation? What are the
effects of free trade with other countries? How does the government budget deficit affect the economy? These and similar questions are
always on the minds of policy makers.

860-0033-00L Big Data for Public Policy
Only for MSc STP, MSc CIS, PhD students D-GESS and
D-MTEC.  
STP students have priority.

O 3 credits 2G E. Ash, M. Guillot

Abstract This course provides an introduction to big data methods for public policy analysis. Students will put these techniques to work on a course
project using real-world data, to be designed and implemented in consultation with the instructors.

Content Many policy problems involve prediction. For example, a budget office might want to predict the number of applications for benefits
payments next month, based on labor market conditions this month. This course provides a hands-on introduction to the "big data"
techniques for making such predictions. These techniques include:

-- procuring big datasets, especially through web scraping or API interfaces, including social media data;
-- pre-processing and dimension reduction of massive datasets for tractable computation;
-- machine learning for predicting outcomes, including how to select and tune the model, evaluate model performance using held-out test
data, and report results;
-- interpreting machine learning model predictions to understand what is going on inside the black box;
-- data visualization including interactive web apps.

Students will put these techniques to work on a course project using real-world data, to be designed and implemented in consultation with
the instructors.

 Minor in Natural Sciences and Engineering (ONLY for Regulations 2019)
 Urbanization and Planning

Number Title Type ECTS Hours Lecturers

102-0838-00L Water Supply, Sanitation and Waste Infrastructure and
Services in Developing Countries

W  3 credits 2G C. Zurbrügg

Abstract Introduction to water supply, excreta, wastewater and solid waste management in developing countries. Highlights links between
infrastructure, services and health, resource conservation and environmental protection. New concepts and approaches for sustainable
sanitation infrastructure and services for developing countries - especially poor urban areas.

Objective Students receive an introduction to issues of water supply, excreta, waste water and solid waste management in developing countries.
They understand the connections between water, wastewater and waste management, health, resource conservation and environmental
protection. Besides, they learn how water supply, wastewater and solid waste infrastructure and services can be combined and improved,
in order to achieve the development policy goals in terms of disease prevention, resource conservation, and environmental protection.

Content Overview of the global health situation, water supply, and liquid and solid waste management situation in developing countries. Technical
and scientific fundamentals of water supply, sanitation and solid waste management. Material flows in water supply, sanitation and waste
management. New concepts and approaches for sustainable sanitation infrastructure and services for developing countries - especially
poor urban areas. Exercises: students will work in groups on a case study and develop improvement options for water, sanitation and
waste management.

Lecture notes Course notes and further reading will be made available on the ETHZ Moodle portal.
Literature The selected literature references will be made available on Moodle.
Prerequisites /
notice

Students will work in groups on a case study and develop improvement options for water, sanitation and waste management. The case
study work will be marked (1/3 of final grade). Written Semesterendprüfung of 90 min (counts for 2/3 of final grade)

103-0517-00L Urban and Spatial Economics W  3 credits 2V R. H. van Nieuwkoop
Abstract This course explores the economic factors which influence location decisions of households and firms, and it explores theories of how

these decisions induce the formation of cities.  The course will cover the neoclassical models of land use, concepts from the new economic
geography, zoning, and transportation and traffic congestion.

Objective The objective of the course is to provide graduate students with an understanding of the economic factors which give rise to urban spatial
structure and the models which have been employed to study these processes.  The course aims to help students develop an appreciation
for the use of economic models in both positive and normative frameworks.  We will assess both the history of thought regarding the role of
markets in creating urban development, and we will read about modern theories of externalities and economic factors which induce
agglomeration.  The final section of the course will focus on transportation problems in urban areas and the use of economic models to
assess public policy measures to deal with congestion and associated externalities.

Content Outline of Lectures

Topic 1: Why do cities exist? 
Topic 2: The Basic Muth-Mills model
Topic 3: The New Economic Geography 
Topic 4: Business demand for land and Von Thünen's model)
Topic 5: Urban spatial structure
Topic 6: Land use control 
Topic 7: City size and city growth 
Topic 8: Traffic externalities and congestion 
Topic 9: Public transport
Topic 10: The housing crisis
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Literature Textbook

o Urban Economics by Arthur O'Sullivan, McGraw-Hill.

Ancillary Texts

o Lectures on Urban Economics, K. Brückner, 2011, The MIT Press

o Cities, agglomeration and spatial equilibrium by E. L. Glaeser, 2008,  Oxford University Press.

o A Companion to Urban Economics, Richard Arnott and Daniel McMillen (eds.), Blackwell, 2006.

o The new introduction to geographical economics, Steven Brakman, Harry Garretsen and Charles van Marrewijk, Cambridge.

o Urban transport economics, by K. A. Small and E. Verhoef, Routledge.

103-0448-01L Transformation of Urban Landscapes
Only for masters students, otherwise a special permit of
the lecturer is necessary.

W  3 credits 2G J. Van Wezemael,
A. Gonzalez Martinez

Abstract The lecture course addresses the transformation of urban landscapes towards sustainable inward development. The course reconnects
two largely separated complexity approaches in «spatial planning» and «urban sciences» as a basic framework to look at a number of
spatial systems considering economic, political, and cultural factors. Focus lies on participation and interaction of students in groups.

Objective - Understand cities as complex adaptive systems
- Understand planning in a complex context and planning competitions as decision-making
- Seeing cities through big data and understand (Urban) Governance as self-organization
- Learn Design-Thinking methods for solving problems of inward development
- Practice presentation skills
- Practice argumentation and reflection skills by writing critiques
- Practice writing skills in a small project
- Practice teamwork

Content Starting point and red thread of the lecture course is the transformation of urban landscapes as we can see for example across the Swiss
Mittelland - but in fact also globally. The lecture course presents a theoretical foundation to see cities as complex systems. On this basis it
addresses practical questions as well as the complex interplay of economic, political or spatial systems.

While cities and their planning were always complex the new era of globalization exposed and brought to the fore this complexity. It created
a situation that the complexity of cities can no longer be ignored. The reason behind this is the networking of hitherto rather isolated places
and systems across scales on the basis of Information and Communication Technologies. «Parts» of the world still look pretty much the
same but we have networked them and made them strongly interdependent. This networking fuels processes of self-organization. In this
view regions emerge from a multitude of relational networks of varying geographical reach and they display intrinsic timescales at which
problems develop. In such a context, an increasing number of planning problems remain unaffected by either «command-and-control»
approaches or instruments of spatial development that are one-sidedly infrastructure- or land-use orientated. In fact, they urge for novel,
more open and more bottom-up assembling modes of governance and a «smart» focus on how space is actually used. Thus, in order to be
effective, spatial planning and governance must be reconceptualised based on a complexity understanding of cities and regions,
considering self-organizing and participatory approaches and the increasingly available wealth of data.

Literature A reader with original papers will be provided via the ILIAS system.
Prerequisites /
notice

Only for masters students, otherwise a special permit of the lecturer is necessary.

101-0481-00L Readings in Transport Policy W  3 credits 2G K. W. Axhausen
Abstract This course will explore the issues and constraints of transport policy through the joint readings of a set of relevant papers. 


The class will meet every three weeks to discuss the texts.

Objective Familiarize the students with issues of transport policy making and the conflicts arising. 

Train the ability to read critically and to summarize his/her understanding for him/herself and others through a review paper, paper
abstracts and a paper review.

051-0162-00L Landscape Architecture II
Only for Architecture BSc, Programme Regulations 2011.

W  1 credit 2V C. Girot

Abstract The lecture series gives an introduction to the field of contemporary landscape architecture. The course
provides a perspective on forthcoming landscape architecture in terms of the aspects site, soil, water and
vegetation.

Objective Overview to contemporary and forthcoming tasks of landscape architecture. A critical reflection of the
present design practice and discussion of new approaches in landscape architecture.

Content The lecture series "Theory and Design in Contemporary Landscape Architecture" (Landscape Architecure
II) follows the lecture series "History and Theory of Garden Design and Landscape Architecture"
(Landscape Architecure I). Rather than concentrating only on questions of style, the series will also tackle
issues such as revitalisation, sustainability etc. The lectures review design approaches that critically
reflect our inherited perception of nature. The themes of site, soil, water and vegetation provide some
useful aspects for the design practice.

Lecture notes No script. Handouts and learning material will be provided.
Literature A reading list will be provided for the exams.
Prerequisites /
notice

General Information for the final exam:

Bachelor students: The content of the lectures as well as texts and exam-relevant literature provided by the Chair make up the basis for
preparing for the exam. The lecture series is conceived as a yearlong course. Since the written session examination tests knowledge from
both semesters. It is necessary to attend the lectures throughout the course of the year. 
The test themes will be announced at the end of the semester. The Chair will provide literature and texts available for download as pdfs.
These allow a more in-depth understanding of the lecture material. 

Transfer students or students of other departments: Students attending one semester may opt to take only the oral end-of-semester
examination. Test-relevant literature will also be made available for download for this purpose. The students are requested to get in touch
by email with the Chair.

103-0330-00L Landscape Aesthetics W  2 credits 2G R. Rodewald
Abstract Landscape aesthetics - Theory and practice of the sensuous cognition of landscape qualities.The lecture comprises short excursions as

well as theoretical and practical applications of landscape quality and their development goals.
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Objective Becoming familiar with the concepts of landscape aesthetics and obtaining an overview of the im-portance, methods and applicability of
aesthetical landscape valuation and development.

Content Aesthetic qualities of landscapes are difficult to measure. However, they play a big role in evaluating landscape change. In recent years
there has been a growing interest in theoretical and practical sen-sory methods that enable the assessment and understanding of
landscape perception. Practical analyses of landscapes and their development requires knowledge of the concepts of "beauty" and
"aesthetic cognition and evaluation".

Literature Bourassa, S.C. 1991. The aesthetics of landscape, London
Nohl. W. 2015. Landschaftsästhetik heute. Auf dem Wege zu einer Landschaftsästhetik des guten Lebens. Ausgewählte Aufsätze aus vier
Jahrzehnten, München
Rodewald, R., Gantenbein, K. 2016. Arkadien. Landschaften poetisch gestalten, Zürich
Welsch, W. 2016. Ästhetische Welterfahrung. Zeitgenössische Kunst zwischen Natur und Kultur, Paderborn.
Wöbse, H. H. 2002. Landschaftsästhetik, Stuttgart

Prerequisites /
notice

The lecture of Bourassa The aesthetics of landscape, 1991, will be expected.

102-0338-01L Waste Management and Circular Economy W  3 credits 2G M. Haupt, U. Baier
Abstract Understanding the fundamental concepts of advanced waste management and circular economy and, in more detail, on biological

processes for waste treatment. Application of concepts on various waste streams, including household and industrial waste streams.
Insights into environmental aspects of different waste treatment technologies and waste economy.

Objective The purpose of this course is to study the fundamental concepts of waste management in Switzerland and globally and learn about new
concepts such as Circular Economy. In-depth knowledge on biological processes for waste treatments should be acquired and applied in
case studies. Based on this course, you should be able to understand national waste management strategies and related treatment
technologies. Treatment plants and valorization concepts for biomass and organic waste should be understood. Furthermore, future
designs of waste treatment processes can be evaluated using basic process understanding and knowledge obtained from the current
literature.

Content National waste management 
Waste as a resource
Circular Economy
Assessment tools for waste management strategies
Plastic recycling
Thermal waste treatment
Emerging technologies
Organic Wastes in Switzerland
Anaerobic Digestion & Biogas
Composting process technologies
Organic Waste Hygiene
Product Quality & Use
Waste Economy and environmental aspects

Lecture notes Handouts
Exercises based on literature

Literature Deublein, D. and Steinhauser, A. (2011): Biogas from Waste and Renewable Resources: An Introduction. 2nd Edition, Wiley VCH,
Weinheim. --> One of the leading books on the subject of anaerobic digestion and biogas, covering all aspects from biochemical and
microbial basics to planning and running of biogas plants as well as different technology concepts and biogas upgrade & utilization. We will
be using selected chapters only in this course.

Lohri, C.R., S. Diener, I. Zabaleta, A. Mertenat, and C. Zurbrügg. 2017. Treatment technologies for urban solid biowaste to create value
products: a review with focus on low- and middle-income settings. Reviews in Environmental Science and Biotechnology 16(1): 81–130.

Haupt, M., C. Vadenbo, and S. Hellweg. 2017. Do We Have the Right Performance Indicators for the Circular Economy?: Insight into the
Swiss Waste Management System. Journal of Industrial Ecology 21(3): 615–627.

Schweizerische Qualitätsrichtlinie 2010 der Branche für Kompost und Gärgut:
https://www.biomassesuisse.ch/files/biomasse_temp/data/Das_bieten_wir/Q-Richtlinie_2010_def_weiss_web.pdf

More information about biowaste treatment in Switzerland (www.cvis.ch) and Europe (www.compostnetwork.info and www.ecn-qas.eu)

Prerequisites /
notice

There will be complementary exercises going along with some of the lectures, which focus on real life aspects of waste management.
Some of the exercises will be solved during lessons whereas others will have to be dealt with as homework. 
To pass the course and to achieve credits it is required to pass the examination successfully (Mark 4 or higher). The written examination
covers all topics of the course and is based on handouts and on selected literature

 Energy and Mobility
Number Title Type ECTS Hours Lecturers

151-0226-00L Energy and Transport Futures W  4 credits 3G K. Boulouchos,
P. J. de Haan van der Weg,
G. Georges

Abstract The course teaches to view local energy solutions as part of the larger energy system. Because it powers all sectors, local changes can
have consequences reaching well beyond one sector. While we explore all sectors, we put a particular emphasis on mobility and its unique
challenges. We not only cover engineering aspects, but also policymaking and behavioral economics.

Objective The main objectives of this lecture are:
(i) Systemic view on the Energy Sytem with emphasis on Transport Applications
(ii) Students can assess the reduction of energy demand (or greenhouse gas emissions) of sectoral solutions.
(iii) Students understand the advantages and disadvantages of technology options in mobility
(iv) Students know policy tools to affect change in mobility, and understand the rebound effect.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1569 of 1785

Content The course describes the role of energy system plays for the well-being of modern societies, and drafts a future energy system based on
renewable energy sources, able to meet the demands of the sectors building, industry and transport. The projected Swiss energy system is
used as an example. Students learn how all sectoral solutions feedback on the whole system and how sector coupling could lead to optimal
transformation paths. The course then focuses on the history, status quo and technical potentials of the transport sector. Policy mixes to
reduce energy demand and CO2 emissions from transport are introduced. Both direct and indirect effects of different policy types are
discussed. Concepts from behavioral economics (car purchase behavior and rebound effects) are presented.

Preliminary schedule:
Block 1.  Energy technologies and policies.
                 Climate, Environment, Security of Supply.Technology options and policies in power generation,   building and industrial sectors . 
Block 2. Transport technologies. 
                Technology options in mobility and their physical aspects 
Block 3. Transport policies 
                Regulation, policy tools and technological potential to affect change in mobility
Block 4. Energy and Transport Futures
                Closing loop across all sectors. Sector-coupling.

Lecture notes t.b.d.
Literature t.b.d.

363-0514-00L Energy Economics and Policy
It is recommended for students to have taken a course in
introductory microeconomics. If not, they should be
familiar with microeconomics as in, for
example,"Microeconomics" by Mankiw & Taylor and the
appendices 4 and 7 of the book "Microeconomics" by
Pindyck & Rubinfeld.

W  3 credits 2G M. Filippini

Abstract An introduction to energy economics and policy that covers the following topics: energy demand, economics of energy efficiency,
investments and cost analysis, energy markets (fossil fuels,electricity and renewable energy sources), market failures and behavioral
anomalies, market-based and non-market based energy policy instruments and regulation of energy industries.

Objective The students will develop the understanding of economic principles and tools necessary to analyze energy issues and to formulate energy
policy instruments. Emphasis will be put on empirical analysis of energy demand and supply, market failures, behavioral anomalies, energy
policy instruments, investments in power plants and in energy efficiency technologies and the reform of the electric power sector.

Content The course provides an introduction to energy economics principles and policy applications. The first part of the course will introduce the
microeconomic foundation of energy demand and supply as well as market failures and behavioral anomalies. In a second part, we
introduce the concept of investment analysis (such as the NPV), in the context of energy efficient investments. In the last part, we use the
previously introduced concepts to analyze energy policies: from a government perspective, we discuss the mechanisms and implications of
market oriented and non-market oriented policy instruments as well as the regulation of energy industries.
 
Throughout the entire class, we combine the course material with insights from current research in energy economics. This combination will
enable students to understand standard scientific literature in the field of energy economics. Moreover, the class aims to show students
how to put real life situations in the energy sector in the context of insights from energy economics.

During the first part of the course a set of environmental and resource economics tools will be given to students through lectures. The
applied nature of the course is achieved by discussing several papers in a seminar. To this respect, students are required to work in groups
in order to prepare a presentation of a paper.

The evaluation policy is designed to verify the knowledge acquired by students during the course. For this purpose, a short group
presentation will be graded. At the end of the course there will be a written exam covering the topics of the course. The final grade is
obtained by averaging the presentation (20%) and the final exam (80%).

Prerequisites /
notice

It is recommended for students to have taken a course in introductory microeconomics. If not, they should be familiar with microeconomics
as in, for example, "Microeconomics" by Mankiw & Taylor and the appendices 4 and 7 of the book "Microeconomics" by Pindyck &
Rubinfeld.

363-0543-00L Agent-Based Modelling of Social Systems W  3 credits 2V+1U F. Schweitzer
Abstract Agent-based modeling is introduced as a bottom-up approach to understand the complex dynamics of social systems. The course is based

on formal models of agents and their interactions. Computer simulations using Python allow the quantitative analysis of a wide range of
social phenomena, e.g. cooperation and competition, opinion dynamics, spatial interactions and behaviour in social networks.

Objective A successful participant of this course is able to
- understand the rationale of agent-based models of social systems
- understand the relation between rules implemented at the individual level and the emerging behavior at the global level
- learn to choose appropriate model classes to characterize different social systems
- grasp the influence of agent heterogeneity on the model output
- efficiently implement agent-based models using Python and visualize the output
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Content This full-featured course on agent-based modeling (ABM) allows participants with no prior expertise to understand concepts, methods and
tools of ABM, to apply them in their master or doctoral thesis. We focus on a formal description of agents and their interactions, to allow for
a suitable implementation in computer simulations. Given certain rules for the agents, we are interested to model their collective dynamics
on the systemic level.

Agent-based modeling is introduced as a bottom-up approach to understand the complex dynamics of social systems.
Agents represent the basic constituents of such systems. The are described by internal states or degrees of freedom (opinions, strategies,
etc.), the ability to perceive and change their environment, and the ability to interact with other agents. Their individual (microscopic)
actions and interactions with other agents, result in macroscopic (collective, system) dynamics with emergent properties, which we want to
understand and to analyze.

The course is structured in three main parts. The first two parts introduce two main agent concepts - Boolean agents and Brownian agents,
which differ in how the internal dynamics of agents is represented. Boolean agents are characterized by binary internal states, e.g. yes/no
opinion, while Brownian agents can have a continuous spectrum of internal states, e.g. preferences and attitudes.  The last part introduces
models in which agents interact in physical space, e.g. migrate or move collectively.  

Throughout the course, we will discuss a wide variety of application areas, such as:
 - opinion dynamics and social influence,
 - cooperation and competition,
 - online social networks,
 - systemic risk
 - emotional influence and communication
 - swarming behavior
 - spatial competition
   
While the lectures focus on the theoretical foundations of agent-based modeling, weekly exercise classes provide practical skills. Using the
Python programming language, the participants implement agent-based models in guided and in self-chosen projects, which they present
and jointly discuss.

Lecture notes The lecture slides will be available on the Moodle platform, for registered students only.
Literature See handouts. Specific literature is provided for download, for registered students only.
Prerequisites /
notice

Participants of the course should have some background in mathematics and an interest in formal modeling and in computer simulations,
and should be motivated to learn about social systems from a quantitative perspective.

Prior knowledge of Python is not necessary.

Self-study tasks are provided as home work for small teams (2-4 members).
Weekly exercises (45 min) are used to discuss the solutions and guide the students.
 
The examination will account for 70% of the grade and will be conducted electronically. The "closed book" rule applies: no books, no
summaries, no lecture materials. The exam questions and answers will be only in English. The use of a paper-based dictionary is
permitted. 
The group project to be handed in at the beginning of July will count 30% to the final grade.

364-0576-00L Advanced Sustainability Economics
PhD course, open for MSc students

W  3 credits 3G L. Bretschger

Abstract The course covers current resource and sustainability economics, including ethical foundations of sustainability, intertemporal optimisation
in capital-resource economies, sustainable use of non-renewable and renewable resources, pollution dynamics, population growth, and
sectoral heterogeneity. A final part is on empirical contributions, e.g. the resource curse, energy prices, and the EKC.

Objective Understanding of the current issues and economic methods in sustainability research; ability to solve typical problems like the calculation of
the growth rate under environmental restriction with the help of appropriate model equations.

103-0448-01L Transformation of Urban Landscapes
Only for masters students, otherwise a special permit of
the lecturer is necessary.

W  3 credits 2G J. Van Wezemael,
A. Gonzalez Martinez

Abstract The lecture course addresses the transformation of urban landscapes towards sustainable inward development. The course reconnects
two largely separated complexity approaches in «spatial planning» and «urban sciences» as a basic framework to look at a number of
spatial systems considering economic, political, and cultural factors. Focus lies on participation and interaction of students in groups.

Objective - Understand cities as complex adaptive systems
- Understand planning in a complex context and planning competitions as decision-making
- Seeing cities through big data and understand (Urban) Governance as self-organization
- Learn Design-Thinking methods for solving problems of inward development
- Practice presentation skills
- Practice argumentation and reflection skills by writing critiques
- Practice writing skills in a small project
- Practice teamwork

Content Starting point and red thread of the lecture course is the transformation of urban landscapes as we can see for example across the Swiss
Mittelland - but in fact also globally. The lecture course presents a theoretical foundation to see cities as complex systems. On this basis it
addresses practical questions as well as the complex interplay of economic, political or spatial systems.

While cities and their planning were always complex the new era of globalization exposed and brought to the fore this complexity. It created
a situation that the complexity of cities can no longer be ignored. The reason behind this is the networking of hitherto rather isolated places
and systems across scales on the basis of Information and Communication Technologies. «Parts» of the world still look pretty much the
same but we have networked them and made them strongly interdependent. This networking fuels processes of self-organization. In this
view regions emerge from a multitude of relational networks of varying geographical reach and they display intrinsic timescales at which
problems develop. In such a context, an increasing number of planning problems remain unaffected by either «command-and-control»
approaches or instruments of spatial development that are one-sidedly infrastructure- or land-use orientated. In fact, they urge for novel,
more open and more bottom-up assembling modes of governance and a «smart» focus on how space is actually used. Thus, in order to be
effective, spatial planning and governance must be reconceptualised based on a complexity understanding of cities and regions,
considering self-organizing and participatory approaches and the increasingly available wealth of data.

Literature A reader with original papers will be provided via the ILIAS system.
Prerequisites /
notice

Only for masters students, otherwise a special permit of the lecturer is necessary.

151-0228-00L Management of Air Transport (Aviation II) W  4 credits 3G P. Wild
Abstract Providing an overview in management, planning, processes and operations in air transport, the lecture shall enable students to operate and

lead a unit within that industry. In addition, the modules provide a good understanding for other transport modes and are a sort of "Mini
MBA" (topics see below). Ideally, students complete first "Basics in Air Transport" yet there is no requirement for it.
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Objective After completion of the course, they shall be familiar with tasks, processes and interactions and have the ability to understand implications
of developments in the airlines industry and its environment. This shall enable them to work within the air transport industry.

Content Weekly: 1h independent preparation; 2h lectures and 1 h training with an expert in the respective field
Overall concept: This lecture build on the content of the lecture "Basics in Air Transport" (101-0499-00L) and provides deeper insights into
the airline industry.
Content: Strategy, Alliances & Joint Ventures, Negotiations with Stakeholder, Environmental Protection, Safety & Risk Management, Airline
Economics, Network Management, Revenue Management & Pricing, Sales & Distribution, Airline Marketing, Scheduling & Slot
Management, Fleet Management & Leasing, Continuing Airworthiness Management, Supply Chain Management, Operational Steering

Lecture notes No offical lecture notes. Lecturers' slides will be made available
Literature Literature will be provided by the lecturers respective there will be additional Information upon registration

151-0206-00L Energy Systems and Power Engineering W  4 credits 2V+2U R. S. Abhari, A. Steinfeld
Abstract Introductory first course for the specialization in ENERGY. The course provides an overall view of the energy field and pertinent global

problems, reviews some of the thermodynamic basics in energy conversion, and presents the state-of-the-art technology for power
generation and fuel processing.

Objective Introductory first course for the specialization in ENERGY. The course provides an overall view of the energy field and pertinent global
problems, reviews some of the thermodynamic basics in energy conversion, and presents the state-of-the-art technology for power
generation and fuel processing.

Content World primary energy resources and use: fossil fuels, renewable energies, nuclear energy; present situation, trends, and future
developments. Sustainable energy system and environmental impact of energy conversion and use: energy, economy and society. Electric
power and the electricity economy worldwide and in Switzerland; production, consumption, alternatives. The electric power distribution
system. Renewable energy and power: available techniques and their potential. Cost of electricity. Conventional power plants and their
cycles; state-of-the -art and advanced cycles. Combined cycles and cogeneration; environmental benefits. Solar thermal power generation
and solar photovoltaics. Hydrogen as energy carrier. Fuel cells: characteristics, fuel reforming and combined cycles. Nuclear power plant
technology.

Lecture notes Vorlesungsunterlagen werden verteilt

529-0191-01L Electrochemical Energy Conversion and Storage
Technologies

W  4 credits 3G L. Gubler, E. Fabbri,
J. Herranz Salañer

Abstract The course provides an introduction to the principles and applications of electrochemical energy conversion (e.g. fuel cells) and storage
(e.g. batteries) technologies in the broader context of a renewable energy system.

Objective Students will discover the importance of electrochemical energy conversion and storage in energy systems of today and the future,
specifically in the framework of renewable energy scenarios. Basics and key features of electrochemical devices will be discussed, and
applications in the context of the overall energy system will be highlighted with focus on future mobility technologies and grid-scale energy
storage. Finally, the role of (electro)chemical processes in power-to-X and deep decarbonization concepts will be elaborated.

Content Overview of energy utilization: past, present and future, globally and locally; today’s and future challenges for the energy system; climate
changes; renewable energy scenarios; introduction to electrochemistry; electrochemical devices, basics and their applications: batteries,
fuel cells, electrolyzers, flow batteries, supercapacitors, chemical energy carriers: hydrogen & synthetic natural gas; electromobility; grid-
scale energy storage, power-to-gas, power-to-X and deep decarbonization, techno-economics and life cycle analysis.

Lecture notes all lecture materials will be available for download on the course website.
Literature - M. Sterner, I. Stadler (Eds.): Handbook of Energy Storage (Springer, 2019).

- C.H. Hamann, A. Hamnett, W. Vielstich; Electrochemistry, Wiley-VCH (2007).
- T.F. Fuller, J.N. Harb: Electrochemical Engineering, Wiley (2018)

Prerequisites /
notice

Basic physical chemistry background required, prior knowledge of electrochemistry basics desired.

151-0928-00L CO2 Capture and Storage and the Industry of Carbon-
Based Resources

W  4 credits 3G M. Mazzotti, L. Bretschger,
N. Gruber, C. Müller, M. Repmann,
T. Schmidt, D. Sutter

Abstract Carbon-based resources (coal, oil, gas): origin, production, processing, resource economics. Climate change: science, policies. CCS
systems: CO2 capture in power/industrial plants, CO2 transport and storage. Besides technical details, economical, legal and societal
aspects are considered (e.g. electricity markets, barriers to deployment).

Objective The goal of the lecture is to introduce carbon dioxide capture and storage (CCS) systems, the technical solutions developed so far and the
current research questions. This is done in the context of the origin, production, processing and economics of carbon-based resources, and
of climate change issues. After this course, students are familiar with important technical and non-technical issues related to use of carbon
resources, climate change, and CCS as a transitional mitigation measure.

The class will be structured in 2 hours of lecture and one hour of exercises/discussion. At the end of the semester a group project is
planned.

Content Both the Swiss and the European energy system face a number of significant challenges over the coming decades. The major concerns
are the security and economy of energy supply and the reduction of greenhouse gas emissions. Fossil fuels will continue to satisfy the
largest part of the energy demand in the medium term for Europe, and they could become part of the Swiss energy portfolio due to the
planned phase out of nuclear power. Carbon capture and storage is considered an important option for the decarbonization of the power
sector and it is the only way to reduce emissions in CO2 intensive industrial plants (e.g. cement- and steel production).  
Building on the previously offered class "Carbon Dioxide Capture and Storage (CCS)", we have added two specific topics: 1) the industry of
carbon-based resources, i.e. what is upstream of the CCS value chain, and 2) the science of climate change, i.e. why and how CO2
emissions are a problem.
The course is devided into four parts:
I) The first part will be dedicated to the origin, production, and processing of conventional as well as of unconventional carbon-based
resources. 
II) The second part will comprise two lectures from experts in the field of climate change sciences and resource economics.
III) The third part will explain the technical details of CO2 capture (current and future options) as well as of CO2 storage and utilization
options, taking again also economical, legal, and sociatel aspects into consideration.
IV) The fourth part will comprise two lectures from industry experts, one with focus on electricity markets, the other on the experiences
made with CCS technologies in the industry.
Throughout the class, time will be allocated to work on a number of tasks related to the theory, individually, in groups, or in plenum.
Moreover, the students will apply the theoretical knowledge acquired during the course in a case study covering all the topics.

Lecture notes Power Point slides and distributed handouts

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1572 of 1785

Literature IPCC Special Report on Global Warming of 1.5°C, 2018.
http://www.ipcc.ch/report/sr15/

IPCC AR5 Climate Change 2014: Synthesis Report, 2014. www.ipcc.ch/report/ar5/syr/

IPCC Special Report on Carbon dioxide Capture and Storage, 2005. www.ipcc.ch/activity/srccs/index.htm

The Global Status of CCS: 2014. Published by the Global CCS Institute, Nov 2014. 
http://www.globalccsinstitute.com/publications/global-status-ccs-2014

Prerequisites /
notice

External lecturers from the industry and other institutes will contribute with specialized lectures according to the schedule distributed at the
beginning of the semester.

 Data and Computer Science
Number Title Type ECTS Hours Lecturers

252-3900-00L Big Data for Engineers
This course is not intended for Computer Science and
Data Science MSc students! 

W  6 credits 2V+2U+1A G. Fourny

Abstract This course is part of the series of database lectures offered to all ETH departments, together with Information Systems for Engineers. It
introduces the most recent advances in the database field: how do we scale storage and querying to Petabytes of data, with trillions of
records? How do we deal with heterogeneous data sets? How do we deal with alternate data shapes like trees and graphs?

Objective This lesson is complementary with Information Systems for Engineers as they cover different time periods of database history and
practices -- you can even take both lectures at the same time.

The key challenge of the information society is to turn data into information, information into knowledge, knowledge into value. This has
become increasingly complex. Data comes in larger volumes, diverse shapes, from different sources. Data is more heterogeneous and less
structured than forty years ago. Nevertheless, it still needs to be processed fast, with support for complex operations.

This combination of requirements, together with  the technologies that have emerged in order to address them, is typically referred to as
"Big Data." This revolution has led to a completely new way to do business, e.g., develop new products and business models, but also to
do science -- which is sometimes referred to as data-driven science or the "fourth paradigm".

Unfortunately, the quantity of data produced and available -- now in the Zettabyte range (that's 21 zeros) per year -- keeps growing faster
than our ability to process it. Hence, new architectures and approaches for processing it were and are still needed. Harnessing them must
involve a deep understanding of data not only in the large, but also in the small.

The field of databases evolves at a fast pace. In order to be prepared, to the extent possible, to the (r)evolutions that will take place in the
next few decades, the emphasis of the lecture will be on the paradigms and core design ideas, while today's technologies will serve as
supporting illustrations thereof.

After visiting this lecture, you should have gained an overview and understanding of the Big Data landscape, which is the basis on which
one can make informed decisions, i.e., pick and orchestrate the relevant technologies together for addressing each business use case
efficiently and consistently.

Content This course gives an overview of database technologies and of the most important database design principles that lay the foundations of
the Big Data universe. 

It targets specifically students with a scientific or Engineering, but not Computer Science, background.

We take the monolithic, one-machine relational stack from the 1970s, smash it down and rebuild it on top of large clusters: starting with
distributed storage, and all the way up to syntax, models, validation, processing, indexing, and querying. A broad range of aspects is
covered with a focus on how they fit all together in the big picture of the Big Data ecosystem.

No data is harmed during this course, however, please be psychologically prepared that our data may not always be in normal form.

- physical storage: distributed file systems (HDFS), object storage(S3), key-value stores

- logical storage: document stores (MongoDB), column stores (HBase)

- data formats and syntaxes (XML, JSON, RDF, CSV, YAML, protocol buffers, Avro)

- data shapes and models (tables, trees)

- type systems and schemas: atomic types, structured types (arrays, maps), set-based type systems (?, *, +)

- an overview of functional, declarative programming languages across data shapes (SQL, JSONiq)

- the most important query paradigms (selection, projection, joining, grouping, ordering, windowing)

- paradigms for parallel processing, two-stage (MapReduce) and DAG-based (Spark)

- resource management (YARN)

- what a data center is made of and why it matters (racks, nodes, ...)

- underlying architectures (internal machinery of HDFS, HBase, Spark)

- optimization techniques (functional and declarative paradigms, query plans, rewrites, indexing)

- applications.

Large scale analytics and machine learning are outside of the scope of this course.

Literature Papers from scientific conferences and journals. References will be given as part of the course material during the semester.
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Prerequisites /
notice

This course is not intended for Computer Science and Data Science students. Computer Science and Data Science students interested in
Big Data MUST attend the Master's level Big Data lecture, offered in Fall.

Requirements: programming knowledge (Java, C++, Python, PHP, ...) as well as basic knowledge on databases (SQL). If you have already
built your own website with a backend SQL database, this is perfect.

Attendance is especially recommended to those who attended Information Systems for Engineers last Fall, which introduced the "good old
databases of the 1970s" (SQL, tables and cubes). However, this is not a strict requirement, and it is also possible to take the lectures in
reverse order.

227-0558-00L Principles of Distributed Computing W  7 credits 2V+2U+2A R. Wattenhofer, M. Ghaffari
Abstract We study the fundamental issues underlying the design of distributed systems: communication, coordination, fault-tolerance, locality,

parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential algorithmic ideas and lower bound
techniques.

Objective Distributed computing is essential in modern computing and communications systems. Examples are on the one hand large-scale networks
such as the Internet, and on the other hand multiprocessors such as your new multi-core laptop. This course introduces the principles of
distributed computing, emphasizing the fundamental issues underlying the design of distributed systems and networks: communication,
coordination, fault-tolerance, locality, parallelism, self-organization, symmetry breaking, synchronization, uncertainty. We explore essential
algorithmic ideas and lower bound techniques, basically the "pearls" of distributed computing. We will cover a fresh topic every week.

Content Distributed computing models and paradigms, e.g. message passing, shared memory, synchronous vs. asynchronous systems, time and
message complexity, peer-to-peer systems, small-world networks, social networks, sorting networks, wireless communication, and self-
organizing systems.

Distributed algorithms, e.g. leader election, coloring, covering, packing, decomposition, spanning trees, mutual exclusion, store and collect,
arrow, ivy, synchronizers, diameter, all-pairs-shortest-path, wake-up, and lower bounds

Lecture notes Available. Our course script is used at dozens of other universities around the world.
Literature Lecture Notes By Roger Wattenhofer. These lecture notes are taught at about a dozen different universities through the world.


Distributed Computing: Fundamentals, Simulations and Advanced Topics
Hagit Attiya, Jennifer Welch.
McGraw-Hill Publishing, 1998, ISBN 0-07-709352 6

Introduction to Algorithms
Thomas Cormen, Charles Leiserson, Ronald Rivest.
The MIT Press, 1998, ISBN 0-262-53091-0 oder 0-262-03141-8

Disseminatin of Information in Communication Networks
Juraj Hromkovic, Ralf Klasing, Andrzej Pelc, Peter Ruzicka, Walter Unger.
Springer-Verlag, Berlin Heidelberg, 2005, ISBN 3-540-00846-2

Introduction to Parallel Algorithms and Architectures: Arrays, Trees, Hypercubes
Frank Thomson Leighton.
Morgan Kaufmann Publishers Inc., San Francisco, CA, 1991, ISBN 1-55860-117-1

Distributed Computing: A Locality-Sensitive Approach
David Peleg.
Society for Industrial and Applied Mathematics (SIAM), 2000, ISBN 0-89871-464-8

Prerequisites /
notice

Course pre-requisites: Interest in algorithmic problems. (No particular course needed.)

363-1091-00L Social Data Science W  3 credits 2G D. Garcia Becerra
Abstract Social Data Science is introduced as a set of techniques to analyze human behavior and social interaction through digital traces.

The course focuses both on the fundamentals and applications of Data Science in the Social Sciences, including technologies for data
retrieval, processing, and analysis with the aim to derive insights that are interpretable from a wider theoretical perspective.

Objective A successful participant of this course will be able to
- understand a wide variety of techniques to retrieve digital trace data from online data sources
- store, process, and summarize online data for quantitative analysis
- perform statistical analyses to test hypotheses, derive insights, and formulate predictions
- implement streamlined software that integrates data retrieval, processing, statistical analysis, and visualization
- interpret the results of data analysis with respect to theoretical and testable principles of human behavior
- understand the limitations of observational data analysis with respect to data volume, statistical power, and external validity
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Content Social Data Science (SDS) provides a broad approach to the quantitative analysis of human behavior through digital trace data.
SDS integrates the implementation of data retrieval and processing, the application of statistical analysis methods, and the interpretation of
results to derive insights of human behavior at high resolutions and large scales.
The motivation of SDS stems from theories in the Social Sciences, which are addressed with respect to societal phenomena and
formulated as principles that can be tested against empirical data.
Data retrieval in SDS is performed in an automated manner, accessing online databases and programming interfaces that capture the
digital traces of human behavior.
Data processing is computerized with calibrated methods that quantify human behavior, for example constructing social networks or
measuring emotional expression.
These quantities are used in statistical analyses to both test hypotheses and explore new aspects on human behavior.

The course starts with an introduction to Social Data Science and the R statistical language, followed by three content blocks: collective
behavior, sentiment analysis, and social network analysis. The course ends with a datathon that sets the starting point of final student
projects.

The course will cover various examples of the application of SDS:
- Search trends to measure information seeking
- Popularity and social impact
- Evaluation of sentiment analysis techniques
- Quantitative analysis of emotions and social media sharing 
- Twitter social network analysis

The lectures include theoretical foundations of the application of digital trace data in the Social Sciences, as well as practical examples of
data retrieval, processing, and analysis cases in the R statistical language from a literate programming perspective. 
The block course contains lectures and exercise sessions during the morning and afternoon of five days.
Exercise classes provide practical skills and discuss the solutions to exercises that build on the concepts and methods presented in the
previous lectures.

Lecture notes The lecture slides will be available on the Moodle platform, for registered students only.
Literature See handouts. Specific literature is provided for download, for registered students only.
Prerequisites /
notice

Participants of the course should have some basic background in statistics and programming, and an interest to learn about human
behavior from a quantitative perspective.

Prior knowledge of advanced R, information retrieval, or information systems is not necessary.

Exercise sessions build on technical and theoretical content explained in the lectures. Students need a working laptop with Internet access
to perform guided exercises.

Course evaluation is based on short quizzes at the end of each day from Monday to Thursday (5% each for a total of 20%), a 45-minute
exam during the last session (30%), and on the grade of a final project report (50%). Final projects can be done individually or in pairs.
Final projects will be composed of a text report (max 6 pages) and the R code to generate the results. The deadline to deliver the final
project will be at the end of the Easter break, approximately 2 months after the course.

The course takes place between Feb 10th and Feb 14th (both inclusive), from 9:15 to 12:00 and from 13:15 to 16:00.

252-0312-00L Ubiquitous Computing W  4 credits 2V+1A C. Holz, F. Mattern, S. Mayer
Abstract Unlike desktop computing, ubiquitous computing occurs anytime and everywhere, using any device, in any location, and in any format.

Computers exist in different forms, from watches and phones to refrigerators or pairs of glasses. 
Main topics: Smart environments, IoT, mobiles & wearables, context & location, sensing & tracking, computer vision on embedded
systems, health monitoring, fabrication.

Objective Unlike desktop computing, ubiquitous computing occurs anytime and everywhere, using any device, in any location, and in any format.
Computers exist in different forms, from watches and phones to refrigerators or pairs of glasses. 
Main topics: Smart environments, IoT, mobiles & wearables, context & location, sensing & tracking, computer vision on embedded
systems, health monitoring, fabrication.

Lecture notes Copies of slides will be made available
Literature Will be provided in the lecture. To put you in the mood:

Mark Weiser: The Computer for the 21st Century. Scientific American, September 1991, pp. 94-104

 Life Science and Health
Number Title Type ECTS Hours Lecturers

376-1724-00L Appropriate Health System Design
Number of participants limited to 42.

W  3 credits 2V W. Karlen

Abstract This course elaborates upon relevant aspects in the conception, implementation and distribution of health devices and systems that
effectively meet peoples and societies' needs in a local context. Four key elements of appropriateness (usage, cost, durability and
performance) that are integral to the engineering design process are extensively discussed and applied.

Objective The main goals are to
> Evaluate the appropriateness of health systems to the cultural, financial, environmental and medical context in which they will be applied
and
> Design health systems from a user's perspective for a specific context

At the end of the course, students can
> name, understand and describe the 4 main principles that define appropriate technology
> apply these principles to critically analyze and assess health systems and technology
> project him/herself into a unfamiliar person and context  and create hypotheses as to that person's needs, requirements, and priorities
> modify specifications of existing systems to improve appropriateness
> discuss the challenges and illustrate the the ethical and societal consequences of proposed design modifications
> communicate effectively the results of his/her system analysis and implementation strategies to non-specialists

Content The course will be interactive and involve roleplay. Please do not sign up for this course if you are not ready to leave your comfort zone in
class. The lectures are divided in two parts:
The first part elaborates upon the important concepts of the design of health care devices and systems, and discusses implementation and
dissemination strategies. We focus on communities such as low income households, the elderly, and patients with chronic illnesses that
have special needs. Topics covered include point-of-care diagnostics, information and communication technologies, mobile health, user
interactions, and also the social-cultural considerations.
The second part consists of elaboration of an appropriate device conducted by student groups. Each group will analyse an existing product
or solution, critically assess its appropriateness according to the criteria learned in class, and provide explanations as to why the system
succeeds or fails. The students will also present design improvements. Grading will be based on a written case report due in the middle of
the semester and a final seminar presentation in form of a poster discussion and demo.
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Literature WHO, "Medical Devices: Managing the Mismatch", 2010.
http://www.who.int/medical_devices/publications/med_dev_man-mismatch/en/

PATH, "The IC2030 report. Reimagining Global Health," 2015. http://ic2030.org/report/

R. Malkin and K. Von Oldenburg Beer, "Diffusion of novel healthcare technologies to resource poor settings," Annals of Biomedical
Engineering, vol. 41, no. 9, pp. 1841:50, 2013.

Prerequisites /
notice

Target Group: 
Students of higher semesters and doctoral students of 
- D-MAVT, D-ITET, D-INFK, D-HEST
- Biomedical Engineering, Robotics, Systems and Control
- Medical Faculty, University of Zurich 
Students of other departments, faculties, courses are also welcome

701-0662-00L Environmental Impacts, Threshold Levels and Health
Effects

W  3 credits 2V C.-T. Monn, M. Brink

Abstract Environmental impacts on human health and well-being will be discussed. Concepts and methods for exposure measurements and
assessments will be shown. In the first part of the semester, air pollutants (for example for ozone, and fine particles). 
In the second part, noise, its effects and control, will be covered.

Objective - to understand the basic concepts of an exposure assessment  (air, noise)
- to know methods used in health effect research
- to know criteria and methods for setting threshold levels

Content Air Pollutants
- sources of pollutants (indoors and outdoors)
- concepts of an exposure assessment
- measurement methods for gases and particles
- health effect of pollutants (methods, most important pollutants, such as fine particles and ozone)

Noise
- Introduction to acoustics, Measurement, Hearing
- Auditory processing
- Exposure assessment of noise
- Noise effects, Exposure-effect relationships
- Basics of noise control and abatement, exposure limits
- Noise abatement policy

Lecture notes Presentations (ppt, pdf) will uploaded to a server, previous to the lecture.
Literature see references in the scripts.

701-1350-00L Case Studies in Environment and Health W  4 credits 2V K. McNeill, N. Borduas-Dedekind,
T. Julian

Abstract This course will focus on a few individual chemicals and pathogens from different standpoints: their basic chemistry or biology, their
environmental behavior, (eco)toxicology, and human health impacts.  The course will draw out the common points in each chemical or
pathogen's history.

Objective This course aims to illustrate how the individual properties of chemicals and pathogens along with societal pressures lead to environmental
and human health crises. The ultimate goal of the course is to identify common aspects that will improve prediction of environmental crises
before they occur.  Students are expected to participate actively in the course, which includes the critical reading of the pertinent literature
and class presentations.

Content Each class will feature the case study of a different chemical or pathogen that have had a profound effect on human health and the
environment. The instructors will present eight to ten of these and the students will present a poster on their own pollutant or pathogen in
groups of two. Students will be expected to contribute to the in class discussions and, on their selected topics, to lead the discussion.

Lecture notes Handouts will be provided as needed.
Literature Handouts will be provided as needed.

701-1704-01L Health Impact Assessment: Concepts and Case
Studies

W  3 credits 2V M. Winkler, C. Guéladio, M. Röösli,
J. M. Utzinger

Abstract This course introduces the concept of health impact assessment (HIA) and discusses a suite of case studies in industrialised and
developing countries. HIA pursues an inter- and multidisciplinary approach, employs qualitative and quantitative methods with the
overarching goal to influence decision-making.

Objective After successful completion of the course, students should be able to:
o critically reflect on the concept of HIA and the different steps from screening to implementation and monitoring; and
o apply specific tools and methodologies for HIA of policies, programmes and projects in different social, ecological and epidemiological
settings.

Content The course will present a broad set of tools and methods for the systematic and evidence-based judgment of potential health effects
related to policies, programmes and projects. Methodological features will be introduced and applied to a variety of case studies in the
public sector (e.g. traffic-related air pollution, passive smoking and waste water management) and private sector (e.g. water resource
developments and extractive industries) all over the world.

Lecture notes Handouts will be distributed.
Literature Whenever possible, at least one peer-reviewed paper will be made available for each session.

701-1708-00L Infectious Disease Dynamics W  4 credits 2V S. Bonhoeffer, R. D. Kouyos,
R. R. Regös, T. Stadler

Abstract This course introduces into current research on the population biology of infectious diseases. The course discusses the most important
mathematical tools and their application to relevant diseases of human, natural or managed populations.

Objective Attendees will learn about:
* the impact of important infectious pathogens and their evolution on human, natural and managed populations
* the population biological impact of interventions such as treatment or vaccination
* the impact of population structure on disease transmission

Attendees will learn how:
* the emergence spread of infectious diseases is described mathematically
* the impact of interventions can be predicted and optimized with mathematical models
* population biological models are parameterized from empirical data
* genetic information can be used to infer the population biology of the infectious disease

The course will focus on how the formal methods ("how") can be used to derive biological insights about the host-pathogen system
("about").
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Content After an introduction into the history of infectious diseases and epidemiology the course will discuss basic epidemiological models and the
mathematical methods of their analysis. We will then discuss the population dynamical effects of intervention strategies such as vaccination
and treatment. In the second part of the course we will introduce into more advanced topics such as the effect of spatial population
structure, explicit contact structure, host heterogeneity, and stochasticity. In the final part of the course we will introduce basic concepts of
phylogenetic analysis in the context of infectious diseases.

Lecture notes Slides and script of the lecture will be available online.
Literature The course is not based on any of the textbooks below, but they are excellent choices as accompanying material:

* Keeling & Rohani, Modeling Infectious Diseases in Humans and Animals, Princeton Univ Press 2008
* Anderson & May, Infectious Diseases in Humans, Oxford Univ Press 1990
* Murray, Mathematical Biology, Springer 2002/3
* Nowak & May, Virus Dynamics, Oxford Univ Press 2000
* Holmes, The Evolution and Emergence of RNA Viruses, Oxford Univ Press 2009

Prerequisites /
notice

Basic knowledge of population dynamics and population genetics as well as linear algebra and analysis will be an advantage.

151-0630-00L Nanorobotics W  4 credits 2V+1U S. Pané Vidal
Abstract Nanorobotics is an interdisciplinary field that includes topics from nanotechnology and robotics. The aim of this course is to expose

students to the fundamental and essential aspects of this emerging field.
Objective The aim of this course is to expose students to the fundamental and essential aspects of this emerging field. These topics include basic

principles of nanorobotics, building parts for nanorobotic systems, powering and locomotion of nanorobots, manipulation, assembly and
sensing using nanorobots, molecular motors, and nanorobotics for nanomedicine.

376-0022-00L Imaging and Computing in Medicine W  4 credits 3G R. Müller, P. Christen, C. J. Collins
Abstract Imaging and computing methods are key to advances and innovation in medicine. This course introduces established fundamental as well

as modern techniques and methods of imaging and computing in medicine.
Objective 1.    Understanding and practical implementation of biosignal processes methods for imaging 

2.    Understanding of imaging techniques including radiation imaging, radiographic imaging systems, computed tomography imaging,
diagnostic ultrasound imaging, and magnetic resonance imaging
3.    Knowledge of computing, programming, modelling and simulation fundamentals
4.    Computational and systems thinking as well as scripting and programming skills
5.    Understanding and practical implementation of emerging computational methods and their application in medicine including artificial
intelligence, deep learning, big data, and complexity
6.    Understanding of the emerging concept of personalised and in silico medicine
7.    Encouragement of critical thinking and creating an environment for independent and self-directed studying

Content Imaging and computing methods are key to advances and innovation in medicine. This course introduces established fundamental as well
as modern techniques and methods of imaging and computing in medicine. For the imaging portion of the course, biosignal processing,
radiation imaging, radiographic imaging systems, computed tomography imaging, diagnostic ultrasound imaging, and magnetic resonance
imaging are covered. For the computing portion of the course, computing, programming, and modelling and simulation fundamentals are
covered as well as their application in artificial intelligence and deep learning; complexity and systems medicine; big data and personalised
medicine; and computational physiology and in silico medicine.
The course is structured as a seminar in three parts of 45 minutes with video lectures and a flipped classroom setup: in the first part
(TORQUEs: Tiny, Open-with-Restrictions courses focused on QUality and Effectiveness), students study the basic concepts in short video
lectures on the online learning platform Moodle. At the end of this first part, students must post a number of questions in the Moodle forum
that will be addressed in the second part of the lectures using a flipped classroom concept. First, the lecturers may prepare additional
teaching material to answer the posted questions and potentially discuss further questions (Q&A). Second, the students will form small
groups to acquire additional knowledge online or from additionally distributed material and to present their findings to the rest of the class.

Lecture notes Stored on Moodle.
Prerequisites /
notice

Lectures will be given in English.

376-1178-00L Human Factors II W  3 credits 2V M. Menozzi Jäckli, R. Huang,
M. Siegrist

Abstract Strategies, abilities and needs of human at work as well as properties of products and systems are factors controlling quality and
performance in everyday interactions. In Human Factors II (HF II), cognitive aspects are in focus therefore complementing the more
physical oriented approach in HF I. A basic scientific approach is adopted and relevant links to practice are illustrated.

Objective The goal of the lecture is to empower students in designing products and systems enabling an efficient and qualitatively high standing
interaction between human and the environment, considering costs, benefits, health, well-being,  and safety as well. The goal is achieved
in addressing a broad variety of topics and embedding the discussion in macroscopic factors such as the behavior of consumers and
objectives of economy.

Content Cognitive factors in perception, information processing and action.  Experimental techniques in assessing human performance and well-
being, human factors and ergonomics in development of products and complex systems, innovation, decision taking, consumer behavior.

Literature Salvendy G. (ed), Handbook of Human Factors, Wiley & Sons, 2012

376-1392-00L Mechanobiology: Implications for Development,
Regeneration and Tissue Engineering

W  3 credits 2G A. Ferrari, G. Shivashankar,
M. Zenobi-Wong

Abstract This course will emphasize the importance of mechanobiology to cell determination and behavior. Its importance to regenerative medicine
and tissue engineering will also be addressed. Finally, this course will discuss how age and disease adversely alter major
mechanosensitive developmental programs.

Objective This course is designed to illuminate the importance of mechanobiological processes to life as well as to teach good experimental
strategies to investigate mechanobiological phenomena.

Content Typically, cell differentiation is studied under static conditions (cells grown on rigid plastic tissue culture dishes in two-dimensions), an
experimental approach that, while simplifying the requirements considerably, is short-sighted in scope. It is becoming increasingly apparent
that many tissues modulate their developmental programs to specifically match the mechanical stresses that they will encounter in later life.
Examples of known mechanosensitive developmental programs include osteogenesis (bones), chondrogenesis (cartilage), and
tendogenesis (tendons). Furthermore, general forms of cell behavior such as migration, extracellular matrix deposition, and complex tissue
differentiation are also regulated by mechanical stimuli.  Mechanically-regulated cellular processes are thus ubiquitous, ongoing and of
great clinical importance.

The overall importance of mechanobiology to humankind is illustrated by the fact that nearly 80% of our entire body mass arises from
tissues originating from mechanosensitive developmental programs, principally bones and muscles. Unfortunately, our ability to regenerate
mechanosensitive tissue diminishes in later life. As it is estimated that the fraction of the western world population over 65 years of age will
double in the next 25 years, an urgency in the global biomedical arena exists to better understand how to optimize complex tissue
development under physiologically-relevant mechanical environments for purposes of regenerative medicine and tissue engineering.

Lecture notes n/a
Literature Topical Scientific Manuscripts
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376-1400-00L Transfer of Technologies into Neurorehabilitation W  3 credits 2V C. Müller, R. Gassert, R. Riener,
H. Van Hedel, N. Wenderoth

Abstract The course focuses on clinical as well as industrial aspects of advanced technologies and their transfer into neurorehabilitation from both
theoretical and practical perspectives. The students will learn the basics of neurorehabilitation and the linkage to technologies, gain insight
into the development within the medtech field and learn applications of technologies in clinical settings.

Objective The students will:
-  Learn basics and principles of clinical neuroscience and neurorehabilitation.
 - Gain insight into the technical basics of advanced technologies and the transfer into product development processes.
- Gain insight into the application, the development and integration of advanced technologies in clinical settings. This includes the
advantages and limitations according to different pathologies and therapy goals.
-  Get the opportunity to test advanced technologies in practical settings.
- Learn how to transfer theoretical concepts to actual settings in different working fields.

Content Main focus:
- Neurobiological principles applied to the field of neurorehabilitation.
- Clinical applications of advanced rehabilitation technologies.
- Visit medical technology companies, rehabilitation centers and labs to gain deeper insight into the development, application and
evaluation of advanced technologie

Lecture notes Teaching materials will be provided for the individual events and lectures.
- Slides (pdf files)
- Information sheets and flyers of the visited companies, labs and clinics

376-1614-00L Principles in Tissue Engineering W  3 credits 2V K. Maniura, M. Rottmar, M. Zenobi-
Wong

Abstract Fundamentals in blood coagulation; thrombosis, blood rheology, immune system, inflammation, foreign body reaction on the molecular
level and the entire body are discussed. Applications of biomaterials for tissue engineering in different tissues are introduced.
Fundamentals in medical implantology, in situ drug release, cell transplantation and stem cell biology are discussed.

Objective Understanding of molecular aspects for the application of biodegradable and biocompatible Materials. Fundamentals of tissue reactions
(eg. immune responses) against implants and possible clinical consequences will be discussed.

Content This class continues with applications of biomaterials and devices introduced in Biocompatible Materials I. Fundamentals in blood
coagulation; thrombosis, blood rheology; immune system, inflammation, foreign body reaction on the level of the entire body and on the
molecular level are introduced. Applications of biomaterials for tissue engineering in the vascular system, skeletal muscle, heart muscle,
tendons and ligaments, bone, teeth, nerve and brain, and drug delivery systems are introduced. Fundamentals in medical implantology, in
situ drug release, cell transplantation and stem cell biology are discussed.

Lecture notes Handouts provided during the classes and references therin.
Literature The molecular Biology of the Cell, Alberts et al.,  5th Edition, 2009.

Principles in Tissue Engineering, Langer et al., 2nd Edition, 2002

227-0948-00L Magnetic Resonance Imaging in Medicine W  4 credits 3G S. Kozerke, M. Weiger Senften
Abstract Introduction to magnetic resonance imaging and spectroscopy, encoding and contrast mechanisms and their application in medicine.
Objective Understand the basic principles of signal generation, image encoding and decoding, contrast manipulation and the application thereof to

assess anatomical and functional information in-vivo.
Content Introduction to magnetic resonance imaging including basic phenomena of nuclear magnetic resonance; 2- and 3-dimensional imaging

procedures; fast and parallel imaging techniques; image reconstruction; pulse sequences and image contrast manipulation; equipment;
advanced techniques for identifying activated brain areas; perfusion and flow; diffusion tensor imaging and fiber tracking; contrast agents;
localized magnetic resonance spectroscopy and spectroscopic imaging; diagnostic applications and applications in research.

Lecture notes D. Meier, P. Boesiger, S. Kozerke
Magnetic Resonance Imaging and Spectroscopy

752-1300-00L Introduction to Toxicology W  3 credits 2V R. Eggen, S. J. Sturla
Abstract Introduction to how chemical properties and biological interactions govern the disposition and influences of toxicants.
Objective The objectives are for the student to establish a framework for examining adverse effects resulting from exposures to toxicants by

understanding key mechanisms that give rise to toxic responses and disease processes.
Content This course will introduce mechanisms governing the chemical disposition and biological influences of toxicants.  The course is geared

toward advanced bachelors students in food science, environmental science, and related disciplines, such as chemistry, biology and
pharmaceutical sciences.  Examples of topics include: dose-response relationships and risk assessment, absorption, transport, and
biotransformation of xenobiotic chemicals; Carcinogenesis; DNA damage, repair, and mutation; Immunotoxicity; Neurotoxicity; and modern
toxicity testing strategies.  These fundamental concepts in Mechanistic Toxicology will be integrated with examples of toxicants relevant to
food, drugs and the environment.

Literature Casarett & Doull's Toxicology, The Basic Science of Poisons. Seventh Edition. Editor: Curtis D. Klaassen, 2008, McGraw-Hill. (available
on-line)

Prerequisites /
notice

Basic knowledge of organic chemistry and biochemistry is required.

 Ressources and Environment
Number Title Type ECTS Hours Lecturers

701-1314-00L Environmental Organic Chemistry W  3 credits 2V K. McNeill, T. Hofstetter, M. Sander
Abstract This course is focused on environmental transformation reactions  of organic chemical contaminants.  An overview of important fate

processes of organic pollutants will be given, along with a discussion of the factors that determine pathways and rates of transformation
reactions.  Special emphasis will be given to redox transformations, photochemical reactions, and enzyme-catalyzed processes.

Objective The students will
- further their knowledge of important classes of environmentally relevant organic compounds
- become familiar with the tools for studying reaction mechanisms
- learn the fundamentals of environmental photochemistry
- obtain a detailed understanding of redox reactions of pollutants and biogeochemically important species
- get a survey of important enzymatic transformations
- learn to critically evaluate published data

Content - Methods and tools used in the study of reaction mechanisms and kinetics
- Environmental photochemistry, including direct and indirect photolysis 
- Redox properties of important environmental phases and redox reactions of organic pollutants
- Enzyme-catalyzed reactions involved in environmentally important enzymatic processes

Lecture notes Materials that are needed beyond the required text will be distributed in the lecture.
Literature Schwarzenbach, R.P., P.M. Gschwend, and D.M. Imboden. Environmental Organic Chemistry. 3rd Ed. Wiley, New York (2016).
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Prerequisites /
notice

Introduction to Environmental Organic Chemistry, Bachelor 5th semester, M. Sander, K. McNeill

701-1312-00L Advanced Ecotoxicology W  3 credits 2V R. Eggen, E. Janssen, K. Schirmer,
M. Suter

Abstract This course will take up the principles of environmental chemistry and ecotoxicology from the bachelor courses and deepen the
understanding on selected topics. Linkages will be made between i) bioavailability and effects, ii) structures of compounds and modes of
toxic action, iii) effects over various biological levels, moderated by environmental factors, iv) chemical and biological assessments

Objective - Understanding the key processes involved in fate, behavior and the bioaccumulation of (mainly) organic contaminants 
- Overview on and understanding of mechanisms of toxicity
- linking structures and characteristics of compounds with effects
- processes in hazard assessment and risk assessment
- get insight in integrative approaches in ecotoxicology

Content Units 1-3: Fate of contaminants, dynamic interactions with  the (a)biotic environment, toxikokinetics
-    physico-chemical properties
-    partitioning processes in environmental compartments
-    partitioning to biota
-    bioavailability and bioaccumulation concepts
-       partitioning in biota

Units 4-6: Toxicodynamics (effect of contaminants on biota)
-    internal concentrations; dose-response concept
-    molecular mechanisms of toxic actions - classification
-    Exercise: databases and estimation of toxicity

Unit 7-10: Toxic effects: from molecular to ecosystems
-    complex mechanisms and feedback loops
-       mixtures and multiple stressors
-    stress- and adaptive responses
-       dynamic exposures
-       confounding factors, food web interactions
-    Exercise: linking compounds with modes of toxic action

Unit 11: metal ecotoxicology

Unit 12-14: integrative approaches and case studies
-    bioassays, -omics, systems ecotoxicology, phenotypic anchoring
-    in vivo versus in vitro biotesting
-    linking chemical with biological analytics
-    bioassay-directed fractionation and identification
-       (inter) national case studies and linkage of learned with approaches in practice

Lecture notes Material will be in the form of copies of overheads, selected publications and exercise material.
Literature R.P. Schwarzenbach, P.M. Gschwend, D.M. Imboden, Environmental Organic Chemistry, third edition, Wiley, 2005


C.J. van Leeuwen, J.L.M. Hermens (Editoren), Risk Assessment of Chemicals: An Introduction, Kluwer, 1995

Principles of ecotoxicology, CH Walker, RM Sibly, SP Hopkin, DB Peakall, fourth edition, CRC Press, 2012

Prerequisites /
notice

Required:

1. Basics in environmental chemistry

2. Basics in environmental toxicology

701-1252-00L Climate Change Uncertainty and Risk: From
Probabilistic Forecasts to Economics of Climate
Adaptation

W  3 credits 2V+1U D. N. Bresch, R. Knutti

Abstract The course introduces the concepts of predictability, probability, uncertainty and probabilistic risk modelling and their application to climate
modeling and the economics of climate adaptation.

Objective Students will acquire knowledge in uncertainty and risk quantification (probabilistic modelling) and an understanding of the economics of
climate adaptation. They will become able to construct their own uncertainty and risk assessment models (in Python), hence basic
understanding of scientific programming forms a prerequisite of the course.

Content The first part of the course covers methods to quantify uncertainty in detecting and attributing human influence on climate change and to
generate probabilistic climate change projections on global to regional scales. Model evaluation, calibration and structural error are
discussed. In the second part, quantification of risks associated with local climate impacts and the economics of different baskets of climate
adaptation options are assessed  leading to informed decisions to optimally allocate resources. Such pre-emptive risk management allows
evaluating a mix of prevention, preparation, response, recovery, and (financial) risk transfer actions, resulting in an optimal balance of
public and private contributions to risk management, aiming at a more resilient society.
The course provides an introduction to the following themes:
1) basics of probabilistic modelling and quantification of uncertainty from global climate change to local impacts of extreme events
2) methods to optimize and constrain model parameters using observations
3) risk management from identification (perception) and understanding (assessment, modelling) to actions (prevention, preparation,
response, recovery, risk transfer)
4) basics of economic evaluation, economic decision making in the presence of climate risks and pre-emptive risk management to optimally
allocate resources

Lecture notes Powerpoint slides will be made available.
Literature Many papers for in-depth study will be referred to during the lecture.
Prerequisites /
notice

Hands-on experience with probabilistic climate models and risk models will be acquired in the tutorials; hence good understanding of
scientific programming forms a prerequisite of the course, in Python (teaching language, object oriented) or similar. Basic understanding of
the climate system, e.g. as covered in the course 'Klimasysteme' is required.

Examination: graded tutorials during the semester (benotete Semesterleistung)

701-1232-00L Radiation and Climate Change W  3 credits 2G M. Wild
Abstract This lecture focuses on the prominent role of radiation in the energy balance of the Earth and in the context of past and future climate

change.
Objective The aim of this course is to develop a thorough understanding of the fundamental role of radiation in the context of Earth's energy balance

and climate change.
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Content The course will cover the following topics:
Basic radiation laws; sun-earth relations; the sun as driver of climate change (faint sun paradox, Milankovic ice age theory, solar cycles);
radiative forcings in the atmosphere: aerosol, water vapour, clouds; radiation balance of the Earth (satellite and surface observations,
modeling approaches);  anthropogenic perturbation of the Earth radiation balance: greenhouse gases and enhanced greenhouse effect, air
pollution and global dimming; radiation-induced feedbacks in the climate system (water vapour feedback, snow albedo feedback);  climate
model scenarios under various radiative forcings.

Lecture notes Slides will be made available, lecture notes for part of the course
Literature As announced in the course

 Case Studies
Number Title Type ECTS Hours Lecturers

860-0016-00L Supply and Responsible Use of Mineral Resources II
Prerequisite is 860-0015-00 Supply and Responsible Use
of Mineral Resources I. Limited to 12 participants. First
priority will be given to students enrolled in the Master of
Science, Technology, and Policy Program. These
students must confirm their participation by February 7th
by registration through myStudies. Students on the waiting
list will be notified at the start of the semester.

W  3 credits 2U B. Wehrli, F. Brugger, S. Pfister

Abstract Students integrate their knowledge of mineral resources and technical skills to frame and investigate a commodity-specific challenge faced
by countries involved in resource extraction. By own research they evaluate possible policy-relevant solutions, engaging in interdisciplinary
teams coached by tutors and experts from natural social and engineering sciences.

Objective Students will be able to:
- Integrate, and extend by own research, their knowledge of mineral resources from course 860-0015-00, in a solution-oriented team with
mixed expertise
- Apply their problem solving, and analytical skills to critically assess, and define a complex, real-world mineral resource problem, and
propose possible solutions.
- Summarize and synthesize published literature and expert knowledge, evaluate decision-making tools, and policies applied to mineral
resources.
- Document and communicate the findings in concise group presentations and a report.

Prerequisites /
notice

Prerequisite is 860-0015-00 Supply and Responsible Use of Mineral Resources I. Limited to 12 participants. First priority will be given to
students enrolled in the Master of Science, Technology, and Policy Program. These students must confirm their participation by February
7th by registration through MyStudies. Students on the waiting list will be notified at the start of the semester.

860-0015-00L Supply and Responsible Use of Mineral Resources I W 3 credits 2G B. Wehrli, F. Brugger,
K. Dolejs Schlöglova, S. Hellweg,
C. Karydas

Abstract Students critically assess the economic, social, political, and environmental implications of extracting and using energy resources, metals,
and bulk materials along the mineral resource cycle for society. They explore various decision-making tools that support policies and
guidelines pertaining to mineral resources, and gain insight into different perspectives from government, industry, and NGOs.

Objective Students will be able to:
- Explain basic concepts applied in resource economics, economic geology, extraction, processing and recycling technologies,
environmental and health impact assessments, resource governance, and secondary materials.
- Evaluate the policies and guidelines pertaining to mineral resource extraction.
- Examine decision-making tools for mineral resource related projects. 
- Engage constructively with key actors from governmental organizations, mining and trading companies, and NGOs, dealing with issues
along the mineral resource cycle.

Prerequisites /
notice

Bachelor of Science, Architecture or Engineering, and enrolled in a Master's or PhD program at ETH Zurich. Students must be enrolled in
this course in order to participate in the case study module course 860-0016-00 Supply and Responsible Use of Mineral Resources II.

860-0012-00L Cooperation and Conflict Over International Water
Resources
Number of participants limited to 40. 
STP students have priority.

This is a research seminar at the Master level. PhD
students are also welcome.

W  3 credits 2S B. Wehrli, T. Bernauer,
T. U. Siegfried

Abstract This seminar focuses on the technical, economic, and political challenges of dealing with water allocation and pollution problems in large
international river systems. It examines ways and means through which such challenges are addressed, and when and why international
efforts in this respect succeed or fail.

Objective Ability to (1) understand the causes and consequences of water scarcity and water pollution problems in large international river systems;
(2) understand ways and means of addressing such water challenges; and (3) analyse when and why international efforts in this respect
succeed or fail.

Content Based on lectures and discussion of scientific papers and reports, students acquire basic knowledge on contentious issues in managing
international water resources, on the determinants of cooperation and conflict over international water issues, and on ways and means of
mitigating conflict and promoting cooperation. Students will then, in small teams coached by the instructors, carry out research on a case of
their choice (i.e. an international river basin where riparian countries are trying to find solutions to water allocation and/or water quality
problems associated with a large dam project). They will write a brief paper and present their findings towards the end of the semester.

Lecture notes Slides and reading materials will be distributed electronically.
Literature The UN World Water Development Reports provide a broad overview of the topic: http://www.unesco.org/new/en/natural-

sciences/environment/water/wwap/
Prerequisites /
notice

The course is open to Master and PhD students from any area of ETH.

ISTP students who take this course should also register for the  course 860-0012-01L - Cooperation and conflict over international water
resources;  In-depth case study.

860-0018-00L Big Data, Law, and Policy (with Case Study)
Limited number of participants.

Students will be informed by 01.03.2020 at the latest

W 6 credits 2S+2A S. Bechtold

Abstract This course examines and critiques the design of the Internet, with a focus on the connection between the engineering features and
principles of the network and the legal, economic, and political concerns which have followed its evolution.
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Objective This course examines and critiques the design of the Internet (broadly defined), with a focus on the connection between the engineering
features and principles of the network (packet switching, global addressing, the end-to-end argument, etc.) and the legal, economic, and
political concerns which have followed its evolution (security properties, censorship and censorship resistance, "net neutrality", etc.).  No
prior knowledge of networking technologies is required; conversely the course will focus only on those features of the Internet design which
have strong political and legal implications (and vice versa).  The course consists of two parts: lectures and seminars in one part provide an
introduction and discussion of the technical, legal, and political aspects of the Internet design. The other part consists of a specific case
study of some aspect of the Internet by individual students.

227-0664-00L Technology and Policy of Electrical Energy Storage W  3 credits 2G V. Wood, T. Schmidt
Abstract With the global emphasis on decreasing CO2 emissions, achieving fossil fuel independence and growing the use of renewables,

developing & implementing energy storage solutions for electric mobility & grid stabilization represent a key technology & policy challenge.
This course uses lithium ion batteries as a case study to understand the interplay between technology, economics, and policy.

Objective The students will learn of the complexity involved in battery research, design, production, as well as in investment, economics and policy
making around batteries. Students from technical disciplines will gain insights into policy, while students from social science backgrounds
will gain insights into technology.

Content With the global emphasis on decreasing CO2 emissions, achieving fossil fuel independence, and integrating renewables on the electric
grid, developing and implementing energy storage solutions for electric mobility and grid stabilization represent a key technology and policy
challenge. The class will focus on lithium ion batteries since they are poised to enter a variety of markets where policy decisions will affect
their production, adoption, and usage scenarios. The course considers the interplay between technology, economics, and policy.

* intro to energy storage for electric mobility and grid-stabilization
* basics of battery operation, manufacturing, and integration
* intro to the role of policy for energy storage innovation & diffusion
* discussion of complexities involved in policy and politics of energy storage

Lecture notes Materials will be made available on the website.
Literature Materials will be made available on the website.
Prerequisites /
notice

Strong interest in energy and technology policy.

860-0014-00L Paper Project on Technology and Policy of Electric
Energy Storage
Requirement: Only students who have visited the course
227-0664-00L and passed the test at the end of the
semester, may sign up for this course.

STP students have priority.

W  3 credits 2A T. Schmidt, V. Wood

Abstract Paper project on a topic related to main lecture Technology and Policy of Electric Energy Storage. Can only be taken when enrolled in the
main lecture.

Objective The students will choose either a technology or a policy and elaborate on various aspects. The technology questions will include policy
aspects; the policy questions will be closely related technological diffusion and innovation.

Lecture notes Materials will be made available through polybox.
Literature Materials will be made available through polybox.
Prerequisites /
notice

Successful completion of Technology and Policy of Electric Energy Storage lecture (227-0664-00L).

701-1562-00L Cases in Environmental Policy and Decision Making
Number of participants limited to 40.

W  6 credits 4P A. Patt, E. Lieberherr, M. Morosini,
J. Wilkes-Allemann

Abstract The course will proceed through a series of case studies, modeled after those often used in business and policy teaching curricula.
Students will engage in individual and group work to practice the art of effective decision-making, recommending a course of action for the
individual and organization that is the subject of each case, gaining valuable insights into environmental policy-making.

Objective - Identify the facts, assumptions, theories, and social constructions guiding the decisions of different stakeholders to a range of
environmental and natural resource policy problems.
- Recognize key institutional and interpersonal challenges in decision-making situations.
- Design communication and decision-making processes that can work effectively in the context of stakeholder worldviews and
perspectives.
- Conduct qualitative and quantitative analysis of value to decision-makers, and communicate that in a manner that is clear and effective.
- Consider broader policy issues applicable across the cases, such as the appropriate roles of public, non-profit, and private sector
organizations, the decentralization of authority, and possible societal pathways towards sustainability.

Content The course will cover a range of environmental problem areas, include land conversion, water quality, air quality, climate change, and
energy. Across these issues, cases will force students to confront particular decisions needing to be made by individuals and organizations,
primarily in the public and non-profit sectors, but also in private sector firms.

Prerequisites /
notice

It would be desirable, but not essential, that students had already taken a course on policy analysis and modeling.

860-0012-01L Cooperation and Conflict Over International Water
Resources, In-Depth Case Study
Only for Science, Technology, and Policy MSc and PhD
students

Prerequisite: you have to be enrolled in 860-0012-00L
during the same semester.

W 3 credits 2A B. Wehrli, T. Bernauer

Abstract Students write an individual term paper on technical, economic, and political water challenges in an international context.  Coached by one
of the instructors, students develop and write a case study that examines ways and means to address a specific challenge, and to evaluate
success or failure of international collaboration.

Objective In developing their individual term paper, the students broaden their overview of (1) causes and consequences of water scarcity and water
pollution problems in an international context; (2) they assess concepts and policies to mitigate a specific water challenge, and (3) they
analyze determinants of success or failure of international collaboration in the water sectors.

Content In the basic course on Cooperation and Conflict... 860-0012-00L the students students acquire basic knowledge on contentious issues in
managing international water resources, on the determinants of cooperation and conflict over international water issues, and on ways and
means of mitigating conflict and promoting cooperation. 
In this course, which is reserved to STP students, the participants will be individually coached by one of the instructors and do research
and develop a case-study paper on an international water challenge of their choice. The topic should avoid overlap with the work in course
860-0012-00L.

Lecture notes see 860-0012-00L
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Literature In a global context, the targets of sustainable development goal 6 serve as a possible starting point: http://bit.ly/2yVARMG

In the European context, the implementation reports of the Water Framework Directive represent another reference frame:
http://bit.ly/2y5NPLl

Prerequisites /
notice

This course is reserved for STP students who participate in the basic course on Cooperation and Conflict Over International Water
Resources 860-0012-00L.  

STP students should sign up for both courses, 860-0012-00L and 860-0012-01L.

 Electives
Number Title Type ECTS Hours Lecturers

851-0585-38L Data Science in Techno-Socio-Economic Systems
Number of participants limited to 80

This course is thought be for students in the 5th semester
or above with quantitative skills and interests in modeling
and computer simulations.

Particularly suitable for students of D-INFK, D-ITET, D-
MAVT, D-MTEC, D-PHYS

W  3 credits 3S N. Antulov-Fantulin

Abstract This course introduces how techno-socio-economic systems in our complex society can be better understood with techniques and tools of
data science. Students shall learn how the fundamentals of data science are used to give insights into the research of complexity science,
computational social science, economics, finance, and others.

Objective The goal of this course is to qualify students with knowledge on data science to better understand techno-socio-economic systems in our
complex societies. This course aims to make students capable of applying the most appropriate and effective techniques of data science
under different application scenarios. The course aims to engage students in exciting state-of-the-art scientific tools, methods and
techniques of data science. 
In particular, lectures will be divided into research talks and tutorials. The course shall increase the awareness level of students of the
importance of interdisciplinary research. Finally, students have the opportunity to develop their own data science skills based on a data
challenge task, they have to solve, deliver and present at the end of the course.

Prerequisites /
notice

Good programming skills and a good understanding of probability & statistics and calculus are expected.

102-0488-00L Water Resources Management W  3 credits 2G P. Burlando
Abstract Modern engineering approach to problems of sustainable water resources, planning and management of water allocation requires the

understanding of modelling techniques that allow to account for comprehensive water uses (thereby including ecological needs) and
stakeholders needs, long-term analysis and optimization. The course presents the most relevant approaches to address these problems.

Objective The course provides the essential knowledge and tools of water resources planning and management. Core of the course are the concepts
of data analysis, simulation, optimization and reliability assessment in relation to water projects and sustainable water resources
management.

Content The course is organized in four parts. 
Part 1 is a general introduction to the purposes and aims of sustainable water resources management, problem understanding and tools
identification. 
Part 2 recalls Time Series Analysis and Linear Stochastic Models. An introduction to Nonlinear Time Series Analysis and related
techniques will then be made in order to broaden the vision of how determinism and stochasticity might sign hydrological and geophysical
variables. 
Part 3 deals with the optimal allocation of water resources and introduces to several tools traditionally used in WRM, such as linear and
dynamic programming. Special attention will be devoted to optimization (deterministic and stochastic) and compared to simulation
techniques as design methods for allocation of water resources in complex and competitive systems, with focus on sustainability and
stakeholders needs.
Part 4 will introduce to basic indexes used in economical and reliability analyses, and will focus on multicriteria analysis methods as a tool
to assess the reliability of water systems in relation to design alternatives.

Lecture notes A copy of the lecture handouts will be available on the webpage of the course. Complementary documentation in the form of scientific and
technical articles, as well as excerpts from books will be also made available.

Literature A number of book chapters and paper articles will be listed and suggested to read. They will also be part of discussion during the oral
examination.

Prerequisites /
notice

Suggested relevant courses: Hydrologie I (or a similar content course) and Wasserhaushalt (Teil "Wasserwirtschaft", 4. Sem. UmweltIng.,
or a similar content course) for those students not belonging to Environmental Engineering.

118-0112-00L Participatory and Integrated Water Resources
Planning
Number of participants limited to 25.

The course is complementary to "Water Resources
Management" (102-0488-00L).

W  3 credits 4V A. Castelletti

Abstract The course develops basic knowledge and skills for modelling, planning and managing water resources systems in a balanced and
sustainable way. The emphasis will be on the operational aspects of water management, including: introduction to participatory decision-
making, modelling of the multiple stakes and socio-economic processes, introduction to dynamic and stochastic optimization approaches.

Objective The course aims at illustrating the complex framework of participatory approach in the field of water resources projects, with particular
focus on the modelling of the quantitative aspects of the combined dynamics of the physical and socio-economic processes.
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Content Lec 00. Course introduction. The world water resources. Water crisis and the concept of Participatory and Integrated Water Resources
Management (PIWRM). Water trading.

Lec 01. Rationalizing the decision-making process. From traditional water resources planning and management to PIWRM: rationalizing
and supporting the decision-making process. The need for negotiations. Negotiation game.
Outline of the Participatory and Integrated Planning procedure proposed as a guidance to the decision-making process using a real world
case study. 

Lec 02. Cloosing the loop: how to plan the management. How to incorporate recurrent management decisions into a rational decision-
making framework. From model based decision-making to decision support systems. Full-rationality and partial-rationality. Underlying
example the Zambezi river system.

Lec 03. Actions and evaluation criteria. Identification of the actions suitable to pursue the overall objective of the planning exercise. Type of
actions and associated property.  Embedding actions into models. Stakeholders, sectors and evaluation criteria: how stakeholders evaluate
the planning alternatives. Criterion hierarchy and indicators: operationalize evaluation criteria. 

Lec 04. Criteria and indicators. Example of indicators. Validation of the indicators against the stakeholders. Numerical exercise. Underlying
examples from Red River System (Vietnam), Tono dam (Japan), Googong reservoir (Australia), Lake Maggiore and Lake Como (Italy). 

Lec 05. Re-operating the Kafue reservoir system. Real world case study developed interactively with the students, to experience all the
concepts provided in the previous lectures. Reading material will be assigned on 22.3

Lec 06. Models of a water system. The system analysis perspective on water resources modelling. Example of models of water system
components (reservoir, diversion dam, rivers, users). Implications of cooperation and information sharing on the model formulation.
Operational implications of model complexity. Case studies.

Lec 07. Formulation of the planning/management problem. Why we need it. What do we need to formulate the problem: from the indicators
to the objectives; time horizon; scenarios. Dealing with uncertainty. Problem formulation and classification. How do modelling choices affect
the final solution (hidden subjectivity).

Lec 08. Water resources optimal planning. The planning of water resources. Examples from real world problems at different scales (e.g.
Egypt Water plan; Controlling salt intrusion in Nauru (Pacific Island); planning water quality remediation interventions in lakes and
reservoirs (Googong reservoir, Australia)). Interactive lectures with students. Overview of the different approaches available to resolve the
problem, from exact solution to heuristic.

Lec 09. Planning the New Valley water system in Egypt. Real world case study developed interactively with the student, to experience all
the concepts provided in the previous lectures.

Lec 10. Planning in non stationary conditions: the Red River (Vietnam). Real world case study developed interactively with the student, to
experience all the concepts provided in the previous lectures.

Lecture notes Course lectures are almost fully covered by the following two textbooks accordingly to the indications provided at the end of each lecture:

R. Soncini-Sessa, A. Castelletti, and E. Weber, 2007. Integrated and participatory water resources management. Theory. Elsevier, The
Netherlands.

R. Soncini-Sessa, F. Cellina, F. Pianosi, and E. Weber, 2007. Integrated and participatory water resources management. Practice.
Elsevier, The Netherlands.

Literature Additional readings:
S.P. Simonovic, 2009. Managing water resources: Methods and tools for a systems approach, Earthscan, London.
D.P. Loucks, E. van Beek, 2005. Water Resources Systems Planning and Management: An Introduction to Methods, Models and
Applications, UNESCO, Paris.
K.D.W. Nandalal, J. Bogardi, 2007. Dynamic Programming Based Operation of Reservoirs, Cambridge University Press, Cambridge.

Prerequisites /
notice

Lecture notes, slides and other material will be posted on the course web page the day before each lecture.

351-0778-00L Discovering Management
Entry level course in management for BSc, MSc and PHD
students at all levels not belonging to D-MTEC. 
This course can be complemented with Discovering
Management (Excercises) 351-0778-01L.

W  3 credits 3G L. De Cuyper, S. Brusoni,
B. Clarysse, S. Feuerriegel,
V. Hoffmann, T. Netland,
G. von Krogh

Abstract Discovering Management offers an introduction to the field of business management and entrepreneurship for engineers and natural
scientists. The module provides an overview of the principles of management, teaches knowledge about management that is highly
complementary to the students' technical knowledge, and provides a basis for advancing the knowledge of the various subjects offered at
D-MTEC.

Objective The objective of this course is to introduce the students to the relevant topics of the management literature and give them a good
introduction in entrepreneurship topics too. The course is a series of lectures on the topics of strategy, innovation, marketing, corporate
social responsibility, and productions and operations management. These different lectures provide the theoretical and conceptual
foundations of management. In addition, students are required to work in teams on a project. The purpose of this project is to analyse the
innovative needs of a large multinational company and develop a business case for the company to grow.

Content Discovering Management aims to broaden the students' understanding of the principles of business management, emphasizing the
interdependence of various topics in the development and management of a firm. The lectures introduce students not only to topics
relevant for managing large corporations, but also touch upon the different aspects of starting up your own venture. The lectures will be
presented by the respective area specialists at D-MTEC.
The course broadens the view and understanding of technology by linking it with its commercial applications and with society. The lectures
are designed to introduce students to topics related to strategy, corporate innovation,  corporate social responsibility, and business model
innovation. Practical examples from industry will stimulate the students to critically assess these issues.

Prerequisites /
notice

Discovering Management is designed to suit the needs and expectations of Bachelor students at all levels as well as Master and PhD
students not belonging to D-MTEC. By providing an overview of Business Management, this course is an ideal enrichment of the standard
curriculum at ETH Zurich.
No prior knowledge of business or economics is required to successfully complete this course.

351-0778-01L Discovering Management (Exercises)
Complementary exercises for the module Discovering
Managment.

Prerequisite: Participation and successful completion of
the module Discovering Management (351-0778-00L) is
mandatory.

W  1 credit 1U B. Clarysse
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Abstract This course is offered complementary to the basis course 351-0778-00L, "Discovering Management". The course offers an additional
exercise in the form of a project conducted in team.

Objective This course is offered to complement the course 351-0778-00L. The course offers an additional exercise to the more theoretical and
conceptual content of Discovering Management. 

While Discovering Management offers an introduction to various management topics, in this course, creative skills will be trained by the
business game exercise. It is a participant-centered, team-based learning activity, which provides students with the opportunity to place
themselves in the role of Chief Innovation Officer of a large multinational company.

Content As the students learn more about the specific case and identify the challenge they are faced with, they will have to develop an innovative
business case for this multinational corporation. Doing so, this exercise will provide an insight into the context of managerial problem-
solving and corporate innovation, and enhance the students' appreciation for the complex tasks companies and managers deal with. The
exercise presents a realistic model of a company and provides a valuable learning platform to integrate the increasingly important
development of the skills and competences required to identify entrepreneurial opportunities, analyse the future business environment and
successfully respond to it by taking systematic decisions, e.g. critical assessment of technological possibilities.

101-0588-01L Re-/Source the Built Environment W  3 credits 2S G. Habert
Abstract The course focuses on material choice and energy strategies to limit the environmental impact of construction sector. During the course,

specific topics will be presented (construction technologies, environmental policies, social consequences of material use, etc.). The course
aims to present sustainable options to tackle the global challenge we are facing and show that "it is not too late".

Objective After the lecture series, the students are aware of the main challenges for the production and use of building materials.

They know the different technologies/propositions available, and environmental consequence of a choice.

They understand in which conditions/context one resource/technology will be more appropriate than another

Content A general presentation of the global context allows to identify the objectives that as engineer, material scientist or architect needs to
achieve to create a sustainable built environment.

The course is then conducted as a serie of guest lectures focusing on one specific aspect to tackle this global challenge and show that "it is
not too late".

The lecture series is divided as follows:
- General presentation
- Notion of resource depletion, resilience, criticality, decoupling, etc.
- Guest lectures covering different resources and proposing different option to build or maintain a sustainable built environment.

Lecture notes For each lecture slides will be provided.
Prerequisites /
notice

The lecture series will be conducted in English and is aimed at students of master's programs, particularly the departments ARCH, BAUG,
ITET, MAVT, MTEC and USYS.

No lecture will be given during Seminar week.

118-0111-00L Sustainability and Water Resources
Number of participants limited to 16.

Suitable for MSc and PhD students. 
Automatic admittance is given to students of MAS
Sustainable Water Resources. All other registrations
accepted until capacity is reached.

W 3 credits 2G D. Molnar, P. Burlando

Abstract The block course on Sustainability and Water Resources features invited experts from a range of disciplines, who present their experiences
working with sustainability issues related to water resources. The students are exposed to many different perspectives, and learn how to
critically evaluate sustainability issues with respect to water resources management.

Objective The course provides the students with background information on sustainability in relation to water resources within an international and
multidisciplinary framework. The lectures challenge the students to consider sustainability and the importance of water availability and
water scarcity in a changing world, at the same time preparing them to face the challenges of the future, e.g. climate and land use change,
increased water use and population growth.

Content The course offers the students the opportunity to learn about sustainability and water resources in a multi-disciplinary fashion, with a focus
on case studies from around the world. Selected topics include: Sustainability Issues in Water Resources, the EU Water Framework
Directive, Mining in Latin America, Environmental Flows, and Water Quality Issues. Group exercises, which encourage debate and
discussion, are an important component of the course. For more information, please visit http://www.mas-
swr.ethz.ch/curriculum/courses/core-courses/sustainability-and-water-resources.html

Prerequisites /
notice

For further information, contact the MAS coordinator, Darcy Molnar (darcy.molnar@ifu.baug.ethz.ch)

118-0113-00L Water Governance: Challenges and Solutions
Number of participants is limited to 16. 

Suitable for MSc and PhD Students. Automatic admittance
is given to students of the MAS in Sustainable Water
Resources.  All other registrations are accepted until
capacity is reached.

W 1 credit 2G P. Burlando, D. Molnar

Abstract The block course on "Water Governance: Challenges and Solutions" features invited experts with backgrounds in international relations,
law, politics, and diplomacy. Through theoretical input and case studies, students learn about the realities of water conflicts and the
intricacies of cooperation and diplomacy.

Objective The course provides students with insights into the complex realities of addressing water conflicts with sustainable solutions that promote
cooperation.

Content The course offers students the opportunity to learn from experts who have worked on domestic and transboundary river basin issues, both
in Europe and internationally. Through case studies and group exercises, students gain a deeper understanding of the complexities of
water governance and current global challenges. Topics that will be addressed include stakeholder involvement, institutional legal
frameworks, and solutions for cooperation.

Prerequisites /
notice

Course details at:https://mas-swr.ethz.ch/curriculum/courses/core-courses/water-governance-challenges-solutions.html

For further information, contact the MAS coordinator, Darcy Molnar (darcy.molnar@ifu.baug.ethz.ch)

860-0024-00L Digital Society: Ethical, Societal and Economic
Challenges
Number of participants is limited to 35

W 3 credits 2V M. M. Dapp

Abstract This seminar will address ethical challenges coming along with new digital technologies such as cloud computing, Big Data, artificial
intelligence, cognitive computing, quantum computing, robots, drones, Internet of Things, virtual reality, blockchain technology, and more...
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Objective Participants shall learn to understand that any technology implies not only opportunities, but also risks, and that it is important to
understand these well in order to minimize the risks and maximize the benefits. In some cases, it is highly non-trivial to identify and
avoid undesired side effects of technologies. The seminar will sharpen the attention how to design technologies for values, 
also called value-sensitive design or ethically aligned design.

Literature Will be provided on a complementary website of the course. Complementary literature should be searched and evaluated by the students
themselves.

Prerequisites /
notice

To earn credit points, students will have to read the relevant literature on one of the above technologies and give a
presentation about the ethical implications. Both, potential problems and possible solutions shall be carefully discussed.

860-0022-00L Complexity and Global Systems Science
Does not take place this semester.
Number of participants limited to 64.

Prerequisites: solid mathematical skills.

Particularly suitable for students of D-ITET, D-MAVT and
ISTP

W 3 credits 2V D. Helbing

Abstract This course discusses complex techno-socio-economic systems, their counter-intuitive behaviors, and how their theoretical understanding
empowers us to solve some long-standing problems that are currently bothering the world.

Objective Participants should learn to get an overview of the state of the art in the field, to present it in a well understandable way to an
interdisciplinary scientific audience, to develop models for open problems, to analyze them, and to defend their results in response to
critical questions. In essence, participants should improve their scientific skills and learn to think scientifically about complex dynamical
systems.

Content This course starts with a discussion of the typical and often counter-intuitive features of complex dynamical systems such as self-
organization, emergence, (sudden) phase transitions at "tipping points", multi-stability, systemic instability, deterministic chaos, and
turbulence. It then discusses phenomena in networked systems such as feedback, side and cascade effects, and the problem of radical
uncertainty. The course progresses by demonstrating the relevance of these properties for understanding societal and, at times, global-
scale problems such as traffic jams, crowd disasters, breakdowns of cooperation, crime, conflict, social unrests, political revolutions,
bubbles and crashes in financial markets, epidemic spreading, and/or "tragedies of the commons" such as environmental exploitation,
overfishing, or climate change. Based on this understanding, the course points to possible ways of mitigating techno-
socio-economic-environmental problems, and what data science may contribute to their solution.

Prerequisites /
notice

Mathematical skills can be helpful

052-0708-00L Urban Design IV W 2 credits 2V H. Klumpner, S. V. Baur
Abstract The ‘Urban Stories’ lecture series introduces a city during each lecture. The city’s urban development is described through contemporary

phenomena and is critically presented as strategies and tactics. The urban phenomenon we explore in this course show urban conditions,
models and operational modes.

Objective How can we read cities and recognize current trends and urban phenomena? The lectures series will produce a catalogue of operational
urban tools as a series of critical case studies, and as basis for future practice. Urban Stories introduces a repertoire of urban design
instruments to the students. 
This will empower them to read cities and apply these tools in the urban environment. The course will approach the topic employing
analytical cases on different scales, geographies, in diverse socio-political, ecological and economical environments. With our collection of
tools compiled in a 'toolbox' in the logic of an evolving archive, we aim to tell the fundamental story of contemporary urban development.
This specific analysis offers insight and knowledge that helps students to make informed design decisions. The tools are grouped in
thematic clusters, compared, interpreted and via interviews annotated by local experts. This approach sensibilities the students to
understand how to operate in different local but also international contexts.

Content Urban form cannot be reduced to the physical space. Cities are the result of social construction, under the influence of technologies,
ecology, culture, the impact of experts and accidents. Urban un-concluded processes respond to political interests, economic pressure,
cultural inclinations, along with the imagination of architects and urbanists and the informal powers at work in complex adaptive systems.
Current urban phenomena are the result of an urban evolution. The facts stored in urban environments include contributions from its entire
lifecycle. That is true for the physical environment, but also for non-physical aspects, the imaginary city that exists along with its potentials
and problems and with the conflicts that have evolved over time. Knowledge and understanding along with a critical observation of the
actions and policies are necessary to understand the diversity and instability present in the contemporary city and to understand how urban
form evolved to its current state. 

How did cities develop into the cities we live in now? Which urban plans, instruments, visions, political decisions, economic reasonings,
cultural inputs and social organisation have been used to operate in urban settlements in specific moments of change? We have chosen
cities that are exemplary in illustrating how these instruments have been implemented and how they have shaped urban environments. We
transcribe these instruments into urban operational tools that we have recognized and collected within existing tested cases in
contemporary cities across the globe. 

This lecture series will introduce urban knowledge and the way it has introduced urban models and operational modes within different
concrete realities, therefore shaping cities. Urban knowledge will be translated into operational tools, extracted from cities where they have
been tested and become exemplary samples, most relevant for providing a deeper insight of how urban landscape has taken shape. The
tools are assembled in thematic clusters and  scales for support comparability and cross-reflection. 

Tool case studies are compiled into a toolbox, which we use as templates to read the city and to critically reflect upon it. Furthermore, in
order to better understand the co-production of urban space and the interdependence of influencing factors, we have developed a frame of
reference in the form of the triad PEOPLE (individual and collective stakeholders, lived and percieved space), PROGRAM (simple and
complex instructions, representations and concepts of space use) and ENVIRONMENT (eco-geological, built and constructed space). This
matrix is then applied to the various case studies and its tools in favor to arrive at a trans-disciplinary and multi-perspective approach that
enables socially, ecologically and economically sustainable urban design.The presented contents are meant to serve as inspiration for
positioning in future professional life as well as to provide instruments for future design decisions.

The lecture series is as well a preparation for design studio work and can be deepened and applied in the other teaching and research
projects of the chair. 

For further information: https://klumpner.arch.ethz.ch/
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Lecture notes The learning material, available via https://moodle-app2.let.ethz.ch/ is comprised of:
- Toolbox 'Reader' with introduction to the lecture course and tool summaries
- Weekly exercise tasks
- Infographics with basic information of each city
- Quiz question for each tool
- Additional reading material
- Series of interviews with local experts of the different cities

The compiled learning material can be downloaded from the student-server.

Literature Please see 'Skript'.
Prerequisites /
notice

"Semesterkurs" (semester course) students from other departments or students taking this lecture as GESS / Studium Generale course as
well as exchange students must submit a research paper, which will be subject to the performance assessment: "Bestanden" (pass) or
"Nicht bestanden" (failed) as the performance assessment type, for "Urban Design I: Urban Stories" taken as a semester course, is
categorized as "unbenotete Semesterleistung" (ungraded semester performance).

851-0586-02L The Spectacles of Measurement W  3 credits 2V U. Brandes
Abstract If you can't measure it, you can't manage it. Explorations into mathematical foundations and societal implications of measuring humans,

processes, and things in an increasingly datafied world.
Objective Students have a basic understanding of what makes a property quantifiable. They know the difference between operational and

representational measurement, and the consequences this has for both, the collection of data and its use in decision making and control.
With a critical attitude toward datafication, contextual differences are appreciated across domains such as science and engineering, health
and sports, or governance and policy making.

Content Measurement Theory
- representations, scales
- meaningfulness
- direct vs. indirect, conjoint measurement

Measurement Practice
- units and standards
- sensors and intruments
- items and questionnaires

Measurement Politics
- administration and control, adaptation
- digitization, e-democracy, privacy

Lecture notes Slides made available in a course moodle.
Prerequisites /
notice

Students pair up in teams to write an essay on a measurement problem they care about (such as one pertinent to their discipline or
research).

860-0017-00L Science Communication
Number of participants limited to 10. 

STP Students have priority.


W 6 credits 3G A. Wenger, M. Dunn Cavelty,
C. Elhardt

Abstract Successful dissemination of scientific results to policy-makers and the wider public is an essential skill at the intersection of science,
technology and policy making. This course looks at the expectations and needs of different target groups and teaches “best practices” for
different modes of communication via a variety of exercises.

Objective The aim of this course is to learn about science communication in theory and learn how to apply this knowledge in practice through
different formats and media, aimed at different audiences.

Content In this course, we will analyze the particular prerequisites for the successful dissemination of scientific results to policy-makers and the
wider public. To get a better understanding of the expectations and needs of different target groups we will look at different formats and will
also invite guest speakers from science communication jobs to share their experiences and discuss common problems. The final part of
this course consists of practical applications and exercises. Proceeding in a 'draft/revise/submit'-manner, students will have to present a
scientific project (possibly linked to a case study) in different formats (e.g. newspaper contribution and policy brief). Faculty will supervise
the writing process and provide reviews and comments on drafts.

Lecture notes Papers are made available for the participants of this course through Moodle. The book used for the 2nd part of the course "Escape from
the Ivory Tower" can be bought from the instructors

Literature Papers are made available for the participants of this course through Moodle. The book used for the 2nd part of the course "Escape from
the Ivory Tower" can be bought from the instructors

Prerequisites /
notice

The total number of students is 10. MSc students, PhD students and postdocs with a science and technology background have priority;
weekly meetings of minimum 2, maximum 3 hours during FS (Spring Semester) 2017, 6 ETCS (approx. 39 contact hours + 141 hours for
preparations and exercises); grading based on the exercises and final products (policy briefs, op eds) on a 1-6 point scale

860-0001-01L Public Institutions and Policy-Making Processes;
Research Paper
Only for MSc Science, Technology, and Policy.

Prerequisite: you have to be enrolled in 860-0001-00L
during the same semester.

W 3 credits 3A T. Bernauer, S. Bechtold,
F. Schimmelfennig

Abstract This is an add-on module to the course: 860-0001-00L. It focuses on students writing an essay on an issue covered by the main course
860-0001-00L.

Objective Students learn how to write an essay on a policy issue they select.
Content Public policies result from decision-making processes that take place within formal institutions of the state (parliament, government, public

administration, courts). That is, policies are shaped by the characteristics of decision-making processes and the characteristics of public
institutions and related actors (e.g. interest groups). In this course, students acquire the contextual knowledge for analyzing public policies -
hence this course is complementary to the ISTP course on concepts and methods of policy analysis. Students learn why and how public
policies and laws are developed, designed, and implemented at national and international levels. The course is organized in three modules.
The first module (taught by Stefan Bechtold) examines basic concepts and the role of law, law-making, and law enforcement in modern
societies. The second module (taught by Thomas Bernauer) deals with the functioning of legislatures, governments, and interest groups.
The third module (taught by Frank Schimmelfennig) focuses on the European Union and international organizations.

Lecture notes See 860-0001-00L
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Literature Baylis, John, Steve Smith, and Patricia Owens (2014): The Globalization of World Politics. An Introduction to International Relations.
Oxford: Oxford University Press.

Bernauer, T., Jahn, D., Kuhn, P., Walter, S. (2009, 2012): Einführung in die Politikwissenschaft (Introduction to Political Science). Baden-
Baden: Nomos / UTB.

Caramani, Daniele (ed.) (2014): Comparative Politics. Oxford: Oxford University Press. 

Gilardi, Fabrizio (2012): Transnational Diffusion: Norms, Ideas, and Policies, in Carlsnaes, Walter, Thomas Risse and Beth Simmons,
Handbook of International Relations, 2nd Edition, London: Sage, pp. 453-477.

Hage, Jaap and Bram Akkermans (eds.) (2nd edition 2017): Introduction to Law, Heidelberg: Springer, available as an ebook at ETH
library.

Jolls, Christine (2013): Product Warnings, Debiasing, and Free Speech: The Case of Tobacco Regulation, Journal of Institutional and
Theoretical Economics 169: 53-78.

Lelieveldt, Herman and Sebastiaan Princen (2011): The Politics of European Union. Cambridge: Cambridge University Press.

Lessig, Lawrence (2006): Code and Other Laws of Cyberspace, Version 2.0, New York: Basic Books. Available at
http://codev2.cc/download+remix/Lessig-Codev2.pdf.

Schimmelfennig, Frank and Ulrich Sedelmeier (2004): Governance by Conditionality: EU Rule Transfer to the Candidate Countries of
Central and Eastern Europe, in: Journal of European Public Policy 11(4): 669-687.

Shipan, Charles V. and Craig Volden (2012): Policy Diffusion: Seven Lessons for Scholars and Practitioners. Public Administration Review
72(6): 788-796. 

Sunstein, Cass R. (2014): The Limits of Quantification, California Law Review 102: 1369-1422.

Thaler, Richard H. and Cass R. Sunstein (2003): Libertarian Paternalism. American Economic Review: Papers & Proceedings 93: 175-179.

Prerequisites /
notice

Access only for ISTP MSc students also enrolled in 860-0001-00L

 Internship (ONLY for Regulations 2015)
Number Title Type ECTS Hours Lecturers

860-0800-00L Internship
Only for Science, Technology, and Policy MSc.

W  0 credits external organisers

Abstract We advice the students complete an internship. It is optional and not required for the master's degree.
Objective The aim of the internship is to bring the future working environment closer and to give them a chance to work on projects in which the

institute is involved. More details can be found in Art. 33.
Content Dem Praktikum werden keine KP zugeordnet.


Das Praktikum wird auf Antrag der Studierenden im Zeugnis aufgeführt, wenn alle der folgenden Bestimmungen erfüllt sind:
a. Das Praktikum dauert mindestens acht Wochen und kann in einem Industrie- Unternehmen, bei einer nationalen oder internationalen
Organisation oder bei der öffentlichen Hand im Inland oder Ausland absolviert werden.
b. Das Praktikum muss während der ETH-Studienzeit absolviert werden.
c. Das Praktikum darf nicht bereits für einen Studienabschluss angerechnet worden sein.
d. Der Nachweis über das Praktikum erfolgt über eine schriftliche Bestätigung des Unternehmens oder der Institution, in welcher das
Praktikum absolviert worden ist (Praktikumsbestätigung).
e. Die Praktikumsbestätigung ist möglichst frühzeitig, spätestens aber beim Diplomantrag, der/dem Studiendelegierten vorzulegen. Er/sie
entscheidet über die  Anerkennung  des  Praktikums  (ein  anerkanntes  Praktikum  wird  mit
"bestanden" bewertet). Es können nur anerkannte Praktika auf dem Zeugnis aufgeführt werden.

Prerequisites /
notice

If during the MSc an optional internship is completed, the student is granted to prolong their study duration for maximum one semester. The
extension doesn't happen automatically and is soely looked upon when handing in a application on time, at the vice principal office.  

 Internship (ONLY for Regulations 2019)
Only for regulations 2019. The performance counts as electives.

Number Title Type ECTS Hours Lecturers

860-0600-00L Internship - Short
Only for Science, Technology, and Policy MSc,
Programme regulations 2019.

W  6 credits external organisers

Abstract We advice the students complete an internship. It is optional and not required for the master's degree.


Objective The aim of the internship is to bring the future working environment closer and to give them a chance to work on projects in which the
institute is involved. 

860-0700-00L Internship - Long
Only for Science, Technology, and Policy MSc,
Programme regulations 2019.

W  12 credits external organisers

Abstract We advice the students complete an internship. It is optional and not required for the master's degree.
Objective The aim of the internship is to bring the future working environment closer and to give them a chance to work on projects in which the

institute is involved. 

 Master's Thesis
Number Title Type ECTS Hours Lecturers

860-0900-00L Master's Thesis
Only students who fulfill the following criteria are allowed
to begin with their master thesis:
a. successful completion of the bachelor programme; 
b. fulfilling of any additional requirements necessary to
gain admission to the master programme.

O  30 credits 64D Professors
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Abstract The thesis should demonstrate the students ability to conduct independent research on the basis of the theoreticel and methodological
knowledge acquired during the MSc program. 

Objective The thesis should demonstrate the students ability to conduct independent research on the basis of the theoreticel and methodological
knowledge acquired during the MSc program. 

Science, Technology, and Policy Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Sport Teaching Diploma
Detailed information on the programme at:  www.didaktischeausbildung.ethz.ch

 Educational Science
Course offerings in the category Educational Science are listed under "Programme: Educational Science for Teaching Diploma and TC".

Number Title Type ECTS Hours Lecturers

851-0238-02L Support and Diagnosis of Skills Acquisition
Processes in Physical Education (EW3 Sport)
Enrolment only possible with matriculation in Teaching
Diploma Sport.

Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".

O  4 credits 2S H. Gubelmann

Abstract In this seminar students learn advanced techniques to support and to diagnose motor skill acquisition processes in physical education
(sport). Students will also be introduced practically to specific psychomotor techniques and self-regulation strategies.

Objective The students have a deep understanding about the psychological aspects of motor skill acquisition and know how to support and to
diagnose motor learning processes in physical education classes. 
They know how to transform evidence-based knowledge on motor learning into physical education by using appropriate teaching methods.

851-0240-20L The Concept of "Flow" and Its Significance for
Physical Education in Schools
Number of participants limited to 20

Enrolment only possible with matriculation in Teaching
Diploma Sport.

W  2 credits 1S H. Gubelmann

Abstract The flow concept (Csikszentmihalyi 1975) offers an interesting framework model for motivating, expermental and productive classes in
physical education. During the course, selected aspects (including flow experiences, motivation, attention control, feedback) are discussed
and transformed into a self-conducted “flow-experience-projekt” closely linked to the students indivdual learning background

Objective Participants gain in-depth insight into the flow concept and other constructs related to the theory of motivation (self-determination theory
according to Deci & Ryan, achievement motivation, etc.) that are also significant in terms of differential psychology (self-efficacy, attribution,
etc.). In line with current experimental research in sport (deliberate practice vs. deliberate play, intuitive vs. deliberate decisions, etc.),
students develop practical examples for specific exercises in physical education at school.

851-0242-02L Outdoor Education: Concepts and Practice (EW4
Sport)
Enrolment only possible with matriculation in Teaching
Diploma Sport.

Prerequisites: Designing Educational Environments in
Physical Education (EW2 Sport) (851-0240-15L).

O  3 credits 3S H. Gubelmann, R. Scharpf

Abstract In this course we introduce and discuss concepts of leadership in outdoor education and put them into practice in various outdoor situations
and events.

Objective Students
Know basic strategies of class management in outdoor situations
Know concepts and ideas of outdoor education
Know how to plan, organize and arrange outdoor projects

Content Major themes
Important concepts for outdoor education in school
Different strategies in leadership
Conflict and risk management
Development and presentation of own outdoor projects

The outdoor weekend is the core part of this course. Various meetings prior to the weekend and one closing session with presentations are
being held.

Lecture notes no script
Literature Various important papers are provided
Prerequisites /
notice

Visit of EW1 and EW2 beforehand are recommended, but not compulsory

For food and material a contribution will be charged. The amount depends on the planning work of the students

851-0242-08L Research Methods in Educational Science
Number of participants limited to 30.

This course unit can only be enroled after successful
participation in, or imultaneous enrolment in the course
851-0240-00L "Human Learning (EW 1)" .

W  1 credit 1S P. Edelsbrunner, T. Braas,
C. M. Thurn

Abstract Literature from learning sciences will be read and discussed. Research methods will be in focus.
At the first meeting all participants will be allocated to working groups and two further meetings will be set up with the groups.
In the small groups students will write critical short essays about the read literature. The essays will be presented and discussed in the
plenum at the third meeting.

Objective - Understand research methods used in the empirical educational sciences
- Understand and critically examine information from scientific journals and media
- Understand pedagogically relevant findings from the empirical educational sciences

see Educational Science Teaching Diploma

 Subject Didactics in Sport
Important: You can only enrole in the courses of this category if you have not more than 12 CP left for possible additional requirements.

Number Title Type ECTS Hours Lecturers

557-0316-00L Sport Didactics II
Only for Sport Teaching Diploma students.

O  4 credits 2G O. Graf, R. Scharpf

Abstract Continuation of Subject Didactics I, with the focus on the teacher/pupil relationship. 
Planning, implementation and evaluation of topics from all sports-specific areas of tuition at secondary school Level II.
Preparation of project work, spanning different types of sport and different subjects
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Objective The students: 
- take a more in-depth look in practical and theoretical terms at the questions that arise in the teacher/pupil relationship.
- know how to deal with disciplinary problems and special cases.
- can competently direct sports games.
- can react to the heterogeneity of the class structure in a differentiated manner. They gain an overview of the preparation that is necessary
for the different requirements placed on a sports teacher at secondary school Level II, especially in respect of cohesive tuition.
- try out different teaching structures.
- obtain an overview of the possibilities for implementing their mentored work.
-know how to use IT to support learning processes
-are competent referees in important sports games
- can deliver competent information in an oral/practical examination on the link between theory and practice.

Content -Practical application of theoretical concepts.
-Project management in schools.
-Preparation of lessons and longer units.
-Gaining experience in different teaching structures.

Lecture notes Skript unter: https://moodle-app2.let.ethz.ch/course/view.php?id=117>
Literature Kernlehrmittel Jugend und Sport

Lehrmittel Sporterziehung, ESK 1997/98

557-0203-01L Mentored Work Subject Didactics Sport O 4 credits 9A Supervisors
Abstract     In their mentored work on subject didactics, students put into practice the contents of the subject-didactics lectures and go into these in

greater depth. Under supervision, they compile tuition materials that are conducive to learning and/or analyse and reflect on certain topics
from a subject-based and pedagogical angle.

Objective     planning and organization of a longer period of instruction in school.
Content connection of educational goals and instruction
Lecture notes siehe moodle 00 - Lehrdiplom Sport

https://moodle-app2.let.ethz.ch/auth/shibboleth/login.php
Literature     Bucher et al, Sporterziehung. Bände 1-6. Bern 1997

Disler P. Dida-Methodische Modelle in der Ausbildung, Dissertation in 2004, 152
Hotz A.& P. Disler, Schneesport Schweiz – Zur Konzeption eines neuen Kern-Lern-Lehrmittels, in: Illi & Phüse (Hrsg.) Bewegung ist Leben,
Hofmann Verlag Schorndorf 1997,157-166
Hotz A., Qualitatives Bewegungslernen. Sportpädagogische Perspektiven einer kognitiv akzentuierten Bewegungslehre in
Schlüsselbegriffen, Zumikon SVSS Verlag 1996;1998/2
Kurz D. Sport mehrperspektivisch unterrichten – warum und wie? In: Zieschang K. Buchmeier, W.: Sport zwischen Tradition und Zukunft.
Schorndorf 1992 (1977)
Loosch E., Allgemeine Bewegungslehre, Limpert Verlag Wiebelsheim 1999
Roth K. & K. Willemczik, Bewegungswissenschaft, Rowohlt Verlag Reinbek 1999
Röthig P. Sportwissenschaftliches Lexikon, Schorndorf Verlag 2003
Röthig P.& s. Grössing (Hrsg.) Bewegungslehre, Kursbuch 3, Wiesbaden 1990/3

Prerequisites /
notice

abgeschlossene Fachdidaktik I

 Professional Training in Sport
Important: You can only enrole in the courses of this category if you have not more than 12 CP left for possible additional requirements.

Number Title Type ECTS Hours Lecturers

557-0208-00L Teaching Internship Sport
Only for Sport Teaching Diploma students.

O  8 credits 17P O. Graf, R. Scharpf

Abstract The teaching practice takes in 50 sessions. The teaching practice lasts 4-6 weeks. It gives students the opportunity to implement the
contents of their specialist-subject, educational science and subject-didactics training in the classroom. Students also conduct work
assignments in parallel to their teaching practice.

Objective Students use their disciplinary skills and educational knowledge for teaching.
They know how to judge topics of their subject and can present them in class.
Teaching and classroom management in practice is the main target of this course; students have to find a balance between instruction and
self-determined activity of their pupils. 
Together with their supervisors they learn to assess their tasks and achievements.

Content Students apply their theoretical background in practice. By teaching sports lessons  they improve their teaching skills and classroom
management and  learn how to interact with pupils. Together with their supervisor they develop an  ability of critical reflection of their tasks.

Lecture notes Siehe www.ibws.ethz.ch
Literature Bucher et al, Sporterziehung. Bände 1-6. Bern 1997

Disler P. Dida-Methodische Modelle in der Ausbildung, Dissertation in 2004, 152
Hotz A.& P. Disler, Schneesport Schweiz  Zur Konzeption eines neuen Kern-Lern-Lehrmittels, in: Illi & Phüse  (Hrsg.) Bewegung ist Leben,
Hofmann Verlag Schorndorf 1997,157-166
Hotz A., Qualitatives Bewegungslernen. Sportpädagogische Perspektiven einer kognitiv akzentuierten Bewegungslehre in
Schlüsselbegriffen, Zumikon SVSS Verlag 1996;1998/2
Kurz D. Sport mehrperspektivisch unterrichten  warum und wie? In: Zieschang K. Buchmeier, W.: Sport zwischen Tradition und Zukunft.
Schorndorf 1992 (1977)
Loosch E., Allgemeine Bewegungslehre, Limpert Verlag Wiebelsheim 1999
Roth K. & K. Willemczik, Bewegungswissenschaft, Rowohlt Verlag Reinbek 1999
Röthig P. Sportwissenschaftliches Lexikon, Schorndorf Verlag 2003
Röthig P.& s. Grössing (Hrsg.) Bewegungslehre, Kursbuch 3, Wiesbaden 1990/3

Prerequisites /
notice

Besonderes Zu allen Kapiteln des Moduls wird Begleitmaterial abgegeben, das Teil des Prüfungsstoffes ist. Siehe dazu
http://www.ibws.ethz.ch/education/intranetbscw

Voraussetzung für das Unterrichtspraktikum ist ein abgeschlossenes Einführungspraktikum und die Fachdidaktik I.

557-0220-00L Partial Teaching Internship Sport
Only for Sport Teaching Diploma.

O  5 credits 11P O. Graf, R. Scharpf

Abstract The teaching practice takes in 30 Sessions. It lasts 4-6 weeks. It gives students the opportunity to implement the contents of their
specialist-subject, educational science and subject-didactics training in the classroom. Students also conduct work assignments in parallel
to their teaching practice.
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Objective Students use their disciplinary skills and educational knowledge for teaching.
They know how to judge topics of their subject and can present them in class.
Teaching and classroom management in practice is the main target of this course; students have to find a balance between instruction and
self-determined activity of their pupils. 
Together with their supervisors they learn to assess their tasks and achievements.

Content Students apply their theoretical background in practice. By teaching sports lessons they improve their teaching skills and classroom
management and learn how to interact with pupils. Together with their supervisor they develop an ability of critical reflection of their tasks.

Prerequisites /
notice

Dieses Praktikum kann nur zusammen mit dem Modul ‚Lehr- und Lernort Berufsfachschule 1‘ (ETH: 851-0237-01/ UZH: 090LLB1S) im
Rahmend der berufspädagogischen Zusatzausbildung der Universität Zürich absolviert werden. Studierende, die nur eine Lehrbefähigung
für die Mittelschule anstreben, belegen das Unterrichtspraktikum Sport (557-0208-00L). 

Voraussetzung für dieses Praktikum ist ein abgeschlossenes Einführungspraktikum und die Fachdidaktik I.

557-0211-01L Examination Lesson I Sport
Only for Sport Teaching Diploma students.

Simultaneous enrolment in "Examination Lesson II Sport"
(557-0211-02L) is compulsory.

O  1 credit 2P O. Graf, R. Scharpf

Abstract In the context of an examination lesson conducted and graded at a high school, the candidates provide evidence of the subject-
matter-based and didactic skills they have acquired in the course of their training.

Objective On the basis of a specified topic, the candidate shows that they are in a position
- to develop and conduct teaching that is conducive to learning at high school level, substantiating it in terms of the subject-matter and from
the didactic angle 
- to analyze the tuition they have given with regard to its strengths and weaknesses, and outline improvements.

Content Die Studierenden erfahren das Lektionsthema in der Regel eine Woche vor dem Prüfungstermin. Von der zuständigen Lehrperson erhalten
sie Informationen über den Wissensstand der zu unterrichtenden Klasse und können sie vor dem Prüfungstermin besuchen.
Sie erstellen eine Vorbereitung gemäss Anleitung und reichen sie bis am Vortag um 12 Uhr den beiden Prüfungsexperten ein.
Die gehaltene Lektion wird kriteriumsbasiert beurteilt. Die Beurteilung umfasst auch die schriftliche Vorbereitung und eine mündliche
Reflexion des Kandidaten/ der Kandidatin über die gehaltene Lektion im Rahmen eines kurzen Kolloquiums.

Lecture notes Dokument: Schriftliche Vorbereitung für Prüfungslektionen.
Prerequisites /
notice

Nach Abschluss der übrigen Ausbildung.

557-0211-02L Examination Lesson II Sport
Only for Sport Teaching Diploma students.

Simultaneous enrolment in "Examination Lesson I Sport"
(557-0211-01L) is compulsory.

O  1 credit 2P R. Scharpf, O. Graf

Abstract In the context of an examination lesson conducted and graded at a high school, the candidates provide evidence of the subject-
matter-based and didactic skills they have acquired in the course of their training.

Objective On the basis of a specified topic, the candidate shows that they are in a position
- to develop and conduct teaching that is conducive to learning at high school level, substantiating it in terms of the subject-matter and from
the didactic angle 
- to analyze the tuition they have given with regard to its strengths and weaknesses, and outline improvements.

Content Die Studierenden erfahren das Lektionsthema in der Regel eine Woche vor dem Prüfungstermin. Von der zuständigen Lehrperson erhalten
sie Informationen über den Wissensstand der zu unterrichtenden Klasse und können sie vor dem Prüfungstermin besuchen.
Sie erstellen eine Vorbereitung gemäss Anleitung und reichen sie bis am Vortag um 12 Uhr den beiden Prüfungsexperten ein.
Die gehaltene Lektion wird kriteriumsbasiert beurteilt. Die Beurteilung umfasst auch die schriftliche Vorbereitung und eine mündliche
Reflexion des Kandidaten/ der Kandidatin über die gehaltene Lektion im Rahmen eines kurzen Kolloquiums.

Lecture notes Dokument: Schriftliche Vorbereitung für Prüfungslektionen.
Prerequisites /
notice

Nach Abschluss der übrigen Ausbildung.

 Spec. Courses in Resp. Subj. w/ Educ. Focus & Further Subj. Didactics
 Specialized Courses in Respective Subject with Educational Focus I

At least 6 CP's  must be obtained in this category.

Number Title Type ECTS Hours Lecturers

557-0205-00L Mentored Work Specialised Courses in the Respective
Subject with an Educational Focus Sport A
Only for Sport Teaching Diploma students.

Mentored Work Specialised Courses in the Respective
Subject with an Educational Focus in Sport for Teaching
Diploma.

O  2 credits 6A Supervisors

Abstract Pedagogical application of research projects for schools
Introduction of sports pedagogical oriented  research projects. Competency to a youth friendly movement and sports education. Competent
'pedagogical application' of research projects in the field of movement and sport. Feed in of scientific findings to school lesson settings.

Objective The students combine and apply general educational aims with a general and specific background of research projects. 
They know different educational concepts of the above mentioned, recognise its strengths and weaknesses and are able to apply concepts
appropriate to the situation.
They are interested in the (thought-) processes of education and research in sports in Switzerland.
They use their knowledge of research matters to guide educational thought-processes.
They are interested in processes of research in sports.
They approach the research interest of their pupils with the knowledge of sports psychology, sports sociology, sports pedagogy, and sports
history.

Content Die Studierenden wenden die Bewegungs- und Lernziele des Sportunterrichts aus den kantonalen Lehrplänen im Unterricht an und können
diese begründen.
Sie interessieren sich für die Prozesse der Forschung Im Sport 
Sie erlernen anhand von Projektaufgaben die didaktische Anwendung der Sportpsychologie, Sportsoziologie, Sportpädagogik
oderSportgeschichte und ziehen daraus Konsequenzen für den situativ-variabel orientierten Unterricht.
Sie setzen ihr Wissenschaftswissen ein, um bei den Lernenden Denkprozessen anzustoßen und zu begleiten.

Lecture notes Skript unter: https://moodle-app2.let.ethz.ch/course/view.php?id=117>
Literature Literatur    Literaturverweise erfolgen jeweils in den gewählten Fachbereichen
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Prerequisites /
notice

Auswahl von 2 aus 4 Angeboten: 
a) Motor-Learning im Sport (Fachbereich Sportpsychologie)
- Vorlesung 
- Praktische Umsetzung von Forschungsprojekten für die Schule
b) Sport im Spannungsfeld zwischen Ethik und Kommerz  (Fachbereich Sportsoziologie)
- Vorlesung 
- Praktische Umsetzung von Forschungsprojekten für die Schule
c) Mehrperspektivität im Sportunterricht (Fachbereich Sportpädagogik)
- Vorlesung 
- Praktische Umsetzung von Forschungsprojekten für die Schule
d) Historische Entwicklung der Lehr und Lernmodell im Sportunterricht (Fachbereich Sportgeschichte)
- Vorlesung 
- Praktische Umsetzung von Forschungsprojekten für die Schule
 Alle Wahlfachangebote beinhalten:
- Sportwissenschaftliche Fachpraxis  
- Praktische Umsetzung der Erkenntnisse für die Schule

 Specialized Courses in Respective Subject with Educational Focus II
At least 6 CP's  must be obtained in this category.
Further courses must be chosen from the "Sport Practical: Major Education".  

Number Title Type ECTS Hours Lecturers

557-0206-00L Mentored Work Specialised Courses in the Respective
Subject with an Educational Focus Sport B
Only for Sport Teaching Diploma students.

Prerequisite: Sport Didactics I

O  2 credits 4A Supervisors

Abstract Refurbishment of research projects dealing with motor competencies in sport and professional scientific content related to this area.
Competent "didactical implementation" of research content. The Fachwissenschaftliche Vertiefung II orientates itself to the guiding
principles of cognitive, conditional and coordination aspects of movement.

Objective connetion of sport and human movement science and educational instruction.
Content scientificic analysis of sports disciplines in order to improve instruction
Lecture notes Skript unter: https://moodle-app2.let.ethz.ch/course/view.php?id=117>
Literature see specific subjects
Prerequisites /
notice

Mentorated paper in selected sports disciplines.

see Sport Teaching Diploma, Sport Practical: Major
Education

 Compulsory Elective Courses
At least 6 CP's  must be acquired in this category.
Further courses must be chosen from the "Sport Practical: Major Education and Specialized Education".

see Sport Teaching Diploma, Sport Practical: Major
Education

 Sport Practical
The Teaching Diploma in Sport will only be granted to students holding a Master, Diploma or Licentiate degree in Sport. Additionally, a Sport Practical
encompassing 50 CP's is required. The Sport Practical can be partly conducted during the Bachelor and Master programmes in Sport.

 Assessments
Number Title Type ECTS Hours Lecturers

557-0104-00L Assessment III Playing
Only for Health Sciences and Technology students.

O  2 credits 2G O. Buholzer, M. Attinger, B. Bötschi,
P. Lüscher Luchsinger,
H. A. Russheim

Abstract The assessment prepares the conditions for the technical skills of team sports (volleyball, floor hockey, soccer, handball, basketball,
badminton).
The training philosophy is based on the respective affinities of movement.
The core movements are practiced as a skill course, and completed the playing ability is trained in the group and checked.

Objective The assessment helps to provide and review of core movements (skills) and individual tactics of playing sports (volleyball, floor hockey,
soccer, handball, basketball, badminton).
The students receive instructions through the training opportunities. The individual training enables them to pass the certificate
examination.

Content 1. To move ALONE with the ball (soccer dribbling / ball control, handball dribbling / ball control, Basketballdribbling / ball control, floor
hockeydribbling / ball control, volley ball juggling)

2. To move ALONE with the ball (soccer shot, Handball shot, basketball layup, hockey goal, passing Upper, Manchette

3. To move together (in pairs) with the ball (Soccer: passing ball, ball assume (passing techniques)
Handball: Catch-bobbling (passing techniques)
Basketball: Catch-bobbling (passing techniques)
Floorball: Accept-bobbling (passing techniques)
Volleyball: reception and setting (passing techniques)

4. Playing in the group

Lecture notes The exercises are described and explained.
The exercises will be documented as a video clip.
competence profil

Prerequisites /
notice

Students get practical skills for the technical core movements (rough shape) of each Playing sports with as a prerequisite.

 Basic Education
Number Title Type ECTS Hours Lecturers
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557-0424-01L Fitness I
Only for Health Sciences and Technology students.

Prerequisites: Assessment II (BSc HST). 
Compulsory for students of Teaching Diploma Sport on in
the new Programme Regulations.

W  2 credits 2G M. Perk, A. Sonderegger

Abstract Basic education in fitness: to acquire abilities and skills in the areas of strength, endurance, mobility, aerobics and prophylaxis
Objective To gain knowledge of practical basics in the area of fitness

To obtain abilities and skills in the area of fitness such as strength, endurance, flexibility, aerobic dance, prevention
Content - Prophylaktisches Fitnesstraining: Musikkondi

- Fitnesstest in Kraft und Ausdauer
- Grundlagen Krafttraining
- Haltung und Beweglichkeit
- Fitnesstrends (Crossfit, TRX)
- Anwendungen für die Schule

Lecture notes Skript wird im Unterricht abgegeben
Literature - Taschenatlas der Anatomie, Bewegungsapparat, W.Platzer, Thieme Verlag

- Optimales Training, J.Weineck, Erlangen, Spitta Verlag
- Sportbiologie, J.Weineck, Erlangen, Perimed Verlag
- Sportanatomie, J.Weineck, Erlangen, Perimed Verlag
- ASVZ Trainingslehre, erhältlich in Polybuchhandlung ETH

Prerequisites /
notice

Testatbedingungen/Lernkontrollen:
Anwesenheit nach ETH Regelung
Individuelle Fertigkeitsschulung 

Prüfungsanforderungen:
Praxis: Konditionstraining und Kraftraum
Theorie: Schriftliche Prüfung

557-0432-01L Acrobatics I
Prerequisites: Assessment I (BSc HST). 
Compulsory for students of Teaching Diploma Sport on in
the new Programme Regulations.

W  2 credits 2G B. Mattli Baur, M.-M. Jäggi

Abstract To get to know and understand the basics of movement (core movements) and its respective actions and functions on the floor, in
acrobatics and partner acrobatics as well as in Parkour and Freerunning to create individual and cooperative combinations according to
qualitative criteria.

Objective The students should be able to:
- acquire and consolidate core movements as well as to apply and create such combinations
- utilize their own strength as well as the resulting impact in a differentiate way in order to precisely and economically move the swinging,
flying, falling and twisting body
- gain orientation safety and room orientation while twisting and flying
- gain sensitivity for social competences (e.g. to assist, to observe, to advise) within a small group.

Content - Parkour
- Freerunning
- acrobatic cooperation in a threesome on a course of apparatuses
- skills of partner acrobatics
- core movements and combinations on the floor, the airtrack and the wall
- vault springs and touching down springs (stuetz springs) to overcome obstacles
- methodical didactical inputs

557-0444-01L Athletics I
Prerequisites: Assessment II (BSc HST). 
Compulsory for students of Teaching Diploma Sport on in
the new Programme Regulations.

W  2 credits 2G C. Brozzo

Abstract Basic education in light athletics covers the following skills: running (track), throwing and jumping . Training progresses from the very
basics to the uppermost  level. The disciplines hurdles, high jump, long jump as well as shot put, slingball and javelin are covered
intensively.

Objective Basics of track and field
Improving the personal performance
Understanding the relation between technique and condition

557-0454-01L Swimming I
Prerequisites: Assessment II BSc HST
Compulsory for students of Teaching Diploma Sport on in
the new Programme Regulations. 

W  2 credits 2G M. Perk

Abstract Basic education in swimming: swimming, diving, water polo and artistic swimming
Objective All kind of swimming:

-  learns to know and understand the individual basic techniques
- improvement of technical skills and crafts

Content - Schwimmen: Erwerben und festigen der Schwimmtechniken Rücken, Brust und Kraul sowie Grundform Delfin. Erwerben und Festigen
Start und Wenden Kraul und Brust.
- Wasserspringen: Erwerben und festigen Grundtechniken Eintauchen und Abspringen aus verschiedenen Ausgangspositionen und
Absprunghöhen. Einzelne Kernsprünge.
- Wasserball: Erwerben und festigen Dribbeln, Wassertreten, Ballaufnahme und Werfen. Spielformen Wasserball.
- Artistic Swimming: Erwerben und festigen Wassertreten, Paddeln, einzelne Grundfiguren.

Lecture notes Wird abgegeben
Literature - Bissig M., u.a. (2004), Schwimmwelt, Bern: Schulverlag (ISBN: 3-292-00337-7)

- Swimsports.ch: Schweizerische Tests im Schwimmsport
Prerequisites /
notice

Assessment II BSc HST erfolgreich abgeschlossen.

557-0542-01L Volleyball I
Prerequisites: Assessment III (BSc HST). 
Compulsory for students of Teaching Diploma Sport on in
the new Programme Regulations.

W  2 credits 2G M. Attinger

Abstract Acquire technical and tactical abilities in the game of volleyball
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Objective - Experience and use of various aspects of volleyball as a teamplayer
Content - Techniques and tactics of indoor-volleyball (2:2 to 6:6)

- Beachvolleyball
- Various forms of warmups and tournement setups

Lecture notes Published during the semester on "moodle"
Literature "Volleyball spielen", Foerster (BASPO), 2016

"Volleyball verstehen", Schnyder-Benoit (BASPO), 2016
"Kids Volley", Monnet et al (BASPO), 2016
"Volleyball Grundlagen" Papageorgiou/Spitzley 2005
"So wurden wir Weltklasse", Übungssammlung Beachvolleyball, Stefan Kobel

557-0604-01L Summer Sports
Prerequisites:  Assessment I (BSc HST). 
Compulsory for students of Teaching Diploma Sport on in
the new Programme Regulations.

W  2 credits 2G P. Disler, R. Volken

Abstract Try out and experiences biking or climbing techniques.
Application of movement doctrine areas in sport.

Objective The students:
-experience and try out the techniques of biking and climbing
-apply subjects of motor learning to the sports practice.

Content Biken: Alle  biketechnischen Inhalte und Fähigkeiten im Uphill- und Downhillbereich.
Klettern: Klettertechnik angewandt im Klettergarten oder in der Halle.

Lecture notes Siehe VL
Literature Siehe VL

 Major Education
Number Title Type ECTS Hours Lecturers

557-0416-00L Dance II
Does not take place this semester.
Prerequisites: successful completion of Basic Education.

W  2 credits 2G

Abstract To experience dance as a subject in school in a condensed way and to recognize the social components of this field of activity; to create
identity, to live emotions - with respect!
Versatile, practice-oriented teaching of dance, which promotes didactic-methodical, technical and artistic skills. Improvement, deepening
and expansion of dancing skills included.

Objective • Motoric improvement, deepening and extension of dancing skills in different dance styles
• Gain confidence in teaching competence: Students reflect, among other things, on the importance of the learning levels (acquiring,
applying, designing E-A-G) and acquire practical measures for teaching. They are able to use optional content from current teaching
materials in practice and, depending on their level of proficiency, to apply it in a way that makes it both more difficult and easier. This allows
the prospective teachers to determine and apply a meaningful choice of content from the field of "Presenting and Dancing" in accordance
with the situational and personal requirements of a class. Since it is a challenge for teachers of our time to deal with heterogeneous
classes, the ability to react flexibly without losing the planned line is very valuable and in demand (theory-practice transfer in the area of
"performing and dancing").
• Choreography - to analyze this topic in more detail and get to know, develop and implement design and practical possibilities. In this way
the ability to interpret and express and creativity can be promoted. 
• Be able to classify and apply learning aids
• Observe - Assess - Advise (teaching-learning dialogue): Being able to give, receive and use feedback. Develop methods to consciously
integrate empathy into the classroom
• Use media (video, music) in a meaningful way and be able to work with them: Knowledge of didactic considerations in physical education,
on the one hand, in the selection and use of music, and on the other hand, in film and video work.

Content • During the semester, various technical, dance style-specific and creative inputs are worked on, deepened, trained, applied and further
developed (dance mix, house, hip hop, Latin, jazz dance, lyrical dance, dance theatre, body percussion, couple dance)
• Implementation of a music analysis in a group design (parameter: time-space-force): In a team, create a choreography corresponding to
the group and its members, which promotes didactic, methodological, artistic and technical skills (practical)
• Rhythmization examples for lesson planning in the field of dance: What possibilities do I have as a teacher to teach dancing to girls and
boys in such a way that the intensity, concentration and motivation can be kept high? 
• Basics of music editing and creation of dance recordings
• Plan and reflect on concrete exercises and their efficiency 
• Dealing with forms of learning and organisation: exercises, pictures, literature, variations, differentiation...
• Coaching in creative assignments and process-oriented work using the example of problem-based learning (self-organised learning): The
student chooses the level of difficulty of a task himself, so that an increase in learning is possible for each individual and can be easily
carried out in the time available.

Literature • Dance teaching aids www.dance360-school.ch(author Cécile Kramer/ König)
• Mobilesport.ch
• Worksheets and documents of the lecturers
• own processing from internet and books, teaching literature

557-0446-02L Athletics II
Prerequisites: successful completion of Basic Education.

W  2 credits 2G M. Zürcher

Abstract New, technically- demanding disciplines are  presented methodically. Skills which are already familiar, will be promoted according to
performance. In the practical instruction, the relationship between condition and technique is noted and demonstrated.

Objective Experiencing with new track and field events
Improving the personal performance
Understanding the relation between technique and condition

Content Acquiring the essential elements in hurdling and polevaulting
Performance training in hurdling and 400 m running
Strength- power- an speedtraining
Theoretical information to the test events and the training of condition

Lecture notes No script
Literature J+S Leiterhandbuch

Jonath U. u.a.: Leichtathletik 1, 2, 3, Rowohlt-Verlag, Reinbeck bei Hamburg, 1995

557-0524-01L Handball II
Prerequisites: successful completion of Basic Education.

W  2 credits 2G O. Buholzer
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Abstract Learn by playing - from three-a-side to six-a-side games. 
The instruction is centred around the four-a-side and six-a-side games .

The systematic game development is built around the zone plays 3:2 to 4:4. In the five-a-side and six-a-side games, the collective game is
focussed on.

Objective The students are able to methodically and didactically impart the idea of the game of school handball.
To improve personal skills and abilities in the game
To develop the game in a team through playing - checking - correcting
To deepen the development of the game
To improve personal skills according to individual key points in game and practice

Content Spielanalyse  - Ausgewählte Lerninhalte nach den Grundlagen der Spielanalyse
Systematische Spielentwicklung in der Kleingruppe (vom 3 gegen 2 bis zum 4 gegen 4) mit Zonenspielen
Systematische Spielentwicklung im Kollektiv 6:6 (Abwehrsystem 3:3, der Gegenstoss, kollektive Angriffsentwicklung gegen ein offensives
Abwehrsystem).
Handball als Mannschaftsspiel am Beispiel erlebt.

Lecture notes Die Skriptunterlagen können von der Homepage heruntergeladen werden.
Literature *    Obligatorisch    Spielend Handball lernen    A. Emrich    Limpert    Kosten Fr. 20.

*    Freiwillig    Spielen lernen    M. Ochsenbein/O. Buholzer    SHV    Kosten Fr. 15.
Muss selbständig erworben oder bei Semesterbeginn bestellt werden.

Prerequisites /
notice

Testatbedingungen     
Präsenz:      
maximale Anwesenheit empfohlen

Testatübungen:    Im Rahmen der Ausbildung werden Grundlagen der Spielanalyse und der Spielentwicklung erarbeitet. Für das Testat 
(Bewegungswissenschafter) müssen min. 6 ausgewählte Testatübungen aus mind. 3 verschiedenen praktischen Bereichen abgegeben
werden. 

Prüfungen     
Inhalte:     Die Prüfungsinhalte bestehen aus Spielübungen (gemäss Ausschriebung) und einer schriftlichen Übung.

557-0534-01L Floorball II
Prerequisites: successful completion of Basic Education.

W  2 credits 2G F. Ungrad, B. Beutler

Abstract Experiencing unihockey/floorball - starting from solving play situations, to developping game control and getting to know concepts of
teamtactics

Objective Improvement of relevant factors of teamplay. Individual skill improvement.
Content Practise in varying teams, always with goaltenders, refree.

Game preparation with tactical drills.
Playing with certain tactical tasks, feedback.
Methods: practise and reflexion. 
BBB: Watching- Reflecting- Coaching
Playing bay the rules of the game, refereeing
Practical exam: 1 certain excercise form 
and game performance as a teamplayer

Lecture notes class is based on my book "unihockey basics"
Literature "unihockey basics" von B. Beutler, M. Wolf, 2004

ingold coorp, CH- 3360 Herzolgenbuchsee
ISBN: 3-03700-043-0
Producers: SVSS and swissunihockey

557-0440-00L Apparatus Gymnastics and Trampoline II
Prerequisites: successful completion of Basic Education.

W 2 credits 2G B. Mattli Baur, M.-M. Jäggi

Abstract Acquirement and Application of new movements on different apparatuses and on the trampoline
Application and Creation of established basic skills

Objective The students should be able to:
- enhance their repertoire on apparatus specific movements
- deepen their existing store of movements
- improve their individual performance competencies
- realise and comprehend transfer characteristics within the movement learning process
- work up methodically and didactically a chosen skill

Content - further core movements und its combinations on high bar, parallel bars, uneven bars, swinging rings and on the trampoline
- combination of landing positions and the acquirement of somersaults on the trampoline
- handsprings and (free) somersaults back- and forwards, respectively twists back- and forwards on different apparatuses
- integrated theoretical coherences of the qualitative movement learning process
- conveyance of methodical and didactical principles as well as topic specific criteria

 Education Acquired Outside ETH
Number Title Type ECTS Hours Lecturers

557-0450-00L Life Saving Rescue Test Plus Pool SLRG
Only for Sport Teaching Diploma students.

Confirmation of course attendance "Brevet l SLRG" or
course Brevet Basis Pool and Brevet Plus Pool.

External education! Credit points only for Sport Teaching
Diploma!

O 2 credits external organisers

Abstract Acquirement of the livesaving rescue test l SLRG. More details: www.slrg.ch
Objective To recognize danger in, on and around water

Knowledge and handling of life saving  equipment
Rescue and towing techniques
Orientation under water
To rescue a person
Basis knowledge in anatomy and first aid

557-0451-00L First Responder Level 2
Only for Sport Teaching Diploma students.

O 2 credits external organisers
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Confirmation of course attendance "First Responder Level
2 IVR .
More information: www.samariter.ch or ivr-ias.ch

External education! Credit points only for Sport Teaching
Diploma!

Abstract Attainment of "Samariterausweis". Necessary conditions: Nothilfekurs. More informations: www. samariter.ch.
Objective -    To be able to judge an injured person and to apply life saving actions

-    To carry out wound treatment with actual bandage
-    To list the characteristics of a sprain, strain, dislocation and to apply first-aid interventions
-    To carry out fixed bandages with common material
-    To explain the function of the cardiovascular system
-    To name the symptoms of poisoning
-    To list the signs of acute illness
-    To put together the content of a first-aid box
-    To carry out safety interventions in daily situations.

Content     * Hautverletzungen
    * Wundinfektion / Blutvergiftung
    * Stürze im Alltag (Verstauchungen, Prellungen, Quetschungen)
    * Sportverletzungen, Knochenbrüche
    * Herzkreislaufstörungen
    * Alltagserkrankungen in der Familie

Prerequisites /
notice

Fremdausbildung; Dauer 7x2h

 Practical Training
Number Title Type ECTS Hours Lecturers

376-0014-00L Practical Course in Motor Learning W  2 credits 2G A. Krebs, A. Sonderegger
Abstract Introduction to principles of workout theory / practical exercise experience in the fields of strength, endurance, speed, and motility /

undergoing a complete workout cycle / specific methods such as intermitted workouts etc. / training in different environments / workout
monitoring and performance tests

Objective The participants' practical experience of basic workout principles will enhance their competence in scheduling and structuring workout
sessions and programs.

Content Introduction to principles of workout theory / practical exercise experience in the fields of strength, endurance, speed, and motility /
undergoing a complete workout cycle / specific methods such as intermitted workouts etc. / training in different environments / workout
monitoring and performance tests

376-0012-00L Practical Course in Motor Control W  2 credits 2G B. Mattli Baur, M.-M. Jäggi
Abstract Impact of the sensory systems for motor learning / self-awareness of the different coordinative competencies / strategies to optimize motor

actions / phase analysis of selected movements / motor quality / feedback
Objective The students should be able to:

1. recognise the diverse causes and aspects which affect the motor action competency 
2. differentiate and classify the basic requirements of the muscular adaptive control with regard to its coordinative competences
3. recognise and oppose the various coordinative abilities to one another 
4. deeply experience and specifically improve their own coordinative competences in typical examples particularly in the area of auto
movement
5. get to know and implement different learning strategies into their own motor movements

Content Impact of the sensory systems for motor learning / self-awareness of the different coordinative competencies / strategies to optimize motor
actions / phase analysis of selected movements / motor quality / feedback

Lecture notes During the semester the documents, incl. references are steadily available electronically

 Additional Requirements in Sports Science
Number Title Type ECTS Hours Lecturers

376-0202-00L Neural Control of Movement and Motor Learning W  4 credits 3G N. Wenderoth
Abstract This course extends the students' knowledge regarding the neural control of movement and motor learning. Particular emphasis will be put

on those methods and experimental findings that have shaped current knowledge of this area.
Objective Knowledge of the physiological and anatomic basis underlying the neural control of movement and motor learning. One central element is

that students have first hands-on experience in the lab where small experiments are independently executed, analysed and interpreted.

376-0204-00L Exercise Sciences W  4 credits 3G E. de Bruin, P. Eggenberger
Abstract Evidence-based findings on the training of endurance, strength, and speed, planning and periodization of training, as well as motor learning

will be presented and discussed in relation to specific age groups (childhood to older age), and performance levels. The theoretical
knowledge will be applied in an annual training plan for an individually chosen sport/performance level.

Objective Understand and critically evaluate evidence-based training recommendations for specific groups (children/youth, adults, older adults,
recreational/high performance sport) and apply and evaluate this knowledge within a goal-oriented training plan.

Content Lecture:
- Evidence-based research in exercise sciences
- Endurance, strength, and speed training
- Training in childhood and youth
- Training in older age
- Analysis of a specific sport, planning and periodization models
- Motor learning in sports practice

Training sessions:
- Development of a goal-oriented annual training plan for an individually chosen sport/performance level, based on evidence from the
exercise sciences.

Practice in the gym:
- Practical examples for the training of strength and speed
- Motor learning experiments

Lecture notes Lecture slides and papers on the Moodle platform.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1596 of 1785

Literature G.G. Haff & N.T. Triplett (eds): Essentials of Strength Training and Conditioning. Human Kinetics, 4th edition, 2016.

W.E. Amonette, K.L. English, W.J. Kraemer: Evidence-Based Practice in Exercise Science. The Six-Step Approach. Human Kinetics, 2016.

376-0905-00L Functional Anatomy W  3 credits 2V D. P. Wolfer, I. Amrein
Abstract Introduction to the anatomy of the musculoskeletal with the goal to better understand movements and the mechanisms of injuries.
Objective - understanding the three-dimensional organization of the human musculoskeletal system

- correct use of anatomical nomenclature in the description of structure and function
- understanding the connections between morphology and normal function of the musculoskeletal system
- knowledge of selected mechanisms of injury in terms of the underlying anatomy

Content -  Allgemeine Anatomie des Bewegungsapparates (Bindegewebe, Knochen, Gelenke, Muskeln)
- Becken und freie untere Extremität (Skelett, Gelenke, Muskeln)
- Wirbelsäule, Brustkorb, Bauchwand (Skelett, Gelenke, Muskeln)
- Schulter und freie obere Extremität (Skelett, Gelenke, Muskeln)

Literature - Schünke M, Topographie und Funktion des Bewegungssystems
- Gehrke T, Sportanatomie, Rowohlt Taschenbuch Verlag
- Weineck J, Sportanatomie, Spitta-Verlag

376-1168-00L Sports Biomechanics W  3 credits 2V S. Lorenzetti
Abstract Various types of sport are studied from a mechanical point of view. Of particular interest are the key parameters of a sport as well as the

performance relevant indicators.
Objective The aim of this lecture is to enable the students to study a sport from a biomechanical viewpoint and to develop significant models for

which evaluations of the limitations and verifications can be carried out.
Content Sport biomechanics is concerned with the physical and mechanical basic principles of sports. The lecture requires an in-depth mechanical

understanding on the side of the student. In this respect, the pre-attendance of the lectures Biomechanics II and Movement and Sports
Biomechanics or an equivalent course is expected. The human body is treated as a mechanical system during sport. The interaction of the
active and passive movements and outside influences is analysed. Using sports such as ski-jumping, cycling, or weight training, applicable
models are created, analyzed and suitable measuring methods are introduced. In particular, the constraints as well as the limitations of the
models are of great relevance. The students develop their own models for different sport types, critically discuss the advantages and
disadvantages and evaluate applicable measurement methods.

Lecture notes Handout will be distributed.

376-1666-00L Training and Coaching  II
Number of participants limited to 30.

Can be attended independently of Training and Coaching I
(376-1665-00).

W  3 credits 2G O. Buholzer

Abstract Trainer/Coach as personality and Advisor/ Tutor:
Strengths and weaknesses are judged/ graded on the basis of the personality analysis (Integro model) and are done so by outside as well
as self- analysis.
Tools/ skills which can be utilised in Training and/ or Coaching are developed.

Objective To obtain a personal competency in training and coaching
To reflect and work on a personal profile of competency and elaborate on the formulation of aims
To reflect on your own personality as a trainer and to recognise your strengths and weaknesses
To widen the self-competency in relation to your trainer personality and self-guidance
To experience practical examples
To elaborate on your competencies in relation to subjects such as communication, motivation and guidance
To discuss a chosen subject area

Content Theorie: Persönlichkeitsprofil - Modelle
Selbst- und Fremdeinschätzung
Typologie und Flexibilität
Kompetenzfelder
Praxis:
Führungsphilosophie, Führen  und Coachen  im Training (Einzelathlet und Team)
Der Trainer und Coach im Wettkampf
Fallbeispiele erarbeiten und planen
Umsetzung an ausgewählten Beispielen
Konkrete Umsetzung an ausgewählten Beispielen

Lecture notes Die Unterlagen werden auf der Homepage zugänglich gemacht. Im Unterricht wird ein Skript abgegeben.
Prerequisites /
notice

Semesterstart     
Die Informationsveranstaltung findet zu Beginn des Semesters statt. Die genauen Daten (Zeit/Ort) werden per Mail zugestellt. Diese
Veranstaltung ist obligatorisch.

Zeit/Ort     
Der Unterricht findet im Normalunterricht und in Blockveranstaltungen statt.

Planung     
Die Planungsunterlagen werden zu Semesterbeginn abgegebenen, sind provisorisch und können vom Dozenten geändert werden.

Kosten
Für die abgebene Literatur, die Unterlagen und die Analyse wird ein Kostenbeitrag verrechnet.

Anwesenheit
Es wird während des Semesters vollständige Präsenz erwünscht. Einzelne Veranstaltungen sind obligatorsich.

Sport Teaching Diploma - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Public Policy Bachelor
 Bachelor Studies (Programme Regulations 2018)

 2. Semester
 Core Courses

 Core Courses First Year Examinations
 Examination Block 1

Students are free to take the exam either in German or in French. They may choose between 853-0050-00L Introduction to Public Law (German) or
851-0712-00L Introduction to Public Law (French)

Number Title Type ECTS Hours Lecturers

853-0050-00L Introduction to Public Law
Only for Public Policy BA.

W 3 credits 2V R. Müller

Abstract Public law treats the relationship between citizens and the state. It includes state organization law, fundamental rights as well as
administrative and procedural law.
The introduction provides a general overview of public law, its sources, principles and interpretation.

Objective Students shall be able to
- explain the creation and modification of constitutional and administrative law;
- interpret public law according to legal methods;
- identify forms of action of the state and assess their legality;
- apply selected areas of administrative law;
- describe the conditions for law enforcement.

Content Based on acts as well as doctrine, jurisprudence and official practice, the following contents are taught:
- introduction into constitutional law;
- sources and interpretation of the law;
- the democratic state and its institutions;
- fundamental rights;
- principles of a general administrative law;
- administrative actions;
- administration of justice in public law
- public property, monopolies, concessions, permits;
- public charges;
- federal personnel law and liability.

Lecture notes Documents on "moodle".
Literature - Hans-Jakob Mosimann/Marion Völger Winsky/Kaspar Plüss, Öffentliches Recht. Ein Grundriss für Studium und Praxis, 3. Aufl., Zürich

2017 (zur Anschaffung empfohlen).
- Axel Tschentscher/Andreas Lienhard/Franziska Sprecher, Öffentliches Recht – Verfassungsrecht, Verwaltungsrecht, öffentliches
Verfahrensrecht, 2. Aufl., Zürich/St. Gallen 2019 (alternatively).

Participants are kindly requested to bring along a compendium of the most important Acts of (Swiss) public law. Recommended is Biaggini
Giovanni/Ehrenzeller Bernhard (Hrsg.), Öffentliches Recht, Studienausgabe, 8. Aufl., Zürich 2017.


Additional material will be distributed during the course.

Prerequisites /
notice

--

851-0712-00L Introduction to Public Law (French) W  2 credits 2V Y. Nicole
Abstract The course Public Law focuses on the fundamental concepts of constitutional law and constitutional and statutory principles of

administrative law. The course also touches upon selected topics of administrative law, including the legal regulation of land use, zoning
and planning, and construction law.

Objective Enseignement des principes du droit, en particulier du droit privé et du droit public. Introduction au droit.
Content Le cours de droit civil porte notamment sur le droit des obligations (droit des contrats et responsabilité civile) et sur les droits réels

(propriété, gages et servitudes).De plus, il est donné un bref aperçu du droit de la procédure et de lexécution forcée. Le cours de droit
public traite du droit constitutionnel et du droit administratif, avec un accent particulier sur le droit des constructions et de laménagement du
territoire, ainsi que sur le droit de lenvironnement. 

Literature Editions officielles des lois fédérales, en langue française ou italienne, disponibles auprès de la plupart des librairies. 

Sont indispensables:
-  en hiver: le Code civil et le Code des obligations;
-  en été: la Constitution fédérale et la loi fédérale sur laménagement du territoire ainsi que la loi fédérale sur la protection de
lenvironnement.

Sont conseillés:
- Nef, Urs Ch.: Le droit des obligations à l'usage des ingénieurs et des architectes, trad. Bovay, J., éd. Payot, Lausanne 1992
- Scyboz, G. et. Gilliéron, P.-R., éd.: Edition annotée du Code civil et du Code des obligations, Payot, Lausanne 1999
- Boillod, J.-P.: Manuel de droit, éd Slatkine, Genève 1999
- Biasio, G./Foglia, A.: Introduzione ai codici di diritto privato svizzero, ed. Giappichelli, Torino 1999


Prerequisites /
notice

Le cours de droit civil et le cours de droit public sont l'équivalent des cours "Rechtslehre" et "Baurecht" en langue allemande et des
exercices y relatifs.

Les examens peuvent se faire en français ou en italien. Le candidat qui désire être interrogé en langue italienne le précisera lors de
l'inscription et avertira les examina-teurs par écrit un mois au plus tard avant l'examen.

853-0048-00L International Politics: Theory and Methods (with
Tutorat)
Only for Public Policy BA.

O 4 credits 3G+1U F. Schimmelfennig

Abstract The course covers the main theories (realism, institutionalism, liberalism, transnationalism and constructivism) as well as core problems of
international politics such as war, peace, international cooperation and integration. The lectures are accompanied by a tutorial with case
studies.
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Objective First, the course seeks to generate a better understanding of the central and specific problems of politics in the international realm, which
result from the absence of centralized rule enforcement ("anarchy") . In addition, participants become familiar with the main theories of
International Relations and the mechanisms and conditions these identify for solving international problems of security and cooperation.
Case studies on areas and issues of international politics provide an overview of current international developments and an exemplary
application of IR theory.

Content 1. The subject-matter and problems of international politics

Theories
2. Power and Balance: Realism
3. Problem structures and negotiations in international politics
4. Interdependence and Institutions: Institutionalism and Transnationalism
5. Democracy and Society: Liberalism
6. Identity and Community: Constructivism

Issue Areas and Relationships
7. War: New Wars
8. Peace: The "long" and the "democratic" peace
9. Security cooperation: the new NATO
10. Economic cooperation: the world trade order
11. Human rights cooperation: global and regional human rights regimes
12. Legitimacy and Democracy in Global Governance

Lecture notes Schimmelfennig, Frank: Internationale Politik. Paderborn: Schöningh Verlag, 5. Auflage, 2017.

853-0034-00L Leadership II
Only for Public Policy BA and DAS in Military Sciences.

O 4 credits 2V+1U F. Kernic, F. Demont,
M. Holenweger

Abstract In the lecture "Leadership II" we analyze specific leadership processes such as problem solving, planning, organizing, intercultural
management, group-dynamics, crisis leadership and typical characteristics of successful leaders.

Objective The aim of this lecture is to give the students an insight into practical aspects of interactional and organizational leadership, such as
problem solving and decision making, and crisis leadership. In addition, they will understand the importance of intercultural leadership in
modern organizations and can transfer their insights into their future working environment. Finally, typical characteristics of successful
leadership behavior will be presented and discussed.

Content This lecture will be completed by an additional practise hour which is compulsory for members of the armed officers forces.

 Examination Block 2
Number Title Type ECTS Hours Lecturers

351-1035-00L Macroeconomics O  3 credits 2V M. Graff
Abstract National accounts (production, distribution, demand). Monetary theory (Money demand and supply, inflation and interest). Macro models.

The state and the economy (economic policy). Business Cycles. International economics (international trade, balance of payments,
exchange rate).

Objective Comprehension of fundamental macroeconomic relationships and models. Discussion of current economic issues.
Content Lecture:

- National accounts (production, income and spending).
- Unemployment and inflation.
- Business Cycles.
- Money (supply and demand, interest rate).
- International economics .
   (international trade, balance of payments and exchange rate).
- Macroeconomic models.
- Economic policy.

Lecture notes Lecture slides
Literature 1. Peter Eisenhut, Contemporary Economics, Issue 2018/19, Rüegger, 2018.

853-0726-00L History II: Global (Anti-Imperialism and
Decolonisation, 1919-1975)

O  3 credits 2V H. Fischer-Tiné

Abstract The lecture will give an insight into the formation of anticolonial nationalist movements  in Asia and Africa from the  beginning of  the 20th
century onwards and discuss the various dimensions of  dismantling of colonial empires.

Objective The lecture will give students an insight into the history of the non-European world, looking specifically into the political, economic, social
and cultural transformation on the backgrounds of colonial penetration strategies and the resistance of anti-colonial movements. The aim is
to show that societies in Asia and  Africa are not just the product of colonial penetration or anti-colonial resistance, but that both aspects
influenced the present political, economic, social and cultural perception of these parts of the world to a considerable extent. A nuanced
knowledge of the long and arduous process of decolonisation is hence important to understand today's geopolitical constellation, still
characterised by the struggle for a just post-imperial world order.

Literature Jansen, J.C. und Osterhammel, J., Dekolonisation: Das Ende der Imperien, München 2013.
Prerequisites /
notice

A detailed syllabus will be available in due course at http://www.gmw.ethz.ch/en/teaching/lehrveranstaltungen.html

853-0040-00L Military Psychology and Pedagogy II O 3 credits 2V H. Annen
Abstract Building on the knowledge of psychological and pedagogical aspects of education acquired during the first semester, heighten the

awareness and perception of education and leadership in military life. Elucidate the dangers of abuse of power and work out consequences
on military life. Examining the phenomenon of stress and its importance to mission accomplishment.

Objective Knowing the different models of stress and stress management
Specifying symptoms of stress-related disorders and acquiring an overview of the most common prevention methods and treatments of
combat stress reactions (CSR) and posttraumatic stress disorder (PTSD)
Knowing the psychological conditions that lead to abuse of authority and power, and deriving provisions to reduce that risk in military daily
routine.
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Content Participants shall be sensitized for psychological and pedagogic aspects of military formation, education and leadership. Specific military
aspects are treated building on the subjects covered in the first semester and against the background of psychological basic research.
Special attention is directed to the phenomenon "stress". The pedagogic perspective is taken into account by inquiring how and with which
instruments the acquired knowledge can be implemented into practice.

Subjects:
- Stress
- Thought- and decision making processes under stress
- Psychological combat reactions and traumatic stress
- Resilience
- Power and authority
- Values - norms - aims
- The military leader as psychologist and pedagogue

Literature - Annen, H., Steiger, R. & Zwygart, U.: Gemeinsam zum Ziel, Huber, Frauenfeld 2004
- Stadelmann, J.: Führung unter Belastung, Huber, Frauenfeld 1998

The lecture is supported by a virtual learning environment containing relevant documents (presentations and texts as well as the above
mentioned books) and information to further literature.

 Remaining Core Courses of the Bachelor Programme
Number Title Type ECTS Hours Lecturers

853-0312-00L Proseminar II O 3 credits 2S D. Presberger, F. Quoss
Abstract Im Gegensatz zu Proseminar I wird in Proseminar II mehr Gewicht auf Inhalte und das Forschungsthema per se gelegt. Um diese

Themengebiete zu erarbeiten, wird sich darüberhinaus vertieft mit dem Forschungsdesign sozialwissenschaftlicher Arbeit beschäftigt.
Objective 1) Das Ziel, den Ablauf und die Gestaltung eines Forschungsdesigns empirischer Sozialforschung sicher gestalten zu können.

2) Einen Überblick über die Möglchkeiten qualitativer und quantitativer Forschungsmethodik zu gewinnen
3) Komplexe sowie relevante Fragestellungen für persönliche und berufliche Interessen und Anforderungen zu entwicklen

Content Das Proseminar II verfolgt das Ziel, die Studierenden in das wissenschaftliche Arbeiten einzuführen und sie - aufbauend auf dem
Proseminar I - zu befähigen, während des weiteren Studiums methodisch anspruchsvolle Arbeit zu leisten. Im Gegensatz zu Proseminar I
wird in Proseminar II mehr Gewicht auf Inhalte und das Forschungsthema per se gelegt. Um diese Themengebiete zu erarbeiten, wird sich
darüberhinaus vertieft mit dem Forschungsdesign sozialwissenschaftlicher Arbeit beschäftigt.

Lecture notes Diekmann, Andreas, 2009: Empirische Sozialforschung: Grundlagen,
Methoden, Anwendungen 20. Aufl., Reinbek bei Hamburg: Rowohlt.

Plümper, Thomas, 2012: Effizient Schreiben: Leitfaden zum Verfassen von Qualifizierungsarbeiten und wissenschaftlichen Texten 3. Aufl.,
München: Oldenbourg.

Schnell, Rainer/Hill, Paul B./Esser, Elke, 1995: Methoden der empirischen Sozialforschung 5. Aufl., München: Oldenbourg.

Van Evera, Stephen, 1997: Guide to methods for students of political science, Ithaca, NY: Cornell Univ. Press.

853-0052-00L Research Methods and Statistics O  4 credits 3G P. Stöckli
Abstract The course provides an introduction to applied quantitative research methods and data analysis used in social sciences. Students will be

expected to demonstrate and apply the knowledge and skills gained from this course by conducting their own small research project: This
involves data collection, data analysis using SPSS, and research report writing.

Objective - To know and understand the most important steps of the research process (problem – research question – literature research –
hypothesis – method – analysis of the results – conclusion) and the most important concepts (e.g., independent and dependent variable,
third variable, confounding  variable, hypotheses).
- To be able to construct a research question and hypotheses based on reviewed literature.
- To be able to construct the key components of a questionnaire and measure the theoretical constructs using appropriate scales.
- To be able to design and conduct an experiment.
- To be able to test your hypotheses using appropriate statistical analyses via SPSS, and to write up your results in a research report.

Content - research process
- data collection
- data entry and data control
- descriptive statistics
- hypothesis testing, test of significance
- correlations
- T-Test, Analysis of variance (ANOVA
- writing a research report
- graphs and tables

Literature Beller, S. (2016). Empirisch forschen lernen. Konzepte, Methoden, Fallbeispiele, Tipps (3. überarb. Auflg.). Bern: Hogrefe Verlag.

Bennett, K., Allen, P., & Heritage, B. (2018). SPSS Statistics: A Practical Guide (4th edition). Melbourne: Cengage Learning Australia.

Huber, O. (2013). Das psychologische Experiment. Eine Einführung. Bern: Hans Huber Verlag.

Field, A. (2018). Discovering Statistiscs Using IBM SPSS (5th edition). New York: Sage Publications.

853-0051-00L Military Sociology II (with Exercises)
Only for Public Policy BA

O  4 credits 2V+3U T. Szvircsev Tresch, S. De Rosa,
T. Ferst, O. Schneider

Abstract Overview of current trends regadring the changes in the European security and military structures. Special attention is paid to the
professionalisation of the armed forces and missions abroad. Furthermore, the Swiss milita-type army is analysed, the societal conditions
for militia capability and its limits for the Swiss armed forces are discussed.

Objective Describe the change in function of the military and analyse changes concerning the European armed forces; explain European tendencies
regarding the recruitment of personnel and indicate the decreasing importance of conscription; explain the specific aspects of the Swiss
militia system in the military world; recognize the limits of the Swiss militia capability in the modern society and discuss consequences for
the Swiss militia system.

Content Problems of civil-military relations and democratic control of armed forces; "old" and "new" wars and the privatisation of security; the end of
the mass armies in Europe - trends, causes, perspectives, militia capability of the society and military in Switzerland.

This course will be completed by a compulsary one week course between terms.

Literature A reader with a set of texts will be handed out.

 Languages
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 First Foreign Language
Number Title Type ECTS Hours Lecturers

853-0406-00L English, Part II
Only for Public Policy BA

O 3 credits 2G S. Schweizer

Abstract The knowledge and skills acquired in the first semester serve as a basis for further improvements in the areas of speaking, listening,
reading and writing, which will enable students to enroll for the Cambridge exams. The goal is to reach level B2 or C1 (CEFR) depending
on the linguistic proficiency of the students.

Objective This three-semester English course should enable the participants to successfully use the English language in an international military
setting.

Content     Read, analyse and write military and civilian documents 
    Listening comprehension using current radio or TV reports
    Practise speaking with group discussions and short presentations
    Systematic revision and extension of key grammar points
    Systematic acquisition of general and military vocabulary

 4. Semester
 Remaining Core Courses of the Bachelor Programme

Number Title Type ECTS Hours Lecturers

853-0056-00L Public International Law O 3 credits 2V A. R. Ziegler
Abstract This course gives an overview over the main areas of public international law. It presents the legal foundations of the legal coordination and

cooperation within the international community and between the most important international organizations, especially in the field of peace
keeping, peace enforcement and conflict resolution.

Objective Participants learn to understand the legal foundations of the international order as well as its underlying problems and conflict areas.
Participants know the main principles of the current system and master the necessary tools to to update their knowledge (literature, internet
sources and legal documents) and analyze contemporary developments.

Content The focus lies on the law of international organizations. Following a general introduction organizations such as the UN, the OSCE, NATO
and the WTO are treated. A particular emphasis constitutes the management of armed conflict within international organizations.
Furthermore an overview is given on the law of European Union, as an example of a supranational body. The objective of the course is to
give students an overview on the practical and political importance of international organizations in view of the continuing development of
international law and the international legal system.

Lecture notes no script
Literature Andreas R. Ziegler, Einführung ins Völkerrecht, Stämpfli Verlag, Bern, 3. Aufl. 2015 (German) or Andreas R. Ziegler, Introduction au droit

international public, Staempfli, Berne 3e éd. 2015 (French).
Prerequisites /
notice

no prerequisites

853-0086-00L Business Administration II
Only for Public Policy BA

O 3 credits 2V P. Barmettler

Abstract The course BA II provides an understanding of the principles of Financial Accounting and Financial Reporting. It comprises an introduction
to the concept of double-entry accounting, preparation of annual financial statements and financial statement analysis.
The theory conveyed is illustrated with excercises, case studies and examples from business practice.

Objective Objectives:
- Develop thinking in a corporate finance context
- Record transactions and prepare financial statements
- Master tools and methods used for financial statement analysis

Content I Financial Accounting

- Concept of double-entry accounting
- Accounts, journal and general ledger
- Statement of financial position, income statement
- Trade of goods
- Accruals and deferrals
- Valuation of assets and liabilities
- Hidden reserves

II Financial Reporting

- Preparation of annual financial statements
- Cash flow statement

III Financial statement analysis

- Ratio system
- Interpretation

Literature Meyer, Conrad (2017): Finanzielles Rechnungswesen - Einführung mit Beispielen und Aufgaben, 3., überarbeitete Auflage.

853-0058-00L Swiss Foreign and Security Politics Since 1945
Only for Public Policy BA and DAS in Military Sciences.

O 4 credits 2V+1U A. Wenger

Abstract This course provides students with an overview of the main features of Swiss foreign and security policy since 1945. The focus is on the
emergence and development of security policy strategies and instruments in a historical context. Using primary and secondary source texts
as a basis, selected topics are analyzed and discussed in tutorials.

Objective The participants have a solid overview of the evolution of Swiss foreign and security policy since 1945.
Content The first part of the lecture clarifies the term "security" and analyzes the change of its meaning in politics and academia over time. The

focus of the second part is on the development of Swiss security policy since 1945. We will look at the different concepts of security policy,
which range from "total defense" to "cooperative security". We then will analyze the gap between planning and execution, focusing on the
two key developments of security policy, that is foreign policy and armed forces. The tutorials help to deepen the understanding of key
aspects of Swiss foreign and security policy-making. We will read and discuss a number of key (primary and secondary) sources.

Literature Mandatory reading: Spillman, Kurt R., Andreas Wenger, Christoph Breitenmoser and Marcel Gerber. Schweizer Sicherheitspolitik seit
1945: Zwischen Autonomie und Kooperation. Zürich: Verlag neue Zürcher Zeitung, 2001.
The book is out of print, students can access the text in the virtual class room (Moodle).

Prerequisites /
notice

The lecture is supported by a virtual class room (Moodle). If you have questions concerning the lecture, please contact Jeremy
Guggenheim, jeremy.guggenheim@sipo.gess.ethz.ch.
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853-0010-00L Conflict Research II: Civil Wars
Only for Public Policy BA.

O 4 credits 2V+1U S. Rüegger, L.-E. Cederman

Abstract Introduction to research on civil wars. This course covers the causes, processes and solutions to civil conflicts and wars.
Objective - Knowledge on different causes of civil wars.

- Knowledge on processes during civil wars.
- Knowledge on different solutions and strategies to end civil wars.
- Application of theory to current examples of civil wars.

Content This course focuses on civil war, which is the most common type of political violence. The course is divided into three blocks: The first part
analyses the causes of civil wars. The second part focuses on processes during ongoing civil wars, such as mobilization and conflict
diffusion. The third part investigates in the factors that contribute to effective peace building.

Research questions: What are the causes of civil wars? What happens during civil wars? How do civil wars end?

Prerequisites /
notice

Participation in the preceding course, Conflict Research I: Political Violence, is recommended.

853-0080-00L Military History II O 3 credits 2V M. Olsansky
Abstract The lecture elucidates the structural problems and the evolutionary path of the Swiss Army since the adaptation of the Napoleonic warfare

in the year 1804. Emphasis will be put on the general mobilizations and reforms of the Army in the 20th century as well as on the related
inner- and outer-military factional disputes.

Objective - Know and discuss the adaptation of the Swiss Army to the revolutions in military affairs in modern times;
- Grasp the problematic issues regarding the evolution of the Swiss Army;
- Know and be able to discuss the mobilizations of the Swiss Army in the 19th and 20th century.

Content The students should apprehend the evolutions of the Swiss Army in its social, economic, technological and political setting from 1804 to
2004. The development of the Swiss Army is compared with general developments regarding the Military Revolutions I-VI.
A special focus is set on the following topics: 
- Mobilizations and planning of the operational deployment of the Swiss Army in 1847, 1856, 1914-1918, 1939-1945.
- Debates on the general conception and on operational doctrine 1945 - 2004
- The Army reforms 1945-2004

Literature Jaun, Rudolf: Geschichte der Schweizer Armee. Vom 17. Jahrhundert bis in die Gegenwart. Zürich 2019
Prerequisites /
notice

This lecture is based on lecture 853-0063-00L Military History I.

853-0057-00L Strategic Studies II (with Exercises)
Only for Public Policy BA and DAS in Military Sciences.

O 4 credits 2V+3U M. Mantovani, M. Wyss

Abstract The lecture series, spread over two terms, covers strategic thinking and practice, especially in their military dimension, as well as theories
of warfare from the ancient times to the present.

Objective The participants are cognizant of how the meaning of strategy has changed and they know the main theoretical concepts of strategy and
theories of war. They are - after a study of their application in selected historical and contemporary situations - conscious of the difficulties
of translating strategic concepts into practice.

Content The series covers key concepts of classical theory (e.g. Sun Tzu, Jomini, Clausewitz, Mahan, Liddell Hart, Luttwak etc.), against their
historical background and their influence in history. It also deals with current doctrines especially of the US and their operational
implementation, the strategies and (asymmetric) tactics of non-state actors and their suppression, i.e. irregular warfare.
The theory of warfare is being treated by means of Thucydides, Machiavelli, Clausewitz or Galula.

Lecture notes Slides, source texts and literature are being distributed on Moodle ahead of the individual session.
Literature see "Skript"
Prerequisites /
notice

Active knowledge of German, French and English.

The test covers the contents of the lectures and the distributed original texts and academic articles.

853-0322-00L Advanced Course I  (Seminar)
Only for Public Policy BA

O 4 credits 3S A. Wenger, F. Kernic

Abstract In this double-semester course students write an academic text at an advanced level on a topic in Strategic Studies. In the first part of the
course, the students design a research design. In the second part, they write a term paper and present before the class.

Objective The goal of this double-semester course, which is divided up into several groups, consists of working out a research question in the field of
Strategic Studies, retrieving useful literature, writing a scientific paper and presenting it before the class.

Content Im ersten Teil der Veranstaltung geht es anhand der Lektüre und der Diskussion ausgewählter Fachliteratur um die Einarbeitung in die
Thematik des Seminars. Auf dieser Basis wird ein Research Design erarbeitet. Zusätzlich soll auf methodische Probleme und
Schwierigkeiten eingegangen werden. Im zweiten Teil verfassen die Studierenden ihre Seminararbeiten und präsentieren diese im Plenum.

853-0102-02L Defense Economics II (with Exercises) O 4 credits 2V+3U M. M. Keupp
Abstract In terms of structure and content, the event follows the lecturer's book "Militärökonomie" (Military Economics), which is available in two

language versions:

- German language: ISBN 978-3-658-06146-3
- French-speaking: ISBN 978-3-658-25287-8

Objective * Understanding the impact of institutional design on the effectiveness and efficiency of military performance
* Analyse possibilities and limits of system reforms

Content The semester program of the course is divided into 14 modules of 90 minutes each, which combine lecture (teaching of analytical
techniques) and exercise (application by means of concrete case studies). 

The contents correspond to sections 3 to 5 of the above book. The following will be discussed:

3.1 The military conflict as an objective selection environment
3.2 Consequences of the planned economy system for military effectiveness

4.1 Possibilities and limits of efficiency improvements
4.2 Consequences of the planned economy system for military efficiency

5. possibilities and limits of system reforms

Lecture notes Lecture slides are given to the participants before the first lecture. In addition, the above mentioned book will be handed over to the
participants. Participants of the lecture who are not professional officer candidates are requested to obtain the book from the library or
bookstore.
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Literature Keupp, M. M. 2019 Militärökonomie. Wiesbaden: SpringerGabler.
ISBN 978-3-658-06146-3

Keupp, M. M. 2019 Économie militaire. Wiesbaden: SpringerGabler.
ISBN 978-3-658-25287-8

Prerequisites /
notice

Exam "Military Business Administration I" passed successfully or profound basic knowledge of business administration and economics with
a focus on institutional economics. The course is open to external participants.

 Languages
 Second Foreign Language

Number Title Type ECTS Hours Lecturers

853-0401-00L German, Part I
Only for Public Policy BA

W  3 credits 2G S. Schweizer

Abstract During the first semester the future professional officers acquire those second language skills which enable them to successfully perform
their military activities. The focus is especially on instruction and leadership terminology as well as on the ability to describe their
professional environment. Moreover, the students learn to exploit media information for further professional use.

Objective This two-semester German course should enable the French and Italian speaking participants to fulfil their function as professional officers
also in the German language.

Content Read, analyse and write military and civilian documents 
Listening comprehension using current radio or TV reports
Practise speaking with group discussions and short presentations
Systematic revision and extension of key grammar points
Systematic acquisition of general and military vocabulary

853-0403-00L French, Part I
Only for Public Policy BA

W  3 credits 2G S. Schweizer

Abstract During the first semester the future professional officers acquire those second language skills which enable them to successfully perform
their military activities. The focus is especially on instruction and leadership terminology as well as on the ability to describe their
professional environment. Moreover, the students learn to exploit media information for further professional use.

Objective This two-semester French course should enable the German speaking participants to fulfil their function as professional officers also in the
French language.

Content Read, analyse and write military and civilian documents 
Listening comprehension using current radio or TV reports
Practise speaking with group discussions and short presentations
Systematic revision and extension of key grammar points
Systematic acquisition of general and military vocabulary

 Bachelor Studies (Programme Regulations 2011)
 6. Semester

 Bachelor's Colloquium and Bachelor's Thesis
Number Title Type ECTS Hours Lecturers

853-0654-00L Bachelor's Thesis O  10 credits 8D Lecturers
Abstract The Bachleor Thesis completes the Bachelor program and consists of a scientific project carried out independently under the tutorship of

an ETH or MILAK lecturer in Public Policy.   
Objective The elaboration of the Bachelor Thesis should further students' capacities to work independently, structured and scientifically. 

 Practical Training MILAK
Number Title Type ECTS Hours Lecturers

853-0602-00L Practical Modules MILAK
Only for Public Policy BA

O  18 credits 26P external organisers

Abstract The practical modules cover 9 weeks and are attended in the third study year. The contents are closely related to military sciences and
complement the lectures.The practical modules are conducted by MILAK at the ETH Zürich.

Objective The practical modules provide to broaden and assimilate the knowledge in a practical way.

 Elective Courses
Number Title Type ECTS Hours Lecturers

851-0734-00L Information Security Law
Does not take place this semester.
Particularly suitable for students of D-INFK, D-ITET

W  2 credits 2V

Abstract Introduction to Information Security Law for non-legal students respectively prospective decision-makers in companies and public
authorities who will have to deal with information security issues (CIOs, COOs, CEOs). The lectures will focus on the legal aspects of the
security of ICT infrastructures, including networks (Internet), and of the transported and processed information.

Objective The objective is to understand the meaning and aims of information security and the legal framework, to become acquainted with legal
instruments available to provide effective protection for infrastructures and sensitive legal assets and to present an analysis of possible
legal loopholes and potential measures. No prior legal knowledge is required for those wishing to attend these lectures.

Content The lectures will deal with industry-specific as well as cross-sector specific themes involving both technology and law from the areas of
data protection law, computer crimes, statutory duties of confidentiality, telecommunication surveillance (Internet), electronic signatures,
liability etc.

Lecture notes The lectures will be accompanied by powerpoint slide presentations, downloadable before the lectures begin, or available as hard copy at
the lectures themselves.

Literature References to further literature sources will be given in the lectures.

851-0232-00L Social Psychology of Effective Teamwork W  2 credits 2V R. Mutz
Abstract The lecture covers the main topics of social interactions in groups as a basis for effective teamwork in organisations: group; group

structure; group dynamics and performance; group analysis; examples of applications.
Objective Teamwork is of growing importance in business and administration. The aim of this lecture / exercise is to provide a scientific

understanding of social interactions in groups as a basis for effective teamwork in organisations.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1604 of 1785

Content Inhalte der Lehrveranstaltung sind:
-  Gruppe: Definition und Typen
-  Gruppenstruktur: Rollen und Führung
-  Gruppenprozesse: Konformität und Konflikte in Gruppen
-  Gruppenleistung: Leistungsvorteile von Gruppen
-  Gruppenanalyse:  Interaktionsprozessanalyse und Soziometrie 
-  Anwendungsbeispiele: Assessment-Center, teilautonome Gruppen

Lecture notes Es können Folien, die in der Vorlesung verwendet werden, im Anschluss an die Veranstaltung von einer Austauchplattform
heruntergeladen werden.

Literature Die Literatur wird in Form eines Readers mit für die Themen der Vorlesung relevanten Textauszügen aus Fachbüchern angeboten.
Prerequisites /
notice

Die Übungen dienen dazu, einzelne Themenbereiche der Vorlesung an praktischen Beispielen exemplarisch zu vertiefen.

851-0588-00L Introduction to Game Theory
Number of participants limited to 480.

Particularly suitable for students of D-INFK, D-MATH

W  3 credits 1V H. Nax, B. Pradelski

Abstract This course introduces the foundations of game theory with a focus on its basic mathematical principles. It treats models of social
interaction, conflict and cooperation, the origin of cooperation, and concepts of strategic decision making behavior. Examples, applications,
theory, and the contrast between theory and empirical results are particularly emphasized.

Objective Learn the fundamentals, models, and logic of thinking about game theory. Learn basic mathematical principles. Apply formal game theory
models to strategic interaction situations and critically assess game theory's capabilities through a wide array of applications and
experimental results.

Content Game theory provides a unified mathematical language to study interactions amongst different types of individuals (e.g. humans, firms,
nations, animals, etc.). It is often used to analyze situations involving conflict and/or cooperation. The course introduces the basic concepts
of both non-cooperative and cooperative game theory (players, strategies, coalitions, rules of games, utilities, etc.) and explains the most
prominent game-theoretic solution concepts (Nash equilibrium, sub-game perfection, Core, Shapley Value, etc.). We will also discuss
standard extensions (repeated games, incomplete information, evolutionary game theory, signal games, etc.). 

In each part of the course, we focus on examples and on selected applications of the theory in different areas. These include analyses of
cooperation, social interaction, of institutions and norms, social dilemmas and reciprocity as well as applications on strategic behavior in
politics and between countries and companies, the impact of reciprocity, in the labor market, and some applications from biology. Game
theory is also applied to control-theoretic problems of transport planning and computer science.

As we present theory and applications, we will also discuss how experimental and other empirical studies have shown that human behavior
in the real world often does not meet the strict requirements of rationality from "standard theory", leading us to models of "behavioural" and
"experimental" game theory.

By the end of the course, students should be able to apply game-theoretic in diverse areas of analysis including > controlling turbines in a
wind park, > nations negotiating international agreements, > firms competing in markets, > humans sharing a common resource, etc.

Lecture notes See literature below. In addition we will provide additional literature readings and publish the lecture slides directly after each lecture.
Literature K Binmore, Fun and games, a text on game theory, 1994, Great Source Education


SR Chakravarty, M Mitra and P Sarkar, A Course on Cooperative Game Theory, 2015, Cambridge University Press

A Diekmann, Spieltheorie: Einführung, Beispiele, Experimente, 2009, Rowolth

MJ Osborne, An Introduction to Game Theory, 2004, Oxford University Press New York

J Nash, Non-Cooperative Games, 1951, Annals of Mathematics

JW Weibull, Evolutionary game theory, 1997, MIT Press

HP Young, Strategic Learning and Its Limits, 2004, Oxford University Press

376-1666-00L Training and Coaching  II
Number of participants limited to 30.

Can be attended independently of Training and Coaching I
(376-1665-00).

W  3 credits 2G O. Buholzer

Abstract Trainer/Coach as personality and Advisor/ Tutor:
Strengths and weaknesses are judged/ graded on the basis of the personality analysis (Integro model) and are done so by outside as well
as self- analysis.
Tools/ skills which can be utilised in Training and/ or Coaching are developed.

Objective To obtain a personal competency in training and coaching
To reflect and work on a personal profile of competency and elaborate on the formulation of aims
To reflect on your own personality as a trainer and to recognise your strengths and weaknesses
To widen the self-competency in relation to your trainer personality and self-guidance
To experience practical examples
To elaborate on your competencies in relation to subjects such as communication, motivation and guidance
To discuss a chosen subject area

Content Theorie: Persönlichkeitsprofil - Modelle
Selbst- und Fremdeinschätzung
Typologie und Flexibilität
Kompetenzfelder
Praxis:
Führungsphilosophie, Führen  und Coachen  im Training (Einzelathlet und Team)
Der Trainer und Coach im Wettkampf
Fallbeispiele erarbeiten und planen
Umsetzung an ausgewählten Beispielen
Konkrete Umsetzung an ausgewählten Beispielen

Lecture notes Die Unterlagen werden auf der Homepage zugänglich gemacht. Im Unterricht wird ein Skript abgegeben.
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Prerequisites /
notice

Semesterstart     
Die Informationsveranstaltung findet zu Beginn des Semesters statt. Die genauen Daten (Zeit/Ort) werden per Mail zugestellt. Diese
Veranstaltung ist obligatorisch.

Zeit/Ort     
Der Unterricht findet im Normalunterricht und in Blockveranstaltungen statt.

Planung     
Die Planungsunterlagen werden zu Semesterbeginn abgegebenen, sind provisorisch und können vom Dozenten geändert werden.

Kosten
Für die abgebene Literatur, die Unterlagen und die Analyse wird ein Kostenbeitrag verrechnet.

Anwesenheit
Es wird während des Semesters vollständige Präsenz erwünscht. Einzelne Veranstaltungen sind obligatorsich.

363-0764-00L Project Management W  2 credits 2V C. G. C. Marxt
Abstract The course gives a detailed introduction into various aspects of classic and agile project management. Established concepts and methods

for initiating, planning and executing  projects are introduced and major challenges discussed. Additionally the course covers different agile
and hybrid project management concepts.

Objective Projects are not only the base of work in modern enterprises but also the primary type of cooperation with customers. Students of ETH will
often work in or manage projects in the course of their career. Good project management knowledge is not only a guarantee for individual
but also for company wide success.

The goal of this course is to give a detailed introduction into project management, more specific participants
- will understand the basics of successful classic and agile project management
- are able to apply the concepts and methods of project management in their day to day work
- are able to identify different project management practices and are able to suggest improvements 
- will contribute to projects in your organization in a positive way 
- will be able to plan and execute projects successfully.

Content The competitiveness of companies is driven by the development of a concise strategy and its successful implementation. Especially
strategy execution poses several challenges to senior management: clear communication of goals, ongoing follow up of activities, a sound
monitoring and control system. All these aspect are covered by successfully implementing and applying program and project management.
As an introductory course we will focus mainly on project management.
In the last decade project management has become an important discipline in management and several internationally recognized project
management methods can be found: PMBOK, IPMA ICB, PRINCE 2, etc. These frameworks have proven to be very useful in day-to-day
work. 
Unfortunately the environment companies are working in has changed parallel to the rise of PM as a discipline. Incremental but even more
important fundamental changes happen more often and much faster than a decade ago. Experience has shown that the classic PM
approaches lack the inherent dynamics to cope with these challenges. So overtime new methods have surfaced, such as SCRUM. These
methods are called Agile Project Management methods and follow a dynamic model of reality, called complex adaptive systems
perspective.
This course will cover both classic and agile project management topics. The first part of the semester will lay the basics by discussing the
classic way of planning, organizing and executing a project based on its life cycle. Topics covered include: drafting project proposals, stake
holder analysis, different aspects of project planning, project organization, project risk management, project execution, project control,
leadership in projects incl. conflict mitigation strategies, termination and documentation. In the second part basic conceptual topics for agile
project management such as the agile manifesto, SCRUM, Lean, Kanban, XP, rapid results are covered. The course tries to tap into pre-
existing knowledge of the participants using a very interactive approach including in-class discussion, short exercises and case studies.

Lecture notes No
The lecture slides and other additional material (papers, book chapters, case studies, etc.) will be available for download from Moodle
before each class.

363-0532-00L Economics of Sustainable Development W  3 credits 2V L. Bretschger
Abstract Concepts and indicators of sustainable development, paradigms of weak and strong sustainability;

neoclassical and endogenous growth models;
economic growth in the presence of exhaustible and renewable resources; pollution, environmental policy and growth;
role of substitution and technological progress;
Environmental Kuznets Curve; sustainability policy.

Objective The aim is to develop an understanding of the implications of sustainable development for the long-run development of economies. It is to
be shown to which extent the potential for growth to be sustainable depends on substitution possibilities, technological change and
environmental policy.
After successful completion of this course, students are able to
1. understand the causes of long-term economic development
2. analyse the influence of natural resources and pollution on the development of social welfare
3. to appropriately classify the role of politics in the pursuit of sustainability goals.

Content The lecture introduces different concepts and paradigms of sustainable development. Building on this foundation and following a general
introduction to the modelling of economic growth, conditions for growth to be sustainable in the presence of pollution and scarce natural
resources are derived. Special attention is devoted to the scope for substitution and role of technological progress in overcoming resource
scarcities. Implications of environmental externalities are regarded with respect to the design of environmental policies.     
Concepts and indicators of sustainable development, paradigms of weak and strong sustainability, sustainability optimism vs. pessimism;
introduction to neoclassical and endogenous growth models;
pollution, environmental policy and growth;
role of substitution possibilities and technological progress;
Environmental Kuznets Curve: concept, theory and empirical results;
economic growth in the presence of exhaustible and renewable resources, Hartwick rule, resource saving technological change.

Lecture notes Will be provided successively in the course of the semester.
Literature Bretschger, F. (1999), Growth Theory and Sustainable Development, Cheltenham: Edward Elgar.


Bretschger, L. (2004), Wachstumstheorie, Oldenbourg, 3. Auflage, München. 

Bretschger, L. (2018), Greening Economy, Graying Society, CER-ETH Press, ETH Zurich.

Perman, R., Y. Ma, J. McGilvray and M. Common (2011), Natural Resource and Environmental Economics, Longman , 4th ed., Essex.

Neumayer, E. (2003), Weak and Strong Sustainability, 2nd ed., Cheltenham: Edward Elgar.

851-0609-04L The Energy Challenge - The Role of Technology,
Business and Society

W  2 credits 2V R. Schubert, T. Schmidt, B. Steffen
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Prerequisites: Basic knowledge in economics.
Abstract In recent years, energy security, risks, access and availability are important issues. Strongly redirecting and accelerating technological

change on a sustainable low-carbon path is essential. The transformation of current energy systems into sustainable ones is not only a
question of technology but also of the goals and influences of important actors like business, politics and society.

Objective In this course different options of sustainable energy systems like fossile energies, nuclear energy or all sorts of renewable energies are
explained and discussed. The students should be able to understand and identify advantages and disadvantages of the different
technological options and discuss their relevance in the business as well as in the societal context.

Lecture notes Materials will be made available on the electronic learning platform: www.vwl.ethz.ch
Literature Materials will be made available on the electronic learning platform: www.vwl.ethz.ch
Prerequisites /
notice

Various lectures from different disciplines.

851-0585-43L Experimental Game Theory
Number of participants limited to 100.

W  2 credits 2V A. Diekmann

Abstract The course addresses principles and methods of experimental game theory. It focuses on experiments about social interaction, conflict and
cooperation, emergence of cooperation and experimental validity of concepts for strategic behaviour in decision-making situations.

Objective Learn the fundamentals and logic of thinking about experimental methods and experimental game theory. Apply experimental game theory
methods to strategic interaction situations.

Content Die Spieltheorie stellt Modelle zur Beschreibung und Analyse sozialer und strategischer Interaktionen zur Verfügung. 
Schwerpunkt der Vorlesung sind experimentelle Studien und empirische Anwendungen der Theorie in verschiedenen Bereichen. Dazu
zählen sozialtheoretische Analysen von Kooperation, des sozialen Austauschs, von Institutionen und Normen, sozialen Dilemmata und
Reziprozität ebenso wie Anwendungen auf strategisches Verhalten in Politik und zwischen Staaten und Firmen, den Auswirkungen von
Reziprozitätsnormen auf dem Arbeitsmarkt und einige Anwendungen in der Biologie. Experimentelle Studien zeigen allerdings, dass häufig
die strikten Rationalitätsanforderungen der "Standardtheorie" nicht erfüllt sind. Unter dem Stichwort "Behavioural Game Theory" werden in
der Vorlesung auch Theorievarianten vorgestellt, die mit den experimentellen Beobachtungen von Entscheidungen "begrenzt rationaler"
Akteure besser im Einklang stehen.

Lecture notes Folien der Spieltheorie-Vorlesung und Literatur (Fachartikel, Kapitel aus Lehrbüchern) können auf der Webseite der Vorlesung eingesehen
und heruntergeladen werden.

Literature Kurzer Überblick in Kapitel 10 von Diekmann, Andreas, 2016. Spieltheorie. Einführung, Beispiele, Experimente. 4. Aufl. Reinbek: Rowohlt.
Ausführlich: John H. Kagel und Alvin E. Roth, Hg., 1995, Handbook of Experimental Economics. Princeton, N.J.: Princeton University
Press.
(Ein Handapparat dieser und weiterer Literatur wird in der D-GESS-Bibliothek bereitgestellt.)
Literatur zum Download befindet sich auch auf der Webseite:
http://www.socio.ethz.ch/publications/spieltheorie

Prerequisites /
notice

Interesse am Thema und Motivation zur Mitarbeit.

363-1070-00L Cyber Security W  3 credits 2G S. Frei
Abstract This course provides a solid understanding of the fundamental mechanics and limitations of cyber security to provide guidance for future

leaders as well as individuals constituting our society.
Introdution to the concepts, developments, and the current state of affairs in the cyber security domain. We look at the topic from the
attackers, defenders and societies perspective.

Objective Upon completion of this course students understand the essential developments, principles, challenges as well as the the limitations and
the state of practice in cyber security from the technological, economic, legal, and social perspective.
The course provides an interdisciplinary overview, guidance, and understanding of the dynamics in cyber security to guide decision making
in business and society. Students understand the topics from the attackers, defenders, and societies perspective.
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Content Introduction
- Brief history of the rise of the Internet from the attackers, defenders, commercial and society perspective
- Learning points from past and current assumptions, approaches, successes, failures, and surprises

Internet Infrastructure
- Establish a high level understanding of the fundamental design principals and functional blocks of the Internet infrastructure
- Understand strengths and weaknesses of present design choices from security perspective
- High level understanding of relevant networking concepts, protocols, software applications, policies, processes & organizations in order to
assess these topics
- Establish a functional, high level understanding of relevant aspects of cryptography

Cyber Security & Risk
- Recognize cyber security as an interdisciplinary, highly dynamic, complex and adaptive system where increased interaction and
dependencies between physical, communication, and social layers brings fundamentally different (and unpredictable) threats
- Core security assets such as: confidentiality, integrity, availability, authenticity, accountability, non repudiation, privacy
- Dominant players, protocols, and technologies
- Different threat actors along the dimensions attacker goals, resources, approach, and threat

Economics of Cyber Security
Understand security challenges and limitations from an economic, rather than technological perspective
- From security perspective: incentives of industry vs. users, security as a negative externality, zero marginal cost of software, network
effect, time to market, lock-in, switching cost, economics of usability, security as a trade-off
- Social and psychological aspects of security

Attacker Capabilities
- Attacker capabilities and the offensive use from technical, economic, organizational, and operational perspective
- Understand common and novel attack and evasion techniques, proliferation of expertise and tools, optimal timing to use zero-day attacks
- Attack types and malware development lifecycle and detection evasion techniques
- Botnets, exploit markets, plausible deniability, distributed denial of service (DDoS)
- Processes and dynamics in the (in)security community, cyber-underground
     
Defense Options and Limitations
- Functional principles, capabilities, and limitations of diverse protection and detection technologies
- Security effectiveness and evaluation/testing of security technologies
- Trade-off between efficiency and resilience against structurally novel attacks
- Effectiveness baseline security measures
- Know cyber information sources and frameworks

Cyber Security Challenges
- Increasing software complexity and vulnerabilities, the illusion of secure software
- Full disclosure debate, economics of bug bounty programs
- Internet of things, Industry control systems (SCADA/ICS)
- Security and integrity of the supply chain (IoT, Smart-X)
- Social media and mass protests
- Erosion of privacy

Legal Aspects 
- Legal aspects of cyber security, compliance, and policies
- Know the fundamental national and international legal and regulatory requirements in connection with cyber security on a cross-sector
and sector-specific level
- Understanding of legal risks and measures for risk mitigation

Guest Talks:
- Pascal Gujer - Digital Forensics Expert Kapo Zurich (Cantonal Police Departement Zurich)
- Maxim Salomon - Previously at Roche now with Google as Technical Program Manager for Security of Mergers & Acquisitions "The
safety vs. security of cyber physical systems"
- Marc Ruef - Security Expert, "Navigating the Cyber Underground"
- Roger Halbheer - Executive Security Advisor for Microsoft in EMEA

Lecture notes Lecture slides will be available on the site of the lecture:

https://www.xyotta.com

Collaboradom: Cyber Security Course 2020
To get access ask freist@ethz.ch for the registration code once the course has begun

Literature Paper reading provided during the lectures
Prerequisites /
notice

none

860-0022-00L Complexity and Global Systems Science
Does not take place this semester.
Number of participants limited to 64.

Prerequisites: solid mathematical skills.

Particularly suitable for students of D-ITET, D-MAVT and
ISTP

W  3 credits 2V D. Helbing

Abstract This course discusses complex techno-socio-economic systems, their counter-intuitive behaviors, and how their theoretical understanding
empowers us to solve some long-standing problems that are currently bothering the world.

Objective Participants should learn to get an overview of the state of the art in the field, to present it in a well understandable way to an
interdisciplinary scientific audience, to develop models for open problems, to analyze them, and to defend their results in response to
critical questions. In essence, participants should improve their scientific skills and learn to think scientifically about complex dynamical
systems.
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Content This course starts with a discussion of the typical and often counter-intuitive features of complex dynamical systems such as self-
organization, emergence, (sudden) phase transitions at "tipping points", multi-stability, systemic instability, deterministic chaos, and
turbulence. It then discusses phenomena in networked systems such as feedback, side and cascade effects, and the problem of radical
uncertainty. The course progresses by demonstrating the relevance of these properties for understanding societal and, at times, global-
scale problems such as traffic jams, crowd disasters, breakdowns of cooperation, crime, conflict, social unrests, political revolutions,
bubbles and crashes in financial markets, epidemic spreading, and/or "tragedies of the commons" such as environmental exploitation,
overfishing, or climate change. Based on this understanding, the course points to possible ways of mitigating techno-
socio-economic-environmental problems, and what data science may contribute to their solution.

Prerequisites /
notice

Mathematical skills can be helpful

Public Policy Bachelor - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Statistics Master
The following courses belong to the curriculum of the Master's Programme in Statistics. The corresponding credits do not count as external credits even
for course units where an enrolment at ETH Zurich is not possible.

 Core Courses
In each subject area, the core courses offered are normally mathematical as well as application-oriented in content. For each subject area, only one of
these is recognised for the Master degree.

 Regression
No offering in this semester (401-3622-00L Statistical Modelling is offered in the autumn semester).

 Analysis of Variance and Design of Experiments
No offering in this semester

 Multivariate Statistics
Number Title Type ECTS Hours Lecturers

401-6102-00L Multivariate Statistics
Does not take place this semester.

W  4 credits 2G not available

Abstract Multivariate Statistics deals with joint distributions of several random variables. This course introduces the basic concepts and provides an
overview over classical and modern methods of multivariate statistics. We will consider the theory behind the methods as well as their
applications.

Objective After the course, you should be able to:
- describe the various methods and the concepts and theory behind them
- identify adequate methods for a given statistical problem
- use the statistical software "R" to efficiently apply these methods
- interpret the output of these methods

Content Visualization / Principal component analysis / Multidimensional scaling / The multivariate Normal distribution / Factor analysis / Supervised
learning / Cluster analysis

Lecture notes None
Literature The course will be based on class notes and books that are available electronically via the ETH library.
Prerequisites /
notice

Target audience: This course is the more theoretical version of  "Applied Multivariate Statistics" (401-0102-00L) and is targeted at students
with a math background. 

Prerequisite: A basic course in probability and statistics. 

Note: The courses 401-0102-00L and 401-6102-00L are mutually exclusive. You may register for at most one of these two course units.

401-0102-00L Applied Multivariate Statistics W  5 credits 2V+1U F. Sigrist
Abstract Multivariate statistics analyzes data on several random variables simultaneously. This course introduces the basic concepts and provides

an overview of classical and modern methods of multivariate statistics including visualization, dimension reduction, supervised and
unsupervised learning for multivariate data. An emphasis is on applications and solving problems with the statistical software R.

Objective After the course, you are able to:
- describe the various methods and the concepts behind them
- identify adequate methods for a given statistical problem
- use the statistical software R to efficiently apply these methods
- interpret the output of these methods

Content Visualization, multivariate outliers, the multivariate normal distribution, dimension reduction, principal component analysis, multidimensional
scaling, factor analysis, cluster analysis, classification, multivariate tests and multiple testing

Lecture notes None
Literature 1) "An Introduction to Applied Multivariate Analysis with R" (2011) by Everitt and Hothorn 

2) "An Introduction to Statistical Learning: With Applications in R" (2013) by Gareth, Witten, Hastie and Tibshirani

Electronic versions (pdf) of both books can be downloaded for free from the ETH library.

Prerequisites /
notice

This course is targeted at students with a non-math background. 

Requirements:
==========
1) Introductory course in statistics (min: t-test, regression; ideal: conditional probability, multiple regression)
2) Good understanding of R (if you don't know R, it is recommended that you study chapters 1,2,3,4, and 5 of "Introductory Statistics with
R" from Peter Dalgaard, which is freely available online from the ETH library)

An alternative course with more emphasis on theory is 401-6102-00L "Multivariate Statistics" (only every second year).

401-0102-00L and 401-6102-00L are mutually exclusive. You can register for only one of these two courses.

 Time Series and Stochastic Processes
Number Title Type ECTS Hours Lecturers

401-6624-11L Applied Time Series W  5 credits 2V+1U M. Dettling
Abstract The course starts with an introduction to time series analysis (examples, goal, mathematical notation). In the following, descriptive

techniques, modeling and prediction as well as advanced topics will be covered.
Objective Getting to know the mathematical properties of time series, as well as the requirements, descriptive techniques, models, advanced

methods and software that are necessary such that the student can independently run an applied time series analysis.
Content The course starts with an introduction to time series analysis that comprises of examples and goals. We continue with notation and

descriptive analysis of time series. A major part of the course will be dedicated to modeling and forecasting of time series using the flexible
class of ARMA models. More advanced topics that will be covered in the following are time series regression, state space models and
spectral analysis.

Lecture notes A script will be available.
Prerequisites /
notice

The course starts with an introduction to time series analysis that comprises of examples and goals. We continue with notation and
descriptive analysis of time series. A major part of the course will be dedicated to modeling and forecasting of time series using the flexible
class of ARMA models. More advanced topics that will be covered in the following are time series regression, state space models and
spectral analysis.
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 Mathematical Statistics
No offering in this semester

 Specialization Areas and Electives
 Statistical and Mathematical Courses

Number Title Type ECTS Hours Lecturers

401-4632-15L Causality W  4 credits 2G C. Heinze-Deml
Abstract In statistics, we are used to search for the best predictors of some random variable. In many situations, however, we are interested in

predicting a system's behavior under manipulations. For such an analysis, we require knowledge about the underlying causal structure of
the system. In this course, we study concepts and theory behind causal inference.

Objective After this course, you should be able to
- understand the language and concepts of causal inference
- know the assumptions under which one can infer causal relations from observational and/or interventional data
- describe and apply different methods for causal structure learning
- given data and a causal structure, derive causal effects and predictions of interventional experiments

Prerequisites /
notice

Prerequisites: basic knowledge of probability theory and regression

401-4627-00L Empirical Process Theory and Applications W  4 credits 2V S. van de Geer
Abstract Empirical process theory provides a rich toolbox for studying the properties of empirical risk minimizers, such as least squares and

maximum likelihood estimators, support vector machines, etc.
Content In this series of lectures, we will start with considering exponential inequalities, including concentration inequalities, for the deviation of

averages from their mean. We furthermore present some notions from approximation theory, because this enables us to assess the
modulus of continuity of empirical processes. We introduce e.g., Vapnik Chervonenkis dimension: a combinatorial concept (from learning
theory) of the "size" of a collection of sets or functions. As statistical applications, we study consistency and exponential inequalities for
empirical risk minimizers, and asymptotic normality in semi-parametric models. We moreover examine regularization and model selection.

401-3632-00L Computational Statistics W  8 credits 3V+1U M. H. Maathuis
Abstract We discuss modern statistical methods for data analysis, including methods for data exploration, prediction and inference. We pay attention

to algorithmic aspects, theoretical properties and practical considerations. The class is hands-on and methods are applied using the
statistical programming language R.

Objective The student obtains an overview of modern statistical methods for data analysis, including their algorithmic aspects and theoretical
properties. The methods are applied using the statistical programming language R.

Content See the class website
Prerequisites /
notice

At least one semester of (basic) probability and statistics.

Programming experience is helpful but not required.

401-3602-00L Applied Stochastic Processes
Does not take place this semester.

W  8 credits 3V+1U not available

Abstract Poisson processes; renewal processes; Markov chains in discrete and in continuous time; some applications.
Objective Stochastic processes are a way to describe and study the behaviour of systems that evolve in some random way. In this course, the

evolution will be with respect to a scalar parameter interpreted as time, so that we discuss the temporal evolution of the system. We
present several classes of stochastic processes, analyse their properties and behaviour and show by some examples how they can be
used. The main emphasis is on theory; in that sense, "applied" should be understood to mean "applicable".

Literature R. N. Bhattacharya and E. C. Waymire, "Stochastic Processes with Applications", SIAM (2009), available online:
http://epubs.siam.org/doi/book/10.1137/1.9780898718997
R. Durrett, "Essentials of Stochastic Processes", Springer (2012), available online: http://link.springer.com/book/10.1007/978-
1-4614-3615-7/page/1
M. Lefebvre, "Applied Stochastic Processes", Springer (2007), available online: http://link.springer.com/book/10.1007/978-
0-387-48976-6/page/1
S. I. Resnick, "Adventures in Stochastic Processes", Birkhäuser (2005)

Prerequisites /
notice

Prerequisites are familiarity with (measure-theoretic) probability theory as it is treated in the course "Probability Theory" (401-3601-00L).

401-3642-00L Brownian Motion and Stochastic Calculus W  10 credits 4V+1U W. Werner
Abstract This course covers some basic objects of stochastic analysis. In particular, the following topics are discussed: construction and properties

of Brownian motion, stochastic integration, Ito's formula and applications, stochastic differential equations and connection with partial
differential equations.

Objective This course covers some basic objects of stochastic analysis. In particular, the following topics are discussed: construction and properties
of Brownian motion, stochastic integration, Ito's formula and applications, stochastic differential equations and connection with partial
differential equations.

Lecture notes Lecture notes will be distributed in class.
Literature - J.-F. Le Gall, Brownian Motion, Martingales, and Stochastic Calculus, Springer (2016).

- I. Karatzas, S. Shreve, Brownian Motion and Stochastic Calculus, Springer (1991).
- D. Revuz, M. Yor, Continuous Martingales and Brownian Motion, Springer (2005).
- L.C.G. Rogers, D. Williams, Diffusions, Markov Processes and Martingales, vol. 1 and 2, Cambridge University Press (2000).
- D.W. Stroock, S.R.S. Varadhan, Multidimensional Diffusion Processes, Springer (2006).

Prerequisites /
notice

Familiarity with measure-theoretic probability as in the standard D-MATH course "Probability Theory" will be assumed. Textbook accounts
can be found for example in 
- J. Jacod, P. Protter, Probability Essentials, Springer (2004).
- R. Durrett, Probability: Theory and Examples, Cambridge University Press (2010).

401-6228-00L Programming with R for Reproducible Research W  1 credit 1G M. Mächler
Abstract Deeper understanding of R: Function calls, rather than "commands".

Reproducible research and data analysis via Sweave and Rmarkdown.
Limits of floating point arithmetic.
Understanding how functions work. Environments, packages, namespaces.
Closures, i.e., Functions returning functions.
Lists and [mc]lapply() for easy parallelization.
Performance measurement and improvements.

Objective Learn to understand  R  as a (very versatile and flexible) programming language and learn about some of its lower level functionalities
which are needed to understand *why* R works the way it does.

Content See "Skript":  https://github.com/mmaechler/ProgRRR/tree/master/ETH
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Lecture notes Material available from  Github
    https://github.com/mmaechler/ProgRRR/tree/master/ETH

(typically will be updated during course)

Literature Norman Matloff (2011) The Art of R Programming - A tour of statistical software design.
no starch press, San Francisco. on stock at Polybuchhandlung (CHF 42.-).

More material, notably H.Wickam's "Advanced R" : see my ProgRRR github page.

Prerequisites /
notice

R Knowledge on the same level as after *both* parts of  the ETH lecture
401-6217-00L  Using R for Data Analysis and Graphics
http://www.vvz.ethz.ch/Vorlesungsverzeichnis/lerneinheitPre.do?semkez=2013W&lerneinheitId=84563&ansicht=ALLE&lang=de

An interest to dig deeper than average R users do.

Bring your own laptop with a recent version of R installed

401-3629-00L Quantitative Risk Management W  4 credits 2V+1U P. Cheridito
Abstract This course introduces methods from probability theory and statistics that can be used to model financial risks. Topics addressed include

loss distributions, risk measures, extreme value theory, multivariate models, copulas, dependence structures and operational risk.
Objective The goal is to learn the most important methods from probability theory and statistics used in financial risk modeling.
Content 1. Introduction 

2. Basic Concepts in Risk Management
3. Empirical Properties of Financial Data
4. Financial Time Series
5. Extreme Value Theory
6. Multivariate Models
7. Copulas and Dependence
8. Operational Risk

Lecture notes Course material is available on https://people.math.ethz.ch/~patrickc/qrm
Literature Quantitative Risk Management: Concepts, Techniques and Tools

AJ McNeil, R Frey and P Embrechts
Princeton University Press, Princeton, 2015 (Revised Edition)
http://press.princeton.edu/titles/10496.html

Prerequisites /
notice

The course corresponds to the Risk Management requirement for the SAA ("Aktuar SAV Ausbildung") as well as for the Master of Science
UZH-ETH in Quantitative Finance.

401-4658-00L Computational Methods for Quantitative Finance: PDE
Methods

W  6 credits 3V+1U C. Schwab

Abstract Introduction to principal methods of option pricing. Emphasis on PDE-based methods. Prerequisite MATLAB programming
and knowledge of numerical mathematics at ETH BSc level.

Objective Introduce the main methods for efficient numerical valuation of derivative contracts in a
Black Scholes as well as in incomplete markets due Levy processes or due to stochastic volatility
models. Develop implementation of pricing methods in MATLAB. 
Finite-Difference/ Finite Element based methods for the solution of the pricing integrodifferential equation.

Content 1. Review of option pricing. Wiener and Levy price process models. Deterministic, local and stochastic
     volatility models.
2. Finite Difference Methods for option pricing. Relation to bi- and multinomial trees.
    European contracts.
3. Finite Difference methods for Asian, American and Barrier type contracts.
4. Finite element methods for European and American style contracts.
5. Pricing under local and stochastic volatility in Black-Scholes Markets.
6. Finite Element Methods for option pricing under Levy processes. Treatment of 
    integrodifferential operators.
7. Stochastic volatility models for Levy processes.
8. Techniques for multidimensional problems. Baskets in a Black-Scholes setting and 
    stochastic volatility models in Black Scholes and Levy markets.
9. Introduction to sparse grid option pricing techniques.

Lecture notes There will be english, typed lecture notes as well as MATLAB software for registered participants in the course.
Literature R. Cont and P. Tankov : Financial Modelling with Jump Processes, Chapman and Hall Publ. 2004.


Y. Achdou and O. Pironneau : Computational Methods for Option Pricing, SIAM Frontiers in Applied Mathematics, SIAM Publishers,
Philadelphia 2005.

D. Lamberton and B. Lapeyre : Introduction to stochastic calculus Applied to Finance (second edition), Chapman & Hall/CRC Financial
Mathematics Series, Taylor & Francis Publ. Boca Raton, London, New York 2008.

J.-P. Fouque, G. Papanicolaou and K.-R. Sircar : Derivatives in financial markets with stochastic volatility, Cambridge Univeristy Press,
Cambridge, 2000.

N. Hilber, O. Reichmann, Ch. Schwab and Ch. Winter: Computational Methods for Quantitative Finance, Springer Finance, Springer, 2013.

401-2284-00L Measure and Integration W  6 credits 3V+2U F. Da Lio
Abstract Introduction to abstract measure and integration theory, including the following topics: Caratheodory extension theorem, Lebesgue

measure, convergence theorems, L^p-spaces, Radon-Nikodym theorem, product measures and Fubini's theorem, measures on topological
spaces

Objective Basic acquaintance with the abstract theory of measure and integration
Content Introduction to abstract measure and integration theory, including the following topics: Caratheodory extension theorem, Lebesgue

measure, convergence theorems, L^p-spaces, Radon-Nikodym theorem, product measures and Fubini's theorem, measures on topological
spaces

Lecture notes New lecture notes in English will be made available during the course
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Literature 1. L. Evans and R.F. Gariepy " Measure theory and fine properties of functions"
2. Walter Rudin "Real and complex analysis"
3. R. Bartle The elements of Integration and Lebesgue Measure
4. The notes by Prof. Michael Struwe Springsemester 2013, https://people.math.ethz.ch/~struwe/Skripten/AnalysisIII-FS2013-12-9-13.pdf.
5. The notes by Prof. UrsLang  Springsemester 2019. https://people.math.ethz.ch/~lang/mi.pdf
6. P. Cannarsa & T. D'Aprile: Lecture notes on Measure Theory and Functional Analysis:
http://www.mat.uniroma2.it/~cannarsa/cam_0607.pdf
 .

401-3903-11L Geometric Integer Programming W  6 credits 2V+1U J. Paat
Abstract Integer programming is the task of minimizing a linear function over all the integer points in a polyhedron. This lecture introduces the key

concepts of an algorithmic theory for solving such problems.
Objective The purpose of the lecture is to provide a geometric treatment of the theory of integer optimization.
Content Key topics are:


- Lattice theory and the polynomial time solvability of integer optimization problems in fixed dimension.

- Structural properties of integer sets that reveal other parameters affecting the complexity of integer problems

- Duality theory for integer optimization problems from the vantage point of lattice free sets.

Lecture notes not available, blackboard presentation
Literature Lecture notes will be provided. 


Other helpful materials include 

Bertsimas, Weismantel: Optimization over Integers, 2005

and

Schrijver: Theory of linear and integer programming, 1986.

Prerequisites /
notice

"Mathematical Optimization" (401-3901-00L)

401-4944-20L Mathematics of Data Science W  8 credits 4G A. Bandeira
Abstract Mostly self-contained, but fast-paced, introductory masters level course on various theoretical aspects of algorithms that aim to extract

information from data.
Objective Introduction to various mathematical aspects of Data Science.
Content These topics lie in overlaps of (Applied) Mathematics with: Computer Science, Electrical Engineering, Statistics, and/or Operations

Research. Each lecture will feature a couple of Mathematical Open Problem(s) related to Data Science. The main mathematical tools used
will be Probability and Linear Algebra, and a basic familiarity with these subjects is required. There will also be some (although knowledge
of these tools is not assumed) Graph Theory, Representation Theory, Applied Harmonic Analysis, among others. The topics treated will
include Dimension reduction, Manifold learning, Sparse recovery, Random Matrices, Approximation Algorithms, Community detection in
graphs, and several others.

Lecture notes https://people.math.ethz.ch/~abandeira/TenLecturesFortyTwoProblems.pdf
Prerequisites /
notice

The main mathematical tools used will be Probability, Linear Algebra (and real analysis), and a working knowledge of these subjects is
required. In addition
to these prerequisites, this class requires a certain degree of mathematical maturity--including abstract thinking and the ability to
understand and write proofs.

We encourage students who are interested in mathematical data science to take both this course and ``227-0434-10L    Mathematics of
Information'' taught by Prof. H. Bölcskei. The two courses are designed to be 
complementary.
A. Bandeira and H. Bölcskei

227-0434-10L Mathematics of Information W  8 credits 3V+2U+2A H. Bölcskei
Abstract The class focuses on mathematical aspects of 


1. Information science: Sampling theorems, frame theory, compressed sensing, sparsity, super-resolution, spectrum-blind sampling,
subspace algorithms, dimensionality reduction

2. Learning theory: Approximation theory, uniform laws of large numbers, Rademacher complexity, Vapnik-Chervonenkis dimension

Objective The aim of the class is to familiarize the students with the most commonly used mathematical theories in data science, high-dimensional
data analysis, and learning theory. The class consists of the lecture, exercise sessions with homework problems, and of a research project,
which can be carried out either individually or in groups. The research project consists of either 1. software development for the solution of
a practical signal processing or machine learning problem or 2. the analysis of a research paper or 3. a theoretical research problem of
suitable complexity. Students are welcome to propose their own project at the beginning of the semester. The outcomes of all projects have
to be presented to the entire class at the end of the semester.

Content Mathematics of Information

1. Signal representations: Frame theory, wavelets, Gabor expansions, sampling theorems, density theorems

2. Sparsity and compressed sensing: Sparse linear models, uncertainty relations in sparse signal recovery, matching pursuits, super-
resolution, spectrum-blind sampling, subspace algorithms (MUSIC, ESPRIT, matrix pencil), estimation in the high-dimensional noisy case,
Lasso

3. Dimensionality reduction: Random projections, the Johnson-Lindenstrauss Lemma

Mathematics of Learning

4. Approximation theory: Nonlinear approximation theory, fundamental limits on compressibility of signal classes, Kolmogorov-Tikhomirov
epsilon-entropy of signal classes, optimal compression of signal classes, recovery from incomplete data, information-based complexity,
curse of dimensionality

5. Uniform laws of large numbers: Rademacher complexity, Vapnik-Chervonenkis dimension, classes with polynomial discrimination,
blessings of dimensionality
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Lecture notes Detailed lecture notes will be provided at the beginning of the semester and as we go along.
Prerequisites /
notice

This course is aimed at students with a background in basic linear algebra, analysis, statistics, and probability. 

We encourage students who are interested in mathematical data science to take both this course and "401-4944-20L Mathematics of Data
Science" by Prof. A. Bandeira. The two courses are designed to be complementary.

H. Bölcskei and A. Bandeira

261-5110-00L Optimization for Data Science W  8 credits 3V+2U+2A B. Gärtner, D. Steurer
Abstract This course provides an in-depth theoretical treatment of optimization methods that are particularly relevant in data science.
Objective Understanding the theoretical guarantees (and their limits) of relevant optimization methods used in data science. Learning general

paradigms to deal with optimization problems arising in data science.
Content This course provides an in-depth theoretical treatment of optimization methods that are particularly relevant in machine learning and data

science.

In the first part of the course, we will first give a brief introduction to convex optimization, with some basic motivating examples from
machine learning. Then we will analyse classical and more recent first and second order methods for convex optimization: gradient
descent, projected gradient descent, subgradient descent, stochastic gradient descent, Nesterov's accelerated method, Newton's method,
and Quasi-Newton methods. The emphasis will be on analysis techniques that occur repeatedly in convergence analyses for various
classes of convex functions. We will also discuss some classical and recent theoretical results for nonconvex optimization. 

In the second part, we discuss convex programming relaxations as a powerful and versatile paradigm for designing efficient algorithms to
solve computational problems arising in data science. We will learn about this paradigm and develop a unified perspective on it through the
lens of the sum-of-squares semidefinite programming hierarchy. As applications, we are discussing non-negative matrix factorization,
compressed sensing and sparse linear regression, matrix completion and phase retrieval, as well as robust estimation.

Prerequisites /
notice

As background, we require material taught in the course "252-0209-00L Algorithms, Probability, and Computing". It is not necessary that
participants have actually taken the course, but they should be prepared to catch up if necessary.

252-0220-00L Introduction to Machine Learning
Limited number of participants. Preference is given to
students in programmes in which the course is being
offered. All other students will be waitlisted. Please do not
contact Prof. Krause for any questions in this regard. If
necessary, please contact studiensekretariat@inf.ethz.ch 

W  8 credits 4V+2U+1A A. Krause

Abstract The course introduces the foundations of learning and making predictions based on data.
Objective The course will introduce the foundations of learning and making predictions from data. We will study basic concepts such as trading

goodness of fit and model complexitiy. We will discuss important machine learning algorithms used in practice, and provide hands-on
experience in a course project.

Content - Linear regression (overfitting, cross-validation/bootstrap, model selection, regularization, [stochastic] gradient descent)
- Linear classification: Logistic regression (feature selection, sparsity, multi-class)
- Kernels and the kernel trick (Properties of kernels; applications to linear and logistic regression); k-nearest neighbor
- Neural networks (backpropagation, regularization, convolutional neural networks)
- Unsupervised learning (k-means, PCA, neural network autoencoders)
- The statistical perspective (regularization as prior; loss as likelihood; learning as MAP inference)
- Statistical decision theory (decision making based on statistical models and utility functions)
- Discriminative vs. generative modeling (benefits and challenges in modeling joint vy. conditional distributions)
- Bayes' classifiers (Naive Bayes, Gaussian Bayes; MLE)
- Bayesian approaches to unsupervised learning (Gaussian mixtures, EM)

Literature Textbook: Kevin Murphy, Machine Learning: A Probabilistic Perspective, MIT Press
Prerequisites /
notice

Designed to provide a basis for following courses:
- Advanced Machine Learning
- Deep Learning
- Probabilistic Artificial Intelligence 
- Seminar "Advanced Topics in Machine Learning"

252-0526-00L Statistical Learning Theory W  7 credits 3V+2U+1A J. M. Buhmann, C. Cotrini Jimenez
Abstract The course covers advanced methods of statistical learning: 


- Variational methods and optimization.
- Deterministic annealing. 
- Clustering for diverse types of data.
- Model validation by information theory.

Objective The course surveys recent methods of statistical learning. The fundamentals of machine learning, as presented in the courses "Introduction
to Machine Learning" and "Advanced Machine Learning", are expanded from the perspective of statistical learning.

Content - Variational methods and optimization. We consider optimization approaches for problems where the optimizer is a probability distribution.
We will discuss concepts like maximum entropy, information bottleneck, and deterministic annealing.

- Clustering. This is the problem of sorting data into groups without using training samples. We discuss alternative notions of "similarity"
between data points and adequate optimization procedures.

- Model selection and validation. This refers to the question of how complex the chosen model should be. In particular, we present an
information theoretic approach for model validation.

- Statistical physics models. We discuss approaches for approximately optimizing large systems, which originate in statistical physics (free
energy minimization applied to spin glasses and other models). We also study sampling methods based on these models.

Lecture notes A draft of a script will be provided. Lecture slides will be made available.
Literature Hastie, Tibshirani, Friedman: The Elements of Statistical Learning, Springer, 2001.


L. Devroye, L. Gyorfi, and G. Lugosi: A probabilistic theory of pattern recognition. Springer, New York, 1996

Prerequisites /
notice

Knowledge of machine learning (introduction to machine learning and/or advanced machine learning)
Basic knowledge of statistics.

252-3900-00L Big Data for Engineers
This course is not intended for Computer Science and
Data Science MSc students! 

W  6 credits 2V+2U+1A G. Fourny
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Abstract This course is part of the series of database lectures offered to all ETH departments, together with Information Systems for Engineers. It
introduces the most recent advances in the database field: how do we scale storage and querying to Petabytes of data, with trillions of
records? How do we deal with heterogeneous data sets? How do we deal with alternate data shapes like trees and graphs?

Objective This lesson is complementary with Information Systems for Engineers as they cover different time periods of database history and
practices -- you can even take both lectures at the same time.

The key challenge of the information society is to turn data into information, information into knowledge, knowledge into value. This has
become increasingly complex. Data comes in larger volumes, diverse shapes, from different sources. Data is more heterogeneous and less
structured than forty years ago. Nevertheless, it still needs to be processed fast, with support for complex operations.

This combination of requirements, together with  the technologies that have emerged in order to address them, is typically referred to as
"Big Data." This revolution has led to a completely new way to do business, e.g., develop new products and business models, but also to
do science -- which is sometimes referred to as data-driven science or the "fourth paradigm".

Unfortunately, the quantity of data produced and available -- now in the Zettabyte range (that's 21 zeros) per year -- keeps growing faster
than our ability to process it. Hence, new architectures and approaches for processing it were and are still needed. Harnessing them must
involve a deep understanding of data not only in the large, but also in the small.

The field of databases evolves at a fast pace. In order to be prepared, to the extent possible, to the (r)evolutions that will take place in the
next few decades, the emphasis of the lecture will be on the paradigms and core design ideas, while today's technologies will serve as
supporting illustrations thereof.

After visiting this lecture, you should have gained an overview and understanding of the Big Data landscape, which is the basis on which
one can make informed decisions, i.e., pick and orchestrate the relevant technologies together for addressing each business use case
efficiently and consistently.

Content This course gives an overview of database technologies and of the most important database design principles that lay the foundations of
the Big Data universe. 

It targets specifically students with a scientific or Engineering, but not Computer Science, background.

We take the monolithic, one-machine relational stack from the 1970s, smash it down and rebuild it on top of large clusters: starting with
distributed storage, and all the way up to syntax, models, validation, processing, indexing, and querying. A broad range of aspects is
covered with a focus on how they fit all together in the big picture of the Big Data ecosystem.

No data is harmed during this course, however, please be psychologically prepared that our data may not always be in normal form.

- physical storage: distributed file systems (HDFS), object storage(S3), key-value stores

- logical storage: document stores (MongoDB), column stores (HBase)

- data formats and syntaxes (XML, JSON, RDF, CSV, YAML, protocol buffers, Avro)

- data shapes and models (tables, trees)

- type systems and schemas: atomic types, structured types (arrays, maps), set-based type systems (?, *, +)

- an overview of functional, declarative programming languages across data shapes (SQL, JSONiq)

- the most important query paradigms (selection, projection, joining, grouping, ordering, windowing)

- paradigms for parallel processing, two-stage (MapReduce) and DAG-based (Spark)

- resource management (YARN)

- what a data center is made of and why it matters (racks, nodes, ...)

- underlying architectures (internal machinery of HDFS, HBase, Spark)

- optimization techniques (functional and declarative paradigms, query plans, rewrites, indexing)

- applications.

Large scale analytics and machine learning are outside of the scope of this course.

Literature Papers from scientific conferences and journals. References will be given as part of the course material during the semester.
Prerequisites /
notice

This course is not intended for Computer Science and Data Science students. Computer Science and Data Science students interested in
Big Data MUST attend the Master's level Big Data lecture, offered in Fall.

Requirements: programming knowledge (Java, C++, Python, PHP, ...) as well as basic knowledge on databases (SQL). If you have already
built your own website with a backend SQL database, this is perfect.

Attendance is especially recommended to those who attended Information Systems for Engineers last Fall, which introduced the "good old
databases of the 1970s" (SQL, tables and cubes). However, this is not a strict requirement, and it is also possible to take the lectures in
reverse order.

263-5300-00L Guarantees for Machine Learning W  5 credits 2V+2A F. Yang
Abstract This course teaches classical and recent methods in statistics and optimization commonly used to prove theoretical guarantees for

machine learning algorithms. The knowledge is then applied in project work that focuses on understanding phenomena in modern machine
learning.

Objective This course is aimed at advanced master and doctorate students who want to understand and/or conduct independent research on theory
for modern machine learning. For this purpose, students will learn common mathematical techniques from statistical learning theory. In
independent project work, they then apply their knowledge and go through the process of critically questioning recently published work,
finding relevant research questions and learning how to effectively present research ideas to a professional audience.
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Content This course teaches some classical and recent methods in statistical learning theory aimed at proving theoretical guarantees for machine
learning algorithms, including topics in

- concentration bounds, uniform convergence
- high-dimensional statistics (e.g. Lasso)
- prediction error bounds for non-parametric statistics (e.g. in kernel spaces)
- minimax lower bounds
- regularization via optimization

The project work focuses on active theoretical ML research that aims to understand modern phenomena in machine learning, including but
not limited to

- how overparameterization could help generalization ( interpolating models, linearized NN )
- how overparameterization could help optimization ( non-convex optimization, loss landscape )
- complexity measures and approximation theoretic properties of randomly initialized and
trained NN
- generalization of robust learning ( adversarial robustness, standard and robust error tradeoff )
- prediction with calibrated confidence ( conformal prediction, calibration )

Prerequisites /
notice

It’s absolutely necessary for students to have a strong mathematical background (basic real analysis, probability theory, linear algebra) and
good knowledge of core concepts in machine learning taught in courses such as “Introduction to Machine Learning”, “Regression”/
“Statistical Modelling”. It's also helpful to have heard an optimization course or approximation theoretic course. In addition to these
prerequisites, this class requires a certain degree of mathematical maturity—including abstract thinking and the ability to understand and
write proofs.

636-0702-00L Statistical Models in Computational Biology W  6 credits 2V+1U+2A N. Beerenwinkel
Abstract The course offers an introduction to graphical models and their application to complex biological systems. Graphical models combine a

statistical methodology with efficient algorithms for inference in settings of high dimension and uncertainty. The unifying graphical model
framework is developed and used to examine several classical and topical computational biology methods.

Objective The goal of this course is to establish the common language of graphical models for applications in computational biology and to see this
methodology at work for several real-world data sets.

Content Graphical models are a marriage between probability theory and graph theory. They combine the notion of probabilities with efficient
algorithms for inference among many random variables. Graphical models play an important role in computational biology, because they
explicitly address two features that are inherent to biological systems: complexity and uncertainty. We will develop the basic theory and the
common underlying formalism of graphical models and discuss several computational biology applications. Topics covered include
conditional independence, Bayesian networks, Markov random fields, Gaussian graphical models, EM algorithm, junction tree algorithm,
model selection, Dirichlet process mixture, causality, the pair hidden Markov model for sequence alignment, probabilistic phylogenetic
models, phylo-HMMs, microarray experiments and gene regulatory networks, protein interaction networks, learning from perturbation
experiments, time series data and dynamic Bayesian networks. Some of the biological applications will be explored in small data analysis
problems as part of the exercises.

Lecture notes no
Literature - Airoldi EM (2007) Getting started in probabilistic graphical models. PLoS Comput Biol 3(12): e252. doi:10.1371/journal.pcbi.0030252

- Bishop CM. Pattern Recognition and Machine Learning. Springer, 2007.
- Durbin R, Eddy S, Krogh A, Mitchinson G. Biological Sequence Analysis. Cambridge university Press, 2004

701-0104-00L Statistical Modelling of Spatial Data W  3 credits 2G A. J. Papritz
Abstract In environmental sciences one often deals with spatial data. When analysing such data the focus is either on exploring their structure

(dependence on explanatory variables, autocorrelation) and/or on spatial prediction. The course provides an introduction to geostatistical
methods that are useful for such analyses.

Objective The course will provide an overview of the basic concepts and stochastic models that are used to model spatial data. In addition,
participants will learn a number of geostatistical techniques and acquire familiarity with R software that is useful for analyzing spatial data.

Content After an introductory discussion of the types of problems and the kind of data that arise in environmental research, an introduction into
linear geostatistics (models: stationary and intrinsic random processes, modelling large-scale spatial patterns by linear regression,
modelling autocorrelation by variogram; kriging: mean square prediction of spatial data) will be taught. The lectures will be complemented
by data analyses that the participants have to do themselves.

Lecture notes Slides, descriptions of the problems for the data analyses and solutions to them will be provided.
Literature P.J. Diggle & P.J. Ribeiro Jr. 2007. Model-based Geostatistics. Springer.


Bivand, R. S., Pebesma, E. J. & Gómez-Rubio, V. 2013. Applied Spatial Data Analysis with R. Springer.

Prerequisites /
notice

Familiarity with linear regression analysis (e.g. equivalent to the first part of the course 401-0649-00L Applied Statistical Regression) and
with the software R (e.g. 401-6215-00L Using R for Data Analysis and Graphics (Part I), 401-6217-00L Using R for Data Analysis and
Graphics (Part II)) are required for attending the course.

401-6222-00L Robust and Nonlinear Regression W  2 credits 1V+1U A. F. Ruckstuhl
Abstract In a first part, the basic ideas of robust fitting techniques are explained theoretically and practically using regression models and explorative

multivariate analysis. 

The second part addresses the challenges of fitting nonlinear regression functions and finding reliable confidence intervals.

Objective Participants are familiar with common robust fitting methods for the linear regression models as well as for exploratory multivariate analysis
and are able to assess their suitability for the data at hand. 

They know the challenges that arise in fitting of nonlinear regression functions, and know the difference between classical and profile
based methods to determine confidence intervals. 

They can apply the discussed methods in practise by using the statistics software R.

Content Robust fitting: influence function, breakdown point, regression M-estimation, regression MM-estimation, robust inference, covariance
estimation with high breakdown point, application in principal component analysis and linear discriminant analysis. 

Nonlinear regression: the nonlinear regression model, estimation methods, approximate tests and confidence intervals, estimation
methods, profile t plot, profile traces, parameter transformation, prediction and calibration

Lecture notes Lecture notes are available
Prerequisites /
notice

It is a block course on three Mondays in June

401-8618-00L Statistical Methods in Epidemiology (University of
Zurich)
No enrolment to this course at ETH Zurich. Book the

W  5 credits 3G University lecturers
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corresponding module directly at UZH.
UZH Module Code: STA408

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

Abstract Analysis of case-control and cohort studies. The most relevant measures
of effect (odds and rate ratios) are introduced, and methods for
adjusting for confounders (Mantel-Haenszel, regression) are thoroughly
discussed. Advanced topics such as measurement error and propensity
score adjustments are also covered. We will outline statistical methods
for case-crossover and case series studies etc.

401-4626-00L Advanced Statistical Modelling: Mixed Models W  4 credits 2V M. Mächler
Abstract Mixed Models = (*| generalized| non-) linear Mixed-effects Models, extend traditional regression models by adding "random effect" terms.


In applications, such models are called "hierarchical models", "repeated measures" or "split plot designs". Mixed models are widely used
and appropriate in an aera of complex data measured from living creatures from biology to human sciences.

Objective - Becoming aware how mixed models are more realistic and more powerful in many cases than traditional ("fixed-effects only") regression
models. 

- Learning to fit such models to data correctly, critically interpreting results for such model fits, and hence learning to work the creative cycle
of responsible statistical data analysis:
    "fit -> interpret & diagnose -> modify the fit -> interpret & ...."

- Becoming aware of computational and methodological limitations of these models, even when using state-of-the art software.

Content The lecture will build on various examples, use R and notably the `lme4` package, to illustrate concepts. The relevant R scripts are made
available online.

Inference (significance of factors, confidence intervals) will focus on the more realistic *un*balanced situation where classical (ANOVA, sum
of squares etc) methods are known to be deficient.  Hence, Maximum Likelihood (ML) and its variant, "REML", will be used for estimation
and inference.

Lecture notes We will work with an unfinished book proposal from Prof Douglas Bates, Wisconsin, USA  which itself is a mixture of theory and worked R
code examples.

These lecture notes and all R scripts are made available from  
https://github.com/mmaechler/MEMo

Literature (see web page and lecture notes)
Prerequisites /
notice

- We assume a good working knowledge about multiple linear regression ("the general linear model') and an intermediate (not beginner's)
knowledge about model based statistics (estimation, confidence intervals,..).

 Typically this means at least two classes of (math based) statistics, say
   1. Intro to probability and statistics
   2. (Applied) regression including  Matrix-Vector notation  Y = X b + E

- Basic (1 semester) "Matrix calculus" / linear algebra is also assumed.

- If familiarity with [R](https://www.r-project.org/) is not given, it should be acquired during the course (by the student on own initiative).

447-6236-00L Statistics for Survival Data W  2 credits 1V+1U A. Hauser
Abstract The primary purpose of a survival analysis is to model and analyze time-to-event data; that is, data that have as a principal endpoint the

length of time for an event to occur. This block course introduces the field of survival analysis without getting too embroiled in the
theoretical technicalities.

Objective Presented here are some frequently used parametric models and methods, including accelerated failure time models; and the newer
nonparametric procedures which include the Kaplan-Meier estimate of survival and the Cox proportional hazards regression model. The
statistical tools treated are applicable to data from medical clinical trials, public health, epidemiology, engineering, economics, psychology,
and demography as well.

Content The primary purpose of a survival analysis is to model and analyze time-to-event data; that is, data that have as a principal endpoint the
length of time for an event to occur. Such events are generally referred to as "failures." Some examples are time until an electrical
component fails, time to first recurrence of a tumor (i.e., length of remission) after initial treatment, time to death, time to the learning of a
skill, and promotion times for employees.

In these examples we can see that it is possible that a "failure" time will not be observed either by deliberate design or due to random
censoring. This occurs, for example, if a patient is still alive at the end of a clinical trial period or has moved away. The necessity of
obtaining methods of analysis that accommodate censoring is the primary reason for developing specialized models and procedures for
failure time data. Survival analysis is the modern name given to the collection of statistical procedures which accommodate time-to-event
censored data. Prior to these new procedures, incomplete data were treated as missing data and omitted from the analysis. This resulted in
the loss of the partial information obtained and in introducing serious systematic error (bias) in estimated quantities. This, of course, lowers
the efficacy of the study. The procedures discussed here avoid bias and are more powerful as they utilize the partial information available
on a subject or item.

This block course introduces the field of survival analysis without getting too embroiled in the theoretical technicalities. Models for failure
times describe either the survivor function or hazard rate and their dependence on explanatory variables. Presented here are some
frequently used parametric models and methods, including accelerated failure time models; and the newer nonparametric procedures
which include the Kaplan-Meier estimate of survival and the Cox proportional hazards regression model. The statistical tools treated are
applicable to data from medical clinical trials, public health, epidemiology, engineering, economics, psychology, and demography as well.

401-8628-00L Survival Analysis (University of Zurich)
No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: STA425

Mind the enrolment deadlines at UZH:
http://www.uzh.ch/studies/application/mobilitaet_en.html

W  3 credits 1.5G University lecturers
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Abstract The analysis of survival times, or in more general terms, the analysis
of time to event variables is concerned with models for censored
observations. Because we cannot always wait until the event of interest
actually happens, the methods discussed here are required for an
appropriate handling of incomplete observations where we only know that
the event of interest did not happen within ...

Content During the course, we will study the most important methods and models
for censored data, including
- general concepts of censoring,
- simple summary statistics,
- estimation of survival curves,
- frequentist inference for two and more groups, and
- regression models for censored observations

 Application Areas
Students select one area of application and look for suitable courses in which quantitative methods and modeling play a role. They need the consent by
the Advisor (http://stat.ethz.ch/~kalisch/) that the chosen courses are eligible in the category "Application Areas".

For the category assignment of eligible courses keep the choice "no category" and take contact with the Study Administration Office
(www.math.ethz.ch/studiensekretariat/staff/ekuenti) after having received the credits. The Study Administration Office needs the Advisor's consent.

 Seminar or Semester Paper
Number Title Type ECTS Hours Lecturers

401-4620-00L Statistics Lab
Number of participants limited to 27.

W  6 credits 2S M. Kalisch, M. H. Maathuis,
M. Mächler, L. Meier,
N. Meinshausen

Abstract "Statistics Lab" is an Applied Statistics Workshop in Data Analysis. It
provides a learning environment in a realistic setting. 

Students lead a regular consulting session at the Seminar für Statistik
(SfS). After the session, the statistical data analysis is carried out and
a written report and results are presented to the client. The project is
also presented in the course's seminar.

Objective - gain initial experience in the consultancy process 
- carry out a consultancy session and produce a report 
- apply theoretical knowledge to an applied problem

After the course, students will have practical knowledge about statistical
consulting. They will have determined the scientific problem and its
context, enquired the design of the experiment or data collection, and
selected the appropriate methods to tackle the problem.  They will have
deepened their statistical knowledge, and applied their theoretical
knowledge to the problem. They will have gathered experience in explaining
the relevant mathematical and software issues to a client. They will have
performed a statistical analysis using R (or SPSS). They improve their
skills in writing a report and presenting statistical issues in a talk.

Content Students participate in consulting meetings at the SfS. Several consulting
dates are available for student participation. These are arranged
individually.

-During the first meeting the student mainly observes and participates in
the discussion. During the second meeting (with a different client), the
student leads the meeting. The member of the consulting team is overseeing
(and contributing to) the meeting.

-After the meeting, the student performs the recommended analysis, produces
a report and presents the results to the client.

-Finally, the student presents the case in the weekly course seminar in a
 talk. All students are required to attend the seminar regularly.

Lecture notes n/a
Literature The required literature will depend on the specific statistical problem

under investigation. Some introductory material can be found below.
Prerequisites /
notice

Prerequisites: 
Sound knowledge in basic statistical methods, especially regression and, if
possible, analysis of variance.  Basic experience in Data Analysis with R.

401-3630-04L Semester Paper
Successful participation in the course unit 401-2000-00L
Scientific Works in Mathematics is required.
For more information, see
www.math.ethz.ch/intranet/students/study-
administration/theses.html

W 4 credits 6A Supervisors

Abstract Semester papers serve to delve into a problem in statistics and to study it with the appropriate methods or to compile and clearly exhibit a
case study of a statistical evaluation.

401-3630-94L Semester Paper
Successful participation in the course unit 401-2000-00L
Scientific Works in Mathematics is required.
For more information, see
www.math.ethz.ch/intranet/students/study-
administration/theses.html

W  4 credits 6A Supervisors

Abstract Semester papers serve to delve into a problem in statistics and to study it with the appropriate methods or to compile and clearly exhibit a
case study of a statistical evaluation.

401-3630-06L Semester Paper
Successful participation in the course unit 401-2000-00L

W 6 credits 9A Supervisors
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Scientific Works in Mathematics is required.
For more information, see
www.math.ethz.ch/intranet/students/study-
administration/theses.html

Abstract Semester papers serve to delve into a problem in statistics and to study it with the appropriate methods or to compile and clearly exhibit a
case study of a statistical evaluation.

401-3620-20L Student Seminar in Statistics: Inference in Non-
Classical Regression Models
Number of participants limited to 24.
Mainly for students from the Mathematics Bachelor and
Master Programmes who, in addition to the introductory
course unit 401-2604-00L Probability and Statistics, have
heard at least one core or elective course in statistics.
Also offered in the Master Programmes Statistics resp.
Data Science.

W  4 credits 2S F. Balabdaoui

Abstract Review of some non-standard regression models and the statistical properties of estimation methods in such models.
Objective The main goal is the students get to discover some less known regression models which either generalize the well-known linear model  (for

example monotone regression) or violate some of the most fundamental assumptions (as in shuffled or unlinked regression models).
Content Linear regression is one of the most used models for prediction and hence one of the most understood in statistical literature. However,

linearity might too simplistic to capture the actual relationship between some response and given covariates. Also, there are many real data
problems where linearity is plausible but the actual pairing between the observed covariates and responses is completely lost or at partially.
In this seminar, we review some of the non-classical regression models and the statistical properties of the estimation methods considered
by well-known statisticians and machine learners. This will encompass:
1. Monotone regression
2. Single index model
3. Unlinked regression
4. Partially unlinked regression

Lecture notes No script is necessary for this seminar
Literature In the following is the material that will read and studied by each pair of students  (all the items listed below are available through the ETH

electronic library or arXiv):

1. Chapter 2 from the book "Nonparametric estimation under shape constraints"  by P. Groeneboom and G. Jongbloed, 2014, Cambridge
University Press

2. "Nonparametric shape-restricted regression" by A. Guntuoyina and B. Sen, 2018, Statistical Science, Volume 33, 568-594

3. "Asymptotic distributions for two estimators of the single index model" by Y. Xia, 2006, Econometric Theory, Volume 22, 1112-1137   

4. "Least squares estimation in the monotone single index model" by F. Balabdaoui, C. Durot and H. K. Jankowski, Journal of Bernoulli,
2019, Volume 4B, 3276-3310

5. "Least angle regression"  by B. Efron, T. Hastie, I. Johnstone, and R. Tibshirani, 2004, Annals of Statsitics, Volume  32,  407-499.

6. "Sharp thresholds for high dimensional  and noisy sparsity recovery using l1-constrained quadratic programming (Lasso)" by M.
Wainwright, 2009, IEEE transactions in Information Theory, Volume 55, 1-19

7."Denoising linear models with permuted data" by A. Pananjady, M. Wainwright and T. A. Courtade and , 2017, IEEE International
Symposium on Information Theory, 446-450.

8. "Linear regression with shuffled data: statistical and computation limits of permutation recovery" by  A. Pananjady, M. Wainwright and T.
A. Courtade , 2018, IEEE transactions in Information Theory, Volume 64, 3286-3300

9. "Linear regression without correspondence" by D. Hsu, K. Shi and X. Sun, 2017, NIPS

10. "A pseudo-likelihood approach to linear regression with partially shuffled data" by M. Slawski, G. Diao, E. Ben-David, 2019, arXiv.

11. "Uncoupled isotonic  regression via minimum Wasserstein deconvolution" by P. Rigollet and J. Weed, 2019, Information and Inference,
Volume 00,  1-27

401-3940-20L Student Seminar in Mathematics and Data:
Optimization of Random Functions
Number of participants limited to 12.

W  4 credits 2S A. Bandeira

Abstract More information at course webpage:
https://people.math.ethz.ch/~abandeira/Spring2020.StudentSeminar.html

363-1100-00L Risk Case Study Challenge
Does not take place this semester.

W  3 credits 2S A. Bommier, S. Feuerriegel

Abstract This seminar provides master students at ETH with the challenging opportunity of working on a real risk modelling and risk management
case in close collaboration with a Risk Center Partner Company. For the Spring 2019 Edition the Partner will be Zurich Insurance Group.

Objective Students work on a real risk-related case of a business relevant topic provided by experts from Risk Center partners. While gaining
substantial insights into the risk modeling and management of the industry, students explore the case or problem on their own, working in
teams, and develop possible solutions. The cases allow students to use logical problem solving skills with emphasis on evidence and
application and involve the integration of scientific knowledge. Typically, the risk-related cases can be complex, cover ambiguities, and may
be addressed in more than one way. During the seminar students visit the partners’ headquarters, conduct interviews with members of the
management team as well as internal and external experts, and present their results.

Content Get a basic understanding of 
o    The insurance and reinsurance business 
o    Risk management and risk modelling
o    The role of operational risk management

Get in contact with industry experts and conduct interviews on the topic. 

Conduct a small empirical study and present findings to the company
Prerequisites /
notice

Please apply for this course via the official website (www.riskcenter.ethz.ch/education/lectures/risk-case-study-challenge-.html). Apply no
later than February 15, 2019.
The number of participants is limited to 14.
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 GESS Science in Perspective
Two credits are needed from the "Science in Perspective" programme with language courses excluded if three credits from language courses have
already been recognised for the Bachelor's degree.
see https://ethz.ch/content/dam/ethz/common/docs/weisungssammlung/files-en/science-in-perspective.pdf (Eight credits must be acquired in this
category: normally six during the Bachelor’s degree programme, and two during the Master’s degree programme. A maximum of three credits from
language courses from the range of the Language Center of the University of Zurich and ETH Zurich may be recognised. In addition, only advanced
courses (level B2 upwards) in the European languages English, French, Italian and Spanish are recognised. German language courses are recognised
from level C2 upwards.)

see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
MATH

see Science in Perspective: Language Courses ETH/UZH

 Master's Thesis
Number Title Type ECTS Hours Lecturers

401-2000-00L Scientific Works in Mathematics
Target audience:
Third year Bachelor students;
Master students who cannot document to have received
an adequate training in working scientifically.

O  0 credits Ö. Imamoglu, E. Kowalski

Abstract Introduction to scientific writing for students with focus on publication standards and ethical issues, especially in the case of citations
(references to works of others.)

Objective Learn the basic standards of scientific works in mathematics.
Content - Types of mathematical works

 - Publication standards in pure and applied mathematics
 - Data handling
 - Ethical issues
 - Citation guidelines

Lecture notes Moodle of the Mathematics Library: https://moodle-app2.let.ethz.ch/course/view.php?id=519
Prerequisites /
notice

Directive https://www.ethz.ch/content/dam/ethz/common/docs/weisungssammlung/files-en/declaration-of-originality.pdf

401-2000-01L Lunch Sessions – Thesis Basics for Mathematics
Students
Details and registration for the optional MathBib training
course: https://www.math.ethz.ch/mathbib-schulungen

Z  0 credits Speakers

Abstract Optional course "Recherchieren in der Mathematik" (held in German) by the Mathematics Library.

401-4990-02L Master's Thesis
Only students who fulfil the following criteria are allowed to
begin with their Master's thesis:
a. successful completion of the Bachelor's programme; 
b. fulfilling of any additional requirements necessary to
gain admission to the Master's programme;
c. They have acquired at least 16 credits in the category
‘Core courses‘.

Successful participation in the course unit 401-2000-00L
Scientific Works in Mathematics is required.
For more information, see
www.math.ethz.ch/intranet/students/study-
administration/theses.html

O 30 credits 57D Supervisors

Abstract The master's thesis concludes the study programme. Thesis work should prove the students' ability to independent, structured and
scientific working.

Objective Die Studierenden sollen mit der Master-Arbeit, die den Abschluss des Studiengangs bildet, ihre Fähigkeit zu selbständiger, strukturierter
und wissenschaftlicher Tätigkeit unter Beweis stellen.

 Course Units for Additional Admission Requirements
The courses below are only available for MSc students with additional admission requirements.

Number Title Type ECTS Hours Lecturers

406-0173-AAL Linear Algebra I and II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  6 credits 13R N. Hungerbühler

Abstract Linear algebra is an indispensable tool of engineering mathematics. The course is an introduction to basic methods and fundamental
concepts of linear algebra and its applications to engineering sciences.

Objective After completion of this course, students are able to recognize linear structures and to apply adequate tools from linear algebra in order to
solve corresponding problems from theory and applications. In addition, students have a basic knowledge of the software package Matlab.
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Content Systems of linear equations, Gaussian elimination, solution space, matrices, LR decomposition, determinants, structure of linear spaces,
normed vector spaces, inner products, method of least squares, QR decomposition, introduction to MATLAB, applications.
Linear maps, kernel and image, coordinates and matrices, coordinate transformations, norm of a matrix, orthogonal matrices, eigenvalues
and eigenvectors, algebraic and geometric multiplicity, eigenbasis, diagonalizable matrices, symmetric matrices, orthonormal basis,
condition number, linear differential equations, Jordan decomposition, singular value decomposition, examples in MATLAB, applications.

Reading:

Gilbert Strang "Introduction to linear algebra", Wellesley-Cambridge Press: Chapters 1-6, 7.1-7.3, 8.1, 8.2, 8.6

A Practical Introduction to MATLAB: http://www.math.ethz.ch/~grsam/Numerik_MAVT_WS0203/docs/intro.pdf

Matlab Primer: http://www.math.ethz.ch/~grsam/Numerik_MAVT_WS0203/docs/primer.pdf

Literature - Gilbert Strang: Introduction to linear algebra. Wellesley-Cambridge Press

- A Practical Introduction to MATLAB: http://www.math.ethz.ch/~grsam/Numerik_MAVT_WS0203/docs/intro.pdf

- Matlab Primer: http://www.math.ethz.ch/~grsam/Numerik_MAVT_WS0203/docs/primer.pdf

- K. Nipp / D. Stoffer, Lineare Algebra, vdf Hochschulverlag, 5. Auflage 2002

- K. Meyberg / P. Vachenauer, Höhere Mathematik 1, Springer 2003

406-0243-AAL Analysis I and II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  14 credits 30R M. Akveld

Abstract Mathematical tools for the engineer
Objective Mathematics as a tool to solve engineering problems.                             Mathematical formulation of technical and scientific problems.

Basic mathematical knowledge for engineers.
Content Short introduction to mathematical logic.

Complex numbers.  
Calculus for functions of one variable with applications.                          
Simple types of ordinary differential equations.                                          
Simple Mathematical models in engineering.

Multi variable calculus: gradient, directional derivative, chain rule, Taylor expansion. Multiple integrals: coordinate transformations, path
integrals, integrals over surfaces, divergence theorem, applications in physics.

Literature Textbooks in English:
- J. Stewart: Calculus, Cengage Learning, 2009, ISBN 978-0-538-73365-6
- J. Stewart: Multivariable Calculus, Thomson Brooks/Cole (e.g. Appendix G on complex numbers)
- V. I. Smirnov: A course of higher mathematics. Vol. II. Advanced calculus
- W. L. Briggs, L. Cochran: Calculus: Early Transcendentals: International Edition, Pearson Education
Textbooks in German:
- M. Akveld, R. Sperb: Analysis I, vdf
- M. Akveld, R. Sperb: Analysis II, vdf
- L. Papula: Mathematik für Ingenieure und Naturwissenschaftler, Vieweg Verlag
- L. Papula: Mathematik für Ingenieure 2, Vieweg Verlag

406-0603-AAL Stochastics (Probability and Statistics)
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  4 credits 9R M. Kalisch

Abstract Introduction to basic methods and fundamental concepts of statistics and
probability theory for non-mathematicians. The concepts are presented on
the basis of some descriptive examples. The course will be based on the
book "Statistics for research" by S. Dowdy et.al. and on the
book "Introductory Statistics with R" by P. Dalgaard.

Objective The objective of this course is to build a solid fundament in probability
and statistics. The student should understand some fundamental concepts and
be able to apply these concepts to applications in the real
world. Furthermore, the student should have a basic knowledge of the
statistical programming language "R". The main topics of the course are:
- Introduction to probability
- Common distributions
- Binomialtest
- z-Test, t-Test
- Regression

Content From "Statistics for research":
Ch 1: The Role of Statistics
Ch 2: Populations, Samples, and Probability Distributions
Ch 3: Binomial Distributions
Ch 6: Sampling Distribution of Averages
Ch 7: Normal Distributions
Ch 8: Student's t Distribution
Ch 9: Distributions of Two Variables [Regression]

From "Introductory Statistics with R":
Ch 1: Basics
Ch 2: Probability and distributions
Ch 3: Descriptive statistics and tables
Ch 4: One- and two-sample tests
Ch 5: Regression and correlation
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Literature "Statistics for research" by S. Dowdy et. al. (3rd
edition); Print ISBN: 9780471267355; Online ISBN: 9780471477433; DOI:
10.1002/0471477435; 
From within the ETH, this book is freely available online under:
http://onlinelibrary.wiley.com/book/10.1002/0471477435

"Introductory Statistics with R" by Peter Dalgaard; ISBN
978-0-387-79053-4; DOI: 10.1007/978-0-387-79054-1
From within the ETH, this book is freely available online under:
http://www.springerlink.com/content/m17578/

406-2604-AAL Probability and Statistics
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  7 credits 15R M. Schweizer

Abstract - Discrete probability spaces
- Continuous models
- Limit theorems
- Introduction to statistics

Objective The goal of this course is to provide an introduction to the basic ideas and concepts from probability theory and mathematical statistics.
This includes a mathematically rigorous treatment as well as intuition and getting acquainted with the ideas behind the definitions. The
course does not use measure theory systematically, but does point out where this is required and what the connections are.

Content - Probability: Chapters 1-12 from the book by DasGupta 
- Statistics: Chapters 8-11 from  the book by Rice

Lecture notes There will be lecture notes (in German) that are continuously updated during the semester.
Literature A. DasGupta, Fundamentals of Probability: A First Course, Springer (2010)

J. A. Rice, Mathematical Statistics and Data Analysis, Duxbury Press, second edition (1995)
Prerequisites /
notice

Some of the exercise classes associated to the original course (which is in German) will be offered in English.

Statistics Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Environmental Engineering Bachelor
 2. Semester

 First Year Examinations (2. Sem.)
Number Title Type ECTS Hours Lecturers

401-0242-00L Analysis II O  7 credits 5V+2U M. Akveld
Abstract Mathematical tools of an engineer
Objective Mathematics as a tool to solve engineering problems, mathematical formulation of problems in science and engineering. Basic

mathematical knowledge of an engineer
Content Multi variable calculus: gradient, directional derivative, chain rule, Taylor expansion. Multiple integrals: coordinate transformations, path

integrals, integrals over surfaces, theorems of Green, Gauss and Stokes, applications in physics.
Lecture notes The lecturer's lecture notes will be available in Moodle.
Literature - Dürrschnabel, Mathematik für Ingenieure

- M. Akveld, R. Sperb. Analysis II. vdf, 2015
- James Stewart: Multivariable Calculus, Thomson Brooks/Cole
- Papula, L.: Mathematik für Ingenieure 2, Vieweg Verlag
- Arens et al., Mathematik.

Prerequisites /
notice

Analysis I

401-0612-00L Statistics and Probability Theory O  5 credits 3V+1U P. L. Bühlmann
Abstract Einführung in die Grundlagen der Statistik, Wahrscheinlichkeitstheorie und Modellierung von Unsicherheiten im Zusammenhang mit

Entscheidungsfindungen im Ingenieurwesen. Die Schwerpunkte liegen im Erstellen wahrscheinlichkeitstheoretischer Modelle, im Testen
von Hypothesen und in der Überprüfung der Modelle. Als Software wird MATLAB verwendet.

Objective Das Ziel des Kurses besteht darin, den Studenten grundlegende Hilfsmittel der Statistik und Wahrscheinlichkeitstheorie näherzubringen.
Stets bezogen auf den Bereich der Risikobeurteilung und Entscheidungsfindung im Ingenieurwesen liegt der Schwerpunkt in der
Anwendung der Hilfsmittel und in der Argumentation, die hinter der Anwendung dieser Disziplinen steht.

Content Grundlagen der Wahrscheinlichkeitstheorie:

Grundlagen der Mengenlehre, Definitionen von Wahrscheinlichkeit, Axiome der Wahrscheinlichkeitstheorie, Wahrscheinlichkeiten von
Vereinigungen und Schnittmengen, bedingte Wahrscheinlichkeiten, Satz von Bayes.

Modellierung von Unsicherheiten:

Zufallsvariablen, diskrete und kontinuierliche Verteilungen, Momente, Verteilungsparameter, Eigenschaften des Erwartungswertes,
multivariate Verteilungen, Funktionen von Zufallsvariablen, der zentrale Grenzwertsatz, typische Verteilungen im Ingenieurswesen.

Beschreibende Statistik:

Grafische Darstellungen (Histogramme, Streudiagramme, Box-Plots), numerische Kennwerte.

Schätzungen und Modellbildung:

Auswahl der Verteilungsmodelle, QQ-Plots, Parameterschätzung, Momentenmethode, Maximum-Likelihood-Methode, Vertrauensintervalle,
Hypothesentests.

Lecture notes Ein Skript wird zur Verfügung gestellt.

252-0846-00L Computer Science II O  4 credits 2V+2U F. Friedrich Wicker, H. Lehner
Abstract Together with the introductory course Informatics I this course provides the foundations of programming. This course particularly covers

algorithms and data structures. Programming languages used in this course are Java and Python.
Objective Basing on the knowledge covered by lecture Informatics I, the primary educational objectives of this course are constructive knowledge of

data structures and algorithms.

When successfully attended the course, students have a good command of the mechanisms to construct an object oriented program. They
know the typically used control and data structures and understand how an algorithmic problem is mapped to a sufficiently efficient
computer program.

Secondary goals are an algorithmic computational thinking, undestanding the possibilities and limits of programming and to impart the way
of thinking of a computer scientist.

Content We discuss typical data structures and algorithms.

More generally, formal thinking and the need for abstraction and importance of appropriate modeling capabilities will be motivated.
Concrete topics are complexity of algorithms, divide and conquer-principles, recursion, sort- and search-algorithms,  elementary dynamic
data structures, algorithms on graphs.

The concepts of the lectures will be motivated with applications. The programming languages used in the lectures and the practical
exercises are Java and Python.

For the exercises an online-compiler and online-submission system is used.

Lecture notes The slides will be available for download on the course home page.
Literature Robert Sedgewick, Kevin Wayne, Introduction to Programming in Java: An Interdisciplinary Approach, Addison-Wesley, 2008


T. Cormen, C. Leiserson, R. Rivest, C. Stein, Introduction to Algorithms , 3rd ed., MIT Press, 2009

Prerequisites /
notice

Prerequisites are knowledge and programming experience according to course 252-0845-00 Computer Science I (D-BAUG).

151-0510-00L Engineering Mechanics O  6 credits 4G C. Glocker, J. Dual
Abstract Introduction to engineering mechanics: statics and elementary dynamics
Objective Students can solve problems of elementary engineering mechanics.
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Content Basic notions: position and velocitiy of particles, rigid bodies, planar motion, kinematics of rigid body, force, couple, power.
Statics: static equivalence, force-couple system, center of forces, centroid, principle of virtual power, equilibrium, constraints, statics,
friction.
Dynamics: acceleration, inertial forces, d'Alembert's Principle, Newton's Second Law, principles of linear and angular momentum,
equations of planar motion of rigid bodies.

Lecture notes lecture notes, in German
Literature Keine vorausgesetzt. Empfohlen für die Weiterbildung:

M.B. Sayir, J. Dual, S. Kaufmann, E. Mazza: "Ingenieurmechanik 1, Grundlagen und Statik". Springer Vieweg, Wiesbaden, 2015.
M.B. Sayir, S. Kaufmann: "Ingenieurmechanik 3, Dynamik". Springer Vieweg, Wiesbaden, 2014.

529-2002-02L Chemistry II O  5 credits 2V+2U J. Cvengros, J. E. E. Buschmann,
P. Funck, H. Grützmacher,
E. C. Meister, R. Verel

Abstract Chemistry II: Redox reactions, chemistry of the elements, introduction to organic chemistry
Objective General base for understanding of inorganic and organic chemistry.
Content 1. Redoxreactions


2. Inorganic Chemistry
Rules for nomenclature of inorganic compounds. Systematic description of the groups of elements in the periodical system and the most
important compounds of these elements. Formation of compounds as a consequence of the electronoc structure of the elements.

3. Introduction to organic chemistry
Description of the most important classes of compounds and of the functional groups. Principal reactivity of these functional groups.
Stereochemistry. 
Rection mechanisms: SN1- and SN2-reactions, electrophilic aromatic subtitutions, eliminations (E1 and E2), addition reactions (C=C and
C=O double bonds). Chemistry of carbony and carboxyl groups.

Lecture notes C.E.Housecroft, E.C.Constable, Chemistry, 4rd Edition, Pearson, Harlow (England), 2010 (ISBN 0-131-27567-4), Chap. 18-33
Literature Theodore L. Brown, H. Eugene LeMay, Bruce E. Bursten, CHEMIE. 14. Auflage, Pearson Studium, 2018.


D.W.Oxtoby, H.P.Gillis, N.H.Nachtrieb, PRINCIPLES OF MODERN CHEMISTRY, 8th Edition, Thomson, London, 2016.

 First Year Project Work
Number Title Type ECTS Hours Lecturers

101-0510-00L First Year Project Work O  3 credits 6A D. Braun, M. Floriancic, S. Leinss,
E. Morgenroth, J. Wang

Abstract Project on a topic pertaining to Environmental Engineering or Geomatics and Planning. The project work is carried out in a team.
Objective The project work not only tests efficiency in team- and project management, but also how to develop clearly structured, interdisciplinary

concept solutions.
Content Students can choose from different subjects and tasks.

 4. Semester
 Compulsory Courses 4. Semester

 Examination Block 2
Number Title Type ECTS Hours Lecturers

102-0214-00L Introduction to Urban Water Management
Only for students in Environmental Engineering BSc who
need to purchase 6 CP. For these students the excursions
are compulsory and they have to enrol for the course unit
102-0214-00L.

Other students have to enrole for the course unit 102-
0214-02L (without excursions).

O  6 credits 4G+1P E. Morgenroth, M. Maurer

Abstract Introduction to urban water management (water supply,  urban drainage, wastewater treatment, sewage sluge treatment)
Objective This course provides an introduction and an overview over the topics of urban water management (water supply,  urban drainage,

wastewater treatment, sewage sludge treatment). It supports the understanding of the interactions of the relevant technical and natural
systems. Simple design models are introduced.

Content Overview over the field of urban water management.
Introduction into systems analysis.
Characterization of water and water quality.
Requirement of drinking water, production of wastewater and pollutants
Production and supply of drinking water.
Urban drainage, treatment of combined sewer overflow.
Wastewater treatment, nutrient elimination, sludge handling.
Planning of urban water infrastructure.

Lecture notes Gujer, W.: Siedlungswasserwirtschaft, 3. Aufl., Springer Verlag Berlin Heidelberg 2007
Handouts

Prerequisites /
notice

This course is required for further in depth courses in urban water management.

102-0324-01L Ecological Systems Analysis O 6 credits 4G+1P S. Hellweg, S. Rubli, N. von Götz
Abstract This lecture deals with the methodological basics and application of various environmental assessment tools.
Objective After attending the lecture, students know environmental assessment tools, such as material flow analysis, risk assessment, and life cycle

assessment. They can identify and apply the appropriate tool in a given situation. Also, they are able to critically assess existing studies.
Content - Stofffluss- / Materialflussanalyse

- Chemische Produktrisikoanalyse
- Ökobilanz 
- Umweltfragestellung und Entscheidungsprozesse: Praxisbeispiele

Lecture notes Skript und Übungsunterlagen werden auf Moodle bereitgestellt.
Prerequisites /
notice

Die Lehrveranstaltung ist aufgeteilt in Vorlesungsstunden und Übungsstunden.

102-0474-00L Introduction to Water Resources Management O  4 credits 4G P. Burlando
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Abstract The course offers an introduction to the basics of water resources analysis and management covering the topics of water demand vs
availability, water exploitation and reservoir design, aquatic physics, water quality and pollution, water conservation and remediation in
rivers, lakes and aquifers, sustainable water use. The course will be complemented by a few guest lectures.

Objective Introduction to the basics of water resources management based on physical and chemical processes; principle of sustainability
Content Introduction: Overview water cycle, terms, global water situation, demand-supply, role of water management, sustainability, and Integrated

Water Resources Management
General concepts of water resources management.
Estimation of water resources demand, hydrological deficit
Introduction to Time Series Analysis and Stochastic Modelling, 
Linear Stochastic Models, Thomas-Fiering model
Droughts: Definition, Identification, quantitative analysis, water abstraction, impact, mitigation. 
Run of river water abstraction.
Reservoir design (Rippl, Probability), Simulation, Reservoir reliability (Moran's method)
Aquatic physics: Flow phenomena in river, lake, estuary, groundwater, time constants, tracer transport, environmental tracers
River and basin morphology and interaction with infrastructure
River restoration: Alpenrhein case study 
Water quality: Pollutants and effects, standards, water quality classification, water chemistry, BOD-DO model, Streeter Phelps Model
eutrophication of lakes, nitrate problem
Water resources protection and remediation: rivers, lakes, and groundwater

Lecture notes Handouts on homepage

 Examination Block 3
The remaining courses of examination block 3 will be offered in autum semester.

Number Title Type ECTS Hours Lecturers

102-0325-00L Waste Management O 4 credits 3G C. Leitzinger, L. S. Morf
Abstract Introduction into the problems of waste handling with the goal to get the ability of seeing and improving the influence of commodities and

products with there packaging to the environment - as they are becoming waste. Knowing the different mechanical and chemical
processes, which are applicable in the field of waste management.

Objective *To reconstruct the historical development of the waste problems (C2)
*To know the problems of a modern waste management (C4)
*To see and to improve the influence of commodities and products to the environment (C5)
*To recognize waste and his components as raw material and resources and to get the know how for a correct handling (C6)
*To know the different mechanical and chemical processes, which are applicable in the field of waste management (C6)

Content This lecture gives a comprehensive overview of the different waste-types and waste handling possibilities:
*Waste composition as a mirror of the human evolution
*Waste definition (formation, amount, energy content, waste composition)
*Several recycling possibilities and processes
*Thermal waste treatment (electricity/district heat as products), including off-gas cleaning and incineration residue handling with regards to
the final residue storage in a landfill and the problems which have to be solved there
*Special fields like biological waste handling (composting, fermentation), handling of special wastes and municipal sewage sludge
treatment
*Economical aspects

Lecture notes Martin F. Lemann: Waste Management
2nd enhanced English Edition 2008, 450 pages
Publisher: Peter Lang AG, Bern
ISBN 978-3-03911-514-3he Ausgabe

Literature see bibliographie in the script
Prerequisites /
notice

basic of chemical processes has to be known

 Additional Compulsory Courses
Number Title Type ECTS Hours Lecturers

102-0524-00L Laboratory Course in Environmental Engineering I O 7 credits 4P D. Braun, L. Biolley, P. M. Kienzler,
L. von Känel

Abstract A practical introduction to important measurement methods for environmental engineers. Results of the measurements are compared to
models and deviations are quantified with statistical methods.

Objective A practical introduction to important measurement methods for environmental engineers. Results of the measurements are compared to
models and deviations are quantified with statistical methods.

Content Es werden Experimente zu den folgenden Themen durchgeführt:
- Chemische Analysen in der Abwasserbehandlung
- Koagulation und Flockung
- Fraktionierung von Korngemischen
- Alkalinität und Wasserhärte
- Strömung in porösen Medien (Darcy Gesetz)
- Stofftransport in porösen Medien

Die folgenden analytischen Methoden werden dabei eingesetzt:
- UV/VIS-Spektroskopie
- Leitfähigkeitsmessungen
- Messen mit ionensensitiven Elektroden
- Ionenchromatographie 
- Atomabsorptionsspektroskopie

Lecture notes Unterlagen werden abgegeben.

102-0516-01L Environmental Impact Assessment O  3 credits 2G S.-E. Rabe
Abstract Focus of the course are the method, the process and content of the Environmental Impact Assessment (EIA) as well as the legal bases

and methods for compiling an environmental impact study (EIS).
Using examples, a comprehensive view of the EIA is made possible by means of excursions.
In the frame of a project the process of am EIA will be workt out by the students.
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Objective - Understanding the context of spatial planning and environmental protection
- Ability to use central planning instruments and procedures for assessing the environmental impacts and risks of projects
- Ability to apply quantitative methods to assess the environmental impacts and risks of projects
- Knowledge about the process and content of an EIA
- a capacity for critical review of environmental impact assessments

Content - Nominal and functional environmental protection in Switzerland
- Instruments of environmental protection
- Need for coordination between environmental protection and spatial planning
- Environmental Protection and environmental impact assessment
- Legal basis of the EIA
- Procedure of EIA
- Content of the EIA
- Content and structure of the EIS
- Application of the impact analysis
- Monitoring and Controlling
- View regarding the strategic environmental assessment (SEA)
- Excursions projects obligated under the EEA

Lecture notes No script. The documents for the lecture can be found for download on the homepage of the Chair of Planning of Landscape and Urban
Systems.

Download: http://irl.ethz.ch/de/education/vorlesungen/bsc/environmental_impact.html

Literature - Bundesamt für Umwelt 2009: UVP-Handbuch. Richtlinie des Bundes
für die Umweltverträglichkeitsprüfung. Umwelt-Vollzug Nr. 0923,
Bern. 156 S.
- Leitfäden zur UVP (werden in der Vorlesung bekannt gegben)

Prerequisites /
notice

Additional information on mode of examination:
No calculators allowed

 6. Semester
 Compulsory Courses 6. Semester

 Examination Block 4
Number Title Type ECTS Hours Lecturers

851-0705-01L Environmental Law II: Fields of Law and Case Studies O  3 credits 2V M. Pflüger, A. Gossweiler
Abstract Overview of selected fields of Swiss Environmental Law. Outline of European Environmental Law (excursus). Immission control (protection

against noise, air pollution), climate protection, conservation of water, forest and nature, regulations on waste and contaminated sites.
Theory and consolidation based on case studies and guest lectures.

Objective Basic understanding of scope and function of Environmental Law in the selected fields. Basic knowledge of legal instruments and of
interrelations within Environmental Law and other fields of law. The students will be able to comprehend all sides of a question and to
develop a possible legal solution (practical training on case studies).

Content Die Vorlesung gliedert sich in einzelne Teile und umfasst hauptsächlich folgende Themen: Grundkonzept des Immissionsschutzes,
Lärmschutz und Luftreinhaltung, Klimaschutz, Gewässerschutz, Naturschutz, Wald, Behandlung von Abfällen/Altlasten. Diskussion von
konkreten Fällen. Vorgesehen sind zudem zwei Gastreferate von externen Experten.

Lecture notes Christoph Jäger/Andreas Bühler, Schweizerisches Umweltrecht, Stämpfli-Skripten, Bern 2016
Prerequisites /
notice

Vorausgesetzt wird der Besuch der Vorlesung "Umweltrecht I: Grundlagen und Konzepte" im Herbstsemester

 Additional Compulsory Courses
Number Title Type ECTS Hours Lecturers

102-0526-01L Laboratory Course in Environmental Engineering II O  7 credits 4P D. Braun, M. Floriancic,
H. P. Füchslin, S. Rubli, B. Schäppi,
P. Weber

Abstract Characterisation of relevant processes and systems for the environment with experimental methods: incineration plants, activated sludge
reactors, hydraulic systems, evapotranspiration, disinfection of drinking water.

Objective Characterisation of relevant processes and systems for the environment with experimental methods: incineration plants, activated sludge
reactors, hydraulic systems, evapotranspiration, disinfection of drinking water.

Content Es werden Experimente zu den folgenden Gebieten durchgeführt:
- Hydromechanische Experimente und Strömungsmesstechnik
- Sauerstoffeintrag und Sauerstoffzehrung in Belebtschlammreaktoren
- Erhebung und Analyse von hydrologischen Daten, Berechnung der Evapotranspiration.
- Mikrobiologische Untersuchung und Desinfektion von Trinkwasser
- Einfache Stoffflussanalyse von einer Holzverbrennungsanlage

Lecture notes Unterlagen werden abgegeben.

 Elective Blocks
 Elective Block: Environmental Planning

Number Title Type ECTS Hours Lecturers

101-0414-00L Transport Planning (Transportation I) W 3 credits 2G K. W. Axhausen
Abstract The lecture course discusses the basic concepts, approaches and methods of transport planning in both their theoretical and practical

contexts.
Objective The course introduces the basic theories and methods of transport planning.
Content Basic theoretical links between transport, space and economic development; basic terminology; measurement and observation of travel

behaviour; methods of the four stage approach; cost-benefit analysis.
Literature Ortuzar, J. de D. and L. Willumsen (2011) Modelling Transport, Wiley, Chichester.

103-0357-00L Environmental Planning W  3 credits 2G M. Sudau, S.-E. Rabe
Abstract The lecture covers tools, methods and procedures of

Landscape and Environmental Planning developed. By means of field trips their implementation will be illustrated.
Objective Knowledge of the various instruments and possibilities for the practical implementation of environmental planning.

Knowledge of the complex interactions of the instruments.
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Content - forest planning
- inventories
- Intervention and compensation
- ecological network
- agricultural policy
- landscape development concepts (LEK)
- parks
- swiss concept of landscape
- riverine zone
- natural hazards
- field trips

Lecture notes - lecture notes concerning the instruments
- Handouts
- Copies of selected literature

Download: http://irl.ethz.ch/de/education/vorlesungen/bsc/environmental_planning.html

Prerequisites /
notice

Additional information on mode of examination:
No calculators allowed

 Elective Block: Soil Protection
Number Title Type ECTS Hours Lecturers

701-0524-00L Soil Biology W  3 credits 2V O. Daniel, B. W. Frey
Abstract Soil organisms play a key role in natural soil functions. The course focuses on anthropogenic impacts such as management, land-use

change and climate change on soil biodiversity.
Objective Basic knowledge on biological structures and functions in soil. Discussion of biological interactions, nutrient cycles and energy fluxes in the

subsurface. Here we try to answer the following questions: How do environmental factors influence soil organisms? How they can be
studied and how they are influenced? Which ecosystem functions are performed by soil organisms? What are important microbial
processes in the carbon and nitrogen cycle?

Content Structure of the habitat soil: Chemical, physical and biological factors coupling soil-water-air. Structure of soil biocoenoses. Soil fauna-
environment and soil microorganism-environment interactions. Nutrient cycles, organic matter decomposition and biologically catalyzed
processes in soil. Evaluation of soil biological methods.

Lecture notes Handouts and student assignments will be distributed during the course.
Literature No specific books required. Some recommendations will be given in the course
Prerequisites /
notice

Prerequisites: basic knowledge in soil physics, soil chemistry, zoology and mikrobiology.

701-0518-00L Soil Resources and Global Change W  3 credits 2G S. Dötterl, M. W. Evangelou
Abstract Introduction into the importance, concepts and areas of action related to soil development and the use of soil resources in a changing

world.
Objective Understanding the 

- conditions under which soils develop and are used at the global scale

- consequences and problems of the use of soil and the resulting pressure on soil resources

- impact of climate and global change on the future development of soil resources

Content Soil functions and soil formation; regional and global soil development, impacts of land use on soil water and gas circulation; forms of soil
pollution and degradation; regional and global estimates of soil degradation; soil amendment and remediation of contaminated soils;
planning and legal implementation of soil protection.

Lecture notes Handouts will be available for download. Related scientific articles will be recommended after each session.
Literature Some useful text books to know of: 


- Scheffer/Schachtschabel - Soil Science, Springer, Heidelberg, 2016.

- Brady N.C. and Weil, R.R. The Nature and Properties of Soils. 14th ed. Prentice Hall, 2007.

- Press & Siever: Allgemeine Geologie, 7th ed., Springer, Heidelberg, 2016.  

- Mason/Burt - Physical Geography, 5th ed., Oxford Uni. Press, Oxford, 2015.

Prerequisites /
notice

Prerequisites: Interest in physical geography and soil development. Basic knowledge in chemistry, biology and geology. A previous
participation in lecture "Pedosphere" (701-0501-00L) is recommended.

 Elective Block: Civil Engineering
Number Title Type ECTS Hours Lecturers

101-0206-00L Hydraulic Engineering W  5 credits 4G R. Boes
Abstract Hydraulic systems, schemes and structures (e.g. dams, intakes, conduits, pipes, open channels, weirs, powerhouses, locks), fundamentals

in river engineering and natural hazards
Objective Knowledge of hydraulic systems and their main hydraulic components and structures; competence in planning and design of hydraulic

structures with regard to serviceability, reliability and cost-effectiveness
Content Hydraulic systems: High-head storage power plants and low-head run-of-river power plants.

Weirs: weir and gate types, hydraulic design.
Intakes: intake types, desilting facilities and sand traps.
Channels: design, open and closed channels.
Closed conduits: linings, hydraulic design of pressure tunnels and shafts.
Dams and reservoirs: dam types, appurtenant structures
River engineering: flow computation, sediment transport, engineering and environmental measures.
Natural hazards: types, basics of countermeasures
Inland navigation: channels and locks.
Exercises in written form, exercises in hydraulic and computer laboratory.
Field trip.

Lecture notes Comprehensive script "Hydraulic structures" in German.
Literature literature references are given at the end of each chapter of the script. Recommended books: see course description in German
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Prerequisites /
notice

strongly recommended: basic knowledge in hydraulics (fluid mechanics)

 Elective Block: Energy
Offer in HS (as from HS19 on):
-227-1635-00L Electric Circuits
-151-1633-00L Energy Conversion
At least 10KP must be achieved for the elective block: Energy.

Number Title Type ECTS Hours Lecturers

529-0191-01L Electrochemical Energy Conversion and Storage
Technologies

W  4 credits 3G L. Gubler, E. Fabbri,
J. Herranz Salañer

Abstract The course provides an introduction to the principles and applications of electrochemical energy conversion (e.g. fuel cells) and storage
(e.g. batteries) technologies in the broader context of a renewable energy system.

Objective Students will discover the importance of electrochemical energy conversion and storage in energy systems of today and the future,
specifically in the framework of renewable energy scenarios. Basics and key features of electrochemical devices will be discussed, and
applications in the context of the overall energy system will be highlighted with focus on future mobility technologies and grid-scale energy
storage. Finally, the role of (electro)chemical processes in power-to-X and deep decarbonization concepts will be elaborated.

Content Overview of energy utilization: past, present and future, globally and locally; today’s and future challenges for the energy system; climate
changes; renewable energy scenarios; introduction to electrochemistry; electrochemical devices, basics and their applications: batteries,
fuel cells, electrolyzers, flow batteries, supercapacitors, chemical energy carriers: hydrogen & synthetic natural gas; electromobility; grid-
scale energy storage, power-to-gas, power-to-X and deep decarbonization, techno-economics and life cycle analysis.

Lecture notes all lecture materials will be available for download on the course website.
Literature - M. Sterner, I. Stadler (Eds.): Handbook of Energy Storage (Springer, 2019).

- C.H. Hamann, A. Hamnett, W. Vielstich; Electrochemistry, Wiley-VCH (2007).
- T.F. Fuller, J.N. Harb: Electrochemical Engineering, Wiley (2018)

Prerequisites /
notice

Basic physical chemistry background required, prior knowledge of electrochemistry basics desired.

227-0803-00L Energy, Resources, Environment: Risks and
Prospects

W  6 credits 4G O. Zenklusen, T. Flüeler

Abstract Multidisciplinary, interactive course focussing on current debates around environmental and energy issues. Topics include: energy
transition, nuclear energy and climate change, 2000-Watt-Society. Concepts such as risk, sustainable development and eco-efficiency are
applied to case studies. The course is designed for a pluridisciplinary audience and provides a training ground for critical thinking.

Objective Develop capacities for explicating environmental problems, for scrutinising proposed solutions and for contributing to debates. Analyse
complex issues from different perspectives and using a variety of analytical concepts. Understand interactions between the environment,
science and technology, society and the economy. Develop skills in critical thinking, scientific writing and presenting.

Content Following a multidisciplinary outline of current issues in environmental and energy policy, the course introduces theoretical and analytical
approaches including "risk", "sustainability", "resource management", "messy problems" as well as concepts from institutional design and
environmental economics. Large parts of the course are dedicated to case studies and contributions from participants. These serve for
applying concepts to concrete challenges and debates. Topics may include: energy transition, innovation, carbon markets, the future of
nuclear energy, climate change and development policy, dealing with disaster risk, the use of non-renewable resources, as well as visions
such as 2000-watt society.

Lecture notes Presentations and reader provided in electronic formats.
Literature Reader provided in electronic formats.
Prerequisites /
notice

-

 Electives
The entire course programs of ETH Zurich and the University of Zurich are open to the students to individual selection. 

 Electives Bachelor Programm
Number Title Type ECTS Hours Lecturers

102-0214-01L Excursion - Water Supply of Vienna
Does not take place this semester.
Number of participants limited to 24.

W  1 credit 2P E. Morgenroth

Abstract How does the Viennese water supply work? View the facilities and the fundamentals of the physical region: from the urban area storages to
the catchment area springs in the Styria, taking account of scientific research projects in the context of karst research (geology, hydrology,
karst hydrology, biology/vegetation, forest ecology, snow measurement programs)

Objective The participants of the excursion learn: 
1. How the Viennese water supply works.
2. Which constructions and facilities are required to operate such a large water supply, especially in the case of the Viennese spring water
supply (1st and 2nd Viennese spring water main)
- reservoir "Rosenhügel" (in the city area) 
- the biggest closed reservoir of Europe "Neusiedl am Steinfeld" along the 1st Viennese spring water main (out of city) 
- 1st and 2nd Viennese spring water main with a length of up to 200 km (gravity pipelines)
- tapping of springs
- crop-out of the biggest tapped karstic spring in Central Europe
- protected areas in the natural environment
3. Which measures are taken by the city in the protected areas:
- demarcation of the protected areas (conflict of land use vs. clean drinking water)
- possible causes of risk and risk management
- optimization of spring water management, especially in terms of water quality
- measures in the case of spring water pollution
4. How the quality of the potable water is monitored at the spring sites (online measurements).
5. Which measures are taken in the case of a drinking water shortage at the springs during a dry period.
6. Which scientific projects does the Vienna Water Works pursue with respect to climate change and future scenarios for drinking water
supply.

Content - Visit the two waterworks museums in Kaiserbrunn and Wildalpen for discovering the historical process of water supply in the city of
Vienna
- Tour of the premises and the vertical deep wells in a glacial aquifer that serve partly for drinking water supply for the city of Graz.
- Various aspects of Karst systems and the relevance of branches of science such as Karst hydrology, geology, vegetation and soil
science.
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Prerequisites /
notice

Note: All tours are carried out in German, without time for translation.  Therefore, for students to be able to benefit from this excursion, a
good understanding of German is highly recommended.

For Bachelor students: Prerequisite is 102-0214-00 Siedlungswasserwirtschaft GZ.

102-0186-00L CAD for Environmental Engineers
Number of participants limited to 15.

W  2 credits 2G M. Miani

Abstract Einführung in das computergestützte Konstruieren in 2D (3D). 
Objective Nach Abschluss des Kurses können die Absolventen eine 2D-Konstruktion erstellen (Zonenplan, Siedlungsentwässerung, GEP) und sie

kennen das Prinzip des digitalen Geländemoduls. Weiter haben sie ein Einblick in die verschiedenen Planungsabläufen der Bauingenieure
und die Zusammenarbeit mit Bauzeichner/Bauingenieur. Die Absolventen können einen Plan lesen und kennen die verschiedenen
Planelemente. 

Content Basis 2D
- Grundlegende Befehle wie Linien, Kreise, Bemassung, Beschriftung
- Optionseinstellungen
- Oberflächeneinstellungen
- Bauwerkstruktur
- Layer
- Import

CH-Planungspaket
- Zonenplan erstellen
- Beschriftungsbilder einsetzen
- Objektmanager
- GEP Plan erstellen

Kanalisation Add-On
- Siedlungsentwässerungsplan erstellen
- Plan lesen (Kanalisation)

Digitales Geländemodell
- Aufrag
- Abtrag
- Planvorbereitung (DGM zu Plan)

-Übergreifendes
- Verschiedene Disziplinen (Tief-, Hoch-, konstruktiver Tief- und Kunstbau)
- Plan lesen (verschiedenen Planungselemente
- Spezialschächte und deren Funktionen
- Planungsablauf (von Variantenstudie bis PaW, Detailierungsgrad)
- Interner Planungsablauf (Bauingenieur - Bauzeichner - Bauingenieur)

Je nach Zeit; 3D-Modellieren
- Bool'sche Operatoren
- Modellieren
- Modell als 3D-Makro speichern
- Architekturelemente (Bsp. Rückhaltebecken)

Lecture notes Introduction into computeradded construction 2D (3D).

 Electives ETH Zurich
Course Catalogue of ETH Zurich

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
BAUG

see Science in Perspective: Language Courses ETH/UZH

 Bachelor's Thesis
Number Title Type ECTS Hours Lecturers

102-0006-00L Bachelor's Thesis O  10 credits 21D Lecturers
Abstract The Bachelor Programme concludes with the Bachelor Thesis. This project is supervised by a professor. Writing up the Bachelor Thesis

encourages students to show independence and to produce structured work. 
Objective Encourages students to show independence, to produce scientifically structured work and to apply engineering working methods.
Content The contents base upon the fundamentals of the Bachelor Programme. Students can choose from different subjects and tasks. The thesis

consists of both a written report and an oral presentation. 

Environmental Engineering Bachelor - Key for Type

E- Recommended, not eligible for credits
O Compulsory
W+ Eligible for credits and recommended

W Eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Environmental Engineering Master
 Majors

 Major Urban Water Management
 Compulsory Moudules

 Ecological System Design
Number Title Type ECTS Hours Lecturers

102-0348-00L Prospective Environmental Assessments
Prerequisite for this lecture is basic knowledge of
environmental assessment tools, such as material flow
analysis, risk assessment and life cycle assessment. 
Students without previous knowledge in these areas need
to read according textbooks prior to or at the beginning of
the lecture.

O  3 credits 2G S. Hellweg, N. Heeren, A. Spörri

Abstract This lecture deals with prospective assessments of emerging technologies as well as with the assessment of long-term environmental
impact caused by today's activities.

Objective - Understanding prospective environmental assessments, including scenario analysis techniques, prospective emission models, dynamic
MFA and LCA.
- Ability to properly plan and conduct prospective environmental assessment studies, for example on emerging technologies or on technical
processes that cause long-term environmental impacts. 
- Being aware of the uncertainties involved in prospective studies.
- Getting to know measures to prevent long-term emissions or impact in case studies
- Knowing the arguments in favor and against a temporally differentiated weighting of environmental impacts (discounting)

Content - Scenario analysis 
- Dynamic material flow analysis
- Temporal differentiation in LCA
- Systems dynamics tools
- Assessment of future and present environmental impact
- Case studies

Lecture notes Lecture slides and further documents will be made available on Moodle.

 Process Engineering in Urban Water Management
Number Title Type ECTS Hours Lecturers

102-0217-01L Process Engineering Ib
Prerequisite: 102-0217-00L Process Engineering Ia (given
in HS).

O  3 credits 2G E. Morgenroth

Abstract The purpose of this course is to build on the fundamental understanding of biological processes and wastewater treatment applications that
were studied in Process Engineering Ia. Case studies that are jointly discussed in class and student led projects allow you to advance the
understanding and critical analysis of biological treatment processes.

Objective Students should be able to evaluate existing wastewater treatment plants and future designs using basic process understanding,
mathematical modeling tools, and knowledge obtained from the current literature. The students shall be capable to apply and recognize the
limits of the kinetic models which have been developed to simulate these systems.

Content Advanced modeling of activated sludge systems
Nitrification, denitrification, and biological P elimination
Enrichment in mixed culture systems using, e.g., selectors
Biofilm kinetics and application to full scale plants
Critical review of treatment processes

Lecture notes Copies of overheads will be made available.
Prerequisites /
notice

Prerequisite: 102-0217-00 Process Engineering Ia (held in HS).

102-0218-00L Process Engineering II (Physical-Chemical Processes) O  6 credits 4G K. M. Udert
Abstract Description and design of physical, chemical and biological processes and process combinations in drinking water and wastewater

treatment.
Objective Understanding of critical water quality parameters in water resources and wastewater and process engineering knowledge for the removal

of drinking water and environmental hazards. The aims of the lecture are basic understanding of mainly physico-chemical water treatment
processes, design and modeling tools of single processes and process combinations.

Content The following prcesses and process combination will be discussed in detail:
Gas transfer
Particle characterization
Sedimentation
Flocculation
Filtration
Membrane processes
Precipitation processes
Chemical oxidation and disinfection
Ion exchange
Activated carbon adsorption
Process combinations wastewater
      Removal of nitrogen
      Removal of micropollutants
Process combinations potable water

Literature M&E: Tchobanoglous, G., Stensel, H.D., Tsuchihashi, R. and Burton, F.L., 2013. Wastewater engineering: treatment and resource
recovery. 5th edition. Volume 1 & 2. New York, McGraw-Hill.
MWH: Crittenden, J.C., Trussel, R.R., Hand, D.W., Howe, K., Tchobanoglous, G., 2012. MWH's water treatment principles and design, 3rd
edition. ed. Wiley, Hoboken, N.J.

Prerequisites /
notice

Pre-condition: Lecture Process Engineering Ia

 System Analysis in Urban Water Management
Offered in the autumn semester.
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 Water Infrastructure Planning and Stormwater Management
Number Title Type ECTS Hours Lecturers

102-0248-00L Infrastructure Systems in Urban Water Management
Prerequisites: 102-0214-02L Urban Water Management I
and 102-0215-00L Urban Water Management II.

O  3 credits 2G J. P. Leitão Correia , M. Maurer,
A. Scheidegger

Abstract An increasing demand for infrastructure management skills can be observed in the environmental engineering practice. This course gives
an introductory overview of infrastructure management skills needed for urban water infrastructures, with a specific focus on pipe
deterioration and engineering economics.

Objective After successfully finishing the class, the participants will have the following skills and knowledge:
  - They can perform basic engineering economic analysis
  - Know the typical value and costs involved in running a wastewater infrastructure
  - Know the key principles of infrastructure management
  - Know how to quantify the future rehabilitation demand

Content The nationwide coverage of water distribution and wastewater treatment is one of the major public works achievements in Switzerland and
other countries.  Annually and per person, 135,000 kg of drinking water is produced and distributed and over 535,000 kg of stormwater and
wastewater is drained. These impressive services are done with a pipe network with a length of almost 200,000 km and a total replacement
value of 30,000 CHF per capita.

Water services in Switzerland are moving from a phase of new constructions into one of maintenance and optimization. The aim today
must be to ensure that existing infrastructure is professionally maintained, to reduce costs, and to ensure the implementation of modern,
improved technologies and approaches. These challenging tasks call for sound expertise and professional management.

This course gives an introduction into basic principles of water infrastructure management. The focus is primarily on Switzerland, but most
methods and conclusions are valid for many other countries.

Lecture notes The script 'Engineering Economics for Public Water Utilities' can be downloaded on the course website: 
http://www.sww.ifu.ethz.ch/education/lectures/infrastructure-systems

Literature See the reading resources on the course website:
http://www.sww.ifu.ethz.ch/education/lectures/infrastructure-systems

Prerequisites /
notice

Course website:
http://www.sww.ifu.ethz.ch/education/lectures/infrastructure-systems

 Major Environmental Technologies
 Compulsory Moudules

 Air Quality Control
Number Title Type ECTS Hours Lecturers

102-0368-00L Air Quality and Aerosol Mechanics
Prerequisite: Strongly recommended: 102-0635-01L
Luftreinhaltung (Air Pollution Control) or similar lectures

O  3 credits 2G J. Wang

Abstract Air quality has direct effect on public health and life quality. Both gaseous and particulate pollutants affect the air quality. Aerosols, solid or
liquid particles suspended in the air, play important roles in atmospheric sciences and air pollution. This course covers aerosol mechanical,
optical and electrical properties, and measurement and control technologies.

Objective The students understand the effects of airborne particulate and gaseous pollutants on air quality. The students gain fundamental
knowledge on mechanics governing mechanical, optical and electrical properties of aerosols. Aerosol behaviors including diffusion,
coagulation, condensation, charging and evaporation are discussed. The students understand basic principles to generate, sample,
measure and control airborne particles. The students learn state-of-the-art instruments for air-borne particles from micrometer to
nanometer size range.

Content Properties of Gases.
Uniform Particle Motion.
Particle Size Statistics.
Straight-Line Acceleration and Curvilinear Particle Motion.
Brownian Motion and Diffusion.
Filtration.
Aerosol Deposition in Respiratory System
Sampling and Measurement of Concentration.
Coagulation.
Condensation and Evaporation.
Electrical Properties.
Optical Properties.
Microscopic Measurement of Particle Size.
Production of Test Aerosols.

Lecture notes The following text book is strongly recommended

Hinds, W.C. Aerosol Technology: Properties, Behavior, and Measurement of Airborne Particles, John Wiley & Sons, 2nd Edition - February
1999.

Literature Hinds, W.C. Aerosol Technology: Properties, Behavior, and Measurement of Airborne Particles, John Wiley & Sons, 2nd Edition - February
1999.

Friedlander, S.K. Smoke, Dust, and Haze: Fundamentals of Aerosol Dynamics, Oxford University Press, 2nd edition, March 2000.

Seinfeld, J.H. and Pandis, S.N. Atmospheric Chemistry and Physics, from Air Pollution to Climate Change, 2nd edition, 2006.

Journal of Aerosol Science
Aerosol Science and Technology
Environmental Science and Technology
Atmospheric Environment
Environmental Health Perspectives
Science of the Total Environment
Journal of Nanoparticle Research

Prerequisites /
notice

strongly recommended: 102-0635-01L Luftreinhaltung (Air Pollution Control) or similar

102-0347-00L Air Quality and Health Impact O  3 credits 2G H. W. Schleibinger, J. Wang,
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Y. Yue
Abstract The air quality of both indoor and outdoor environments impacts the human health. Air pollution has been correlated to excess mortality

and led to numerous air quality standards. This lecture covers indoor air pollutants, design of building air handling system, fundamentals of
human respiratory system, toxicity and health impact of air pollutants, and personal protection.

Objective The students learn to access the volatile emission spectrum from building material; detect, evaluate and refurbish mould damage; assess
the benefits and potential risks of HVAC systems in terms of indoor air quality. The student will also understand the fundamentals of human
respiratory system and causes of adverse health impact; analyze the mechanisms of different toxic effects; and select proper protection
equipment against air pollutants.

Content - Indoor air contaminants
- Mould growth, detection, and refurbishment
- Health effects of indoor air contaminants
- Sick building syndrome and building related illness
- Guidelines for Indoor Air Quality 
- Design of air handling systems and their impact on IAQ
- Analytical methods for determining IAQ
- Fundamentals of human respiratory system
- Particles induced diseases
- Asbestosis and silicosis
- Health impact caused by ozone, NOx and other pollutants 
- Toxicity of (engineered) nanomaterials
- Personal protection equipment
- Air pollutants: particle matter, gases and bioaerosols

Literature Lists of suitable books and papers will be provided in the lecture.
Prerequisites /
notice

strongly recommended: 102-0635-01L Luftreinhaltung (Air Pollution Control) or similar

 Process Engineering in Urban Water Management
Number Title Type ECTS Hours Lecturers

102-0217-01L Process Engineering Ib
Prerequisite: 102-0217-00L Process Engineering Ia (given
in HS).

O  3 credits 2G E. Morgenroth

Abstract The purpose of this course is to build on the fundamental understanding of biological processes and wastewater treatment applications that
were studied in Process Engineering Ia. Case studies that are jointly discussed in class and student led projects allow you to advance the
understanding and critical analysis of biological treatment processes.

Objective Students should be able to evaluate existing wastewater treatment plants and future designs using basic process understanding,
mathematical modeling tools, and knowledge obtained from the current literature. The students shall be capable to apply and recognize the
limits of the kinetic models which have been developed to simulate these systems.

Content Advanced modeling of activated sludge systems
Nitrification, denitrification, and biological P elimination
Enrichment in mixed culture systems using, e.g., selectors
Biofilm kinetics and application to full scale plants
Critical review of treatment processes

Lecture notes Copies of overheads will be made available.
Prerequisites /
notice

Prerequisite: 102-0217-00 Process Engineering Ia (held in HS).

102-0218-00L Process Engineering II (Physical-Chemical Processes) O  6 credits 4G K. M. Udert
Abstract Description and design of physical, chemical and biological processes and process combinations in drinking water and wastewater

treatment.
Objective Understanding of critical water quality parameters in water resources and wastewater and process engineering knowledge for the removal

of drinking water and environmental hazards. The aims of the lecture are basic understanding of mainly physico-chemical water treatment
processes, design and modeling tools of single processes and process combinations.

Content The following prcesses and process combination will be discussed in detail:
Gas transfer
Particle characterization
Sedimentation
Flocculation
Filtration
Membrane processes
Precipitation processes
Chemical oxidation and disinfection
Ion exchange
Activated carbon adsorption
Process combinations wastewater
      Removal of nitrogen
      Removal of micropollutants
Process combinations potable water

Literature M&E: Tchobanoglous, G., Stensel, H.D., Tsuchihashi, R. and Burton, F.L., 2013. Wastewater engineering: treatment and resource
recovery. 5th edition. Volume 1 & 2. New York, McGraw-Hill.
MWH: Crittenden, J.C., Trussel, R.R., Hand, D.W., Howe, K., Tchobanoglous, G., 2012. MWH's water treatment principles and design, 3rd
edition. ed. Wiley, Hoboken, N.J.

Prerequisites /
notice

Pre-condition: Lecture Process Engineering Ia

 System Analysis in Urban Water Management
Offered in the autumn semester.

 Waste Management
Number Title Type ECTS Hours Lecturers

102-0338-01L Waste Management and Circular Economy O 3 credits 2G M. Haupt, U. Baier
Abstract Understanding the fundamental concepts of advanced waste management and circular economy and, in more detail, on biological

processes for waste treatment. Application of concepts on various waste streams, including household and industrial waste streams.
Insights into environmental aspects of different waste treatment technologies and waste economy.
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Objective The purpose of this course is to study the fundamental concepts of waste management in Switzerland and globally and learn about new
concepts such as Circular Economy. In-depth knowledge on biological processes for waste treatments should be acquired and applied in
case studies. Based on this course, you should be able to understand national waste management strategies and related treatment
technologies. Treatment plants and valorization concepts for biomass and organic waste should be understood. Furthermore, future
designs of waste treatment processes can be evaluated using basic process understanding and knowledge obtained from the current
literature.

Content National waste management 
Waste as a resource
Circular Economy
Assessment tools for waste management strategies
Plastic recycling
Thermal waste treatment
Emerging technologies
Organic Wastes in Switzerland
Anaerobic Digestion & Biogas
Composting process technologies
Organic Waste Hygiene
Product Quality & Use
Waste Economy and environmental aspects

Lecture notes Handouts
Exercises based on literature

Literature Deublein, D. and Steinhauser, A. (2011): Biogas from Waste and Renewable Resources: An Introduction. 2nd Edition, Wiley VCH,
Weinheim. --> One of the leading books on the subject of anaerobic digestion and biogas, covering all aspects from biochemical and
microbial basics to planning and running of biogas plants as well as different technology concepts and biogas upgrade & utilization. We will
be using selected chapters only in this course.

Lohri, C.R., S. Diener, I. Zabaleta, A. Mertenat, and C. Zurbrügg. 2017. Treatment technologies for urban solid biowaste to create value
products: a review with focus on low- and middle-income settings. Reviews in Environmental Science and Biotechnology 16(1): 81–130.

Haupt, M., C. Vadenbo, and S. Hellweg. 2017. Do We Have the Right Performance Indicators for the Circular Economy?: Insight into the
Swiss Waste Management System. Journal of Industrial Ecology 21(3): 615–627.

Schweizerische Qualitätsrichtlinie 2010 der Branche für Kompost und Gärgut:
https://www.biomassesuisse.ch/files/biomasse_temp/data/Das_bieten_wir/Q-Richtlinie_2010_def_weiss_web.pdf

More information about biowaste treatment in Switzerland (www.cvis.ch) and Europe (www.compostnetwork.info and www.ecn-qas.eu)

Prerequisites /
notice

There will be complementary exercises going along with some of the lectures, which focus on real life aspects of waste management.
Some of the exercises will be solved during lessons whereas others will have to be dealt with as homework. 
To pass the course and to achieve credits it is required to pass the examination successfully (Mark 4 or higher). The written examination
covers all topics of the course and is based on handouts and on selected literature

 Major Resource Management
 Compulsory Moudules

 Ecological System Design
Number Title Type ECTS Hours Lecturers

102-0348-00L Prospective Environmental Assessments
Prerequisite for this lecture is basic knowledge of
environmental assessment tools, such as material flow
analysis, risk assessment and life cycle assessment. 
Students without previous knowledge in these areas need
to read according textbooks prior to or at the beginning of
the lecture.

O  3 credits 2G S. Hellweg, N. Heeren, A. Spörri

Abstract This lecture deals with prospective assessments of emerging technologies as well as with the assessment of long-term environmental
impact caused by today's activities.

Objective - Understanding prospective environmental assessments, including scenario analysis techniques, prospective emission models, dynamic
MFA and LCA.
- Ability to properly plan and conduct prospective environmental assessment studies, for example on emerging technologies or on technical
processes that cause long-term environmental impacts. 
- Being aware of the uncertainties involved in prospective studies.
- Getting to know measures to prevent long-term emissions or impact in case studies
- Knowing the arguments in favor and against a temporally differentiated weighting of environmental impacts (discounting)

Content - Scenario analysis 
- Dynamic material flow analysis
- Temporal differentiation in LCA
- Systems dynamics tools
- Assessment of future and present environmental impact
- Case studies

Lecture notes Lecture slides and further documents will be made available on Moodle.

 Groundwater
Number Title Type ECTS Hours Lecturers

102-0448-00L Groundwater II O  6 credits 4G M. Willmann, J. Jimenez-Martinez
Abstract The course is based on the course 'Groundwater I' and is a prerequisite for a deeper understanding of groundwater flow and contaminant

transport problems with a strong emphasis on numerical modeling.
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Objective The course should enable students to understand advanced concepts of groundwater flow and transport and to apply groundwater flow and
transport modelling.

the student should be able to
a) formulate practical flow and contaminant transport problems.

b) solve steady-state and transient flow and transport problems in 2 and 3 spatial dimensions using numerical codes based on the finite
difference method and the finite element methods.

c) solve simple inverse flow problems for parameter estimation given measurements.

d) assess simple multiphase flow problems.

e) assess spatial variability of parameters and use of stochastic techniques in this task.

f) assess simple coupled reactive transport problems.

Content Introduction and basic flow and contaminant transport equation.

Numerical solution of the 3D flow equation using the finite difference method.

Numerical solution to the flow equation using the finite element equation

Numerical solution to the transport equation using the finite difference method.

Alternative methods for transport modeling like method of characteristics and the random walk method.

Two-phase flow and Unsaturated flow problems.

Spatial variability of parameters and its geostatistical representation -geostatistics and stochastic modelling.

Reactive transport modelling.

Lecture notes Handouts
Literature - Anderson, M. and W. Woessner, Applied Groundwater Modeling, Elsevier Science & Technology Books, 448 p., 2002


- J. Bear and A. Cheng, Modeling Groundwater Flow and Contaminant Transport, Springer, 2010

- Appelo, C.A.J. and D. Postma, Geochemistry, Groundwater and Pollution, Second Edition, Taylor & Francis, 2005

- Rubin, Y., Applied Stochastic Hydrology, Oxford University Press, 2003

- Chiang und Kinzelbach, 3-D Groundwater Modeling with PMWIN. Springer, 2001.

Prerequisites /
notice

Each afternoon will be divided into 2 h of lectures and 2h of exercises. Two thirds of the exercises of the course are organized as a
computer workshop to get hands-on experience with groundwater modelling.

701-1240-00L Modelling Environmental Pollutants O  3 credits 2G M. Scheringer, C. Bogdal
Abstract Modeling the emissions, transport, partitioning and transformation/degradation of chemical contaminants in air, water and soil.
Objective This course is intended for students who are interested in the environmental fate and transport of volatile and semi-volatile organic

chemicals and exposure to pollutants in environmental media including air, water, soil and biota. The course focuses on the theory and
application of mass-balance models of environmental pollutants.  These models are quantitative tools for describing, understanding, and
predicting the way pollutants interact with the environment.  Important topics include thermodynamic and kinetic descriptions of chemical
behavior in environmental systems; mechanisms of chemical degradation in air and other media; novel approaches to modeling chemical
fate in a variety of environments, including lakes and rivers, generic regions, and at the global scale, and application of mass balance
modeling principles to describe bioaccumulation of pollutants by fish and mammals.

Content Application of mass balance principles to chemicals in a system of coupled environmental media.  Measurement and estimation of physico-
chemical properties that determine the environmental behavior of chemicals.  Thermodynamic and kinetic controls on the behavior of
pollutants.  Modeling environmental persistence, bioaccumulation and long-range transport potential of chemicals, including a review of
available empirical data on various degradation processes.  Current issues in multimedia contaminant fate modeling and a case study of
the student's choice.

Lecture notes Material to support the lectures will be distributed during the course.
Literature There is no required text.  The following texts are useful for background reading and additional information.

D. Mackay.  Multimedia Environmental Models:  The Fugacity Approach, 2nd Ed.  2001.  CRC Press.
R. P. Schwarzenbach, P. M. Gschwend, D. M. Imboden. Environmental Organic Chemistry. 2nd Ed. 2003, John Wiley & Sons.
M. Scheringer.  Persistence and spatial range of environmental chemicals: New ethical and scientific concepts for risk assessment.  2002.
Wiley-VCH.

 Waste Management
Number Title Type ECTS Hours Lecturers

102-0338-01L Waste Management and Circular Economy O  3 credits 2G M. Haupt, U. Baier
Abstract Understanding the fundamental concepts of advanced waste management and circular economy and, in more detail, on biological

processes for waste treatment. Application of concepts on various waste streams, including household and industrial waste streams.
Insights into environmental aspects of different waste treatment technologies and waste economy.

Objective The purpose of this course is to study the fundamental concepts of waste management in Switzerland and globally and learn about new
concepts such as Circular Economy. In-depth knowledge on biological processes for waste treatments should be acquired and applied in
case studies. Based on this course, you should be able to understand national waste management strategies and related treatment
technologies. Treatment plants and valorization concepts for biomass and organic waste should be understood. Furthermore, future
designs of waste treatment processes can be evaluated using basic process understanding and knowledge obtained from the current
literature.
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Content National waste management 
Waste as a resource
Circular Economy
Assessment tools for waste management strategies
Plastic recycling
Thermal waste treatment
Emerging technologies
Organic Wastes in Switzerland
Anaerobic Digestion & Biogas
Composting process technologies
Organic Waste Hygiene
Product Quality & Use
Waste Economy and environmental aspects

Lecture notes Handouts
Exercises based on literature

Literature Deublein, D. and Steinhauser, A. (2011): Biogas from Waste and Renewable Resources: An Introduction. 2nd Edition, Wiley VCH,
Weinheim. --> One of the leading books on the subject of anaerobic digestion and biogas, covering all aspects from biochemical and
microbial basics to planning and running of biogas plants as well as different technology concepts and biogas upgrade & utilization. We will
be using selected chapters only in this course.

Lohri, C.R., S. Diener, I. Zabaleta, A. Mertenat, and C. Zurbrügg. 2017. Treatment technologies for urban solid biowaste to create value
products: a review with focus on low- and middle-income settings. Reviews in Environmental Science and Biotechnology 16(1): 81–130.

Haupt, M., C. Vadenbo, and S. Hellweg. 2017. Do We Have the Right Performance Indicators for the Circular Economy?: Insight into the
Swiss Waste Management System. Journal of Industrial Ecology 21(3): 615–627.

Schweizerische Qualitätsrichtlinie 2010 der Branche für Kompost und Gärgut:
https://www.biomassesuisse.ch/files/biomasse_temp/data/Das_bieten_wir/Q-Richtlinie_2010_def_weiss_web.pdf

More information about biowaste treatment in Switzerland (www.cvis.ch) and Europe (www.compostnetwork.info and www.ecn-qas.eu)

Prerequisites /
notice

There will be complementary exercises going along with some of the lectures, which focus on real life aspects of waste management.
Some of the exercises will be solved during lessons whereas others will have to be dealt with as homework. 
To pass the course and to achieve credits it is required to pass the examination successfully (Mark 4 or higher). The written examination
covers all topics of the course and is based on handouts and on selected literature

 Water Resources Management
Number Title Type ECTS Hours Lecturers

102-0468-00L Watershed Modelling O  3 credits 2G P. Molnar
Abstract Introduction to watershed modelling with applications of GIS in hydrology, the use of semi- and fully-distributed continuous watershed

models, and their calibration and validation. The course contains substantive practical modelling experience in several assignments.
Objective Watershed Modelling is a course in the Master of Science in Environmental Engineering Programme. It is a practical course in which the

students learn to (a) use GIS in hydrological applications, (b) calibrate and validate models, (c) apply and interpret semi- and fully-
distributed continuous watershed models, and (d) discuss several modelling case studies. This course is a follow up of Hydrology 2 and
requires solid computer skills.

Content - Introduction to watershed modelling
- GIS in watershed modelling (ArcGIS exercise)
- Calibration and validation of models
- Semi-distributed modelling with PRMS (model description, application)
- Distributed watershed modelling with TOPKAPI (model description, application)
- Modelling applications and case studies (climate change scenarios, land use change, basin erosion)

Literature - Lecture presentations
- Exercise documentation
- Relevant scientific papers
all posted on the course website

102-0488-00L Water Resources Management O  3 credits 2G P. Burlando
Abstract Modern engineering approach to problems of sustainable water resources, planning and management of water allocation requires the

understanding of modelling techniques that allow to account for comprehensive water uses (thereby including ecological needs) and
stakeholders needs, long-term analysis and optimization. The course presents the most relevant approaches to address these problems.

Objective The course provides the essential knowledge and tools of water resources planning and management. Core of the course are the concepts
of data analysis, simulation, optimization and reliability assessment in relation to water projects and sustainable water resources
management.

Content The course is organized in four parts. 
Part 1 is a general introduction to the purposes and aims of sustainable water resources management, problem understanding and tools
identification. 
Part 2 recalls Time Series Analysis and Linear Stochastic Models. An introduction to Nonlinear Time Series Analysis and related
techniques will then be made in order to broaden the vision of how determinism and stochasticity might sign hydrological and geophysical
variables. 
Part 3 deals with the optimal allocation of water resources and introduces to several tools traditionally used in WRM, such as linear and
dynamic programming. Special attention will be devoted to optimization (deterministic and stochastic) and compared to simulation
techniques as design methods for allocation of water resources in complex and competitive systems, with focus on sustainability and
stakeholders needs.
Part 4 will introduce to basic indexes used in economical and reliability analyses, and will focus on multicriteria analysis methods as a tool
to assess the reliability of water systems in relation to design alternatives.

Lecture notes A copy of the lecture handouts will be available on the webpage of the course. Complementary documentation in the form of scientific and
technical articles, as well as excerpts from books will be also made available.

Literature A number of book chapters and paper articles will be listed and suggested to read. They will also be part of discussion during the oral
examination.

Prerequisites /
notice

Suggested relevant courses: Hydrologie I (or a similar content course) and Wasserhaushalt (Teil "Wasserwirtschaft", 4. Sem. UmweltIng.,
or a similar content course) for those students not belonging to Environmental Engineering.

 Major Water Resources Management
 Compulsory Moudules

 Flow and Transport
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Number Title Type ECTS Hours Lecturers

101-0269-00L River Morphodynamic Modelling O  3 credits 2G D. F. Vetsch, D. Vanzo
Abstract The course teaches the basics of morphodynamic modelling, relevant for civil and environemental engineers.The governing equations for

sediment transport in open channels and corresponding numerical solution strategies are introduced. The theoretical parts are discussed
by examples.

Objective The goal of the course is twofold. First, the the students develop a throughout understanding of the basics of river morphodynamic
processes. Second, they get familiar with numerical tools for the simulations in one- and two-dimensions of morphodynamics.

Content - fundamentals of river morphodynamics (Exner equation, bed-load, suspended-load)
- aggradation and degradation processes
- river bars
- non-uniform sediment morphodynamics: the Hirano model
- short and long term response of gravel bed rivers to change in sediment supply

Lecture notes Lecture notes, slides shown in the lecture and software can be downloaded
Literature Citations will be given in lecture.
Prerequisites /
notice

Exercises are based on the simulation software BASEMENT (www.basement.ethz.ch), the open-source GIS Qgis (www.qgis.org) and code
examples written in MATLAB. The applications comprise one- and two-dimensional approaches for the modelling of flow and sediment
transport. 

Requirements: Numerical Hydraulics, River Engineering, MATLAB and/or Python programming skills would be an advantage.

 Groundwater
Number Title Type ECTS Hours Lecturers

102-0448-00L Groundwater II O  6 credits 4G M. Willmann, J. Jimenez-Martinez
Abstract The course is based on the course 'Groundwater I' and is a prerequisite for a deeper understanding of groundwater flow and contaminant

transport problems with a strong emphasis on numerical modeling.
Objective The course should enable students to understand advanced concepts of groundwater flow and transport and to apply groundwater flow and

transport modelling.

the student should be able to
a) formulate practical flow and contaminant transport problems.

b) solve steady-state and transient flow and transport problems in 2 and 3 spatial dimensions using numerical codes based on the finite
difference method and the finite element methods.

c) solve simple inverse flow problems for parameter estimation given measurements.

d) assess simple multiphase flow problems.

e) assess spatial variability of parameters and use of stochastic techniques in this task.

f) assess simple coupled reactive transport problems.

Content Introduction and basic flow and contaminant transport equation.

Numerical solution of the 3D flow equation using the finite difference method.

Numerical solution to the flow equation using the finite element equation

Numerical solution to the transport equation using the finite difference method.

Alternative methods for transport modeling like method of characteristics and the random walk method.

Two-phase flow and Unsaturated flow problems.

Spatial variability of parameters and its geostatistical representation -geostatistics and stochastic modelling.

Reactive transport modelling.

Lecture notes Handouts
Literature - Anderson, M. and W. Woessner, Applied Groundwater Modeling, Elsevier Science & Technology Books, 448 p., 2002


- J. Bear and A. Cheng, Modeling Groundwater Flow and Contaminant Transport, Springer, 2010

- Appelo, C.A.J. and D. Postma, Geochemistry, Groundwater and Pollution, Second Edition, Taylor & Francis, 2005

- Rubin, Y., Applied Stochastic Hydrology, Oxford University Press, 2003

- Chiang und Kinzelbach, 3-D Groundwater Modeling with PMWIN. Springer, 2001.

Prerequisites /
notice

Each afternoon will be divided into 2 h of lectures and 2h of exercises. Two thirds of the exercises of the course are organized as a
computer workshop to get hands-on experience with groundwater modelling.

701-1240-00L Modelling Environmental Pollutants O  3 credits 2G M. Scheringer, C. Bogdal
Abstract Modeling the emissions, transport, partitioning and transformation/degradation of chemical contaminants in air, water and soil.
Objective This course is intended for students who are interested in the environmental fate and transport of volatile and semi-volatile organic

chemicals and exposure to pollutants in environmental media including air, water, soil and biota. The course focuses on the theory and
application of mass-balance models of environmental pollutants.  These models are quantitative tools for describing, understanding, and
predicting the way pollutants interact with the environment.  Important topics include thermodynamic and kinetic descriptions of chemical
behavior in environmental systems; mechanisms of chemical degradation in air and other media; novel approaches to modeling chemical
fate in a variety of environments, including lakes and rivers, generic regions, and at the global scale, and application of mass balance
modeling principles to describe bioaccumulation of pollutants by fish and mammals.

Content Application of mass balance principles to chemicals in a system of coupled environmental media.  Measurement and estimation of physico-
chemical properties that determine the environmental behavior of chemicals.  Thermodynamic and kinetic controls on the behavior of
pollutants.  Modeling environmental persistence, bioaccumulation and long-range transport potential of chemicals, including a review of
available empirical data on various degradation processes.  Current issues in multimedia contaminant fate modeling and a case study of
the student's choice.
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Lecture notes Material to support the lectures will be distributed during the course.
Literature There is no required text.  The following texts are useful for background reading and additional information.

D. Mackay.  Multimedia Environmental Models:  The Fugacity Approach, 2nd Ed.  2001.  CRC Press.
R. P. Schwarzenbach, P. M. Gschwend, D. M. Imboden. Environmental Organic Chemistry. 2nd Ed. 2003, John Wiley & Sons.
M. Scheringer.  Persistence and spatial range of environmental chemicals: New ethical and scientific concepts for risk assessment.  2002.
Wiley-VCH.

 Landscape
Number Title Type ECTS Hours Lecturers

102-0617-01L Methodologies for Image Processing of Remote
Sensing Data

O  3 credits 2G I. Hajnsek, O. Frey, S. Leinss

Abstract The aim of this course is to get an overview of several methodologies/algorithms for analysis of different sensor specific information
products. It is focused at students that like to deepen their knowledge and understanding of remote sensing for environmental applications.

Objective The course is divided into two main parts, starting with a brief introduction to remote sensing imaging (4 lectures), and is followed by an
introduction to different methodologies (8 lectures) for the quantitative estimation of bio-/geo-physical parameters. The main idea is to
deepen the knowledge in remote sensing tools in order to be able to understand the information products, with respect to quality and
accuracy.

Content Each lecture will be composed of two parts:
Theory: During the first hour, we go trough the main concepts needed to understand the specific algorithm. 
Practice: During the second hour, the student will test/develop the actual algorithm over some real datasets using Matlab. The student will
not be asked to write all the code from scratch (especially during the first lectures), but we will provide some script with missing parts or
pseudo-code. However, in the later lectures the student is supposed to build up some working libraries.

Lecture notes Handouts for each topic will be provided.
Literature Suggested readings:

T. M. Lillesand, R.W. Kiefer, J.W. Chipman, Remote Sensing and Image Interpretation, John Wiley & Sons Verlag, 2008
J. R. Jensen, Remote Sensing of the Environment: An Earth Resource Perspective, Prentice Hall Series in Geograpic Information Science,
2000

 Water Resources Management
Number Title Type ECTS Hours Lecturers

102-0468-00L Watershed Modelling O  3 credits 2G P. Molnar
Abstract Introduction to watershed modelling with applications of GIS in hydrology, the use of semi- and fully-distributed continuous watershed

models, and their calibration and validation. The course contains substantive practical modelling experience in several assignments.
Objective Watershed Modelling is a course in the Master of Science in Environmental Engineering Programme. It is a practical course in which the

students learn to (a) use GIS in hydrological applications, (b) calibrate and validate models, (c) apply and interpret semi- and fully-
distributed continuous watershed models, and (d) discuss several modelling case studies. This course is a follow up of Hydrology 2 and
requires solid computer skills.

Content - Introduction to watershed modelling
- GIS in watershed modelling (ArcGIS exercise)
- Calibration and validation of models
- Semi-distributed modelling with PRMS (model description, application)
- Distributed watershed modelling with TOPKAPI (model description, application)
- Modelling applications and case studies (climate change scenarios, land use change, basin erosion)

Literature - Lecture presentations
- Exercise documentation
- Relevant scientific papers
all posted on the course website

102-0488-00L Water Resources Management O  3 credits 2G P. Burlando
Abstract Modern engineering approach to problems of sustainable water resources, planning and management of water allocation requires the

understanding of modelling techniques that allow to account for comprehensive water uses (thereby including ecological needs) and
stakeholders needs, long-term analysis and optimization. The course presents the most relevant approaches to address these problems.

Objective The course provides the essential knowledge and tools of water resources planning and management. Core of the course are the concepts
of data analysis, simulation, optimization and reliability assessment in relation to water projects and sustainable water resources
management.

Content The course is organized in four parts. 
Part 1 is a general introduction to the purposes and aims of sustainable water resources management, problem understanding and tools
identification. 
Part 2 recalls Time Series Analysis and Linear Stochastic Models. An introduction to Nonlinear Time Series Analysis and related
techniques will then be made in order to broaden the vision of how determinism and stochasticity might sign hydrological and geophysical
variables. 
Part 3 deals with the optimal allocation of water resources and introduces to several tools traditionally used in WRM, such as linear and
dynamic programming. Special attention will be devoted to optimization (deterministic and stochastic) and compared to simulation
techniques as design methods for allocation of water resources in complex and competitive systems, with focus on sustainability and
stakeholders needs.
Part 4 will introduce to basic indexes used in economical and reliability analyses, and will focus on multicriteria analysis methods as a tool
to assess the reliability of water systems in relation to design alternatives.

Lecture notes A copy of the lecture handouts will be available on the webpage of the course. Complementary documentation in the form of scientific and
technical articles, as well as excerpts from books will be also made available.

Literature A number of book chapters and paper articles will be listed and suggested to read. They will also be part of discussion during the oral
examination.

Prerequisites /
notice

Suggested relevant courses: Hydrologie I (or a similar content course) and Wasserhaushalt (Teil "Wasserwirtschaft", 4. Sem. UmweltIng.,
or a similar content course) for those students not belonging to Environmental Engineering.

 Major River and Hydraulic Engineering
 Compulsory Moudules

 Flow and Transport
Number Title Type ECTS Hours Lecturers

101-0269-00L River Morphodynamic Modelling O  3 credits 2G D. F. Vetsch, D. Vanzo
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Abstract The course teaches the basics of morphodynamic modelling, relevant for civil and environemental engineers.The governing equations for
sediment transport in open channels and corresponding numerical solution strategies are introduced. The theoretical parts are discussed
by examples.

Objective The goal of the course is twofold. First, the the students develop a throughout understanding of the basics of river morphodynamic
processes. Second, they get familiar with numerical tools for the simulations in one- and two-dimensions of morphodynamics.

Content - fundamentals of river morphodynamics (Exner equation, bed-load, suspended-load)
- aggradation and degradation processes
- river bars
- non-uniform sediment morphodynamics: the Hirano model
- short and long term response of gravel bed rivers to change in sediment supply

Lecture notes Lecture notes, slides shown in the lecture and software can be downloaded
Literature Citations will be given in lecture.
Prerequisites /
notice

Exercises are based on the simulation software BASEMENT (www.basement.ethz.ch), the open-source GIS Qgis (www.qgis.org) and code
examples written in MATLAB. The applications comprise one- and two-dimensional approaches for the modelling of flow and sediment
transport. 

Requirements: Numerical Hydraulics, River Engineering, MATLAB and/or Python programming skills would be an advantage.

 Hydraulic Engineering
Number Title Type ECTS Hours Lecturers

101-0278-00L Flood Protection O  3 credits 2G R. Boes, J. Eberli
Abstract Concepts and structural measures to prevent or mitigate flood damage, planning methods to implement projects in practice
Objective To get to know processes leading to flood damage, the different concepts and structural measures allowing to prevent or mitigate flood

damage, as well as promising practical planning methods to implement flood protection measures in practice.
Content Explanation of relevant processes: flooding, aggradation, sedimentations, erosion, debris flows.

Concept of different objectives of protection for various land uses (from rural areas to industrial regions).
General possibilities of flood protection / control.
Land use planning on the basis of hazard zones.
Classical procedures against flood damage with the use of examples such as increase of flow capacity, release structures, flood detention
basins, polder.
Property protection as continuative measure.
Maintenance.
Considering of overload case, Emergency procedures.
Damage determination and risk analysis.
Management of residual risk.
Conflict of objective during implementation of procedures.
Situatively adjusted approach.
Case studies (group work).
Field trip.

Lecture notes Flood protection script
Literature Guidelines of Swiss federal administration (especially Federal Office for the Environment, FOEN)

 River Systems
Number Title Type ECTS Hours Lecturers

101-0259-00L River Revitalization O  3 credits 2G V. Weitbrecht, M. Detert,
M. Koksch, C. Weber

Abstract Channel formation of alluvial rivers (regime width, planforms) is presented. Fluvial hydraulics and sediment transport theory are
summarized. Principles of environmentally friendly hydraulic engineering are derived from river morphology. Special attention is given to
the application to flood protection and river revitalization projects.

Objective The main processes of alluvial river channel formation are presented. Fluvial hydraulics and sediment transport theories are summarized.
From these elements basic principles of environmentally friendly hydraulic engineering are derived.

Lecture notes no lecture notes
Prerequisites /
notice

River Engineering (Lecture 101-0258-00L)

 Water Resources Management
Number Title Type ECTS Hours Lecturers

102-0468-00L Watershed Modelling O  3 credits 2G P. Molnar
Abstract Introduction to watershed modelling with applications of GIS in hydrology, the use of semi- and fully-distributed continuous watershed

models, and their calibration and validation. The course contains substantive practical modelling experience in several assignments.
Objective Watershed Modelling is a course in the Master of Science in Environmental Engineering Programme. It is a practical course in which the

students learn to (a) use GIS in hydrological applications, (b) calibrate and validate models, (c) apply and interpret semi- and fully-
distributed continuous watershed models, and (d) discuss several modelling case studies. This course is a follow up of Hydrology 2 and
requires solid computer skills.

Content - Introduction to watershed modelling
- GIS in watershed modelling (ArcGIS exercise)
- Calibration and validation of models
- Semi-distributed modelling with PRMS (model description, application)
- Distributed watershed modelling with TOPKAPI (model description, application)
- Modelling applications and case studies (climate change scenarios, land use change, basin erosion)

Literature - Lecture presentations
- Exercise documentation
- Relevant scientific papers
all posted on the course website

102-0488-00L Water Resources Management O  3 credits 2G P. Burlando
Abstract Modern engineering approach to problems of sustainable water resources, planning and management of water allocation requires the

understanding of modelling techniques that allow to account for comprehensive water uses (thereby including ecological needs) and
stakeholders needs, long-term analysis and optimization. The course presents the most relevant approaches to address these problems.
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Objective The course provides the essential knowledge and tools of water resources planning and management. Core of the course are the concepts
of data analysis, simulation, optimization and reliability assessment in relation to water projects and sustainable water resources
management.

Content The course is organized in four parts. 
Part 1 is a general introduction to the purposes and aims of sustainable water resources management, problem understanding and tools
identification. 
Part 2 recalls Time Series Analysis and Linear Stochastic Models. An introduction to Nonlinear Time Series Analysis and related
techniques will then be made in order to broaden the vision of how determinism and stochasticity might sign hydrological and geophysical
variables. 
Part 3 deals with the optimal allocation of water resources and introduces to several tools traditionally used in WRM, such as linear and
dynamic programming. Special attention will be devoted to optimization (deterministic and stochastic) and compared to simulation
techniques as design methods for allocation of water resources in complex and competitive systems, with focus on sustainability and
stakeholders needs.
Part 4 will introduce to basic indexes used in economical and reliability analyses, and will focus on multicriteria analysis methods as a tool
to assess the reliability of water systems in relation to design alternatives.

Lecture notes A copy of the lecture handouts will be available on the webpage of the course. Complementary documentation in the form of scientific and
technical articles, as well as excerpts from books will be also made available.

Literature A number of book chapters and paper articles will be listed and suggested to read. They will also be part of discussion during the oral
examination.

Prerequisites /
notice

Suggested relevant courses: Hydrologie I (or a similar content course) and Wasserhaushalt (Teil "Wasserwirtschaft", 4. Sem. UmweltIng.,
or a similar content course) for those students not belonging to Environmental Engineering.

 Project Work (for all Majors)
Number Title Type ECTS Hours Lecturers

102-0999-00L Project Work O  12 credits 26A Supervisors
Abstract Working during one semester on a task on a topic in  the chosen major
Objective Promote independent, structured and scientific work; learn to apply engineering methods; deepen the knowledge in the field of the treated

task.
Content The project work is supervised by a professor. Students can choose from different subjects and tasks.

 Elective Modules
For all majors.

 EM: Air Quality Control
Elective Module for Majors "Resource Management", "River and Hydraulic Engineering" "Urban Water Management" and "Water Resources
Management".

Number Title Type ECTS Hours Lecturers

102-0368-00L Air Quality and Aerosol Mechanics
Prerequisite: Strongly recommended: 102-0635-01L
Luftreinhaltung (Air Pollution Control) or similar lectures

W  3 credits 2G J. Wang

Abstract Air quality has direct effect on public health and life quality. Both gaseous and particulate pollutants affect the air quality. Aerosols, solid or
liquid particles suspended in the air, play important roles in atmospheric sciences and air pollution. This course covers aerosol mechanical,
optical and electrical properties, and measurement and control technologies.

Objective The students understand the effects of airborne particulate and gaseous pollutants on air quality. The students gain fundamental
knowledge on mechanics governing mechanical, optical and electrical properties of aerosols. Aerosol behaviors including diffusion,
coagulation, condensation, charging and evaporation are discussed. The students understand basic principles to generate, sample,
measure and control airborne particles. The students learn state-of-the-art instruments for air-borne particles from micrometer to
nanometer size range.

Content Properties of Gases.
Uniform Particle Motion.
Particle Size Statistics.
Straight-Line Acceleration and Curvilinear Particle Motion.
Brownian Motion and Diffusion.
Filtration.
Aerosol Deposition in Respiratory System
Sampling and Measurement of Concentration.
Coagulation.
Condensation and Evaporation.
Electrical Properties.
Optical Properties.
Microscopic Measurement of Particle Size.
Production of Test Aerosols.

Lecture notes The following text book is strongly recommended

Hinds, W.C. Aerosol Technology: Properties, Behavior, and Measurement of Airborne Particles, John Wiley & Sons, 2nd Edition - February
1999.

Literature Hinds, W.C. Aerosol Technology: Properties, Behavior, and Measurement of Airborne Particles, John Wiley & Sons, 2nd Edition - February
1999.

Friedlander, S.K. Smoke, Dust, and Haze: Fundamentals of Aerosol Dynamics, Oxford University Press, 2nd edition, March 2000.

Seinfeld, J.H. and Pandis, S.N. Atmospheric Chemistry and Physics, from Air Pollution to Climate Change, 2nd edition, 2006.

Journal of Aerosol Science
Aerosol Science and Technology
Environmental Science and Technology
Atmospheric Environment
Environmental Health Perspectives
Science of the Total Environment
Journal of Nanoparticle Research

Prerequisites /
notice

strongly recommended: 102-0635-01L Luftreinhaltung (Air Pollution Control) or similar
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102-0347-00L Air Quality and Health Impact W  3 credits 2G H. W. Schleibinger, J. Wang,
Y. Yue

Abstract The air quality of both indoor and outdoor environments impacts the human health. Air pollution has been correlated to excess mortality
and led to numerous air quality standards. This lecture covers indoor air pollutants, design of building air handling system, fundamentals of
human respiratory system, toxicity and health impact of air pollutants, and personal protection.

Objective The students learn to access the volatile emission spectrum from building material; detect, evaluate and refurbish mould damage; assess
the benefits and potential risks of HVAC systems in terms of indoor air quality. The student will also understand the fundamentals of human
respiratory system and causes of adverse health impact; analyze the mechanisms of different toxic effects; and select proper protection
equipment against air pollutants.

Content - Indoor air contaminants
- Mould growth, detection, and refurbishment
- Health effects of indoor air contaminants
- Sick building syndrome and building related illness
- Guidelines for Indoor Air Quality 
- Design of air handling systems and their impact on IAQ
- Analytical methods for determining IAQ
- Fundamentals of human respiratory system
- Particles induced diseases
- Asbestosis and silicosis
- Health impact caused by ozone, NOx and other pollutants 
- Toxicity of (engineered) nanomaterials
- Personal protection equipment
- Air pollutants: particle matter, gases and bioaerosols

Literature Lists of suitable books and papers will be provided in the lecture.
Prerequisites /
notice

strongly recommended: 102-0635-01L Luftreinhaltung (Air Pollution Control) or similar

 EM: Ecological System Design
Elective Module for Majors "Environmental Technologies", "River and Hydraulic Engineering" and "Water Resources Management".

Number Title Type ECTS Hours Lecturers

102-0348-00L Prospective Environmental Assessments
Prerequisite for this lecture is basic knowledge of
environmental assessment tools, such as material flow
analysis, risk assessment and life cycle assessment. 
Students without previous knowledge in these areas need
to read according textbooks prior to or at the beginning of
the lecture.

W  3 credits 2G S. Hellweg, N. Heeren, A. Spörri

Abstract This lecture deals with prospective assessments of emerging technologies as well as with the assessment of long-term environmental
impact caused by today's activities.

Objective - Understanding prospective environmental assessments, including scenario analysis techniques, prospective emission models, dynamic
MFA and LCA.
- Ability to properly plan and conduct prospective environmental assessment studies, for example on emerging technologies or on technical
processes that cause long-term environmental impacts. 
- Being aware of the uncertainties involved in prospective studies.
- Getting to know measures to prevent long-term emissions or impact in case studies
- Knowing the arguments in favor and against a temporally differentiated weighting of environmental impacts (discounting)

Content - Scenario analysis 
- Dynamic material flow analysis
- Temporal differentiation in LCA
- Systems dynamics tools
- Assessment of future and present environmental impact
- Case studies

Lecture notes Lecture slides and further documents will be made available on Moodle.

 EM: Flow and Transport
Elective Module for Majors "Environmental Technologies", "Resource Management" and "Urban Water Management".

Number Title Type ECTS Hours Lecturers

101-0269-00L River Morphodynamic Modelling W  3 credits 2G D. F. Vetsch, D. Vanzo
Abstract The course teaches the basics of morphodynamic modelling, relevant for civil and environemental engineers.The governing equations for

sediment transport in open channels and corresponding numerical solution strategies are introduced. The theoretical parts are discussed
by examples.

Objective The goal of the course is twofold. First, the the students develop a throughout understanding of the basics of river morphodynamic
processes. Second, they get familiar with numerical tools for the simulations in one- and two-dimensions of morphodynamics.

Content - fundamentals of river morphodynamics (Exner equation, bed-load, suspended-load)
- aggradation and degradation processes
- river bars
- non-uniform sediment morphodynamics: the Hirano model
- short and long term response of gravel bed rivers to change in sediment supply

Lecture notes Lecture notes, slides shown in the lecture and software can be downloaded
Literature Citations will be given in lecture.
Prerequisites /
notice

Exercises are based on the simulation software BASEMENT (www.basement.ethz.ch), the open-source GIS Qgis (www.qgis.org) and code
examples written in MATLAB. The applications comprise one- and two-dimensional approaches for the modelling of flow and sediment
transport. 

Requirements: Numerical Hydraulics, River Engineering, MATLAB and/or Python programming skills would be an advantage.

 EM: Groundwater
Elective Module for Majors "Environmental Technologies", "River and Hydraulic Engineering" and "Urban Water Management". 

Number Title Type ECTS Hours Lecturers

102-0448-00L Groundwater II W  6 credits 4G M. Willmann, J. Jimenez-Martinez
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Abstract The course is based on the course 'Groundwater I' and is a prerequisite for a deeper understanding of groundwater flow and contaminant
transport problems with a strong emphasis on numerical modeling.

Objective The course should enable students to understand advanced concepts of groundwater flow and transport and to apply groundwater flow and
transport modelling.

the student should be able to
a) formulate practical flow and contaminant transport problems.

b) solve steady-state and transient flow and transport problems in 2 and 3 spatial dimensions using numerical codes based on the finite
difference method and the finite element methods.

c) solve simple inverse flow problems for parameter estimation given measurements.

d) assess simple multiphase flow problems.

e) assess spatial variability of parameters and use of stochastic techniques in this task.

f) assess simple coupled reactive transport problems.

Content Introduction and basic flow and contaminant transport equation.

Numerical solution of the 3D flow equation using the finite difference method.

Numerical solution to the flow equation using the finite element equation

Numerical solution to the transport equation using the finite difference method.

Alternative methods for transport modeling like method of characteristics and the random walk method.

Two-phase flow and Unsaturated flow problems.

Spatial variability of parameters and its geostatistical representation -geostatistics and stochastic modelling.

Reactive transport modelling.

Lecture notes Handouts
Literature - Anderson, M. and W. Woessner, Applied Groundwater Modeling, Elsevier Science & Technology Books, 448 p., 2002


- J. Bear and A. Cheng, Modeling Groundwater Flow and Contaminant Transport, Springer, 2010

- Appelo, C.A.J. and D. Postma, Geochemistry, Groundwater and Pollution, Second Edition, Taylor & Francis, 2005

- Rubin, Y., Applied Stochastic Hydrology, Oxford University Press, 2003

- Chiang und Kinzelbach, 3-D Groundwater Modeling with PMWIN. Springer, 2001.

Prerequisites /
notice

Each afternoon will be divided into 2 h of lectures and 2h of exercises. Two thirds of the exercises of the course are organized as a
computer workshop to get hands-on experience with groundwater modelling.

701-1240-00L Modelling Environmental Pollutants W  3 credits 2G M. Scheringer, C. Bogdal
Abstract Modeling the emissions, transport, partitioning and transformation/degradation of chemical contaminants in air, water and soil.
Objective This course is intended for students who are interested in the environmental fate and transport of volatile and semi-volatile organic

chemicals and exposure to pollutants in environmental media including air, water, soil and biota. The course focuses on the theory and
application of mass-balance models of environmental pollutants.  These models are quantitative tools for describing, understanding, and
predicting the way pollutants interact with the environment.  Important topics include thermodynamic and kinetic descriptions of chemical
behavior in environmental systems; mechanisms of chemical degradation in air and other media; novel approaches to modeling chemical
fate in a variety of environments, including lakes and rivers, generic regions, and at the global scale, and application of mass balance
modeling principles to describe bioaccumulation of pollutants by fish and mammals.

Content Application of mass balance principles to chemicals in a system of coupled environmental media.  Measurement and estimation of physico-
chemical properties that determine the environmental behavior of chemicals.  Thermodynamic and kinetic controls on the behavior of
pollutants.  Modeling environmental persistence, bioaccumulation and long-range transport potential of chemicals, including a review of
available empirical data on various degradation processes.  Current issues in multimedia contaminant fate modeling and a case study of
the student's choice.

Lecture notes Material to support the lectures will be distributed during the course.
Literature There is no required text.  The following texts are useful for background reading and additional information.

D. Mackay.  Multimedia Environmental Models:  The Fugacity Approach, 2nd Ed.  2001.  CRC Press.
R. P. Schwarzenbach, P. M. Gschwend, D. M. Imboden. Environmental Organic Chemistry. 2nd Ed. 2003, John Wiley & Sons.
M. Scheringer.  Persistence and spatial range of environmental chemicals: New ethical and scientific concepts for risk assessment.  2002.
Wiley-VCH.

 EM: Hydraulic Engineering
Elective Module for Majors "Environmental Technologies", "Resource Management", " Urban Water Management" and "Water Resources
Management".

Number Title Type ECTS Hours Lecturers

101-0278-00L Flood Protection W  3 credits 2G R. Boes, J. Eberli
Abstract Concepts and structural measures to prevent or mitigate flood damage, planning methods to implement projects in practice
Objective To get to know processes leading to flood damage, the different concepts and structural measures allowing to prevent or mitigate flood

damage, as well as promising practical planning methods to implement flood protection measures in practice.
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Content Explanation of relevant processes: flooding, aggradation, sedimentations, erosion, debris flows.
Concept of different objectives of protection for various land uses (from rural areas to industrial regions).
General possibilities of flood protection / control.
Land use planning on the basis of hazard zones.
Classical procedures against flood damage with the use of examples such as increase of flow capacity, release structures, flood detention
basins, polder.
Property protection as continuative measure.
Maintenance.
Considering of overload case, Emergency procedures.
Damage determination and risk analysis.
Management of residual risk.
Conflict of objective during implementation of procedures.
Situatively adjusted approach.
Case studies (group work).
Field trip.

Lecture notes Flood protection script
Literature Guidelines of Swiss federal administration (especially Federal Office for the Environment, FOEN)

 EM: Landscape
Elective Module for Majors "Environmental Technologies", "Resource Management", "River and Hydraulic Engineering" and "Urban Water
Management".

Number Title Type ECTS Hours Lecturers

102-0617-01L Methodologies for Image Processing of Remote
Sensing Data

W  3 credits 2G I. Hajnsek, O. Frey, S. Leinss

Abstract The aim of this course is to get an overview of several methodologies/algorithms for analysis of different sensor specific information
products. It is focused at students that like to deepen their knowledge and understanding of remote sensing for environmental applications.

Objective The course is divided into two main parts, starting with a brief introduction to remote sensing imaging (4 lectures), and is followed by an
introduction to different methodologies (8 lectures) for the quantitative estimation of bio-/geo-physical parameters. The main idea is to
deepen the knowledge in remote sensing tools in order to be able to understand the information products, with respect to quality and
accuracy.

Content Each lecture will be composed of two parts:
Theory: During the first hour, we go trough the main concepts needed to understand the specific algorithm. 
Practice: During the second hour, the student will test/develop the actual algorithm over some real datasets using Matlab. The student will
not be asked to write all the code from scratch (especially during the first lectures), but we will provide some script with missing parts or
pseudo-code. However, in the later lectures the student is supposed to build up some working libraries.

Lecture notes Handouts for each topic will be provided.
Literature Suggested readings:

T. M. Lillesand, R.W. Kiefer, J.W. Chipman, Remote Sensing and Image Interpretation, John Wiley & Sons Verlag, 2008
J. R. Jensen, Remote Sensing of the Environment: An Earth Resource Perspective, Prentice Hall Series in Geograpic Information Science,
2000

 EM: Process Engineering in Urban Water Management
Elective Module for Majors "Resource Management", "River and Hydraulic Engineering" and "Water Resources Management".

Number Title Type ECTS Hours Lecturers

102-0217-01L Process Engineering Ib
Prerequisite: 102-0217-00L Process Engineering Ia (given
in HS).

W  3 credits 2G E. Morgenroth

Abstract The purpose of this course is to build on the fundamental understanding of biological processes and wastewater treatment applications that
were studied in Process Engineering Ia. Case studies that are jointly discussed in class and student led projects allow you to advance the
understanding and critical analysis of biological treatment processes.

Objective Students should be able to evaluate existing wastewater treatment plants and future designs using basic process understanding,
mathematical modeling tools, and knowledge obtained from the current literature. The students shall be capable to apply and recognize the
limits of the kinetic models which have been developed to simulate these systems.

Content Advanced modeling of activated sludge systems
Nitrification, denitrification, and biological P elimination
Enrichment in mixed culture systems using, e.g., selectors
Biofilm kinetics and application to full scale plants
Critical review of treatment processes

Lecture notes Copies of overheads will be made available.
Prerequisites /
notice

Prerequisite: 102-0217-00 Process Engineering Ia (held in HS).

102-0218-00L Process Engineering II (Physical-Chemical Processes) W  6 credits 4G K. M. Udert
Abstract Description and design of physical, chemical and biological processes and process combinations in drinking water and wastewater

treatment.
Objective Understanding of critical water quality parameters in water resources and wastewater and process engineering knowledge for the removal

of drinking water and environmental hazards. The aims of the lecture are basic understanding of mainly physico-chemical water treatment
processes, design and modeling tools of single processes and process combinations.

Content The following prcesses and process combination will be discussed in detail:
Gas transfer
Particle characterization
Sedimentation
Flocculation
Filtration
Membrane processes
Precipitation processes
Chemical oxidation and disinfection
Ion exchange
Activated carbon adsorption
Process combinations wastewater
      Removal of nitrogen
      Removal of micropollutants
Process combinations potable water
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Literature M&E: Tchobanoglous, G., Stensel, H.D., Tsuchihashi, R. and Burton, F.L., 2013. Wastewater engineering: treatment and resource
recovery. 5th edition. Volume 1 & 2. New York, McGraw-Hill.
MWH: Crittenden, J.C., Trussel, R.R., Hand, D.W., Howe, K., Tchobanoglous, G., 2012. MWH's water treatment principles and design, 3rd
edition. ed. Wiley, Hoboken, N.J.

Prerequisites /
notice

Pre-condition: Lecture Process Engineering Ia

 EM: Remote Sensing and Earth Observation
Elective Module for Majors "Environmental Technologies", "Resource Management", "River and Hydraulic Engineering", "Urban Water Management"
and "Water Resources Management".

Remark: Students also taking module "Remote Sensing and Earth Observation" as replacement of 102-0617-01L Methodologies for Image Processing
of Remote Sensing Data in module "Landscape" have to chose one out following list:
1. 701-0104-00L  Statistical Modelling of Spatial Data (FS) oder
2. 701-1674-00L  Spatial Analysis, Modelling and Optimisation (FS) oder
3. 701-1644-00L Mountain Forest Hydrology (HS).

Number Title Type ECTS Hours Lecturers

102-0617-01L Methodologies for Image Processing of Remote
Sensing Data

W  3 credits 2G I. Hajnsek, O. Frey, S. Leinss

Abstract The aim of this course is to get an overview of several methodologies/algorithms for analysis of different sensor specific information
products. It is focused at students that like to deepen their knowledge and understanding of remote sensing for environmental applications.

Objective The course is divided into two main parts, starting with a brief introduction to remote sensing imaging (4 lectures), and is followed by an
introduction to different methodologies (8 lectures) for the quantitative estimation of bio-/geo-physical parameters. The main idea is to
deepen the knowledge in remote sensing tools in order to be able to understand the information products, with respect to quality and
accuracy.

Content Each lecture will be composed of two parts:
Theory: During the first hour, we go trough the main concepts needed to understand the specific algorithm. 
Practice: During the second hour, the student will test/develop the actual algorithm over some real datasets using Matlab. The student will
not be asked to write all the code from scratch (especially during the first lectures), but we will provide some script with missing parts or
pseudo-code. However, in the later lectures the student is supposed to build up some working libraries.

Lecture notes Handouts for each topic will be provided.
Literature Suggested readings:

T. M. Lillesand, R.W. Kiefer, J.W. Chipman, Remote Sensing and Image Interpretation, John Wiley & Sons Verlag, 2008
J. R. Jensen, Remote Sensing of the Environment: An Earth Resource Perspective, Prentice Hall Series in Geograpic Information Science,
2000

 EM: River Systems
Elective Module for Majors "Environmental Technologies", "Resource Management", " Urban Water Management" and "Water Resources
Management".

Number Title Type ECTS Hours Lecturers

101-0259-00L River Revitalization W  3 credits 2G V. Weitbrecht, M. Detert,
M. Koksch, C. Weber

Abstract Channel formation of alluvial rivers (regime width, planforms) is presented. Fluvial hydraulics and sediment transport theory are
summarized. Principles of environmentally friendly hydraulic engineering are derived from river morphology. Special attention is given to
the application to flood protection and river revitalization projects.

Objective The main processes of alluvial river channel formation are presented. Fluvial hydraulics and sediment transport theories are summarized.
From these elements basic principles of environmentally friendly hydraulic engineering are derived.

Lecture notes no lecture notes
Prerequisites /
notice

River Engineering (Lecture 101-0258-00L)

 EM: Soil
Elective Module for Majors "Environmental Technologies", "Resource Management", "River and Hydraulic Engineering", "Urban Water Management"
and "Water Resources Management".

Number Title Type ECTS Hours Lecturers

101-0314-10L Soil Mechanics (for Environmental Engineers)
Only for Environmental Engineering MSc.

W  3 credits 2G I. Anastasopoulos, R. Herzog,
A. Marin

Abstract Fundamentals of soil mechanics including key processes: classification, stresses and their distribution in soils, influence of groundwater in
soils and on structures, piping, erosion and filters, stress-strain relationships, stress history, stiffness, strength, slope stability.

Objective Fundamentals in soil mechanics and geotechnics will be presented in order to:
* understand soil as a multi-phase hydro-mechanical system
* obtain parameters essential for classification and description of soil
* recognise key aspects of soil behaviour and the implications of this for obtaining and characterising the stress-strain response and
deriving associated parameters (stiffness and strength).

Content Introduction, basic terms, classification.
Total and effective stresses, stress distribution in soils.
Influence of groundwater in soil, hydraulic fracture (piping), erosion and filters.
Stress-strain relationships, stress history, stiffness, strength.
Limit equilibrium, slope stability.

Lecture notes Notes with Web support: 
http://geotip.igt.ethz.ch (also available in English)
Examples
Exercises

Literature http://geotip.igt.ethz.ch

Lang, H.-J.; Huder, J.; Amann, P.; Puzrin, A.M.: Bodenmechanik und Grundbau, Springer-Lehrbuch
8. Auflage, 2007

Prerequisites /
notice

Exrercises, laboratory exercises in groups and offered virtually as computer aided learning (GEOTip)

 EM: System Analysis in Urban Water Management
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Elective Module for Majors "Resource Management", "River and Hydraulic Engineering" and "Water Resources Management".

Offered in the autumn semester.

 EM: Waste Management
Number Title Type ECTS Hours Lecturers

102-0338-01L Waste Management and Circular Economy W 3 credits 2G M. Haupt, U. Baier
Abstract Understanding the fundamental concepts of advanced waste management and circular economy and, in more detail, on biological

processes for waste treatment. Application of concepts on various waste streams, including household and industrial waste streams.
Insights into environmental aspects of different waste treatment technologies and waste economy.

Objective The purpose of this course is to study the fundamental concepts of waste management in Switzerland and globally and learn about new
concepts such as Circular Economy. In-depth knowledge on biological processes for waste treatments should be acquired and applied in
case studies. Based on this course, you should be able to understand national waste management strategies and related treatment
technologies. Treatment plants and valorization concepts for biomass and organic waste should be understood. Furthermore, future
designs of waste treatment processes can be evaluated using basic process understanding and knowledge obtained from the current
literature.

Content National waste management 
Waste as a resource
Circular Economy
Assessment tools for waste management strategies
Plastic recycling
Thermal waste treatment
Emerging technologies
Organic Wastes in Switzerland
Anaerobic Digestion & Biogas
Composting process technologies
Organic Waste Hygiene
Product Quality & Use
Waste Economy and environmental aspects

Lecture notes Handouts
Exercises based on literature

Literature Deublein, D. and Steinhauser, A. (2011): Biogas from Waste and Renewable Resources: An Introduction. 2nd Edition, Wiley VCH,
Weinheim. --> One of the leading books on the subject of anaerobic digestion and biogas, covering all aspects from biochemical and
microbial basics to planning and running of biogas plants as well as different technology concepts and biogas upgrade & utilization. We will
be using selected chapters only in this course.

Lohri, C.R., S. Diener, I. Zabaleta, A. Mertenat, and C. Zurbrügg. 2017. Treatment technologies for urban solid biowaste to create value
products: a review with focus on low- and middle-income settings. Reviews in Environmental Science and Biotechnology 16(1): 81–130.

Haupt, M., C. Vadenbo, and S. Hellweg. 2017. Do We Have the Right Performance Indicators for the Circular Economy?: Insight into the
Swiss Waste Management System. Journal of Industrial Ecology 21(3): 615–627.

Schweizerische Qualitätsrichtlinie 2010 der Branche für Kompost und Gärgut:
https://www.biomassesuisse.ch/files/biomasse_temp/data/Das_bieten_wir/Q-Richtlinie_2010_def_weiss_web.pdf

More information about biowaste treatment in Switzerland (www.cvis.ch) and Europe (www.compostnetwork.info and www.ecn-qas.eu)

Prerequisites /
notice

There will be complementary exercises going along with some of the lectures, which focus on real life aspects of waste management.
Some of the exercises will be solved during lessons whereas others will have to be dealt with as homework. 
To pass the course and to achieve credits it is required to pass the examination successfully (Mark 4 or higher). The written examination
covers all topics of the course and is based on handouts and on selected literature

 EM: Water Infrastructure Planning and Stormwater Management
Elective Module for Majors "Environmental Technologies", "Resource Management", "River and Hydraulic Engineering" and "Water Resources
Management". 

Number Title Type ECTS Hours Lecturers

102-0248-00L Infrastructure Systems in Urban Water Management
Prerequisites: 102-0214-02L Urban Water Management I
and 102-0215-00L Urban Water Management II.

W  3 credits 2G J. P. Leitão Correia , M. Maurer,
A. Scheidegger

Abstract An increasing demand for infrastructure management skills can be observed in the environmental engineering practice. This course gives
an introductory overview of infrastructure management skills needed for urban water infrastructures, with a specific focus on pipe
deterioration and engineering economics.

Objective After successfully finishing the class, the participants will have the following skills and knowledge:
  - They can perform basic engineering economic analysis
  - Know the typical value and costs involved in running a wastewater infrastructure
  - Know the key principles of infrastructure management
  - Know how to quantify the future rehabilitation demand

Content The nationwide coverage of water distribution and wastewater treatment is one of the major public works achievements in Switzerland and
other countries.  Annually and per person, 135,000 kg of drinking water is produced and distributed and over 535,000 kg of stormwater and
wastewater is drained. These impressive services are done with a pipe network with a length of almost 200,000 km and a total replacement
value of 30,000 CHF per capita.

Water services in Switzerland are moving from a phase of new constructions into one of maintenance and optimization. The aim today
must be to ensure that existing infrastructure is professionally maintained, to reduce costs, and to ensure the implementation of modern,
improved technologies and approaches. These challenging tasks call for sound expertise and professional management.

This course gives an introduction into basic principles of water infrastructure management. The focus is primarily on Switzerland, but most
methods and conclusions are valid for many other countries.

Lecture notes The script 'Engineering Economics for Public Water Utilities' can be downloaded on the course website: 
http://www.sww.ifu.ethz.ch/education/lectures/infrastructure-systems

Literature See the reading resources on the course website:
http://www.sww.ifu.ethz.ch/education/lectures/infrastructure-systems

Prerequisites /
notice

Course website:
http://www.sww.ifu.ethz.ch/education/lectures/infrastructure-systems
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 EM: Water Resources Management
Elective Module for Majors "Environmental Technologies", and "Urban Water Management".

Number Title Type ECTS Hours Lecturers

102-0468-00L Watershed Modelling W  3 credits 2G P. Molnar
Abstract Introduction to watershed modelling with applications of GIS in hydrology, the use of semi- and fully-distributed continuous watershed

models, and their calibration and validation. The course contains substantive practical modelling experience in several assignments.
Objective Watershed Modelling is a course in the Master of Science in Environmental Engineering Programme. It is a practical course in which the

students learn to (a) use GIS in hydrological applications, (b) calibrate and validate models, (c) apply and interpret semi- and fully-
distributed continuous watershed models, and (d) discuss several modelling case studies. This course is a follow up of Hydrology 2 and
requires solid computer skills.

Content - Introduction to watershed modelling
- GIS in watershed modelling (ArcGIS exercise)
- Calibration and validation of models
- Semi-distributed modelling with PRMS (model description, application)
- Distributed watershed modelling with TOPKAPI (model description, application)
- Modelling applications and case studies (climate change scenarios, land use change, basin erosion)

Literature - Lecture presentations
- Exercise documentation
- Relevant scientific papers
all posted on the course website

102-0488-00L Water Resources Management W  3 credits 2G P. Burlando
Abstract Modern engineering approach to problems of sustainable water resources, planning and management of water allocation requires the

understanding of modelling techniques that allow to account for comprehensive water uses (thereby including ecological needs) and
stakeholders needs, long-term analysis and optimization. The course presents the most relevant approaches to address these problems.

Objective The course provides the essential knowledge and tools of water resources planning and management. Core of the course are the concepts
of data analysis, simulation, optimization and reliability assessment in relation to water projects and sustainable water resources
management.

Content The course is organized in four parts. 
Part 1 is a general introduction to the purposes and aims of sustainable water resources management, problem understanding and tools
identification. 
Part 2 recalls Time Series Analysis and Linear Stochastic Models. An introduction to Nonlinear Time Series Analysis and related
techniques will then be made in order to broaden the vision of how determinism and stochasticity might sign hydrological and geophysical
variables. 
Part 3 deals with the optimal allocation of water resources and introduces to several tools traditionally used in WRM, such as linear and
dynamic programming. Special attention will be devoted to optimization (deterministic and stochastic) and compared to simulation
techniques as design methods for allocation of water resources in complex and competitive systems, with focus on sustainability and
stakeholders needs.
Part 4 will introduce to basic indexes used in economical and reliability analyses, and will focus on multicriteria analysis methods as a tool
to assess the reliability of water systems in relation to design alternatives.

Lecture notes A copy of the lecture handouts will be available on the webpage of the course. Complementary documentation in the form of scientific and
technical articles, as well as excerpts from books will be also made available.

Literature A number of book chapters and paper articles will be listed and suggested to read. They will also be part of discussion during the oral
examination.

Prerequisites /
notice

Suggested relevant courses: Hydrologie I (or a similar content course) and Wasserhaushalt (Teil "Wasserwirtschaft", 4. Sem. UmweltIng.,
or a similar content course) for those students not belonging to Environmental Engineering.

 Specialized Computer Laboratory
Number Title Type ECTS Hours Lecturers

102-0528-01L Experimental and Computer Laboratory (Year Course) O  10 credits 2P D. Braun, M. Giuliani, M. Haupt,
M. Holzner, J. Jimenez-Martinez,
S. Leinss, M. Magdali, M. Maurer,
J. Wang, Z. Wang, M. Willmann

Abstract In the Experimental and Computer Laboratory students are introduced to research and good scientific practice. Experiments are conducted
in different disciplines of environmental engineering. Data collected during experiments are compared to the corresponding numeric
simulations. The results are documented in reports or presentations.

Objective The student will learn the following skills: basic scientific work, planning and conducting scientific experiments, uncertainty estimations of
measurements, applied numerical simulations, modern sensor technology, writing reports.

Content The Experimental and Computer Laboratory is building on courses in the corresponding modules. Material from these courses is a
prerequisite or co-requisite (as specified below) for participating in the Experimental and Computer Laboratory (MODULE: Project in the
Experimental and Computer Laboratory):
- WatInfra: Water Network Management
- UWM: SysUWM + ProcUWM: Operation of Lab-WWTP
- AIR: Air Quality Measurements
- WasteBio: Anaerobic Digestion
- WasteRec: Plastic Recycling
- ESD: Environmental Assessment
- GROUND: Groundwater Field Course Kappelen
- WRM: Modelling Optimal Water Allocation
- FLOW: 1D Open Channel Flow Modelling
- LAND: Landscape Planning and Environmental Systems
- RIVER: Discharge Measurements
- HydEngr: Hydraulic Experiments
- RemSens: Earth Observation and Landscape Planning
- SOIL: Soil and Environmental Measurements Lab

Lecture notes Written material will be available.

 Electives
The entire course programs of ETH Zurich and the University of Zurich are open to the students to individual selection. 

 Electives Master Programm
Number Title Type ECTS Hours Lecturers
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102-0186-00L CAD for Environmental Engineers
Number of participants limited to 15.

W  2 credits 2G M. Miani

Abstract Einführung in das computergestützte Konstruieren in 2D (3D). 
Objective Nach Abschluss des Kurses können die Absolventen eine 2D-Konstruktion erstellen (Zonenplan, Siedlungsentwässerung, GEP) und sie

kennen das Prinzip des digitalen Geländemoduls. Weiter haben sie ein Einblick in die verschiedenen Planungsabläufen der Bauingenieure
und die Zusammenarbeit mit Bauzeichner/Bauingenieur. Die Absolventen können einen Plan lesen und kennen die verschiedenen
Planelemente. 

Content Basis 2D
- Grundlegende Befehle wie Linien, Kreise, Bemassung, Beschriftung
- Optionseinstellungen
- Oberflächeneinstellungen
- Bauwerkstruktur
- Layer
- Import

CH-Planungspaket
- Zonenplan erstellen
- Beschriftungsbilder einsetzen
- Objektmanager
- GEP Plan erstellen

Kanalisation Add-On
- Siedlungsentwässerungsplan erstellen
- Plan lesen (Kanalisation)

Digitales Geländemodell
- Aufrag
- Abtrag
- Planvorbereitung (DGM zu Plan)

-Übergreifendes
- Verschiedene Disziplinen (Tief-, Hoch-, konstruktiver Tief- und Kunstbau)
- Plan lesen (verschiedenen Planungselemente
- Spezialschächte und deren Funktionen
- Planungsablauf (von Variantenstudie bis PaW, Detailierungsgrad)
- Interner Planungsablauf (Bauingenieur - Bauzeichner - Bauingenieur)

Je nach Zeit; 3D-Modellieren
- Bool'sche Operatoren
- Modellieren
- Modell als 3D-Makro speichern
- Architekturelemente (Bsp. Rückhaltebecken)

Lecture notes Introduction into computeradded construction 2D (3D).

102-1248-00L Microfluidics for Microbial Ecology
Does not take place this semester.
Number of participants limited to 16.

W  1 credit 2G

Abstract The course teaches the basics of microfluidic technology and sample a range of applications in microbiology and chemistry, all through
hands-on experience and live demos.

Objective Familiarization with the basics of microfluidics and with some applications of this technology in microbiology and chemistry.
Content Physics of fluid transport at small scales, design and fabrication of microfluidic devices, set up of a typical microfluidic experiment, flow

visualization, image acquisition and analysis, examples of microfluidics studies of chemistry, optofluidic, microbial growth, motility,
chemotaxis and  interactions among microbes.

Lecture notes Script and papers of previous problems
Literature Introduction to Microfluidics, Patrick Tabeling, Oxford University Press, 2005

 Elctives ETH Zurich
Course Catalogue of ETH Zurich

 Master's Thesis
Number Title Type ECTS Hours Lecturers

102-0010-11L Master's Thesis in Urban Water Management
Only students who fulfill the following criteria are allowed
to begin with their master thesis:
a. successful completion of the bachelor programme; 
b. fulfilling of any additional requirements necessary to
gain admission to the master programme.

W  30 credits 64D Supervisors

Abstract The Master Programme concludes with the Master Thesis, which has to be done in one of the chosen Majors and  has to be completed
within 16 weeks. The Master Thesis is supervised by a professor and shall attest the students ability to work independently and to produce
scientifically structured work.

Objective To work independently and to produce a scientifically structured work.
Content The topics of the Mastrer Thesis are published by the professors. The Topic can  be set also in consultation between the student and the

professor.

102-0010-21L Master's Thesis in Environmental Technologies
Only students who fulfill the following criteria are allowed
to begin with their master thesis:
a. successful completion of the bachelor programme; 
b. fulfilling of any additional requirements necessary to
gain admission to the master programme.

W  30 credits 64D Supervisors

Abstract The Master Programme concludes with the Master Thesis, which has to be done in one of the chosen Majors and  has to be completed
within 16 weeks. The Master Thesis is supervised by a professor and shall attest the students ability to work independently and to produce
scientifically structured work.

Objective To work independently and to produce a scientifically structured work.
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Content The topics of the Mastrer Thesis are published by the professors. The Topic can  be set also in consultation between the student and the
professor.

102-0010-31L Master's Thesis in River and  Hydraulic Engineering
Only students who fulfill the following criteria are allowed
to begin with their master thesis:
a. successful completion of the bachelor programme; 
b. fulfilling of any additional requirements necessary to
gain admission to the master programme.

W  30 credits 64D Supervisors

Abstract The Master Programme concludes with the Master Thesis, which has to be done in one of the chosen Majors and  has to be completed
within 16 weeks. The Master Thesis is supervised by a professor and shall attest the students ability to work independently and to produce
scientifically structured work.

Objective To work independently and to produce a scientifically structured work.
Content The topics of the Mastrer Thesis are published by the professors. The Topic can  be set also in consultation between the student and the

professor.

102-0010-41L Master's Thesis in Resources Management
Only students who fulfill the following criteria are allowed
to begin with their master thesis:
a. successful completion of the bachelor programme; 
b. fulfilling of any additional requirements necessary to
gain admission to the master programme.

W  30 credits 64D Supervisors

Abstract The Master Programme concludes with the Master Thesis, which has to be done in one of the chosen Majors and  has to be completed
within 16 weeks. The Master Thesis is supervised by a professor and shall attest the students ability to work independently and to produce
scientifically structured work.

Objective To work independently and to produce a scientifically structured work.
Content The topics of the Mastrer Thesis are published by the professors. The Topic can  be set also in consultation between the student and the

professor.

102-0010-01L Master's Thesis in Water Resources Management
Only students who fulfill the following criteria are allowed
to begin with their master thesis:
a. successful completion of the bachelor programme; 
b. fulfilling of any additional requirements necessary to
gain admission to the master programme.

W  30 credits 64D Supervisors

Abstract The Master Programme concludes with the Master Thesis, which has to be done in one of the chosen Majors and  has to be completed
within 16 weeks. The Master Thesis is supervised by a professor and shall attest the students ability to work independently and to produce
scientifically structured work.

Objective To work independently and to produce a scientifically structured work.
Content The topics of the Mastrer Thesis are published by the professors. The Topic can  be set also in consultation between the student and the

professor.

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
BAUG

see Science in Perspective: Language Courses ETH/UZH

 Course Units for Additional Admission Requirements
The courses below are only available for MSc students with additional admission requirements.

Number Title Type ECTS Hours Lecturers

101-0203-AAL Hydraulics I
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  5 credits 11R R. Stocker

Abstract The course teaches the basics of hydromechanics, relevant for civil and environmental engineers.
Objective Familiarization with the basics of hydromechanics of steady state flows
Content Properties of water, hydrostatics, continuity, Euler equation of motion, Navier Stokes euqation, similarity, Bernoulli principle, momentum

equation for finite volumes, potential flows, ideal fluids-real fluids, boundary layer, pipe flow, open channel flow, flow in porous media, flow
measurements, demonstration experiments in the lecture hall

Lecture notes Script and collection of problems available (in German)
Literature Bollrich, Technische Hydromechanik 1, Verlag Bauwesen, Berlin

102-0214-AAL Introduction to Urban Water Management
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  6 credits 13R E. Morgenroth, M. Maurer

Abstract Introduction to urban water management (water supply,  urban drainage, wastewater treatment, sewage sludge treatment). Introduction to
Urban Water Management is a self-study course.

Objective This course provides an introduction and an overview over the topics of urban water management (water supply,  urban drainage,
wastewater treatment, sewage sludge treatment). It supports the understanding of the interactions of the relevant technical and natural
systems. Simple design models are introduced.
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Content Overview over the field of urban water management.
Introduction into systems analysis.
Characterization of water and water quality.
Requirement of drinking water, production of wastewater and pollutants
Production and supply of drinking water.
Urban drainage, treatment of combined sewer overflow.
Wastewater treatment, nutrient elimination, sludge handling.
Planning of urban water infrastructure.

Lecture notes For more information about provided material, have a look at:
http://www.sww.ifu.ethz.ch/education/lectures/introduction-to-urban-water-management.html

Literature In this self-study course the students must work through and understand selected sections from the following book

Viessman, W., Hammer, M.J. and Perez, E.M. (2009) Water supply and pollution control, 
Pearson Prentice Hall, Upper Saddle River, NJ.

Students must understand and be able to discuss the required reading in a 30 min oral exam. The required reading includes the following:

- Read and know by heart: All chapters in Viessman et al (2009) except those listed below.
- Read and have basic overview but no detailed knowledge: Chapters 11.15 - 11.30, 14.15 - 14.24
- Not part of the required reading: Chapters 2, 3.1 - 3.9, 3.12, 3.13, 3.19, 3.20, 4.5, 4.6, 12.23 - 12.26, 12.31, 12.32, and 12.34.

This required reading and studying should correspond roughly the time invested in the course "Siedlungswasserwirtschaft GZ". Students
are welcome to ask the assistants (http://www.sww.ifu.ethz.ch/group/teaching-assistants.html) for help with questions they have regarding
the reading.

Prerequisites /
notice

Some students joining the MSc program in Environmental Engineering at ETH Zürich have to take additional courses from our BSc
program. The decision of what courses to take is done at the time of admission at ETH. 

The course on "Introduction to Urban Water Management" is offered at ETH Zürich only in German. Students who can speak and
understand German must take the course (Siedlungswasserwirtschaft GZ) and get a passing grade. For students that do not have
sufficient German language skills there is a self-study course and they have to take an oral exam.

This course is required for further in depth courses in urban water management.

Prerequisite: Hydraulics I and Hydrology

102-0324-AAL Ecological Systems Analysis
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  6 credits 13R S. Hellweg

Abstract This course deals with the methodological basics and application of various environmental assessment tools.
Objective After attending the lecture, students know environmental assessment tools, such as material flow analysis, risk assessment, and life cycle

assessment. They can identify and apply the appropriate tool in a given situation. Also, they are able to critically assess existing studies.
Content - Material flow analysis

- Life cycle assessment
- Risk assessment
- Case studies

Literature Literature to be studied is indicated on 
http://www.ifu.ethz.ch/ESD/education/bachelor/OeSA/index_EN

Prerequisites /
notice

Self-study course.

102-0325-AAL Waste Management
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  4 credits 9R C. Leitzinger

Abstract Introduction into the problems of waste handling with the goal to get the ability of seeing and improving the influence of commodities and
products with there packaging to the environment - as they are becoming waste. Knowing the different mechanical and chemical
processes, which are applicable in the field of waste management.

Objective *To reconstruct the historical development of the waste problems (C2)
*To know the problems of a modern waste management (C4)
*To see and to improve the influence of commodities and products to the environment (C5)
*To recognize waste and his components as raw material and resources and to get the know how for a correct handling (C6)
*To know the different mechanical and chemical processes, which are applicable in the field of waste management (C6)

Content This lecture gives a comprehensive overview of the different waste-types and waste handling possibilities:
*Waste composition as a mirror of the human evolution
*Waste definition (formation, amount, energy content, waste composition)
*Several recycling possibilities and processes
*Thermal waste treatment (electricity/district heat as products), including off-gas cleaning and incineration residue handling with regards to
the final residue storage in a landfill and the problems which have to be solved there
*Special fields like biological waste handling (composting, fermentation), handling of special wastes and municipal sewage sludge
treatment
*Economical aspects

Lecture notes Martin F. Lemann: Waste Management
2nd enhanced English Edition 2008, 450 pages
Publisher: Peter Lang AG, Bern
ISBN 978-3-03911-514-3

Literature see bibliographie in the script
Prerequisites /
notice

basic of chemical processes has to be known

102-0455-AAL Groundwater I
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

E-  4 credits 9R J. Jimenez-Martinez, M. Willmann
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Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

Abstract The course provides a quantitative introduction to groundwater flow and contaminant transport.
Objective Understanding of the basic concepts on groundwater flow and contaminant transport processes. Formulation and solving of practical

problems.
Content Properties of porous and fractured media, Darcy’s law, flow equation, stream functions, interpretation of pumping tests, transport

processes, transport equation, analytical solutions for transport, numerical methods: finite differences method, aquifers remediation, case
studies.

Literature J. Bear, Hydraulics of Groundwater, McGraw-Hill, New York, 1979
K. de Ridder, Untersuchung und Anwendung von Pumpversuchen, Verl. R. Müller, Köln, 1970
P.A. Domenico, F.W. Schwartz, Physical and Chemical Hydrogeology, J. Wilson & Sons, New York, 1990
R.A. Freeze, J.A. Cherry, Groundwater, Prentice-Hall, New Jersey, 1979
W. Kinzelbach, R. Rausch, Grundwassermodellierung, Gebrüder Bornträger, Stuttgart, 1995

102-0635-AAL Air Pollution Control
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  6 credits 13R J. Wang, B. Buchmann

Abstract The lecture provides an introduction to the formation of air pollutants by technical processes, the emission of these chemicals into the
atmosphere and the impact on air quality.  Theoretical description and modeling of these processes, air quality measurement techniques
and pollution control techniques are covered.

Objective The students gain general knowledge of the factors resulting in air pollution and the techniques used for air pollution control. The students
can identify major air pollution sources and understand the methods for measurement, data collection and analysis. The students can
evaluate possible control methods and equipment, design a control system and estimate the efficiency and cost.

Content - the physical and chemical processes leading to emission of pollutants
- air quality analysis
- the meteorological parameters influencing air pollution dispersion
- deterministic and stochastic models, describing the air pollution dispersion
- measurement concepts to observe ambient air pollution
- removal of gaseous pollutants by absorption and adsorption
- control of NOx and Sox
- fundamentals of particulate control
- design and application of wet scrubbers

Literature Text book
Air Pollution Control Technology Handbook, Karl B. Schnelle, Jr. and Charles A. Brown, CRC Press LLC, 2001.

Prerequisites /
notice

College lectures on basic physics, chemistry and mathematics.

252-0846-AAL Computer Science II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  4 credits 9R F. Friedrich Wicker, H. Lehner

Abstract Together with the introductory course Informatics I this course provides the foundations of programming and databases. This course
particularly covers algorithms and data structures and basics about design and implementation of databases. Programming language used
in this course is Java.

Objective Basing on the knowledge covered by lecture Informatics I, the primary educational objectives of this course are
- constructive knowledge of data structures and algorithms amd
- the knowledge of relational databases and
When successfully attended the course, students have a good command of the mechanisms to construct an object oriented program. They
know the typically used control and data structures and understand how an algorithmic problem is mapped to a sufficiently efficient
computer program. They have an idea of what happens "behind the secenes" when a program is translated and executed. The know how
to write database queries and how to design simple databases.
Secondary goals are an algorithmic computational thinking, undestanding the possibilities and limits of programming and to impart the way
of thinking of a computer scientist.

Content We discuss the paradigm of object oriented programming, typical data structures and algorithms and design principles for the design and
usage of relational databases.
More generally, formal thinking and the need for abstraction and importance of appropriate modelling capabilities will be motivated. The
course emphasizes applied computer science. Concrete topics are complexity of algorithms, divide and conquer-principles, recursion, sort-
and search-algorithms, backtracking, data structures (lists, stacks, queues, trees) and data management  in relational data bases.

Lecture notes The slides will be available for download on the course home page.
Literature Robert Sedgewick, Kevin Wayne, Introduction to Programming in Java: An Interdisciplinary Approach, Addison-Wesley, 2008


T. Cormen, C. Leiserson, R. Rivest, C. Stein, Introduction to Algorithms , 3rd ed., MIT Press, 2009

Prerequisites /
notice

Prerequisites are knowledge and programming experience according to course 252-0845-00 Computer Science I (D-BAUG).

529-2001-AAL Chemistry I and II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

All other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  9 credits 19R J. Cvengros

Abstract General Chemistry I and II: Chemical bond and molecular structure, chemical thermodynamics, chemical equilibrium, kinetics, acids and
bases, electrochemistry

Objective Introduction to general and inorganic chemistry. Basics of the composition and the change of the material world. Introduction to the
thermodynamically controlled physico-chemical processes. Macroscopic phenomena and their explanation through atomic and molecular
properties. Using the theories to solve qualitatively and quantitatively chemical and ecologically relevant problems.
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Content 1. Stoichiometry

2. Atoms and Elements (Quantum Mechanical Model of the Atom)

3. Chemical Bonding

4. Thermodynamics

5. Chemical Kinetics

6. Chemical Equilibrium (Acids and Bases, Solubility Equilibria)

7. Electrochemistry

Lecture notes Nivaldo J. Tro
Chemistry - A molecular Approach (Pearson), Chapter 1 - 18

Literature C. E. Housecroft, E. C. Constable, 'Chemistry'.

529-2002-AAL Chemistry II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

All other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  5 credits 11R J. Cvengros, H. Grützmacher

Abstract Chemistry II: Redox reactions, chemistry of the elements, introduction to organic chemistry
Objective General base for understanding of inorganic and organic chemistry.
Content 1. Redoxreactions


2. Inorganic Chemistry
Rules for nomenclature of inorganic compounds. Systematic description of the groups of elements in the periodical system and the most
important compounds of these elements. Formation of compounds as a consequence of the electronoc structure of the elements.

3. Introduction to organic chemistry
Description of the most important classes of compounds and of the functional groups. Principal reactivity of these functional groups.
Stereochemistry. 
Rection mechanisms: SN1- and SN2-reactions, electrophilic aromatic subtitutions, eliminations (E1 and E2), addition reactions (C=C and
C=O double bonds). Chemistry of carbony and carboxyl groups.

Lecture notes C.E.Housecroft, E.C.Constable, Chemistry, 4rd Edition, Pearson, Harlow (England), 2010 (ISBN 0-131-27567-4), Chap. 18-33
Literature Th.L.Brown, H.E.LeMay, B.E.Bursten; Chemie, 10. Auflage, Pearson Studium, München, 2007 (ISBN 3-8273-7191-0)


C.E.Housecroft, E.C.Constable, Chemistry, 3rd Edition, Pearson, Harlow (England), 2010 (ISBN 0-131-27567-4)

D.W.Oxtoby, H.P.Gillis, N.H.Nachtrieb, Principles of Modern Chemistry, Fifth Edition, Thomson, London, 2002 (ISBN 0-03-035373-4)

752-0100-AAL Biochemistry
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  2 credits 4R C. Frei

Abstract Basic knowledge of enzymology, in particular the structure, kinetics and chemistry of enzyme-catalysed reaction in vitro and in vivo.
Biochemistry of metabolism: Those completing the course are able to describe and understand fundamental cellular metabolic processes.

Objective In this self-study course, the students will gain solid biochemical knowledge about enzymology, membrane biochemistry, and central
metabolism.

Content Program

Introduction, basics, composition of cells, biochemical units, repetition of relevant organic chemistry
Structure and function of proteins
Carbohydrates, structure of DNA
Lipids an biological membranes
Enzymes and enzyme kinetics
Catalytic strategies
Metabolism: Basic concepts and design. Repetition of basic thermodynamics
Glycolysis
The citric acid cycle
Oxidative phosphorylation
Fatty acid metabolism

Lecture notes Horton et al. (Pearson) serves as lecture notes.
Literature Horton, Moran, Scrimgeour, Perry, Rawn: Principles of Biochemistry, 4th ed. or

Moran, Horton, Scrimgeour, Perry: Principles of Biochemistry, 5th ed.
Pearson Education Limited, Essex

Prerequisites /
notice

Basic knowledge in biology and chemistry is a precondition.

752-4001-AAL Microbiology
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  2 credits 4R M. Ackermann

Abstract Teaching of basic knowledge in microbiology with main focus on Microbial Cell Structure and Function, Molecular Genetics, Microbial
Growth, Metabolic Diversity, Phylogeny and Taxonomy, Prokaryotic Diversity, Human-Microbe Interactions, Biotechnology.

Objective Vermittlung der Grundlagen im Fach Mikrobiologie.
Content Der Schwerpunkt liegt auf den Themen: Bakterielle Zellbiologie, Molekulare Genetik, Wachstumsphysiologie, Biochemische Diversität,

Phylogenie und Taxonomie, Prokaryotische Vielfalt, Interaktion zwischen Menschen und Mikroorganismen sowie Biotechnologie.
Lecture notes Wird von den jeweiligen Dozenten ausgegeben.
Literature Die Behandlung der Themen erfolgt auf der Basis des Lehrbuchs Brock, Biology of Microorganisms

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1651 of 1785

406-0023-AAL Physics
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  7 credits 15R L. Degiorgi

Abstract Basic topics in classical as well as modern physics, interplay between basic research and applications.
Objective This is a self-learning unit and the goal is to acquire basic concepts in classical and moderately even in modern physics.
Content Electrodynamics, Thermodynamics, Quantum physics, Waves and Oscillations, special relativity
Literature P.A. Tipler and G. Mosca, Physics for scientists and engineers, W.H. Freeman and Company, New York


Hans J. Paus, Physik in Experimenten und Beispielen, Carl Hanser Verlag München Wien (als unterrichtsbegleitendes und ergänzendes
Lehrbuch)

406-0603-AAL Stochastics (Probability and Statistics)
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  4 credits 9R M. Kalisch

Abstract Introduction to basic methods and fundamental concepts of statistics and
probability theory for non-mathematicians. The concepts are presented on
the basis of some descriptive examples. The course will be based on the
book "Statistics for research" by S. Dowdy et.al. and on the
book "Introductory Statistics with R" by P. Dalgaard.

Objective The objective of this course is to build a solid fundament in probability
and statistics. The student should understand some fundamental concepts and
be able to apply these concepts to applications in the real
world. Furthermore, the student should have a basic knowledge of the
statistical programming language "R". The main topics of the course are:
- Introduction to probability
- Common distributions
- Binomialtest
- z-Test, t-Test
- Regression

Content From "Statistics for research":
Ch 1: The Role of Statistics
Ch 2: Populations, Samples, and Probability Distributions
Ch 3: Binomial Distributions
Ch 6: Sampling Distribution of Averages
Ch 7: Normal Distributions
Ch 8: Student's t Distribution
Ch 9: Distributions of Two Variables [Regression]

From "Introductory Statistics with R":
Ch 1: Basics
Ch 2: Probability and distributions
Ch 3: Descriptive statistics and tables
Ch 4: One- and two-sample tests
Ch 5: Regression and correlation

Literature "Statistics for research" by S. Dowdy et. al. (3rd
edition); Print ISBN: 9780471267355; Online ISBN: 9780471477433; DOI:
10.1002/0471477435; 
From within the ETH, this book is freely available online under:
http://onlinelibrary.wiley.com/book/10.1002/0471477435

"Introductory Statistics with R" by Peter Dalgaard; ISBN
978-0-387-79053-4; DOI: 10.1007/978-0-387-79054-1
From within the ETH, this book is freely available online under:
http://www.springerlink.com/content/m17578/

406-0141-AAL Linear Algebra
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  5 credits 11R M. Akka Ginosar

Abstract Introduction to Linear Algebra and Numerical Analysis for Engineers. The contents of the course are covered in the book "Introduction to
Linear Algebra" by Gilbert Strang (SIAM, 2003). MATLAB is used as a tool to formulate and implement numerical algorithms.

Objective To acquire basic knowledge of Linear Algebra and of a few fundamental numerical techniques. The course is meant to
hone analytic and algorithmic skills.

Content 1. Vectors and vector spaces
2. Solving linear systems of equations (Gaussian elimination)
3. Orthogonality
4. Determinants
5. Eigenvalues and eigenvectors
6. Linear transformations
7. Numerical linear algebra in MATLAB
8. (Piecewise) polynomial interpolation
9. Splines

Literature G. Strang, "Introduction to linear algebra", Third edition, 2003,
ISBN 0-9614088-9-8, http://math.mit.edu/linearalgebra/

T. Sauer. "Numerical analysis", Addison-Wesley 2006

406-0242-AAL Analysis II
Enrolment ONLY for MSc students with a decree declaring

E-  7 credits 15R M. Akveld
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this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

Abstract Mathematical tools of an engineer
Objective Mathematics as a tool to solve engineering problems, mathematical formulation of problems in science and engineering. Basic

mathematical knowledge of an engineer
Content Multi variable calculus: gradient, directional derivative, chain rule, Taylor expansion. Multiple integrals: coordinate transformations, path

integrals, integrals over surfaces, divergence theorem, applications in physics.
Literature - James Stewart: Multivariable Calculus, Thomson Brooks/Cole

- William L. Briggs / Lyle Cochran: Calculus: Early Transcendentals: International Edition, Pearson Education (Chapters 10 - 14)

406-0243-AAL Analysis I and II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  14 credits 30R M. Akveld

Abstract Mathematical tools for the engineer
Objective Mathematics as a tool to solve engineering problems.                             Mathematical formulation of technical and scientific problems.

Basic mathematical knowledge for engineers.
Content Short introduction to mathematical logic.

Complex numbers.  
Calculus for functions of one variable with applications.                          
Simple types of ordinary differential equations.                                          
Simple Mathematical models in engineering.

Multi variable calculus: gradient, directional derivative, chain rule, Taylor expansion. Multiple integrals: coordinate transformations, path
integrals, integrals over surfaces, divergence theorem, applications in physics.

Literature Textbooks in English:
- J. Stewart: Calculus, Cengage Learning, 2009, ISBN 978-0-538-73365-6
- J. Stewart: Multivariable Calculus, Thomson Brooks/Cole (e.g. Appendix G on complex numbers)
- V. I. Smirnov: A course of higher mathematics. Vol. II. Advanced calculus
- W. L. Briggs, L. Cochran: Calculus: Early Transcendentals: International Edition, Pearson Education
Textbooks in German:
- M. Akveld, R. Sperb: Analysis I, vdf
- M. Akveld, R. Sperb: Analysis II, vdf
- L. Papula: Mathematik für Ingenieure und Naturwissenschaftler, Vieweg Verlag
- L. Papula: Mathematik für Ingenieure 2, Vieweg Verlag

Environmental Engineering Master - Key for Type

Z Courses outside the curriculum
Dr Suitable for doctorate
O Compulsory

W+ Eligible for credits and recommended
W Eligible for credits
E- Recommended, not eligible for credits

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Environmental Studies TC
Detailed information on the programme at: https://www.ethz.ch/en/studies/teacher-training.html

 Educational Science
Number Title Type ECTS Hours Lecturers

851-0240-03L Introduction to Test Theory and Test Construction in
Educational Contexts (University of Zürich)
Does not take place this semester.
Enrolment only possible with Teaching Diploma or DC
matriculation.

No enrolment to this course at ETH Zurich. Book the
corresponding module directly at UZH.
UZH Module Code: 200b800f

Mind the enrolment deadlines at UZH:
https://www.uzh.ch/cmsssl/en/studies/application/mobilitae
t.html

W  4 credits 2S University lecturers

Abstract The seminar will provide theoretical and applied knowledge in the construction of psychological questionnaires. The students will construct,
translate, and adapt instruments from different areas. Afterwards, data on these instruments will be gathered in an online survey. The
survey will be analyzed (under the guidance of the seminar leaders) and presented in a scientific report. 

Objective The learning outcomes are:
- Acquiring theoretical and applied knowledge in the construction, translation, and adaption of psychological instruments
- Conducting online surveys and statistical analyses
- Becoming more familiar with relevant statistical procedures (e.g., factor analysis, reliability, correlation, and regression analyses)
- Estimating and evaluating the psychometric properties of instruments
- Scientific description and communication of the results (using APA-style)

Content Die Lehrveranstaltung soll Studierenden theoretische und praktische Kenntnisse in der Konstruktion von Fragebogen vermitteln. Es werden
Instrumente aus verschiedenen Bereichen durch die Studierenden konstruiert, übersetzt und adaptiert. Danach erfolgt eine Online-
Erhebung dieser Instrumente, die anschliessend unter Anleitung ausgewertet und in einem wissenschaftlichen Bericht präsentiert wird.

Lecture notes Alle Unterlagen werden im OLAT-Kurs zur Verfügung gestellt
Voraussetzung für die Teilnahme ist ein eigener Laptop mit einem Statistikprogramm (z.B. SPSS) und einem Office-Paket.

Literature Alle Unterlagen werden zur Verfügung gestellt.
Prerequisites /
notice

Der Leistungsnachweis besteht aus einem schriftlichen Leistungsnachweis, der benotet wird, ausserdem werden die unten genannten
Aspekte von aktiver Teilnahme für das Bestehen des Moduls vorausgesetzt. Der schriftliche Leistungsnachweis besteht aus einem
wissenschaftlichen Bericht zur psychometrischen Prüfung einer im Rahmen des Seminars selbst adaptierten, konstruierten oder
übersetzten Skala. Die aktive Teilnahme besteht aus Vorbereitung auf die Sitzungen, Rekrutierung von Teilnehmenden für die
gemeinsame Datenerhebung, zwei kurzen Präsentationen zur praktischen Aufgabe sowie aktiver Teilnahme am Seminar.

Voraussetzung für die Teilnahme ist ein eigener Laptop mit einem Statistikprogramm (z.B. SPSS) und einem Office-Paket.

851-0240-17L Designing Learning Environments for School:
Educational Foundations (EW2 TC)
- Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".
- Addresses to students enrolled in "Teaching Certificate
in a non-college Discipline (TC)". 
- The simultaneous enrolment in course 851-0240-25
Designing Learning Environments for School: Vocational
Education  (EW2 TC)" is recommended, but not a
mandatory prerequisite.

O  2 credits 1V S. Peteranderl, P. Edelsbrunner,
U. Markwalder

Abstract Teaching is also a craft. In this lecture, students get to know and, wherever possible, also practice practical aspects of the teaching
profession within the framework of relevant theories rom the Learning Sciences. 

Objective Students acquire basic knowledge and skills needed for planning, preparing, and implementing effective instruction. They can reflect and
adapt these skills based on knowledge about findings from research in the learning sciences.  

Content We discuss characteristics of successful lessons and how to design such lessons by using curricula and lesson plans, teaching goals,
classroom management, and a variety of teaching methods.

Lecture notes The lecture comprises interactive parts where the participants  elaborate and extend their knowledge and skills. Thus, there is no
comprehensive written documentation of the lecture. The participants can download presentation slides, learning materials, and templates
from "Moodle".

Literature The necessary literature can be downloaded from "Moodle".
Prerequisites /
notice

The lecture EW2 can only be attended by students who already successfully completed the lecture Human Learning (EW1).
There will be two independent lectures for different groups of students. You will get further information in an email at the beginning of the
semester.

851-0240-25L Designing Learning Environments for School:
Vocational Education  (EW2 TC)
- Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".
- Addresses to students enrolled in "Teaching Certificate
in a non-college Discipline (TC)". 
- The simultaneous enrolment in course 851-0240-17L
Designing Learning Environments for School: Educational
Foundations (EW2 DZ)" is recommended, but not a
mandatory prerequisite.

O  2 credits 1V G. Kaufmann

Abstract Participants acquire knowledge in vocational training system and in theory and practice of vocational education. They get to know
characteristics of functions, tasks and roles in the professional world. They deduce consequences for the planning and execution of
learner-tailored and effective learning in vocational education taking into account the theory and practice of vocational education.

Objective Participants would be able to structure and execute learner-tailored and effective learning in vocational education taking into account the
theory and practice of vocational education.

851-0242-03L Introduction to General Pedagogy
Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate.


W  2 credits 2G L. Haag
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Prerequisite: successful participation in 851-0240-00L
"Human Learning (EW1)".

Abstract The basics of educational science and the field of activity of the school are conveyed in as much as they are of relevance to the field of
activity of the teachers. Basic knowledge is taught methodically by the lecturers which is further deepened by the reading of selected texts
and corresponding work assignments in individual and small groups.

Objective 1. Basics of educational science
1.1 Historical survey of education and school
1.2 Fundamental educational terms
- Education as field of activity of the school
- Education at school
- Socialization
2. Field of activity of the school
2.1 Theory of school
- Theory of school
- Curriculum theory
- School development
2.2 Theory of instruction
- Didactic analysis
- Principles of learning
- Handling of heterogeneity

851-0242-06L Cognitively Activating Instructions in MINT Subjects
Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

This course unit can only be enroled after successful
participation in, or during enrolment in the course 851-
0240-00L "Human Learning (EW 1)".

W  2 credits 2S R. Schumacher

Abstract This seminar focuses on teaching units in chemistry, physics and mathematics that have been developed at the MINT Learning Center of
the ETH Zurich. In the first meeting, the mission of the MINT Learning Center will be communicated. Furthermore, in groups of two, the
students will intensively work on, refine and optimize a teaching unit following a goal set in advance.

Objective - Get to know cognitively activating instructions in MINT subjects
- Get information about recent literature on learning and instruction

Prerequisites /
notice

Für eine reibungslose Semesterplanung wird um frühe Anmeldung und persönliches Erscheinen zum ersten Lehrveranstaltungstermin
ersucht.

851-0242-07L Human Intelligence
Number of participants limited to 30.

Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

This course unit can only be enroled after successful
participation in, or imultaneous enrolment in the course
851-0240-00L "Human Learning (EW 1)" .

W  1 credit 1S E. Stern

Abstract The focus will be on the book "Intelligenz: Grosse Unterschiede und ihre Folgen" by Stern and Neubauer. Participation at the first meeting
is obligatory. It is required that all participants read the complete book. Furthermore, in two meetings of 90 minutes, concept papers
developed in small groups (5 - 10 students) will be discussed.

Objective - Understanding of research methods used in the empirical human sciences
- Getting to know intelligence tests
- Understanding  findings relevant for education

851-0242-08L Research Methods in Educational Science
Number of participants limited to 30.

This course unit can only be enroled after successful
participation in, or imultaneous enrolment in the course
851-0240-00L "Human Learning (EW 1)" .

W  1 credit 1S P. Edelsbrunner, T. Braas,
C. M. Thurn

Abstract Literature from learning sciences will be read and discussed. Research methods will be in focus.
At the first meeting all participants will be allocated to working groups and two further meetings will be set up with the groups.
In the small groups students will write critical short essays about the read literature. The essays will be presented and discussed in the
plenum at the third meeting.

Objective - Understand research methods used in the empirical educational sciences
- Understand and critically examine information from scientific journals and media
- Understand pedagogically relevant findings from the empirical educational sciences

851-0242-11L Gender Issues In Education and STEM
Number of participants limited to 20.

Enrolment only possible with matriculation in Teaching
Diploma or Teaching Certificate (excluding Teaching
Diploma Sport).

Prerequisite: students should be taking the course 851-
0240-00L Human Learning (EW1) in parallel, or to have
successfully completed it.

W  2 credits 2S M. Berkowitz Biran, T. Braas,
C. M. Thurn

Abstract In this seminar, we introduce some of the major gender-related  issues in the context of education and science learning, such as the under-
representation of girls and women in science, technology, engineering and mathematics (STEM). Different perspectives, controversies and
empirical evidence will be discussed.

Objective - To familiarize students with gender issues in the educational and STEM contexts and with controversies regarding these issues.
- To develop a critical view on existing perspectives. 
- To integrate this knowledge with teacher's work.
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Content Why do fewer women than men specialize in STEM (science, technology, engineering and mathematics)? Are girls better in language and
boys better in math? These and other questions about gender differences relevant to education and STEM learning have been occupying
researchers for decades. In this seminar, students will learn about major gender issues in the educational context and the different
perspectives for understanding them. 

Students will read and critically discuss selected publications on these topics and their implications for the classroom context. There will be
weekly (or bi-weekly) assignments as well as a final project in which students will integrate and elaborate on the topics learned in the
seminar.

Prerequisites /
notice

Recommended: Completion of the course 851-0240-00L Human Learning (EW1).

Active participation in the seminar.

 Subject Didactics and Professional Training
Important: You can only enrol in the courses of this category if you have not more than 12 CP left for possible additional requirements.

Number Title Type ECTS Hours Lecturers

701-0827-00L Teaching Internship Including Examination Lessons
Environmental Studies
Prerequisite: successful participation in Mentored
Assignment in Environmental Studies (701-0822-00L).

Repetition of the Teaching Internship is excluded even if
Examination Lessons are to be repeated.

O  6 credits 13P F. Keller, C. Colberg

Abstract Students apply the insights, abilities and skills they have acquired within the context of an educational institution. They observe 10 lessons
and teach 20 lessons independently. Two of them are as assessed as Examination Lessons.

Objective - Students use their specialist-subject, educational-science and subject-didactics training to draw up concepts for teaching.
- They are able to assess the significance of tuition topics for their subject from different angles (including interdisciplinary angles) and
impart these to their pupils. 
- They learn the skills of the teaching trade. 
- They practise finding the balance between instruction and openness so that pupils can and, indeed, must make their own cognitive
contribution.
- They learn to assess pupils' work.
- Together with the teacher in charge of their teacher training, the students constantly evaluate their own performance.

Content The students will be able to watch and evaluate the teaching of collegues and experts. They get profit out of their teaching experiances not
only when preparing but also when teaching. Doing so they will be supported by their mentors.
Two lessons of the course will be split off for the examination - procedure.

Lecture notes Dokument: schriftliche Vorbereitung für Prüfungslektionen.
Literature Wird von der Praktikumslehrperson bestimmt.

 Additional Pedagogical Content Knowledge
For students enrolled from HS 2019: The courses offered here are credited under the category «Subject Didactics and Professional Training».

Number Title Type ECTS Hours Lecturers

701-0825-10L Environmental Education Didactics II
Prerequisite: Successful attendance of 701-0823-00L
Environmental Education Didactics I.

O  4 credits 9G C. Colberg, F. Keller

Abstract Environmental Education Didactics II covers the planning, implementation and reflection of comprehensive teaching units. The major focus
will be put on an intensive discussion of the didactical analysis and the use of extensive teaching methods. The objective is a selective and
effective use.

Objective The objective is to compare and match educational models resp. teaching methods with current research findings.
The students
- learn to make a detailed analysis of didactic lessons to learn a broad topic by different sources, they will review, procure materials and
reflect on the relevance of the topic of their choice and access to vocational, technical, didactic, and possibly social terms.
- make a semester plan autonomously.
- use and reflect on appropriate teaching methods in the context of various teaching-learning strategies within practice lessons.
- arrange the conditions of teaching for their target groups.

Content Unterrichtseinheiten (mehrere Lektionen) werden unter Berücksichtigung verschiedener Lehr-Lern-Strategien (Direkte Instruktion, Adaptive
Instruktion, Entdeckenlassendes Lehren, Problemorientiertes Lehren, Kooperative Lehrarrangements, Selbstgesteuertes Lernen)
konzipiert und praktisch umgesetzt.
Organisation:
(1) Semester
- Exemplarische fachwissenschaftliche Elemente mit einem pädagogischen Fokus
(2) Intensivwoche in der 2. Junihälfte gemeinsam mit DZ - AGRL
- Peer Teaching einer präparierten Lektion
- Umfangreiche Unterrichtsmethoden

Lecture notes Die Unterlagen zu den behandelten Themen werden über die elektronische Lernplattform abgegeben (Anmeldung obligatorisch).
Literature Gemäss Literaturliste
Prerequisites /
notice

Fachdidaktik Umweltlehre 1

701-0822-00L Mentored Assignment
Prerequisites: Environmental Education Didactics I (701-
0823-00L) and Environmental Education Didactics II (701-
0825-10L).

O  2 credits 4A C. Colberg, F. Keller

Abstract The mentored paper is designed to bring together the findings from the 701-0823-00L Environmental Education Didactics I Information and
the 701-0825-10L Environmental Education Didactics II. By using various teaching techniques and methods a semester plan, which is
based on various curricula will be ellaborated for a given topic.

Objective 1. The students have planned a curriculum for a semester course.

2. Students reflect on formative and summative ways such a teaching unit to examine and implement parts of it.

3. The students have implemented parts of the semester curriculum.

4. The students deal with the question to what extend teaching techniques, teaching methods but also sequences of self-study must be
involved in the planning.
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Content Semester Planning
The students plan on the basis of the given curricula a teaching sequence. The resulting learning process is divided in phases with respect
to a reasonable rhythm selecting different teaching methods.
 
Contents
The students consider different principles (eg exemplarity, competence-orientation, systematic knowledge building), so that learners
understand the contents and relate them to professional practice.

Self-study
The students deal with various forms of self-study (moderated self-study, learning journal, PBL, case studies, etc.) and their integration in
the semester plan. In addition to the formulation and determination of elements for self-study, they consider how they can check their
effectiveness.

Tests
The students use adequate various types of examinations. They consider formative and summative ways. For this purpose they formulate
test questions and tasks to match the objectives in the curriculum and semester schedule. The use of appropriate literature is required

Literature Study
The mentored assessment requires a specific study of literature which must be cited accordingly.

Lecture notes A manual gives the students a guideline how to proceed.
Literature The use of appropriate literature is part of the grading.
Prerequisites /
notice

Completion of FD1 and FD2

Environmental Studies TC - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Environmental Sciences Bachelor
 Bachelor Studies (Programme Regulations 2016)

 Basic Courses I
 First Year Examinations

Number Title Type ECTS Hours Lecturers

529-2002-02L Chemistry II O  5 credits 2V+2U J. Cvengros, J. E. E. Buschmann,
P. Funck, H. Grützmacher,
E. C. Meister, R. Verel

Abstract Chemistry II: Redox reactions, chemistry of the elements, introduction to organic chemistry
Objective General base for understanding of inorganic and organic chemistry.
Content 1. Redoxreactions


2. Inorganic Chemistry
Rules for nomenclature of inorganic compounds. Systematic description of the groups of elements in the periodical system and the most
important compounds of these elements. Formation of compounds as a consequence of the electronoc structure of the elements.

3. Introduction to organic chemistry
Description of the most important classes of compounds and of the functional groups. Principal reactivity of these functional groups.
Stereochemistry. 
Rection mechanisms: SN1- and SN2-reactions, electrophilic aromatic subtitutions, eliminations (E1 and E2), addition reactions (C=C and
C=O double bonds). Chemistry of carbony and carboxyl groups.

Lecture notes C.E.Housecroft, E.C.Constable, Chemistry, 4rd Edition, Pearson, Harlow (England), 2010 (ISBN 0-131-27567-4), Chap. 18-33
Literature Theodore L. Brown, H. Eugene LeMay, Bruce E. Bursten, CHEMIE. 14. Auflage, Pearson Studium, 2018.


D.W.Oxtoby, H.P.Gillis, N.H.Nachtrieb, PRINCIPLES OF MODERN CHEMISTRY, 8th Edition, Thomson, London, 2016.

401-0252-00L Mathematics II
as of 4 March 2020: The lecturer and many students are
in the lecture hall, but some students are absent. The
lecture is recorded.
as of 16 March 2020: The lecturer is alone in the lecture
hall, without the students.

O  7 credits 5V+2U A. Cannas da Silva

Abstract Continuation of the topics of Mathematics I. Main focus: multivariable calculus and partial differential equations.
Objective Mathematics is of ever increasing importance to the Natural Sciences and Engineering. The key is the so-called mathematical modelling

cycle, i.e. the translation of problems from outside of mathematics into mathematics, the study of the mathematical problems (often with the
help of high level mathematical software packages) and the interpretation of the results in the original environment.

The goal of Mathematics I and II is to provide the mathematical foundations relevant for this paradigm. Differential equations are by far the
most important tool for modelling and are therefore a main focus of both of these courses.

Content - Multivariable Differential Calculus:
functions of several variables, partial differentiation, curves and surfaces in space, scalar and vector fields, gradient, curl and divergence.

- Multivariable Integral Calculus:
multiple integrals, line and surface integrals, work and flow, Gauss and Stokes theorems, applications.

- Partial Differential Equations:
separation of variables, Fourier series, heat equation, wave equation, Laplace equation, Fourier transform.

Lecture notes See literature
Literature - Thomas, G. B.: Thomas' Calculus, Part 2, Pearson Addison-Wesley.

- Kreyszig, E.: Advanced Engineering Mathematics, John Wiley & Sons.
Prerequisites /
notice

Mathe-Lab (Assistance):
Mon 12:30-14:30 in room HIT K 51 (Hönggerberg campus); Tue 17-19 and Wed 17-19 in room HG E 41.

701-0008-00L Tackling Environmental Problems II O  5 credits 4G C. E. Pohl, R. Frischknecht,
M. Mader, B. B. Pearce

Abstract Each year in the case study we analyse a different topic from the field of sustainable development and develop solutions to it.
Objective Students are able:

- to compile a case study dossier for a given topic. The dossier presents (a) the state of knowledge and (b) the need for further knowledge
and action.
- to integrate knowledge of diverse perspectives in a qualitative systems model, to identify problems within the system and to suggest
possible solutions from a specific stakeholder's perspective.
- to make an inquiry on a given subject, structure the results, interpret the results in relation to the research question, write a report and
present the results.
- name the different roles within a group, explain the role(s) they are suited for, self-organise in groups, identify problems of collaboration
and constructively address the problems.

Content In the first semester the students compile what is known about the topic. Each group of students makes an inquiry to a given part of the
overall topic. The inquiry includes a thematic as well as stakeholder analysis. 

During synthesis week, which takes place during semester break, the results of the different part inquiries are integrated in a qualitative
system model. The students identify specific problems within the system and develop solutions.

Most of the time students work independently in groups. Tutors support the students in key steps. Introductions are given for:
- The overall topic of the case study,
- Inquiry, scientific writing and managing references (by experts of ETH library),
- Role behaviour and collaboration in groups,
- Preparing reports, posters and presentations,
- Qualitative system modelling (Systaim),
- Developing solutions (design thinking, Checklands' soft systems methodology).

Lecture notes Students will compile the case study dossier.
Literature Literature on methods will be provided during the case study course.

551-0002-00L General Biology II O  4 credits 4G U. Sauer, K. Bomblies, O. Y. Martin
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Abstract Basics of biochemistry (macromolecules, membranes, cellular structures, metabolism), molecular genetics (gene expression and its
regulation; from gene to protein), and physiology of higher plants (structure, growth, development, nutrition, transport, reproduction)

Objective The understanding of basic concepts of molecular biology and physiology.
Content How cells function at the level of molecules and higher structures.

Molecular processes during gene expression.
Plant physiology.

The following Campbell chapters will be covered:

Week 1-5: 
5    Biological macromolecules and lipids
7    Cell structure and function
8    Cell membranes
10    Respiration: introduction to metabolism
10    Cell respiration
11    Photosynthetic processes

Week 6-9: 
16    Nucleic acids and inheritance
17    Expression of genes
18    Control of gene expression
19    DNA Technology

Week 9-13: 
35    Plant Structure and Growth
36    Transport in vascular plants
37    Plant nutrition
38    Reproduction of flowering plants 
39    Plants signal and behavior

Lecture notes No script
Literature Campbell, Reece et al: "Biologie" (11th global edition); Pearson 2018.

 Additional First Year Courses
Number Title Type ECTS Hours Lecturers

701-0026-00L Excursions
Does not take place this semester.
Limited to students in the 2nd semester of the study
programmmes: Environmental Sciences Bachelor.

O  1 credit 2P

Abstract Excursions are an ideal framework for combining theoretical concepts of the environmental study program with the real world. An intensive
discussion of environmental science and political questions takes place on three excursion days. The students learn about the specifics
and challenges of a region and deepen their knowledge in exchange with experts.

Objective Students are able to
- describe concrete environmental science / environmental policy issues of a region and deepen their knowledge in collaboration with the
respective experts.
- present different perspectives of a spatial question, and discuss and analyze different points of view.
- explain the interrelations between the different subjects of their environmental studies included in the excursions.
- describe future fields of work and activities of environmental scientists using concrete examples.

Content Es werden mehrere 1- und 2-tägige Exkursionen angeboten, welche die verschiedenen Fachrichtungen des D-USYS abdecken. Eine
ausführliche inhaltliche und organisatorische Beschreibung der einzelnen Exkursionen befindet sich auf der dazugehörigen Moodle-
Lernplattform.

Lecture notes Die Exkursionsbeschreibungen finden sich auf der Moodle-Plattform.
Literature siehe Moodle-Lernplattform
Prerequisites /
notice

Die Anmeldung zu den Exkursionen erfolgt gemäss separater Ausschreibung im Dezember 2019

701-0038-01L Field Course Ecology
Number of participants limited to 30.

Target group: BSc Environmental Sciences
All enrollments are placed on the waiting list.
Enrollment is possible until March 25th, 20.
All participants will be informed between March 25th and
31st, if they can participate in the lecture. Priority is given
to students for those this lecture is compulsory. Open
spaces will be distributed considering date of enrollment. 

W  1 credit 2P F. Kleinschroth

Abstract In this course, students gain first experiences with ecological field research. They learn to design their own small research project, carry it
out in the field, make sense of the collected data and present their results. With close support, they learn to tackle a range of ecological
questions from phenology and site adaptations to population dynamics of selected plant and animal species.

Objective After having attended this course, the students will be able to
- associate theoretical concepts taught during the first-year classes (adaptation, population dynamics, species diversity) with personal
experiences made in their own research set-up;
- develop hypotheses in the broader field of ecology and design ways to test them; 
- process and analyze simple ecological field data;
- present the findings to a peer audience.

Content Field course in Zurich and surroundings
Day 1 (half day): 
Introduction to the field course; examples of ecological studies,  possible case study subjects and field methods.
Preparation of field work in small groups, development of an individual question on a specific subject, choice of potential study sites
Day 2:
Field work in groups supported by a tutor: E.g. assessment of plant species diversity, plant population dynamics, tree regeneration and
growth forms, physiological measurements on plant stress at extreme sites, in urban and peri-urban woodlands, riparian areas, grasslands,
roadsides, etc. 
Day 3:
Data preparation and analysis based on simple tools and visualization techniques; preparation of a short presentation that will serve as the
ungraded course performance assessment.
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Lecture notes Handouts will be provided during the course

701-0268-00L Biodiversity Excursions
Limited to students in the 2nd semester of the study
programmmes: Environmental Sciences Bachelor.

Participation of the introduction lecture (18.02.2020), of
one data workshop as well as 6 excursions (half days) are
compulsory.

O  2 credits 4P J. Jokela, U. Brändle, A. Funk,
M. Greeff

Abstract Students deepen their basic understanding of systematics and acquire exemplary knowledge of selected organism groups using online
tutorials. They then carry out their own determinations on excursions to different habitats and apply methods of biodiversity detection. In
workshops, the collected data are analyzed and discussed with a view to various ecological questions.

Objective The students are able to:
- show the relationship between phenotypic characteristics and taxonomic classification for different groups of organisms
- identify key criteria for the taxonomic classification of selected organism groups and carry out classifications
- explain Biodiversity Assessment Methods including their applications and limits, based on their own experience
- make quantitative estimates of biodiversity in selected habitats based on their own data surveys

Content 1)    Einführung in die Thematik Systematik, Artenkenntnisse, Methoden der Biodiversitätserfassung und Überblick über die zu
bearbeitenden Organismengruppen und Exkursionsmodule. (Plenumsveranstaltung, am Di-Nachmittag, 18. Februar 2020)
2)     Bestimmungsübungen mit Online-Tutorials zu den zugeteilten Organismen und Exkursionsmodulen. Je Exkursionsmodul werden ca.
10-20 Arten/Familien bearbeitet. (Selbststudium)
3)    6 halbtägige Bestimmungs- und Erfassungsübungen (Exkursionsmodule) im Feld zu den zugeteilten und vorbereiteten Organismen,
wenn möglich mit mobiler Datenerfassung mittels GIS-App (Collector ArcGIS, www.gissmox.ethz.ch). (mehrere, teils parallele
Gruppenveranstaltungen)
4)    Datenworkshops mit Datenauswertung inkl. Präsentation der Daten, Diskussion und Ausblick. (Veranstaltungen in Gruppen, jeder
Student nimmt an einem Workshop teil, Zuteilung aufgrund der besuchten Exkursionsmodule)

Prerequisites /
notice

Vorlesung 551-0001-00L     Allgemeine Biologie I & 701-0243-01L     Biologie III: Ökologie

Die Anmeldung zu den Exkursionen erfolgt gemäss separater Ausschreibung im Dezember 2019, Information in LV Umweltsysteme II im
Dezember.

 Basic Courses II
 Examination Blocks

 Examination Block 1
Number Title Type ECTS Hours Lecturers

402-0062-00L Physics I O  5 credits 3V+1U A. Vaterlaus
Abstract Introduction to the concepts and tools in physics with the help of demonstration experiments:  mechanics of point-like and rigid bodies,

elasticity theory, elements of hydrostatics and hydrodynamics, periodic motion and mechanical waves, electricity and magnetism.
Whenever possible, examples relevant to the students' main field of study are given.

Objective Introduction to the scientific methodology. The student should develop his/her capability to turn physical observations into mathematical
models, and to solve them.

Lecture notes A script will be distributed
Literature Friedhelm Kuypers

Physik für Ingenieure und Naturwissenschaftler
Band 1: Mechanik und Thermodynamik
Wiley-VCH Verlag, 2012, 448 S, ca.: Fr. 30.-

Douglas C. Giancoli
Physik
Pearson Studium

Paul A. Tipler
Physik
Spektrum Akademischer Verlag, 1998

David Halliday     Robert Resnick     Jearl Walker
Physik
Wiley-VCH, 2003

dazu gratis Online Ressourcen (z.B. Simulationen): www.halliday.de

 Examination Block 3
Number Title Type ECTS Hours Lecturers

701-0401-00L Hydrosphere O  3 credits 2V R. Kipfer, M. H. Schroth
Abstract Qualitative and quantitative understanding of the physical processes that control the terrestrial water cycle. Energy and mass exchange,

mixing and transport processes are described and the coupling of the hydrosphere with the atmosphere and the solid Earth are discussed.
Objective Understanding on how do physical processes control the dynamics in lakes, oceans and groundwater and constrain the exchange of mass

and energy.
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Content Topics of the course.
Physical properties of water (i.e. density and equation of state)
- global water resources
Exchange at boundaries
- energy (thermal & kinetic), gas exchange
Mixing and transport processes in open waters
- vertical stratification, large scale transport
- turbulence and mixing
- mixing and exchange processes in rivers
Groundwater and its dynamics
- ground water as part of the terrestrial water cycle
- ground water hydraulics, Darcy's law
- aquifers and their properties
- hydrochemistry and tracer
- ground water use
Case studies
- 1. Water as resource, 2. Water and climate

Lecture notes In addition to the suggested literature handouts are distributed.
Literature Suggested literature.

a) Park, Ch., 2001, The Environment, Routledge, 2001
b) Fitts, C.R., 2013. Groundwater Science. 2nd ed., Academic Press, Amsterdam.

Prerequisites /
notice

The case studies and the analysis of the questions and problems are integral part of the course.

701-0245-00L Introduction to Evolutionary Biology O  2 credits 2V G. Velicer, S. Wielgoss
Abstract This course introduces important questions about the evolutionary processes involved in the generation and maintenance of biological

diversity across all domains of life and how evolutionary science investigates these questions.
Objective This course introduces important questions about the evolutionary processes involved in the generation and maintenance of biological

diversity across all domains of life and how evolutionary science investigates these questions.  The topics covered range from different
forms of selection, phylogenetic analysis, population genetics, life history theory, the evolution of sex, social evolution to human evolution.
These topics are important for the understanding of a number of evolutionary problems in the basic and applied sciences.

Content Topics likely to be covered in this course include research methods in evolutionary biology, adaptation, evolution of sex, evolutionary
transitions, human evolution, infectious disease evolution, life history evolution, macroevolution, mechanisms of evolution, phylogenetic
analysis, population dynamics, population genetics, social evolution, speciation and types of selection.

Literature Textbook:
Evolutionary Analysis
Scott Freeman and Jon Herron
5th Edition, English.

Prerequisites /
notice

The exam is based on lecture and textbook.

 Additional Compulsory Courses
Number Title Type ECTS Hours Lecturers

701-0220-00L Basic Practical in Microbiology
Only for BSc Environmental Sciences.

Enrollment of this lecture is necessary until three weeks
before course begins. After that date a place cannot be
garanteed.

O  2 credits 3P M. Ackermann, D. R. Johnson,
T. Julian

Abstract The course offers an introduction into experimental work with microorganisms; it also demonstrates applications of microbiology in the
environmental sciences.

Objective Acquisition of basic knowledge and practical skills in the following areas: experimental work with microbes; analysis of resistance to
antibiotics; genetic modification of microbes; analysis of pathogenic bacteria.

Content Introduction into sterile work with microbes including cultivation; analysis of resistance to antibiotics; isolation of microbes from
environmental systems; observation of microbes with microscopy; genetic modification of microbes for practical applications in
environmental systems; analysis of the inactivation of bacteria. The course is based on a combination of practical work and lectures on the
scientific background.

Lecture notes Course material will be distributed.
Prerequisites /
notice

The course is taking place at ETHZ in the CHN building.

252-0840-02L Application-Oriented Programming W  2 credits 2G L. E. Fässler, M. Dahinden
Abstract This course provides important basic concepts for interdisciplinary programming projects. The programming language is Python and

Matlab.
Objective Students learn


- how to encode a problem into a program, test the program, and correct errors.
- to understand and improve existing code.
- to implement models from the natural sciences as a simulation.

Content The following programming concepts are introduced in the lecture:

1. Variables, data types
2. Condition check, Loops, logics
3. Arrays
4. Functions
5. Matrices
6. Random

In the practical part of the course, students work on small programming projects with a context from natural sciences. Electronic tutorials
are available as preparation.

Literature L. Fässler, M. Dahinden, D. Komm, and D. Sichau: Einführung in die Programmierung mit Python und Matlab. Begleitunterlagen zum
Onlinekurs und zur Vorlesung, 2016. ISBN: 978-3741250842.
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Prerequisites /
notice

No prior knowledge is required for this course.It is based on application-oriented learning. The students spend most of their time working
through programming projects with data from natural science and discussing their results with teaching assistants. To learn the
programming basics there are electronic tutorials available.

701-0034-06L Integrated Practical: Soil W  3 credits 3P R. Kretzschmar, S. Dötterl, D. Or,
L. Walthert

Abstract During three full-day field trips and two half-day field exercises, various aspects of soil morphology, soil genesis, and soil functioning are
discussed using practical examples.

Objective Gaining practical knowledge in soil science in the field.
Content Soil description in the field, soil formation in Zurich-Nord, forest soils, carbon and nitrogen cycles, soil-water relations, soil conservation and

landuse.
Lecture notes Handouts are provided during the course.
Prerequisites /
notice

Course "Pedosphere" or equivalent

701-0034-08L Integrated Practical: Forest Ecosystems W  3 credits 3P H. Bugmann, M. Lévesque,
T. N. Sieber

Abstract Introductory course on field methods in forest ecosystem research and ecosystem management, with an emphasis on regeneration
ecology, forest growth and management as well as mortality processes. The course is set up as a comparative study between a low-
elevation beech forest and a mixed spruce-fir forest in the northern pre-Alps.

Objective Students
- get to know the diversity of forest ecosystems based on case studies 
- understand important processes of forest dynamics (regeneration, growth, mortality) and their significance in an ecosystem context
- acquire pracitcal skills regarding field methods of forest ecosystem research
- get to know selected forest management systems

Lecture notes will be distributed

701-0034-09L Integrated Practical: Analysis of Conflicts in Species
Conservation

W  3 credits 3P P. Waeber, A. Giger Dray

Abstract The objective of this course is to analyse a concrete conflict in the context of species conservation. It is based on concepts from social
sciences and natural sciences. The conflict will be examined from the perspectives of all affected stakeholders. The aim is to demonstrate
how conflicts among stakeholders can be resolved to achieve a mutually agreed consensus.

Objective The students know
-the history of a specific conflict within the field of species conservation
-the major lines of conflict (values and interests)
-the main political actors and their resources
-the actors fundamental lines of reasoning and instruments in negotiation processes
-the scope of action and possibilities for coalitions in the elaboration or development of solution concepts

They have gained routine
-in working with literature, documents and reports of organizations and administrations
-in the preparation, conduction, and evaluation of expert interviews
-elaboration of common solutions, respectively solution concept

Content Der Kurs beschäftigt sich mit der Analyse und der Bearbeitung von Konflikten im Artenschutz sowohl aus sozial- wie aus
naturwissenschaftlicher Perspektive. Der Fokus liegt dabei auf einem Verständnis der unterschiedlichen Haltung der Akteure und ihrer
Positionen, sowie der Erarbeitung von konkreten Lösungsvorschlägen. Dies wird an einem aktuellen Beispiel einer geschützten Tierart wie
z.B. Wolf, Bär, Luchs, Biber geübt. Neben einer möglichst exakten Beschreibung der naturwissenschaftlichen Grundlagen und des
gesellschaftlich-politischen Problems geht es um das Herausarbeiten der am Konflikt beteiligten Akteure, deren unterschiedlichen Werte
und Interessen, sowie das Einbringen und Bearbeiten von unterschiedlichen Positionen in ein Problemlösungsverfahren, welches eine
möglichst einvernehmliche Lösung zum Ziel hat. Es sollen sowohl staatliche wie zivile Akteure in den Prozess eingebunden werden.

Lecture notes Anstelle eines Skriptes werden verschiedene Unterlagen zum ausgewählten Fall zur Verfügung gestellt. Weitere Unterlagen werden von
den Studierenden während des Praktikums bereit gestellt (insbesondere Unterlagen der Stakeholders).

Literature siehe Bemerkungen zum Skript
Prerequisites /
notice

Das Praktikum wird nach Möglichkeit mit einer ganztägigen Exkursion verknüpft. Geplant, jedoch noch nicht gewiss, ist die Präsentation
des Lösungsvorschlages vor involvierten Stakeholdern und Expertinnen und Experten.

701-0034-10L Integrated Practical: Environmental Impacts of
Genetically Modified Organisms (GMO)

W  3 credits 3P A. Hilbeck, B.  Oehen

Abstract The basic elements of the risk assessment of genetically modified plants are introduced, preceded by a brief introduction to gene
technology and its applications in the environment. The relevant regulations and the approval procedures are explained. The elements of
risk assessment are introduced using case examples and the risks and benefits of genetically modified organisms are discussed.

Objective The students will learn the:
- Theory of risk assessment and its practical application for genetically modified plants
- Methods and approaches to risk assessment of genetically modified 
plants
- Application of simple methods of risk assessment to real case examples 
- Practical exercises with genetically modified plants, detection of 
transgene products and their bioactivity

Content The practical course 'Integrated Practical Risk Analysis with GMO' will explain the basic elements of risk assessment of genetically
modified plants that allows an initial estimation of their environmental consequences. This will be preceded by an introduction to the
technology of genetic engineering of plants and the application of this technology in the environment and agriculture. Further, since
genetically engineered organisms are subject to regulation, the relevant laws and ordinances that form the basis of the approval
procedures are introduced. The elements of risk assessment are taught using most recent case examples (usually maize or wheat) and
their risks and benefits will be discussed.

Prerequisites /
notice

The practical course is carried out with the help of Bernadette Oehen, Research Institute of Organic Agriculture FIBL, Frick

701-0034-12L Integrated Practical: Plant Ecology: From Theory to
Practice
Does not take place this semester.

W  1.5 credits 3P J. Alexander

Abstract In this practical class, students investigate how the plant species composition of grasslands depends on management and soil conditions.
They learn how to survey the composition of plant communities and how to plan, realise and analyse field experiments. They will
understand how the traits of grassland species determine their response to management, and how this knowledge is applied in practice.
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Objective Students will be able to:
- Identify grassland plant species.
- Recognize grassland types from their structure and species composition, and explain how they depend on soil conditions, microclimate
and management.
- Describe and explain changes in grassland composition after establishment and implications for grassland use.
- Survey plant species composition and vegetation structure with established methods.
- Carry out a field survey or a field experiment with a correct design; analyse the resulting data.

Content Wir führen Untersuchungen an der ETH Hönggerberg und in der Umgebung durch, um die Funktionsweise und Nutzung von Wiesen
(Grünland) zu verstehen. 
Wir vergleichen verschieden genutze Gründlandtypen miteinander: wie können wir sie schnell erkennen und ökologisch einordnen?
Für das Praktikum nutzen wir Versuchsflächen die eine unterschiedliche Bodenzusammensetzung aufweisen. Wir führen dort
Vegetationsaufnahmen durch und analysieren den Einfluss des Bodens auf die Artzusammensetzungen und deren Verlauf mit der Zeit. Die
Daten werden ausgewertet und diskutiert.

Lecture notes Handouts will be supplied in class.
Literature Specialized literature will be available during classes
Prerequisites /
notice

Bei den Felduntersuchungen sind gute Kleidung und Schuhe, Sonnen- und Regenschutz, sowie Massnahmen gegen Zeckenkrankheiten
notwendig; die TeilnehmerInnen sind hierfür selbst verantwortlich.

701-0034-14L Integrated Practical: Analysis of Urban Food Systems W  3 credits 3P H. Moschitz
Abstract The course deals with the analysis of Urban Food Systems (UFS). UFS include all processes that food runs through in a particular space

(here: the city of Zurich): production, processing, distribution, consumption, waste disposal. We will analyse those processes with selected
examples and particularly consider the role of the different actors of administration, market, and civil society.

Objective - Knowledge of the relevant actors and processes in the urban food system
- Critical reflection of framework conditions of the food system
- Factors influencing food in a city
- Understanding the relationships between administration/policy, civil society, and the market; that influence the food system
- Dealing with different sources and qualities of data (statistics, expert interviews)
- Testing possibilities of processing and presentation of data from different sources

Content Wie ernährt sich eine Stadt? Wie gelangen täglich ausreichend Lebensmittel in guter Qualität in Lebensmittelgeschäfte, und zu den
Konsumentinnen und Konsumenten? Wo und wann werden Lebensmittel eingekauft? Welche Rolle spielt die Ausser-Haus-Verpflegung?
Was passiert mit den Lebensmittelresten, dem Food Waste? Wo und wie werden die Nahrungsmittel produziert, wo verarbeitet und
verpackt, für den Transport bereit gemacht? Welche Faktoren bestimmen, wie dieses komplexe Ernährungssystem funktioniert?  Mit
diesen Fragen beschäftigt sich der Kurs, auch wenn in der Kürze nicht alle beantwortet werden können. Das Thema Essen und Ernährung
wird für einmal nicht aus Sicht der Produktion, der Landwirtschaft, diskutiert, sondern aus Sicht des Konsums. Angesichts der Tatsache,
dass 75% aller Einwohner der Schweiz in Städten leben, nehmen wir die Stadtregion als relevanten Raum des Konsums an. Aus dieser
Perspektive wird im Kurs analysiert, wie Essen und Ernährung in einer Stadt (beispielhaft: Zürich) eingebettet ist in ein System
verschiedener Akteure entlang der Wertschöpfungskette, von Produktion über Verarbeitung, Handel, Konsum und Entsorgung, aber auch
in die unter-schiedlichsten Bereiche unserer Gesellschaft und des Zusammenlebens: u.a. Soziales, Umwelt, Lebensqualität, Wirtschaft. 
Die Studierenden setzen sich mit aktuellen Konzepten, wie food strategies, urban-rural relationships, alternative food networks, food
sovereignty auseinander, diskutieren sie und wenden die Konzepte auf das Food System der Stadt Zürich an. Ein Bezug zum „Milan Urban
Food Policy Pact“, den die Stadt Zürich unterzeichnet hat, wird hergestellt. Nach einem theoretischen Einstieg lernen die Studierenden in
einer Exkursion (geplant: ein Lebensmittel-Verteilzentrum oder Gemüse-Waschanlage) einen Teil des Food Systems von Zürich kennen. 
Der praktische Teil besteht in der Mitarbeit in einem Forschungsprojekt, welches das FiBL gemeinsam mit der Stadt Zürich und dem
Ernährungsforum Zürich momentan bearbeitet. Die Studierenden werden insbesondere in der Gastronomie Daten sammeln zu Mengen
und Herkunft der verwendeten Lebensmittel. Die erhobenen Daten werden zusammengeführt, und darüber hinaus bereiten Gruppen von
Studierenden die Ergebnisse kreativ auf. Diese werden dem Projektteam, sowie den anderen Teilnehmerinnen und Teilnehmern des IP
vorgestellt.

Literature Mansfield B. and Mendes W. (2013) Municipal Food Strategies and Integrated Approaches to Urban Agriculture: Exploring Three Cases
from the Global North. International Planning Studies 18: 37-60.

Milan Urban Food Policy Pact: http://www.milanurbanfoodpolicypact.org/text/ 

Morgan, K. (2014). Nourishing the city: The rise of the urban food question in the Global North. Urban Studies. doi:
10.1177/0042098014534902

Morgan, K., & Sonnino, R. (2010). The urban foodscape: world cities and the new food equation. Cambridge Journal of Regions, Economy
and Society, 3(2), 209-224.

Stierand, P. (2012). Stadtentwicklung mit dem Gartenspaten. Umrisse einer Stadternährungsplanung. Dortmund.
http://speiseraeume.de/stadternaehrungsplanung/

701-0034-15L Integrated Practical: Aquatic Ecology
Does not take place this semester.

W  1.5 credits 3P J. Jokela, C. T. Robinson

Abstract Practical studies on broad scientific questions and practice-orientated sampling techniques in aquatic ecology in rivers and lakes.
Objective The first goal is to learn how broad scientific questions of aquatic ecology are addressed in practice and to get an overview of the key

hypotheses and methods that are relevant for each theme. The second goal is to strengthen the knowledge of local aquatic ecosystems.
It will be suported that students work independently.

Content Coordinated by J. Jokela

The purpose of this course is to give an overview of stream and lake ecology and structure. Theoretical background is given in an
introductory lecture, followed by excursions to a stream and a lake, where the students get to know the systems and different methods for
survey and analysis. In a second part, the students conduct small research projects on important questions in the field of aquatic ecology.

Dates to be given.

Lecture notes no script
Prerequisites /
notice

The practical parts will mainly take place at Eawag Dübendorf.

701-0034-16L Integrated Practical: Novel Ecosystems in Cities W  3 credits 3P C. Küffer Schumacher
Abstract Novel ecosystems, that are strongly influenced by humans, confront the environmental sciences with particular challenges including the

need to integrate natural and social sciences for problem analysis and developing solutions for practice. In this course novel ecosystems
will be discussed based on the example of the city of Zurich.

Objective 1. Introduction to concepts of the management of man-dominated ecosystems, e.g. urban ecology, ecosystem services, nature-culture
dichotomy, native / non-native species.
2. Application of ecological knowledge in man-dominated ecosystems.
3. Field observation
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Content The example of pollinators and their ecological functions in the city of Zurich will be used to discuss novel ecosystems and their
management.
We will also discuss the integration of natural and social sciences, and communication with the public.
An important practical aspect of the course is the collection, integration and visualisation of different types of data.

Lecture notes will be distributed during the course
Literature will be distributed during the course
Prerequisites /
notice

none

701-0034-18L Integrated Practical: Nutrient Flows in
Agroecosystems

W  3 credits 3P E. K. Bünemann König

Abstract Nutrient flows (from the global scale to the farm level) play an important role in the area of conflict between agricultural production and
environmental protection. The students get to know nutrient balances, establish a "SuisseBilanz", and compute conversion scenarios (e.g.
to a stockless farm). Finally, we will discuss possibilities to close nutrient cycles and minimize nutrient losses.

Objective The students can:
- explain N and P flows on a farm, national and global level
- critically judge the Swiss fertilization planning with respect to potential nutrient losses
- distinguish different types of nutrient balances
- use the "SuisseBilanz" to analyse a farm, and as a planning tool
- compare options to close nutrient cycles 
- discuss consequences of animal production on nutrient flows and environmental impact.

Content Im Spannungsfeld zwischen landwirtschaftlicher Produktion, Nachhaltigkeit und Einfluss auf natürliche Ökosysteme spielen Nährstoffflüsse
auf verschiedenen Skalenebenen eine wichtige Rolle. Dabei können Nährstoffbilanzen einerseits für ein besseres Verständnis von
Nährstoffkreisläufen und -effizienz und andererseits als Regulierungsinstrument für ein umweltschonendes Nährstoffmanagement genutzt
werden. In diesem Praktikum lernen die Studierenden verschiedene Typen von Nährstoffbilanzen kennen. Unter Benutzung der
Düngungsempfehlungen der Schweiz erarbeiten die Studierenden eine Suisse-Bilanz für einen Beispielsbetrieb und rechnen verschiedene
Umstellungsszenarien (z.B. auf einen viehlosen oder auf einen biologisch wirtschaftenden Betrieb). Im letzten Teil des Praktikums werden
Möglichkeiten thematisiert, Nährstoffkreisläufe auf Betriebs- und Gesellschaftsebene zu schliessen und Nährstoffverluste zu minimieren.

Prerequisites /
notice

Das Praktikum beinhaltet eine Exkursion zu einem N-Düngungsversuch in Eschikon, eine Besichtigung eines landwirtschaftlichen
Betriebes, und eine Exkursion zum Thema Nährstoffrecycling.
Die Studierenden benötigen einen Laptop für die verschiedenen Übungen und Rechenaufgaben.

701-0035-00L Integrated Practical Environmental Observation W  3 credits 3P J. Henneberger
Abstract Observation networks - the combination of individual instruments - are the starting point of quantitative environmental studies. The structure

and idiosyncrasies of existing observation networks are shown. When working in individual experiments on practical problems, various
types of observation networks are dealt with; questions related to data quality and data availability are discussed.

Objective Getting acquainted with existing networks for environmental observations. Insight into problems related to measuring and interpreting multi-
dimensional fields of atmospheric physical, atmospheric chemical, and geophysical parameters.

Content Observation networks for atmospheric physical, atmospheric chemical, geophysical, hydrological and climatological parameters on different
scales (synoptic: 1000 km; mesoscale: 100 km, and microscale: 100 m). Combination of surface observation with remotely sensed data
(satellite, radar). Solving interpolation problems in multi-dimensional fields of the observed variables. Assessing the representativity of local
values, i.e., the directly observed variable in an observation network.

Lecture notes The script is published anew every year. Apart from the description of the scientific problems to be worked on in individual experiments, it
contains some theoretical chapters on observation networks, as well as guidelines for writing and publishing scientific papers. The script
can be downloaded as pdf from the course webpage.

Literature Literature is listed in the script.

701-0034-17L Concluding Days Integrated Practicals: Sustainable
Management of Cultural Landscapes
Does not take place this semester.

O  1.5 credits 2P

Abstract Comprising an excursion and two one-day workshops, know-how from different components of the Integrated Practical Courses will be
applied and interconnected to environmental problems in agriculture, forest and landscape.

Objective Application and integration of know-how gained during studies, in particular from the Integrated Practical Courses. Combining diverse
multidisciplinary subjects relating to agriculture, forest and landscape using a practice-orientated approach.

Content The Concluding Days of the Integrated Practicals include a one-day excursion in the region of Greifensee and two days of workshops on
the topics of agriculture, forest and landscape.

Lecture notes Working materials will be provided during the course.
Prerequisites /
notice

The course is held by lecturers of the Integrated Practical Courses of the 3rd and 4th semester. Further experts make up the team: B.
Oehen, A. Müller, Research Insitute for Organic Farming FIBL, Frick, A. Lüscher, Agroscope, Zürich-Reckenholz und D. Dubois, ICB
Internationale Zertifizierung Bio Suisse.

701-0034-19L Integrated Practical: Antibiotic-Resistance in Soil
Microbial Communities
Does not take place this semester.

W  1.5 credits 3P

Abstract Students will gain a practical appreciation for how common antibiotic-resistant bacteria are in local environments and skills in quantifying
their frequency and diversity.

Objective Students will
- gain knowledge of how antibiotics work and the molecular mechanisms of drug resistance,
- learn how to isolate microbial samples from soil and analyze the frequency of antibiotic resistant colonies,
- compare resistance frequencies across sample sites,
- record quantitative variation of diversity in resistant species within and across sample sites,
- present their results and compose a scientific report of their findings.

Content Increasing detection of multidrug-resistant bacteria in recent years has raised alarm regarding the role of antibiotic use in human medicine
and animal husbandry in promoting the spread of antibiotic-resistance genes.  Antibiotics, whether produced by natural organisms or
released into the environment from human use, can greatly influence the biodiversity of microbial communities. In this course, we will
analyze the frequency and diversity of culturable antibiotic-resistant bacteria within soil communities in and near Zurich both at sites
proximate to heavy human activity and at relatively undisturbed woodland sites.

Literature Provided in classroom
Prerequisites /
notice

701-0220-00L Basic Practical in Microbiology or equivalent lab course

2nd and 3rd year Bachelor students

701-0105-00L Mathematics VI: Applied Statistics for Environmental
Sciences
Requirement: enrollment of 401-0624-00L  Mathematics
IV: Statistics or similar lecture.

O  3 credits 2G C. Bigler, M. Kalisch, L. Meier
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Abstract Statistical methods from current publications in environmental sciences are presented and applied. Students are enabled to understand the
methods, clean datasets, analyse them using the software package R and present the results in a suitable form. They will be able to
describe strengths and weaknesses of the methods for given fields of application.

Objective Students are able to
- use suitable statistical methods for data analysis in their subject area.
- characterize data sets using explorative methods
- check the suitability of data sets to answer a given question, prepare data sets for import to a statistics program and conduct the analysis.
- interpret statistical analyses and process them graphically for use in presentations and publications.
- describe the basics of statistical methods used in current publications.
- use the software package R for statistical analysis

Content Statistische Methoden: Regression (lineare Modelle; generalisierte lineare Modelle, GLMs); Varianzanalyse (ANOVA); gemischte Modelle
für gruppierte Daten (mixed-effects models); Fragebogenstatistik; Tests (t Test)

Werkzeuge: Explorative Datenanalyse für Hypothesenbildung; Auswahlverfahren für geeignete statistische Verfahren; Datenaufbereitung
(Excel -> R; Datenbereinigung); graphische Darstellung von Resultaten; statistische Verfahren in Publikationen erkennen.
Wir arbeiten mit dem Softwarepaket R.

Form: Im Wochenrhythmus finden alternierend Einführungen in eine neue Methode und Übungsstunden zum Thema statt.

Prerequisites /
notice

Besuch von "Mathematik IV: Statistik" oder vergleichbare Lehrveranstaltung.
Die Schlussprüfung findet am Freitag 12.6.2020 (9:00 - 10:30) statt.

 Social Sciences and Humanities
 Compulsory

Number Title Type ECTS Hours Lecturers

701-0729-00L Social Research Methods
Target group: students of BSc Environmental Sciences

W  3 credits 2G M. Stauffacher, A. Bearth,
O. Ejderyan

Abstract The aim of this course is to impart methodological principles of social science research and thus to stimulate a critical reflection of social
science findings. The course provides an insight into the concrete approach and methods of guideline-based interview techniques and
questionnaire research.

Objective Students are able to
- describe the significance of method-supported procedures in the social sciences.
- explain the basic principles of social-scientific research.
- critically interpret the results of social-scientific research .
- conduct small-scale interviews and surveys via questionnaires.

Content Alle Teilnehmenden verpflichten sich zur aktiven Mitarbeit in Form von drei Übungen (leitfadengestütztes Interview, Erstellung von
Fragebogen, Erhebung und Auswertung von Fragebogen).

Inhaltsübersicht:
(1) Wozu empirische (Sozial-)Forschung?
(2) Der Forschungsablauf im Überblick, verknüpfen von qualitativen und quantitativen Methoden
(3) Leitfadengestützte Interviews: erstellen Leitfaden, Durchführung und Auswertung
(4) Fragebogen: Hypothesen erarbeiten, Fragebogen erstellen, Durchführung, Daten auswerten, und Resultate darstellen

Lecture notes Die Dozierenden arbeiten mit Folien, die als Handout abgegeben werden.
Literature Zur ergänzenden Begleitlektüre kann folgendes Buch empfohlen werden:

Bryman, A. (2012, 4th edition). Social research methods. New York: Oxford University Press.

851-0741-00L Environmental Law
Only for Environmental Sciences BSc.

Number of participants limited to 75

Students who have attended and passed the course unit
851-0738-04L in the autumn semester may not attend this
course unit (851-0741-00L) again and can't credited it

W  2 credits 2V M. Looser

Abstract Environmental law aims at limiting detrimental etfects on air, soil, waters, plants, animals, biotopes and habitats as well as limiting climate
change. The lecture gives an oversight over Swiss environmental law and focusses on a variety of subareas as well as legel instruments
using practice-based examples. Stutents acquire basic knowledge for collaboration with lawyers and public authorities.

Objective Students are able
- to characterise the relevance of environmental law in their future fields of work,
- to find and explain the significant legal requirements relating to a concrete case,
- to integrate legal arguments into environmental questions and to communicate with lawyers about its scientific and legal aspects.

Literature Empfohlen wird die Lektüre von: Alain Griffel, Umweltrecht in a nutshell, 2. Auflage, Zürich/St. Gallen 2019 (285 Seiten,
Taschenbuchgrösse)
Im Vorlesungsprogramm werden die zu lesenden Abschnitte angegeben.

851-0712-00L Introduction to Public Law (French) W  2 credits 2V Y. Nicole
Abstract The course Public Law focuses on the fundamental concepts of constitutional law and constitutional and statutory principles of

administrative law. The course also touches upon selected topics of administrative law, including the legal regulation of land use, zoning
and planning, and construction law.

Objective Enseignement des principes du droit, en particulier du droit privé et du droit public. Introduction au droit.
Content Le cours de droit civil porte notamment sur le droit des obligations (droit des contrats et responsabilité civile) et sur les droits réels

(propriété, gages et servitudes).De plus, il est donné un bref aperçu du droit de la procédure et de lexécution forcée. Le cours de droit
public traite du droit constitutionnel et du droit administratif, avec un accent particulier sur le droit des constructions et de laménagement du
territoire, ainsi que sur le droit de lenvironnement. 
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Literature Editions officielles des lois fédérales, en langue française ou italienne, disponibles auprès de la plupart des librairies. 

Sont indispensables:
-  en hiver: le Code civil et le Code des obligations;
-  en été: la Constitution fédérale et la loi fédérale sur laménagement du territoire ainsi que la loi fédérale sur la protection de
lenvironnement.

Sont conseillés:
- Nef, Urs Ch.: Le droit des obligations à l'usage des ingénieurs et des architectes, trad. Bovay, J., éd. Payot, Lausanne 1992
- Scyboz, G. et. Gilliéron, P.-R., éd.: Edition annotée du Code civil et du Code des obligations, Payot, Lausanne 1999
- Boillod, J.-P.: Manuel de droit, éd Slatkine, Genève 1999
- Biasio, G./Foglia, A.: Introduzione ai codici di diritto privato svizzero, ed. Giappichelli, Torino 1999


Prerequisites /
notice

Le cours de droit civil et le cours de droit public sont l'équivalent des cours "Rechtslehre" et "Baurecht" en langue allemande et des
exercices y relatifs.

Les examens peuvent se faire en français ou en italien. Le candidat qui désire être interrogé en langue italienne le précisera lors de
l'inscription et avertira les examina-teurs par écrit un mois au plus tard avant l'examen.

 Electives
 Module Economics

Number Title Type ECTS Hours Lecturers

751-1101-10L Finances and Accounting System W  2 credits 2G C. Müller
Abstract To understand accounting and calculation of costs.
Objective Ability to keep accounts and calculate costs
Content The course includes the steps of establishing and evaluation of financial accounting, including balance sheet, income statement and

double-entry accounting. Furthermore, cash flow statement and financial ratios are discussed. Finally, management accounting including
cost accounting and cost-performance analysis are presented. The course includes exercises.

Lecture notes script in German
Literature Meyer, C., 2012, Betriebswirtschaftliches Rechnungswesen, 3. Überarbeitete Auflage, Schulthess, Zürich.

701-0758-00L Ecological Economics: Introduction with Focus on
Growth Critics

W  2 credits 2V I. Seidl

Abstract Students become acquainted with the basics / central questions / analyses of Ecological Economics. Thereby, central will be the topic of
economic growth. What are the positions of Ecological Economics in this regard? What are the theories and concepts to found this position
in general and in particular economic areas (e.g. resource consumption, efficiency, consumption, labour market, enterprises)?

Objective Become acquainted with basics and central questions of Ecological Economics (EE): e.g. 'pre-analytic vision', field of discipline,
development EE, contributions of involved disciplines such as ecology or political sciences, ecological-economic analysis of topics such as
labour market, consumption, money. Critical analysis of growth and learning about approaches to reduce growth pressures.

Content What is Ecological Economics
Field of the discipline and basics
Resource consumption, its development and measurements
Measurement of economic activity and welfare
Economic growth, growth critics and post-growth society
Consumption, Money, Enterprises, labour market and growth pressures
Starting points for a post-growth society

Lecture notes No Script. Slides and texts will be provided beforehand.
Literature Daly, H. E. / Farley, J. (2004). Ecological Economics. Principles and Applications. Washington, Island Press.

     
Seidl, I. /Zahrnt A. (2010). Postwachstumsgesellschaft, Marburg, Metropolis.

Ausgewählte wissenschaftliche Artikel.
Prerequisites /
notice

Participation in a lecture on environmental economics or otherwise basic knowledge of economics (e.g. A-Level)

701-0764-00L Crtical Reflection Upon the Economic Growth
Paradigm
Number of participants limited to 25.

Target groups: Agricultural Sciences (BSc/MSc) and
Environmental Sciences (BSc/MSc).

W  1 credit 1S I. Seidl

Abstract In this seminar we will read and discuss about three scientific papers which thoroughly and critically deal with economic growth and
environmental topics.

Objective Enhanced knowledge on ecological economics, growth critics of ecological economics, energetical-material implications of growth,
consumer criticism and growth-critical traditions of thought. Reading and reflection upon scientific textes.

Content Growth theory, growth paradigm, growth criticism, energy, entropy, neoclassics versus ecological economics, consumer theories and
consumerism.

Prerequisites /
notice

Participation in course 701-0758-00L Ecological Economics: basics and growth critisism (parallel oder former participation) or very good
basic knowledge in ecological economics or environmental economicse

363-0532-00L Economics of Sustainable Development W  3 credits 2V L. Bretschger
Abstract Concepts and indicators of sustainable development, paradigms of weak and strong sustainability;

neoclassical and endogenous growth models;
economic growth in the presence of exhaustible and renewable resources; pollution, environmental policy and growth;
role of substitution and technological progress;
Environmental Kuznets Curve; sustainability policy.

Objective The aim is to develop an understanding of the implications of sustainable development for the long-run development of economies. It is to
be shown to which extent the potential for growth to be sustainable depends on substitution possibilities, technological change and
environmental policy.
After successful completion of this course, students are able to
1. understand the causes of long-term economic development
2. analyse the influence of natural resources and pollution on the development of social welfare
3. to appropriately classify the role of politics in the pursuit of sustainability goals.
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Content The lecture introduces different concepts and paradigms of sustainable development. Building on this foundation and following a general
introduction to the modelling of economic growth, conditions for growth to be sustainable in the presence of pollution and scarce natural
resources are derived. Special attention is devoted to the scope for substitution and role of technological progress in overcoming resource
scarcities. Implications of environmental externalities are regarded with respect to the design of environmental policies.     
Concepts and indicators of sustainable development, paradigms of weak and strong sustainability, sustainability optimism vs. pessimism;
introduction to neoclassical and endogenous growth models;
pollution, environmental policy and growth;
role of substitution possibilities and technological progress;
Environmental Kuznets Curve: concept, theory and empirical results;
economic growth in the presence of exhaustible and renewable resources, Hartwick rule, resource saving technological change.

Lecture notes Will be provided successively in the course of the semester.
Literature Bretschger, F. (1999), Growth Theory and Sustainable Development, Cheltenham: Edward Elgar.


Bretschger, L. (2004), Wachstumstheorie, Oldenbourg, 3. Auflage, München. 

Bretschger, L. (2018), Greening Economy, Graying Society, CER-ETH Press, ETH Zurich.

Perman, R., Y. Ma, J. McGilvray and M. Common (2011), Natural Resource and Environmental Economics, Longman , 4th ed., Essex.

Neumayer, E. (2003), Weak and Strong Sustainability, 2nd ed., Cheltenham: Edward Elgar.

363-1038-00L Sustainability Start-Up Seminar
Number of participants limited to 30.

W  3 credits 2G A.-K. Zobel, A. H. Sägesser

Abstract Experts lead participants through a venturing process inspired by Lean and Design Thinking methodologies. The course contains problem
identification, idea generation and evaluation, team formation, and the development of one entrepreneurial idea per team. A special focus
is put on sustainability, in particular on climate change and renewable energy technologies specifically.

Objective 1.    Students have experienced and know how to take the first steps towards co-creating a venture and potentially company
2.    Students reflect deeply on sustainability issues (with a focus on climate change & energy) and can formulate a problem statement
3.    Students believe in their ability to bring change to the world with their own ideas
4.    Students are able to apply entrepreneurial practices such as the lean startup approach
5.    Students have built a first network and know how to proceed and who to approach in case they would like to take their ventures further.

Content This course is aimed at people with a keen interest to address sustainability issues (with a focus on climate change and renewable energy),
with a curious mindset, and potentially first entrepreneurial ideas!

The seminar consists of a mix of lectures, workshops, individual working sessions, teamwork, and student presentations/pitches. This class
will be co-taught by an academic expert (studying innovation, entrepreneurship, and sustainability) and an entrepreneurship and
sustainability “practitioner”. Real-world climate entrepreneurs and experts from the Swiss start-up and sustainability community will be
invited to support individual sessions.

All course content is based on latest international entrepreneurship practices. 
 
The seminar starts with an introduction to sustainability (with a special focus on climate change & energy) and entrepreneurship. Students
are asked to self-select into an area of their interest in which they will develop entrepreneurial ideas throughout the course. 
 
The first part of the course then focuses on deeply understanding sustainability problems within the area of interest. Through workshops
and self-study, students will identify key design challenges, generate ideas, as well as provide systematic and constructive feedback to
their peers. 
 
In the second part of the course, students will form teams around their generated ideas. In these teams they will develop a business model
and, following the lean start-up process, conduct real-life testing, as well as pivoting of these business models. 
 
In the final part of the course, students present their insights gained from the lean start-up process, as well as pitch their entrepreneurial
ideas and business models to an expert jury. The course will conclude with a session that provides students with a network and resources
to further pursue their entrepreneurial journey.

Lecture notes All material will be made available to the participants.
Prerequisites /
notice

Prerequisite:
Interest in sustainability & entrepreneurship.

Notes: 
1. It is not required that participants already have a business idea at the beginning of the course. 
2. No legal entities (e.g. GmbH, Association, AG) need to be founded for this course.

Target participants:
PhD students, Msc students and MAS students from all departments. The number of participants is limited to max.30.

Waiting list:
After subscribing you will be added to the waiting list.
The lecturers will contact you a few weeks before the start of the seminar to confirm your interest and to ensure a good mixture of study
backgrounds, only then you're accepted to the course.

851-0609-04L The Energy Challenge - The Role of Technology,
Business and Society
Prerequisites: Basic knowledge in economics.

W  2 credits 2V R. Schubert, T. Schmidt, B. Steffen

Abstract In recent years, energy security, risks, access and availability are important issues. Strongly redirecting and accelerating technological
change on a sustainable low-carbon path is essential. The transformation of current energy systems into sustainable ones is not only a
question of technology but also of the goals and influences of important actors like business, politics and society.

Objective In this course different options of sustainable energy systems like fossile energies, nuclear energy or all sorts of renewable energies are
explained and discussed. The students should be able to understand and identify advantages and disadvantages of the different
technological options and discuss their relevance in the business as well as in the societal context.

Lecture notes Materials will be made available on the electronic learning platform: www.vwl.ethz.ch
Literature Materials will be made available on the electronic learning platform: www.vwl.ethz.ch
Prerequisites /
notice

Various lectures from different disciplines.

 Module Political and Social Sciences
Number Title Type ECTS Hours Lecturers
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701-0712-00L Use and Perception of Nature Among Societies
Outside Europe

W  2 credits 2V T. Haller Merten

Abstract Views of what we call  "nature" in traditional societies in Africa, Asia and Southern America are presented and discussed. In such
subsistence-oriented ethnic groups "nature" is often perceived as being inhabited by gods and spirits. This view is often regarded as being
irrational by natural science. But what are the impacts of such religious views on the sustainable use of natural resources?

Objective This lecture shall give an overview of worldviews of so called traditional societies in Africa, Asia and Southern America. The aim is to
understand the way such societies view what we call nature or environment and their strategies to use natural resources. The lecure shall
also provide a critical analysis of such processes based on concrete case studies, in which we will discuss problems of sustainable use of
natrual resources and participatory processes in the governance of such resources.

Content Die Studierenden werden dabei mit Vorstellungen und Ideologien von Natur konfrontiert, die sich nicht mit unserer Logik physisch-
chemischer und biologischer Abläufe in der "Natur" decken, und die wir somit als "irrational" empfinden. Wir werden uns mit verschiedenen
Konzepten aus dem Bereich der Religions-Ethnologie beschäftigen, die sich insbesondere im Bereich Magie, Hexerei und Orakelbefragung
mit der "Rationalität" solcher Umweltvorstellungen auseinandersetzen. Seit der Beschäftigung mit der Ökosystemtheorie durch Roy
Rappaport erhielt diese "wilde Denken" eine neue Funktion (Rappaport 1971, 1979). Es wurde in Zusammenhang eines gesamten
Ökosystems analysiert, zu dessen Erhaltung und zu dessen Fliessgleichgewicht es diene. Diese Sichtweise, obwohl heftig kritisiert, ist von
Bedeutung, weil mit der ökologischen Krise man in der industrialisierte Welt Ausschau nach neuen Konzepten hält. Diese werden teilweise
in den uns fremden Bildern aussereuropäischer Völker von der "heiligen Natur" gesehen, welche uns als Lehre dienen und zu nachhaltiger
Ressourcennutzung führen könnte. Zudem erscheinen die Umwelt-Bilder und Weltsichten dieser Gesellschaften (heute oftmals indigene
Völker genannt) auf der praktischen Ebene als gelebter Naturschutz, den es insbesondere für die Konservierung von Biodiversität zu
erhalten gilt. Heilige Orte sollen nun auch für den Schutz von beispielsweise Nationalparks oder Biosphärenreservaten dienen. In diesem
Zusammenhang ist ein genauer Blick von Nöten, denn Fehlanalysen sind in diesem Bereich fatal und eine unkritische Instrumentalisierung
magischer Weltsichten kontraproduktiv. Wo jedoch religiöse Weltsichten der Natur eine im Sinne der Nachhaltigkeit positive Rolle spielen
können, ist der Bereich der Institutionen für das Ressourcenmanagement. Dieser Begriff wird hier im Sinne des Neuen Institutionalismus
verwendet: Institutionen sind demnach Regeln, Werte und Normen, die das Handeln der Individuen beeinflussen und eine gewisse
Sicherheit bezüglich dem erwarteten Verhalten der anderen Individuen einer Gemeinschaft bieten und dabei die sogenannten
Transaktionskosten (Informationsbeschaffung bezüglich dem Verhalten anderer Akteure, Überwachung und Sanktionierung) reduzieren
(North 1990. Ostrom 1990, Ensminger 1992). Dieser aus der Ökonomie beeinflusste Ansatz weist meines Erachtens interessante
Elemente bezüglich der nachhaltigen Nutzung von Ressourcen auf, was sich bei der Nutzung von Kollektivressourcen (Com

Lecture notes Zur Veranstaltung gibt es kein Script, aber es wird rechtzeitig ein Ordner mit der relevanten Literatur bereitgestellt. Am Thema Interessierte
Studierende können sich bereits in folgenden zwei Büchern ins Thema einlesen: 
- Berkes, Fikret. 1999. Sacred Ecology: Traditional Ecological Knowledge and Resource Managment. Philadelphia: Taylor and Francis. 
- Haller, Tobias. 2001. Leere Speicher, erodierte Felder und das Bier der Frauen: Umweltanpassung und Krise bei den Ouldeme und
Platha in den Mandarabergen Nord-Kameruns. Studien zur Sozialanthropologie. Berlin: Dietrich Reimer Verlag.

Literature Becker, Dustin, C. and Elinor Ostrom,.1995. Human Ecology and Resource Sustainability: The Importance of Institutional Diversity. Annu.
Rev. Ecol. Syst.1995. No. 26:113-33.
Berkes, Fikret. 1999. Sacred Ecology: Traditional Ecological Knowledge and Resource Managment. Philadelphia: Taylor and Francis. 
Dangwal, Parmesh. 1998. Van Gujjars at Apex of National Park Management. Indigenous Affairs No.4:24-31.
Diener, Paul and Robkin, Eugene E. 1978. Ecology, Evolution, and the Search for Cultural Origins: The Question of Islamic Pig Prohibition.
In: Current Anthropology 19, No.3():493-540. 
Diener, Paul, Nonini, Donald and Robkin, Eugene E. 1977/78. The Dialectics of the Sacred Cow: Ecological Adaptation versus Political
Appropriation in the Origins of Indias Cattle Complex. In: Dialectical Anthropology (Amsterdam) 3: 221-241.
Evans-Pritchard, Edward E. 1978. Hexerei, Magie und Orakel bei den Zande. Frankfurt am Main:Suhrkamp.
Evans-Pritchard, Edward  und Mayer Fortes. 1983. Afrikanische politische Systeme, in: Kramer, F. und Siegrist, Ch. eds. Gesellschaften
ohne Staat. Frankfurt a. Main:Syndikat: 150-174.
Fairhead, James und Leach, Melissa. 1996. Misreading the African Landscape. Society and ecology in a forest-savanna mosaic.
Cambridge: Cambridge University Press.
Freed, Stanley A. and Freed, Ruth, S. 1981.Sacred Cows and Water Buffalo in India: The Uses of Ethnography. In. Current Anthropology
22, No.5: 483-502.
Haller, Tobias. 1995.Raub der Seelenschatten in Nord-Kamerun. Krankheit bei den Ouldeme und Platha in den Mandarabergen. In: Keller,
Frank-Beat (Hg.). Krank warum? Vorstellung der Völker, Heiler und Mediziner, Katalog zur gleichnamigen Ausstellung. Ostfildern: Cantz
Verlag. pp.302-306.
Haller, Tobias. 2000. Bodendegradierung und  Ernährungskrise bei den Ouldeme und Platha. Umwelt- und Ernährungsprobleme bei zwei
Feldbauerngruppen in den Mandarabergen Nord-Kameruns: Eine Folge der Adaptation an Monetarisierung und Wandel traditioneller
institutioneller Rahmenbedingungen. In: Zeitschrift für Ethnologie 124 (1999): 335354.
Haller, Tobias. 2001. Leere Speicher, erodierte Felder und das Bier der Frauen: Umweltanpassung und Krise bei den Ouldeme und Platha
in den Mandarabergen Nord-Kameruns. Studien zur Sozialanthropologie. Berlin: Dietrich Reimer Verlag. 
Haller, Tobias. 2002a. Spiel gegen Risiken in der Natur, In: Giordano et al (Hrsg.). Ordnung, Risiko und Gefährdung. Reader des
Blockseminars der Schweizerischen

Prerequisites /
notice

Die Veranstaltung beginnt in einem ersten Teil mit einer Reihe von Vorlesungen und wird in einem zweiten Teil mit Lesen und Diskutieren
von Texten (Kurzvorträge von den Studierenden) fortgesetzt (nähere Erläuterungen und Programm am Anfang der Veranstaltung).

701-0786-00L Mediation in Environmental Planning: Theory and
Case Studies.

W  2 credits 2G K. Siegwart

Abstract This course is intended to demonstrate how environmental decisions can be optimized and conflicts better dealt by using mediation. Case
studies will focus on construction of windmills for electricity purpose, use of fracking, sustainable city-planning in the field of former
industrial area or the establishment of a birds- or a forest-management plan.

Objective - Develop comprehension of legal and social responses to environmental conflicts
- Recognize the most important participative techniques and their ranges
- Develop concepts for doing and evaluating mediation processes 
- Estimate the potential and limitations of cooperative environmental planning
- Train communicative skills (presentation, moderation, discussion design, negotiation), especially by participating at a mediation

Content To this end, we will look at the most important techniques of mediation and put them into the context of today's legislation, participation and
conflict culture. The potential and limitations of the individual techniques will be discussed using current Swiss and international case
studies, namely in the field of windenergy. Students can do conflict analyses, for instance, as part of individual and group analyses and a
half-day mediation-simulation, develop technique concepts and train their own communicative and negotiation skills.

Lecture notes A reader will be handed out.

 Module Individual Sciences
Number Title Type ECTS Hours Lecturers

701-0782-00L Differing Views of Practice and Science: Mutual
Learning for Successful Collaboration

W  1 credit 1G P. Fry

Abstract Typical problems during implementation between science and practice are analyzed and explained. The students recognize different views
and languages of actor groups by means of excursion, videos and discussion with experts. They apply methods from knowledge
management within their own case studies. Essential preparation for a professional life between science and practice.
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Objective The students are able to
-recognize and analyze differing views of science and practice through excursion, videos, text analysis and exchange with experts.
-summarize classical theories from philosophy of science (thought styles, tacit knowledge) and explain implementation problems with them.
-recognize helpful methods for knowledge exchange by means of a case study for succesful collaboration between science and practice as
well as texts from knowledge management.
-develop a concept for an own case study, where they design knowledge exchange between science and practice in an effective way by
enabling different views and experiences to be expressed (multistakeholder discussion group, informal meetings in the field, exchange of
experiences with story telling etc.).

Content Die Lehrveranstaltung greift Umsetzungsprobleme zwischen Forschung und Praxis im Umweltbereich auf, liefert wissenschaftlich fundierte
Erklärungen dafür und stellt erprobte Methoden der "Wissensarbeit" aus der Privatwirtschaft vor, welche den Wissensaustausch zwischen
den Akteuren fördert. 

Folgende Fragestellungen werden in der Lehrveranstaltung behandelt:
1. Weshalb sind Lernprozesse zwischen den Akteurgruppen wichtig und wie können diese ermöglicht werden?
Der Berufsalltag an der Schnittstelle zwischen Forschung und Praxis ist anspruchsvoll: Einerseits muss das Wissen aus verschiedenen
Disziplinen zusammengeführt werden. Andererseits muss das wissenschaftliche Wissen in praxisrelevante Handlungen übersetzt werden.
Dies ist eine grosse Herausforderung. Praxisrelevantes Handlungswissen wird mit allen beteiligten Akteuren gemeinsam erarbeitet. Ein
gegenseitiger Lernprozess ist dabei eine wichtige Voraussetzung.

2. Wie können unterschiedliche Sichtweisen der Akteure erkannt und integriert werden?
An der Schnittstelle zwischen Forschung und Praxis treffen Akteure mit unterschiedlichen Sichtweisen (Zielen, Interessen, Methoden),
unterschiedlichem Hintergrund und unterschiedlichen Fachsprachen aufeinander. Ein Fallbeispiel aus dem Bodenschutz (FRY 2001) dient
als roter Faden, um die unterschiedlichen Sichtweisen zu analysieren und geeignete Methoden vorzustellen. Dabei wird der Einsatz von
Video als Prozessgestaltungsmethode speziell diskutiert. Methoden, die unterschiedliche Sichtweisen berücksichtigen, werden von den
Studierenden in eigenen Fallbeispielen angewendet und diskutiert. 

3. Welche theoretischen Grundlagen sind für die Wissensarbeit relevant und welche Methoden können für den Umweltschutz angewendet
werden?
Die für die Umsetzung relevanten klassischen Theorien aus der Wissenschaftsforschung, insbesondere die Theorie des impliziten Wissens
(POLANYI) und die Lehre des Denkstils (FLECK) werden vorgestellt. Auf diesen Theorien bauen verschiedene praxiserprobte  Methoden
der Wissensarbeit aus der Privatwirtschaft auf (DAVENPORT und PRUSAK 2000). Diese Methoden, aber auch die Rahmenbedingungen,
unter denen
sie funktionieren, werden in der Lehrveranstaltung anhand von eigenen Fallstudien ausführlich diskutiert.

Lecture notes Handouts and literature will be provided. The book "Bauernsicht und Forscherblick" will serve as a basis (Fry 2001).
Literature - FRY Patricia & THIEME Susan (2019). A social learning video method: Identifying and sharing successful transformation knowledge for

sustainable soil management in Switzerland. Soil Use and Management 35: 185 194. 
https://doi.org/10.1111/sum.12505
- FRY, P. (2018): Social learning videos: A Method for successful collaboration between science and practice. In: Padmanabhan, Martina
(editor). Transdisciplinarity: How research is changing to meet the challenges of sustainability. Routledge Series: Studies in Environment,
Culture and Society. Editors: Bernhard Glaeser & Heike Egner. Being published.
- FRY, P. (2017): Boden schützen - Handlungen fördern. In: Krebs, Rolf, et al. (Hg.). Bodenschutz in der Praxis. UTB, 2017. 
- RAVN, Johan E. 2004. Cross-System Knowledge Chains: The Team Dynamics of Knowledge Development. Systemic Practice and
Action Research 17 (3):161-175.
- ROUX, Dirk J., Kevin H. Rogers, Harry C. Biggs, Peter J. Ashton, and Anne Sergeant. 2006. Bridging the Science-Management Divide:
Moving from Unidirectional Knowledge Transfer to Knowledge Interfacing and Sharing. Ecology and Society 11 (1):4. [online] URL:
http://www.ecologyandsociety.org/vol11/iss1/art4.
- DAVENPORT, T.H., L. PRUSAK 2000: Working Knowledge. How Organisations Manage What They Know. Harvard Business School
Press. Boston Massachusetts. 199 S.
- FRY, P. 2001: Bodenfruchtbarkeit - Bauernsicht und Forscherblick. Reihe Kommunikation und Beratung. Hrsg. H. Boland, V. Hoffmann
und U.J. Nagel. Margraf-Verlag, Weikersheim. 170 S.
- FLECK, L 1979. Genesis and Development of a Scientific Fact.
Chicago/London: University of Chicago Press.
- POLANYI, M., 1985: Implizites Wissen. Suhrkamp. Frankfurt am Main. 94 S.
- Application of video and accompagnying groups for implementation:
www.fromfarmertofarmer.ch
www.nrp61.ch

Prerequisites /
notice

Soil protection will serve as a thread within the whole lecture. We will meet several actors from soil protection. The succesful project "From
farmer to farmer" uses film and networks as means for implementation. The students apply the lessons learnt on a chosen topic. Several
methods will be used which allow active participaton of the students: Presentations, discussions, working groups, excursions, analysis of
film etc.

Conditions: The lecture is an ideal preparation and/or possibilty to reflect practical training and case studies. Being interested in practice
related questions is a necessary prerequisite.

701-0784-00L Green Marketing: Concepts, Techniques, Case
Studies

W  2 credits 2G B. Sintzel Saurer

Abstract As future scientists we intend to realize sustainable products, services or projects that create added value in society. Increasingly it is also
true that a sustainable product is not enough to prevail. This requires an equally credible public relations or marketing campaign. Theory an
practise are taught in the lecture.

Objective The participants know the principles of marketing and can align products, services or projects with appropriate communication to the target
groups.
They deal with the topic of sustainability and learn to anchor the offers in the target markets with conventional and modern means of
communication (viral marketing, social media, etc.). The course enables participants to enter into the topic of marketing, as a good basis for
future professional life.

Content In this lecture we will build on marketing principles and transfer them into the topic of marketing for sustainability, social marketing, green
marketing, which aims to position sustainable products, projects or services well in order to produce the effect which we have planned.
Using the example of current campaigns and companys, the theory is deepened, resulting in exciting and varied lectures. A separate small
case study enables the implementation of the theory in its own field of action, it was a reaction in an NGO, an existing company or a
business idea, which allows an exploration of the future profession.

Lecture notes Scripts and Slices for download.
Literature Marketing 3.0: From Products to Customers to the Human Spirit, Philip Kotler, Mermawan Kartajaya, Iwan Setiawan


Kotler, Philip: Marketing Insights from A-Z (2003)

 Module Humanities
Number Title Type ECTS Hours Lecturers
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701-0701-00L Philosophy of Science W  3 credits 2V C. J. Baumberger
Abstract The lecture explores various strands in philosophy of science in a critical way, focusing on the notion of rationality in science, especially

with regards to environmental research. It addresses the significance and limits of empirical, mathematical and logical methods, as well as
problems and ethical issues raised by the use of science in society.

Objective Students learn to engage with problems in the philosophy of science and to relate them to natural and environmental sciences, thus
developing their skills in critical thinking about science and its use. They know the most important positions in philosophy of science and
the objections they face. They can identify, structure and discuss issues raised by the use of science in society.

Content 1. Core differences between classical Greek and modern conceptions of science. 
2. Classic positions in the philosophy of science in the 20th century: logical empiricism and critical rationalism (Popper); the analysis of
scientific concepts and explanations. 
3. Objections to logical empiricism and critical rationalism, and further developments: What is the difference between the natural sciences,
the social sciences and the arts and humanities? What is progress in science (Kuhn, Fleck, Feyerabend)? Is scientific knowledge
relativistic? What is the role of experiments and computer simulations? 
4. Issues raised by the use of science in society: The relation between basic and applied research; inter- and transdisciplinarity; ethics and
accountability of science.

Lecture notes A reader will be available for students.
Literature A list of introductory literature and handbooks will be distributed to the students.
Prerequisites /
notice

Oral examination during the session examination.
Further optional exercises accompany the lecture and offer the opportunity for an in-depth discussion of selected texts from the reader.
Students receive an additional credit point. They have to sign up separately for the exercises for the course 701-0701-01 U.

701-0701-01L Philosophy of Science: Exercises W  1 credit 1U C. J. Baumberger
Abstract The exercises in philosophy of science serve to develop skills in critical thinking by discussing seminal texts about the rationality of science.

Topics discussed include the significance and limits of empirical, mathematical and logical methods, as well as problems and ethical issues
raised by the use of science in society.

Objective Students can engage with problems in the philosophy of science and to relate them to natural and environmental sciences. They learn to
analyze and summarize philosophical texts. In this way, they develop their skills in critical thinking with a focus on the rationality of science.

Content The optional exercises accompany the lecture and serve to develop skills in critical thinking with a focus on the rationality of science, based
on discussing seminal texts. The texts cover important positions in the philosophy of science and their critics. Topics discussed include the
significance and limits of empirical, mathematical and logical methods, as well as problems and ethical issues raised by the use of science
in society.

Lecture notes A reader will be available for students.
Literature A list of literature will be distributed to the students together with the reader.
Prerequisites /
notice

Students that want to subscribe for this course also have to subscribe for the lecture 701-0701-00 V "Wissenschaftsphilosophie". Credit
points are given for preparing a structure and a summary of one of the texts.

701-0791-00L Environmental History - Introduction and Overview
Change of semester: takes place in spring semester
instead of autumn semester.

Number of participants limited to 100.

W  2 credits 2V M. Gisler

Abstract Our society faces a serious ecological crisis. Of what historical dimension is this crisis? How have human societies already in earlier times
changed their environment, and, consequently, perhaps also ours? What were the main ecological challenges for societies and how did
they change over time? And how did societies adapt to changing environmental conditions?

Objective Introduction into environmental history; survey of long-term development of human-nature-interrelations; discussion of selected problems.
Improved ability to assess current problems from a historical perspective and to critically interrogate one's own standpoint.

Lecture notes Course material is provided in digital form.
Literature McNeill, John R. 2000. Something new under the sun: An environmental history of the twentieth-century world, New York: Norton.


Uekötter, Frank (Ed.) 2010. The turning points of environmental history, Pittsburgh: University of Pittsburgh Press.

Winiwarter, Verena und Martin Knoll 2007. Umweltgeschichte: Eine Einführung, Köln: Böhlau.

Prerequisites /
notice

Students are asked to write an exam during the last session

851-0101-01L Introduction to Practical Philosophy
Particularly suitable for students of D-MAVT, D-MATL

W  3 credits 2G L. Wingert

Abstract Practical philosophy deals in a descriptive and evaluative way with the realm of the practical, that is, with action, practices, norms of action,
and values held by people and societies. Ethics and political philosophy are branches of practical philosophy. This introductory course will
treat some of the main questions and introduce students to the thinking of central figures in the field.

Objective At the end of the course, students (1) will be familiar with still highly influential answers to some of the main questions (see below, section
"contents") in practical philosophy. (2) They will be able to better evaluate how convincing these answers are. (3) Students' own thinking
concerning normative, e.g., ethical issues, will be more precise, due to a more sophisticated use of key concepts such as good, right,
morality, law, freedom, etc.
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Content Ethics is an account and instruction of the good, that could be reached by conscious, intentional behaviour (=action). Ethics is an essential
part of practical philosophy. Therefore one of those central questions, which will be discussed in the course, is:

1. What is the meaning of words like "good" and "bad", used in ethical language? What is meant by "good", if one says: "Working as a
volunteer for the <Red Cross> is good"? Does one mean, that doing so is useful, or that it is altruistic, or that is fair?

Further questions, to be discussed in the course, are:

2. Are moral judgements apt to be justified, e.g. judgments like "Lower taxes for rich foreigners in the <Kanton Zug> are unjust" or "Every
person ought to be entitled to leave any religious community"? If so, how far a moral judgment's justification can reach? Is one right in
arguing: "It is possible to show the truth of the proposition (a):The emissions of nitrogen dioxide in Zurich is far beyond the permissible limit
(80 mg/m3). But it is not possible to verify the proposition (b): In our times, the inequal global distribution of wealth is far beyond the
permissible limit. Proposition (a) states an objective fact, whereas (b) expresses a mere subjective evaluation, though that evaluation might
be widely spread.

3. What are just laws, and what is the relationship between law and morality?

4. Is freedom of a person, though presupposed by criminal law and morality, nevertheless an illusion?

These questions will be partly discussed with reference to seminal authors within the western philosophical tradition (among else Plato,
Aristotle, Thomas Hobbes, David Hume, Immanuel Kant). Contemporary philosophers like Jürgen Habermas, Thomas Nagel, Ernst
Tugendhat or Bernard Williams will be included, too.

Literature Preparatory Literature:

-Dieter Birnbacher, Analytische Einführung in die Ethik, 2. Aufl. Berlin: de Gruyter Verlag 2006.
- Simon Blackburn, Think. A Compelling Introduction to Philosophy, Oxford: University Press (=UP) 1999, chapters 3 und 8.
- Philippa Foot, <Virtues and Vices> in: diess., Virtues and Vices and Other Essays in Moral Philosophy, Oxford: UP 2002, and <Morality,
Action and Outcome>, in: dies., Moral Dilemmas and Other Topics in Moral Philosophy, Oxford: UP 2002.
- H.L.A. Hart, <Positivism and the Separation of Law and Morals, in: Harvard Law Review 71 (1958), pp. 593-629.
- Detlef Horster, Rechtsphilosophie zur Einführung, Hamburg: Junius Verlag 2002.
- Robert Kane, <Introduction: The Contours of the Contemporary Free Will Debates>, in: ders., (Hg.), The Oxford Handbook of Free Will,
Oxford 2002. 
 Thomas Nagel, The Limits of Objectivity, in:  The Tanner Lectures on Human Values 1980, Vol I., ed. Sterling McMurrin , Cambridge et al.:
UP 1980, pp. 75-139.
- Ulrich Pothast, <Einleitung> in: ders., (Hg.), Seminar: Freies Handeln und Determinismus, Frankfurt/M.: suhrkamp taschenbuch
wissenschaft 1978, pp. 7-31. 
- Bernard Williams, Morality. An Introduction to Ethics, Cambridge: UP (=Canto Series) 1976.
- Peter Winch, The Idea of a Social Science, 4.Aufl. London 1965, ch. II.

Prerequisites /
notice

The course will be a mixture of lecture and seminar. For getting credit points, essays on given or freely chosen subjects have to be written.

 Highly recommended Natural Science and Technical Electives
 For the Specialization in Atmosphere and Climate

Number Title Type ECTS Hours Lecturers

701-0106-00L Mathematics V: Applied Deepening of Mathematics I -
III

W  3 credits 2G M. A. Sprenger

Abstract Selected mathematical topics are presented for later use in more specialised lectures. Part of the topics were already discussed in the
lectures Mathematics I-III. Here, they should be shortly recapitulated and most importantly applied to practical problems. If necessary, new
mathematical concepts and methods will be introduced in order to solve challenging and inspiring problems from practice.

Objective The aim of this lecture is to prepare the students for the more specialised lectures. They should become more familiar with the
mathematical background, the mathematical concepts und most of all with their application and interpretation.

Content Practical examples from the following areas will be discussed: ordinary differential equations; eigenvalue problems from linear algebra;
systems of linear and nonlinear differential equations; partial differential equations (diffusion, transport, waves).

402-0048-00L Advanced Physics for Students of Environmental and
Earth Sciences

W  6 credits 4V+2U H.-A. Synal

Abstract Basic concepts of quantum and nuclear physics with emphasis on environmental and earth science aspects
Objective This lecture is an introduction to the so-called "modern physics". It discusses phenomena that can no longer be described with the classical

ideas of mechanics and classical electrodynamics. The fundamentals of quantum and nuclear physics will be taught and their significance
in environmental and earth sciences will be demonstrated. In selected examples and numerous demonstration experiments phenomena
will be discussed which can only be explained by quantum mechanical or nuclear physical models.

Content Quantum physics:
Basics of quantum mechanics: Planck's radiation related to the Earth's radiation budget and climate, photoelectric effect, matter waves,
uncertainty relation, Schrödinger equation, box potential, tunnel effect, harmonic oscillator.
Atomic and molecular physics:
Hydrogen atom, energy states, absorption and emission of electromagnetic radiation, molecular oscillation states, laser.
Nuclear physics:
Structure of the atomic nucleus (nuclear models, nuclear forces), radioactivity (types of decay), interaction of radiation with matter,
detection of radioactive radiation, radiation effect and radiation dose, nuclear fission and fusion, natural and artificial radioactivity in the
environment, radioisotopes as natural tracers.

Lecture notes Script is distributed in the lecture. Further documents on special topics will be handed out.
Literature - H. Haken, H. C. Wolf: Atom- und Quantenphysik, 8. Aufl. (Springer, 2004)

- K. Bethge, G. Walter, B. Wiedemann: Kernphysik, 2. Aufl. (Springer, 2001)

 For the Specialization in Biogeochemistry
Number Title Type ECTS Hours Lecturers

752-1300-00L Introduction to Toxicology W  3 credits 2V R. Eggen, S. J. Sturla
Abstract Introduction to how chemical properties and biological interactions govern the disposition and influences of toxicants.
Objective The objectives are for the student to establish a framework for examining adverse effects resulting from exposures to toxicants by

understanding key mechanisms that give rise to toxic responses and disease processes.
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Content This course will introduce mechanisms governing the chemical disposition and biological influences of toxicants.  The course is geared
toward advanced bachelors students in food science, environmental science, and related disciplines, such as chemistry, biology and
pharmaceutical sciences.  Examples of topics include: dose-response relationships and risk assessment, absorption, transport, and
biotransformation of xenobiotic chemicals; Carcinogenesis; DNA damage, repair, and mutation; Immunotoxicity; Neurotoxicity; and modern
toxicity testing strategies.  These fundamental concepts in Mechanistic Toxicology will be integrated with examples of toxicants relevant to
food, drugs and the environment.

Literature Casarett & Doull's Toxicology, The Basic Science of Poisons. Seventh Edition. Editor: Curtis D. Klaassen, 2008, McGraw-Hill. (available
on-line)

Prerequisites /
notice

Basic knowledge of organic chemistry and biochemistry is required.

 For the Specialization in Environmental Biology
Number Title Type ECTS Hours Lecturers

701-0264-01L Supplementary Course Systematic Botany
Does not take place this semester.
Prerequisite: successful participation in 701-0360-00L
Systematic Biology: Plants. It is recommended to enroll for
both lectures in the same semester.

W  1 credit 2P A. Leuchtmann

Abstract Botanical excursions to Lower Engiadina providing extended systematic-botanical knowledge
Objective Participants know characters of important plant families and are able to assign species accordingly. They have gained extended knowledge

of plant species, particularly of those relevant for the exam, and have received insight into flora and vegetation of the Lower Engiadina
valley.

Content Exkursion in der montanen Stufe bei Klosters am ersten Tag, zwei weitere Exkursionen im Unterengadin. Vertiefung der systematisch-
taxonomischen Kenntnisse und Einblick in Flora und Vegetation  eines zentralalpinen Trockentals. Gruppenarbeit mit ausgewählten, neuen
Pflanzenarten.

Literature Baltisberger et al., Systematische Botanik. Einheimische Farn- und Samenpflanzen. vdf Hochschulverlag AG an der ETH Zürich (4. Aufl.
2013)

Hess et al. 2015. Bestimmunsschlüssel zur Flora der Schweiz. 7. Aufl., Springer, Basel.

Prerequisites /
notice

Der Kurs richtet sich an Studierende Biologie Bsc und Umweltnaturwissenschaften Bsc; auch Studierende Pharmazeutische
Wissenschaften Bsc sind willkommen. 

Der Besuch von "701-0360-00L Systematische Biologie: Pflanzen" wird vorausgesetzt, da der Kurs darauf aufbaut.

Diese Lehrveranstaltung ist auf maximal 50 Teilnehmende beschränkt. Schriftliche Anmeldungen erforderlich, die nach Reihenfolge des
Eingangs berücksichtigt werden.

Kosten für Verpflegung und Unterkunft in Mehrbettzimmern (2 Nächte) müssen von den Teilnehmern übernommen werden (Fr. 80.-).

701-0360-00L Systematic Biology: Plants W  5 credits 2V+3P A. Leuchtmann
Abstract The lecture provides an overview of the diversity of ferns and seed-plants. The fundamentals of systematics are given considering

morphological, phylogenetic and ecological aspects. Regarding plant species, emphasis is laid on the flora of Switzerland, but also
examples of pharmaceutical relevance  and crop plants will be included.

Objective Students know:
- the fundamentals of plant systematics
- the higher-level plant groups based on morphological and biological characteristics
- selected families of flowering plants
- selected species and their ecology, with special focus on the flora of Switzerland
- examples of medicinal and crop plants
- ecological factors of sites and the most important vegetation types of the lowlands.

Content Die Vorlesung gibt einen Überblick über Moose, Farne, Gymnospermen und Angiospermen. Ausgewählte Familien der Angiospermen
werden ausführlich behandelt. Weitere Themen sind Grundlagen der Pflanzensystematik, Generationswechsel, phylogenetische
Stammbäume, morphologische Begriffe, sowie Lebensweise und Ökologie der Pflanzen. Anhand ausgewählter Beispiele wird auf die
Bedeutung der Pflanzen als Arznei-, Zeiger- und Nutzpflanzen eingegangen. Zudem wird eine Übersicht über Standorteigenschaften und
Vegetation des Tieflandes in der Schweiz gegeben.

Im praktischen Teil lernen die Studierenden Merkmale von Blütenpflanzen zu analysieren und üben das Bestimmen von Pflanzenarten. Auf
Exkursionen werden Artkenntnisse vermittelt und ein Einblick gegeben in Flora und Vegetation ausgewählter Standorte im Schweizer
Mittelland, wobei auch einheimische Arzneipflanzen berücksichtigt werden.

Literature Baltisberger et al., Systematische Botanik. Einheimische Farn- und Samenpflanzen. vdf Hochschulverlag AG an der ETH Zürich (4. Aufl.
2013)
Hess et al., Bestimmunsschlüssel zur Flora der Schweiz. Springer, Basel (7. Aufl. 2015)

Baltisberger, Conradin, Frey & Rudow, 2016: eBot6. Internetapplikation.
Für Studierende frei zugänglich unter http://www.balti.ethz.ch/tiki-index.php?page=eBot6.

Prerequisites /
notice

Für Studierende der Pharmazeutischen Wissenschaften Bsc obligatorisch, für Studierende Biologie Bsc und Umweltnaturwissenschaften
Bsc mit Vertiefungen in Ökologie und Evolution (Biologie), Wald und Landschaft oder Umweltbiologie besonders empfohlen.

227-0398-10L Physiology and Anatomy for Biomedical Engineers II W  3 credits 2G M. Wyss
Abstract This course offers an introduction into the structure and function of the human body, and how these are interlinked with one another.

Focusing on physiology, the visualization of anatomy is supported by 3D-animation, Computed Tomography and Magnetic Resonance
imaging.

Objective To understand basic principles and structure of the human body in consideration of the clinical relevance and the medical terminology used
in medical work and research.

Content Digestive system, nutrition and digestion
Thermal balance and thermoregulation
Kidneys and urinary system
Endocrine system and hormones
Reproductive System
Basic anatomy of neck, face and cranium
Basics of neurophysiology and neuroanatomy
Sense organs

Lecture notes Lecture notes and handouts
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Literature Silbernagl S., Despopoulos A. Color Atlas of Physiology; Thieme 2008
Faller A., Schuenke M. The Human Body; Thieme 2004
Netter F. Atlas of human anatomy; Elsevier 2014

 For the Specialization in Forest and Landscape
Number Title Type ECTS Hours Lecturers

701-0360-00L Systematic Biology: Plants W  5 credits 2V+3P A. Leuchtmann
Abstract The lecture provides an overview of the diversity of ferns and seed-plants. The fundamentals of systematics are given considering

morphological, phylogenetic and ecological aspects. Regarding plant species, emphasis is laid on the flora of Switzerland, but also
examples of pharmaceutical relevance  and crop plants will be included.

Objective Students know:
- the fundamentals of plant systematics
- the higher-level plant groups based on morphological and biological characteristics
- selected families of flowering plants
- selected species and their ecology, with special focus on the flora of Switzerland
- examples of medicinal and crop plants
- ecological factors of sites and the most important vegetation types of the lowlands.

Content Die Vorlesung gibt einen Überblick über Moose, Farne, Gymnospermen und Angiospermen. Ausgewählte Familien der Angiospermen
werden ausführlich behandelt. Weitere Themen sind Grundlagen der Pflanzensystematik, Generationswechsel, phylogenetische
Stammbäume, morphologische Begriffe, sowie Lebensweise und Ökologie der Pflanzen. Anhand ausgewählter Beispiele wird auf die
Bedeutung der Pflanzen als Arznei-, Zeiger- und Nutzpflanzen eingegangen. Zudem wird eine Übersicht über Standorteigenschaften und
Vegetation des Tieflandes in der Schweiz gegeben.

Im praktischen Teil lernen die Studierenden Merkmale von Blütenpflanzen zu analysieren und üben das Bestimmen von Pflanzenarten. Auf
Exkursionen werden Artkenntnisse vermittelt und ein Einblick gegeben in Flora und Vegetation ausgewählter Standorte im Schweizer
Mittelland, wobei auch einheimische Arzneipflanzen berücksichtigt werden.

Literature Baltisberger et al., Systematische Botanik. Einheimische Farn- und Samenpflanzen. vdf Hochschulverlag AG an der ETH Zürich (4. Aufl.
2013)
Hess et al., Bestimmunsschlüssel zur Flora der Schweiz. Springer, Basel (7. Aufl. 2015)

Baltisberger, Conradin, Frey & Rudow, 2016: eBot6. Internetapplikation.
Für Studierende frei zugänglich unter http://www.balti.ethz.ch/tiki-index.php?page=eBot6.

Prerequisites /
notice

Für Studierende der Pharmazeutischen Wissenschaften Bsc obligatorisch, für Studierende Biologie Bsc und Umweltnaturwissenschaften
Bsc mit Vertiefungen in Ökologie und Evolution (Biologie), Wald und Landschaft oder Umweltbiologie besonders empfohlen.

 Natural Science and Technical Electives
 Biomedicine

Number Title Type ECTS Hours Lecturers

701-0614-00L Allergies and Environment W  1 credit 1V P. Schmid-Grendelmeier
Abstract Allergic diseases are common and of increasing importance. In this course symptoms and management of allergies such as hay fever,

asthma, eczema or food allergy are presesented. The importnat interactions between environmental factors such as air quality, climate,
nutrition and form and frequency of allergic diseases will be discussed.

Objective Knowledge of the basics of allergic diseases in humans, especially the so-called atopic diseases. Knowledge of the environmental
allergens and the possible mechanisms responsible for the increase in allergic reactions. Knowledge of the interactions between individual
genetic predisposition, environmental allergens and other environmental factors such as air pollutants.

Content Basic types of allergic diseases. Concept of atopy  and intolerances. 
Pathophysiology of IgE-mediated reactions including mechanisms of IgE regulation. Epidemiological data regarding the increase of
allergies as environmental diseases No. 1 and reasons for this increase. 
Discussion of the most important inhalant and nutritional allergens such as pollen, house dust mites, fungal spores, food and food
additives.

Lecture notes Scripts, leaflets and lecture notes are handed in.
Literature Scripts, leaflets and lecture notes are handed in. 

Suggested reading:
Axel Trautmann und Jörg Kleine-Tebbe:
Allergie-Diagnose/Allergie-Therapie
Thieme-Verlag. 2 Auflage (2013)
ISBN 978-3-13-142181-4

Leaflets:
www.ck-care.ch
https://www.ck-care.ch/en/information-sheets

Edcuatioal short videos:
https://www.ck-care.ch/online-campus 


http://eduf.com.br/the-allergy-handbook-a-doctors-guide-to-successful-treatment_2019_printable_file.pdf

Prerequisites /
notice

Basic knowledge in immunology (T /B cells, immunoglobulins)

Interest in clinical symptoms and correlation with Environment and Immune system
Possibilty of Master thesis in translational medecine

227-0398-10L Physiology and Anatomy for Biomedical Engineers II W  3 credits 2G M. Wyss
Abstract This course offers an introduction into the structure and function of the human body, and how these are interlinked with one another.

Focusing on physiology, the visualization of anatomy is supported by 3D-animation, Computed Tomography and Magnetic Resonance
imaging.

Objective To understand basic principles and structure of the human body in consideration of the clinical relevance and the medical terminology used
in medical work and research.
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Content Digestive system, nutrition and digestion
Thermal balance and thermoregulation
Kidneys and urinary system
Endocrine system and hormones
Reproductive System
Basic anatomy of neck, face and cranium
Basics of neurophysiology and neuroanatomy
Sense organs

Lecture notes Lecture notes and handouts
Literature Silbernagl S., Despopoulos A. Color Atlas of Physiology; Thieme 2008

Faller A., Schuenke M. The Human Body; Thieme 2004
Netter F. Atlas of human anatomy; Elsevier 2014

752-1300-00L Introduction to Toxicology W  3 credits 2V R. Eggen, S. J. Sturla
Abstract Introduction to how chemical properties and biological interactions govern the disposition and influences of toxicants.
Objective The objectives are for the student to establish a framework for examining adverse effects resulting from exposures to toxicants by

understanding key mechanisms that give rise to toxic responses and disease processes.
Content This course will introduce mechanisms governing the chemical disposition and biological influences of toxicants.  The course is geared

toward advanced bachelors students in food science, environmental science, and related disciplines, such as chemistry, biology and
pharmaceutical sciences.  Examples of topics include: dose-response relationships and risk assessment, absorption, transport, and
biotransformation of xenobiotic chemicals; Carcinogenesis; DNA damage, repair, and mutation; Immunotoxicity; Neurotoxicity; and modern
toxicity testing strategies.  These fundamental concepts in Mechanistic Toxicology will be integrated with examples of toxicants relevant to
food, drugs and the environment.

Literature Casarett & Doull's Toxicology, The Basic Science of Poisons. Seventh Edition. Editor: Curtis D. Klaassen, 2008, McGraw-Hill. (available
on-line)

Prerequisites /
notice

Basic knowledge of organic chemistry and biochemistry is required.

 Soil Sciences
Number Title Type ECTS Hours Lecturers

701-0362-00L Soils and Vegetation of the Alps (Excursion)
Diese Exkursion (max. 24 Plätze) gehört zur Vorlesung
«Flora und Vegetation der Alpen» (701-0364-00; A.
Widmer). Sie kann nur gleichzeitig mit der Vorlesung oder
nach bestandener Prüfung belegt werden. Alternativ ist
eine Teilnahme möglich mit bestandenen Prüfungen in
«Bodenchemie» (701-0533-00L; R. Kretzschmar, D.I.
Christl) und «Pedosphäre» (701-0501-00L; R.
Kretzschmar).

W  2 credits 2P A. Widmer, R. Kretzschmar

Abstract The excursion in the area of Davos illustrates how climatic and edaphic factors shape the distribution of alpine plants. Visits of multiple
sites on different bedrocks in the subalpine and alpine elevational belts reveal connections between climatic conditions, soil formation and
vegetation development.

Objective The students
- understand how parent rock, topography, climate, and vegetation influence soil forming processes and resulting soil properties (e.g.
nutrients, water) in the Alps.
- understand, how climatic and edaphic factors affect the occurrence and distribution of alpine plants.
- are familiar with characteristic plant communities on acidic, basic and ultramafic bedrock in the subalpine and alpine elevational belts.
- know characteristic plant species and plant communities of the subalpine and alpine elevational belts in the Alps.

Content 4-day excursion in the area of Davos with visits of sites on different bedrock (dolomite, gneiss/mica schist, amphibolite, serpentinite) in the
subalpine and alpine elevational belts.
Structure, development and characteristics of the soils and of their effects on the vegetation; characteristic plant species and communities
on different soil types.

Lecture notes A guide to the excursion will be made available.
Literature Landolt E. 2003: Unsere Alpenflora. 7.Aufl., SAC-Verlag.
Prerequisites /
notice

Please note that this course will be taught in German.

701-0518-00L Soil Resources and Global Change W  3 credits 2G S. Dötterl, M. W. Evangelou
Abstract Introduction into the importance, concepts and areas of action related to soil development and the use of soil resources in a changing

world.
Objective Understanding the 

- conditions under which soils develop and are used at the global scale

- consequences and problems of the use of soil and the resulting pressure on soil resources

- impact of climate and global change on the future development of soil resources

Content Soil functions and soil formation; regional and global soil development, impacts of land use on soil water and gas circulation; forms of soil
pollution and degradation; regional and global estimates of soil degradation; soil amendment and remediation of contaminated soils;
planning and legal implementation of soil protection.

Lecture notes Handouts will be available for download. Related scientific articles will be recommended after each session.
Literature Some useful text books to know of: 


- Scheffer/Schachtschabel - Soil Science, Springer, Heidelberg, 2016.

- Brady N.C. and Weil, R.R. The Nature and Properties of Soils. 14th ed. Prentice Hall, 2007.

- Press & Siever: Allgemeine Geologie, 7th ed., Springer, Heidelberg, 2016.  

- Mason/Burt - Physical Geography, 5th ed., Oxford Uni. Press, Oxford, 2015.

Prerequisites /
notice

Prerequisites: Interest in physical geography and soil development. Basic knowledge in chemistry, biology and geology. A previous
participation in lecture "Pedosphere" (701-0501-00L) is recommended.

701-0524-00L Soil Biology W  3 credits 2V O. Daniel, B. W. Frey
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Abstract Soil organisms play a key role in natural soil functions. The course focuses on anthropogenic impacts such as management, land-use
change and climate change on soil biodiversity.

Objective Basic knowledge on biological structures and functions in soil. Discussion of biological interactions, nutrient cycles and energy fluxes in the
subsurface. Here we try to answer the following questions: How do environmental factors influence soil organisms? How they can be
studied and how they are influenced? Which ecosystem functions are performed by soil organisms? What are important microbial
processes in the carbon and nitrogen cycle?

Content Structure of the habitat soil: Chemical, physical and biological factors coupling soil-water-air. Structure of soil biocoenoses. Soil fauna-
environment and soil microorganism-environment interactions. Nutrient cycles, organic matter decomposition and biologically catalyzed
processes in soil. Evaluation of soil biological methods.

Lecture notes Handouts and student assignments will be distributed during the course.
Literature No specific books required. Some recommendations will be given in the course
Prerequisites /
notice

Prerequisites: basic knowledge in soil physics, soil chemistry, zoology and mikrobiology.

701-0972-00L Introduction into Organic Farming Systems W  3 credits 2V P. J. Mäder, D. M. Dubois,
B.  Oehen

Abstract The lecture provides an overview over the principles and practices of organic agriculture. Lessons in the disciplines soil sciences, plant and
animal production, and socio-economics are held by different experts. The students deepen their knowledge with an exercise on the topic
of resilience. The course closes with an excursion on organic farms, and gives the opportunity for critical reflections.

Objective The students are familiar with the principles and practices of organic farming and can identify its strengths and weaknesses. They are
familiar with the specific challenges in plant and animal production in organic farming and have the capability for critically assessing
potential solutions in organic farming to resolve the challenges society is facing.

More detailed Information about the objectives are published on moodle:
https://moodle-app2.let.ethz.ch/course/view.php?id=11851

Content PART I: Lecture: Introduction in Organic Farming Systems

INTRODUCTION
1. Roots of organic farming, historical development of farming systems, share of organic farming in Switzerland and Europe
Basic principles and requirements organic farming, standards

PLANT PRODUCTION
2. Soil fertility - Results from long-term experiments 

3. Reduced soil tillage
Non-chemical weed control

4. Sustainable crop rotations
Organic fertilisation concepts

5. Plant protection: Regulation of diseases and pests

6. Increasing biodiversity
Organic breeding strategies and variety selection

ANIMAL PRODUCTION
7. Animal health and complementary veterinary Medicine

8. Sustainability, ethics and product quality in animal husbandry   


FOOD 
9. Food quality of organic produces, latest meta-analyses on food quality in organic farming


10. Multifunctionality of organic farming
Agricultural Policy

EXCURSION
11. Farm visit Goetsch, Zurich and optional  "Meh als Gmües"

SUSTAINABILITY
11. Sustainability assessment of organic farms 
SMART, LCA

RESILIENCE
13. Presentation/discussion of student papers

14. Examination (written test)

Lecture notes Power Point presentations on Moodle for registred students.

Scripts on Moodle for registred students

https://moodle-app2.let.ethz.ch/course/view.php?id=11851

Literature Recommended: 
Otto Schmid and Robert Obrist Robert (2001): Biologischer Landbau. Landwirtschaftliche Lehrmittelzentrale, Zollikofen, 267 pp (in
German)
 
Nic Lampkin Nic, Measures Mark and Padel Susanne (2006):  Organic Farm Management Handbook. University of Wales, Aberystwyth.
240pp
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Prerequisites /
notice

This lecture (701-0972-00L FS 2020) is recomended for the participation in the second part en bloc "Comparison of ecological farming
systems" 701-0974-00L FS 2020.

The lecture can be taken alone without the second part.

Conditions for the credit points is a written test.

Structure:
Lecture (Part I): 14 times 2h weekly lectures plus exercice (3 CRPT)

Second part en bloc (Part II): One study week with excursions, exercices and workshops (end of spring Semester: 8. - 12. June 2020) (3
CRPT)

701-0974-00L Comparison of Different Swiss Farming Systems
Number of participants limited to 30.

W  3 credits 3G B.  Oehen, P. J. Mäder

Abstract The students are able to make comparisons between farming systems (organic, integrated, conventional) and to assess their contribution
to a sustainable development.

Objective The students are familiar with the different methods of agriculture (organic, integrated, conventional) in Switzerland and are able to assess
their performance on an ecological, economic and social level.

Content Course content Block II: Comparison of agricultural systems (IP and Bio) 

We will visit the Research Institute of Organic Agriculture and get to know research projects for the further development of sustainable
agriculture.

We will deepen the implementation of the concept of sustainable agriculture in practice by visiting 6 different farms. The farm managers
describe their farm strategy, their goals, the difficulties and opportunities they see for their farm. 

On the last day, the various elements are reflected upon and feedback for the farms is compiled.


The course will take place all day from Tuesday, 12 June 2020 - Friday, 09 June 2020. From 09 June 2019 to 10 June 2019 we will be
staying overnight at a company.

Students pay a maximum of CHF 100 per person for accommodation, meals and transport.

Lecture notes Scripts are distributed in the course

Scripts can be downloaded from the web with an access code from MOODLE System: https://moodle-
app2.let.ethz.ch/course/view.php?id=1986

Prerequisites /
notice

Precondition for this course is the participation in the introductionary course "Organic Farming Systems" in the former courses.

The course cannot  only be taken when the Part I has been followed or with good documented knowledge of organic farming

Condition for credit points is the active participation in the course.

Structure:
one study week with excursions, exercices and workshops.

701-1802-00L Ecology of Forest Soil
Theoretical and practical knowledge in soil science are
required for this lecture. The successful attendace of the
following classes meet the requirements e.g. 701-
0501-00L    Pedosphere, 701-0034-06L    Integrated
Practical: Soil, 701-0560-00L    Practical "Forests and
Landscapes"

W  3 credits 2G S. Zimmermann, J. Luster

Abstract Deepen and apply basic knowledge in forest soil ecology obtained in previous courses; includes autonomous study of selected questions in
working groups and lectures on case studies. 

Objective -    Deepen and apply the basic knowledge in forest soil ecology obtained in previous courses (Bachelor degree).
-    Get familiar with current issues in forest soil ecology based on case studies directed to practical problems
-    Gain a deeper understanding through autonomous studies of selected questions in forest ecology in working groups. This includes an
autonomous soil description in the field.

Content -    Overview of forest soils in Switzerland /concept of reference soils
-    Forest and water (hydromorphic soils, water retention, flood protection and forest soils)
-    Physical soil protection in forests: DPSIR approch (driver-pressure-state-impact-response), regeneration after compaction
-    Acidification of forest soils
-    Inorganic soil contamination (focus on heavy metals)
-    spatial soil information (soil maps, extrapolation of point information)
-    Long-term forest ecosystem research: monitoring of atmospheric pollution and reaction of the soil (soil solution and soil matrix)
-    Nutrient pools and cycling in the soil environment 
-    Soil-plant-interactions / processes in the rhizosphere
-    Carbon balance and global change
-    Land-use effects on the carbon balance
-    Drought and forest soils

Lecture notes Lecture notes, working material exercises will be handed out.
Literature - Walthert, L., Zimmermann, S., Blaser, P., Luster, J., Lüscher, P., 2004: Waldböden der Schweiz. Volume 1. Grundlagen und Region Jura.

Birmensdorf, Eidgenössische Forschungsanstalt WSL. Bern, Hep Verlag, 768 pp.
- Blaser, P., Zimmermann, S., Luster, J., Walthert, L., Lüscher, P. 2005: Waldböden der Schweiz. Volume 2. Regionen Alpen und
Alpensüdseite. Birmensdorf, Eidgenössische Forschungsanstalt WSL. Bern, Hep Verlag, 920 pp.
- Zimmermann, S., Luster, J., Blaser, P., Walthert, L., Lüscher, P. (2006): Waldböden der Schweiz. Volume 3. Regionen Mittelland und
Voralpen. Birmensdorf, Eidgenössische Forschungsanstalt WSL. Bern, Hep Verlag. 848 pp.
- Ott, E., Frehner, M., Frey, H.-U., Lüscher, P., 1997: Gebirgsnadelwälder. Ein praxisorientierter Leitfaden für eine standortgerechte
Waldbehandlung. Haupt, Bern. 287 pp.
- Blume, H.P., Brümmer, G., Horn, R., Kandeler, E., Kögel-Knabner, I., Kretzschmar, R., Stahr, K.,  Wilke, B.M. 2010.
Scheffer/Schachtschabel, Lehrbuch der Bodenkunde, 16th edition, Spektrum Akademischer Verlage, Heidelberg, 569 pp.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1676 of 1785

Prerequisites /
notice

- Practical field work as a basis for a presentation held during class is part of the requirement. Workload approximately 1 day.
- Each learning unit of 2 hours will be organised as follows. A lecture of one hour is followed by an hour of autonomous study in working
groups on a selected topic.
- It is required that students have some knowledge in practical Soil Science (recommended: Integrated applied soil course, 4th semester,
and courses of the specialization "Wald und Landschaft", part site classification (soil science & phytosociology) 6th semester)

751-3402-00L Plant Nutrition II - Integrated Nutrient Management
Only for Students in BSc/MSc Agricultural Sciences and
Students in MSc Environmental or Food Sciences. 
Number of participants limited to 40.

W  2 credits 2V A. Oberson Dräyer

Abstract Teaching knowledge on nutrient fluxes in agroecosystems so as to maximize nutrient use efficiency by crops and minimize losses to the
environment while providing optimal nutrient supply to crops. Methods to establish nutrient budgets are presented. Nutrient input and
output variables (e.g. losses by various pathways) are treated and their optimal management presented.

Objective At the end of the lecture the students can establish nutrient budgets, can critically evaluate agricultural systems as source of elements for
the environment and can propose agricultural practices that limit these losses while maximizing nutrient use efficiency and optimizing
nutrient supply to crops.

Content This course provides understanding of integrated nutrient management in agro-ecosystems so as to maximize nutrient use efficiency by
crops while minimizing nutrient losses to the environment at optimal nutrient supply to the crop. The characteristics of input and output
variables will be treated. These variables encompass organic (e.g. animal manure, plant residues, recycled organic wastes) and mineral
fertilizers (e.g. minerals and products from recycling), symbiotic nitrogen fixation, nutrient deposition and pathways of nutrient losses.
Measures to mitigate nutrient losses to the environment will be presented. Different methods will be taught so as to calculate nutrient
budgets at various levels of the agro-ecosystem. Using case studies on nutrient rich and nutrient poor agro-ecosystems, strategies for an
optimal nutrient management will be discussed that integrate attributes of soils, plants and fertilizers.

In particular the treatment of case studies results in interactive lectures. Exercises done outside the classes help to foster the matter.
Finally, they work on a focal topic of their interest. This is either i) the analysis and presentation of a paper, or ii) the analysis of the nutrient
status of a farm by the means of nutrient budgeting and the development of integrated fertilization system including a modified scenario of
that farm. In either case, they work in groups and present the outcome in an oral presentation (including peer feedback) of in a short written
report.

701-0522-01L Applied Soil Ecology W  2 credits 2G A. M. Gramlich
Abstract This self-guided e-learning course gives students the possibility to deepen their knowledge and understanding in important areas of soil

science and to apply it in little case studies to real-world problems.
Objective To deepen the knowledge and understanding of important topics in soil science and to learn by means of selected example cases– how

this knowledge can be applied to solve in real-world problems in soil use and protection.
Content The course consists of 8 modules, of which three must be worked through to gain 2 credit points: 1) water storage in soil, 2) dynamics of

soil organic matter, 3) soil erosion, 4) soil aeration and soil compaction, 5) soil acidification, 6) fertility and sustainable use of soil, 7) soil
contamination and remediation, 8) soil salinization

Prerequisites /
notice

Basic knowledge in soil sciences.

 Methodes of Statistical Data Analysis
Number Title Type ECTS Hours Lecturers

701-0104-00L Statistical Modelling of Spatial Data W  3 credits 2G A. J. Papritz
Abstract In environmental sciences one often deals with spatial data. When analysing such data the focus is either on exploring their structure

(dependence on explanatory variables, autocorrelation) and/or on spatial prediction. The course provides an introduction to geostatistical
methods that are useful for such analyses.

Objective The course will provide an overview of the basic concepts and stochastic models that are used to model spatial data. In addition,
participants will learn a number of geostatistical techniques and acquire familiarity with R software that is useful for analyzing spatial data.

Content After an introductory discussion of the types of problems and the kind of data that arise in environmental research, an introduction into
linear geostatistics (models: stationary and intrinsic random processes, modelling large-scale spatial patterns by linear regression,
modelling autocorrelation by variogram; kriging: mean square prediction of spatial data) will be taught. The lectures will be complemented
by data analyses that the participants have to do themselves.

Lecture notes Slides, descriptions of the problems for the data analyses and solutions to them will be provided.
Literature P.J. Diggle & P.J. Ribeiro Jr. 2007. Model-based Geostatistics. Springer.


Bivand, R. S., Pebesma, E. J. & Gómez-Rubio, V. 2013. Applied Spatial Data Analysis with R. Springer.

Prerequisites /
notice

Familiarity with linear regression analysis (e.g. equivalent to the first part of the course 401-0649-00L Applied Statistical Regression) and
with the software R (e.g. 401-6215-00L Using R for Data Analysis and Graphics (Part I), 401-6217-00L Using R for Data Analysis and
Graphics (Part II)) are required for attending the course.

252-0842-00L Introduction to Programming and Problem Solving
Number of participants limited to 80.

W  3 credits 2V+1U D. Komm

Abstract Core concepts of Computer Science and their implementation in Python.
Objective The goals of the course are consolidating the knowledge about the programming language Python on the one hand, and learning about

core concepts of computer science that are essential in algorithm design on the other hand.  The focus is on computational thinking, that is,
the ability to solve problems systematically by developing algorithms.  Different strategies are introduced, analyzed theoretically, and
implemented in Python.  The combination of theory and practice is central in this course.

Content - Repetition of basic programming concepts such as variables, lists, control structures, and loops
- Reading in and visualizing data
- Complexity theory
- Sorting and searching
- Dynamic programming
- Recursion
- Graph algorithms

Lecture notes Lecture website: http://lec.inf.ethz.ch/ppl
Prerequisites /
notice

Recommendation:
- Foundations of Computer Science (252-0852-00)
- Application Oriented Programming Using Python (252-0840-01)

401-0102-00L Applied Multivariate Statistics W  5 credits 2V+1U F. Sigrist
Abstract Multivariate statistics analyzes data on several random variables simultaneously. This course introduces the basic concepts and provides

an overview of classical and modern methods of multivariate statistics including visualization, dimension reduction, supervised and
unsupervised learning for multivariate data. An emphasis is on applications and solving problems with the statistical software R.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1677 of 1785

Objective After the course, you are able to:
- describe the various methods and the concepts behind them
- identify adequate methods for a given statistical problem
- use the statistical software R to efficiently apply these methods
- interpret the output of these methods

Content Visualization, multivariate outliers, the multivariate normal distribution, dimension reduction, principal component analysis, multidimensional
scaling, factor analysis, cluster analysis, classification, multivariate tests and multiple testing

Lecture notes None
Literature 1) "An Introduction to Applied Multivariate Analysis with R" (2011) by Everitt and Hothorn 

2) "An Introduction to Statistical Learning: With Applications in R" (2013) by Gareth, Witten, Hastie and Tibshirani

Electronic versions (pdf) of both books can be downloaded for free from the ETH library.

Prerequisites /
notice

This course is targeted at students with a non-math background. 

Requirements:
==========
1) Introductory course in statistics (min: t-test, regression; ideal: conditional probability, multiple regression)
2) Good understanding of R (if you don't know R, it is recommended that you study chapters 1,2,3,4, and 5 of "Introductory Statistics with
R" from Peter Dalgaard, which is freely available online from the ETH library)

An alternative course with more emphasis on theory is 401-6102-00L "Multivariate Statistics" (only every second year).

401-0102-00L and 401-6102-00L are mutually exclusive. You can register for only one of these two courses.

401-6624-11L Applied Time Series W  5 credits 2V+1U M. Dettling
Abstract The course starts with an introduction to time series analysis (examples, goal, mathematical notation). In the following, descriptive

techniques, modeling and prediction as well as advanced topics will be covered.
Objective Getting to know the mathematical properties of time series, as well as the requirements, descriptive techniques, models, advanced

methods and software that are necessary such that the student can independently run an applied time series analysis.
Content The course starts with an introduction to time series analysis that comprises of examples and goals. We continue with notation and

descriptive analysis of time series. A major part of the course will be dedicated to modeling and forecasting of time series using the flexible
class of ARMA models. More advanced topics that will be covered in the following are time series regression, state space models and
spectral analysis.

Lecture notes A script will be available.
Prerequisites /
notice

The course starts with an introduction to time series analysis that comprises of examples and goals. We continue with notation and
descriptive analysis of time series. A major part of the course will be dedicated to modeling and forecasting of time series using the flexible
class of ARMA models. More advanced topics that will be covered in the following are time series regression, state space models and
spectral analysis.

 Ecology and Conservation Biology
Number Title Type ECTS Hours Lecturers

701-0303-00L Forest Communities and Their Sites W  2 credits 1G H.-U. Frey
Abstract Systematic overview of Swiss forest vegetation, communities and their site factors and methods of vegetation survey will be shown.
Objective * Knowledge of important forest communities and their site factors.

 
* Interpretation of communities in relation of their ecology, management and preservation.

* Knowledge of importent plants and their indicator values.

* Understanding the interaction of site factors and communities.

* Knowledge of the methods of the analysis of vegetation data and their critical evaluation.

Content Eine systematische Übersicht über die Waldvegetation der Schweiz und deren Standortsverhältnisse wird aufgezeigt. Wichtige
Standortstypen, deren charakteristische Pflanzenzusammensetzung, ausschlaggebende Faktoren und Bewirtschaftungshinweise werden
vermittelt. Besprochen werden zudem grundlegende Konzepte und Methoden der Vegetationskunde, Probleme der Datenerhebung und
verschiedene Ansätze der Datenauswertung. Die Disziplin wird in der Geschichte der Naturwissenschaften positioniert.

Lecture notes Wird während dem Unterricht verteilt. 
Die Unterlagen stehen auch unter www.fe.ethz.ch, Rubrik Lehre/Lehrmaterialien/Lehrmaterialien zum Herunterladen zur Verfügung (nethz-
Zugriff).
Sämtliche während der Vorlesung gezeigten Abbildungen stehen auf www.fe.ethz.ch zur Verfügung.
Ein eigens zusammengestelltes e-learning Programm kann auf www.fe.ethz.ch heruntergeladen werden.

Literature BAFU (2005) Nachhaltigkeit und Erfolgskontrolle im Schutzwald.
http://www.bafu.admin.ch/publikationen/publikation/00732 
Ellenberg, H. (1996) Vegetation Mitteleuropas mit den Alpen 5.Aufl. Ulmer, Stuttgart.
Ott E., Frehner M., Frey, H.U., Lüscher, P. (1997) Gebirgsnadelwälder. Haupt, Bern.
Steiger P., (2010) Wälder der Schweiz 4.Aufl. Ott Thun

Prerequisites /
notice

Die Lehrveranstaltung "Waldvegetation und Waldstandorte" ist Voraussetzung zum Verständnis der im Praktikum "Wald und Landschaft -
Teil Standortskunde" gebotenen Inhalte!

701-0310-00L Conservation Biology W  2 credits 2G F. Knaus
Abstract In this course, the students explore ecological approaches, philosophical foundations, and practical implementations of conservation

activities. Based on case studies, they are introduced to different views, values and ideals inherent in these activities.
Objective Students of this course are able to:

- understand the historical development and the current state of biodiversity and estimate possible future trends
- explain the economic legal, political and philosophical foundations of conservation activities
- define different possibilities of how conservation can be implemented in practice
- identify and critically appraise normative elements in conservation
- analyse and evaluate a nature conservation project from conception to successful completion.
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Content The course covers the following content:
- Describe and analyse the past, current and future human impacts on biodiversity. 
- Explore alternative approaches to nature conservation and their implementation for example species or habitat protection, restorations,
parks, etc. 
- Discuss the ethical, moral, legal, and economic reasons for conservation. 
- Understand the main theories relevant to conservation such as the vulnerability of small populations, ecosystem services, biodiversity,
etc. 
- Explore practical examples during excursions and provide an analysis and evaluation of concrete case studies.

Lecture notes Kein Skript
Literature Küster H. 1999: Geschichte der Landschaft in Mitteleuropa. Von der Eiszeit bis zur Gegenwart. Beck, München, Germany. 424p.

Piechocki R. 2010: Landschaft, Heimat, Wildnis. Schutz der Natur - aber welcher und warum? Beck'sche Reihe, Beck, München, Germany.
266p.
Primack R.B. 2008: A primer of Conservation Biology. Fourth Edition. Sinauer Associates, Sunderland MA, USA. 349p.

Prerequisites /
notice

Kenntnisse aus den folgenden LV sind vorausgesetzt:
- Allgemeine Biologie I
- Allgemeine Biologie II
- Biologie III: Ökologie
- Biologie IV: Diversität der Pflanzen und Tiere

701-0314-00L Plant Diversity: Colline/Montane
Prerequisite: Enrollment and successful performance
assessment of LV 701-0360-00L (Systematic Biology:
Plants).

Enrollment for target group until 16.02.2020
Waiting list until 27.03.2020.
The excursion fee has to be payed until 02.03.2020.
Unpaid places will be given to students on the waiting list.

W  3 credits 6P R. Berndt, A. Guggisberg

Abstract The practical focuses on the flora and vegetation of the central Rhone valley in the canton Valais. During an excursion to Visp, the students
will deepen their knowledge of plant species and learn to recognize important vegetation units and their ecological characteristics. An
introductory lecture will be given in Zurich.

Objective Knowledge of the most important vegetation types, their flora and ecological conditions in an intramontane xeric valley (central Rhone
valley). Consolidation of taxonomic and plant morphological knowledge. Experience in plant determination using scientific determination
keys. Teaching of basic collecting and herbarium techniques.

Content This course provides an introduction to the flora and vegetation of the central Wallis. During the excursions, the students will become
acquainted with one of the botanically richest regions of Switzerland. They will study the diverse vegetation types, their species diversity
and the respective environmental conditions.
Besides deepening the knowledge of plant species and vegetation, we will focus on the climatic and biogeographic framework in the central
Wallis and the enormous impact of man on all vegetation types, even seemingly pristine ones. 
During the excursions and in the evenings there will be plenty of time to practice the identification of vascular plant species with a scientific
flora and to get to know how plants should be collected, pressed and prepared for the herbarium.

Literature -Baltisberger M., Nyffeler R. & Widmer A. 2013: Systematische Botanik. 4., vollständig überarbeitete und erweiterte Aufl. v/d/f
Hochschulverlag AG an der ETH Zürich.
-Hess H.E., Landolt E., Hirzel R. & Baltisberger M. 2015: Bestimmungsschlüssel zur Flora der Schweiz. 7., aktualisierte und überarbeitete
Aufl., Birkhäuser Verlag, Basel/Boston/Berlin.

Prerequisites /
notice

We only admit students to the practical who have successfully completed the introductory lectures of Prof. Leuchtmann and the associated
exercises and excursions (cf. course 701-0360-00L). 
It is expected that the participants know how to use a determination key (Bestimmungsschlüssel zur Flora der Schweiz) and understand the
necessary botanical terminology.

Students from other universities are requested to contact the lecturers.

Program:
2.6.: Introduction (Zurich, ETH Zentrum, CHN building)
9.-13.6.: Excursion to Valais (Visp)
16.6. (morning): Exam (Zurich, ETH Zentrum, CHN building)

The excursion will take place in the mountains under any weather conditions. The participants should be equipped appropriately to cope
with rough and steep terrain and adverse weather conditions. Sturdy mountain boots are mandatory!

701-0314-01L Plant Diversity: Subalpine/Alpine
Prerequisite: Enrollment and successful performance
assessment of LV 701-0360-00L (Systematic Biology:
Plants).

Enrollment for target group until 16.02.2020
Waiting list until 27.03.2020.
The excursion fee has to be payed until 02.03.2020.
Unpaid places will be given to students on the waiting list.

W  3 credits 6P A. Guggisberg, R. Berndt

Abstract The practical focuses on the flora and vegetation of the northern Alps and covers the altitudinal range between the upper montane and the
lower alpine zone. During an excursion to Kandersteg, the students will deepen their knowledge of plant species and learn to recognize
important vegetation units and their ecological characteristics. An introduction will be provided in Zurich.

Objective Getting to know the most important vegetation types, their flora and ecological conditions in the northern Alps (Bernese Oberland).
Consolidation of taxonomic and plant morphological knowledge. Experience in plant determination using scientific determination keys.
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Content This course provides an introduction to the flora and vegetation of the northern Alps. During the excursions, the students will become
acquainted with the botanical richness of the Alps and the ecological specificities of the encountered habitats. The students will not only
gain knowledge in plant species, but also learn which environmental conditions do plants cope with and which adaptation they have
evolved. We will further introduce the geology of the Alps and investigate, how the bedrock influences the vegetation in the alpine zone.

Following topics will be addressed in this course:

1) Lectures: Climatic and geological divisions of the Alps. Effect of local conditions on vegetation of different altitudes. Adaptation of plants
to various alpine conditions.

2) Excursions: Identification of vascular plant species. Characteristic vegetation types of the subalpine and alpine zone (e.g. subalpine
conifer forests, tall-herb communities and green alder scrubs, alpine grassland and scree vegetation, subalpine floodplain forest with fens)
and their ecological conditions. Interaction between plants and their environment: examples from pollination, reproduction and dispersal
strategies; Adaptations of plant species to their environment.

Literature -Baltisberger M., Nyffeler R. & Widmer A. 2013: Systematische Botanik. 4., vollständig überarbeitete und erweiterte Aufl. v/d/f
Hochschulverlag AG an der ETH Zürich.
-Hess H.E., Landolt E., Hirzel R. & Baltisberger M. 2015: Bestimmungsschlüssel zur Flora der Schweiz. 7., aktualisierte und überarbeitete
Aufl., Birkhäuser Verlag, Basel/Boston/Berlin.

Prerequisites /
notice

We only admit students to the practical who have successfully completed the introductory lectures in systematic botany of Prof.
Leuchtmann together with the associated exercises and excursions (cf. course 701-0360-00L). In addition, we expect that the participants
know how to use a determination key (Bestimmungsschlüssel zur Flora der Schweiz) and understand the necessary terminology.

Students from other universities are requested to contact the lecturers.

Program:
16.6. (afternoon) Introduction for subsequent week (Zurich, ETH Centre, CHN building)
22.6.-26.6. Excursion northern Alps (Kandersteg)
29.6. Exam and visit of Herbarium (Zurich, Botanical Garden, University of Zurich).

The excursion will take place in the mountains under any weather conditions. The participants should be able to cope with rough and steep
terrain and should bring appropriate equipment. Sturdy mountain boots are mandatory!

Course fees:
The ETH Departments of Biology and Environmental Systems Sciences financially support this excursion. The costs amount CHF 260.- per
student and cover transport, accommodation and full board.

701-0316-00L Woody Plants of Central Europe W  3 credits 2G A. Rudow
Abstract Trees and shrubs are significant structural elements of forests and landscapes and drivers of several important ecosystem processes. The

course builds on the Introduction to Dendrology (Autumn Semester) and provides a wide survey about the woody plant flora of Central
Europe as well as an in-depth knowledge of the identification, the ecology and the use of a large palett of selected species.

Objective Advanced knowledge of the woody plant species native in Middle Europe. Ability to identify selected species and taxonomic groups as well
as ability to decribe and explain their morphological, physiological and ecological characteristics. Practical knowledge of in situ observation
of woody plants and a differentiated view on forest ecosystems.

Content Enlargement of the basic knowledge about woody plants on the basis of concrete observations and practical exercises in the classroom as
well as on the excursions (building on the course Introduction to Dendrology, Dendrology I). Emphasis on the identification of 160 selected
native and introduced tree and shrub species of Central Europe as well as an in-depth knowledge of the mode of life of trees and shrubs
and the ecological traits of the 80 most frequent woody plant species (physiology, autecology, synecology, habitat) in the context of current
forest and landscape topics.

Lecture notes Rudow, A., 2019: Gehölzpflanzen Mitteleuropas - Folien (in German).
Rudow, A., 2019: Dendrologie II - Bestimmungshilfe für 160 einheimische und eingeführte Gehölzarten (in German).
Rudow, A., 2019: Dendrologie II - Ökologische Eigenschaften von 80 häufigen einheimischen und eingeführten Gehölzarten (in German).

Literature Aas, G., 2017: Bäume und Sträucher. Bestimmungsschlüssel der Gehölze Mitteleuropas (in German).
Steiger, P., 2016: Esche, Espe oder Erle? Pflanzenporträts aller wild wachsenden Gehölze Mitteleuropas (in German).
(a broad overview on literature will be given during the course)

Prerequisites /
notice

The course is based on 701-0266-00L Introduction into Dendrology (Dendrology I). This or equivalent knowledge is a prerequisite for the
course.
Half of the course will be held in form of excursions and exercises in the forest (Zurich, Argovia, Alps) and botanical collections.
Weatherproof clothes are presupposed.

701-0322-00L Seminar with Conservation Practitioners W  2 credits 2S R. Holderegger, A. L. Bergamini
Abstract In this seminar, students meet with conservation practitioners. The students and the practitioners, will consider current concepts and

problems in nature conservation. This includes input-presentations by practitioners, and students will discuss and treat relevant problems in
more detail.

Objective The aim of the seminar is to bring students into contact with practitioners in nature conservation and to consider and discuss current
problems of nature conservation in Switzerland.

Content The seminar consists of several blocks, each dealing with a separate problem or topic of nature conservation. Each block includes a
presentation and a more-in-depth treatment of the corresponding theme in student groups and discussions. The invited professionals are
from national and cantonal authorities, consulting offices, NGOs or from research institutes. Additionally, there is a short excursion.

Lecture notes No script. Diverse material will be made available.
Literature No text book.
Prerequisites /
notice

The additional effort of students, in addition to the lecture hours, is about 2 hours per week.
The evaluation of student activities is an integral part of the seminar.

Teaching form: This seminar needs the active participation of students! It consists of input talks, group work, presentations, discussions,
reading and a short excursion.

701-0324-00L Rain Forest Ecology W  2 credits 2G C. Kettle, C. D. Philipson
Abstract Tropical rain forests host most of the world's terrestrial biodiversity, are critical to global climate, and support livelihoods of billions of

people. This course addresses their ecology with a view to understanding the impact of management and land use change on Forest
resilience and capacity to deliver multiple ecosystem services and support sustainable development.
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Objective The course has several learning objectives organised in three sections:

Overview of rain forest formations
1.    Explore the diversity and functioning of one of the world's most important biomes: tropical rain forests.

The ecology and dynamics of rain forest systems
2.    Introduce and evaluate competing ecological and biogeographic theories of species coexistence.
3.    Understand how interacting ecological processes acting over multiple time and spatial scales can shape patterns of species diversity.
4.    Explore how species, functional groups and environment interact to shape rain forest structure and function.

Conservation and management of tropical rain forest regions
5.    Recognise and understand the complexity of threats facing rain forests and their implications to human wellbeing.
6.    Apply ecological theory and ecosystem understanding to current conservation challenges.
7.    Understand conservation and land management strategies in the tropics and evaluate the conditions for their success

A primary objective of the course is to encourage students to use basic ecological knowledge to infer conclusions and evaluate strategies
that address more applied environmental challenges. In so doing students would be encouraged to draw upon the ecological knowledge
gained from this course, but also from other courses in ecology, ecological genetics, ecosystem function, conservation, agriculture and land
use.

Content The course will first address the fundamental ecological processes underlying tropical rain forest form, diversity and function. Building upon
this foundation, issues of more applied relevance will be introduced, including threats to rain forests and their biodiversity, and strategies for
biodiversity conservation forest protection. This will gradually be developed to incorporate increasingly broader and global considerations
that are highly relevant to tropical rain forests including land use in the context of increasing global food demands and the need to reduce
global carbon emissions. The course will draw on ecological theory, biodiversity assessment, economic theory, remote sensing
technologies, spatial modelling, environmental services, ecosystem management and land use planning, and will therefore be
complementary to a variety of other courses offered at Bachelor and Masters level.

Lecture notes Leture notes will be provided as necessary for each session. A list of references and case studies will also be given. Each classes will be
orientated by a plenary lecture, followed by extensive class discussions and group exercises to be conducted in the sessions.  All material
will be provided in advance of such discussions.

Literature Ghazoul, J and Sheil, DS (2010) Tropical rain forest ecology, diversity and conservation. Oxford University Press. And current papers
selected from the recent literature

701-0362-00L Soils and Vegetation of the Alps (Excursion)
Diese Exkursion (max. 24 Plätze) gehört zur Vorlesung
«Flora und Vegetation der Alpen» (701-0364-00; A.
Widmer). Sie kann nur gleichzeitig mit der Vorlesung oder
nach bestandener Prüfung belegt werden. Alternativ ist
eine Teilnahme möglich mit bestandenen Prüfungen in
«Bodenchemie» (701-0533-00L; R. Kretzschmar, D.I.
Christl) und «Pedosphäre» (701-0501-00L; R.
Kretzschmar).

W  2 credits 2P A. Widmer, R. Kretzschmar

Abstract The excursion in the area of Davos illustrates how climatic and edaphic factors shape the distribution of alpine plants. Visits of multiple
sites on different bedrocks in the subalpine and alpine elevational belts reveal connections between climatic conditions, soil formation and
vegetation development.

Objective The students
- understand how parent rock, topography, climate, and vegetation influence soil forming processes and resulting soil properties (e.g.
nutrients, water) in the Alps.
- understand, how climatic and edaphic factors affect the occurrence and distribution of alpine plants.
- are familiar with characteristic plant communities on acidic, basic and ultramafic bedrock in the subalpine and alpine elevational belts.
- know characteristic plant species and plant communities of the subalpine and alpine elevational belts in the Alps.

Content 4-day excursion in the area of Davos with visits of sites on different bedrock (dolomite, gneiss/mica schist, amphibolite, serpentinite) in the
subalpine and alpine elevational belts.
Structure, development and characteristics of the soils and of their effects on the vegetation; characteristic plant species and communities
on different soil types.

Lecture notes A guide to the excursion will be made available.
Literature Landolt E. 2003: Unsere Alpenflora. 7.Aufl., SAC-Verlag.
Prerequisites /
notice

Please note that this course will be taught in German.

701-0364-00L Flora and Vegetation of the Alps
Zur dieser Vorlesung gehört eine 4-tägige Exkursion (max.
24 Plätze) nach Davos. Für eine Teilnahme an der
Exkursion muss die Lehrveranstaltung «Böden und
Vegetation der Alpen» (Nr. 701-0362-00) separat belegt
werden.

W  1 credit 1V A. Widmer

Abstract This course provides an introduction to the flora and vegetation of the Alps. This includes the climatic conditions at different elevations, the
origin of Alpine plants, centers of diversity, ecological requirements and adaptations to prevailing environmental conditions, as well as
characteristic plant communities at different altitudes and soil types.

Objective The students
- understand how climatic and edaphic factors affect the occurrence and distribution of alpine plants
- know characteristic plant species of the subalpine and alpine elevational belts in the Alps
- are familiar with characteristic plant communities on acidic, basic and ultramafic soils in the subalpine and alpine elevational belts.

Content Climatic conditions at different elevations in the Alps; origin and distribution patterns; centers of diversity; ecological requirements and
adaptations to prevailing environmental conditions; altitudinal belts; characteristic plant communities on different bedrock (dolomite, acidic
and basic silicates, serpentine).

Lecture notes Course material will be provided.
Literature Landolt E. 2003: Unsere Alpenflora. 7.Aufl., SAC-Verlag.
Prerequisites /
notice

Solid background in systematic botany and successful participation in the course "Systematic Biology: Plants" (Nr. 701-0360-00). It is
further recommended that students have also participated in the block course "Plant Diversity" (Nr. 701-2314-00L), or alternatively the two
courses "Plant Diversity: Colline/Montane" (701-0314-00L) and "Plant Diversity: Subalpine/Alpine" (701-0314-01L).

Notice:
The 4-day excursion “Soils and Vegetation of the Alps” (Nr. 701-0362-00) belongs to this lecture course. The excursion takes place in
Davos from Wednesday 1 July to Saturday 4 July 2020.

Please note that this course will be taught in German.
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701-1638-00L Mountain Forest Ecology (Field Course) W  2 credits 4P P. Bebi, A. Rigling
Abstract The field course offers an introduction to the field of mountain forest ecology and management of mountain forests. The students learn in a

group to carry out a project based on a self-defined research question.
Objective The participants get an overview of important processes and patterns related to forest dynamics in mountain forests. They get insight into

research on the topics of mountain forest ecology and management of mountain forests. They learn to define research objectives,
formulate research hypotheses and work out a research proposal. In a team the students learn to prepare and carry out a small research
project and to present the research results.

Content During a visit of the SLF (Institute for Snow and Avalanche Research) we get insight into the importance of snow for the Davos landscape.
In a short excursion with the forester, we learn different aspects of the management of mountain forests. During a further, full-day excursion
in the Dischma - Stillberg area (Davos) and on the basis of presentations, the participants will get an overview of important processes and
patterns related to forest dynamics in mountain forests as well as of disturbances (avalanches, insect outbreaks, blowdown, fire). The
participants get insight into ongoing research projects in mountain forest ecology. Gaps in current knowledge will be highlighted, research
hypotheses will be formulated and topics for research questions will be defined. In small groups the participants will prepare a proposal for
a research project they will carry out during the week. Lecturers will supervise the group works. On the last day the participants will present
their results.

Lecture notes You can retrieve current information and course material from the Moodle server in due time.

Prior to the course, an introduction on climate, soil and vegetation of the Alps from Landolt and Urbanska (2003) and an excursion guide
will be handed out.

Literature See "Lecture notes".
Prerequisites /
notice

The field course takes place from 15 June 2020 (Monday) to 20 Juni 2020 (Saturday).

In addition to the students from ETH Zurich there will be students of the University Freiburg (Germany) as well as of the AgroParisTech in
Nancy (France). From each of the three institutions, a maximum of 7 students may be accepted ("first come first serve"), free places will be
filled up with students from the other institutions. The application is binding.

The course will be given in English and takes place nearby Davos (Switzerland). We in the Shima (Davos, beginning of Dischmavalley).
The overall costs for each student are expected to be 225.- Fr (including accommodation, breakfast and dinner), which will have to be paid
during the field week. The remaining expenses will be paid by ETH.
 
Control of success: For 60 hours of total work (2 credit points), each student has to
- attend the information event (1 hour; date to be announced);
- read an introduction on climate, soils and vegetation of the Alps as well as the excursion guide prior to the course (5 hours of work);
- actively participate in the course, including presentation at the last day (46 hours);
- write a short report on the research following the course (8 hours).

Coordination: The course is coordinated by the Chair of Forest Growth and Dendroecology at the University Freiburg, the Swiss Federal
Institute for Forest, Snow and Landscape Research (WSL), the WSL-Institute for Snow and Avalanche Research (SLF) and the ENGREF
(École nationale du génie rural, des eaux et des forêts) at the AgroParisTech.
 
Focus group: The course is open to interested Bachelor students in the 3rd study year, on request also to Master students.

Recommended requirements: Attendance of the course "Forest Ecology" (701-0561-00) and/or "Practical Forests and Landscapes" (701-
0560-00), or a comparable course at a different university.

851-0158-13L Ecology and Environmentalism
Number of participants limited to 40

Particularly suitable for students of D-ERDW, D-HEST, D-
USYS, D-BIOL

W  3 credits 2S N. Guettler

Abstract The notion of „ecology“ refers to both, scientific research on environments as well as their protection. But how have academic ecology and
the environmental movements intersected throughout history?

Objective In the seminar, students will read and discuss key sources as well as secondary literature on the knowledge transfers between scientific
ecology and the environmental movements of the 19th and 20th century. Topics range from 19th-century homeland movement and the rise
of ecological awareness in colonial settings, to the rise of an environmental awareness during the Cold War, with a special focus on „green“
politics in Europe. Apart from scientists and „counter-scientists“ the seminar focuses on concepts and ideas that circulated between
academic ecology and different nature movements. 
The participants learn to engage historically with original texts as well as to handle independently the extensive historical literature on the
history of environmentalism. At the same time, they develop a critical understanding of different political agendas that have shaped
academic and popular ecology until the present day. Students also learn to communicate their findings by writing short (and fictive) blog
posts on different aspects of this history.

 Environmental Chemistry/Ecotocxicology
Number Title Type ECTS Hours Lecturers

701-0206-00L Selected Topics of Physical Chemistry W  2 credits 2G P. Funck
Abstract 1. Kinetics of complex reactions

2. Thermodynamics of mixtures and systems with several phases: Partition between phases, colligative properties of solutions, coexistence
of phases, phase rule, phase diagrams
3. Phase boundaries: Surface tension, surface excess concentration, adsorption, colloids

Objective More detailed knowledge of macroscopic physico-chemical phenomena
Content 1. Kinetics of complex reactions: Pre-equilibrium, steady-state approximation, enzyme kinetics

2. Thermodynamics of mixtures and systems with several phases: Chemical potential, standard states and activities, partition between
phases, colligative properties of solutions, coexistence of phases, phase rule, phase diagrams of pure substances and binary mixtures
3. Phase boundaries: Surface tension, surface excess concentration, adsorption on solids, stability of colloids

Lecture notes Lecture notes can be downloaded from the teaching document repository.
Literature - Wedler, G., Freund, H.-J., Lehr- und Arbeitsbuch Physikalische Chemie, 7. Aufl., Wiley-VCH, Weinheim 2018

- Atkins, P., de Paula, J., Keeler, J., Physical Chemistry, 11th edition, Oxford University Press, 2018
- Shaw, D.J., Introduction to Colloid and Surface Chemistry, 4th ed., Butterworth-Heinemann 1992

Prerequisites /
notice

Knowledge of kinetics and thermodynamics from "Chemie I+II"
Competent handling of elementary calculus

701-0208-00L Introduction to Environmental Chemistry and
Microbiology
Does not take place this semester.
Prerequisites: Chemistry I & II and Microbiology.

W  1 credit 1G M. Lever, K. McNeill
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Abstract With excursions the students gain insights into scientific as well as practical aspects of various areas in which environmental chemistry and
microbiology play a key role. Topics include a.o. waste water treatment, landfills, drinking water purification, impact of agriculture on
surface water quality and environmental assessment of synthetic chemicals.

Objective Learning of typical problems in environmental chemistry and microbiology. Applying basic knowledge of chemistry and microbiology to
environmentally relevant problems.

Content Discussion of case studies combined with excursions.
Lecture notes Moodle (https://moodle-app2.let.ethz.ch/course/view.php?id=3860)

Zusätzliche Unterlagen werden evtl. abgegeben.
Prerequisites /
notice

Chemistry I and II and Microbiology

551-1420-00L Molecular Biology W  2 credits 2G D. Santelia, J. Fütterer
Abstract The course deals with

(i) Structure and replication of DNA, transcription, RNA processing, translation, mutation and DNA repair, stability and variability of
genomes, regulation of gene activities. (ii) Modern molecular methods by which these processes are examined. (iii) Practical applications in
genetic engineering, plant breeding and food biotechnology.

Objective At the end of this course, students are able to (i) Define technical terms of molecular biology and apply them to biological phenomena. (ii)
Understand the structure and function of the genetic material as well as the processes of its natural and artificial change. (iii) Describe
standard methods of molecular biology and explain their applications.

Literature “Molecular Biology, Principles of Genome Function”, Second Edition (2014), Oxford
N. Craig, O. Cohen-Fix, R. Green, C. Greider, G. Storz, C. Wolberger

529-0289-00L Spectra Interpretation of Organic Compounds W  2 credits 2G R. Zenobi, M. Badertscher, K. Eyer,
Y. Yamakoshi

Abstract Exercises in interpretation of molecular spectra
Objective Mastering the interpretation of molecular spectra.
Content In the first part of the lecture, the students work in small groups on solving particular problems in structure elucidation, interpreting mass,

1H-NMR, 13C-NMR, IR, and UV/VIS spectra, optionally in discussion with the lecturers. In the second part the problems are solved by a
lecturer.

Lecture notes Spectroscopic problems will be distributed
Literature E. Pretsch, P. Bühlmann, M. Badertscher, Structure Determination of Organic Compounds: Tables of Spectral Data, Springer-Verlag,

Berlin, 2009, 4th revised and enlarged Engl. ed.

E. Pretsch, G. Tóth, M. E. Munk, M. Badertscher, Computer-Aided Structure Elucidation: Spectra Interpretation and Structure Generation,
Wiley-VCH, Weinheim, 2002.

Prerequisites /
notice

The course is based on the lectures Analytical Chemistry I (529-0051-00) and Analytical Chemistry II (529-0058-00).
Solutions to the problems will be posted on the internet.

752-1300-00L Introduction to Toxicology W  3 credits 2V R. Eggen, S. J. Sturla
Abstract Introduction to how chemical properties and biological interactions govern the disposition and influences of toxicants.
Objective The objectives are for the student to establish a framework for examining adverse effects resulting from exposures to toxicants by

understanding key mechanisms that give rise to toxic responses and disease processes.
Content This course will introduce mechanisms governing the chemical disposition and biological influences of toxicants.  The course is geared

toward advanced bachelors students in food science, environmental science, and related disciplines, such as chemistry, biology and
pharmaceutical sciences.  Examples of topics include: dose-response relationships and risk assessment, absorption, transport, and
biotransformation of xenobiotic chemicals; Carcinogenesis; DNA damage, repair, and mutation; Immunotoxicity; Neurotoxicity; and modern
toxicity testing strategies.  These fundamental concepts in Mechanistic Toxicology will be integrated with examples of toxicants relevant to
food, drugs and the environment.

Literature Casarett & Doull's Toxicology, The Basic Science of Poisons. Seventh Edition. Editor: Curtis D. Klaassen, 2008, McGraw-Hill. (available
on-line)

Prerequisites /
notice

Basic knowledge of organic chemistry and biochemistry is required.

 Environmental Physics
Number Title Type ECTS Hours Lecturers

701-0106-00L Mathematics V: Applied Deepening of Mathematics I -
III

W  3 credits 2G M. A. Sprenger

Abstract Selected mathematical topics are presented for later use in more specialised lectures. Part of the topics were already discussed in the
lectures Mathematics I-III. Here, they should be shortly recapitulated and most importantly applied to practical problems. If necessary, new
mathematical concepts and methods will be introduced in order to solve challenging and inspiring problems from practice.

Objective The aim of this lecture is to prepare the students for the more specialised lectures. They should become more familiar with the
mathematical background, the mathematical concepts und most of all with their application and interpretation.

Content Practical examples from the following areas will be discussed: ordinary differential equations; eigenvalue problems from linear algebra;
systems of linear and nonlinear differential equations; partial differential equations (diffusion, transport, waves).

701-0234-00L Atmospheric Chemistry: Instruments and Measuring
Techniques

W  1 credit 1V U. Krieger

Abstract Measuring Techniques: Environmental Monitoring, Trace Gas Detection, Remote Sensing, Aerosol Characterization, Techniques used in
the laboratory.

Objective Find out about the specific problems connected to composition measurements in the atmosphere. Working out criteria for selecting an
optimal measuring strategy. Acquiring knowledge about different measuring methods their spectroscopic principles and of some specific
instruments.

Content Es werden Methoden und Geräte vorgestellt und theoretisch analysiert, die in atmosphärenchemischen Messungen Verwendung finden:
Geräte zur Überwachung im Rahmen der Luftreinhalteverordnung, Spurengasanlysemethoden, "remote sensing", Aerosolmessgeräte,
Messverfahren bei Labormessungen zu atmosphärischen Fragestellungen.

Literature B. J. Finnlayson-Pitts, J. N. Pitts, "Chemistry of the Upper and Lower Atmosphere", Academic Press, San Diego, 2000
Prerequisites /
notice

Methodenvorlesung zu den Praktika 701-0460-00 und 701-1230-00. Die Kontaktzeiten in diesen Praktika sind so abgestimmt, dass der
(empfohlene) Besuch der Vorlesung möglich ist.

Voraussetzungen: Atmosphärenphysik I und II

701-1236-00L Measurement Methods in Meteorology and Climate
Research

W  1 credit 1V M. Hirschi, D. Michel
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Abstract The course provides the physical, technical, and theoretical basics for measuring physical quantities in the atmosphere. Also,
considerations related to the planning of observation campaigns and to data evaluation are discussed.

Objective Aims of the course are:
- to become sensitive for specific problems when making measurements in the atmosphere under severe environmental conditions
- to gain knowledge of the different measurement methods and techniques
- to develop criteria for the choice of the optimal measurement method for a given problem
- to find the optimal observation strategy in terms of choice of instrument, frequency of observation, accuracy, etc.

Content Problems related to time series analysis, sampling theorem, time constant and sampling rate. Theoretical analysis of different sensors for
temperature, humidity, wind, and pressure. Discussion of effects disturbing the instruments. Principles of active and passive remote
sensing. Measuring turbulent fluxes (e.g. heatflux) using eddy-correlation technique. Discussion of technical realizations of complex
observing systems (radiosondes, automatic weather stations, radar, wind profilers). Demonstration of instruments.

Lecture notes Students can download a copy of the lectures as PDF-files.
Literature - Emeis, Stefan: Measurement Methods in Atmospheric Sciences, In situ and remote. Bornträger 2010, ISBN 978-3-443-01066-9

- Brock, F. V. and S. J. Richardson: Meteorological Measurement Systems, Oxford University Press 2001, ISBN 0-19-513451-6
- Thomas P. DeFelice: An Introduction to Meteorological Instrumentation and Measurement. Prentice-Hall 2000, 229 p., ISBN 0-
13-243270-6
- Fritschen, L.J., Gay L.W.: Environmental Instrumentation, 216 p., Springer, New York 1979.
- Lenschow, D.H. (ed.): Probing the Atmospheric Boundary Layer, 269 p., American Meteorological Society, Boston MA 1986.
- Meteorological Office (publ.): Handbook of Meteorological Instruments, 8 vols., Her Majesty's Stationery Office, London 1980.
- Wang, J.Y., Felton, C.M.M.: Instruments for Physical Environmental measurements, 2 vol., 801 p., Kendall/Hunt Publ. Comp., Dubuque
Iowa 1975/76.

Prerequisites /
notice

The lecture focuses on physical atmospheric parameters while lecture 701-0234-00 concentrates on the chemical quantities. The lectures
are complementary, together they provide the instrumental basics for the lab course 701-0460-00. Contact hours of the lab course are such
that the lectures can be attended (which is recommended).

402-0048-00L Advanced Physics for Students of Environmental and
Earth Sciences

W  6 credits 4V+2U H.-A. Synal

Abstract Basic concepts of quantum and nuclear physics with emphasis on environmental and earth science aspects
Objective This lecture is an introduction to the so-called "modern physics". It discusses phenomena that can no longer be described with the classical

ideas of mechanics and classical electrodynamics. The fundamentals of quantum and nuclear physics will be taught and their significance
in environmental and earth sciences will be demonstrated. In selected examples and numerous demonstration experiments phenomena
will be discussed which can only be explained by quantum mechanical or nuclear physical models.

Content Quantum physics:
Basics of quantum mechanics: Planck's radiation related to the Earth's radiation budget and climate, photoelectric effect, matter waves,
uncertainty relation, Schrödinger equation, box potential, tunnel effect, harmonic oscillator.
Atomic and molecular physics:
Hydrogen atom, energy states, absorption and emission of electromagnetic radiation, molecular oscillation states, laser.
Nuclear physics:
Structure of the atomic nucleus (nuclear models, nuclear forces), radioactivity (types of decay), interaction of radiation with matter,
detection of radioactive radiation, radiation effect and radiation dose, nuclear fission and fusion, natural and artificial radioactivity in the
environment, radioisotopes as natural tracers.

Lecture notes Script is distributed in the lecture. Further documents on special topics will be handed out.
Literature - H. Haken, H. C. Wolf: Atom- und Quantenphysik, 8. Aufl. (Springer, 2004)

- K. Bethge, G. Walter, B. Wiedemann: Kernphysik, 2. Aufl. (Springer, 2001)

 Environmental Planning
Number Title Type ECTS Hours Lecturers

701-0900-00L The UN Sustainable Development Goals in Context W  2 credits 2G B. Wehrli, O. Kassab
Abstract The United Nations Agenda 2030 and its 17 Sustainable Development Goals (SDGs) provide an opportunity for the international

community to shape the course of sustainable development. With their range of expertise, universities can develop the science to help
achieving the SDGs. The lectures center on sustainability challenges and provide context from academics and societal actors.

Objective 1.    Students know important dimensions of sustainable development and the discourses in the context of the SDGs 
2.    Students get an overview how ETH Zurich contributes to sustainable development and the achievement of the SDGs
3.    The lecture series enables students to contribute to sustainable development during their studies and research, as graduates on the
job market, and as members of the society
4.    Writing and reviewing a short blog post trains students to communicate acquired knowledge effectively for a broader audience.

Content Kick-Off: Introduction to the SDGs:
1 – Education, gender and inequality
2 – Health, well-being and demography
3 – Climate change, decarbonization and sustainable industry
4 – Sustainable food, land, water and oceans
5 – Sustainable cities and communities
6 – Digital revolution for sustainable development 
Conclusion: Student inputs: Wrap up and synthesis

Lecture notes 1-2 short papers will be posted on the Moodle each weak.
Literature Selected scientific articles: 


Sachs, J. D. (2019). Six Transformations to achieve the Sustainable Development Goals. Nature Sustainability, DOI:
https://doi.org/10.1038/s41893-019-0352-9

Schwan, G. (2019): Sustainable Development Goals: A call for global partnership and cooperation. GAIA 28/2, 73, DOI:
https://doi.org/10.14512/gaia.28.2.1

Prerequisites /
notice

Open to advanced Bachelor and all Master level students enrolled at ETH Zurich

701-0953-00L GIS Case Study
Prerequisites: 701-0951-00L "GIS - Introduction into
Geoinformation Science" in autumn semester or
comparable preparatory training.

W  2 credits 2A M. A. M. Niederhuber

Abstract This course engrosses the close to practice application of geographic information systems by means of self-dependent case studies
(project work), being handled by small teams.
The students elaborate a project schedule, conceive an analysis workflow, effect a multi-stage analysis within the context of an
environmental problem and present their results to the course plenum.
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Objective The students ...
- deepen selected theoretical and practical skills of the GIST Bachelor course on a specified case;
- are able to acquaint themselves independently with complex spatial problems;
- can develop the necessary data and process models for the implementation;
- can independently manage and execute a project from planning to presentation;
- learn to work together with scientists of applied research.

Content Die Studierendene führen eine praxisorientierte GIS-Analyse durch und präsentieren am Ende ihre Ergebnisse.
Lecture notes kein Skript
Prerequisites /
notice

Einführungskurs "GIST - Einführung in die Räumlichen Informationswissenschaften und Technologien" oder gleichwertige Vorkenntnisse.

101-0414-00L Transport Planning (Transportation I) W  3 credits 2G K. W. Axhausen
Abstract The lecture course discusses the basic concepts, approaches and methods of transport planning in both their theoretical and practical

contexts.
Objective The course introduces the basic theories and methods of transport planning.
Content Basic theoretical links between transport, space and economic development; basic terminology; measurement and observation of travel

behaviour; methods of the four stage approach; cost-benefit analysis.
Literature Ortuzar, J. de D. and L. Willumsen (2011) Modelling Transport, Wiley, Chichester.

101-0416-10L Road Transport Systems W  3 credits 2G A. Kouvelas
Abstract The course covers road transportation technologies, network design, traffic flow theory, operations of private and public transport,

management and control of intelligent transportation systems.
Objective This course gives the students an overview of topics involved in road transport systems and provides the background for Masters degree

study.
Lecture notes The lecture notes and additional handouts will be provided during the lectures.

102-0214-02L Introduction to Urban Water Management
Civil Engineers and Environmental Scientist have to
enrole for the course unit 102-0214-02L (without
excursions).

W  5 credits 4G E. Morgenroth, M. Maurer

Abstract Introduction to urban water management (water supply,  urban drainage, wastewater treatment, sewage sluge treatment)
Objective This course provides an introduction and an overview over the topics of urban water management (water supply,  urban drainage,

wastewater treatment, sewage sludge treatment). It supports the understanding of the interactions of the relevant technical and natural
systems. Simple models for the design are introduced.

Content Overview over the field of urban water management.
Introduction into systems analysis.
Characterization of water and water quality.
Requirement of drinking water, production of wastewater and pollutants
Production and supply of drinking water.
Urban drainage, treatment of combined sewer overflow.
Wastewater treatment, nutrient elimination, sludge handling.
Planning of urban water infrastructure.

Lecture notes Gujer, W.: Siedlungswasserwirtschaft, 3. Aufl., Springer Verlag Berlin Heidelberg 2007
Handouts

Prerequisites /
notice

This course is required for further in depth courses in urban water management.


102-0516-01L Environmental Impact Assessment W  3 credits 2G S.-E. Rabe
Abstract Focus of the course are the method, the process and content of the Environmental Impact Assessment (EIA) as well as the legal bases

and methods for compiling an environmental impact study (EIS).
Using examples, a comprehensive view of the EIA is made possible by means of excursions.
In the frame of a project the process of am EIA will be workt out by the students.

Objective - Understanding the context of spatial planning and environmental protection
- Ability to use central planning instruments and procedures for assessing the environmental impacts and risks of projects
- Ability to apply quantitative methods to assess the environmental impacts and risks of projects
- Knowledge about the process and content of an EIA
- a capacity for critical review of environmental impact assessments

Content - Nominal and functional environmental protection in Switzerland
- Instruments of environmental protection
- Need for coordination between environmental protection and spatial planning
- Environmental Protection and environmental impact assessment
- Legal basis of the EIA
- Procedure of EIA
- Content of the EIA
- Content and structure of the EIS
- Application of the impact analysis
- Monitoring and Controlling
- View regarding the strategic environmental assessment (SEA)
- Excursions projects obligated under the EEA

Lecture notes No script. The documents for the lecture can be found for download on the homepage of the Chair of Planning of Landscape and Urban
Systems.

Download: http://irl.ethz.ch/de/education/vorlesungen/bsc/environmental_impact.html

Literature - Bundesamt für Umwelt 2009: UVP-Handbuch. Richtlinie des Bundes
für die Umweltverträglichkeitsprüfung. Umwelt-Vollzug Nr. 0923,
Bern. 156 S.
- Leitfäden zur UVP (werden in der Vorlesung bekannt gegben)

Prerequisites /
notice

Additional information on mode of examination:
No calculators allowed

103-0357-00L Environmental Planning W  3 credits 2G M. Sudau, S.-E. Rabe
Abstract The lecture covers tools, methods and procedures of

Landscape and Environmental Planning developed. By means of field trips their implementation will be illustrated.
Objective Knowledge of the various instruments and possibilities for the practical implementation of environmental planning.

Knowledge of the complex interactions of the instruments.
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Content - forest planning
- inventories
- Intervention and compensation
- ecological network
- agricultural policy
- landscape development concepts (LEK)
- parks
- swiss concept of landscape
- riverine zone
- natural hazards
- field trips

Lecture notes - lecture notes concerning the instruments
- Handouts
- Copies of selected literature

Download: http://irl.ethz.ch/de/education/vorlesungen/bsc/environmental_planning.html

Prerequisites /
notice

Additional information on mode of examination:
No calculators allowed

 Specialization in an Environmental System
 Atmosphere and Climate

The following courses are highly recommended as preparation for the Specialization in Atmosphere and Climate:

701-0106-00L Mathematik V: Angewandte Vertiefung von Mathematik I - III (Spring semester)
402-0048-00L Fortgeschrittene Physik für Umwelt- und ErdwissenschaftlerInnen (Spring semester)

These courses should be successfully completed during the second year.

Number Title Type ECTS Hours Lecturers

701-0412-00L Climate Systems W  3 credits 2G S. I. Seneviratne, L. Gudmundsson
Abstract This course introduces the most important physical components of the climate system and their interactions. The mechanisms of

anthropogenic climate change are analysed against the background of climate history and variability. Those completing the course will be
in a position to identify and explain simple problems in the area of climate systems.

Objective Students are able
- to describe the most important physical components of the global climate system and sketch their interactions
- to explain the mechanisms of anthropogenic climate change
- to identify and explain simple problems in the area of climate systems

Lecture notes Copies of the slides are provided in electronic form.
Literature A comprehensive list of references is provided in the class. Two books are

particularly recommended:
- Hartmann, D., 2016: Global Physical Climatology. Academic Press, London, 485 pp.
- Peixoto, J.P. and A.H. Oort, 1992: Physics of Climate. American Institute of Physics, New York, 520 pp.

Prerequisites /
notice

Teaching: Sonia I. Seneviratne & Lukas Gudmundsson, several keynotes to special topics by other professors
Course taught in german/english, slides in english

701-0460-00L Practical Training in Atmosphere and Climate
Number of participants limited to 35.

O  7 credits 14P U. Krieger, M. Böttcher, R. Modini,
T. Peter, A. Prévôt

Abstract The field course offers the opportunity to carry out atmospheric physical and chemical experiments.  Students can acquire knowledge in
experimental, instrumental, numerical or theoretical aspects of atmospheric sciences.

Objective The learning target is the successful execution of interdisciplinary field work within the atmospheric sciences.  To this end the participants
will become acquainted with modern sounding and analysis methods, will collect data and will evaluate these with respect to the state of
the atmosphere and the relevant processes of interest.  Interdisciplinary team work will be practiced across various scientific fields
(physics, chemistry, atmospheric dynamics and transport).

Prerequisites /
notice

Als Voraussetzung für dieses Praktikum werden Kenntnisse der folgenden Kurse benötigt:
- 701-0471-00 Atmosphärenchemie
- 701-0473-00 Wettersysteme
- 251-0840-01 Anwendungsnahes Programmieren mit Matlab/Python
Teilnehmer, die diese Kurse nicht belegt haben, müssen sich die erforderlichen Kenntnisse im Eigenstudium aneignen.  

Als Begleitung zu diesem Praktikum wird der Besuch der folgenden Kurse sehr empfohlen:
- 701-0234-00 Messmethoden in der Atmosphärenchemie
- 701-1236-00 Messmethoden in der Meteorologie

701-0909-00L Seminar Environmental Systems
Only for Environmental Sciences BSc.

O  3 credits 2S B. Wehrli, U. Brändle

Abstract Students work in teams to develop an interdisciplinary research question on the basis of a current environmental topic. They  research the
literature necessary to answer it and create an overview of the scientific facts. On this basis, they then produce information material for a
non-scientific audience in a selected media form.

Objective Students are able to
- develop a question on a given interdisciplinary environmental topic by researching the current research literature and documenting it in a
literature management program
- summarise the scientific facts relevant to a given question in a collaborative approach
- prepare and communicate scientific facts for a given question in a suitable form for a non-scientific audience

Content •    Input von Spezialisten zu geeigneten Kommunikationsformen und Medien (z.b. Review Paper / Kurzvideo / Wikipedia-Artikel / ETH-
Life-Artikel/NZZ-Artikel/TransformationMap/Blog/Interaktive GIS-Karte/Management Summary/Argumentenkatalog/TV-Interview/ …)
•    Input zu Recherche und Schreiben in interdisziplinären Gruppen; Input “Interdisziplinäre Publikationen”
•    Review und Synthese der aktuellen Literatur zu einem vorgegebenen interdisziplinären Themenkreis (z.B. Kivu-See-Methan,
Moorböden und CO2-Ziele, Fischerei und Phosphat, thermische Verschmutzung/Restwasser, …)
•    Arbeit in interdisziplinären Gruppen aus den Vertiefungen (versch. «Experten»)
•    Work-in-Progess Diskussionen der wissenschaftlichen Summaries (SW6) und Informationsmaterialien (SW10) sowie
Schlusspräsentationen (SW13/14)

Prerequisites /
notice

Seminar in der Systemvertiefung im 5.Semester oder gleichwertiges Literaturseminar besucht

 Biogeochemistry
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The following courses are highly recommended as preparation for the Specialization in Biogeochemistry:

701-0225-00L Organic Chemistry (Autumn semester)
752-0100-00L Biochemie (Autumn semester)
752-1300-00L Introduction to Toxicology (Spring semester)

These courses should be successfully completed during the second year.

Number Title Type ECTS Hours Lecturers

701-0420-01L Practical Training in Biogeochemistry O  7 credits 14P L. Winkel, P. U. Lehmann Grunder,
K. McNeill, M. H. Schroth,
A. Voegelin, S. Winton

Abstract First, the students learn how to analyze soil systems with physical, chemical and microbiological methods. Later, the students train their
experimental skills by conducting kinetic experiments in the laboratory and by quantifying process rates under field conditions in a river.

Objective The students learn to apply physical, chemical and microbiological analysis tools in the laboratroy and the field. They use their theoretical
knowledge to interpret their own data, and to critically assess and document them.

Lecture notes Descriptions of the methodologies will be provided.

701-0423-00L Chemistry of Aquatic Systems W  3 credits 2G L. Winkel
Abstract This course gives an introduction to chemical processes in aquatic systems and shows applications to various systems. The following

topics are treated: acid-base reactions and carbonate system, solubility of solids and weathering, redox reactions, complexation of metals,
reactions at the solid/water interface, applications to lakes, rivers and groundwater.

Objective Understanding of chemical processes in aquatic systems. Quantitative application of chemical equilibria to processes in natural waters.
Evaluation of analytical data from aquatic systems.

Content Introduction to the chemistry of aquatic systems. Regulation of the composition of natural waters by chemical, geochemical and biological
processes. Quantitative application of chemical equilibria to processes in natural waters. The following topics are treated: acid-base
reactions, carbonate system; solubility of solid phases and weathering; complexation of metals and metal cycling in natural waters; redox
reactions; reactions at the interface solid phase-water; applications to lakes, rivers, groundwater.

Lecture notes Script is distributed.
Literature Sigg, L., Stumm, W., Aquatische Chemie, 5. Aufl., vdf/UTB, Zürich, 2011.

701-0426-00L Modelling Aquatic Ecosystems
Number of participants limited to 24.

W  3 credits 2G N. I. Schuwirth, P. Reichert

Abstract Knowledge about processes in aquatic ecosystems will be compiled to mathematical models of such systems. This integration of
knowledge stimulates understanding across disciplines and makes it possible to evaluate hypotheses. The participants will be confronted
with ecosystem models of increasing complexity und apply them practically based on an implementation in R.

Objective Students are able to

- describe the most important biological, biochemical, chemical and physical processes in aquatic ecosystems in the form of mathematical
models;

- recognise and explain the interaction of processes in aquatic ecosystems and estimate the resulting behaviour of the entire system;

- mathematically describe important sources of stochasticity and uncertainty in model predictions and quantify their influence on model
results;

- formulate models of aquatic ecosystems, implement them in a programming environment and use them to address problems in practice.

Content Basic concepts:
Principles of modelling environmental systems, formulation of mass balance equations, formulation of transformation processes.

Formulation of ecosystems processes:
Physical processes (transport and mixing, sedimentation, gas exchange, detachment and resuspension), chemical processes (chemical
equilibria, sorption), biological processes (primary production, respiration, death, consumption, mineralization, nitrification, hydrolysis,
bacterial growth, colonization).

Consideration of Stochasticity and Uncertainty
Sources, description, and propagation of stochasticity and uncertainty 

Didactic models of aquatic ecosystems:
Lake phytoplankton model, lake phyto- and zooplankton model, two box oxygen and phosphorus lake model, model of biogeochemical
cycles in a lake, oxygen and nutrient household model of a river, benthic population model of a river.

Research models of aquatic ecosystems:
Research lake models, research river models.

Exercises implementing and practicing the application of the didactic models using libraries of the program package for statistical
computing and graphics R (http://www.r-project.org).

Lecture notes Manuscript in English
http://www.eawag.ch/fileadmin/Domain1/Abteilungen/siam/lehre/modelling_aquatic_ecosystems/modaqecosys.pdf

Prerequisites /
notice

Ecology: Basic knowledge about structure and function of aquatic ecosystems.
Mathematics: Basics of analysis, differential equations, linear algebra, and probability.

701-0478-00L Introduction to Physical Oceanography W  3 credits 2V+1U M. Münnich, T. Frölicher, G.-
K. Plattner

Abstract The lecture gives an overview over physical properties, flows and transport phenomena in stratified water bodies (reservoirs, lakes and the
oceans).  The focus is on oceans, their currents and the role of the seas in the global climate system. Students completing the course are
able to interpret basic flow equations and apply them to phenomema.

Objective Students are able to
- apply the basic conservation principles of physics to various bodies of water.
- explain the singularities of various natural flow systems.
- apply closed solutions and simple evaluation procedures to characterise flow and transport.
- present an overview of the mechanical flow properties of environmental flow systems.
- describe the role of the oceans in the global climate system.
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Content - Review of governing equations (Navier-Stokes equation, Coriolis force, scaling)
 - Stratification and mixing  (molecular diffusion, Reynolds decomposition, turbulent transport, turbulent closure, boundary layers)
 - Density-driven ocean currents (thermocline theory, deep water formation) 
 - Wind-driven ocean currents (Ekman transport, Sverdrub ballance, westerly boundary currents)
 - Waves in Fluids (surface waves, internal waves, Rossby waves)
 - Oceans and climate (El Nino, Ice Ages)

Lecture notes In lieu of a script excerpts the course is accompanied by a Wiki about the topics of the lecture.
Literature - Descriptive Physical Oceanography: An Introduction (L. Talley, G. Pickard)

 - Atmosphere, Ocean and Climate Dynamics (J. Marshall, A. Plumb)
 - Ocean Circulation  (Open University)
 - Waves, Tides & Shallow-Water Processes (Open University)

Prerequisites /
notice

PDFs of the book by L. Talley and the Open University books can be obtained free of charge through ScienceDirect.

701-0524-00L Soil Biology W  3 credits 2V O. Daniel, B. W. Frey
Abstract Soil organisms play a key role in natural soil functions. The course focuses on anthropogenic impacts such as management, land-use

change and climate change on soil biodiversity.
Objective Basic knowledge on biological structures and functions in soil. Discussion of biological interactions, nutrient cycles and energy fluxes in the

subsurface. Here we try to answer the following questions: How do environmental factors influence soil organisms? How they can be
studied and how they are influenced? Which ecosystem functions are performed by soil organisms? What are important microbial
processes in the carbon and nitrogen cycle?

Content Structure of the habitat soil: Chemical, physical and biological factors coupling soil-water-air. Structure of soil biocoenoses. Soil fauna-
environment and soil microorganism-environment interactions. Nutrient cycles, organic matter decomposition and biologically catalyzed
processes in soil. Evaluation of soil biological methods.

Lecture notes Handouts and student assignments will be distributed during the course.
Literature No specific books required. Some recommendations will be given in the course
Prerequisites /
notice

Prerequisites: basic knowledge in soil physics, soil chemistry, zoology and mikrobiology.

701-0909-00L Seminar Environmental Systems
Only for Environmental Sciences BSc.

O  3 credits 2S B. Wehrli, U. Brändle

Abstract Students work in teams to develop an interdisciplinary research question on the basis of a current environmental topic. They  research the
literature necessary to answer it and create an overview of the scientific facts. On this basis, they then produce information material for a
non-scientific audience in a selected media form.

Objective Students are able to
- develop a question on a given interdisciplinary environmental topic by researching the current research literature and documenting it in a
literature management program
- summarise the scientific facts relevant to a given question in a collaborative approach
- prepare and communicate scientific facts for a given question in a suitable form for a non-scientific audience

Content •    Input von Spezialisten zu geeigneten Kommunikationsformen und Medien (z.b. Review Paper / Kurzvideo / Wikipedia-Artikel / ETH-
Life-Artikel/NZZ-Artikel/TransformationMap/Blog/Interaktive GIS-Karte/Management Summary/Argumentenkatalog/TV-Interview/ …)
•    Input zu Recherche und Schreiben in interdisziplinären Gruppen; Input “Interdisziplinäre Publikationen”
•    Review und Synthese der aktuellen Literatur zu einem vorgegebenen interdisziplinären Themenkreis (z.B. Kivu-See-Methan,
Moorböden und CO2-Ziele, Fischerei und Phosphat, thermische Verschmutzung/Restwasser, …)
•    Arbeit in interdisziplinären Gruppen aus den Vertiefungen (versch. «Experten»)
•    Work-in-Progess Diskussionen der wissenschaftlichen Summaries (SW6) und Informationsmaterialien (SW10) sowie
Schlusspräsentationen (SW13/14)

Prerequisites /
notice

Seminar in der Systemvertiefung im 5.Semester oder gleichwertiges Literaturseminar besucht

 Human-Environment Systems
There are no highly recommended courses for the Specialization in Human-Environment Systems.

Number Title Type ECTS Hours Lecturers

701-0650-00L Risk Analysis and Management W  3 credits 2G A. Patt, D. N. Bresch, J. Wohland
Abstract This course introduced students to principles of quantitative risk analysis, across a wide variety of environmental areas including weather

and climate, natural hazards, and toxic substances. It also introduces them to established practices of risk management, including
regulatory approaches, insurance, and contingency planning.

Objective - Competence in applying methods of quantitative risk analysis.
- Understanding of common approaches towards risk management.
- Understanding of the importance of risk and uncertainty in decision- and policy-making.
- Ability to communicate risk information clearly and effectively.

Content Statistics for risk analysis; Monte Carlo simulation; toxicology and epidemiology; exposure assessment; fault tree analysis; risk in decision-
making; risk perception and communication; loss spreading and insurance; mitigating natural hazard losses; risk and climate change policy.

Prerequisites /
notice

none

701-0660-00L Practical Course Anthroposphere O  7 credits 14P S. Hanger-Kopp, O. van Vliet
Abstract The subject of this course is the analysis of interactions within human-environment systems.The students will learn to develop energy

scenarios, guided by different natural and social constraints and aims in a simple optimisation model. We then appraise the relative merits
of the different scenarios using multi-criteria analysis.

Objective In the practical course Anthroposphere students learn how to analyze the interactions in human-environment-systems with scientific tools.
Methods from the natural sciences and social sciences are applied and linked with each other.

Content Multi-criteria analysis (MCA) is a widely used methodology for providing guidance to decision-makers on problems touching many different
aspects of people's lives, where it is impossible or undesirable to reduce all outcomes associated with a particular choice to monetary
values. In the MCA problem that forms the heart of this course is the question of climate change. Students will gain practice at writing
computer simulation models, ultimately developing a simplified model of the energy system, in order to identify and quantify the tradeoffs
between different energy solutions. Using this model it will be possible to identify a number of different effects on society associated with
alternative energy system scenarios. Using data on preferences and values collected via surveys, it will be possible to rank the relative
attractiveness of the alternatives.

Lecture notes Handouts will be presented during the course.
Literature References will be given during the course.

701-0791-00L Environmental History - Introduction and Overview
Change of semester: takes place in spring semester

W  2 credits 2V M. Gisler
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instead of autumn semester.

Number of participants limited to 100.

Abstract Our society faces a serious ecological crisis. Of what historical dimension is this crisis? How have human societies already in earlier times
changed their environment, and, consequently, perhaps also ours? What were the main ecological challenges for societies and how did
they change over time? And how did societies adapt to changing environmental conditions?

Objective Introduction into environmental history; survey of long-term development of human-nature-interrelations; discussion of selected problems.
Improved ability to assess current problems from a historical perspective and to critically interrogate one's own standpoint.

Lecture notes Course material is provided in digital form.
Literature McNeill, John R. 2000. Something new under the sun: An environmental history of the twentieth-century world, New York: Norton.


Uekötter, Frank (Ed.) 2010. The turning points of environmental history, Pittsburgh: University of Pittsburgh Press.

Winiwarter, Verena und Martin Knoll 2007. Umweltgeschichte: Eine Einführung, Köln: Böhlau.

Prerequisites /
notice

Students are asked to write an exam during the last session

701-0791-01L Environmental History
Number of participants limited to 15.

W  1 credit 1S M. Gisler

Abstract The Seminar is connected to Course 701-0791-00 "Environmental History". Selected topics will be treated in the form of short essays.
Objective Introduction into environmental history; survey of long-term development of human-nature-interrelations; discussion of selected problems.

Improved ability to assess current problems from a historical perspective and to critically interrogate one's own standpoint.
Prerequisites /
notice

Voraussetzung ist der Besuch der Vorlesung 701-0791-00 "Umweltgeschichte"

701-0909-00L Seminar Environmental Systems
Only for Environmental Sciences BSc.

O  3 credits 2S B. Wehrli, U. Brändle

Abstract Students work in teams to develop an interdisciplinary research question on the basis of a current environmental topic. They  research the
literature necessary to answer it and create an overview of the scientific facts. On this basis, they then produce information material for a
non-scientific audience in a selected media form.

Objective Students are able to
- develop a question on a given interdisciplinary environmental topic by researching the current research literature and documenting it in a
literature management program
- summarise the scientific facts relevant to a given question in a collaborative approach
- prepare and communicate scientific facts for a given question in a suitable form for a non-scientific audience

Content •    Input von Spezialisten zu geeigneten Kommunikationsformen und Medien (z.b. Review Paper / Kurzvideo / Wikipedia-Artikel / ETH-
Life-Artikel/NZZ-Artikel/TransformationMap/Blog/Interaktive GIS-Karte/Management Summary/Argumentenkatalog/TV-Interview/ …)
•    Input zu Recherche und Schreiben in interdisziplinären Gruppen; Input “Interdisziplinäre Publikationen”
•    Review und Synthese der aktuellen Literatur zu einem vorgegebenen interdisziplinären Themenkreis (z.B. Kivu-See-Methan,
Moorböden und CO2-Ziele, Fischerei und Phosphat, thermische Verschmutzung/Restwasser, …)
•    Arbeit in interdisziplinären Gruppen aus den Vertiefungen (versch. «Experten»)
•    Work-in-Progess Diskussionen der wissenschaftlichen Summaries (SW6) und Informationsmaterialien (SW10) sowie
Schlusspräsentationen (SW13/14)

Prerequisites /
notice

Seminar in der Systemvertiefung im 5.Semester oder gleichwertiges Literaturseminar besucht

151-0226-00L Energy and Transport Futures W  4 credits 3G K. Boulouchos,
P. J. de Haan van der Weg,
G. Georges

Abstract The course teaches to view local energy solutions as part of the larger energy system. Because it powers all sectors, local changes can
have consequences reaching well beyond one sector. While we explore all sectors, we put a particular emphasis on mobility and its unique
challenges. We not only cover engineering aspects, but also policymaking and behavioral economics.

Objective The main objectives of this lecture are:
(i) Systemic view on the Energy Sytem with emphasis on Transport Applications
(ii) Students can assess the reduction of energy demand (or greenhouse gas emissions) of sectoral solutions.
(iii) Students understand the advantages and disadvantages of technology options in mobility
(iv) Students know policy tools to affect change in mobility, and understand the rebound effect.

Content The course describes the role of energy system plays for the well-being of modern societies, and drafts a future energy system based on
renewable energy sources, able to meet the demands of the sectors building, industry and transport. The projected Swiss energy system is
used as an example. Students learn how all sectoral solutions feedback on the whole system and how sector coupling could lead to optimal
transformation paths. The course then focuses on the history, status quo and technical potentials of the transport sector. Policy mixes to
reduce energy demand and CO2 emissions from transport are introduced. Both direct and indirect effects of different policy types are
discussed. Concepts from behavioral economics (car purchase behavior and rebound effects) are presented.

Preliminary schedule:
Block 1.  Energy technologies and policies.
                 Climate, Environment, Security of Supply.Technology options and policies in power generation,   building and industrial sectors . 
Block 2. Transport technologies. 
                Technology options in mobility and their physical aspects 
Block 3. Transport policies 
                Regulation, policy tools and technological potential to affect change in mobility
Block 4. Energy and Transport Futures
                Closing loop across all sectors. Sector-coupling.

Lecture notes t.b.d.
Literature t.b.d.

 Environmental Biology
The following courses are highly recommended as preparation for the Specialization in Environmental Biology:

227-0399-10L    Physiology and Anatomy for Biomedical Engineers I (Autumn semester)
551-0435-00L    Systematische Biologie: Zoologie (Autumn semester)
701-0264-01L    Ergänzungskurs Systematische Botanik (Spring Semester)
701-0360-00L    Systematische Biologie: Pflanzen (Spring semester)
227-0398-10L    Physiology and Anatomy for Biomedical Engineers II (Spring semester)

These courses should be successfully completed during the second year.
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Number Title Type ECTS Hours Lecturers

701-0323-00L Plant Ecology W  3 credits 2V J. Alexander
Abstract This class focuses on ecological processes involved with plant life, mechanisms of plant adaptation, plant-animal and plant-soil

interactions, plant strategies and implications for the structure and function of plant communities. The discussion of original research
examples familiarises students with research questions and methods, and how to evaluate results and interpretations.

Objective After attending this course, you will be able to:
1.    Use your understanding of plant ecological theory to interpret primary data (tables, graphs) from ecological studies.
2.    Critically evaluate evidence and conclusions presented in ecological studies based on your understanding of plant ecological
processes.
3.    Apply your knowledge of plant ecology to make general predictions about major responses of plant communities to biotic and
environmental perturbations.
4.    Evaluate the main methodological approaches used to study ecological processes in plants, and decide when they should be applied
to address a research question.

Content Plant communities can be spectacularly diverse, which has long puzzled ecologists since all plants compete for the same few limiting
resources. Plants also represent the matrix of ecological communities, and the structure and dynamics of plant populations drives the
functioning of terrestrial ecosystems. This course provides insight into these broad themes by providing an introduction to the essential
ecological processes involved with plant life. We use original research examples to discuss how ecological questions are studied and how
results are interpreted. Specific topics include:

- Plant functional traits (e.g. leaf economics, phenology), and how they determine interactions between plants and their physical
environment.
- Plant life-history, and the different ecological strategies plants have developed to grow, survive and reproduce.
- Intra- and interspecific competition as regulators of plant population dynamics and multispecies coexistence.
- Interactions between plants and their friends (e.g. symbiotic fungi, pollinators) and enemies (e.g. herbivores, pathogens) above- and
below-ground.
- Plant functional types and rules in the assembly of plant communities.

Lecture notes Handouts and further reading will be available electronically through the course Moodle at the beginning of the semester.
Prerequisites /
notice

Prerequisites
- General knowledge of plant biology
- Basic knowledge of plant sytematics
- General ecological concepts

701-0326-00L Ecological and Evolutionary Applications W  3 credits 2V J. Jokela
Abstract Application of ecological theory is relevant especially for habitat and ecosystem restoration, for management of endangered species, and

for pest control and harvest management. Ecological applications are central for sustainable ecosystem management and expertise in this
field is needed in various professions. Purpose of this course is to give an overview of the common applications and methods.

Objective Goals of this course are 
(i)    to give an overview of different methods and applications of ecological and evolutionary theory 
(ii)    to illustrate how fundamental and applied research interact in ecology and evolution  
(iii)    to give more detailed view on methods used in restoration ecology and management of populations, with practical examples.
The course uses a textbook, which provides the script and the background reading materials, lectures extend and explain the concepts
introduced in the textbook.

Literature textbook: "Ecological Applications: toward a sustainable world" by Colin R. Townsend. Blackwell publishing.

701-0330-00L Evolutionary Epidemiology of Infectious Diseases W  3 credits 2V J. Koella
Abstract The evolutionary epidemiology of infectious diseases merges the ideas of evolutionary ecology and epidemiology to understand better the

transmission and control of parasites and infectious diseases. The course introduces the theoretical and empirical basis of its key topics.
While using malaria as an example to link these topics, it will also discuss other parasites of humans, animals and plants.

Objective - Students obtain an overview of key topics of evolutionary epidemiology
- Students understand simple epidemiological and evolutionary models
- Students recognise how the epidemiology of parasites is influenced by evolutionary processes
- Students can use evolutionary ideas to understand the success (or lack of it) of methods of control against infectious diseases

Content 1. Übersicht von Parasiten mit Bedeutung für unsere Gesundheit oder die Erhaltung der Biodiversität
2. Manipulation des Verhaltens durch Parasiten
3. Evolution der Virulenz
4. Evolution der Resistenz gegen Parasiteninfektion, und Koevolution von Parasiten und Wirten
5. Grundlagen der theoretischen Epidemiologie
6. Evolution und die Kontrolle von Infektionskrankeiten
7. Parasiten in Ökosystemen
8. Evolutive Entstehung von Infektionskrankeiten

701-0340-00L Practical Course in Environmental Biology O  7 credits 14P C. Vorburger, J. Alexander,
M. Fischer, J. Jokela

Abstract This course aims at developing research skills in environmental biology. Students carry out small research projects in plant ecology,
ecological genetics, aquatic ecology and population biology. These projects include field surveys as well as garden and laboratory
experiments. Students analyse their data statistically and present the results both orally and in written reports.

Objective Students learn how to carry out ecological research projects. They obtain a thorough understanding of selected research topics, and they
gain practical experience in handling a wide range of organisms in various types of ecosystems. 
After the course, successful participants can: 
- formulate precise research questions and testable hypotheses
- design and set up experiments
- measure appropriate variables (for the studied organisms and hypotheses)
- analyse data statistically and draw conclusions from statistical outputs
- present their results according to scientific standards in the research field
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Content The semester starts with an introduction to research questions and hypotheses, experimental design and data analysis.

During the semester, students carry out several small research projects in aquatic and terrestrial ecology, microbial ecology and ecological
genetics. Projects address specific research questions related to general topics such as:
- resource acquisition
- competition, grazing, predation, parasitism
- population structure (demography, spatial patterns)
- community composition, species diversity
- species differentiation and hybridisation

During the field course (one full week after the semester), students carry out their individual project in population biology. They choose the
topic, organism and system they want to study and develop their own research questions. They conduct the entire research project by
themselves and present their results orally and in a report.

Prerequisites /
notice

Compulsory attendance. Absences have to be compensated.
Semester tasks: Oral and/or written presentations after different parts of the course.

701-0909-00L Seminar Environmental Systems
Only for Environmental Sciences BSc.

O  3 credits 2S B. Wehrli, U. Brändle

Abstract Students work in teams to develop an interdisciplinary research question on the basis of a current environmental topic. They  research the
literature necessary to answer it and create an overview of the scientific facts. On this basis, they then produce information material for a
non-scientific audience in a selected media form.

Objective Students are able to
- develop a question on a given interdisciplinary environmental topic by researching the current research literature and documenting it in a
literature management program
- summarise the scientific facts relevant to a given question in a collaborative approach
- prepare and communicate scientific facts for a given question in a suitable form for a non-scientific audience

Content •    Input von Spezialisten zu geeigneten Kommunikationsformen und Medien (z.b. Review Paper / Kurzvideo / Wikipedia-Artikel / ETH-
Life-Artikel/NZZ-Artikel/TransformationMap/Blog/Interaktive GIS-Karte/Management Summary/Argumentenkatalog/TV-Interview/ …)
•    Input zu Recherche und Schreiben in interdisziplinären Gruppen; Input “Interdisziplinäre Publikationen”
•    Review und Synthese der aktuellen Literatur zu einem vorgegebenen interdisziplinären Themenkreis (z.B. Kivu-See-Methan,
Moorböden und CO2-Ziele, Fischerei und Phosphat, thermische Verschmutzung/Restwasser, …)
•    Arbeit in interdisziplinären Gruppen aus den Vertiefungen (versch. «Experten»)
•    Work-in-Progess Diskussionen der wissenschaftlichen Summaries (SW6) und Informationsmaterialien (SW10) sowie
Schlusspräsentationen (SW13/14)

Prerequisites /
notice

Seminar in der Systemvertiefung im 5.Semester oder gleichwertiges Literaturseminar besucht

 Forest and Landscape
The following courses are highly recommended as preparation for the Specialization in Forest and Landscape:

701-0266-00L Einführung in die Dendrologie (Autumn semester)
551-0435-00L Systematische Biologie: Zoologie (Autumn semester)
701-0360-00L Systematische Biologie: Pflanzen (Spring semester)

These courses should be successfully completed during the second year.

Number Title Type ECTS Hours Lecturers

701-0560-00L Practical "Forests and Landscapes"
The lecture "701-0303-00 Waldvegetation und
Waldstandorte" is an important background for the
excursions "Standortkunde". Participation is strongely
recommended. 

O  7 credits 14P H. Bugmann, H.-U. Frey, F. Kienast,
M. Lévesque, S. Niedermann-Meier,
T. N. Sieber, S. Zimmermann

Abstract In this practical, students get to know important field and laboratory methods of forest and landscape research as well as landscape
management. They apply these methods in the context of small projects. The practical consists of three parts: Ecology (both forest and
landscape), Site Classification (soil science & vegetation science), and Land Management.

Objective Students
- know the most important methods of field research in selected branches of forest and
  landscape science
- can apply these methods independently on the context of a project
- are in the position to interpret data from field sampling correctly, and can use them to
  answer applied research questions

Lecture notes Für den Teil Standortskunde steht ein 240-seitiger Führer zur Verfügung (deutsch)
Prerequisites /
notice

For this practical, it is recommended that students have some knowledge in the following subjects (besides the core courses of the
specialization "Wald und Landschaft"):

- Geographic Information Systems (elective course, 5th semester)
- Site classification (elective course "Site classification and plant communities", 6th semester)
- Knowledge of forest soils (elective course "Ökologie von Waldböden", 6th semester)
- Introduction to Dendrology and Woody Plants of Central Europe (elective courses)
- Systematic botany (e.g. biodiversity excursions, plant part, 2th semester)

701-0582-00L Concepts of Forest Management W  3 credits 2G M. Lévesque
Abstract Forests and landscape are influenced by the numerous needs of society. Current conditions are largely the result of historical and modern

forms of forest management. For a good understanding of these systems and for the development of future, adaptive management
concepts, basic knowledge of the past and current concepts of forest management are essential.

Objective Students get an overview over historical and modern forms of forest management. They know the important products and services of
forests and landscapes. They are capable to validate the different forms of management, especially regarding their economic efficiencies,
their influence on ecosystem  functions, processes and structures, habitat quality, biodiversity and negative ecological effects

Content - Historical concepts of forest management, experiences and "lessons learned"
- Goods and services of forests (former and today) basic concepts of forest management (even aged and uneven aged systems, historical
forms, multifunctional concepts) - Advantages and disadvantages of the various concepts (economy, ecology, forest and landscape goods
and services, environment, habitat quality, biodiversity).

Lecture notes No handout
The power point slides are available for download

Literature none
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Prerequisites /
notice

Knowledge of English language required

701-0909-00L Seminar Environmental Systems
Only for Environmental Sciences BSc.

O  3 credits 2S B. Wehrli, U. Brändle

Abstract Students work in teams to develop an interdisciplinary research question on the basis of a current environmental topic. They  research the
literature necessary to answer it and create an overview of the scientific facts. On this basis, they then produce information material for a
non-scientific audience in a selected media form.

Objective Students are able to
- develop a question on a given interdisciplinary environmental topic by researching the current research literature and documenting it in a
literature management program
- summarise the scientific facts relevant to a given question in a collaborative approach
- prepare and communicate scientific facts for a given question in a suitable form for a non-scientific audience

Content •    Input von Spezialisten zu geeigneten Kommunikationsformen und Medien (z.b. Review Paper / Kurzvideo / Wikipedia-Artikel / ETH-
Life-Artikel/NZZ-Artikel/TransformationMap/Blog/Interaktive GIS-Karte/Management Summary/Argumentenkatalog/TV-Interview/ …)
•    Input zu Recherche und Schreiben in interdisziplinären Gruppen; Input “Interdisziplinäre Publikationen”
•    Review und Synthese der aktuellen Literatur zu einem vorgegebenen interdisziplinären Themenkreis (z.B. Kivu-See-Methan,
Moorböden und CO2-Ziele, Fischerei und Phosphat, thermische Verschmutzung/Restwasser, …)
•    Arbeit in interdisziplinären Gruppen aus den Vertiefungen (versch. «Experten»)
•    Work-in-Progess Diskussionen der wissenschaftlichen Summaries (SW6) und Informationsmaterialien (SW10) sowie
Schlusspräsentationen (SW13/14)

Prerequisites /
notice

Seminar in der Systemvertiefung im 5.Semester oder gleichwertiges Literaturseminar besucht

103-0357-00L Environmental Planning W  3 credits 2G M. Sudau, S.-E. Rabe
Abstract The lecture covers tools, methods and procedures of

Landscape and Environmental Planning developed. By means of field trips their implementation will be illustrated.
Objective Knowledge of the various instruments and possibilities for the practical implementation of environmental planning.

Knowledge of the complex interactions of the instruments.
Content - forest planning

- inventories
- Intervention and compensation
- ecological network
- agricultural policy
- landscape development concepts (LEK)
- parks
- swiss concept of landscape
- riverine zone
- natural hazards
- field trips

Lecture notes - lecture notes concerning the instruments
- Handouts
- Copies of selected literature

Download: http://irl.ethz.ch/de/education/vorlesungen/bsc/environmental_planning.html

Prerequisites /
notice

Additional information on mode of examination:
No calculators allowed

 Bachelor Studies (Programme Regulations 2011)
 Social Sciences and Humanities Module

 Module Economics
 Compulsory Courses

Number Title Type ECTS Hours Lecturers

701-0729-00L Social Research Methods
Target group: students of BSc Environmental Sciences

W  3 credits 2G M. Stauffacher, A. Bearth,
O. Ejderyan

Abstract The aim of this course is to impart methodological principles of social science research and thus to stimulate a critical reflection of social
science findings. The course provides an insight into the concrete approach and methods of guideline-based interview techniques and
questionnaire research.

Objective Students are able to
- describe the significance of method-supported procedures in the social sciences.
- explain the basic principles of social-scientific research.
- critically interpret the results of social-scientific research .
- conduct small-scale interviews and surveys via questionnaires.

Content Alle Teilnehmenden verpflichten sich zur aktiven Mitarbeit in Form von drei Übungen (leitfadengestütztes Interview, Erstellung von
Fragebogen, Erhebung und Auswertung von Fragebogen).

Inhaltsübersicht:
(1) Wozu empirische (Sozial-)Forschung?
(2) Der Forschungsablauf im Überblick, verknüpfen von qualitativen und quantitativen Methoden
(3) Leitfadengestützte Interviews: erstellen Leitfaden, Durchführung und Auswertung
(4) Fragebogen: Hypothesen erarbeiten, Fragebogen erstellen, Durchführung, Daten auswerten, und Resultate darstellen

Lecture notes Die Dozierenden arbeiten mit Folien, die als Handout abgegeben werden.
Literature Zur ergänzenden Begleitlektüre kann folgendes Buch empfohlen werden:

Bryman, A. (2012, 4th edition). Social research methods. New York: Oxford University Press.

 Core Courses
Number Title Type ECTS Hours Lecturers

701-0758-00L Ecological Economics: Introduction with Focus on
Growth Critics

W  2 credits 2V I. Seidl

Abstract Students become acquainted with the basics / central questions / analyses of Ecological Economics. Thereby, central will be the topic of
economic growth. What are the positions of Ecological Economics in this regard? What are the theories and concepts to found this position
in general and in particular economic areas (e.g. resource consumption, efficiency, consumption, labour market, enterprises)?
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Objective Become acquainted with basics and central questions of Ecological Economics (EE): e.g. 'pre-analytic vision', field of discipline,
development EE, contributions of involved disciplines such as ecology or political sciences, ecological-economic analysis of topics such as
labour market, consumption, money. Critical analysis of growth and learning about approaches to reduce growth pressures.

Content What is Ecological Economics
Field of the discipline and basics
Resource consumption, its development and measurements
Measurement of economic activity and welfare
Economic growth, growth critics and post-growth society
Consumption, Money, Enterprises, labour market and growth pressures
Starting points for a post-growth society

Lecture notes No Script. Slides and texts will be provided beforehand.
Literature Daly, H. E. / Farley, J. (2004). Ecological Economics. Principles and Applications. Washington, Island Press.

     
Seidl, I. /Zahrnt A. (2010). Postwachstumsgesellschaft, Marburg, Metropolis.

Ausgewählte wissenschaftliche Artikel.
Prerequisites /
notice

Participation in a lecture on environmental economics or otherwise basic knowledge of economics (e.g. A-Level)

701-0764-00L Crtical Reflection Upon the Economic Growth
Paradigm
Number of participants limited to 25.

Target groups: Agricultural Sciences (BSc/MSc) and
Environmental Sciences (BSc/MSc).

W  1 credit 1S I. Seidl

Abstract In this seminar we will read and discuss about three scientific papers which thoroughly and critically deal with economic growth and
environmental topics.

Objective Enhanced knowledge on ecological economics, growth critics of ecological economics, energetical-material implications of growth,
consumer criticism and growth-critical traditions of thought. Reading and reflection upon scientific textes.

Content Growth theory, growth paradigm, growth criticism, energy, entropy, neoclassics versus ecological economics, consumer theories and
consumerism.

Prerequisites /
notice

Participation in course 701-0758-00L Ecological Economics: basics and growth critisism (parallel oder former participation) or very good
basic knowledge in ecological economics or environmental economicse

363-0532-00L Economics of Sustainable Development W  3 credits 2V L. Bretschger
Abstract Concepts and indicators of sustainable development, paradigms of weak and strong sustainability;

neoclassical and endogenous growth models;
economic growth in the presence of exhaustible and renewable resources; pollution, environmental policy and growth;
role of substitution and technological progress;
Environmental Kuznets Curve; sustainability policy.

Objective The aim is to develop an understanding of the implications of sustainable development for the long-run development of economies. It is to
be shown to which extent the potential for growth to be sustainable depends on substitution possibilities, technological change and
environmental policy.
After successful completion of this course, students are able to
1. understand the causes of long-term economic development
2. analyse the influence of natural resources and pollution on the development of social welfare
3. to appropriately classify the role of politics in the pursuit of sustainability goals.

Content The lecture introduces different concepts and paradigms of sustainable development. Building on this foundation and following a general
introduction to the modelling of economic growth, conditions for growth to be sustainable in the presence of pollution and scarce natural
resources are derived. Special attention is devoted to the scope for substitution and role of technological progress in overcoming resource
scarcities. Implications of environmental externalities are regarded with respect to the design of environmental policies.     
Concepts and indicators of sustainable development, paradigms of weak and strong sustainability, sustainability optimism vs. pessimism;
introduction to neoclassical and endogenous growth models;
pollution, environmental policy and growth;
role of substitution possibilities and technological progress;
Environmental Kuznets Curve: concept, theory and empirical results;
economic growth in the presence of exhaustible and renewable resources, Hartwick rule, resource saving technological change.

Lecture notes Will be provided successively in the course of the semester.
Literature Bretschger, F. (1999), Growth Theory and Sustainable Development, Cheltenham: Edward Elgar.


Bretschger, L. (2004), Wachstumstheorie, Oldenbourg, 3. Auflage, München. 

Bretschger, L. (2018), Greening Economy, Graying Society, CER-ETH Press, ETH Zurich.

Perman, R., Y. Ma, J. McGilvray and M. Common (2011), Natural Resource and Environmental Economics, Longman , 4th ed., Essex.

Neumayer, E. (2003), Weak and Strong Sustainability, 2nd ed., Cheltenham: Edward Elgar.

363-1038-00L Sustainability Start-Up Seminar
Number of participants limited to 30.

W  3 credits 2G A.-K. Zobel, A. H. Sägesser

Abstract Experts lead participants through a venturing process inspired by Lean and Design Thinking methodologies. The course contains problem
identification, idea generation and evaluation, team formation, and the development of one entrepreneurial idea per team. A special focus
is put on sustainability, in particular on climate change and renewable energy technologies specifically.

Objective 1.    Students have experienced and know how to take the first steps towards co-creating a venture and potentially company
2.    Students reflect deeply on sustainability issues (with a focus on climate change & energy) and can formulate a problem statement
3.    Students believe in their ability to bring change to the world with their own ideas
4.    Students are able to apply entrepreneurial practices such as the lean startup approach
5.    Students have built a first network and know how to proceed and who to approach in case they would like to take their ventures further.
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Content This course is aimed at people with a keen interest to address sustainability issues (with a focus on climate change and renewable energy),
with a curious mindset, and potentially first entrepreneurial ideas!

The seminar consists of a mix of lectures, workshops, individual working sessions, teamwork, and student presentations/pitches. This class
will be co-taught by an academic expert (studying innovation, entrepreneurship, and sustainability) and an entrepreneurship and
sustainability “practitioner”. Real-world climate entrepreneurs and experts from the Swiss start-up and sustainability community will be
invited to support individual sessions.

All course content is based on latest international entrepreneurship practices. 
 
The seminar starts with an introduction to sustainability (with a special focus on climate change & energy) and entrepreneurship. Students
are asked to self-select into an area of their interest in which they will develop entrepreneurial ideas throughout the course. 
 
The first part of the course then focuses on deeply understanding sustainability problems within the area of interest. Through workshops
and self-study, students will identify key design challenges, generate ideas, as well as provide systematic and constructive feedback to
their peers. 
 
In the second part of the course, students will form teams around their generated ideas. In these teams they will develop a business model
and, following the lean start-up process, conduct real-life testing, as well as pivoting of these business models. 
 
In the final part of the course, students present their insights gained from the lean start-up process, as well as pitch their entrepreneurial
ideas and business models to an expert jury. The course will conclude with a session that provides students with a network and resources
to further pursue their entrepreneurial journey.

Lecture notes All material will be made available to the participants.
Prerequisites /
notice

Prerequisite:
Interest in sustainability & entrepreneurship.

Notes: 
1. It is not required that participants already have a business idea at the beginning of the course. 
2. No legal entities (e.g. GmbH, Association, AG) need to be founded for this course.

Target participants:
PhD students, Msc students and MAS students from all departments. The number of participants is limited to max.30.

Waiting list:
After subscribing you will be added to the waiting list.
The lecturers will contact you a few weeks before the start of the seminar to confirm your interest and to ensure a good mixture of study
backgrounds, only then you're accepted to the course.

851-0609-04L The Energy Challenge - The Role of Technology,
Business and Society
Prerequisites: Basic knowledge in economics.

W  2 credits 2V R. Schubert, T. Schmidt, B. Steffen

Abstract In recent years, energy security, risks, access and availability are important issues. Strongly redirecting and accelerating technological
change on a sustainable low-carbon path is essential. The transformation of current energy systems into sustainable ones is not only a
question of technology but also of the goals and influences of important actors like business, politics and society.

Objective In this course different options of sustainable energy systems like fossile energies, nuclear energy or all sorts of renewable energies are
explained and discussed. The students should be able to understand and identify advantages and disadvantages of the different
technological options and discuss their relevance in the business as well as in the societal context.

Lecture notes Materials will be made available on the electronic learning platform: www.vwl.ethz.ch
Literature Materials will be made available on the electronic learning platform: www.vwl.ethz.ch
Prerequisites /
notice

Various lectures from different disciplines.

751-1101-10L Finances and Accounting System W  2 credits 2G C. Müller
Abstract To understand accounting and calculation of costs.
Objective Ability to keep accounts and calculate costs
Content The course includes the steps of establishing and evaluation of financial accounting, including balance sheet, income statement and

double-entry accounting. Furthermore, cash flow statement and financial ratios are discussed. Finally, management accounting including
cost accounting and cost-performance analysis are presented. The course includes exercises.

Lecture notes script in German
Literature Meyer, C., 2012, Betriebswirtschaftliches Rechnungswesen, 3. Überarbeitete Auflage, Schulthess, Zürich.

 Module Political and Social Sciences
 Compulsory Courses

Number Title Type ECTS Hours Lecturers

701-0729-00L Social Research Methods
Target group: students of BSc Environmental Sciences

W  3 credits 2G M. Stauffacher, A. Bearth,
O. Ejderyan

Abstract The aim of this course is to impart methodological principles of social science research and thus to stimulate a critical reflection of social
science findings. The course provides an insight into the concrete approach and methods of guideline-based interview techniques and
questionnaire research.

Objective Students are able to
- describe the significance of method-supported procedures in the social sciences.
- explain the basic principles of social-scientific research.
- critically interpret the results of social-scientific research .
- conduct small-scale interviews and surveys via questionnaires.

Content Alle Teilnehmenden verpflichten sich zur aktiven Mitarbeit in Form von drei Übungen (leitfadengestütztes Interview, Erstellung von
Fragebogen, Erhebung und Auswertung von Fragebogen).

Inhaltsübersicht:
(1) Wozu empirische (Sozial-)Forschung?
(2) Der Forschungsablauf im Überblick, verknüpfen von qualitativen und quantitativen Methoden
(3) Leitfadengestützte Interviews: erstellen Leitfaden, Durchführung und Auswertung
(4) Fragebogen: Hypothesen erarbeiten, Fragebogen erstellen, Durchführung, Daten auswerten, und Resultate darstellen

Lecture notes Die Dozierenden arbeiten mit Folien, die als Handout abgegeben werden.
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Literature Zur ergänzenden Begleitlektüre kann folgendes Buch empfohlen werden:
Bryman, A. (2012, 4th edition). Social research methods. New York: Oxford University Press.

 Core Courses
Number Title Type ECTS Hours Lecturers

701-0712-00L Use and Perception of Nature Among Societies
Outside Europe

W  2 credits 2V T. Haller Merten

Abstract Views of what we call  "nature" in traditional societies in Africa, Asia and Southern America are presented and discussed. In such
subsistence-oriented ethnic groups "nature" is often perceived as being inhabited by gods and spirits. This view is often regarded as being
irrational by natural science. But what are the impacts of such religious views on the sustainable use of natural resources?

Objective This lecture shall give an overview of worldviews of so called traditional societies in Africa, Asia and Southern America. The aim is to
understand the way such societies view what we call nature or environment and their strategies to use natural resources. The lecure shall
also provide a critical analysis of such processes based on concrete case studies, in which we will discuss problems of sustainable use of
natrual resources and participatory processes in the governance of such resources.

Content Die Studierenden werden dabei mit Vorstellungen und Ideologien von Natur konfrontiert, die sich nicht mit unserer Logik physisch-
chemischer und biologischer Abläufe in der "Natur" decken, und die wir somit als "irrational" empfinden. Wir werden uns mit verschiedenen
Konzepten aus dem Bereich der Religions-Ethnologie beschäftigen, die sich insbesondere im Bereich Magie, Hexerei und Orakelbefragung
mit der "Rationalität" solcher Umweltvorstellungen auseinandersetzen. Seit der Beschäftigung mit der Ökosystemtheorie durch Roy
Rappaport erhielt diese "wilde Denken" eine neue Funktion (Rappaport 1971, 1979). Es wurde in Zusammenhang eines gesamten
Ökosystems analysiert, zu dessen Erhaltung und zu dessen Fliessgleichgewicht es diene. Diese Sichtweise, obwohl heftig kritisiert, ist von
Bedeutung, weil mit der ökologischen Krise man in der industrialisierte Welt Ausschau nach neuen Konzepten hält. Diese werden teilweise
in den uns fremden Bildern aussereuropäischer Völker von der "heiligen Natur" gesehen, welche uns als Lehre dienen und zu nachhaltiger
Ressourcennutzung führen könnte. Zudem erscheinen die Umwelt-Bilder und Weltsichten dieser Gesellschaften (heute oftmals indigene
Völker genannt) auf der praktischen Ebene als gelebter Naturschutz, den es insbesondere für die Konservierung von Biodiversität zu
erhalten gilt. Heilige Orte sollen nun auch für den Schutz von beispielsweise Nationalparks oder Biosphärenreservaten dienen. In diesem
Zusammenhang ist ein genauer Blick von Nöten, denn Fehlanalysen sind in diesem Bereich fatal und eine unkritische Instrumentalisierung
magischer Weltsichten kontraproduktiv. Wo jedoch religiöse Weltsichten der Natur eine im Sinne der Nachhaltigkeit positive Rolle spielen
können, ist der Bereich der Institutionen für das Ressourcenmanagement. Dieser Begriff wird hier im Sinne des Neuen Institutionalismus
verwendet: Institutionen sind demnach Regeln, Werte und Normen, die das Handeln der Individuen beeinflussen und eine gewisse
Sicherheit bezüglich dem erwarteten Verhalten der anderen Individuen einer Gemeinschaft bieten und dabei die sogenannten
Transaktionskosten (Informationsbeschaffung bezüglich dem Verhalten anderer Akteure, Überwachung und Sanktionierung) reduzieren
(North 1990. Ostrom 1990, Ensminger 1992). Dieser aus der Ökonomie beeinflusste Ansatz weist meines Erachtens interessante
Elemente bezüglich der nachhaltigen Nutzung von Ressourcen auf, was sich bei der Nutzung von Kollektivressourcen (Com

Lecture notes Zur Veranstaltung gibt es kein Script, aber es wird rechtzeitig ein Ordner mit der relevanten Literatur bereitgestellt. Am Thema Interessierte
Studierende können sich bereits in folgenden zwei Büchern ins Thema einlesen: 
- Berkes, Fikret. 1999. Sacred Ecology: Traditional Ecological Knowledge and Resource Managment. Philadelphia: Taylor and Francis. 
- Haller, Tobias. 2001. Leere Speicher, erodierte Felder und das Bier der Frauen: Umweltanpassung und Krise bei den Ouldeme und
Platha in den Mandarabergen Nord-Kameruns. Studien zur Sozialanthropologie. Berlin: Dietrich Reimer Verlag.

Literature Becker, Dustin, C. and Elinor Ostrom,.1995. Human Ecology and Resource Sustainability: The Importance of Institutional Diversity. Annu.
Rev. Ecol. Syst.1995. No. 26:113-33.
Berkes, Fikret. 1999. Sacred Ecology: Traditional Ecological Knowledge and Resource Managment. Philadelphia: Taylor and Francis. 
Dangwal, Parmesh. 1998. Van Gujjars at Apex of National Park Management. Indigenous Affairs No.4:24-31.
Diener, Paul and Robkin, Eugene E. 1978. Ecology, Evolution, and the Search for Cultural Origins: The Question of Islamic Pig Prohibition.
In: Current Anthropology 19, No.3():493-540. 
Diener, Paul, Nonini, Donald and Robkin, Eugene E. 1977/78. The Dialectics of the Sacred Cow: Ecological Adaptation versus Political
Appropriation in the Origins of Indias Cattle Complex. In: Dialectical Anthropology (Amsterdam) 3: 221-241.
Evans-Pritchard, Edward E. 1978. Hexerei, Magie und Orakel bei den Zande. Frankfurt am Main:Suhrkamp.
Evans-Pritchard, Edward  und Mayer Fortes. 1983. Afrikanische politische Systeme, in: Kramer, F. und Siegrist, Ch. eds. Gesellschaften
ohne Staat. Frankfurt a. Main:Syndikat: 150-174.
Fairhead, James und Leach, Melissa. 1996. Misreading the African Landscape. Society and ecology in a forest-savanna mosaic.
Cambridge: Cambridge University Press.
Freed, Stanley A. and Freed, Ruth, S. 1981.Sacred Cows and Water Buffalo in India: The Uses of Ethnography. In. Current Anthropology
22, No.5: 483-502.
Haller, Tobias. 1995.Raub der Seelenschatten in Nord-Kamerun. Krankheit bei den Ouldeme und Platha in den Mandarabergen. In: Keller,
Frank-Beat (Hg.). Krank warum? Vorstellung der Völker, Heiler und Mediziner, Katalog zur gleichnamigen Ausstellung. Ostfildern: Cantz
Verlag. pp.302-306.
Haller, Tobias. 2000. Bodendegradierung und  Ernährungskrise bei den Ouldeme und Platha. Umwelt- und Ernährungsprobleme bei zwei
Feldbauerngruppen in den Mandarabergen Nord-Kameruns: Eine Folge der Adaptation an Monetarisierung und Wandel traditioneller
institutioneller Rahmenbedingungen. In: Zeitschrift für Ethnologie 124 (1999): 335354.
Haller, Tobias. 2001. Leere Speicher, erodierte Felder und das Bier der Frauen: Umweltanpassung und Krise bei den Ouldeme und Platha
in den Mandarabergen Nord-Kameruns. Studien zur Sozialanthropologie. Berlin: Dietrich Reimer Verlag. 
Haller, Tobias. 2002a. Spiel gegen Risiken in der Natur, In: Giordano et al (Hrsg.). Ordnung, Risiko und Gefährdung. Reader des
Blockseminars der Schweizerischen

Prerequisites /
notice

Die Veranstaltung beginnt in einem ersten Teil mit einer Reihe von Vorlesungen und wird in einem zweiten Teil mit Lesen und Diskutieren
von Texten (Kurzvorträge von den Studierenden) fortgesetzt (nähere Erläuterungen und Programm am Anfang der Veranstaltung).

701-0786-00L Mediation in Environmental Planning: Theory and
Case Studies.

W  2 credits 2G K. Siegwart

Abstract This course is intended to demonstrate how environmental decisions can be optimized and conflicts better dealt by using mediation. Case
studies will focus on construction of windmills for electricity purpose, use of fracking, sustainable city-planning in the field of former
industrial area or the establishment of a birds- or a forest-management plan.

Objective - Develop comprehension of legal and social responses to environmental conflicts
- Recognize the most important participative techniques and their ranges
- Develop concepts for doing and evaluating mediation processes 
- Estimate the potential and limitations of cooperative environmental planning
- Train communicative skills (presentation, moderation, discussion design, negotiation), especially by participating at a mediation

Content To this end, we will look at the most important techniques of mediation and put them into the context of today's legislation, participation and
conflict culture. The potential and limitations of the individual techniques will be discussed using current Swiss and international case
studies, namely in the field of windenergy. Students can do conflict analyses, for instance, as part of individual and group analyses and a
half-day mediation-simulation, develop technique concepts and train their own communicative and negotiation skills.

Lecture notes A reader will be handed out.

 Module Individual Sciences
 Compulsory Courses
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Number Title Type ECTS Hours Lecturers

701-0729-00L Social Research Methods
Target group: students of BSc Environmental Sciences

W  3 credits 2G M. Stauffacher, A. Bearth,
O. Ejderyan

Abstract The aim of this course is to impart methodological principles of social science research and thus to stimulate a critical reflection of social
science findings. The course provides an insight into the concrete approach and methods of guideline-based interview techniques and
questionnaire research.

Objective Students are able to
- describe the significance of method-supported procedures in the social sciences.
- explain the basic principles of social-scientific research.
- critically interpret the results of social-scientific research .
- conduct small-scale interviews and surveys via questionnaires.

Content Alle Teilnehmenden verpflichten sich zur aktiven Mitarbeit in Form von drei Übungen (leitfadengestütztes Interview, Erstellung von
Fragebogen, Erhebung und Auswertung von Fragebogen).

Inhaltsübersicht:
(1) Wozu empirische (Sozial-)Forschung?
(2) Der Forschungsablauf im Überblick, verknüpfen von qualitativen und quantitativen Methoden
(3) Leitfadengestützte Interviews: erstellen Leitfaden, Durchführung und Auswertung
(4) Fragebogen: Hypothesen erarbeiten, Fragebogen erstellen, Durchführung, Daten auswerten, und Resultate darstellen

Lecture notes Die Dozierenden arbeiten mit Folien, die als Handout abgegeben werden.
Literature Zur ergänzenden Begleitlektüre kann folgendes Buch empfohlen werden:

Bryman, A. (2012, 4th edition). Social research methods. New York: Oxford University Press.

 Core Courses
Number Title Type ECTS Hours Lecturers

701-0782-00L Differing Views of Practice and Science: Mutual
Learning for Successful Collaboration

W  1 credit 1G P. Fry

Abstract Typical problems during implementation between science and practice are analyzed and explained. The students recognize different views
and languages of actor groups by means of excursion, videos and discussion with experts. They apply methods from knowledge
management within their own case studies. Essential preparation for a professional life between science and practice.

Objective The students are able to
-recognize and analyze differing views of science and practice through excursion, videos, text analysis and exchange with experts.
-summarize classical theories from philosophy of science (thought styles, tacit knowledge) and explain implementation problems with them.
-recognize helpful methods for knowledge exchange by means of a case study for succesful collaboration between science and practice as
well as texts from knowledge management.
-develop a concept for an own case study, where they design knowledge exchange between science and practice in an effective way by
enabling different views and experiences to be expressed (multistakeholder discussion group, informal meetings in the field, exchange of
experiences with story telling etc.).

Content Die Lehrveranstaltung greift Umsetzungsprobleme zwischen Forschung und Praxis im Umweltbereich auf, liefert wissenschaftlich fundierte
Erklärungen dafür und stellt erprobte Methoden der "Wissensarbeit" aus der Privatwirtschaft vor, welche den Wissensaustausch zwischen
den Akteuren fördert. 

Folgende Fragestellungen werden in der Lehrveranstaltung behandelt:
1. Weshalb sind Lernprozesse zwischen den Akteurgruppen wichtig und wie können diese ermöglicht werden?
Der Berufsalltag an der Schnittstelle zwischen Forschung und Praxis ist anspruchsvoll: Einerseits muss das Wissen aus verschiedenen
Disziplinen zusammengeführt werden. Andererseits muss das wissenschaftliche Wissen in praxisrelevante Handlungen übersetzt werden.
Dies ist eine grosse Herausforderung. Praxisrelevantes Handlungswissen wird mit allen beteiligten Akteuren gemeinsam erarbeitet. Ein
gegenseitiger Lernprozess ist dabei eine wichtige Voraussetzung.

2. Wie können unterschiedliche Sichtweisen der Akteure erkannt und integriert werden?
An der Schnittstelle zwischen Forschung und Praxis treffen Akteure mit unterschiedlichen Sichtweisen (Zielen, Interessen, Methoden),
unterschiedlichem Hintergrund und unterschiedlichen Fachsprachen aufeinander. Ein Fallbeispiel aus dem Bodenschutz (FRY 2001) dient
als roter Faden, um die unterschiedlichen Sichtweisen zu analysieren und geeignete Methoden vorzustellen. Dabei wird der Einsatz von
Video als Prozessgestaltungsmethode speziell diskutiert. Methoden, die unterschiedliche Sichtweisen berücksichtigen, werden von den
Studierenden in eigenen Fallbeispielen angewendet und diskutiert. 

3. Welche theoretischen Grundlagen sind für die Wissensarbeit relevant und welche Methoden können für den Umweltschutz angewendet
werden?
Die für die Umsetzung relevanten klassischen Theorien aus der Wissenschaftsforschung, insbesondere die Theorie des impliziten Wissens
(POLANYI) und die Lehre des Denkstils (FLECK) werden vorgestellt. Auf diesen Theorien bauen verschiedene praxiserprobte  Methoden
der Wissensarbeit aus der Privatwirtschaft auf (DAVENPORT und PRUSAK 2000). Diese Methoden, aber auch die Rahmenbedingungen,
unter denen
sie funktionieren, werden in der Lehrveranstaltung anhand von eigenen Fallstudien ausführlich diskutiert.

Lecture notes Handouts and literature will be provided. The book "Bauernsicht und Forscherblick" will serve as a basis (Fry 2001).
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Literature - FRY Patricia & THIEME Susan (2019). A social learning video method: Identifying and sharing successful transformation knowledge for
sustainable soil management in Switzerland. Soil Use and Management 35: 185 194. 
https://doi.org/10.1111/sum.12505
- FRY, P. (2018): Social learning videos: A Method for successful collaboration between science and practice. In: Padmanabhan, Martina
(editor). Transdisciplinarity: How research is changing to meet the challenges of sustainability. Routledge Series: Studies in Environment,
Culture and Society. Editors: Bernhard Glaeser & Heike Egner. Being published.
- FRY, P. (2017): Boden schützen - Handlungen fördern. In: Krebs, Rolf, et al. (Hg.). Bodenschutz in der Praxis. UTB, 2017. 
- RAVN, Johan E. 2004. Cross-System Knowledge Chains: The Team Dynamics of Knowledge Development. Systemic Practice and
Action Research 17 (3):161-175.
- ROUX, Dirk J., Kevin H. Rogers, Harry C. Biggs, Peter J. Ashton, and Anne Sergeant. 2006. Bridging the Science-Management Divide:
Moving from Unidirectional Knowledge Transfer to Knowledge Interfacing and Sharing. Ecology and Society 11 (1):4. [online] URL:
http://www.ecologyandsociety.org/vol11/iss1/art4.
- DAVENPORT, T.H., L. PRUSAK 2000: Working Knowledge. How Organisations Manage What They Know. Harvard Business School
Press. Boston Massachusetts. 199 S.
- FRY, P. 2001: Bodenfruchtbarkeit - Bauernsicht und Forscherblick. Reihe Kommunikation und Beratung. Hrsg. H. Boland, V. Hoffmann
und U.J. Nagel. Margraf-Verlag, Weikersheim. 170 S.
- FLECK, L 1979. Genesis and Development of a Scientific Fact.
Chicago/London: University of Chicago Press.
- POLANYI, M., 1985: Implizites Wissen. Suhrkamp. Frankfurt am Main. 94 S.
- Application of video and accompagnying groups for implementation:
www.fromfarmertofarmer.ch
www.nrp61.ch

Prerequisites /
notice

Soil protection will serve as a thread within the whole lecture. We will meet several actors from soil protection. The succesful project "From
farmer to farmer" uses film and networks as means for implementation. The students apply the lessons learnt on a chosen topic. Several
methods will be used which allow active participaton of the students: Presentations, discussions, working groups, excursions, analysis of
film etc.

Conditions: The lecture is an ideal preparation and/or possibilty to reflect practical training and case studies. Being interested in practice
related questions is a necessary prerequisite.

701-0784-00L Green Marketing: Concepts, Techniques, Case
Studies

W  2 credits 2G B. Sintzel Saurer

Abstract As future scientists we intend to realize sustainable products, services or projects that create added value in society. Increasingly it is also
true that a sustainable product is not enough to prevail. This requires an equally credible public relations or marketing campaign. Theory an
practise are taught in the lecture.

Objective The participants know the principles of marketing and can align products, services or projects with appropriate communication to the target
groups.
They deal with the topic of sustainability and learn to anchor the offers in the target markets with conventional and modern means of
communication (viral marketing, social media, etc.). The course enables participants to enter into the topic of marketing, as a good basis for
future professional life.

Content In this lecture we will build on marketing principles and transfer them into the topic of marketing for sustainability, social marketing, green
marketing, which aims to position sustainable products, projects or services well in order to produce the effect which we have planned.
Using the example of current campaigns and companys, the theory is deepened, resulting in exciting and varied lectures. A separate small
case study enables the implementation of the theory in its own field of action, it was a reaction in an NGO, an existing company or a
business idea, which allows an exploration of the future profession.

Lecture notes Scripts and Slices for download.
Literature Marketing 3.0: From Products to Customers to the Human Spirit, Philip Kotler, Mermawan Kartajaya, Iwan Setiawan


Kotler, Philip: Marketing Insights from A-Z (2003)

 Module Humanities
 Compulsory Courses

Number Title Type ECTS Hours Lecturers

701-0701-00L Philosophy of Science O  3 credits 2V C. J. Baumberger
Abstract The lecture explores various strands in philosophy of science in a critical way, focusing on the notion of rationality in science, especially

with regards to environmental research. It addresses the significance and limits of empirical, mathematical and logical methods, as well as
problems and ethical issues raised by the use of science in society.

Objective Students learn to engage with problems in the philosophy of science and to relate them to natural and environmental sciences, thus
developing their skills in critical thinking about science and its use. They know the most important positions in philosophy of science and
the objections they face. They can identify, structure and discuss issues raised by the use of science in society.

Content 1. Core differences between classical Greek and modern conceptions of science. 
2. Classic positions in the philosophy of science in the 20th century: logical empiricism and critical rationalism (Popper); the analysis of
scientific concepts and explanations. 
3. Objections to logical empiricism and critical rationalism, and further developments: What is the difference between the natural sciences,
the social sciences and the arts and humanities? What is progress in science (Kuhn, Fleck, Feyerabend)? Is scientific knowledge
relativistic? What is the role of experiments and computer simulations? 
4. Issues raised by the use of science in society: The relation between basic and applied research; inter- and transdisciplinarity; ethics and
accountability of science.

Lecture notes A reader will be available for students.
Literature A list of introductory literature and handbooks will be distributed to the students.
Prerequisites /
notice

Oral examination during the session examination.
Further optional exercises accompany the lecture and offer the opportunity for an in-depth discussion of selected texts from the reader.
Students receive an additional credit point. They have to sign up separately for the exercises for the course 701-0701-01 U.

 Core Courses
Number Title Type ECTS Hours Lecturers

701-0701-01L Philosophy of Science: Exercises W  1 credit 1U C. J. Baumberger
Abstract The exercises in philosophy of science serve to develop skills in critical thinking by discussing seminal texts about the rationality of science.

Topics discussed include the significance and limits of empirical, mathematical and logical methods, as well as problems and ethical issues
raised by the use of science in society.

Objective Students can engage with problems in the philosophy of science and to relate them to natural and environmental sciences. They learn to
analyze and summarize philosophical texts. In this way, they develop their skills in critical thinking with a focus on the rationality of science.
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Content The optional exercises accompany the lecture and serve to develop skills in critical thinking with a focus on the rationality of science, based
on discussing seminal texts. The texts cover important positions in the philosophy of science and their critics. Topics discussed include the
significance and limits of empirical, mathematical and logical methods, as well as problems and ethical issues raised by the use of science
in society.

Lecture notes A reader will be available for students.
Literature A list of literature will be distributed to the students together with the reader.
Prerequisites /
notice

Students that want to subscribe for this course also have to subscribe for the lecture 701-0701-00 V "Wissenschaftsphilosophie". Credit
points are given for preparing a structure and a summary of one of the texts.

851-0101-01L Introduction to Practical Philosophy
Particularly suitable for students of D-MAVT, D-MATL

W  3 credits 2G L. Wingert

Abstract Practical philosophy deals in a descriptive and evaluative way with the realm of the practical, that is, with action, practices, norms of action,
and values held by people and societies. Ethics and political philosophy are branches of practical philosophy. This introductory course will
treat some of the main questions and introduce students to the thinking of central figures in the field.

Objective At the end of the course, students (1) will be familiar with still highly influential answers to some of the main questions (see below, section
"contents") in practical philosophy. (2) They will be able to better evaluate how convincing these answers are. (3) Students' own thinking
concerning normative, e.g., ethical issues, will be more precise, due to a more sophisticated use of key concepts such as good, right,
morality, law, freedom, etc.

Content Ethics is an account and instruction of the good, that could be reached by conscious, intentional behaviour (=action). Ethics is an essential
part of practical philosophy. Therefore one of those central questions, which will be discussed in the course, is:

1. What is the meaning of words like "good" and "bad", used in ethical language? What is meant by "good", if one says: "Working as a
volunteer for the <Red Cross> is good"? Does one mean, that doing so is useful, or that it is altruistic, or that is fair?

Further questions, to be discussed in the course, are:

2. Are moral judgements apt to be justified, e.g. judgments like "Lower taxes for rich foreigners in the <Kanton Zug> are unjust" or "Every
person ought to be entitled to leave any religious community"? If so, how far a moral judgment's justification can reach? Is one right in
arguing: "It is possible to show the truth of the proposition (a):The emissions of nitrogen dioxide in Zurich is far beyond the permissible limit
(80 mg/m3). But it is not possible to verify the proposition (b): In our times, the inequal global distribution of wealth is far beyond the
permissible limit. Proposition (a) states an objective fact, whereas (b) expresses a mere subjective evaluation, though that evaluation might
be widely spread.

3. What are just laws, and what is the relationship between law and morality?

4. Is freedom of a person, though presupposed by criminal law and morality, nevertheless an illusion?

These questions will be partly discussed with reference to seminal authors within the western philosophical tradition (among else Plato,
Aristotle, Thomas Hobbes, David Hume, Immanuel Kant). Contemporary philosophers like Jürgen Habermas, Thomas Nagel, Ernst
Tugendhat or Bernard Williams will be included, too.

Literature Preparatory Literature:

-Dieter Birnbacher, Analytische Einführung in die Ethik, 2. Aufl. Berlin: de Gruyter Verlag 2006.
- Simon Blackburn, Think. A Compelling Introduction to Philosophy, Oxford: University Press (=UP) 1999, chapters 3 und 8.
- Philippa Foot, <Virtues and Vices> in: diess., Virtues and Vices and Other Essays in Moral Philosophy, Oxford: UP 2002, and <Morality,
Action and Outcome>, in: dies., Moral Dilemmas and Other Topics in Moral Philosophy, Oxford: UP 2002.
- H.L.A. Hart, <Positivism and the Separation of Law and Morals, in: Harvard Law Review 71 (1958), pp. 593-629.
- Detlef Horster, Rechtsphilosophie zur Einführung, Hamburg: Junius Verlag 2002.
- Robert Kane, <Introduction: The Contours of the Contemporary Free Will Debates>, in: ders., (Hg.), The Oxford Handbook of Free Will,
Oxford 2002. 
 Thomas Nagel, The Limits of Objectivity, in:  The Tanner Lectures on Human Values 1980, Vol I., ed. Sterling McMurrin , Cambridge et al.:
UP 1980, pp. 75-139.
- Ulrich Pothast, <Einleitung> in: ders., (Hg.), Seminar: Freies Handeln und Determinismus, Frankfurt/M.: suhrkamp taschenbuch
wissenschaft 1978, pp. 7-31. 
- Bernard Williams, Morality. An Introduction to Ethics, Cambridge: UP (=Canto Series) 1976.
- Peter Winch, The Idea of a Social Science, 4.Aufl. London 1965, ch. II.

Prerequisites /
notice

The course will be a mixture of lecture and seminar. For getting credit points, essays on given or freely chosen subjects have to be written.

701-0791-00L Environmental History - Introduction and Overview
Change of semester: takes place in spring semester
instead of autumn semester.

Number of participants limited to 100.

W  2 credits 2V M. Gisler

Abstract Our society faces a serious ecological crisis. Of what historical dimension is this crisis? How have human societies already in earlier times
changed their environment, and, consequently, perhaps also ours? What were the main ecological challenges for societies and how did
they change over time? And how did societies adapt to changing environmental conditions?

Objective Introduction into environmental history; survey of long-term development of human-nature-interrelations; discussion of selected problems.
Improved ability to assess current problems from a historical perspective and to critically interrogate one's own standpoint.

Lecture notes Course material is provided in digital form.
Literature McNeill, John R. 2000. Something new under the sun: An environmental history of the twentieth-century world, New York: Norton.


Uekötter, Frank (Ed.) 2010. The turning points of environmental history, Pittsburgh: University of Pittsburgh Press.

Winiwarter, Verena und Martin Knoll 2007. Umweltgeschichte: Eine Einführung, Köln: Böhlau.

Prerequisites /
notice

Students are asked to write an exam during the last session

 Compulsory Electives GESS SiP (For All Modules Eligible)
Philosophy

Science Research

History

Psychology, Pedagogics

Economy
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Sociology

Law

Political Science

 Natural Science and Technical Electives
 Natural Science Modules

 Biomedicine
Number Title Type ECTS Hours Lecturers

701-0614-00L Allergies and Environment W  1 credit 1V P. Schmid-Grendelmeier
Abstract Allergic diseases are common and of increasing importance. In this course symptoms and management of allergies such as hay fever,

asthma, eczema or food allergy are presesented. The importnat interactions between environmental factors such as air quality, climate,
nutrition and form and frequency of allergic diseases will be discussed.

Objective Knowledge of the basics of allergic diseases in humans, especially the so-called atopic diseases. Knowledge of the environmental
allergens and the possible mechanisms responsible for the increase in allergic reactions. Knowledge of the interactions between individual
genetic predisposition, environmental allergens and other environmental factors such as air pollutants.

Content Basic types of allergic diseases. Concept of atopy  and intolerances. 
Pathophysiology of IgE-mediated reactions including mechanisms of IgE regulation. Epidemiological data regarding the increase of
allergies as environmental diseases No. 1 and reasons for this increase. 
Discussion of the most important inhalant and nutritional allergens such as pollen, house dust mites, fungal spores, food and food
additives.

Lecture notes Scripts, leaflets and lecture notes are handed in.
Literature Scripts, leaflets and lecture notes are handed in. 

Suggested reading:
Axel Trautmann und Jörg Kleine-Tebbe:
Allergie-Diagnose/Allergie-Therapie
Thieme-Verlag. 2 Auflage (2013)
ISBN 978-3-13-142181-4

Leaflets:
www.ck-care.ch
https://www.ck-care.ch/en/information-sheets

Edcuatioal short videos:
https://www.ck-care.ch/online-campus 


http://eduf.com.br/the-allergy-handbook-a-doctors-guide-to-successful-treatment_2019_printable_file.pdf

Prerequisites /
notice

Basic knowledge in immunology (T /B cells, immunoglobulins)

Interest in clinical symptoms and correlation with Environment and Immune system
Possibilty of Master thesis in translational medecine

227-0398-10L Physiology and Anatomy for Biomedical Engineers II W  3 credits 2G M. Wyss
Abstract This course offers an introduction into the structure and function of the human body, and how these are interlinked with one another.

Focusing on physiology, the visualization of anatomy is supported by 3D-animation, Computed Tomography and Magnetic Resonance
imaging.

Objective To understand basic principles and structure of the human body in consideration of the clinical relevance and the medical terminology used
in medical work and research.

Content Digestive system, nutrition and digestion
Thermal balance and thermoregulation
Kidneys and urinary system
Endocrine system and hormones
Reproductive System
Basic anatomy of neck, face and cranium
Basics of neurophysiology and neuroanatomy
Sense organs

Lecture notes Lecture notes and handouts
Literature Silbernagl S., Despopoulos A. Color Atlas of Physiology; Thieme 2008

Faller A., Schuenke M. The Human Body; Thieme 2004
Netter F. Atlas of human anatomy; Elsevier 2014

752-1300-00L Introduction to Toxicology W  3 credits 2V R. Eggen, S. J. Sturla
Abstract Introduction to how chemical properties and biological interactions govern the disposition and influences of toxicants.
Objective The objectives are for the student to establish a framework for examining adverse effects resulting from exposures to toxicants by

understanding key mechanisms that give rise to toxic responses and disease processes.
Content This course will introduce mechanisms governing the chemical disposition and biological influences of toxicants.  The course is geared

toward advanced bachelors students in food science, environmental science, and related disciplines, such as chemistry, biology and
pharmaceutical sciences.  Examples of topics include: dose-response relationships and risk assessment, absorption, transport, and
biotransformation of xenobiotic chemicals; Carcinogenesis; DNA damage, repair, and mutation; Immunotoxicity; Neurotoxicity; and modern
toxicity testing strategies.  These fundamental concepts in Mechanistic Toxicology will be integrated with examples of toxicants relevant to
food, drugs and the environment.

Literature Casarett & Doull's Toxicology, The Basic Science of Poisons. Seventh Edition. Editor: Curtis D. Klaassen, 2008, McGraw-Hill. (available
on-line)

Prerequisites /
notice

Basic knowledge of organic chemistry and biochemistry is required.

 Soil Sciences
Number Title Type ECTS Hours Lecturers

701-0362-00L Soils and Vegetation of the Alps (Excursion)
Diese Exkursion (max. 24 Plätze) gehört zur Vorlesung
«Flora und Vegetation der Alpen» (701-0364-00; A.

W  2 credits 2P A. Widmer, R. Kretzschmar
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Widmer). Sie kann nur gleichzeitig mit der Vorlesung oder
nach bestandener Prüfung belegt werden. Alternativ ist
eine Teilnahme möglich mit bestandenen Prüfungen in
«Bodenchemie» (701-0533-00L; R. Kretzschmar, D.I.
Christl) und «Pedosphäre» (701-0501-00L; R.
Kretzschmar).

Abstract The excursion in the area of Davos illustrates how climatic and edaphic factors shape the distribution of alpine plants. Visits of multiple
sites on different bedrocks in the subalpine and alpine elevational belts reveal connections between climatic conditions, soil formation and
vegetation development.

Objective The students
- understand how parent rock, topography, climate, and vegetation influence soil forming processes and resulting soil properties (e.g.
nutrients, water) in the Alps.
- understand, how climatic and edaphic factors affect the occurrence and distribution of alpine plants.
- are familiar with characteristic plant communities on acidic, basic and ultramafic bedrock in the subalpine and alpine elevational belts.
- know characteristic plant species and plant communities of the subalpine and alpine elevational belts in the Alps.

Content 4-day excursion in the area of Davos with visits of sites on different bedrock (dolomite, gneiss/mica schist, amphibolite, serpentinite) in the
subalpine and alpine elevational belts.
Structure, development and characteristics of the soils and of their effects on the vegetation; characteristic plant species and communities
on different soil types.

Lecture notes A guide to the excursion will be made available.
Literature Landolt E. 2003: Unsere Alpenflora. 7.Aufl., SAC-Verlag.
Prerequisites /
notice

Please note that this course will be taught in German.

701-0518-00L Soil Resources and Global Change W  3 credits 2G S. Dötterl, M. W. Evangelou
Abstract Introduction into the importance, concepts and areas of action related to soil development and the use of soil resources in a changing

world.
Objective Understanding the 

- conditions under which soils develop and are used at the global scale

- consequences and problems of the use of soil and the resulting pressure on soil resources

- impact of climate and global change on the future development of soil resources

Content Soil functions and soil formation; regional and global soil development, impacts of land use on soil water and gas circulation; forms of soil
pollution and degradation; regional and global estimates of soil degradation; soil amendment and remediation of contaminated soils;
planning and legal implementation of soil protection.

Lecture notes Handouts will be available for download. Related scientific articles will be recommended after each session.
Literature Some useful text books to know of: 


- Scheffer/Schachtschabel - Soil Science, Springer, Heidelberg, 2016.

- Brady N.C. and Weil, R.R. The Nature and Properties of Soils. 14th ed. Prentice Hall, 2007.

- Press & Siever: Allgemeine Geologie, 7th ed., Springer, Heidelberg, 2016.  

- Mason/Burt - Physical Geography, 5th ed., Oxford Uni. Press, Oxford, 2015.

Prerequisites /
notice

Prerequisites: Interest in physical geography and soil development. Basic knowledge in chemistry, biology and geology. A previous
participation in lecture "Pedosphere" (701-0501-00L) is recommended.

701-0524-00L Soil Biology W  3 credits 2V O. Daniel, B. W. Frey
Abstract Soil organisms play a key role in natural soil functions. The course focuses on anthropogenic impacts such as management, land-use

change and climate change on soil biodiversity.
Objective Basic knowledge on biological structures and functions in soil. Discussion of biological interactions, nutrient cycles and energy fluxes in the

subsurface. Here we try to answer the following questions: How do environmental factors influence soil organisms? How they can be
studied and how they are influenced? Which ecosystem functions are performed by soil organisms? What are important microbial
processes in the carbon and nitrogen cycle?

Content Structure of the habitat soil: Chemical, physical and biological factors coupling soil-water-air. Structure of soil biocoenoses. Soil fauna-
environment and soil microorganism-environment interactions. Nutrient cycles, organic matter decomposition and biologically catalyzed
processes in soil. Evaluation of soil biological methods.

Lecture notes Handouts and student assignments will be distributed during the course.
Literature No specific books required. Some recommendations will be given in the course
Prerequisites /
notice

Prerequisites: basic knowledge in soil physics, soil chemistry, zoology and mikrobiology.

701-1802-00L Ecology of Forest Soil
Theoretical and practical knowledge in soil science are
required for this lecture. The successful attendace of the
following classes meet the requirements e.g. 701-
0501-00L    Pedosphere, 701-0034-06L    Integrated
Practical: Soil, 701-0560-00L    Practical "Forests and
Landscapes"

W  3 credits 2G S. Zimmermann, J. Luster

Abstract Deepen and apply basic knowledge in forest soil ecology obtained in previous courses; includes autonomous study of selected questions in
working groups and lectures on case studies. 

Objective -    Deepen and apply the basic knowledge in forest soil ecology obtained in previous courses (Bachelor degree).
-    Get familiar with current issues in forest soil ecology based on case studies directed to practical problems
-    Gain a deeper understanding through autonomous studies of selected questions in forest ecology in working groups. This includes an
autonomous soil description in the field.
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Content -    Overview of forest soils in Switzerland /concept of reference soils
-    Forest and water (hydromorphic soils, water retention, flood protection and forest soils)
-    Physical soil protection in forests: DPSIR approch (driver-pressure-state-impact-response), regeneration after compaction
-    Acidification of forest soils
-    Inorganic soil contamination (focus on heavy metals)
-    spatial soil information (soil maps, extrapolation of point information)
-    Long-term forest ecosystem research: monitoring of atmospheric pollution and reaction of the soil (soil solution and soil matrix)
-    Nutrient pools and cycling in the soil environment 
-    Soil-plant-interactions / processes in the rhizosphere
-    Carbon balance and global change
-    Land-use effects on the carbon balance
-    Drought and forest soils

Lecture notes Lecture notes, working material exercises will be handed out.
Literature - Walthert, L., Zimmermann, S., Blaser, P., Luster, J., Lüscher, P., 2004: Waldböden der Schweiz. Volume 1. Grundlagen und Region Jura.

Birmensdorf, Eidgenössische Forschungsanstalt WSL. Bern, Hep Verlag, 768 pp.
- Blaser, P., Zimmermann, S., Luster, J., Walthert, L., Lüscher, P. 2005: Waldböden der Schweiz. Volume 2. Regionen Alpen und
Alpensüdseite. Birmensdorf, Eidgenössische Forschungsanstalt WSL. Bern, Hep Verlag, 920 pp.
- Zimmermann, S., Luster, J., Blaser, P., Walthert, L., Lüscher, P. (2006): Waldböden der Schweiz. Volume 3. Regionen Mittelland und
Voralpen. Birmensdorf, Eidgenössische Forschungsanstalt WSL. Bern, Hep Verlag. 848 pp.
- Ott, E., Frehner, M., Frey, H.-U., Lüscher, P., 1997: Gebirgsnadelwälder. Ein praxisorientierter Leitfaden für eine standortgerechte
Waldbehandlung. Haupt, Bern. 287 pp.
- Blume, H.P., Brümmer, G., Horn, R., Kandeler, E., Kögel-Knabner, I., Kretzschmar, R., Stahr, K.,  Wilke, B.M. 2010.
Scheffer/Schachtschabel, Lehrbuch der Bodenkunde, 16th edition, Spektrum Akademischer Verlage, Heidelberg, 569 pp.

Prerequisites /
notice

- Practical field work as a basis for a presentation held during class is part of the requirement. Workload approximately 1 day.
- Each learning unit of 2 hours will be organised as follows. A lecture of one hour is followed by an hour of autonomous study in working
groups on a selected topic.
- It is required that students have some knowledge in practical Soil Science (recommended: Integrated applied soil course, 4th semester,
and courses of the specialization "Wald und Landschaft", part site classification (soil science & phytosociology) 6th semester)

701-0522-01L Applied Soil Ecology W  2 credits 2G A. M. Gramlich
Abstract This self-guided e-learning course gives students the possibility to deepen their knowledge and understanding in important areas of soil

science and to apply it in little case studies to real-world problems.
Objective To deepen the knowledge and understanding of important topics in soil science and to learn by means of selected example cases– how

this knowledge can be applied to solve in real-world problems in soil use and protection.
Content The course consists of 8 modules, of which three must be worked through to gain 2 credit points: 1) water storage in soil, 2) dynamics of

soil organic matter, 3) soil erosion, 4) soil aeration and soil compaction, 5) soil acidification, 6) fertility and sustainable use of soil, 7) soil
contamination and remediation, 8) soil salinization

Prerequisites /
notice

Basic knowledge in soil sciences.

 Methodes of Statistical Data Analysis
Number Title Type ECTS Hours Lecturers

701-0104-00L Statistical Modelling of Spatial Data W  3 credits 2G A. J. Papritz
Abstract In environmental sciences one often deals with spatial data. When analysing such data the focus is either on exploring their structure

(dependence on explanatory variables, autocorrelation) and/or on spatial prediction. The course provides an introduction to geostatistical
methods that are useful for such analyses.

Objective The course will provide an overview of the basic concepts and stochastic models that are used to model spatial data. In addition,
participants will learn a number of geostatistical techniques and acquire familiarity with R software that is useful for analyzing spatial data.

Content After an introductory discussion of the types of problems and the kind of data that arise in environmental research, an introduction into
linear geostatistics (models: stationary and intrinsic random processes, modelling large-scale spatial patterns by linear regression,
modelling autocorrelation by variogram; kriging: mean square prediction of spatial data) will be taught. The lectures will be complemented
by data analyses that the participants have to do themselves.

Lecture notes Slides, descriptions of the problems for the data analyses and solutions to them will be provided.
Literature P.J. Diggle & P.J. Ribeiro Jr. 2007. Model-based Geostatistics. Springer.


Bivand, R. S., Pebesma, E. J. & Gómez-Rubio, V. 2013. Applied Spatial Data Analysis with R. Springer.

Prerequisites /
notice

Familiarity with linear regression analysis (e.g. equivalent to the first part of the course 401-0649-00L Applied Statistical Regression) and
with the software R (e.g. 401-6215-00L Using R for Data Analysis and Graphics (Part I), 401-6217-00L Using R for Data Analysis and
Graphics (Part II)) are required for attending the course.

401-0102-00L Applied Multivariate Statistics W  5 credits 2V+1U F. Sigrist
Abstract Multivariate statistics analyzes data on several random variables simultaneously. This course introduces the basic concepts and provides

an overview of classical and modern methods of multivariate statistics including visualization, dimension reduction, supervised and
unsupervised learning for multivariate data. An emphasis is on applications and solving problems with the statistical software R.

Objective After the course, you are able to:
- describe the various methods and the concepts behind them
- identify adequate methods for a given statistical problem
- use the statistical software R to efficiently apply these methods
- interpret the output of these methods

Content Visualization, multivariate outliers, the multivariate normal distribution, dimension reduction, principal component analysis, multidimensional
scaling, factor analysis, cluster analysis, classification, multivariate tests and multiple testing

Lecture notes None
Literature 1) "An Introduction to Applied Multivariate Analysis with R" (2011) by Everitt and Hothorn 

2) "An Introduction to Statistical Learning: With Applications in R" (2013) by Gareth, Witten, Hastie and Tibshirani

Electronic versions (pdf) of both books can be downloaded for free from the ETH library.
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Prerequisites /
notice

This course is targeted at students with a non-math background. 

Requirements:
==========
1) Introductory course in statistics (min: t-test, regression; ideal: conditional probability, multiple regression)
2) Good understanding of R (if you don't know R, it is recommended that you study chapters 1,2,3,4, and 5 of "Introductory Statistics with
R" from Peter Dalgaard, which is freely available online from the ETH library)

An alternative course with more emphasis on theory is 401-6102-00L "Multivariate Statistics" (only every second year).

401-0102-00L and 401-6102-00L are mutually exclusive. You can register for only one of these two courses.

401-6624-11L Applied Time Series W  5 credits 2V+1U M. Dettling
Abstract The course starts with an introduction to time series analysis (examples, goal, mathematical notation). In the following, descriptive

techniques, modeling and prediction as well as advanced topics will be covered.
Objective Getting to know the mathematical properties of time series, as well as the requirements, descriptive techniques, models, advanced

methods and software that are necessary such that the student can independently run an applied time series analysis.
Content The course starts with an introduction to time series analysis that comprises of examples and goals. We continue with notation and

descriptive analysis of time series. A major part of the course will be dedicated to modeling and forecasting of time series using the flexible
class of ARMA models. More advanced topics that will be covered in the following are time series regression, state space models and
spectral analysis.

Lecture notes A script will be available.
Prerequisites /
notice

The course starts with an introduction to time series analysis that comprises of examples and goals. We continue with notation and
descriptive analysis of time series. A major part of the course will be dedicated to modeling and forecasting of time series using the flexible
class of ARMA models. More advanced topics that will be covered in the following are time series regression, state space models and
spectral analysis.

 Ecology and Conservation Biology
Number Title Type ECTS Hours Lecturers

701-0303-00L Forest Communities and Their Sites W  2 credits 1G H.-U. Frey
Abstract Systematic overview of Swiss forest vegetation, communities and their site factors and methods of vegetation survey will be shown.
Objective * Knowledge of important forest communities and their site factors.

 
* Interpretation of communities in relation of their ecology, management and preservation.

* Knowledge of importent plants and their indicator values.

* Understanding the interaction of site factors and communities.

* Knowledge of the methods of the analysis of vegetation data and their critical evaluation.

Content Eine systematische Übersicht über die Waldvegetation der Schweiz und deren Standortsverhältnisse wird aufgezeigt. Wichtige
Standortstypen, deren charakteristische Pflanzenzusammensetzung, ausschlaggebende Faktoren und Bewirtschaftungshinweise werden
vermittelt. Besprochen werden zudem grundlegende Konzepte und Methoden der Vegetationskunde, Probleme der Datenerhebung und
verschiedene Ansätze der Datenauswertung. Die Disziplin wird in der Geschichte der Naturwissenschaften positioniert.

Lecture notes Wird während dem Unterricht verteilt. 
Die Unterlagen stehen auch unter www.fe.ethz.ch, Rubrik Lehre/Lehrmaterialien/Lehrmaterialien zum Herunterladen zur Verfügung (nethz-
Zugriff).
Sämtliche während der Vorlesung gezeigten Abbildungen stehen auf www.fe.ethz.ch zur Verfügung.
Ein eigens zusammengestelltes e-learning Programm kann auf www.fe.ethz.ch heruntergeladen werden.

Literature BAFU (2005) Nachhaltigkeit und Erfolgskontrolle im Schutzwald.
http://www.bafu.admin.ch/publikationen/publikation/00732 
Ellenberg, H. (1996) Vegetation Mitteleuropas mit den Alpen 5.Aufl. Ulmer, Stuttgart.
Ott E., Frehner M., Frey, H.U., Lüscher, P. (1997) Gebirgsnadelwälder. Haupt, Bern.
Steiger P., (2010) Wälder der Schweiz 4.Aufl. Ott Thun

Prerequisites /
notice

Die Lehrveranstaltung "Waldvegetation und Waldstandorte" ist Voraussetzung zum Verständnis der im Praktikum "Wald und Landschaft -
Teil Standortskunde" gebotenen Inhalte!

701-0310-00L Conservation Biology W  2 credits 2G F. Knaus
Abstract In this course, the students explore ecological approaches, philosophical foundations, and practical implementations of conservation

activities. Based on case studies, they are introduced to different views, values and ideals inherent in these activities.
Objective Students of this course are able to:

- understand the historical development and the current state of biodiversity and estimate possible future trends
- explain the economic legal, political and philosophical foundations of conservation activities
- define different possibilities of how conservation can be implemented in practice
- identify and critically appraise normative elements in conservation
- analyse and evaluate a nature conservation project from conception to successful completion.

Content The course covers the following content:
- Describe and analyse the past, current and future human impacts on biodiversity. 
- Explore alternative approaches to nature conservation and their implementation for example species or habitat protection, restorations,
parks, etc. 
- Discuss the ethical, moral, legal, and economic reasons for conservation. 
- Understand the main theories relevant to conservation such as the vulnerability of small populations, ecosystem services, biodiversity,
etc. 
- Explore practical examples during excursions and provide an analysis and evaluation of concrete case studies.

Lecture notes Kein Skript
Literature Küster H. 1999: Geschichte der Landschaft in Mitteleuropa. Von der Eiszeit bis zur Gegenwart. Beck, München, Germany. 424p.

Piechocki R. 2010: Landschaft, Heimat, Wildnis. Schutz der Natur - aber welcher und warum? Beck'sche Reihe, Beck, München, Germany.
266p.
Primack R.B. 2008: A primer of Conservation Biology. Fourth Edition. Sinauer Associates, Sunderland MA, USA. 349p.

Prerequisites /
notice

Kenntnisse aus den folgenden LV sind vorausgesetzt:
- Allgemeine Biologie I
- Allgemeine Biologie II
- Biologie III: Ökologie
- Biologie IV: Diversität der Pflanzen und Tiere
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701-0314-00L Plant Diversity: Colline/Montane
Prerequisite: Enrollment and successful performance
assessment of LV 701-0360-00L (Systematic Biology:
Plants).

Enrollment for target group until 16.02.2020
Waiting list until 27.03.2020.
The excursion fee has to be payed until 02.03.2020.
Unpaid places will be given to students on the waiting list.

W  3 credits 6P R. Berndt, A. Guggisberg

Abstract The practical focuses on the flora and vegetation of the central Rhone valley in the canton Valais. During an excursion to Visp, the students
will deepen their knowledge of plant species and learn to recognize important vegetation units and their ecological characteristics. An
introductory lecture will be given in Zurich.

Objective Knowledge of the most important vegetation types, their flora and ecological conditions in an intramontane xeric valley (central Rhone
valley). Consolidation of taxonomic and plant morphological knowledge. Experience in plant determination using scientific determination
keys. Teaching of basic collecting and herbarium techniques.

Content This course provides an introduction to the flora and vegetation of the central Wallis. During the excursions, the students will become
acquainted with one of the botanically richest regions of Switzerland. They will study the diverse vegetation types, their species diversity
and the respective environmental conditions.
Besides deepening the knowledge of plant species and vegetation, we will focus on the climatic and biogeographic framework in the central
Wallis and the enormous impact of man on all vegetation types, even seemingly pristine ones. 
During the excursions and in the evenings there will be plenty of time to practice the identification of vascular plant species with a scientific
flora and to get to know how plants should be collected, pressed and prepared for the herbarium.

Literature -Baltisberger M., Nyffeler R. & Widmer A. 2013: Systematische Botanik. 4., vollständig überarbeitete und erweiterte Aufl. v/d/f
Hochschulverlag AG an der ETH Zürich.
-Hess H.E., Landolt E., Hirzel R. & Baltisberger M. 2015: Bestimmungsschlüssel zur Flora der Schweiz. 7., aktualisierte und überarbeitete
Aufl., Birkhäuser Verlag, Basel/Boston/Berlin.

Prerequisites /
notice

We only admit students to the practical who have successfully completed the introductory lectures of Prof. Leuchtmann and the associated
exercises and excursions (cf. course 701-0360-00L). 
It is expected that the participants know how to use a determination key (Bestimmungsschlüssel zur Flora der Schweiz) and understand the
necessary botanical terminology.

Students from other universities are requested to contact the lecturers.

Program:
2.6.: Introduction (Zurich, ETH Zentrum, CHN building)
9.-13.6.: Excursion to Valais (Visp)
16.6. (morning): Exam (Zurich, ETH Zentrum, CHN building)

The excursion will take place in the mountains under any weather conditions. The participants should be equipped appropriately to cope
with rough and steep terrain and adverse weather conditions. Sturdy mountain boots are mandatory!

701-0314-01L Plant Diversity: Subalpine/Alpine
Prerequisite: Enrollment and successful performance
assessment of LV 701-0360-00L (Systematic Biology:
Plants).

Enrollment for target group until 16.02.2020
Waiting list until 27.03.2020.
The excursion fee has to be payed until 02.03.2020.
Unpaid places will be given to students on the waiting list.

W  3 credits 6P A. Guggisberg, R. Berndt

Abstract The practical focuses on the flora and vegetation of the northern Alps and covers the altitudinal range between the upper montane and the
lower alpine zone. During an excursion to Kandersteg, the students will deepen their knowledge of plant species and learn to recognize
important vegetation units and their ecological characteristics. An introduction will be provided in Zurich.

Objective Getting to know the most important vegetation types, their flora and ecological conditions in the northern Alps (Bernese Oberland).
Consolidation of taxonomic and plant morphological knowledge. Experience in plant determination using scientific determination keys.

Content This course provides an introduction to the flora and vegetation of the northern Alps. During the excursions, the students will become
acquainted with the botanical richness of the Alps and the ecological specificities of the encountered habitats. The students will not only
gain knowledge in plant species, but also learn which environmental conditions do plants cope with and which adaptation they have
evolved. We will further introduce the geology of the Alps and investigate, how the bedrock influences the vegetation in the alpine zone.

Following topics will be addressed in this course:

1) Lectures: Climatic and geological divisions of the Alps. Effect of local conditions on vegetation of different altitudes. Adaptation of plants
to various alpine conditions.

2) Excursions: Identification of vascular plant species. Characteristic vegetation types of the subalpine and alpine zone (e.g. subalpine
conifer forests, tall-herb communities and green alder scrubs, alpine grassland and scree vegetation, subalpine floodplain forest with fens)
and their ecological conditions. Interaction between plants and their environment: examples from pollination, reproduction and dispersal
strategies; Adaptations of plant species to their environment.

Literature -Baltisberger M., Nyffeler R. & Widmer A. 2013: Systematische Botanik. 4., vollständig überarbeitete und erweiterte Aufl. v/d/f
Hochschulverlag AG an der ETH Zürich.
-Hess H.E., Landolt E., Hirzel R. & Baltisberger M. 2015: Bestimmungsschlüssel zur Flora der Schweiz. 7., aktualisierte und überarbeitete
Aufl., Birkhäuser Verlag, Basel/Boston/Berlin.
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Prerequisites /
notice

We only admit students to the practical who have successfully completed the introductory lectures in systematic botany of Prof.
Leuchtmann together with the associated exercises and excursions (cf. course 701-0360-00L). In addition, we expect that the participants
know how to use a determination key (Bestimmungsschlüssel zur Flora der Schweiz) and understand the necessary terminology.

Students from other universities are requested to contact the lecturers.

Program:
16.6. (afternoon) Introduction for subsequent week (Zurich, ETH Centre, CHN building)
22.6.-26.6. Excursion northern Alps (Kandersteg)
29.6. Exam and visit of Herbarium (Zurich, Botanical Garden, University of Zurich).

The excursion will take place in the mountains under any weather conditions. The participants should be able to cope with rough and steep
terrain and should bring appropriate equipment. Sturdy mountain boots are mandatory!

Course fees:
The ETH Departments of Biology and Environmental Systems Sciences financially support this excursion. The costs amount CHF 260.- per
student and cover transport, accommodation and full board.

701-0316-00L Woody Plants of Central Europe W  3 credits 2G A. Rudow
Abstract Trees and shrubs are significant structural elements of forests and landscapes and drivers of several important ecosystem processes. The

course builds on the Introduction to Dendrology (Autumn Semester) and provides a wide survey about the woody plant flora of Central
Europe as well as an in-depth knowledge of the identification, the ecology and the use of a large palett of selected species.

Objective Advanced knowledge of the woody plant species native in Middle Europe. Ability to identify selected species and taxonomic groups as well
as ability to decribe and explain their morphological, physiological and ecological characteristics. Practical knowledge of in situ observation
of woody plants and a differentiated view on forest ecosystems.

Content Enlargement of the basic knowledge about woody plants on the basis of concrete observations and practical exercises in the classroom as
well as on the excursions (building on the course Introduction to Dendrology, Dendrology I). Emphasis on the identification of 160 selected
native and introduced tree and shrub species of Central Europe as well as an in-depth knowledge of the mode of life of trees and shrubs
and the ecological traits of the 80 most frequent woody plant species (physiology, autecology, synecology, habitat) in the context of current
forest and landscape topics.

Lecture notes Rudow, A., 2019: Gehölzpflanzen Mitteleuropas - Folien (in German).
Rudow, A., 2019: Dendrologie II - Bestimmungshilfe für 160 einheimische und eingeführte Gehölzarten (in German).
Rudow, A., 2019: Dendrologie II - Ökologische Eigenschaften von 80 häufigen einheimischen und eingeführten Gehölzarten (in German).

Literature Aas, G., 2017: Bäume und Sträucher. Bestimmungsschlüssel der Gehölze Mitteleuropas (in German).
Steiger, P., 2016: Esche, Espe oder Erle? Pflanzenporträts aller wild wachsenden Gehölze Mitteleuropas (in German).
(a broad overview on literature will be given during the course)

Prerequisites /
notice

The course is based on 701-0266-00L Introduction into Dendrology (Dendrology I). This or equivalent knowledge is a prerequisite for the
course.
Half of the course will be held in form of excursions and exercises in the forest (Zurich, Argovia, Alps) and botanical collections.
Weatherproof clothes are presupposed.

701-0322-00L Seminar with Conservation Practitioners W  2 credits 2S R. Holderegger, A. L. Bergamini
Abstract In this seminar, students meet with conservation practitioners. The students and the practitioners, will consider current concepts and

problems in nature conservation. This includes input-presentations by practitioners, and students will discuss and treat relevant problems in
more detail.

Objective The aim of the seminar is to bring students into contact with practitioners in nature conservation and to consider and discuss current
problems of nature conservation in Switzerland.

Content The seminar consists of several blocks, each dealing with a separate problem or topic of nature conservation. Each block includes a
presentation and a more-in-depth treatment of the corresponding theme in student groups and discussions. The invited professionals are
from national and cantonal authorities, consulting offices, NGOs or from research institutes. Additionally, there is a short excursion.

Lecture notes No script. Diverse material will be made available.
Literature No text book.
Prerequisites /
notice

The additional effort of students, in addition to the lecture hours, is about 2 hours per week.
The evaluation of student activities is an integral part of the seminar.

Teaching form: This seminar needs the active participation of students! It consists of input talks, group work, presentations, discussions,
reading and a short excursion.

701-0324-00L Rain Forest Ecology W  2 credits 2G C. Kettle, C. D. Philipson
Abstract Tropical rain forests host most of the world's terrestrial biodiversity, are critical to global climate, and support livelihoods of billions of

people. This course addresses their ecology with a view to understanding the impact of management and land use change on Forest
resilience and capacity to deliver multiple ecosystem services and support sustainable development.

Objective The course has several learning objectives organised in three sections:

Overview of rain forest formations
1.    Explore the diversity and functioning of one of the world's most important biomes: tropical rain forests.

The ecology and dynamics of rain forest systems
2.    Introduce and evaluate competing ecological and biogeographic theories of species coexistence.
3.    Understand how interacting ecological processes acting over multiple time and spatial scales can shape patterns of species diversity.
4.    Explore how species, functional groups and environment interact to shape rain forest structure and function.

Conservation and management of tropical rain forest regions
5.    Recognise and understand the complexity of threats facing rain forests and their implications to human wellbeing.
6.    Apply ecological theory and ecosystem understanding to current conservation challenges.
7.    Understand conservation and land management strategies in the tropics and evaluate the conditions for their success

A primary objective of the course is to encourage students to use basic ecological knowledge to infer conclusions and evaluate strategies
that address more applied environmental challenges. In so doing students would be encouraged to draw upon the ecological knowledge
gained from this course, but also from other courses in ecology, ecological genetics, ecosystem function, conservation, agriculture and land
use.
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Content The course will first address the fundamental ecological processes underlying tropical rain forest form, diversity and function. Building upon
this foundation, issues of more applied relevance will be introduced, including threats to rain forests and their biodiversity, and strategies for
biodiversity conservation forest protection. This will gradually be developed to incorporate increasingly broader and global considerations
that are highly relevant to tropical rain forests including land use in the context of increasing global food demands and the need to reduce
global carbon emissions. The course will draw on ecological theory, biodiversity assessment, economic theory, remote sensing
technologies, spatial modelling, environmental services, ecosystem management and land use planning, and will therefore be
complementary to a variety of other courses offered at Bachelor and Masters level.

Lecture notes Leture notes will be provided as necessary for each session. A list of references and case studies will also be given. Each classes will be
orientated by a plenary lecture, followed by extensive class discussions and group exercises to be conducted in the sessions.  All material
will be provided in advance of such discussions.

Literature Ghazoul, J and Sheil, DS (2010) Tropical rain forest ecology, diversity and conservation. Oxford University Press. And current papers
selected from the recent literature

701-0362-00L Soils and Vegetation of the Alps (Excursion)
Diese Exkursion (max. 24 Plätze) gehört zur Vorlesung
«Flora und Vegetation der Alpen» (701-0364-00; A.
Widmer). Sie kann nur gleichzeitig mit der Vorlesung oder
nach bestandener Prüfung belegt werden. Alternativ ist
eine Teilnahme möglich mit bestandenen Prüfungen in
«Bodenchemie» (701-0533-00L; R. Kretzschmar, D.I.
Christl) und «Pedosphäre» (701-0501-00L; R.
Kretzschmar).

W  2 credits 2P A. Widmer, R. Kretzschmar

Abstract The excursion in the area of Davos illustrates how climatic and edaphic factors shape the distribution of alpine plants. Visits of multiple
sites on different bedrocks in the subalpine and alpine elevational belts reveal connections between climatic conditions, soil formation and
vegetation development.

Objective The students
- understand how parent rock, topography, climate, and vegetation influence soil forming processes and resulting soil properties (e.g.
nutrients, water) in the Alps.
- understand, how climatic and edaphic factors affect the occurrence and distribution of alpine plants.
- are familiar with characteristic plant communities on acidic, basic and ultramafic bedrock in the subalpine and alpine elevational belts.
- know characteristic plant species and plant communities of the subalpine and alpine elevational belts in the Alps.

Content 4-day excursion in the area of Davos with visits of sites on different bedrock (dolomite, gneiss/mica schist, amphibolite, serpentinite) in the
subalpine and alpine elevational belts.
Structure, development and characteristics of the soils and of their effects on the vegetation; characteristic plant species and communities
on different soil types.

Lecture notes A guide to the excursion will be made available.
Literature Landolt E. 2003: Unsere Alpenflora. 7.Aufl., SAC-Verlag.
Prerequisites /
notice

Please note that this course will be taught in German.

701-0364-00L Flora and Vegetation of the Alps
Zur dieser Vorlesung gehört eine 4-tägige Exkursion (max.
24 Plätze) nach Davos. Für eine Teilnahme an der
Exkursion muss die Lehrveranstaltung «Böden und
Vegetation der Alpen» (Nr. 701-0362-00) separat belegt
werden.

W  1 credit 1V A. Widmer

Abstract This course provides an introduction to the flora and vegetation of the Alps. This includes the climatic conditions at different elevations, the
origin of Alpine plants, centers of diversity, ecological requirements and adaptations to prevailing environmental conditions, as well as
characteristic plant communities at different altitudes and soil types.

Objective The students
- understand how climatic and edaphic factors affect the occurrence and distribution of alpine plants
- know characteristic plant species of the subalpine and alpine elevational belts in the Alps
- are familiar with characteristic plant communities on acidic, basic and ultramafic soils in the subalpine and alpine elevational belts.

Content Climatic conditions at different elevations in the Alps; origin and distribution patterns; centers of diversity; ecological requirements and
adaptations to prevailing environmental conditions; altitudinal belts; characteristic plant communities on different bedrock (dolomite, acidic
and basic silicates, serpentine).

Lecture notes Course material will be provided.
Literature Landolt E. 2003: Unsere Alpenflora. 7.Aufl., SAC-Verlag.
Prerequisites /
notice

Solid background in systematic botany and successful participation in the course "Systematic Biology: Plants" (Nr. 701-0360-00). It is
further recommended that students have also participated in the block course "Plant Diversity" (Nr. 701-2314-00L), or alternatively the two
courses "Plant Diversity: Colline/Montane" (701-0314-00L) and "Plant Diversity: Subalpine/Alpine" (701-0314-01L).

Notice:
The 4-day excursion “Soils and Vegetation of the Alps” (Nr. 701-0362-00) belongs to this lecture course. The excursion takes place in
Davos from Wednesday 1 July to Saturday 4 July 2020.

Please note that this course will be taught in German.

 Environmental Chemistry/Ecotocxicology
Number Title Type ECTS Hours Lecturers

701-0206-00L Selected Topics of Physical Chemistry W  2 credits 2G P. Funck
Abstract 1. Kinetics of complex reactions

2. Thermodynamics of mixtures and systems with several phases: Partition between phases, colligative properties of solutions, coexistence
of phases, phase rule, phase diagrams
3. Phase boundaries: Surface tension, surface excess concentration, adsorption, colloids

Objective More detailed knowledge of macroscopic physico-chemical phenomena
Content 1. Kinetics of complex reactions: Pre-equilibrium, steady-state approximation, enzyme kinetics

2. Thermodynamics of mixtures and systems with several phases: Chemical potential, standard states and activities, partition between
phases, colligative properties of solutions, coexistence of phases, phase rule, phase diagrams of pure substances and binary mixtures
3. Phase boundaries: Surface tension, surface excess concentration, adsorption on solids, stability of colloids

Lecture notes Lecture notes can be downloaded from the teaching document repository.
Literature - Wedler, G., Freund, H.-J., Lehr- und Arbeitsbuch Physikalische Chemie, 7. Aufl., Wiley-VCH, Weinheim 2018

- Atkins, P., de Paula, J., Keeler, J., Physical Chemistry, 11th edition, Oxford University Press, 2018
- Shaw, D.J., Introduction to Colloid and Surface Chemistry, 4th ed., Butterworth-Heinemann 1992
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Prerequisites /
notice

Knowledge of kinetics and thermodynamics from "Chemie I+II"
Competent handling of elementary calculus

701-0208-00L Introduction to Environmental Chemistry and
Microbiology
Does not take place this semester.
Prerequisites: Chemistry I & II and Microbiology.

W  1 credit 1G M. Lever, K. McNeill

Abstract With excursions the students gain insights into scientific as well as practical aspects of various areas in which environmental chemistry and
microbiology play a key role. Topics include a.o. waste water treatment, landfills, drinking water purification, impact of agriculture on
surface water quality and environmental assessment of synthetic chemicals.

Objective Learning of typical problems in environmental chemistry and microbiology. Applying basic knowledge of chemistry and microbiology to
environmentally relevant problems.

Content Discussion of case studies combined with excursions.
Lecture notes Moodle (https://moodle-app2.let.ethz.ch/course/view.php?id=3860)

Zusätzliche Unterlagen werden evtl. abgegeben.
Prerequisites /
notice

Chemistry I and II and Microbiology

551-1420-00L Molecular Biology W  2 credits 2G D. Santelia, J. Fütterer
Abstract The course deals with

(i) Structure and replication of DNA, transcription, RNA processing, translation, mutation and DNA repair, stability and variability of
genomes, regulation of gene activities. (ii) Modern molecular methods by which these processes are examined. (iii) Practical applications in
genetic engineering, plant breeding and food biotechnology.

Objective At the end of this course, students are able to (i) Define technical terms of molecular biology and apply them to biological phenomena. (ii)
Understand the structure and function of the genetic material as well as the processes of its natural and artificial change. (iii) Describe
standard methods of molecular biology and explain their applications.

Literature “Molecular Biology, Principles of Genome Function”, Second Edition (2014), Oxford
N. Craig, O. Cohen-Fix, R. Green, C. Greider, G. Storz, C. Wolberger

529-0289-00L Spectra Interpretation of Organic Compounds W  2 credits 2G R. Zenobi, M. Badertscher, K. Eyer,
Y. Yamakoshi

Abstract Exercises in interpretation of molecular spectra
Objective Mastering the interpretation of molecular spectra.
Content In the first part of the lecture, the students work in small groups on solving particular problems in structure elucidation, interpreting mass,

1H-NMR, 13C-NMR, IR, and UV/VIS spectra, optionally in discussion with the lecturers. In the second part the problems are solved by a
lecturer.

Lecture notes Spectroscopic problems will be distributed
Literature E. Pretsch, P. Bühlmann, M. Badertscher, Structure Determination of Organic Compounds: Tables of Spectral Data, Springer-Verlag,

Berlin, 2009, 4th revised and enlarged Engl. ed.

E. Pretsch, G. Tóth, M. E. Munk, M. Badertscher, Computer-Aided Structure Elucidation: Spectra Interpretation and Structure Generation,
Wiley-VCH, Weinheim, 2002.

Prerequisites /
notice

The course is based on the lectures Analytical Chemistry I (529-0051-00) and Analytical Chemistry II (529-0058-00).
Solutions to the problems will be posted on the internet.

752-1300-00L Introduction to Toxicology W  3 credits 2V R. Eggen, S. J. Sturla
Abstract Introduction to how chemical properties and biological interactions govern the disposition and influences of toxicants.
Objective The objectives are for the student to establish a framework for examining adverse effects resulting from exposures to toxicants by

understanding key mechanisms that give rise to toxic responses and disease processes.
Content This course will introduce mechanisms governing the chemical disposition and biological influences of toxicants.  The course is geared

toward advanced bachelors students in food science, environmental science, and related disciplines, such as chemistry, biology and
pharmaceutical sciences.  Examples of topics include: dose-response relationships and risk assessment, absorption, transport, and
biotransformation of xenobiotic chemicals; Carcinogenesis; DNA damage, repair, and mutation; Immunotoxicity; Neurotoxicity; and modern
toxicity testing strategies.  These fundamental concepts in Mechanistic Toxicology will be integrated with examples of toxicants relevant to
food, drugs and the environment.

Literature Casarett & Doull's Toxicology, The Basic Science of Poisons. Seventh Edition. Editor: Curtis D. Klaassen, 2008, McGraw-Hill. (available
on-line)

Prerequisites /
notice

Basic knowledge of organic chemistry and biochemistry is required.

 Environmental Physics
Number Title Type ECTS Hours Lecturers

701-0106-00L Mathematics V: Applied Deepening of Mathematics I -
III

W  3 credits 2G M. A. Sprenger

Abstract Selected mathematical topics are presented for later use in more specialised lectures. Part of the topics were already discussed in the
lectures Mathematics I-III. Here, they should be shortly recapitulated and most importantly applied to practical problems. If necessary, new
mathematical concepts and methods will be introduced in order to solve challenging and inspiring problems from practice.

Objective The aim of this lecture is to prepare the students for the more specialised lectures. They should become more familiar with the
mathematical background, the mathematical concepts und most of all with their application and interpretation.

Content Practical examples from the following areas will be discussed: ordinary differential equations; eigenvalue problems from linear algebra;
systems of linear and nonlinear differential equations; partial differential equations (diffusion, transport, waves).

701-0234-00L Atmospheric Chemistry: Instruments and Measuring
Techniques

W  1 credit 1V U. Krieger

Abstract Measuring Techniques: Environmental Monitoring, Trace Gas Detection, Remote Sensing, Aerosol Characterization, Techniques used in
the laboratory.

Objective Find out about the specific problems connected to composition measurements in the atmosphere. Working out criteria for selecting an
optimal measuring strategy. Acquiring knowledge about different measuring methods their spectroscopic principles and of some specific
instruments.

Content Es werden Methoden und Geräte vorgestellt und theoretisch analysiert, die in atmosphärenchemischen Messungen Verwendung finden:
Geräte zur Überwachung im Rahmen der Luftreinhalteverordnung, Spurengasanlysemethoden, "remote sensing", Aerosolmessgeräte,
Messverfahren bei Labormessungen zu atmosphärischen Fragestellungen.

Literature B. J. Finnlayson-Pitts, J. N. Pitts, "Chemistry of the Upper and Lower Atmosphere", Academic Press, San Diego, 2000
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Prerequisites /
notice

Methodenvorlesung zu den Praktika 701-0460-00 und 701-1230-00. Die Kontaktzeiten in diesen Praktika sind so abgestimmt, dass der
(empfohlene) Besuch der Vorlesung möglich ist.

Voraussetzungen: Atmosphärenphysik I und II

701-1236-00L Measurement Methods in Meteorology and Climate
Research

W  1 credit 1V M. Hirschi, D. Michel

Abstract The course provides the physical, technical, and theoretical basics for measuring physical quantities in the atmosphere. Also,
considerations related to the planning of observation campaigns and to data evaluation are discussed.

Objective Aims of the course are:
- to become sensitive for specific problems when making measurements in the atmosphere under severe environmental conditions
- to gain knowledge of the different measurement methods and techniques
- to develop criteria for the choice of the optimal measurement method for a given problem
- to find the optimal observation strategy in terms of choice of instrument, frequency of observation, accuracy, etc.

Content Problems related to time series analysis, sampling theorem, time constant and sampling rate. Theoretical analysis of different sensors for
temperature, humidity, wind, and pressure. Discussion of effects disturbing the instruments. Principles of active and passive remote
sensing. Measuring turbulent fluxes (e.g. heatflux) using eddy-correlation technique. Discussion of technical realizations of complex
observing systems (radiosondes, automatic weather stations, radar, wind profilers). Demonstration of instruments.

Lecture notes Students can download a copy of the lectures as PDF-files.
Literature - Emeis, Stefan: Measurement Methods in Atmospheric Sciences, In situ and remote. Bornträger 2010, ISBN 978-3-443-01066-9

- Brock, F. V. and S. J. Richardson: Meteorological Measurement Systems, Oxford University Press 2001, ISBN 0-19-513451-6
- Thomas P. DeFelice: An Introduction to Meteorological Instrumentation and Measurement. Prentice-Hall 2000, 229 p., ISBN 0-
13-243270-6
- Fritschen, L.J., Gay L.W.: Environmental Instrumentation, 216 p., Springer, New York 1979.
- Lenschow, D.H. (ed.): Probing the Atmospheric Boundary Layer, 269 p., American Meteorological Society, Boston MA 1986.
- Meteorological Office (publ.): Handbook of Meteorological Instruments, 8 vols., Her Majesty's Stationery Office, London 1980.
- Wang, J.Y., Felton, C.M.M.: Instruments for Physical Environmental measurements, 2 vol., 801 p., Kendall/Hunt Publ. Comp., Dubuque
Iowa 1975/76.

Prerequisites /
notice

The lecture focuses on physical atmospheric parameters while lecture 701-0234-00 concentrates on the chemical quantities. The lectures
are complementary, together they provide the instrumental basics for the lab course 701-0460-00. Contact hours of the lab course are such
that the lectures can be attended (which is recommended).

402-0048-00L Advanced Physics for Students of Environmental and
Earth Sciences

W  6 credits 4V+2U H.-A. Synal

Abstract Basic concepts of quantum and nuclear physics with emphasis on environmental and earth science aspects
Objective This lecture is an introduction to the so-called "modern physics". It discusses phenomena that can no longer be described with the classical

ideas of mechanics and classical electrodynamics. The fundamentals of quantum and nuclear physics will be taught and their significance
in environmental and earth sciences will be demonstrated. In selected examples and numerous demonstration experiments phenomena
will be discussed which can only be explained by quantum mechanical or nuclear physical models.

Content Quantum physics:
Basics of quantum mechanics: Planck's radiation related to the Earth's radiation budget and climate, photoelectric effect, matter waves,
uncertainty relation, Schrödinger equation, box potential, tunnel effect, harmonic oscillator.
Atomic and molecular physics:
Hydrogen atom, energy states, absorption and emission of electromagnetic radiation, molecular oscillation states, laser.
Nuclear physics:
Structure of the atomic nucleus (nuclear models, nuclear forces), radioactivity (types of decay), interaction of radiation with matter,
detection of radioactive radiation, radiation effect and radiation dose, nuclear fission and fusion, natural and artificial radioactivity in the
environment, radioisotopes as natural tracers.

Lecture notes Script is distributed in the lecture. Further documents on special topics will be handed out.
Literature - H. Haken, H. C. Wolf: Atom- und Quantenphysik, 8. Aufl. (Springer, 2004)

- K. Bethge, G. Walter, B. Wiedemann: Kernphysik, 2. Aufl. (Springer, 2001)

 Engineering and Planning
 Spacial and Transport Planning

Number Title Type ECTS Hours Lecturers

701-0953-00L GIS Case Study
Prerequisites: 701-0951-00L "GIS - Introduction into
Geoinformation Science" in autumn semester or
comparable preparatory training.

W  2 credits 2A M. A. M. Niederhuber

Abstract This course engrosses the close to practice application of geographic information systems by means of self-dependent case studies
(project work), being handled by small teams.
The students elaborate a project schedule, conceive an analysis workflow, effect a multi-stage analysis within the context of an
environmental problem and present their results to the course plenum.

Objective The students ...
- deepen selected theoretical and practical skills of the GIST Bachelor course on a specified case;
- are able to acquaint themselves independently with complex spatial problems;
- can develop the necessary data and process models for the implementation;
- can independently manage and execute a project from planning to presentation;
- learn to work together with scientists of applied research.

Content Die Studierendene führen eine praxisorientierte GIS-Analyse durch und präsentieren am Ende ihre Ergebnisse.
Lecture notes kein Skript
Prerequisites /
notice

Einführungskurs "GIST - Einführung in die Räumlichen Informationswissenschaften und Technologien" oder gleichwertige Vorkenntnisse.

101-0408-00L Laboratory Transport and Spatial Planning
Number of participants limited to 25.

W  3 credits 2P B. Vitins

Abstract This laboratory applies main transport planning methods based on land use types and patterns. Using a small scale case study, students
implement a four-stage travel demand model based on real-world data and propose scenarios for improvements of transport and land use
infrastructure.
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Objective - Methods for analyzing and solving transport planning issues 
- Dependencies between land use and transport planning
- Development of models for solving of planning tasks 
- Model plausibility and calibration 
- Development of solutions and scenarios
- Scenario evaluation and effect

101-0414-00L Transport Planning (Transportation I) W  3 credits 2G K. W. Axhausen
Abstract The lecture course discusses the basic concepts, approaches and methods of transport planning in both their theoretical and practical

contexts.
Objective The course introduces the basic theories and methods of transport planning.
Content Basic theoretical links between transport, space and economic development; basic terminology; measurement and observation of travel

behaviour; methods of the four stage approach; cost-benefit analysis.
Literature Ortuzar, J. de D. and L. Willumsen (2011) Modelling Transport, Wiley, Chichester.

102-0516-01L Environmental Impact Assessment W  3 credits 2G S.-E. Rabe
Abstract Focus of the course are the method, the process and content of the Environmental Impact Assessment (EIA) as well as the legal bases

and methods for compiling an environmental impact study (EIS).
Using examples, a comprehensive view of the EIA is made possible by means of excursions.
In the frame of a project the process of am EIA will be workt out by the students.

Objective - Understanding the context of spatial planning and environmental protection
- Ability to use central planning instruments and procedures for assessing the environmental impacts and risks of projects
- Ability to apply quantitative methods to assess the environmental impacts and risks of projects
- Knowledge about the process and content of an EIA
- a capacity for critical review of environmental impact assessments

Content - Nominal and functional environmental protection in Switzerland
- Instruments of environmental protection
- Need for coordination between environmental protection and spatial planning
- Environmental Protection and environmental impact assessment
- Legal basis of the EIA
- Procedure of EIA
- Content of the EIA
- Content and structure of the EIS
- Application of the impact analysis
- Monitoring and Controlling
- View regarding the strategic environmental assessment (SEA)
- Excursions projects obligated under the EEA

Lecture notes No script. The documents for the lecture can be found for download on the homepage of the Chair of Planning of Landscape and Urban
Systems.

Download: http://irl.ethz.ch/de/education/vorlesungen/bsc/environmental_impact.html

Literature - Bundesamt für Umwelt 2009: UVP-Handbuch. Richtlinie des Bundes
für die Umweltverträglichkeitsprüfung. Umwelt-Vollzug Nr. 0923,
Bern. 156 S.
- Leitfäden zur UVP (werden in der Vorlesung bekannt gegben)

Prerequisites /
notice

Additional information on mode of examination:
No calculators allowed

103-0357-00L Environmental Planning W  3 credits 2G M. Sudau, S.-E. Rabe
Abstract The lecture covers tools, methods and procedures of

Landscape and Environmental Planning developed. By means of field trips their implementation will be illustrated.
Objective Knowledge of the various instruments and possibilities for the practical implementation of environmental planning.

Knowledge of the complex interactions of the instruments.
Content - forest planning

- inventories
- Intervention and compensation
- ecological network
- agricultural policy
- landscape development concepts (LEK)
- parks
- swiss concept of landscape
- riverine zone
- natural hazards
- field trips

Lecture notes - lecture notes concerning the instruments
- Handouts
- Copies of selected literature

Download: http://irl.ethz.ch/de/education/vorlesungen/bsc/environmental_planning.html

Prerequisites /
notice

Additional information on mode of examination:
No calculators allowed

 Individual Subjects
Number Title Type ECTS Hours Lecturers

701-0972-00L Introduction into Organic Farming Systems W  3 credits 2V P. J. Mäder, D. M. Dubois,
B.  Oehen

Abstract The lecture provides an overview over the principles and practices of organic agriculture. Lessons in the disciplines soil sciences, plant and
animal production, and socio-economics are held by different experts. The students deepen their knowledge with an exercise on the topic
of resilience. The course closes with an excursion on organic farms, and gives the opportunity for critical reflections.

Objective The students are familiar with the principles and practices of organic farming and can identify its strengths and weaknesses. They are
familiar with the specific challenges in plant and animal production in organic farming and have the capability for critically assessing
potential solutions in organic farming to resolve the challenges society is facing.

More detailed Information about the objectives are published on moodle:
https://moodle-app2.let.ethz.ch/course/view.php?id=11851
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Content PART I: Lecture: Introduction in Organic Farming Systems

INTRODUCTION
1. Roots of organic farming, historical development of farming systems, share of organic farming in Switzerland and Europe
Basic principles and requirements organic farming, standards

PLANT PRODUCTION
2. Soil fertility - Results from long-term experiments 

3. Reduced soil tillage
Non-chemical weed control

4. Sustainable crop rotations
Organic fertilisation concepts

5. Plant protection: Regulation of diseases and pests

6. Increasing biodiversity
Organic breeding strategies and variety selection

ANIMAL PRODUCTION
7. Animal health and complementary veterinary Medicine

8. Sustainability, ethics and product quality in animal husbandry   


FOOD 
9. Food quality of organic produces, latest meta-analyses on food quality in organic farming


10. Multifunctionality of organic farming
Agricultural Policy

EXCURSION
11. Farm visit Goetsch, Zurich and optional  "Meh als Gmües"

SUSTAINABILITY
11. Sustainability assessment of organic farms 
SMART, LCA

RESILIENCE
13. Presentation/discussion of student papers

14. Examination (written test)

Lecture notes Power Point presentations on Moodle for registred students.

Scripts on Moodle for registred students

https://moodle-app2.let.ethz.ch/course/view.php?id=11851

Literature Recommended: 
Otto Schmid and Robert Obrist Robert (2001): Biologischer Landbau. Landwirtschaftliche Lehrmittelzentrale, Zollikofen, 267 pp (in
German)
 
Nic Lampkin Nic, Measures Mark and Padel Susanne (2006):  Organic Farm Management Handbook. University of Wales, Aberystwyth.
240pp

Prerequisites /
notice

This lecture (701-0972-00L FS 2020) is recomended for the participation in the second part en bloc "Comparison of ecological farming
systems" 701-0974-00L FS 2020.

The lecture can be taken alone without the second part.

Conditions for the credit points is a written test.

Structure:
Lecture (Part I): 14 times 2h weekly lectures plus exercice (3 CRPT)

Second part en bloc (Part II): One study week with excursions, exercices and workshops (end of spring Semester: 8. - 12. June 2020) (3
CRPT)

701-0974-00L Comparison of Different Swiss Farming Systems
Number of participants limited to 30.

W  3 credits 3G B.  Oehen, P. J. Mäder

Abstract The students are able to make comparisons between farming systems (organic, integrated, conventional) and to assess their contribution
to a sustainable development.

Objective The students are familiar with the different methods of agriculture (organic, integrated, conventional) in Switzerland and are able to assess
their performance on an ecological, economic and social level.
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Content Course content Block II: Comparison of agricultural systems (IP and Bio) 

We will visit the Research Institute of Organic Agriculture and get to know research projects for the further development of sustainable
agriculture.

We will deepen the implementation of the concept of sustainable agriculture in practice by visiting 6 different farms. The farm managers
describe their farm strategy, their goals, the difficulties and opportunities they see for their farm. 

On the last day, the various elements are reflected upon and feedback for the farms is compiled.


The course will take place all day from Tuesday, 12 June 2020 - Friday, 09 June 2020. From 09 June 2019 to 10 June 2019 we will be
staying overnight at a company.

Students pay a maximum of CHF 100 per person for accommodation, meals and transport.

Lecture notes Scripts are distributed in the course

Scripts can be downloaded from the web with an access code from MOODLE System: https://moodle-
app2.let.ethz.ch/course/view.php?id=1986

Prerequisites /
notice

Precondition for this course is the participation in the introductionary course "Organic Farming Systems" in the former courses.

The course cannot  only be taken when the Part I has been followed or with good documented knowledge of organic farming

Condition for credit points is the active participation in the course.

Structure:
one study week with excursions, exercices and workshops.

701-1638-00L Mountain Forest Ecology (Field Course) W  2 credits 4P P. Bebi, A. Rigling
Abstract The field course offers an introduction to the field of mountain forest ecology and management of mountain forests. The students learn in a

group to carry out a project based on a self-defined research question.
Objective The participants get an overview of important processes and patterns related to forest dynamics in mountain forests. They get insight into

research on the topics of mountain forest ecology and management of mountain forests. They learn to define research objectives,
formulate research hypotheses and work out a research proposal. In a team the students learn to prepare and carry out a small research
project and to present the research results.

Content During a visit of the SLF (Institute for Snow and Avalanche Research) we get insight into the importance of snow for the Davos landscape.
In a short excursion with the forester, we learn different aspects of the management of mountain forests. During a further, full-day excursion
in the Dischma - Stillberg area (Davos) and on the basis of presentations, the participants will get an overview of important processes and
patterns related to forest dynamics in mountain forests as well as of disturbances (avalanches, insect outbreaks, blowdown, fire). The
participants get insight into ongoing research projects in mountain forest ecology. Gaps in current knowledge will be highlighted, research
hypotheses will be formulated and topics for research questions will be defined. In small groups the participants will prepare a proposal for
a research project they will carry out during the week. Lecturers will supervise the group works. On the last day the participants will present
their results.

Lecture notes You can retrieve current information and course material from the Moodle server in due time.

Prior to the course, an introduction on climate, soil and vegetation of the Alps from Landolt and Urbanska (2003) and an excursion guide
will be handed out.

Literature See "Lecture notes".
Prerequisites /
notice

The field course takes place from 15 June 2020 (Monday) to 20 Juni 2020 (Saturday).

In addition to the students from ETH Zurich there will be students of the University Freiburg (Germany) as well as of the AgroParisTech in
Nancy (France). From each of the three institutions, a maximum of 7 students may be accepted ("first come first serve"), free places will be
filled up with students from the other institutions. The application is binding.

The course will be given in English and takes place nearby Davos (Switzerland). We in the Shima (Davos, beginning of Dischmavalley).
The overall costs for each student are expected to be 225.- Fr (including accommodation, breakfast and dinner), which will have to be paid
during the field week. The remaining expenses will be paid by ETH.
 
Control of success: For 60 hours of total work (2 credit points), each student has to
- attend the information event (1 hour; date to be announced);
- read an introduction on climate, soils and vegetation of the Alps as well as the excursion guide prior to the course (5 hours of work);
- actively participate in the course, including presentation at the last day (46 hours);
- write a short report on the research following the course (8 hours).

Coordination: The course is coordinated by the Chair of Forest Growth and Dendroecology at the University Freiburg, the Swiss Federal
Institute for Forest, Snow and Landscape Research (WSL), the WSL-Institute for Snow and Avalanche Research (SLF) and the ENGREF
(École nationale du génie rural, des eaux et des forêts) at the AgroParisTech.
 
Focus group: The course is open to interested Bachelor students in the 3rd study year, on request also to Master students.

Recommended requirements: Attendance of the course "Forest Ecology" (701-0561-00) and/or "Practical Forests and Landscapes" (701-
0560-00), or a comparable course at a different university.

102-0214-02L Introduction to Urban Water Management
Civil Engineers and Environmental Scientist have to
enrole for the course unit 102-0214-02L (without
excursions).

W  5 credits 4G E. Morgenroth, M. Maurer

Abstract Introduction to urban water management (water supply,  urban drainage, wastewater treatment, sewage sluge treatment)
Objective This course provides an introduction and an overview over the topics of urban water management (water supply,  urban drainage,

wastewater treatment, sewage sludge treatment). It supports the understanding of the interactions of the relevant technical and natural
systems. Simple models for the design are introduced.
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Content Overview over the field of urban water management.
Introduction into systems analysis.
Characterization of water and water quality.
Requirement of drinking water, production of wastewater and pollutants
Production and supply of drinking water.
Urban drainage, treatment of combined sewer overflow.
Wastewater treatment, nutrient elimination, sludge handling.
Planning of urban water infrastructure.

Lecture notes Gujer, W.: Siedlungswasserwirtschaft, 3. Aufl., Springer Verlag Berlin Heidelberg 2007
Handouts

Prerequisites /
notice

This course is required for further in depth courses in urban water management.


252-0842-00L Introduction to Programming and Problem Solving
Number of participants limited to 80.

W  3 credits 2V+1U D. Komm

Abstract Core concepts of Computer Science and their implementation in Python.
Objective The goals of the course are consolidating the knowledge about the programming language Python on the one hand, and learning about

core concepts of computer science that are essential in algorithm design on the other hand.  The focus is on computational thinking, that is,
the ability to solve problems systematically by developing algorithms.  Different strategies are introduced, analyzed theoretically, and
implemented in Python.  The combination of theory and practice is central in this course.

Content - Repetition of basic programming concepts such as variables, lists, control structures, and loops
- Reading in and visualizing data
- Complexity theory
- Sorting and searching
- Dynamic programming
- Recursion
- Graph algorithms

Lecture notes Lecture website: http://lec.inf.ethz.ch/ppl
Prerequisites /
notice

Recommendation:
- Foundations of Computer Science (252-0852-00)
- Application Oriented Programming Using Python (252-0840-01)

751-3402-00L Plant Nutrition II - Integrated Nutrient Management
Only for Students in BSc/MSc Agricultural Sciences and
Students in MSc Environmental or Food Sciences. 
Number of participants limited to 40.

W  2 credits 2V A. Oberson Dräyer

Abstract Teaching knowledge on nutrient fluxes in agroecosystems so as to maximize nutrient use efficiency by crops and minimize losses to the
environment while providing optimal nutrient supply to crops. Methods to establish nutrient budgets are presented. Nutrient input and
output variables (e.g. losses by various pathways) are treated and their optimal management presented.

Objective At the end of the lecture the students can establish nutrient budgets, can critically evaluate agricultural systems as source of elements for
the environment and can propose agricultural practices that limit these losses while maximizing nutrient use efficiency and optimizing
nutrient supply to crops.

Content This course provides understanding of integrated nutrient management in agro-ecosystems so as to maximize nutrient use efficiency by
crops while minimizing nutrient losses to the environment at optimal nutrient supply to the crop. The characteristics of input and output
variables will be treated. These variables encompass organic (e.g. animal manure, plant residues, recycled organic wastes) and mineral
fertilizers (e.g. minerals and products from recycling), symbiotic nitrogen fixation, nutrient deposition and pathways of nutrient losses.
Measures to mitigate nutrient losses to the environment will be presented. Different methods will be taught so as to calculate nutrient
budgets at various levels of the agro-ecosystem. Using case studies on nutrient rich and nutrient poor agro-ecosystems, strategies for an
optimal nutrient management will be discussed that integrate attributes of soils, plants and fertilizers.

In particular the treatment of case studies results in interactive lectures. Exercises done outside the classes help to foster the matter.
Finally, they work on a focal topic of their interest. This is either i) the analysis and presentation of a paper, or ii) the analysis of the nutrient
status of a farm by the means of nutrient budgeting and the development of integrated fertilization system including a modified scenario of
that farm. In either case, they work in groups and present the outcome in an oral presentation (including peer feedback) of in a short written
report.

 Bachelor's Thesis
Students can choose between one Bachelor thesis of 10KP or two Bachelor theses of 5KP each

Number Title Type ECTS Hours Lecturers

701-0010-02L Short Bachelor's Thesis in Social Sciences and
Humanities

W  5 credits 11D Lecturers

Abstract By developing the bachelor's thesis, students learn to (a) analyse a problem using scientific methods and concepts, (b) write a report
according to scientific standards and (c) correctly cite scientific literature. Depending on the chosen orientation of the thesis, the students
learn these skills through an empirical analysis, a literature review, via design tasks or through an an applied project.

Objective By developing the bachelor's thesis, students learn to (a) analyse a problem using scientific methods and concepts, (b) write a report
according to scientific standards and (c) correctly cite scientific literature.

Content A bachelor's thesis in the domain "Social sciences and humanities" usually deals with an issue at the interface of those sciences, the
environment and sustainability. Methods of data collection, analysis and interpretation stemming from the social sciences are applied. 
A short bachelor's thesis should consist of a text, with graphs and figures, of  15-20 pages.

701-0010-03L Short Bachelor's Thesis in Natural Sciences and
Engineering

W  5 credits 11D Lecturers

Abstract By developing the bachelor's thesis, students learn to (a) analyse a problem using scientific methods and concepts, (b) write a report
according to scientific standards and (c) correctly cite scientific literature. Depending on the chosen orientation of the thesis, the students
learn these skills through an empirical analysis, a literature review, via design tasks or through an an applied project.

Objective By developing the bachelor's thesis, students learn to (a) analyse a problem using scientific methods and concepts, (b) write a report
according to scientific standards and (c) correctly cite scientific literature.

Content A bachelor's thesis in "Natural sciences" deals with a topic at the interface of natural sciences, the environment and sustainability. The
methods of data collection, analysis and interpretation appropriate to the natural sciences are used. 
A thesis in "Engineering" deals with the environmental effects of use and application. The thesis may take the form of an analysis or review
of a current technology, or the design of a future technological application. In an inter- or transdisciplinary thesis, knowledge from various
fields and disciplines would be merged on the basis of an overarching question, or developed via the input of key societal actors.
A short bachelor's thesis should consist of a text, with graphs and figures, of  15-20 pages. 

701-0010-10L Bachelor's Thesis W  10 credits 21D Lecturers
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Abstract By developing the bachelor's thesis, students learn to (a) analyse a problem using scientific methods and concepts, (b) write a report
according to scientific standards and (c) correctly cite scientific literature. Depending on the chosen orientation of the thesis, the students
learn these skills through an empirical analysis, a literature review, via design tasks or through an an applied project.

Objective By developing the bachelor's thesis, students learn to (a) analyse a problem using scientific methods and concepts, (b) write a report
according to scientific standards and (c) correctly cite scientific literature.

Content The BA is written either under the "Social sciences and humanities" or the "Natural sciences and technology" modules. The thesis may also
be inter- and transdisciplinary. 
A bachelor's thesis in the domain "Social sciences and humanities" usually deals with an issue at the interface of those sciences, the
environment and sustainability. Methods of data collection, analysis and interpretation stemming from the social sciences are applied. A
bachelor's thesis in "Natural sciences" deals with a topic at the interface of natural sciences, the environment and sustainability. The
methods of data collection, analysis and interpretation appropriate to the natural sciences are used. A thesis in "Technology" deals with the
environmental effects of use and application. The thesis may take the form of an analysis or review of a current technology, or the design of
a future technological application. In an inter- or transdisciplinary thesis, knowledge from various fields and disciplines would be merged on
the basis of an overarching question, or developed via the input of key societal actors. 
A bachelor's thesis should consist of a text, with graphs and figures, of  30-40 pages.

Environmental Sciences Bachelor - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Environmental Sciences Master
 Major in Atmosphere and Climate

 Prerequisites
Number Title Type ECTS Hours Lecturers

701-0412-00L Climate Systems W 3 credits 2G S. I. Seneviratne, L. Gudmundsson
Abstract This course introduces the most important physical components of the climate system and their interactions. The mechanisms of

anthropogenic climate change are analysed against the background of climate history and variability. Those completing the course will be
in a position to identify and explain simple problems in the area of climate systems.

Objective Students are able
- to describe the most important physical components of the global climate system and sketch their interactions
- to explain the mechanisms of anthropogenic climate change
- to identify and explain simple problems in the area of climate systems

Lecture notes Copies of the slides are provided in electronic form.
Literature A comprehensive list of references is provided in the class. Two books are

particularly recommended:
- Hartmann, D., 2016: Global Physical Climatology. Academic Press, London, 485 pp.
- Peixoto, J.P. and A.H. Oort, 1992: Physics of Climate. American Institute of Physics, New York, 520 pp.

Prerequisites /
notice

Teaching: Sonia I. Seneviratne & Lukas Gudmundsson, several keynotes to special topics by other professors
Course taught in german/english, slides in english

 Mandatory Courses
 Colloquia

Number Title Type ECTS Hours Lecturers

651-4095-01L Colloquium Atmosphere and Climate 1 O  1 credit 1K C. Schär, H. Wernli, D. N. Bresch,
D. Domeisen, N. Gruber, H. Joos,
R. Knutti, U. Lohmann, T. Peter,
S. I. Seneviratne, K. Steffen, M. Wild

Abstract The colloquium is a series of scientific talks by prominent invited speakers assembling interested students and researchers from around
Zürich. Students take part of the scientific discussions.

Objective -get insight into ongoing research in different fields related to atmospheric and climate science
Content The colloquium is a series of scientific talks by prominent invited speakers assembling interested students and researchers from around

Zürich. Students take part of the scientific discussions.
Prerequisites /
notice

To acquire credit points for this colloquium, please confirm your attendance of 8 colloquia per semester by using the form which is provided
at the course webpage.

651-4095-02L Colloquium Atmosphere and Climate 2 O  1 credit 1K C. Schär, H. Wernli, D. N. Bresch,
D. Domeisen, N. Gruber, H. Joos,
R. Knutti, U. Lohmann, T. Peter,
S. I. Seneviratne, K. Steffen, M. Wild

Abstract The colloquium is a series of scientific talks by prominent invited speakers assembling interested students and researchers from around
Zürich. Students take part of the scientific discussions.

Objective -get insight into ongoing research in different fields related to atmospheric and climate sciences
Prerequisites /
notice

To acquire credit points for this colloquium, please confirm your attendance of 8 colloquia per semester by using the form which is provided
at the course webpage.

651-4095-03L Colloquium Atmosphere and Climate 3 O  1 credit 1K C. Schär, H. Wernli, D. N. Bresch,
D. Domeisen, N. Gruber, H. Joos,
R. Knutti, U. Lohmann, T. Peter,
S. I. Seneviratne, K. Steffen, M. Wild

Abstract The colloquium is a series of scientific talks by prominent invited speakers assembling interested students and researchers from around
Zürich. Students take part of the scientific discussions.

Objective -get insight into ongoing research in different fields related to atmospheric and climate sciences
Prerequisites /
notice

To acquire credit points for this colloquium, please confirm your attendance of 8 colloquia per semester by using the form which is provided
at the course webpage.

 Seminars
Number Title Type ECTS Hours Lecturers

701-1211-01L Master's Seminar: Atmosphere and Climate 1 O  3 credits 2S H. Joos, R. Knutti, I. Medhaug,
M. A. Wüest

Abstract In this seminar, the process of writing a scientific proposal will be
introduced. The essential elements of a proposal, including the peer
review process, will be outlined and class exercises will train
scientific writing skills. Knowledge exchange between class
participants is promoted through the preparation of a master thesis
proposal and evaluation of each other's work.

Objective Scientific writing skills
How to effectively write a scientific proposal.

Content In this seminar, the process of writing a scientific proposal will be
introduced. The essential elements of a proposal, including the peer
review process, will be outlined and class exercises will train
scientific writing skills. Knowledge exchange between class
participants is promoted through the preparation of a master thesis
proposal and evaluation of each other's work.

Prerequisites /
notice

Please register for the seminar 1 in the semester BEFORE writing your MSc thesis.
Attendance is mandatory.

701-1211-02L Master's Seminar: Atmosphere and Climate 2 O  3 credits 2S H. Joos, R. Knutti, I. Medhaug,
M. A. Wüest
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Abstract This seminar brings the students working on their Master thesis together. Students present their Master thesis project including an
overview of the outline and the first scientific results. In this seminar presentation skills and visualisation techniques are trained and
methods of scientific project management are introduced and applied to the Master project.

Objective - training of presentation and visualisation skills
- gain basic knowledge in project management
- train how to lead a discussion, chair a presentation

Content This seminar brings the students working on their MSc thesis together. Students present their MSc thesis project including an overview of
the outline and the first scientific results. In this seminar presentation skills and visualisation techniques are trained and methods of
scientific project management are introduced and applied to the MSc project.

Prerequisites /
notice

Please register for this seminar 2 in the semester in which you work on your MSc thesis.
Attendance is mandatory

 Laboratory and Field Courses
Number Title Type ECTS Hours Lecturers

701-1260-00L Climatological and Hydrological Field Work
Number of participants limited to 30.

W 2.5 credits 5P D. Michel, L. Gudmundsson

Abstract Practical work using selected measurement techniques in meteorology and hydrology. The course consists of field work with different
measuring systems to determine turbulence, radiation, soil moisture, evapotranspiration, discharge and the atmospheric state as well as of
data analysis.

Objective Learning of elementary concepts and practical experience with meteorological and hydrological measuring systems as well as data
analysis.

Content Practical work using selected measurement techniques in meteorology and hydrology. The course consists of field work with different
measuring systems to determine turbulence, radiation, soil moisture, evapotranspiration, discharge and the atmospheric state as well as of
data analysis.

Prerequisites /
notice

The course takes place in the hydrological research catchment Rietholzbach (field work) and at ETH (data analysis) as a block course.

701-1262-00L Atmospheric Chemistry Lab Work W 2.5 credits 5P C. Marcolli, U. Krieger, T. Peter
Abstract Experiments are carried out to investigate the freezing of water droplets and ice cloud formation. Water-in-oil emulsions are prepared and

cooled in a DSC (differential scanning calorimeter). The measured freezing temperatures are put in context with cloud formation in the
atmosphere.

Objective This practical course offers the opportunity to get to know lab work on a topic of atmospheric importance.
Content Cirrus clouds play an important role in the radiative budget of the Earth. Due to scattering and absorption of the solar as well as terrestrial

radiation the cirrus cloud cover may influence significantly the Earth climate. How the cirrus clouds exactly form, is still unknown. Ice
particles in cirrus clouds may form by homogeneous ice nucleation from liquid aerosols or via heterogeneous ice nucleation on solid ice
nuclei (IN). The dihydrate of oxalic acid (OAD) acts as a heterogeneous ice nucleus, with an increase in freezing temperature between 2
and 5K depending on solution composition. In several field campaigns, oxalic acid enriched particles have been detected in the upper
troposphere with single particle aerosol mass spectrometry. Simulations with a microphysical box model indicate that the presence of OAD
may reduce the ice particle number density in cirrus clouds by up to ~50% when compared to exclusively homogeneous cirrus formation
without OAD. 
The goal of this atmospheric chemistry lab work is to expand the knowledge about the influence of oxalic acid in different aqueous solution
systems for the heterogeneous ice nucleation process. Experiments of emulsified aqueous solutions containing oxalic acid will be
performed with a differential scanning calorimeter (DSC, TA Instruments Q10). Water-in-oil emulsions contain a high number of
micrometer-sized water droplets. Each droplet freezes independently which allows the measurement of homogeneous freezing for droplets
without heterogeneous IN and heterogeneous freezing in the presence of an IN. OAD is formed in-situ in a first freezing cycle and will act
as an IN in a second freezing cycle. This experiment will be performed in the presence of different solutes. In general, the presence of a
solute leads to a decrease of the freezing temperature. However, also more specific interactions with oxalic acid are possible so that e.g.
the formation of OAD is inhibited. 
In the atmospheric chemistry lab work experiments, emulsified aqueous oxalic acid solutions are prepared and investigated in the DSC
during several freezing cycles. The onset of freezing is evaluated. Freezing onsets in the presence and absence of OAD are compared.
This is done for pure oxalic acid solutions and oxalic acid solutions containing a second solute (e.g. another dicarboxylic acid). The quality
of the emulsions is checked in an optical microscope.

Lecture notes Hand-outs will be distributed during the course
Literature Oxalic acid as a heterogeneous ice nucleus in the upper troposphere and its indirect aerosol effect,

B. Zobrist C. Marcolli, T. Koop, B. P. Luo, D. M. Murphy, U. Lohmann, A. A. Zardini, U. K. Krieger, T. Corti, D. J. Cziczo, S. Fueglistaler, P.
K. Hudson, D. S. Thomson, and T. Peter
Atmos. Chem. Phys., 6, 31153129, 2006.

Prerequisites /
notice

This module may be attended by 8 students at most. Practical work is carried out in groups of 2, max. 3.

701-1264-00L Atmospheric Physics Lab Work
Number of participants limited to 18.

Target grous are: MSc Atmospheric and Climate Science,
MSc Interdisciplinary Sciences, MSc Physics, MSc
Environmental Sciences.

W 2.5 credits 5P Z. A. Kanji

Abstract Experiments covering atmospheric physics, meteorology, and aeerosol physics which will be performed in the lab and partly outdoors.
Objective This course delivers inisghts into various aspects of atmospheric physics. These will be acquired within individual experiments which cover

the following topics: Wind and movement of air parcels, evaporation and cooling depending on wind velocity (wind chill), the analysis of
particulate matter (aerosol particles), and their influence on the solar radiation that reaches the earth.

Content Details about the course are available on the web page (cf. link).
Lecture notes Experiment instructions can be found on the Atmospheric physics lab work web page.
Prerequisites /
notice

Three out of four available experiments must be carried out. The experiments are conducted in groups of 2 (or 3). 
There will be three introduction lectures of 2 hours each in the beginning of the semester to familiarise students with the topics covered and
report writing process. The introduction lectures will take place on Mondays Feb 17, March 2 and March 16 from 10-12 hours in CHN L17.1

701-1266-00L Weather Discussion
Limited number of participants. 
Preference will be given to students on the masters level
in Atmospheric and Climate Science and Environmental
Sciences and doctoral students in Environmental
Sciences.

Prerequisites: Basic knowledge in meteorology is required
for this class, students are advised to take courses 702-

W 2.5 credits 2P H. Wernli
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0473-00L and/or 701-1221-00L before attending this
course.

Abstract This three-parts course includes: (i) concise units to update the students knowledge about key aspects of mid-latitude weather systems and
numerical weather prediction, (ii) a concrete application of this knowledge to predict and discuss the "weather of the week", and (iii) an in-
depth case study analysis, performed in small groups, of a remarkable past weather event.

Objective Students will learn how to elaborate a weather prediction and to cope with uncertainties of weather (probabilistic) prediction models. They
will also learn how to apply theoretical concepts from other lecture courses on atmospheric dynamics to perform a detailed case study of a
specific weather event, using state-of-the-art observational and model-derived products and datasets.

 Weather Systems and Atmospheric Dynamics
Number Title Type ECTS Hours Lecturers

701-1216-00L Numerical Modelling of Weather and Climate W 4 credits 3G C. Schär, S. Soerland,
J. Vergara Temprado

Abstract The course provides an introduction to weather and climate models. It discusses how these models are built addressing both the dynamical
core and the physical parameterizations, and it provides an overview of how these models are used in numerical weather prediction and
climate research. As a tutorial, students conduct a term project and build a simple atmospheric model using the language PYTHON.

Objective At the end of this course, students understand how weather and climate models are formulated from the governing physical principles, and
how they are used for climate and weather prediction purposes.

Content The course provides an introduction into the following themes: numerical methods (finite differences and spectral methods); adiabatic
formulation of atmospheric models (vertical coordinates, hydrostatic approximation); parameterization of physical processes (e.g. clouds,
convection, boundary layer, radiation); atmospheric data assimilation and weather prediction; predictability (chaos-theory, ensemble
methods); climate models (coupled atmospheric, oceanic and biogeochemical models); climate prediction. Hands-on experience with
simple models will be acquired in the tutorials.

Lecture notes Slides and lecture notes will be made available at
http://www.iac.ethz.ch/edu/courses/master/modules/numerical-modelling-of-weather-and-climate.html

Literature List of literature will be provided.
Prerequisites /
notice

Prerequisites: to follow this course, you need some basic background in atmospheric science, numerical methods (e.g., "Numerische
Methoden in der Umweltphysik", 701-0461-00L) as well as experience in programming. Previous experience with PYTHON is useful but not
required.

701-1224-00L Mesoscale Atmospheric Systems - Observation and
Modelling
Does not take place this semester.

W 2 credits 2V H. Wernli, U. Germann

Abstract Mesoscale meteorology focusing on processes relevant for the evolution of precipitation systems. Discussion of empirical and
mathematical-physical models for, e.g., fronts and convective storms. Consideration of oceanic evaporation, transport and the associated
physics of stable water isotopes. Introduction to weather radar being the widespread instrument for observing mesoscale precipitation.

Objective Basic concepts of observational and theoretical mesoscale meteorology, including precipitation measurements and radar. Knowledge
about the interpretation of radar images. Understanding of processes leading to the formation of fronts and convective storms, and basic
knowledge on ocean evaporation and the physics of stable water isotopes.

701-1226-00L Inter-Annual Phenomena and Their Prediction W 2 credits 2G C. Appenzeller
Abstract This course provides an overview of the current ability to understand and predict intra-seasonal and inter-annual climate variability in the

tropical and extra-tropical region and provides insights on how operational weather and climate services are organized.
Objective Students will acquire an understanding of the key atmosphere and ocean processes involved, will gain experience in analyzing and

predicting sub-seasonal to inter-annual variability and learn how operational weather and climate services are organised and how scientific
developments can improve these services.

Content The course covers the following topics: 

Part 1:
- Introduction, some basic concepts and examples of sub-seasonal and inter-annual variability
- Weather and climate data and the statistical concepts used for analysing inter-annual variability (e.g. correlation analysis, teleconnection
maps, EOF analysis)

Part 2:
- Inter-annual variability in the tropical region (e.g. ENSO, MJO)
- Inter-annual variability in the extra-tropical region (e.g. Blocking, NAO, PNA, regimes)

Part 3:
- Prediction of inter-annual variability (statistical methods, ensemble prediction systems, monthly and seasonal forecasts, seamless
forecasts)
- Verification and interpretation of probabilistic forecast systems
- Climate change and inter-annual variability

Part 4:
- Scientific challenges for operational weather and climate services
- A visit to the forecasting centre of MeteoSwiss

Lecture notes A pdf version of the slides will be available at 
http://www.iac.ethz.ch/edu/courses/master/modules/interannual-phenomena.html

Literature References are given during the lecture.

 Climate Processes and Feedbacks
Number Title Type ECTS Hours Lecturers

701-1216-00L Numerical Modelling of Weather and Climate W 4 credits 3G C. Schär, S. Soerland,
J. Vergara Temprado

Abstract The course provides an introduction to weather and climate models. It discusses how these models are built addressing both the dynamical
core and the physical parameterizations, and it provides an overview of how these models are used in numerical weather prediction and
climate research. As a tutorial, students conduct a term project and build a simple atmospheric model using the language PYTHON.

Objective At the end of this course, students understand how weather and climate models are formulated from the governing physical principles, and
how they are used for climate and weather prediction purposes.
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Content The course provides an introduction into the following themes: numerical methods (finite differences and spectral methods); adiabatic
formulation of atmospheric models (vertical coordinates, hydrostatic approximation); parameterization of physical processes (e.g. clouds,
convection, boundary layer, radiation); atmospheric data assimilation and weather prediction; predictability (chaos-theory, ensemble
methods); climate models (coupled atmospheric, oceanic and biogeochemical models); climate prediction. Hands-on experience with
simple models will be acquired in the tutorials.

Lecture notes Slides and lecture notes will be made available at
http://www.iac.ethz.ch/edu/courses/master/modules/numerical-modelling-of-weather-and-climate.html

Literature List of literature will be provided.
Prerequisites /
notice

Prerequisites: to follow this course, you need some basic background in atmospheric science, numerical methods (e.g., "Numerische
Methoden in der Umweltphysik", 701-0461-00L) as well as experience in programming. Previous experience with PYTHON is useful but not
required.

701-1228-00L Cloud Dynamics: Hurricanes W  4 credits 3G U. Lohmann
Abstract Hurricanes are among the most destructive elements in the atmosphere. This lecture will discuss the physical requirements for their

formation, life cycle, damage potential and their relationship to global warming. It also distinguishes hurricanes from thunderstorms and
tornadoes.

Objective At the end of this course students will be able to distinguish the formation and life cycle mechanisms of tropical cyclones from those of
extratropical thunderstorms/cyclones, project how tropical cyclones change in a warmer climate based on their physics and evaluate
different tropical cyclone modification ideas.

Content see course outline at: https://iac.ethz.ch/edu/courses/master/modules/cloud-dynamics
Lecture notes Slides will be made available
Literature A literature list can be found here: https://www.iac.ethz.ch/edu/courses/master/modules/cloud_dynamics
Prerequisites /
notice

At least one introductory lecture in Atmospheric Science or Instructor's consent. This lecture will build on some concepts of atmospheric
dynamics and their governing equations. Thus, mathematical knowledge will be needed to use the equations to understand the material of
the course.

701-1232-00L Radiation and Climate Change W 3 credits 2G M. Wild
Abstract This lecture focuses on the prominent role of radiation in the energy balance of the Earth and in the context of past and future climate

change.
Objective The aim of this course is to develop a thorough understanding of the fundamental role of radiation in the context of Earth's energy balance

and climate change.
Content The course will cover the following topics:

Basic radiation laws; sun-earth relations; the sun as driver of climate change (faint sun paradox, Milankovic ice age theory, solar cycles);
radiative forcings in the atmosphere: aerosol, water vapour, clouds; radiation balance of the Earth (satellite and surface observations,
modeling approaches);  anthropogenic perturbation of the Earth radiation balance: greenhouse gases and enhanced greenhouse effect, air
pollution and global dimming; radiation-induced feedbacks in the climate system (water vapour feedback, snow albedo feedback);  climate
model scenarios under various radiative forcings.

Lecture notes Slides will be made available, lecture notes for part of the course
Literature As announced in the course

701-1252-00L Climate Change Uncertainty and Risk: From
Probabilistic Forecasts to Economics of Climate
Adaptation

W  3 credits 2V+1U D. N. Bresch, R. Knutti

Abstract The course introduces the concepts of predictability, probability, uncertainty and probabilistic risk modelling and their application to climate
modeling and the economics of climate adaptation.

Objective Students will acquire knowledge in uncertainty and risk quantification (probabilistic modelling) and an understanding of the economics of
climate adaptation. They will become able to construct their own uncertainty and risk assessment models (in Python), hence basic
understanding of scientific programming forms a prerequisite of the course.

Content The first part of the course covers methods to quantify uncertainty in detecting and attributing human influence on climate change and to
generate probabilistic climate change projections on global to regional scales. Model evaluation, calibration and structural error are
discussed. In the second part, quantification of risks associated with local climate impacts and the economics of different baskets of climate
adaptation options are assessed  leading to informed decisions to optimally allocate resources. Such pre-emptive risk management allows
evaluating a mix of prevention, preparation, response, recovery, and (financial) risk transfer actions, resulting in an optimal balance of
public and private contributions to risk management, aiming at a more resilient society.
The course provides an introduction to the following themes:
1) basics of probabilistic modelling and quantification of uncertainty from global climate change to local impacts of extreme events
2) methods to optimize and constrain model parameters using observations
3) risk management from identification (perception) and understanding (assessment, modelling) to actions (prevention, preparation,
response, recovery, risk transfer)
4) basics of economic evaluation, economic decision making in the presence of climate risks and pre-emptive risk management to optimally
allocate resources

Lecture notes Powerpoint slides will be made available.
Literature Many papers for in-depth study will be referred to during the lecture.
Prerequisites /
notice

Hands-on experience with probabilistic climate models and risk models will be acquired in the tutorials; hence good understanding of
scientific programming forms a prerequisite of the course, in Python (teaching language, object oriented) or similar. Basic understanding of
the climate system, e.g. as covered in the course 'Klimasysteme' is required.

Examination: graded tutorials during the semester (benotete Semesterleistung)

 Atmospheric Composition and Cycles
Number Title Type ECTS Hours Lecturers

701-1234-00L Tropospheric Chemistry W 3 credits 2G D. W. Brunner, I. El Haddad
Abstract The course gives an overview tropospheric chemistry, which is based on laboratory studies, measurements and numerical modelling. The

topics include aerosol, photochemistry, emissions and depositions. The lecture covers urban-regional-to-global scale issues, as well as
fundamentals of the atmospheric nitrogen, sulfur and methane cycles and their contributions to aerosol and oxidant formation.

Objective Based on the presented material the students are expected to understand the most relevant processes responsible for the anthropogenic
disturbances of tropospheric chemical composition. The competence of synthesis of knowledge will be improved by paper reading and
student's presentations. 
These presentations relate to a particular actual problem selected by the candidates.
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Content Starting from the knowledge acquired in lecture 701-0471, the course provides a more profound view on the the chemical and dynamical
process governing the composition and impacts of air pollutants like aerosol and ozone, at the Earth's surface and the free troposphere. 
  Specific topics covered by the lecture are: laboratory and ambient measurements in polluted and pristine regions, the determination of
emissions of a variety of components, numerical modelling across scales, regional air pollution - aerosol, and photooxidant in relation to
precursor emissions, 
  impacts (health, vegetation, climate), the global cycles of tropospheric ozone, CH4, sulfur and nitrogen components.

Lecture notes Lecture presentations are available for download.
Literature D. Jacob, Introduction to Atmospheric Chemistry http://acmg.seas.harvard.edu/publications/jacobbook 


Mark Z. Jacobson: Fundamentals of Atmospheric Modelling, Cambridge University Press 

John Seinfeld and Spyros Pandis, Atmosperic Chemistry and Physics, from air pollution to Climate Change, Wiley, 2006.

Prerequisites /
notice

The basics in physical chemsitry are required and an overview equivalent to the bachelor course in atmospheric chemsitry (lecture 701-
0471-01) is expected.

701-1238-00L Advanced Field and Lab Studies in Atmospheric
Chemistry and Climate
Does not take place this semester.

W 3 credits 2P

Abstract Each year an individual assignment of a specific topic (related to field work) will be made for interested students who will acquire
knowledge in experimental, instrumental, or numerical aspects of atmospheric chemistry. Partly self-organized project requiring
independent work in a small group.

Objective The learning target is to acquire knowledge in experimental, instrumental, numerical or theoretical aspects of atmospheric chemistry
through practical work on a specific topic.

The course will be held in connection with the course 701-0460-00 P, "Practical training in atmosphere and climate". There, we offer the
opportunity to carry out atmospheric physical and chemical experiments. Here, an individual assignment of a specific topic will be made for
a small group of interested students.

The course is particularly addressed to students who have not attended the practical course 701-0460-00 P during their Bachelor studies,
but want to gain knowledge in field work connected to atmospheric chemistry. The specific topic to work on will be chosen based on
individual interests and resources available.

Prerequisites /
notice

It is mandatory for interested students to contact the instructor before the term starts, so that individual assignments can be made/planned
for.

The maximum number of participants for this course will be limited depending on resources available.

701-1317-00L Global Biogeochemical Cycles and Climate W  3 credits 3G N. Gruber, M. Vogt
Abstract The human-induced emissions of carbon dioxide has led to atmospheric CO2 concentrations that Earth likely has not seen for the last 30

million years. This course aims to investigate and understand the impact of humans on Earth's biogeochemical cycles with a focus on the
carbon cycle and its interaction with the physical climate system for the past, the present, and the future.

Objective This course aims to investigate the nature of the interaction between the carbon cycles on land and in the ocean with climate and how this
interaction has evolved over time and will change in the future. Students are expected to participate actively in the course, which includes
the critical reading of the pertinent literature.

Content Topics discussed include: The anthropogenic perturbation of the global carbon cycle and climate. Response of land and oceanic
ecosystems to past and future global changes; Interactions between biogeochemical cycles on land and in the ocean; Biogeochemical
processes controlling carbon dioxide and oxygen in the ocean and atmosphere on time-scales from a few  years to a few hundred
thousand years.

Lecture notes Sarmiento & Gruber (2006), Ocean Biogeochemical Dynamics, Princeton University Press. 
Additional handouts will be provided as needed. see website: http://www.up.ethz.ch/education/biogeochem_cycles

Literature Sarmiento & Gruber (2006), Ocean Biogeochemical Dynamics, Princeton University Press, 526pp.

Original literature.

 Climate History and Paleoclimatology
Number Title Type ECTS Hours Lecturers

701-1317-00L Global Biogeochemical Cycles and Climate W  3 credits 3G N. Gruber, M. Vogt
Abstract The human-induced emissions of carbon dioxide has led to atmospheric CO2 concentrations that Earth likely has not seen for the last 30

million years. This course aims to investigate and understand the impact of humans on Earth's biogeochemical cycles with a focus on the
carbon cycle and its interaction with the physical climate system for the past, the present, and the future.

Objective This course aims to investigate the nature of the interaction between the carbon cycles on land and in the ocean with climate and how this
interaction has evolved over time and will change in the future. Students are expected to participate actively in the course, which includes
the critical reading of the pertinent literature.

Content Topics discussed include: The anthropogenic perturbation of the global carbon cycle and climate. Response of land and oceanic
ecosystems to past and future global changes; Interactions between biogeochemical cycles on land and in the ocean; Biogeochemical
processes controlling carbon dioxide and oxygen in the ocean and atmosphere on time-scales from a few  years to a few hundred
thousand years.

Lecture notes Sarmiento & Gruber (2006), Ocean Biogeochemical Dynamics, Princeton University Press. 
Additional handouts will be provided as needed. see website: http://www.up.ethz.ch/education/biogeochem_cycles

Literature Sarmiento & Gruber (2006), Ocean Biogeochemical Dynamics, Princeton University Press, 526pp.

Original literature.

651-4004-00L The Global Carbon Cycle - Reduced W  3 credits 2G T. I. Eglinton, M. Lupker
Abstract The carbon cycle connects different reservoirs of C, including life on Earth, atmospheric CO2, and economically important geological

reserves of C.  Much of this C is in reduced (organic) form, and is composed of complex chemical structures that reflect diverse biological
activity, processes and transformations.

Objective A wealth of information is held within the complex organic molecules, both in the context of the contemporary carbon cycle and its links to is
other biogeochemical cycles, as well as in relation to Earth's history, the evolution of life and climate on this planet.

In this course we will learn about the role of reduced forms of carbon in the global cycle, how these forms of carbon are produced, move
around the planet, and become sequestered in the geological record, and how they can be used to infer biological activity and conditions
on this planet in the geologic past. The course encompasses a range of spatial and temporal scales, from molecular to global, and from the
contemporary environment to earliest life.
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Prerequisites /
notice

This course and the lecture course "651-4044-00L Geomicrobiology and Biogeochemistry"
https://lms.uzh.ch/url/RepositoryEntry/16135979092?guest=true&lang=en are good preparations for the combined Field-Lab Course ("651-
4044-02 P Geomicrobiology and Biogeochemistry Field Course" and "651-4044-01 P Geomicrobiology and Biogeochemistry Lab
Practical"). Details under https://lms.uzh.ch/url/RepositoryEntry/16135979094?guest=true&lang=en

651-4044-04L Micropalaeontology and Molecular Palaeontology W  3 credits 2G H. Stoll, C. De Jonge, T. I. Eglinton,
I. Hernández Almeida

Abstract The course aims to provide an introduction to the key micropaleontological and molecular fossils from marine and terrestrial niches, and the
use of these fossils for reconstructing environmental and evolutionary changes.

Objective The course aims to provide an introduction to the key micropaleontological and molecular fossils from marine and terrestrial niches, and the
use of these fossils for reconstructing environmental and evolutionary changes. 

The course will include laboratory exercises with microscopy training: identification of plantonic foraminifera and the application of transfer
functions, identification of calcareous nannoliths and estimation of water column structure and productivity with n-ratio, identification of
major calcareous nannofossils for Mesozoic-cenozoic biostratigraphy, Quaternary radiolarian assemblages and estimation of diversity
indices.  
The course will include laboratory exercises on molecular markers include study of chlorin extracts, alkenone and TEX86 distributions and
temperature reconstruction, and terrestrial leaf wax characterization, using GC-FID, LC-MS, and spectrophotometry.

Content Micropaleontology and Molecular paleontology
1.    Introduction to the domains of life and molecular and mineral fossils.  Genomic classifications of domains of life.  Biosynthesis and
molecular fossils and preservation/degradation.  Biomineralization and mineral fossils and preservation/dissolution.  Review of stable
isotopes in biosynthesis. 
2.    The planktic niche – primary producers.  Resources and challenges of primary production in the marine photic zone – light supply,
nutrient supply, water column structure and niche partitioning.  Ecological strategies and specialization, bloom succession, diversity and
size  gradients in the modern ocean. Introduction to principal mineralizing phytoplankton – diatoms, coccolithophores, dynoflagellates, as
well as cyanobacteria. Molecular markers including alkenones, long-chain diols and sterols, IP25, pigments, diatom UV-absorbing
compounds.  Application of fossils and markers as environmental proxies. Long term evolutionary evidence for originations, radiations, and
extinctions in microfossils and biomarkers; evolution of size trends in phytoplankton over Cenozoic, geochemical evidence for evolution of
carbon concentrating mechanisms.  Introduction to nannofossil biostratigraphy. 
3.    The planktic niche – heterotrophy from bacteria to zooplankton.  Resources and challenges of planktic heterotrophy – food supply,
oxygen availability, seasonal cycles, seasonal and vertical niche partitioning.  Introduction to principal mineralizing zooplankton planktic
foraminifera and radiolaria: ecological strategies  and specialization, succession, diversity and size  gradients in the modern ocean.
Morphometry and adaptations for symbiont hosting.  Molecular records such as isorenieratene and Crenoarcheota GDGT; the debate of
TEX86 temperature production.  Long term evolutionary evidence for originations, radiations, and extinctions in microfossils; evolution of
size and form, basic biostratigraphy.  Molecular evidence of evolution including diversification of sterol/sterine assemblages. 
4.    The benthic niche – continental margins.  Resources and challenges of benthic heterotrophy – food supply, oxygen, turbulence and
substrate.  Principal mineralizing benthic organisms – benthic foraminifera and ostracods. Benthic habitat gradients (infaunal and epifaunal;
shallow to deep margin.  Microbial redox ladder in sediments. Molecular markers of methanogenesis and methanotrophy, Anamox
markers, pristine/phytane redox indicator.  Applications of benthic communities for sea level reconstructions.  Major originations and
extinctions. 
5.    The benthic niche in the abyssal ocean.  Resources and challenges of deep benthic heterotrophy.  Benthic foraminifera, major
extinctions and turnover events. Relationship to deep oxygen level and productivity. 
6.    Terrestrial dry niches -soils and trees.  Resources and challenges - impacts of temperature, humidity, CO2 and soil moisture on
terrestrial vegetation and microbial reaction and turnover. Introduction to pollen and molecular markers for soil pH, humidity, leaf wax C3-
C4 community composition and hydrology.  Long term evolution of C4 pathway, markers for angiosperm and gymnosperm evolution.
7.    Terrestrial aquatic environments – resources and challenges.  Lake systems, seasonal mixing regimes, eutrophication, closed/open
systems.  Introduction to lacustrine diatoms, chironomids, testate amoeba.  Molecular markers in lake/box environments including
paleogenomics of communities.

Lecture notes A lab and lecture manual will be distributed at the start of the course and additional material will be available in the course Moodle
Literature Key references from primary literature will be provided as pdf on the course moodle.
Prerequisites /
notice

Timing: The course starts on February 19 and ends on May 28. Prerequisites: Recall and remember what you learned in introductory
chemistry  and biology

651-4226-00L Geochemical and Isotopic Tracers of the Earth
System
Does not take place this semester.

W  3 credits 2V D. Vance

Abstract This unit discusses the geochemical approaches used to understand the dynamics of the surface Earth, now and in the past. Emphasis is
placed on gaining a basic understanding of how the tracers work, e.g. on the modern Earth. Case studies will be used to appreciate what
we can learn about the past, in particular the major changes that the surface Earth system has undergone over Earth history.

Objective This unit is designed with the particular aim of providing a firm grounding in the geochemical methods used to observe and trace the Earth
System, now and in the past. The approach in lectures will be the pursuit of a sound understanding of the controlling physical and chemical
factors of each method, to encourage students to think about their application and interpretation from first principles. Exercises will provide
an opportunity to analyse real data, to understand their meaning, and to quantitatively interpret them in the context of simple box models.

Content Most of the important geochemical and isotopic methods used to study the surface Earth will be covered, including: tracing the hydrological
cycle using stable isotopes , geochemical and isotopic tracing of the carbon cycle, the chemistry of aerosols in the atmosphere, using
boron isotopes to understand the oceanic carbonate system, using radiogenic isotopes as surface Earth tracers (including U-series, Sr-
Nd-Pb etc), the silica cycle at the surface Earth (including silicon isotopes), trace metals and their isotopes (focusing on surface Earth
redox).

Real data will be woven through all of these but case studies using geochemical data will come from e.g. the 
Quaternary (ice cores, ocean sediments and speleothems), the history of Cenozoic CO2 , Mesozoic OAEs, the early oxygenation of the
Earth.

Lecture notes Slides of lectures will be available.

 Electives
 Weather Systems and Atmospheric Dynamics

Number Title Type ECTS Hours Lecturers

701-1236-00L Measurement Methods in Meteorology and Climate
Research

W 1 credit 1V M. Hirschi, D. Michel

Abstract The course provides the physical, technical, and theoretical basics for measuring physical quantities in the atmosphere. Also,
considerations related to the planning of observation campaigns and to data evaluation are discussed.
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Objective Aims of the course are:
- to become sensitive for specific problems when making measurements in the atmosphere under severe environmental conditions
- to gain knowledge of the different measurement methods and techniques
- to develop criteria for the choice of the optimal measurement method for a given problem
- to find the optimal observation strategy in terms of choice of instrument, frequency of observation, accuracy, etc.

Content Problems related to time series analysis, sampling theorem, time constant and sampling rate. Theoretical analysis of different sensors for
temperature, humidity, wind, and pressure. Discussion of effects disturbing the instruments. Principles of active and passive remote
sensing. Measuring turbulent fluxes (e.g. heatflux) using eddy-correlation technique. Discussion of technical realizations of complex
observing systems (radiosondes, automatic weather stations, radar, wind profilers). Demonstration of instruments.

Lecture notes Students can download a copy of the lectures as PDF-files.
Literature - Emeis, Stefan: Measurement Methods in Atmospheric Sciences, In situ and remote. Bornträger 2010, ISBN 978-3-443-01066-9

- Brock, F. V. and S. J. Richardson: Meteorological Measurement Systems, Oxford University Press 2001, ISBN 0-19-513451-6
- Thomas P. DeFelice: An Introduction to Meteorological Instrumentation and Measurement. Prentice-Hall 2000, 229 p., ISBN 0-
13-243270-6
- Fritschen, L.J., Gay L.W.: Environmental Instrumentation, 216 p., Springer, New York 1979.
- Lenschow, D.H. (ed.): Probing the Atmospheric Boundary Layer, 269 p., American Meteorological Society, Boston MA 1986.
- Meteorological Office (publ.): Handbook of Meteorological Instruments, 8 vols., Her Majesty's Stationery Office, London 1980.
- Wang, J.Y., Felton, C.M.M.: Instruments for Physical Environmental measurements, 2 vol., 801 p., Kendall/Hunt Publ. Comp., Dubuque
Iowa 1975/76.

Prerequisites /
notice

The lecture focuses on physical atmospheric parameters while lecture 701-0234-00 concentrates on the chemical quantities. The lectures
are complementary, together they provide the instrumental basics for the lab course 701-0460-00. Contact hours of the lab course are such
that the lectures can be attended (which is recommended).

701-1258-00L The Global Atmospheric Circulation
Number of participants limited to 30.

W  2 credits 1G D. Domeisen

Abstract This course covers the general circulation of the atmosphere. The focus lies on the large-scale dynamics and circulation of the tropics and
the global stratosphere, and connections to midlatitudes, including phenomena such as El Nino and sudden stratospheric warming events.

Objective At the end of the course, students should be able to 
- explain the reasons for the existence and extent of the global circulation
- identify and describe phenomena of the tropical troposphere and the global stratosphere
- apply the dynamical mechanisms and theoretical concepts learned in the course to derive the atmospheric general circulation for a given
planet

Content Hadley Circulation, El Nino Southern Oscillation, Quasi-Biennial Oscillation, Brewer-Dobson Circulation, sudden stratospheric warming
events, Rossby wave propagation, polar vortex dynamics, Eliassen-Palm flux

Prerequisites /
notice

Successful participation of the following lectures are required:
402-0062-00L    Physik I
402-0063-00L    Physik II
701-0479-00L    Umwelt-Fluiddynamik

701-1266-00L Weather Discussion
Limited number of participants. 
Preference will be given to students on the masters level
in Atmospheric and Climate Science and Environmental
Sciences and doctoral students in Environmental
Sciences.

Prerequisites: Basic knowledge in meteorology is required
for this class, students are advised to take courses 702-
0473-00L and/or 701-1221-00L before attending this
course.

W  2.5 credits 2P H. Wernli

Abstract This three-parts course includes: (i) concise units to update the students knowledge about key aspects of mid-latitude weather systems and
numerical weather prediction, (ii) a concrete application of this knowledge to predict and discuss the "weather of the week", and (iii) an in-
depth case study analysis, performed in small groups, of a remarkable past weather event.

Objective Students will learn how to elaborate a weather prediction and to cope with uncertainties of weather (probabilistic) prediction models. They
will also learn how to apply theoretical concepts from other lecture courses on atmospheric dynamics to perform a detailed case study of a
specific weather event, using state-of-the-art observational and model-derived products and datasets.

701-1280-00L Self-learning Course on Advanced Topics in
Atmospheric and Climate Science
Please contact one of the professors listed under
prerequisites/notice if you plan to take this course.

Students are allowed to enroll in both courses 701-
1280-00L & 701-1281-00L Self-learning Course on
Advanced Topics in Atmospheric and Climate Science but
have to choose different supervisors.

W  3 credits 6A Supervisors

Abstract This course offers an individual pathway to deepen knowledge and understanding of a specific advanced topic in atmospheric and climate
science in one of these fields:
- atmospheric chemistry 
- atmospheric circulation and predictability
- atmospheric dynamics
- atmospheric physics
- climate modeling
- climate physics
-  land-climate dynamics

Objective The learning goals of this course are threefold: 1) obtain novel insight into an advanced scientific topic, 2) train the self-study competences
in particular related to reading of advanced textbooks and writing a concise summary, and 3) gain experience in the scientific interaction
with experts. The format of the course is complementary to other types of teaching (lectures and seminars) and addresses skills that are
essential for a wide range of professional activities (including a PhD).
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Content The course has the following elements:
Week 1: Selection of specific topic and decision about reading material (textbook chapters and maybe 1-2 review papers)
Week 2: General discussion about self-study skills (how to read scientific literature and write summaries; specifics of scientific writing; how
to prepare efficient meetings). For the scientific writing, students are encouraged to participate in an online training course offered by
Stanford University:
https://lagunita.stanford.edu/courses/Medicine/SciWrite-SP/SelfPaced/about
Weeks 6 and 9: Meetings with supervisor to clarify scientific questions
Week 12: Hand-in of written summary (4 pages maximum)
Week 14: Supervisor provides written feedback to the summary document
Week 16: Oral exam about the scientific topic

Literature Literature (including book chapters, scientific publications) will be provided by the responsible supervisor in coordination with the student.
Prerequisites /
notice

Prerequisites depend on the chosen field and include successful completion of the listed lecture courses:
• atmospheric dynamics: “Dynamics of large-scale atmospheric flow” (701-1221-00L)
• atmospheric chemistry: “Stratospheric Chemistry” (701-1233-00L) or “Tropospheric Chemistry” (701-1234-00L) or “Aerosols I” (402-
0572-00L).
• atmospheric physics: “Atmospheric Physics” (701-0475-00L)
• climate physics: “Klimasysteme” (701-0412-00L) or equivalent
• land-climate dynamics: “Land-climate dynamics” (701-1251-00L)
• climate modeling: “Numerical modeling of weather and climate” (701-1216-00L) (parallel attendance possible)
• atmospheric circulation and predictability: “Dynamics of large-scale atmospheric flow” (701-1221-00L)

If you plan to take this course, please contact one of the professors according to your interest. 
 •   atmospheric chemistry (Prof. T. Peter)
•    atmospheric circulation and predictability (Prof. D. Domeisen)
•    atmospheric dynamics (Prof. H. Wernli)
•    atmospheric physics (Prof. U. Lohmann)
•    climate modeling (Prof. C. Schär)
•    climate physics (Prof. R. Knutti)
•    land-climate dynamics (Prof. S. Seneviratne)

 Climate Processes and Feedbacks
Number Title Type ECTS Hours Lecturers

701-1226-00L Inter-Annual Phenomena and Their Prediction W  2 credits 2G C. Appenzeller
Abstract This course provides an overview of the current ability to understand and predict intra-seasonal and inter-annual climate variability in the

tropical and extra-tropical region and provides insights on how operational weather and climate services are organized.
Objective Students will acquire an understanding of the key atmosphere and ocean processes involved, will gain experience in analyzing and

predicting sub-seasonal to inter-annual variability and learn how operational weather and climate services are organised and how scientific
developments can improve these services.

Content The course covers the following topics: 

Part 1:
- Introduction, some basic concepts and examples of sub-seasonal and inter-annual variability
- Weather and climate data and the statistical concepts used for analysing inter-annual variability (e.g. correlation analysis, teleconnection
maps, EOF analysis)

Part 2:
- Inter-annual variability in the tropical region (e.g. ENSO, MJO)
- Inter-annual variability in the extra-tropical region (e.g. Blocking, NAO, PNA, regimes)

Part 3:
- Prediction of inter-annual variability (statistical methods, ensemble prediction systems, monthly and seasonal forecasts, seamless
forecasts)
- Verification and interpretation of probabilistic forecast systems
- Climate change and inter-annual variability

Part 4:
- Scientific challenges for operational weather and climate services
- A visit to the forecasting centre of MeteoSwiss

Lecture notes A pdf version of the slides will be available at 
http://www.iac.ethz.ch/edu/courses/master/modules/interannual-phenomena.html

Literature References are given during the lecture.

701-1228-00L Cloud Dynamics: Hurricanes W  4 credits 3G U. Lohmann
Abstract Hurricanes are among the most destructive elements in the atmosphere. This lecture will discuss the physical requirements for their

formation, life cycle, damage potential and their relationship to global warming. It also distinguishes hurricanes from thunderstorms and
tornadoes.

Objective At the end of this course students will be able to distinguish the formation and life cycle mechanisms of tropical cyclones from those of
extratropical thunderstorms/cyclones, project how tropical cyclones change in a warmer climate based on their physics and evaluate
different tropical cyclone modification ideas.

Content see course outline at: https://iac.ethz.ch/edu/courses/master/modules/cloud-dynamics
Lecture notes Slides will be made available
Literature A literature list can be found here: https://www.iac.ethz.ch/edu/courses/master/modules/cloud_dynamics
Prerequisites /
notice

At least one introductory lecture in Atmospheric Science or Instructor's consent. This lecture will build on some concepts of atmospheric
dynamics and their governing equations. Thus, mathematical knowledge will be needed to use the equations to understand the material of
the course.

701-1280-00L Self-learning Course on Advanced Topics in
Atmospheric and Climate Science
Please contact one of the professors listed under
prerequisites/notice if you plan to take this course.

Students are allowed to enroll in both courses 701-
1280-00L & 701-1281-00L Self-learning Course on
Advanced Topics in Atmospheric and Climate Science but
have to choose different supervisors.

W  3 credits 6A Supervisors
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Abstract This course offers an individual pathway to deepen knowledge and understanding of a specific advanced topic in atmospheric and climate
science in one of these fields:
- atmospheric chemistry 
- atmospheric circulation and predictability
- atmospheric dynamics
- atmospheric physics
- climate modeling
- climate physics
-  land-climate dynamics

Objective The learning goals of this course are threefold: 1) obtain novel insight into an advanced scientific topic, 2) train the self-study competences
in particular related to reading of advanced textbooks and writing a concise summary, and 3) gain experience in the scientific interaction
with experts. The format of the course is complementary to other types of teaching (lectures and seminars) and addresses skills that are
essential for a wide range of professional activities (including a PhD).

Content The course has the following elements:
Week 1: Selection of specific topic and decision about reading material (textbook chapters and maybe 1-2 review papers)
Week 2: General discussion about self-study skills (how to read scientific literature and write summaries; specifics of scientific writing; how
to prepare efficient meetings). For the scientific writing, students are encouraged to participate in an online training course offered by
Stanford University:
https://lagunita.stanford.edu/courses/Medicine/SciWrite-SP/SelfPaced/about
Weeks 6 and 9: Meetings with supervisor to clarify scientific questions
Week 12: Hand-in of written summary (4 pages maximum)
Week 14: Supervisor provides written feedback to the summary document
Week 16: Oral exam about the scientific topic

Literature Literature (including book chapters, scientific publications) will be provided by the responsible supervisor in coordination with the student.
Prerequisites /
notice

Prerequisites depend on the chosen field and include successful completion of the listed lecture courses:
• atmospheric dynamics: “Dynamics of large-scale atmospheric flow” (701-1221-00L)
• atmospheric chemistry: “Stratospheric Chemistry” (701-1233-00L) or “Tropospheric Chemistry” (701-1234-00L) or “Aerosols I” (402-
0572-00L).
• atmospheric physics: “Atmospheric Physics” (701-0475-00L)
• climate physics: “Klimasysteme” (701-0412-00L) or equivalent
• land-climate dynamics: “Land-climate dynamics” (701-1251-00L)
• climate modeling: “Numerical modeling of weather and climate” (701-1216-00L) (parallel attendance possible)
• atmospheric circulation and predictability: “Dynamics of large-scale atmospheric flow” (701-1221-00L)

If you plan to take this course, please contact one of the professors according to your interest. 
 •   atmospheric chemistry (Prof. T. Peter)
•    atmospheric circulation and predictability (Prof. D. Domeisen)
•    atmospheric dynamics (Prof. H. Wernli)
•    atmospheric physics (Prof. U. Lohmann)
•    climate modeling (Prof. C. Schär)
•    climate physics (Prof. R. Knutti)
•    land-climate dynamics (Prof. S. Seneviratne)

701-1317-00L Global Biogeochemical Cycles and Climate W  3 credits 3G N. Gruber, M. Vogt
Abstract The human-induced emissions of carbon dioxide has led to atmospheric CO2 concentrations that Earth likely has not seen for the last 30

million years. This course aims to investigate and understand the impact of humans on Earth's biogeochemical cycles with a focus on the
carbon cycle and its interaction with the physical climate system for the past, the present, and the future.

Objective This course aims to investigate the nature of the interaction between the carbon cycles on land and in the ocean with climate and how this
interaction has evolved over time and will change in the future. Students are expected to participate actively in the course, which includes
the critical reading of the pertinent literature.

Content Topics discussed include: The anthropogenic perturbation of the global carbon cycle and climate. Response of land and oceanic
ecosystems to past and future global changes; Interactions between biogeochemical cycles on land and in the ocean; Biogeochemical
processes controlling carbon dioxide and oxygen in the ocean and atmosphere on time-scales from a few  years to a few hundred
thousand years.

Lecture notes Sarmiento & Gruber (2006), Ocean Biogeochemical Dynamics, Princeton University Press. 
Additional handouts will be provided as needed. see website: http://www.up.ethz.ch/education/biogeochem_cycles

Literature Sarmiento & Gruber (2006), Ocean Biogeochemical Dynamics, Princeton University Press, 526pp.

Original literature.

 Atmospheric Composition and Cycles
Number Title Type ECTS Hours Lecturers

701-0234-00L Atmospheric Chemistry: Instruments and Measuring
Techniques

W 1 credit 1V U. Krieger

Abstract Measuring Techniques: Environmental Monitoring, Trace Gas Detection, Remote Sensing, Aerosol Characterization, Techniques used in
the laboratory.

Objective Find out about the specific problems connected to composition measurements in the atmosphere. Working out criteria for selecting an
optimal measuring strategy. Acquiring knowledge about different measuring methods their spectroscopic principles and of some specific
instruments.

Content Es werden Methoden und Geräte vorgestellt und theoretisch analysiert, die in atmosphärenchemischen Messungen Verwendung finden:
Geräte zur Überwachung im Rahmen der Luftreinhalteverordnung, Spurengasanlysemethoden, "remote sensing", Aerosolmessgeräte,
Messverfahren bei Labormessungen zu atmosphärischen Fragestellungen.

Literature B. J. Finnlayson-Pitts, J. N. Pitts, "Chemistry of the Upper and Lower Atmosphere", Academic Press, San Diego, 2000
Prerequisites /
notice

Methodenvorlesung zu den Praktika 701-0460-00 und 701-1230-00. Die Kontaktzeiten in diesen Praktika sind so abgestimmt, dass der
(empfohlene) Besuch der Vorlesung möglich ist.

Voraussetzungen: Atmosphärenphysik I und II

701-1244-00L Aerosols II: Applications in Environment and
Technology

W  4 credits 2V+1U M. Gysel Beer, U. Baltensperger,
D. Bell

Abstract The life-cycle of atmospheric aerosols, the evolution of their physical and chemical properties, and their impacts on climate, atmospheric
chemistry and health are studied in detail using examples from current research.

Objective The students achieve a profound knowledge of atmospheric aerosols and their climate and health impacts including the underlying physical
and chemical processes. The students know and understand advanced experimental methods and are able to design experiments to study
aforementioned impacts and processes.
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Content Atmospheric aerosols:
important sources and sinks, wet and dry deposition, chemical composition and transformation processes, importance for men and
environment, interaction with the gas phase, influence on health and climate.

Lecture notes Information is distributed during the lectures
Literature Seinfeld, J.H. and Pandis, S.N., Atmospheric Chemistry and Physics: From Air Pollution to Climate Change. 3rd ed., John Wiley & Sons,

Hoboken, 2016.
Prerequisites /
notice

This course build up on the lecture "Aerosols I: Physical and Chemical Principles"

651-4004-00L The Global Carbon Cycle - Reduced W  3 credits 2G T. I. Eglinton, M. Lupker
Abstract The carbon cycle connects different reservoirs of C, including life on Earth, atmospheric CO2, and economically important geological

reserves of C.  Much of this C is in reduced (organic) form, and is composed of complex chemical structures that reflect diverse biological
activity, processes and transformations.

Objective A wealth of information is held within the complex organic molecules, both in the context of the contemporary carbon cycle and its links to is
other biogeochemical cycles, as well as in relation to Earth's history, the evolution of life and climate on this planet.

In this course we will learn about the role of reduced forms of carbon in the global cycle, how these forms of carbon are produced, move
around the planet, and become sequestered in the geological record, and how they can be used to infer biological activity and conditions
on this planet in the geologic past. The course encompasses a range of spatial and temporal scales, from molecular to global, and from the
contemporary environment to earliest life.

Prerequisites /
notice

This course and the lecture course "651-4044-00L Geomicrobiology and Biogeochemistry"
https://lms.uzh.ch/url/RepositoryEntry/16135979092?guest=true&lang=en are good preparations for the combined Field-Lab Course ("651-
4044-02 P Geomicrobiology and Biogeochemistry Field Course" and "651-4044-01 P Geomicrobiology and Biogeochemistry Lab
Practical"). Details under https://lms.uzh.ch/url/RepositoryEntry/16135979094?guest=true&lang=en

701-1280-00L Self-learning Course on Advanced Topics in
Atmospheric and Climate Science
Please contact one of the professors listed under
prerequisites/notice if you plan to take this course.

Students are allowed to enroll in both courses 701-
1280-00L & 701-1281-00L Self-learning Course on
Advanced Topics in Atmospheric and Climate Science but
have to choose different supervisors.

W  3 credits 6A Supervisors

Abstract This course offers an individual pathway to deepen knowledge and understanding of a specific advanced topic in atmospheric and climate
science in one of these fields:
- atmospheric chemistry 
- atmospheric circulation and predictability
- atmospheric dynamics
- atmospheric physics
- climate modeling
- climate physics
-  land-climate dynamics

Objective The learning goals of this course are threefold: 1) obtain novel insight into an advanced scientific topic, 2) train the self-study competences
in particular related to reading of advanced textbooks and writing a concise summary, and 3) gain experience in the scientific interaction
with experts. The format of the course is complementary to other types of teaching (lectures and seminars) and addresses skills that are
essential for a wide range of professional activities (including a PhD).

Content The course has the following elements:
Week 1: Selection of specific topic and decision about reading material (textbook chapters and maybe 1-2 review papers)
Week 2: General discussion about self-study skills (how to read scientific literature and write summaries; specifics of scientific writing; how
to prepare efficient meetings). For the scientific writing, students are encouraged to participate in an online training course offered by
Stanford University:
https://lagunita.stanford.edu/courses/Medicine/SciWrite-SP/SelfPaced/about
Weeks 6 and 9: Meetings with supervisor to clarify scientific questions
Week 12: Hand-in of written summary (4 pages maximum)
Week 14: Supervisor provides written feedback to the summary document
Week 16: Oral exam about the scientific topic

Literature Literature (including book chapters, scientific publications) will be provided by the responsible supervisor in coordination with the student.
Prerequisites /
notice

Prerequisites depend on the chosen field and include successful completion of the listed lecture courses:
• atmospheric dynamics: “Dynamics of large-scale atmospheric flow” (701-1221-00L)
• atmospheric chemistry: “Stratospheric Chemistry” (701-1233-00L) or “Tropospheric Chemistry” (701-1234-00L) or “Aerosols I” (402-
0572-00L).
• atmospheric physics: “Atmospheric Physics” (701-0475-00L)
• climate physics: “Klimasysteme” (701-0412-00L) or equivalent
• land-climate dynamics: “Land-climate dynamics” (701-1251-00L)
• climate modeling: “Numerical modeling of weather and climate” (701-1216-00L) (parallel attendance possible)
• atmospheric circulation and predictability: “Dynamics of large-scale atmospheric flow” (701-1221-00L)

If you plan to take this course, please contact one of the professors according to your interest. 
 •   atmospheric chemistry (Prof. T. Peter)
•    atmospheric circulation and predictability (Prof. D. Domeisen)
•    atmospheric dynamics (Prof. H. Wernli)
•    atmospheric physics (Prof. U. Lohmann)
•    climate modeling (Prof. C. Schär)
•    climate physics (Prof. R. Knutti)
•    land-climate dynamics (Prof. S. Seneviratne)

 Climate History and Paleoclimatology
Number Title Type ECTS Hours Lecturers

701-1280-00L Self-learning Course on Advanced Topics in
Atmospheric and Climate Science
Please contact one of the professors listed under
prerequisites/notice if you plan to take this course.

Students are allowed to enroll in both courses 701-
1280-00L & 701-1281-00L Self-learning Course on

W  3 credits 6A Supervisors
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Advanced Topics in Atmospheric and Climate Science but
have to choose different supervisors.

Abstract This course offers an individual pathway to deepen knowledge and understanding of a specific advanced topic in atmospheric and climate
science in one of these fields:
- atmospheric chemistry 
- atmospheric circulation and predictability
- atmospheric dynamics
- atmospheric physics
- climate modeling
- climate physics
-  land-climate dynamics

Objective The learning goals of this course are threefold: 1) obtain novel insight into an advanced scientific topic, 2) train the self-study competences
in particular related to reading of advanced textbooks and writing a concise summary, and 3) gain experience in the scientific interaction
with experts. The format of the course is complementary to other types of teaching (lectures and seminars) and addresses skills that are
essential for a wide range of professional activities (including a PhD).

Content The course has the following elements:
Week 1: Selection of specific topic and decision about reading material (textbook chapters and maybe 1-2 review papers)
Week 2: General discussion about self-study skills (how to read scientific literature and write summaries; specifics of scientific writing; how
to prepare efficient meetings). For the scientific writing, students are encouraged to participate in an online training course offered by
Stanford University:
https://lagunita.stanford.edu/courses/Medicine/SciWrite-SP/SelfPaced/about
Weeks 6 and 9: Meetings with supervisor to clarify scientific questions
Week 12: Hand-in of written summary (4 pages maximum)
Week 14: Supervisor provides written feedback to the summary document
Week 16: Oral exam about the scientific topic

Literature Literature (including book chapters, scientific publications) will be provided by the responsible supervisor in coordination with the student.
Prerequisites /
notice

Prerequisites depend on the chosen field and include successful completion of the listed lecture courses:
• atmospheric dynamics: “Dynamics of large-scale atmospheric flow” (701-1221-00L)
• atmospheric chemistry: “Stratospheric Chemistry” (701-1233-00L) or “Tropospheric Chemistry” (701-1234-00L) or “Aerosols I” (402-
0572-00L).
• atmospheric physics: “Atmospheric Physics” (701-0475-00L)
• climate physics: “Klimasysteme” (701-0412-00L) or equivalent
• land-climate dynamics: “Land-climate dynamics” (701-1251-00L)
• climate modeling: “Numerical modeling of weather and climate” (701-1216-00L) (parallel attendance possible)
• atmospheric circulation and predictability: “Dynamics of large-scale atmospheric flow” (701-1221-00L)

If you plan to take this course, please contact one of the professors according to your interest. 
 •   atmospheric chemistry (Prof. T. Peter)
•    atmospheric circulation and predictability (Prof. D. Domeisen)
•    atmospheric dynamics (Prof. H. Wernli)
•    atmospheric physics (Prof. U. Lohmann)
•    climate modeling (Prof. C. Schär)
•    climate physics (Prof. R. Knutti)
•    land-climate dynamics (Prof. S. Seneviratne)

651-4044-04L Micropalaeontology and Molecular Palaeontology W  3 credits 2G H. Stoll, C. De Jonge, T. I. Eglinton,
I. Hernández Almeida

Abstract The course aims to provide an introduction to the key micropaleontological and molecular fossils from marine and terrestrial niches, and the
use of these fossils for reconstructing environmental and evolutionary changes.

Objective The course aims to provide an introduction to the key micropaleontological and molecular fossils from marine and terrestrial niches, and the
use of these fossils for reconstructing environmental and evolutionary changes. 

The course will include laboratory exercises with microscopy training: identification of plantonic foraminifera and the application of transfer
functions, identification of calcareous nannoliths and estimation of water column structure and productivity with n-ratio, identification of
major calcareous nannofossils for Mesozoic-cenozoic biostratigraphy, Quaternary radiolarian assemblages and estimation of diversity
indices.  
The course will include laboratory exercises on molecular markers include study of chlorin extracts, alkenone and TEX86 distributions and
temperature reconstruction, and terrestrial leaf wax characterization, using GC-FID, LC-MS, and spectrophotometry.
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Content Micropaleontology and Molecular paleontology
1.    Introduction to the domains of life and molecular and mineral fossils.  Genomic classifications of domains of life.  Biosynthesis and
molecular fossils and preservation/degradation.  Biomineralization and mineral fossils and preservation/dissolution.  Review of stable
isotopes in biosynthesis. 
2.    The planktic niche – primary producers.  Resources and challenges of primary production in the marine photic zone – light supply,
nutrient supply, water column structure and niche partitioning.  Ecological strategies and specialization, bloom succession, diversity and
size  gradients in the modern ocean. Introduction to principal mineralizing phytoplankton – diatoms, coccolithophores, dynoflagellates, as
well as cyanobacteria. Molecular markers including alkenones, long-chain diols and sterols, IP25, pigments, diatom UV-absorbing
compounds.  Application of fossils and markers as environmental proxies. Long term evolutionary evidence for originations, radiations, and
extinctions in microfossils and biomarkers; evolution of size trends in phytoplankton over Cenozoic, geochemical evidence for evolution of
carbon concentrating mechanisms.  Introduction to nannofossil biostratigraphy. 
3.    The planktic niche – heterotrophy from bacteria to zooplankton.  Resources and challenges of planktic heterotrophy – food supply,
oxygen availability, seasonal cycles, seasonal and vertical niche partitioning.  Introduction to principal mineralizing zooplankton planktic
foraminifera and radiolaria: ecological strategies  and specialization, succession, diversity and size  gradients in the modern ocean.
Morphometry and adaptations for symbiont hosting.  Molecular records such as isorenieratene and Crenoarcheota GDGT; the debate of
TEX86 temperature production.  Long term evolutionary evidence for originations, radiations, and extinctions in microfossils; evolution of
size and form, basic biostratigraphy.  Molecular evidence of evolution including diversification of sterol/sterine assemblages. 
4.    The benthic niche – continental margins.  Resources and challenges of benthic heterotrophy – food supply, oxygen, turbulence and
substrate.  Principal mineralizing benthic organisms – benthic foraminifera and ostracods. Benthic habitat gradients (infaunal and epifaunal;
shallow to deep margin.  Microbial redox ladder in sediments. Molecular markers of methanogenesis and methanotrophy, Anamox
markers, pristine/phytane redox indicator.  Applications of benthic communities for sea level reconstructions.  Major originations and
extinctions. 
5.    The benthic niche in the abyssal ocean.  Resources and challenges of deep benthic heterotrophy.  Benthic foraminifera, major
extinctions and turnover events. Relationship to deep oxygen level and productivity. 
6.    Terrestrial dry niches -soils and trees.  Resources and challenges - impacts of temperature, humidity, CO2 and soil moisture on
terrestrial vegetation and microbial reaction and turnover. Introduction to pollen and molecular markers for soil pH, humidity, leaf wax C3-
C4 community composition and hydrology.  Long term evolution of C4 pathway, markers for angiosperm and gymnosperm evolution.
7.    Terrestrial aquatic environments – resources and challenges.  Lake systems, seasonal mixing regimes, eutrophication, closed/open
systems.  Introduction to lacustrine diatoms, chironomids, testate amoeba.  Molecular markers in lake/box environments including
paleogenomics of communities.

Lecture notes A lab and lecture manual will be distributed at the start of the course and additional material will be available in the course Moodle
Literature Key references from primary literature will be provided as pdf on the course moodle.
Prerequisites /
notice

Timing: The course starts on February 19 and ends on May 28. Prerequisites: Recall and remember what you learned in introductory
chemistry  and biology

 Hydrology and Water Cycle
Number Title Type ECTS Hours Lecturers

701-1216-00L Numerical Modelling of Weather and Climate W  4 credits 3G C. Schär, S. Soerland,
J. Vergara Temprado

Abstract The course provides an introduction to weather and climate models. It discusses how these models are built addressing both the dynamical
core and the physical parameterizations, and it provides an overview of how these models are used in numerical weather prediction and
climate research. As a tutorial, students conduct a term project and build a simple atmospheric model using the language PYTHON.

Objective At the end of this course, students understand how weather and climate models are formulated from the governing physical principles, and
how they are used for climate and weather prediction purposes.

Content The course provides an introduction into the following themes: numerical methods (finite differences and spectral methods); adiabatic
formulation of atmospheric models (vertical coordinates, hydrostatic approximation); parameterization of physical processes (e.g. clouds,
convection, boundary layer, radiation); atmospheric data assimilation and weather prediction; predictability (chaos-theory, ensemble
methods); climate models (coupled atmospheric, oceanic and biogeochemical models); climate prediction. Hands-on experience with
simple models will be acquired in the tutorials.

Lecture notes Slides and lecture notes will be made available at
http://www.iac.ethz.ch/edu/courses/master/modules/numerical-modelling-of-weather-and-climate.html

Literature List of literature will be provided.
Prerequisites /
notice

Prerequisites: to follow this course, you need some basic background in atmospheric science, numerical methods (e.g., "Numerische
Methoden in der Umweltphysik", 701-0461-00L) as well as experience in programming. Previous experience with PYTHON is useful but not
required.

701-1224-00L Mesoscale Atmospheric Systems - Observation and
Modelling
Does not take place this semester.

W  2 credits 2V H. Wernli, U. Germann

Abstract Mesoscale meteorology focusing on processes relevant for the evolution of precipitation systems. Discussion of empirical and
mathematical-physical models for, e.g., fronts and convective storms. Consideration of oceanic evaporation, transport and the associated
physics of stable water isotopes. Introduction to weather radar being the widespread instrument for observing mesoscale precipitation.

Objective Basic concepts of observational and theoretical mesoscale meteorology, including precipitation measurements and radar. Knowledge
about the interpretation of radar images. Understanding of processes leading to the formation of fronts and convective storms, and basic
knowledge on ocean evaporation and the physics of stable water isotopes.

701-1280-00L Self-learning Course on Advanced Topics in
Atmospheric and Climate Science
Please contact one of the professors listed under
prerequisites/notice if you plan to take this course.

Students are allowed to enroll in both courses 701-
1280-00L & 701-1281-00L Self-learning Course on
Advanced Topics in Atmospheric and Climate Science but
have to choose different supervisors.

W  3 credits 6A Supervisors

Abstract This course offers an individual pathway to deepen knowledge and understanding of a specific advanced topic in atmospheric and climate
science in one of these fields:
- atmospheric chemistry 
- atmospheric circulation and predictability
- atmospheric dynamics
- atmospheric physics
- climate modeling
- climate physics
-  land-climate dynamics
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Objective The learning goals of this course are threefold: 1) obtain novel insight into an advanced scientific topic, 2) train the self-study competences
in particular related to reading of advanced textbooks and writing a concise summary, and 3) gain experience in the scientific interaction
with experts. The format of the course is complementary to other types of teaching (lectures and seminars) and addresses skills that are
essential for a wide range of professional activities (including a PhD).

Content The course has the following elements:
Week 1: Selection of specific topic and decision about reading material (textbook chapters and maybe 1-2 review papers)
Week 2: General discussion about self-study skills (how to read scientific literature and write summaries; specifics of scientific writing; how
to prepare efficient meetings). For the scientific writing, students are encouraged to participate in an online training course offered by
Stanford University:
https://lagunita.stanford.edu/courses/Medicine/SciWrite-SP/SelfPaced/about
Weeks 6 and 9: Meetings with supervisor to clarify scientific questions
Week 12: Hand-in of written summary (4 pages maximum)
Week 14: Supervisor provides written feedback to the summary document
Week 16: Oral exam about the scientific topic

Literature Literature (including book chapters, scientific publications) will be provided by the responsible supervisor in coordination with the student.
Prerequisites /
notice

Prerequisites depend on the chosen field and include successful completion of the listed lecture courses:
• atmospheric dynamics: “Dynamics of large-scale atmospheric flow” (701-1221-00L)
• atmospheric chemistry: “Stratospheric Chemistry” (701-1233-00L) or “Tropospheric Chemistry” (701-1234-00L) or “Aerosols I” (402-
0572-00L).
• atmospheric physics: “Atmospheric Physics” (701-0475-00L)
• climate physics: “Klimasysteme” (701-0412-00L) or equivalent
• land-climate dynamics: “Land-climate dynamics” (701-1251-00L)
• climate modeling: “Numerical modeling of weather and climate” (701-1216-00L) (parallel attendance possible)
• atmospheric circulation and predictability: “Dynamics of large-scale atmospheric flow” (701-1221-00L)

If you plan to take this course, please contact one of the professors according to your interest. 
 •   atmospheric chemistry (Prof. T. Peter)
•    atmospheric circulation and predictability (Prof. D. Domeisen)
•    atmospheric dynamics (Prof. H. Wernli)
•    atmospheric physics (Prof. U. Lohmann)
•    climate modeling (Prof. C. Schär)
•    climate physics (Prof. R. Knutti)
•    land-climate dynamics (Prof. S. Seneviratne)

102-0448-00L Groundwater II W  6 credits 4G M. Willmann, J. Jimenez-Martinez
Abstract The course is based on the course 'Groundwater I' and is a prerequisite for a deeper understanding of groundwater flow and contaminant

transport problems with a strong emphasis on numerical modeling.
Objective The course should enable students to understand advanced concepts of groundwater flow and transport and to apply groundwater flow and

transport modelling.

the student should be able to
a) formulate practical flow and contaminant transport problems.

b) solve steady-state and transient flow and transport problems in 2 and 3 spatial dimensions using numerical codes based on the finite
difference method and the finite element methods.

c) solve simple inverse flow problems for parameter estimation given measurements.

d) assess simple multiphase flow problems.

e) assess spatial variability of parameters and use of stochastic techniques in this task.

f) assess simple coupled reactive transport problems.

Content Introduction and basic flow and contaminant transport equation.

Numerical solution of the 3D flow equation using the finite difference method.

Numerical solution to the flow equation using the finite element equation

Numerical solution to the transport equation using the finite difference method.

Alternative methods for transport modeling like method of characteristics and the random walk method.

Two-phase flow and Unsaturated flow problems.

Spatial variability of parameters and its geostatistical representation -geostatistics and stochastic modelling.

Reactive transport modelling.

Lecture notes Handouts
Literature - Anderson, M. and W. Woessner, Applied Groundwater Modeling, Elsevier Science & Technology Books, 448 p., 2002


- J. Bear and A. Cheng, Modeling Groundwater Flow and Contaminant Transport, Springer, 2010

- Appelo, C.A.J. and D. Postma, Geochemistry, Groundwater and Pollution, Second Edition, Taylor & Francis, 2005

- Rubin, Y., Applied Stochastic Hydrology, Oxford University Press, 2003

- Chiang und Kinzelbach, 3-D Groundwater Modeling with PMWIN. Springer, 2001.

Prerequisites /
notice

Each afternoon will be divided into 2 h of lectures and 2h of exercises. Two thirds of the exercises of the course are organized as a
computer workshop to get hands-on experience with groundwater modelling.

102-0468-00L Watershed Modelling W  3 credits 2G P. Molnar
Abstract Introduction to watershed modelling with applications of GIS in hydrology, the use of semi- and fully-distributed continuous watershed

models, and their calibration and validation. The course contains substantive practical modelling experience in several assignments.
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Objective Watershed Modelling is a course in the Master of Science in Environmental Engineering Programme. It is a practical course in which the
students learn to (a) use GIS in hydrological applications, (b) calibrate and validate models, (c) apply and interpret semi- and fully-
distributed continuous watershed models, and (d) discuss several modelling case studies. This course is a follow up of Hydrology 2 and
requires solid computer skills.

Content - Introduction to watershed modelling
- GIS in watershed modelling (ArcGIS exercise)
- Calibration and validation of models
- Semi-distributed modelling with PRMS (model description, application)
- Distributed watershed modelling with TOPKAPI (model description, application)
- Modelling applications and case studies (climate change scenarios, land use change, basin erosion)

Literature - Lecture presentations
- Exercise documentation
- Relevant scientific papers
all posted on the course website

102-0488-00L Water Resources Management W  3 credits 2G P. Burlando
Abstract Modern engineering approach to problems of sustainable water resources, planning and management of water allocation requires the

understanding of modelling techniques that allow to account for comprehensive water uses (thereby including ecological needs) and
stakeholders needs, long-term analysis and optimization. The course presents the most relevant approaches to address these problems.

Objective The course provides the essential knowledge and tools of water resources planning and management. Core of the course are the concepts
of data analysis, simulation, optimization and reliability assessment in relation to water projects and sustainable water resources
management.

Content The course is organized in four parts. 
Part 1 is a general introduction to the purposes and aims of sustainable water resources management, problem understanding and tools
identification. 
Part 2 recalls Time Series Analysis and Linear Stochastic Models. An introduction to Nonlinear Time Series Analysis and related
techniques will then be made in order to broaden the vision of how determinism and stochasticity might sign hydrological and geophysical
variables. 
Part 3 deals with the optimal allocation of water resources and introduces to several tools traditionally used in WRM, such as linear and
dynamic programming. Special attention will be devoted to optimization (deterministic and stochastic) and compared to simulation
techniques as design methods for allocation of water resources in complex and competitive systems, with focus on sustainability and
stakeholders needs.
Part 4 will introduce to basic indexes used in economical and reliability analyses, and will focus on multicriteria analysis methods as a tool
to assess the reliability of water systems in relation to design alternatives.

Lecture notes A copy of the lecture handouts will be available on the webpage of the course. Complementary documentation in the form of scientific and
technical articles, as well as excerpts from books will be also made available.

Literature A number of book chapters and paper articles will be listed and suggested to read. They will also be part of discussion during the oral
examination.

Prerequisites /
notice

Suggested relevant courses: Hydrologie I (or a similar content course) and Wasserhaushalt (Teil "Wasserwirtschaft", 4. Sem. UmweltIng.,
or a similar content course) for those students not belonging to Environmental Engineering.

860-0012-00L Cooperation and Conflict Over International Water
Resources
Number of participants limited to 40. 
STP students have priority.

This is a research seminar at the Master level. PhD
students are also welcome.

W  3 credits 2S B. Wehrli, T. Bernauer,
T. U. Siegfried

Abstract This seminar focuses on the technical, economic, and political challenges of dealing with water allocation and pollution problems in large
international river systems. It examines ways and means through which such challenges are addressed, and when and why international
efforts in this respect succeed or fail.

Objective Ability to (1) understand the causes and consequences of water scarcity and water pollution problems in large international river systems;
(2) understand ways and means of addressing such water challenges; and (3) analyse when and why international efforts in this respect
succeed or fail.

Content Based on lectures and discussion of scientific papers and reports, students acquire basic knowledge on contentious issues in managing
international water resources, on the determinants of cooperation and conflict over international water issues, and on ways and means of
mitigating conflict and promoting cooperation. Students will then, in small teams coached by the instructors, carry out research on a case of
their choice (i.e. an international river basin where riparian countries are trying to find solutions to water allocation and/or water quality
problems associated with a large dam project). They will write a brief paper and present their findings towards the end of the semester.

Lecture notes Slides and reading materials will be distributed electronically.
Literature The UN World Water Development Reports provide a broad overview of the topic: http://www.unesco.org/new/en/natural-

sciences/environment/water/wwap/
Prerequisites /
notice

The course is open to Master and PhD students from any area of ETH.

ISTP students who take this course should also register for the  course 860-0012-01L - Cooperation and conflict over international water
resources;  In-depth case study.

 Additional Elective Courses
Number Title Type ECTS Hours Lecturers

701-1270-00L High Performance Computing for Weather and
Climate

W  3 credits 3G O. Fuhrer

Abstract State-of-the-art weather and climate simulations rely on large and complex software running on supercomputers. This course focuses on
programming methods and tools for understanding, developing and optimizing the computational aspects of weather and climate models.
Emphasis will be placed on the foundations of parallel computing, practical exercises and emerging trends such as heterogeneous comput

Objective After attending this course, students will be able to:
- understand a broad variety of high performance computing concepts relevant for weather and climate simulations
- work with weather and climate simulation codes that run on large supercomputers
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Content HPC Overview:
- Why does weather and climate require HPC?
- Today's HPC: Beowulf-style clusters, massively parallel architectures, hybrid computing, accelerators
- Scaling / Parallel efficiency
- Algorithmic motifs in weather and climate

Writing HPC code:
- Data locality and single node efficiency
- Shared memory parallelism with OpenMP
- Distributed memory parallelism with MPI
- GPU computing
- High-level programming and domain-specific languages

Literature - Introduction to High Performance Computing for Scientists and Engineers, G. Hager and G. Wellein, CRC Press, 2011
- Computer Organization and Design, D.H. Patterson and J.L. Hennessy
- Parallel Computing, A. Grama, A. Gupta, G. Karypis, V. Kumar (https://www-users.cs.umn.edu/~karypis/parbook/)
- Parallel Programming in MPI and OpenMP, V. Eijkhout (http://pages.tacc.utexas.edu/~eijkhout/pcse/html/index.html)

Prerequisites /
notice

- fundamentals of numerical analysis and atmospheric modeling
- basic experience in a programming language (C/C++, Fortran, Python, …) 
- experience using command line interfaces in *nix environments (e.g., Unix, Linux)

 Major in Biogeochemistry and Pollutant Dynamics
 Biogeochemical Processes

Number Title Type ECTS Hours Lecturers

701-1310-00L Environmental Microbiology W  3 credits 2V M. H. Schroth, M. Lever
Abstract Microorganisms catalyze a large number of reactions that are of great importance to terrestrial and aquatic environments. To improve our

understanding of the dynamics of a specific environment, it is important to gain a better understanding of microbial structures and their
functions under varying environmental conditions.

Objective Students will learn basic concepts in microbial ecology. Qualitative and quantitative concepts will be presented to assess microbial
communities and associated processes in terrestrial and aquatic environments. Microbial diversity in such ecosystems will be illustrated in
discussions of selected habitats.

Content Lectures will cover general concepts of environmental microbiology including (i) quantification of microbial processes, (ii) energy fluxes in
microbial ecosystems, (iii) application of state-of-the-art microbiological and molecular tools, and (iv) use of isotope methods for
identification of microbial structures and functions. 
Topics to illustrate the microbial diversity of terrestrial and aquatic ecosystems will include (i) interactions between microbes and
mineral/metallic solid phases, (ii) microbial carbon and nutrient cycling, (iii) microbial processes involved in the turnover of greenhouse
gases, (iv) biofilms and microbial mats, (v) bioremediation, (vi) microorganisms in extreme habitats, and (vii) microbial evolution and
astrobiology.

Lecture notes available at time of lecture - will be distributed electronically as pdf's
Literature Brock Biology of Microorganisms, Madigan M. et al., Pearson, 14th ed., 2015

701-1312-00L Advanced Ecotoxicology W  3 credits 2V R. Eggen, E. Janssen, K. Schirmer,
M. Suter

Abstract This course will take up the principles of environmental chemistry and ecotoxicology from the bachelor courses and deepen the
understanding on selected topics. Linkages will be made between i) bioavailability and effects, ii) structures of compounds and modes of
toxic action, iii) effects over various biological levels, moderated by environmental factors, iv) chemical and biological assessments

Objective - Understanding the key processes involved in fate, behavior and the bioaccumulation of (mainly) organic contaminants 
- Overview on and understanding of mechanisms of toxicity
- linking structures and characteristics of compounds with effects
- processes in hazard assessment and risk assessment
- get insight in integrative approaches in ecotoxicology

Content Units 1-3: Fate of contaminants, dynamic interactions with  the (a)biotic environment, toxikokinetics
-    physico-chemical properties
-    partitioning processes in environmental compartments
-    partitioning to biota
-    bioavailability and bioaccumulation concepts
-       partitioning in biota

Units 4-6: Toxicodynamics (effect of contaminants on biota)
-    internal concentrations; dose-response concept
-    molecular mechanisms of toxic actions - classification
-    Exercise: databases and estimation of toxicity

Unit 7-10: Toxic effects: from molecular to ecosystems
-    complex mechanisms and feedback loops
-       mixtures and multiple stressors
-    stress- and adaptive responses
-       dynamic exposures
-       confounding factors, food web interactions
-    Exercise: linking compounds with modes of toxic action

Unit 11: metal ecotoxicology

Unit 12-14: integrative approaches and case studies
-    bioassays, -omics, systems ecotoxicology, phenotypic anchoring
-    in vivo versus in vitro biotesting
-    linking chemical with biological analytics
-    bioassay-directed fractionation and identification
-       (inter) national case studies and linkage of learned with approaches in practice

Lecture notes Material will be in the form of copies of overheads, selected publications and exercise material.
Literature R.P. Schwarzenbach, P.M. Gschwend, D.M. Imboden, Environmental Organic Chemistry, third edition, Wiley, 2005


C.J. van Leeuwen, J.L.M. Hermens (Editoren), Risk Assessment of Chemicals: An Introduction, Kluwer, 1995

Principles of ecotoxicology, CH Walker, RM Sibly, SP Hopkin, DB Peakall, fourth edition, CRC Press, 2012
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Prerequisites /
notice

Required:

1. Basics in environmental chemistry

2. Basics in environmental toxicology

701-1314-00L Environmental Organic Chemistry W  3 credits 2V K. McNeill, T. Hofstetter, M. Sander
Abstract This course is focused on environmental transformation reactions  of organic chemical contaminants.  An overview of important fate

processes of organic pollutants will be given, along with a discussion of the factors that determine pathways and rates of transformation
reactions.  Special emphasis will be given to redox transformations, photochemical reactions, and enzyme-catalyzed processes.

Objective The students will
- further their knowledge of important classes of environmentally relevant organic compounds
- become familiar with the tools for studying reaction mechanisms
- learn the fundamentals of environmental photochemistry
- obtain a detailed understanding of redox reactions of pollutants and biogeochemically important species
- get a survey of important enzymatic transformations
- learn to critically evaluate published data

Content - Methods and tools used in the study of reaction mechanisms and kinetics
- Environmental photochemistry, including direct and indirect photolysis 
- Redox properties of important environmental phases and redox reactions of organic pollutants
- Enzyme-catalyzed reactions involved in environmentally important enzymatic processes

Lecture notes Materials that are needed beyond the required text will be distributed in the lecture.
Literature Schwarzenbach, R.P., P.M. Gschwend, and D.M. Imboden. Environmental Organic Chemistry. 3rd Ed. Wiley, New York (2016).
Prerequisites /
notice

Introduction to Environmental Organic Chemistry, Bachelor 5th semester, M. Sander, K. McNeill

701-1317-00L Global Biogeochemical Cycles and Climate W  3 credits 3G N. Gruber, M. Vogt
Abstract The human-induced emissions of carbon dioxide has led to atmospheric CO2 concentrations that Earth likely has not seen for the last 30

million years. This course aims to investigate and understand the impact of humans on Earth's biogeochemical cycles with a focus on the
carbon cycle and its interaction with the physical climate system for the past, the present, and the future.

Objective This course aims to investigate the nature of the interaction between the carbon cycles on land and in the ocean with climate and how this
interaction has evolved over time and will change in the future. Students are expected to participate actively in the course, which includes
the critical reading of the pertinent literature.

Content Topics discussed include: The anthropogenic perturbation of the global carbon cycle and climate. Response of land and oceanic
ecosystems to past and future global changes; Interactions between biogeochemical cycles on land and in the ocean; Biogeochemical
processes controlling carbon dioxide and oxygen in the ocean and atmosphere on time-scales from a few  years to a few hundred
thousand years.

Lecture notes Sarmiento & Gruber (2006), Ocean Biogeochemical Dynamics, Princeton University Press. 
Additional handouts will be provided as needed. see website: http://www.up.ethz.ch/education/biogeochem_cycles

Literature Sarmiento & Gruber (2006), Ocean Biogeochemical Dynamics, Princeton University Press, 526pp.

Original literature.

 Applications
Number Title Type ECTS Hours Lecturers

701-0998-00L Environmental and Human Health Risk Assessment of
Chemicals

W  3 credits 2G M. Scheringer, B. Escher

Abstract Application of methods for chemical risk assessment for human health and the environmental according to European and Swiss regulation;
hazard and risk; exposure and effect analysis for different types of chemicals. Estimation of missing chemical properties (QSAR methods);
critical evaluation of risk assessment methods, presentation of alternative assessment methods.

Objective The students are familiar with regulatory approaches to human and environmental risk assessment of chemicals and can perform the main
steps of a regulatory risk assessment for an industrial chemical. They are aware of pitfalls and challenges and know about new approaches
to risk assessment.

Content Regulatory methods for environmental risk assessment of chemicals (industrial chemicals, pesticides, pharmaceuticals), European
regulation REACH, Swiss regulations, international approaches
-    Human vs. environmental risk assessment 
-    Classification and labelling of chemicals
-    PBT assessment (persistence, bioaccumulation, toxicity)
-    Exposure analysis: emission patterns, multimedia fate and transport models for quantifying environmental exposure, Long range
transport and persistence, predicted and measured exposure concentration for the environment and humans
-    Effect analysis: estimation of hazard potential for ecotoxicity and human health, extrapolation methods, classification of chemicals
according to modes of toxic action, predictive models (QSAR)
-    Risk assessment methods (deterministic vs. probabilistic), risk assessment vs. hazard assessment, risk management
-    uncertainty and sensitivity analyses, precautionary principle
-    Environmental Quality Assessment (water, sediment, biota), Water Framework Directive)
-    New methods in environmental risk assessment: mixtures, temporally and spatially explicit risk assessment

Lecture notes Slides of lectures, lecture notes for selected chapters and additional reading material will be made available via ILIAS. Also templates for
the exercises and the report will be made available via ILIAS.

Literature - Van Leeuwen, C.J., Vermeire, T. (Eds.) Risk Assessment of Chemicals: An Introduction. Springer, 2007 (als e-book in der ETH-Bibliothek
verfügbar).  
- Scheringer, M., Persistence and Spatial Range of Environmental Chemicals. Wiley-VCH, Weinheim, 2002.

Prerequisites /
notice

Block course: Lecture and accompanying exercise where students conduct a comprehensive risk assessment for one selected chemical
each according to the European regulation for industrial chemicals. The risk assessment will be presented in class and has to be compiled
in a written technical report (Chemical dossier) that will be graded.

The overall work load is 90 hours with 30 hours contact time (block course) and 60 hours self-study.

701-1342-00L Agriculture and Water Quality
Does not take place this semester.

W  3 credits 3G C. H. Stamm, E. Frossard,
W. Richner, H. Singer

Abstract Linking scientific basics of different disciplines (agronomy, soil science, aquatic chemistry) with practical questions in the context of real-
world problems of diffuse pollution due to agricultural production.

Objective This course discusses the application of scientific understanding in the context of real-world situations of diffuse pollution caused by
agricultural production. It aims at understanding the relevant processes, analysing diffuse pollution and developing mitigation strategies
starting from legal requirements regarding water quality.
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Content - Diversity of diffuse agrochemical pollution
- Agronomic background on the use of agrochemicals
- Transport of agrochemicals from soils to water bodies
- Development of legal requirements for water quality
- Monitoring strategies in water bodies
- Mitigation strategies

- Exercises including all major topics
- 1 field excursion

Lecture notes Handouts will be provided including reference list for each topic.
Prerequisites /
notice

Some exercises require R  (http://www.r-project.org/) and a laptop during the class.

860-0012-00L Cooperation and Conflict Over International Water
Resources
Number of participants limited to 40. 
STP students have priority.

This is a research seminar at the Master level. PhD
students are also welcome.

W  3 credits 2S B. Wehrli, T. Bernauer,
T. U. Siegfried

Abstract This seminar focuses on the technical, economic, and political challenges of dealing with water allocation and pollution problems in large
international river systems. It examines ways and means through which such challenges are addressed, and when and why international
efforts in this respect succeed or fail.

Objective Ability to (1) understand the causes and consequences of water scarcity and water pollution problems in large international river systems;
(2) understand ways and means of addressing such water challenges; and (3) analyse when and why international efforts in this respect
succeed or fail.

Content Based on lectures and discussion of scientific papers and reports, students acquire basic knowledge on contentious issues in managing
international water resources, on the determinants of cooperation and conflict over international water issues, and on ways and means of
mitigating conflict and promoting cooperation. Students will then, in small teams coached by the instructors, carry out research on a case of
their choice (i.e. an international river basin where riparian countries are trying to find solutions to water allocation and/or water quality
problems associated with a large dam project). They will write a brief paper and present their findings towards the end of the semester.

Lecture notes Slides and reading materials will be distributed electronically.
Literature The UN World Water Development Reports provide a broad overview of the topic: http://www.unesco.org/new/en/natural-

sciences/environment/water/wwap/
Prerequisites /
notice

The course is open to Master and PhD students from any area of ETH.

ISTP students who take this course should also register for the  course 860-0012-01L - Cooperation and conflict over international water
resources;  In-depth case study.

860-0015-00L Supply and Responsible Use of Mineral Resources I W  3 credits 2G B. Wehrli, F. Brugger,
K. Dolejs Schlöglova, S. Hellweg,
C. Karydas

Abstract Students critically assess the economic, social, political, and environmental implications of extracting and using energy resources, metals,
and bulk materials along the mineral resource cycle for society. They explore various decision-making tools that support policies and
guidelines pertaining to mineral resources, and gain insight into different perspectives from government, industry, and NGOs.

Objective Students will be able to:
- Explain basic concepts applied in resource economics, economic geology, extraction, processing and recycling technologies,
environmental and health impact assessments, resource governance, and secondary materials.
- Evaluate the policies and guidelines pertaining to mineral resource extraction.
- Examine decision-making tools for mineral resource related projects. 
- Engage constructively with key actors from governmental organizations, mining and trading companies, and NGOs, dealing with issues
along the mineral resource cycle.

Prerequisites /
notice

Bachelor of Science, Architecture or Engineering, and enrolled in a Master's or PhD program at ETH Zurich. Students must be enrolled in
this course in order to participate in the case study module course 860-0016-00 Supply and Responsible Use of Mineral Resources II.

 Methods and Tools: Lab Courses
Number Title Type ECTS Hours Lecturers

701-0230-00L Biogeochemistry of Alpine Habitats
Does not take place this semester.
Number of participants limited to 9

W  2 credits 3P M. H. Schroth

Abstract This course provides hands-on training in state-of-the-art methods to study microbial structures and biogeochemical processes in diverse
Alpine systems. The emphasis is on field-scale measurements of biogeochemical processes, but the course also includes introductory
lectures, laboratory experiments/analyses, as well as excursions, and concludes with student presentations of collected data.

Objective Characterization of microbial structures and quantification of biogeochemical processes in natural Alpine habitats using state-of-the-art
molecular, chemical, and physical tools. We will study diverse Alpine habitats including microbial mats, Alpine wetlands, and the famous,
permenantly stratified Lake Cadagno. Students will get acquainted with different methods including greenhouse-gas flux measurements,
micro sensors, determination of depth profiles, microbiological techniques, etc. The students will also learn to collect samples in aquatic
and terrestrial systems.

Content The field course is taught at the Alpine Biology Center (CBA) in Val Piora (TI), located at almost 2000 m above sea level next to famous
Lake Cadagno.

Lecture notes Handouts will be provided during the course.
Literature M.T. Madigan, J.M. Martinko, P.V. Dunlap & J. Parker

"Brock Biology of Microorganisms", Pearson
Prerequisites /
notice

The course will take place from Sun., 19.07.2020 to Sat., 25.07.2020.The course will be offered/taught jointly with the Aquatic and Isotope
Biogeochemistry Group of the Univ. of Basel.  

The course fee for students is CHF 400.-, which includes costs for housing, food, and equipment. Payment of the fee is due no later than
April 15, 2020. After this date, unpaid course slots will be given to students on the waiting list!

An introductory meeting for this course will take place within the first few weeks of the Spring semester 2020. The date/time of this meeting
will be announced by email to enrolled students (and students on the waiting list) by the end of January 2020.

701-1330-00L Molecular Ecotoxicology
Number of participants limited to 15.


W  3 credits 6P K. Schirmer, S. Fischer,
C. vom Berg-Maurer
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Target group: MSc Environmental Sciences.

Enrollment re-opened. Please register for the class until
July 31, 2020
Waiting list will be deleted after August 17, 2020.

Abstract This laboratory course enables students to become familiar with state-of-the-art methods and concepts of molecular ecotoxicology. We
explore mechanisms of action of chemicals occurring in our freshwaters on fish cells and embryos. The course is organized in theoretical
and practical training components, including data evaluation and presentation. Students work both in class and in small groups.

Objective Molecular methods are crucial for shedding light on mechanisms underlying biological structure and function under normal and stress
conditions. The aim of this course it to demonstrate the power of these methods but also their limits and to enable students to appreciate
them both in theoretical and practical terms.

Content Training comprises designing and carrying out of chemical exposure experiments and assessment of disturbances or defense responses in
fish cells and embryos, such as impact on viability, sub-lethal developmental effects, growth, and associated gene or protein expression.
Applied techniques include cell/embryo culture, microscopy techniques, polymerase chain reaction, video analysis and statistics.

Lecture notes Course material will be provided in the form of background scripts and method protocols.
Literature No particular recommendation.
Prerequisites /
notice

Basic knowledge in cell and molecular biology as well as ecotoxicology are required.

701-1332-00L Analysis of Organic Pollutants
Number of participants limited to 18.

W  3 credits 6P J. Hollender, T. Mairinger, H. Singer

Abstract This lab course provides an in-depth overview of the various steps that have to be carried out when analyzing qualitatively and
quantitatively organic pollutants in environmental matrices such as soil and surface waters.

Objective This lab course provides an in-depth overview of the various steps that have to be carried out when analyzing qualitatively and
quantitatively organic pollutants in environmental matrices such as soil and surface waters. The aims are (i) to get acquainted with the
theoretical and practical background required to determine trace organic pollutants in various environmental matrices, and (ii) to get hands-
on experience with state of the art methodology and instrumentation used for organic trace analysis.

Content All steps including sampling, sample preparation, enrichment, separation, identification and quantification will be carried out using some
prominent model pollutants present in natural waters and waste waters. The techniques and instrumentation involved include a.o., solid
phase extraction (SPE), gas chromatographic analysis using mass-spectrometric (GC/MS) detection, and liquid chromatography coupled to
high resolution mass-spectrometry (LC/HRMS/MS). Evaluation of the analytical data is an important component of the course.

Lecture notes A script will be available.
Literature Selected papers will be discussed during the course.
Prerequisites /
notice

The course builds on the knowledge acquired in the bachelor course Introduction to Environmental Chemistry/Analytical Chemistry held in
the 5th semester. A script of this course is available.

701-1336-00L Cook and Look: Synchroton Techniques W  3 credits 6P M. Nachtegaal, C. Borca,
M. Janousch

Abstract Atomic-scale structure elucidation of trace metal complexes by synchrotron-based X-ray diffraction, X-ray absorption spectroscopy and X-
ray fluorescence. Basics of spectroscopy and diffraction.

Objective To get a thorough understanding of available state-of-the-art synchrotron-based techniques for the analysis of biogeochemical samples. 
To learn the basics of spectroscopic data analysis.
Problem solving strategies and reporting in a scientific format.

Content This course will introduce state-of-the art synchrotron (at the Swiss Light Source) based techniques (X-ray diffraction, X-ray absorption
spectroscopy and X-ray tomography) for the analysis of trace elements in biogeochemical systems. On the cook day, each synchrotron
technique will be introduced by a lecture, after which samples will be cooked (prepared and mounted in the experimental station). This will
be followed by the look day where the collected data will be analyzed.

Lecture notes Cook and Look course manual will be distributed before the course.
Prerequisites /
notice

The course language is english. The course will take place at the Swiss Light Source, located at the Paul Scherrer Institut. Students will be
housed for several nights in the guest house.
You are required to contact the organizers upon registration, since beamtime and housing has to be reserved well in advance.

 Methods and Tools: Modelling Courses
Number Title Type ECTS Hours Lecturers

701-0426-00L Modelling Aquatic Ecosystems
Number of participants limited to 24.

W  3 credits 2G N. I. Schuwirth, P. Reichert

Abstract Knowledge about processes in aquatic ecosystems will be compiled to mathematical models of such systems. This integration of
knowledge stimulates understanding across disciplines and makes it possible to evaluate hypotheses. The participants will be confronted
with ecosystem models of increasing complexity und apply them practically based on an implementation in R.

Objective Students are able to

- describe the most important biological, biochemical, chemical and physical processes in aquatic ecosystems in the form of mathematical
models;

- recognise and explain the interaction of processes in aquatic ecosystems and estimate the resulting behaviour of the entire system;

- mathematically describe important sources of stochasticity and uncertainty in model predictions and quantify their influence on model
results;

- formulate models of aquatic ecosystems, implement them in a programming environment and use them to address problems in practice.
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Content Basic concepts:
Principles of modelling environmental systems, formulation of mass balance equations, formulation of transformation processes.

Formulation of ecosystems processes:
Physical processes (transport and mixing, sedimentation, gas exchange, detachment and resuspension), chemical processes (chemical
equilibria, sorption), biological processes (primary production, respiration, death, consumption, mineralization, nitrification, hydrolysis,
bacterial growth, colonization).

Consideration of Stochasticity and Uncertainty
Sources, description, and propagation of stochasticity and uncertainty 

Didactic models of aquatic ecosystems:
Lake phytoplankton model, lake phyto- and zooplankton model, two box oxygen and phosphorus lake model, model of biogeochemical
cycles in a lake, oxygen and nutrient household model of a river, benthic population model of a river.

Research models of aquatic ecosystems:
Research lake models, research river models.

Exercises implementing and practicing the application of the didactic models using libraries of the program package for statistical
computing and graphics R (http://www.r-project.org).

Lecture notes Manuscript in English
http://www.eawag.ch/fileadmin/Domain1/Abteilungen/siam/lehre/modelling_aquatic_ecosystems/modaqecosys.pdf

Prerequisites /
notice

Ecology: Basic knowledge about structure and function of aquatic ecosystems.
Mathematics: Basics of analysis, differential equations, linear algebra, and probability.

701-1240-00L Modelling Environmental Pollutants W  3 credits 2G M. Scheringer, C. Bogdal
Abstract Modeling the emissions, transport, partitioning and transformation/degradation of chemical contaminants in air, water and soil.
Objective This course is intended for students who are interested in the environmental fate and transport of volatile and semi-volatile organic

chemicals and exposure to pollutants in environmental media including air, water, soil and biota. The course focuses on the theory and
application of mass-balance models of environmental pollutants.  These models are quantitative tools for describing, understanding, and
predicting the way pollutants interact with the environment.  Important topics include thermodynamic and kinetic descriptions of chemical
behavior in environmental systems; mechanisms of chemical degradation in air and other media; novel approaches to modeling chemical
fate in a variety of environments, including lakes and rivers, generic regions, and at the global scale, and application of mass balance
modeling principles to describe bioaccumulation of pollutants by fish and mammals.

Content Application of mass balance principles to chemicals in a system of coupled environmental media.  Measurement and estimation of physico-
chemical properties that determine the environmental behavior of chemicals.  Thermodynamic and kinetic controls on the behavior of
pollutants.  Modeling environmental persistence, bioaccumulation and long-range transport potential of chemicals, including a review of
available empirical data on various degradation processes.  Current issues in multimedia contaminant fate modeling and a case study of
the student's choice.

Lecture notes Material to support the lectures will be distributed during the course.
Literature There is no required text.  The following texts are useful for background reading and additional information.

D. Mackay.  Multimedia Environmental Models:  The Fugacity Approach, 2nd Ed.  2001.  CRC Press.
R. P. Schwarzenbach, P. M. Gschwend, D. M. Imboden. Environmental Organic Chemistry. 2nd Ed. 2003, John Wiley & Sons.
M. Scheringer.  Persistence and spatial range of environmental chemicals: New ethical and scientific concepts for risk assessment.  2002.
Wiley-VCH.

701-1338-00L Biogeochemical Modelling of Sediments, Lakes and
Oceans
Number of participants limited to 18.

The waiting list will be deleted on 28.02.20.

W  3 credits 2G M. Schmid, D. Bouffard, M. Vogt

Abstract In this course, the students acquire skills to implement, evaluate and  analyse the results of basic numerical models for the simulation of
biogeochemical processes in aquatic systems using Python, to interpret and document model results, and to critically discuss model
limitations. The focus of the course is on practical applications.

Objective The aim of this course is to encourage and enable students to develop, test and apply basic numerical models for a range of
biogeochemical applications, and to interpret model results.

Content Numerical models are useful tools for the evaluation of processes in complex systems, the interpretion of observational data, and the
projection of the response of a system beyond the range of observations. In this course, the students acquire skills to implement and test
basic numerical models for the simulation of biogeochemical processes in aquatic systems using Python, to interpret and document model
results in written and oral form, and to critically discuss model limitations.
The course includes the following topics:
- Formulation of transport and reaction equations describing aquatic systems
- Numerical recipes (discretization in time and space, finite differences, finite volumes, initial and boundary conditions)
- Implementation of simple models in Python (box models, 1D-models, with applications from sediments, lakes, and oceans)
- Techniques for applied modelling & model testing (sensitivity analysis, parameter estimation)
- Model evaluation against observational data (model evaluation metrics in space and time)
- Interpretation and documentation of model results
- Model applications in current aquatic research (recent examples from the scientific literature)

Lecture notes Presentation slides, exercises, and some background material will be provided.
Literature DM Glover, WJ Jenkins, SC Doney, 2011. Modeling Methods for Marine Science, Cambridge University Press

K Soetaert, PMJ Herman, 2009. A Practical Guide to Ecological Modelling, Springer
E Holzbecher, 2012, Environmental Modeling Using MATLAB, 2nd edition, Springer

Prerequisites /
notice

The students are expected to work with their own laptop where Python should be installed prior to the start of the class. We recommend
also installing a development environment such as the Educational Edition of PyCharm or the Anaconda distribution with Spyder.

The following course or equivalent knowledge is required:
Mathematik III: Systemanalyse (701-0071-00L, autumn semester, German)

Basic programming knowledge in Python is required, e.g. the following course:
Anwendungsnahes Programmieren mit Python  (252-0840-02L, spring semester, German)

The following course is useful but not required:
Modelling Aquatic Ecosystems (701-0426-00L, spring semester, English)

The number of participants is limited to 18. Selection of the students: order of registration.
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 Seminar and Semester Paper
Number Title Type ECTS Hours Lecturers

701-1302-00L Term Paper 2: Seminar
Limited number of participants.

Only for Environmental Sciences MSc.

Prerequisite: Term Paper 1: Writing (701-1303-00L).

O  2 credits 2S L. Winkel, M. Ackermann,
N. Gruber, J. Hering,
R. Kretzschmar, M. Lever,
K. McNeill, A. N'Guyen van Chinh,
D. Or, M. H. Schroth, B. Wehrli

Abstract This class is the 2nd part of a series and participation is conditional on the successful completion of "Term Paper 1: Writing". The results
from the term paper written during the previous term are presented to the other students and advisors and discussed with the audience.

Objective The goal of the term paper seminars is to train the student's ability to communicate (scientific) results to a wider audience and the ability to
respond to questions and comments.

Content Each student presents the results of their term paper to fellow students and advisors and responds to questions and comments from the
audience.

Lecture notes Guidelines and supplementary material are distributed on the Moodle platform.
Prerequisites /
notice

There is no final exam. Grade is assigned based on the quality of the presentation and ensuing discussion.

To obtain the credits, it is mandatory to attend at least 60% of all seminar dates offered in the fall and spring semester. Active participation
in discussion and feedback rounds is expected.

701-1303-00L Term Paper 1: Writing
Only for Environmental Sciences MSc and Science,
Technology and Policy MSc.

O  5 credits 6A L. Winkel, M. Ackermann,
N. Gruber, J. Hering,
R. Kretzschmar, M. Lever,
K. McNeill, A. N'Guyen van Chinh,
D. Or, M. H. Schroth, B. Wehrli

Abstract The ability to critically evaluate original (scientific) literature and to summarise the information in a succinct manner is an important skill for
any student. This course aims to practice this ability, requiring each student to write a term paper of scientific quality on a topic of relevance
for research in the areas of biogeochemistry and pollutant dynamics.

Objective The goal of the term paper is to train the student's ability to critically evaluate scientific literature and to summarise the findings concisely in
a paper addressing a research question.

At the end of the course, students will be able to: 
- narrow down a research question.
- identify relevant literature to address the research question.
- concisely summarise and critically evaluate their findings.
- formulate key outstanding questions.

Content Each student is expected to write a paper with a length of approximately 15-20 pages. The students can choose from a list of topics
prepared by the tutors, but the final topic will be determined based on a balance of choice and availability. The students will be guided and
advised by their tutors throughout the term. 

The paper itself should contain the following elements:
- Motivation and context of the given topic (25%)
- Concise presentation and critical evaluation of the state of the science (50%) 
- Identification of open questions and perhaps outline of opportunities for research (25%) 

In addition, the accurate use of citations, attribution of ideas, and the judicious use of figures, tables, equations and references are critical
components of a successful paper. Specialised knowledge is not expected, nor required; neither is new research.

Lecture notes Guidelines and supplementary material are distributed on the Moodle platform.
Literature Original scientific literature will be identified based on the chosen topic.
Prerequisites /
notice

The term paper course is primarily aimed at master students majoring in biogeochemistry & pollutant dynamics and ISTP students with a
solid background in natural sciences and a strong interest in biogeochemistry & pollutant dynamics. 

Each students submits a term paper that will be reviewed by one fellow student and one faculty. The submission of the term paper and a
written review of another student's term paper are a condition for obtaining the credit points. 

There is no final exam. Grade is assigned based on the quality of the term paper and the submitted review as well as on the presentation in
the following term.

Results from the term paper will be presented to fellow students and involved faculty in the following semester ("Term Paper 2: Seminar").

 Electives
Number Title Type ECTS Hours Lecturers

701-1318-00L Metal Stable Isotopes in Environmental Geochemistry
Number of participants limited to 25.

The class only takes place if a minimum of 10 students
register until January 10, 2020.

W  1 credit 2G J. G. Wiederhold

Abstract The goal is to provide the students with basic knowledge and skills to understand the potential of metal stable isotope approaches in
environmental geochemistry. The principles of metal stable isotope fractionation and nomenclature, relevant analytical methods,
quantitative model approaches, and examples from the recent literature will be presented. Participants will give short oral presentations.

Objective - The students acquire basic knowledge in the use of metal stable isotopes in environmental geochemistry. 
- The students know the analytical techniques which are utilized and can use observations of metal stable isotope fractionation to
investigate metal sources and processes in environmental systems. 
- The students can apply quantitative models to describe these processes and the resulting isotope fractionation in natural systems.
- The students understand the potential of stable isotope methods in the study of environmental metal cycling.
- The students practice how to present and critically evaluate results from recent research articles.

Spring Semester 2020



 

Data: 06.05.2023 13:03 Page 1732 of 1785

Content Metals act both as nutrients and pollutants in the environment. The natural and anthropogenic cycling of metals is accompanied by small
but measurable fractionations of stable isotope ratios. The stable isotope signature of an environmental sample (water, soil, sediment,
organism, etc.) may provide valuable information about the history of this sample. This includes for example distinguishing different metal
sources and tracing biogeochemical transformation processes of metals in the environment. In this course, we will discuss the application
of metal stable isotopes as tracers in environmental geochemistry. After a short general introduction into the principles and nomenclature of
stable isotope geochemistry (with a focus on metals), the analytical methods used for stable metal isotope analysis will be introduced
briefly. The development and potential of this emerging research area will be illustrated by examples from the recent literature. A particular
focus will be placed on case studies from field systems in which metal isotope ratios have been applied as source and process tracers for
anthropogenic pollution. Several exercises will be conducted in class, for instance dealing with quantitative model approaches (e.g.,
endmember mixing models, Rayleigh fractionation models). In addition, all students will give an oral presentation on a research article
which will be discussed together. 

Prerequisites /
notice

Prerequisite: General background in environmental geochemistry. The course is designed for master students in Environmental Sciences,
especially for the major “Biogeochemistry and Pollutant Dynamics”, but also suitable for interested PhD students at D-USYS (including
Eawag and WSL) and D-ERDW, and other interested persons.

102-0338-01L Waste Management and Circular Economy W  3 credits 2G M. Haupt, U. Baier
Abstract Understanding the fundamental concepts of advanced waste management and circular economy and, in more detail, on biological

processes for waste treatment. Application of concepts on various waste streams, including household and industrial waste streams.
Insights into environmental aspects of different waste treatment technologies and waste economy.

Objective The purpose of this course is to study the fundamental concepts of waste management in Switzerland and globally and learn about new
concepts such as Circular Economy. In-depth knowledge on biological processes for waste treatments should be acquired and applied in
case studies. Based on this course, you should be able to understand national waste management strategies and related treatment
technologies. Treatment plants and valorization concepts for biomass and organic waste should be understood. Furthermore, future
designs of waste treatment processes can be evaluated using basic process understanding and knowledge obtained from the current
literature.

Content National waste management 
Waste as a resource
Circular Economy
Assessment tools for waste management strategies
Plastic recycling
Thermal waste treatment
Emerging technologies
Organic Wastes in Switzerland
Anaerobic Digestion & Biogas
Composting process technologies
Organic Waste Hygiene
Product Quality & Use
Waste Economy and environmental aspects

Lecture notes Handouts
Exercises based on literature

Literature Deublein, D. and Steinhauser, A. (2011): Biogas from Waste and Renewable Resources: An Introduction. 2nd Edition, Wiley VCH,
Weinheim. --> One of the leading books on the subject of anaerobic digestion and biogas, covering all aspects from biochemical and
microbial basics to planning and running of biogas plants as well as different technology concepts and biogas upgrade & utilization. We will
be using selected chapters only in this course.

Lohri, C.R., S. Diener, I. Zabaleta, A. Mertenat, and C. Zurbrügg. 2017. Treatment technologies for urban solid biowaste to create value
products: a review with focus on low- and middle-income settings. Reviews in Environmental Science and Biotechnology 16(1): 81–130.

Haupt, M., C. Vadenbo, and S. Hellweg. 2017. Do We Have the Right Performance Indicators for the Circular Economy?: Insight into the
Swiss Waste Management System. Journal of Industrial Ecology 21(3): 615–627.

Schweizerische Qualitätsrichtlinie 2010 der Branche für Kompost und Gärgut:
https://www.biomassesuisse.ch/files/biomasse_temp/data/Das_bieten_wir/Q-Richtlinie_2010_def_weiss_web.pdf

More information about biowaste treatment in Switzerland (www.cvis.ch) and Europe (www.compostnetwork.info and www.ecn-qas.eu)

Prerequisites /
notice

There will be complementary exercises going along with some of the lectures, which focus on real life aspects of waste management.
Some of the exercises will be solved during lessons whereas others will have to be dealt with as homework. 
To pass the course and to achieve credits it is required to pass the examination successfully (Mark 4 or higher). The written examination
covers all topics of the course and is based on handouts and on selected literature

651-4004-00L The Global Carbon Cycle - Reduced W  3 credits 2G T. I. Eglinton, M. Lupker
Abstract The carbon cycle connects different reservoirs of C, including life on Earth, atmospheric CO2, and economically important geological

reserves of C.  Much of this C is in reduced (organic) form, and is composed of complex chemical structures that reflect diverse biological
activity, processes and transformations.

Objective A wealth of information is held within the complex organic molecules, both in the context of the contemporary carbon cycle and its links to is
other biogeochemical cycles, as well as in relation to Earth's history, the evolution of life and climate on this planet.

In this course we will learn about the role of reduced forms of carbon in the global cycle, how these forms of carbon are produced, move
around the planet, and become sequestered in the geological record, and how they can be used to infer biological activity and conditions
on this planet in the geologic past. The course encompasses a range of spatial and temporal scales, from molecular to global, and from the
contemporary environment to earliest life.

Prerequisites /
notice

This course and the lecture course "651-4044-00L Geomicrobiology and Biogeochemistry"
https://lms.uzh.ch/url/RepositoryEntry/16135979092?guest=true&lang=en are good preparations for the combined Field-Lab Course ("651-
4044-02 P Geomicrobiology and Biogeochemistry Field Course" and "651-4044-01 P Geomicrobiology and Biogeochemistry Lab
Practical"). Details under https://lms.uzh.ch/url/RepositoryEntry/16135979094?guest=true&lang=en

651-4056-00L Limnogeology W  3 credits 2G N. Dubois, A. Gilli, K. Kremer
Abstract This course links lakes, their subsurface and their environment. It will be discussed how lake sediments record past environmental changes

(e.g. climate, human impact, natural hazards) and how lake sediments can be used to reconstruct these changes. Emphasis is also given
on the modern limnologic processes essential in interpreting the fossil record. With 1 or 2-day field course on Lake Lucerne.

Objective Students are able to
- explain and discuss the role of lake sediments as archives of environmental change.
- plan an own limnogeologic campaign, i.e. finding, recovering, analyzing and interpreting the sedimentary lake archive to solve a particular
scientific question.
- examine the complexity of a lake system with all its connection to the environment.
- relate subaerial processes with subaquatic processes.
- identify processes around and in lakes causing natural hazards.
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Content Content of the course:
Introduction - Lakes, the small oceans
History of Limnogeology.
Limnogeologic campaigns
The water column: Aquatic physics (currents, waves, oscillations, etc.).
Sediments caught in the water: sediment traps
Geophysical survey methods (multibeam bathymetry, seismics)
Large open perialpine lakes.
Laminations in lake sediments: Clastic vs. biochemical varves.
Hydrologically closed lake systems
Chronostratigraphic dating of lake sediments
Lake sediments as proxies for climate change
Lake sediments as recorder of anthropogenic impact

The class includes a 1- or 2-day field practica on Lake Lucerne.
Introduction to themes of Lake Lucerne field course.
Limnogeological methods on the lake and in the laboratory: various sampling and surveying techniques (water analysis, seismic surveying,
sediment coring, laboratory analyses).
Seismic-to-core correlation and interpretation

Lecture notes Will be distributed in each class unit.
Literature Will be distributed in each class unit.
Prerequisites /
notice

Credit points and grade will be given based on a written report about the field course.

751-4902-00L Modern Pesticides - Mode of Action, Residues and
Environmental Fate

W  2 credits 2V T. Poiger, M. E. Balmer, I. J. Bürge

Abstract The biochemical principles of the mode of action of plant protection products (PPP) are presented. Important topics are mechanisms for
selectivity, development of resistance, residue formation in crops and food safety as well as behavior in the environment.

Objective The structures and modes of action of modern pesticides (synthetical compounds, natural compounds) are presented. The structure-
activity relationships lead to considerations of actual use conditions in crops such as fungicides in viticulture, residues in edible parts of
treated plants, possible side effects and environmental fate.

Content After a short introduction on pesticide registration (administrative process as in Switzerland and EC, food safety), the biochemical
background of the mode of action of important groups of PPP active ingredients is presented. Furthermore, selectivity of pesticides,
leaching of herbicides to groundwater, accumulation of pesticides in soil, development of resistance of fungicides, formation of residues in
edible parts of the crops, and side-effects on non-target organisms shall be covered.

Lecture notes An e-script (pdf-files) is provided as download at the beginning of spring term.
Literature none

 Major in Ecology and Evolution
 A. Fundamentals

Number Title Type ECTS Hours Lecturers

701-1708-00L Infectious Disease Dynamics W  4 credits 2V S. Bonhoeffer, R. D. Kouyos,
R. R. Regös, T. Stadler

Abstract This course introduces into current research on the population biology of infectious diseases. The course discusses the most important
mathematical tools and their application to relevant diseases of human, natural or managed populations.

Objective Attendees will learn about:
* the impact of important infectious pathogens and their evolution on human, natural and managed populations
* the population biological impact of interventions such as treatment or vaccination
* the impact of population structure on disease transmission

Attendees will learn how:
* the emergence spread of infectious diseases is described mathematically
* the impact of interventions can be predicted and optimized with mathematical models
* population biological models are parameterized from empirical data
* genetic information can be used to infer the population biology of the infectious disease

The course will focus on how the formal methods ("how") can be used to derive biological insights about the host-pathogen system
("about").

Content After an introduction into the history of infectious diseases and epidemiology the course will discuss basic epidemiological models and the
mathematical methods of their analysis. We will then discuss the population dynamical effects of intervention strategies such as vaccination
and treatment. In the second part of the course we will introduce into more advanced topics such as the effect of spatial population
structure, explicit contact structure, host heterogeneity, and stochasticity. In the final part of the course we will introduce basic concepts of
phylogenetic analysis in the context of infectious diseases.

Lecture notes Slides and script of the lecture will be available online.
Literature The course is not based on any of the textbooks below, but they are excellent choices as accompanying material:

* Keeling & Rohani, Modeling Infectious Diseases in Humans and Animals, Princeton Univ Press 2008
* Anderson & May, Infectious Diseases in Humans, Oxford Univ Press 1990
* Murray, Mathematical Biology, Springer 2002/3
* Nowak & May, Virus Dynamics, Oxford Univ Press 2000
* Holmes, The Evolution and Emergence of RNA Viruses, Oxford Univ Press 2009

Prerequisites /
notice

Basic knowledge of population dynamics and population genetics as well as linear algebra and analysis will be an advantage.

 B. Advanced Concepts
 Advanced Concepts

Number Title Type ECTS Hours Lecturers

701-1424-00L Guarda-Workshop in Evolutionary Biology
Does not take place this semester.
This course has limited spaces. To register for this course
you have to sign in via mystudies and via the website of
the University of Basel
http://evolution.unibas.ch/teaching/guarda/index.htm. 

W  3 credits 4P S. Bonhoeffer
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Abstract This one week course is intended for students with a keen interest in evolutionary biology. The aim of the course is to develop a research
project in small teams of 4-5 students. The students receive guidance by the "faculty" consisting of Prof. D. Ebert (U Basel) and Prof. S
Bonhoeffer (ETHZ). Additionally two internationally reknown experts are invited every year.

Objective see link http://evolution.unibas.ch/teaching/guarda/index.htm
Content see link http://evolution.unibas.ch/teaching/guarda/index.htm
Lecture notes none
Literature none
Prerequisites /
notice

As the number of participants is limited, application for the course is necessary. Please apply for the course using the course website (see
link http://evolution.unibas.ch/teaching/guarda/index.htm).
.

701-1426-00L Advanced Evolutionary Genetics
Does not take place this semester.

W  3 credits 4G T. Städler

Abstract The field of evolutionary genetics rests on genetic and evolutionary principles, (often) mathematical models, and molecular data. The
explosion in the availability of genome-wide data makes competencies in "making sense" of such data more and more relevant. This
course will cover selected topics that are both fundamental and/or currently very active research fields.

Objective This course deals with (some of) the conceptual foundations of evolutionary genetics in the age of genomics, going well beyond the
introductory material that is part of the BSc curriculum. The principal aim is for students to gain a thorough appreciation for the underlying
ideas and models of key evolutionary processes, and to witness how these are being tested and refined vis-à-vis the recent deluge of
genome-wide sequence data. The course focuses on theoretical concepts and ways to infer the action of evolutionary processes from
molecular data; as such it is also designed to facilitate understanding of the burgeoning scientific literature in molecular ecology and
evolution. These aims require students to be actively engaged in reading original papers, discussing ideas and data among themselves,
and presenting their interpretations in group talks.

Content There are 4 hours of lectures, student presentations, and/or group work per week. Students are expected to spend 4 additional hours per
week on preparatory study for the following week. Every week, one subject will be presented and overseen by one of the two lecturers. 

Each weekly topic will be introduced by a lecture (max. 2 x 45 minutes), highlighting key concepts and historically important papers. The
(slight) majority of the time will be spent with group presentations based on recent important papers, and discussions of the relevant
concepts. 

Specific proposed topics (subject to change):
(1) The coalescent in structured populations (e.g. spatial sampling and its genealogical consequences, demographic inference from
sequence data, spurious bottlenecks). 
(2) Population subdivision: evolutionary processes and measures (e.g. spatial models, absolute and relative measures of divergence, Jost's
(2008) fundamental insights and their reception). 
(3) Speciation genetics and modes of species divergence (e.g. intrinsic postzygotic barriers, Dobzhansky-Muller incompatibilities, snowball
effect, genomic islands of divergence).
(4) The interplay of linkage, recombination, and selection (e.g. selective sweeps, background selection, Hill-Robertson interference,
adaptation). 
(5) Evolutionary consequences of mating systems (e.g. clonal vs. sexual reproduction, bottlenecks, colonizing potential, efficacy of natural
selection). 
(6) Genomics of virulence evolution (e.g. pathogenicity islands, mobile genetic elements, chromosomal rearrangements).

Lecture notes No script; handouts and material for downloading will be provided.
Literature There is no textbook for this course. Relevant literature will be provided for each weekly session, selected mostly from the primary research

literature.
Prerequisites /
notice

Requirements:
Students must have a good background in genetics, basic population genetics, as well as evolutionary biology.  At a minimum, either the
course "Population and Quantitative Genetics" or the course "Ecological Genetics" should have been attended, and ideally, both of these
("Evolutionary Genetics" in the D-BIOL curriculum).

Teaching Forms:
The course consists of lectures, readings, group work, student presentations, and discussions. Active participation and preparation of
students is critical for a successful learning experience and outcome.

701-1450-00L Conservation Genetics W  3 credits 4G R. Holderegger, M. Fischer,
F. Gugerli

Abstract The course deals with conservation genetics and its practical applications. It introduces the genetic theories of conservation genetics, such
as inbreeding depression in small populations or fragmentation. The course also shows how genetic methods such as eDNA and
metabarcoding are used in conservation management, and it critically discusses the benefits and limits of conservation genetics.

Objective Genetic and evolutionary argumentation is an important feature of conservation biology. The course equips students with knowledge on
conservation genetics and its applications in conservation management. The course introduces the main theories of conservation genetics
and shows how genetic methods are used in conservation management, and it critically discusses the benefits and limits of conservation
genetics. Practical examples dealing with animals and plants are presented.

Content There are 4 hours of lectures, presentations and group work per week. Students also have to spend about 3 hours per week on preparatory
work for the following week. Every week, one subject will be presented by one of three lecturers.

Overview of themes:
Barcoding, eDNA metabarcoding and genetic monitoring; effects of small population size, genetic drift and inbreeding; neutral and adaptive
genetic diversity; hybridization; gene flow, fragmentation and connectivity.

Specific topics:
(1) Species and individual identification: barcoding; metabarcoding; eDNA; estimation of census population size; habitat use and genetic
monitoring.
(2) Small population size; bottlenecks; genetic drift; inbreeding and inbreeding depression; effective population size.
(3) Adaptive genetic diversity; neutral and adaptive genetic variation; importance of adaptive genetic diversity; methods to measure
adaptive genetic variation.
(4) Hybridization; gene introgression; gene flow across species boundaries.
(5) Half day excursion: practical example of conservation genetics on fragmentation.
(6) Discussion and evaluation of excursion; historical and contemporary gene flow and dispersal; fragmentation and connectivity.
(7) Written examination.

Lecture notes No script; handouts and material for downloading will be provided.
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Literature There is no textbook for this course, but the following books are recommended:
Allendorf F.W., Luikart G.; Aitken S.N. 2013. Conservation and the Genetics of Populations, 2nd edition. Wiley, Oxford.
Frankham R., Ballou J.D., Briscoe D.A. 2010. Introduction to Conservation Genetics, 2nd edition. Cambridge University Press, Cambridge.

The following book and booklets in German are targeted to conservation professionals:
Holderegger R., Segelbacher G. (eds.). 2016. Naturschutzgenetik. Ein Handbuch für die Praxis. Haupt, Bern.
Csencsics D., Gugerli F. 2017. Naturschutzgenetik. WSl Berichte 60: 1-82 (free download: https://www.wsl.ch/de/publikationensuchen/wsl-
berichte.html)

Prerequisites /
notice

Requirements:
Students must have a good background in genetics as well as  in ecology and evolution. The courses "Population and Quantitative
Genetics" or "Evolutionary Genetics" should have been attended. 

Examination:
A final written examination on the content of the course and the excursion are integral parts of the course.

Teaching forms:
The course needs the active participation of students. It consists of lectures, group work, presentations, discussions, reading and a half-day
excursion.

701-1462-00L Evolution of Social Behavior and Biological
Communication
Number of participants limited to 24.

W  3 credits 2V M. Mescher

Abstract This course addresses presents core concepts in the study of behavior and biological communication from a Darwinian perspective, with a
focus on the evolution of sociality and the emergence of higher-level biological organization. It will entail lectures and discussion of selected
readings from relevant primary and secondary literature.

Objective Students will become familiar with the application of Darwinian evolutionary theory to the study of behavior, communication, and social
organization. They will also gain insight into the relevance of these topics for broader intellectual questions in biology, as well as for the
organization of human societies.

Content This course will begin with an exploration of key concepts, including the central role of information in biology and Darwinian explanations
for the emergence of adaptation and functional complexity in biological systems. We will then discuss the application of these concepts to
the study of behavior and communication, with a focus on the evolution of social interactions. Significant attention will also be given to the
evolution of cooperation among individual organisms and the emergence and maintenance of complex social organization. Finally, we will
discuss the implications of the material covered for understanding human behavior and for the organization of human societies, including
implications for implementing collective action to address global environmental challenges. These topics will be covered by lectures and
discussion of relevant readings selected by the instructor. Evaluations will be based on in-class or take-home examinations, as well as
participation in classroom discussions.

262-0200-00L Bayesian Phylodynamics W  4 credits 2G+2A T. Stadler, T. Vaughan
Abstract How fast was Ebola spreading in West Africa? Where and when did the epidemic outbreak start? How can we construct the phylogenetic

tree of great apes, and did gene flow occur between different apes? At the end of the course, students will have designed, performed,
presented, and discussed their own phylodynamic data analysis to answer such questions.

Objective Attendees will extend their knowledge of Bayesian phylodynamics obtained in the “Computational Biology” class (636-0017-00L) and will
learn how to apply this theory to real world data. The main theoretical concepts introduced are:
* Bayesian statistics
* Phylogenetic and phylodynamic models
* Markov Chain Monte Carlo methods
Attendees will apply these concepts to a number of applications yielding biological insight into:
* Epidemiology
* Pathogen evolution
* Macroevolution of species

Content In the first part of the semester, in each week, we will first present the theoretical concepts of Bayesian phylodynamics. The presentation
will be followed by attendees using the software package BEAST v2 to apply these theoretical concepts to empirical data. We use
previously published datasets on e.g. Ebola, Zika, Yellow Fever, Apes, and Penguins for analysis. Examples of these practical tutorials are
available on https://taming-the-beast.org/. 
In the second part of the semester, the students choose an empirical dataset of genetic sequencing data and possibly some non-genetic
metadata. They then design and conduct a research project in which they perform Bayesian phylogenetic analyses of their dataset. The
weekly class is intended to discuss and monitor progress and to address students’ questions very interactively. At the end of the semester,
the students present their research project in an oral presentation. The content of the presentation, the style of the presentation, and the
performance in answering the questions after the presentation will be marked.

Lecture notes Lecture slides will be available on moodle.
Literature The following books provide excellent background material:

•    Drummond, A. & Bouckaert, R. 2015. Bayesian evolutionary analysis with BEAST.
•    Yang, Z. 2014. Molecular Evolution: A Statistical Approach.
•    Felsenstein, J. 2003. Inferring Phylogenies.
The tutorials in this course are based on our Summer School “Taming the BEAST”: https://taming-the-beast.org/

Prerequisites /
notice

This class builds upon the content which we teach in the Computational Biology class (636-0017-00L). Attendees must have either taken
the Computational Biology class or acquired the content elsewhere.

 Applications
Number Title Type ECTS Hours Lecturers

701-1434-00L Essentials of Restoration Ecology W  2 credits 2G D. Ramseier, C. T. Robinson
Abstract Restoration ecology has become an important field of ecology. The original trial and error approach is now more and more replaced by a

more systematic and scientific approach. 
The course covers general principles of restoration ecology and practical applications mainly for wet and dry meadow restoration and
restoration of rivers/streams. Forested habitats will only be touched marginally.

Objective The students gain insight in methods of ecological restoration. They will be able to evaluate various approaches and to design restoration
projects. They will learn the ecological basis of river/stream restoration and restoration of wet and dry meadows.
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Content Two hours lectures and one-hour seminar per week in the first four weeks of the semester 

22.5.2020 10:15 – 18:00 excursion to the wetland restoration project Seebachtalseen  (http://www.stiftungseebachtal.ch/). In case of an
overlap with another course, it is possible to join later 
29.5.2020 14:15 – 17:00 river/stream restoration Dübendorf

Topics of lectures: 
- Historical background of restoration ecology
- Reasons for ecological restorations
- Ecological principles relevant for restorations
- Approaches for ecological restorations
- Evaluation of restorations

Seminar: presentation of a given paper by students with self-searched additional information

701-1456-00L Applied Ecosystem Management (Field Course in
Serbia)

W  3 credits 4P F. Knaus

Abstract This course introduces students to a socio-ecological system that combines high depopulation rates and corruption with extraordinary
cultural and biological diversity that are at risk of loss. This system is explored with local stakeholders and in the field, analysed by a
conceptual model and measures are identified that support both conservation and development goals for the region.

Objective By visiting this course, the students are able to:
a) Use a conceptual model to analyse an unfamiliar socio-ecological system with regards to its main drivers and their interrelatedness.
b) Establish basic strategic elements of a development plan. 
c) Identify realistic measures towards sustainability respecting system-inherent limitations.
d) Apply, contextualize and integrate subject-specific knowledge on an interdisciplinary real world problem.

Content Eastern Serbia offers economic, ecological and social characteristics that are greatly distinct to the ones predominant in Central European
socio-ecological systems: Following epochs of communism and war, Eastern Serbia faces some of the highest rural depopulation rates in
Europe and consequently suffers from land abandonment. The still rich rural culture and many traditional agricultural practices are
expected to be lost if no measures are taken. At the same time, the region still holds a high biodiversity with a high number of endemic
species and many species which have long been extinct in other parts of Central Europe. These ecological values are under high threat of
being lost as a consequence of the depopulation processes.

In the course, the multiple facets of this unfamiliar socio-ecological system are investigated based on interviews with local stakeholders and
experts. In short excursions, land-use activities, biodiversity as well as cultural and touristic assets are explored. The gathered information
is used to identify the most prevalent drivers of the socio-ecological system with the help of a simple conceptual model. Based on this
model and on additional strategic analyses, goals and measures can be deduced that span the competing fields of conservation and
development and aim at developing the region towards sustainability. These measures are evaluated, elaborated and discussed with local
people. Finally, the results are summarized in a report for the local stakeholders.

Lecture notes Ivanov S. & F. Knaus 2012: Stara Planina. A brief introduction. Unpublished. 24p.
Literature Adams W.M. et al. 2004: Biodiversity Conservation and the Eradication of Poverty. Science 306: 1146-1149.


Chan K.M.A. et al. 2007: When agendas collide: Human welfare and biological conservation. Conservation Biology 21(1): 59-68.

FOS 2009: Using Conceptual Models to Document a Situation Analysis: An FOS How-To Guide. Foundations of Success, Bethesda,
Maryland, USA. 21p.

Prerequisites /
notice

The course is limited to 14 students. Preference is given to Master students and students fulfilling the prerequisites. A mixture of students
from different Majors is sought to contribute to the integration of skills and approaches. Travels to Serbia and Bulgaria require a valid
passport. 

Prerequisites for attending this course are skills and knowledge equivalent to those taught in the following ETH courses:
-    Foundations of Ecosystem Management
-    Naturschutz und Naturschutzbiologie
-    Land Use History and Historical Ecology

701-1646-00L Carbon and Nutrient Cycling in a Changing Climate
and Land-Use

W  5 credits 3G F. Hagedorn, T. Crowther, S. Dötterl

Abstract The course covers the pools and fluxes of carbon and nutrients in forests and dynamic landscapes and how they are affected by a
changing climate and land-use. Specifically, the course explores carbon and nutrient cycling: (i) in vegetation and soils at the plot to global
scale; (ii) the role of abiotic soil properties as controls; and (iii) the effects of climate changes and land management.

Objective The students learn to identify, analyze and propose solutions for problems associated with land management and climate change on
carbon and nutrient cycling in forests and dynamic landscapes.

Content After short thematic introductions, the students will work in small groups on the following topics: 
 
Part 1 Carbon and nutrient pools and fluxes in terrestrial ecosystems of Switzerland
o Carbon and nutrient cycles from the plot to national scale 
o Impacts of land use changes on biomass and soil carbon 
o Effects of soil warming and drought

Part 2: Rock, soil, sediment: Geomorphic cascades and soil weathering 
o Weathering and geochemistry as controls on carbon and nutrient cycles
o Feedbacks between soil development, soil transport and soil loss for carbon cycling 
o Global patterns and consequences of disturbance for soil landscapes

Part 3: Global biogeochemical cycles and climate change
o Global biogeochemical cycles and impacts on climate
o Carbon cycle feedbacks to climate change
o Changes in global nutrient balance

The students will work on specific projects which includes the evaluation and interpretation of data as well as the preparation of a
presentation either as a poster, report or a talk.
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Prerequisites /
notice

Apart from a background in terrestrial ecosystems, the students must have basic knowledge in soil sciences, plant nutrition, and
biogeochemical cycles. Given that the background of the students will be very heterogeneous, the course will build on individual learning
and interactive teaching.

The format of the course is that the students work in small groups of 2 or 3 members on a small project in each of the three parts of the
course. Introductory information will be given on the first day of the course and at the beginning of each part. For structuring the project,
homework will be given from week to week. Each group will do a poster presentation (end of part 1), a short report (end of part 2) and an
oral presentation (end of part 3) on their respective subjects. Active participation at all contact hours is compulsory for all students.

 C. Scientific Skills
 Quantitative and Computational Expertise

Number Title Type ECTS Hours Lecturers

701-1410-01L Quantitative Approaches to Plant Population and
Community Ecology

W  2 credits 2V J. Alexander, T. Walker

Abstract This course presents leading problems in plant population, community and ecosystem ecology and modern tools to address them. Topics
include parameterising models of plant population dynamics, using biological networks to investigate species coexistence, exploring the
physiological and functional basis of plant life history strategies and quantifying how plants influence ecosystem functioning.

Objective Students will attain deep insight into topics at the cutting edge of plant ecological research, whilst developing specific skills that can later be
applied to basic and applied ecological problems.

701-1418-00L Modelling Course in Population and Evolutionary
Biology
Number of participants limited to 20. 

Priority is given to MSc Biology and Environmental
Sciences students.

W  4 credits 6P S. Bonhoeffer, V. Müller

Abstract This course provides a "hands-on" introduction into mathematical/computational modelling of biological processes with particular emphasis
on evolutionary and population-biological questions. The models are developed using the Open Source software R.

Objective The aim of this course is to provide a practical introduction into the modelling of fundamental biological questions. The participants will
receive guidance to develop mathematical/computational models in small teams. The participants chose two modules with different levels
of difficulty from a list of projects.

The participant shall get a sense of the utility of modelling as a tool to investigate biological problems. The simpler modules are based
mostly on examples from the earlier lecture "Ecology and evolution: populations" (script accessible at the course webpage). The advanced
modules address topical research questions. Although being based on evolutionary and population biological methods and concepts, these
modules also address topics from other areas of biology.

Content see www.tb.ethz.ch/education/learningmaterials/modelingcourse.html
Lecture notes Detailed handouts describing both the modelling and the biological background are available to each module at the course website. In

addition, the script of the earlier lecture "Ecology and evolution: populations" can also be downloaded, and contains further backround
information.

Prerequisites /
notice

The course is based on the open source software R. Experience with R is useful but not required for the course. Similarly, the course 701-
1708-00L Infectious Disease Dynamics is useful but not required.

 Laboratory and Field Expertise
Number Title Type ECTS Hours Lecturers

701-0362-00L Soils and Vegetation of the Alps (Excursion)
Diese Exkursion (max. 24 Plätze) gehört zur Vorlesung
«Flora und Vegetation der Alpen» (701-0364-00; A.
Widmer). Sie kann nur gleichzeitig mit der Vorlesung oder
nach bestandener Prüfung belegt werden. Alternativ ist
eine Teilnahme möglich mit bestandenen Prüfungen in
«Bodenchemie» (701-0533-00L; R. Kretzschmar, D.I.
Christl) und «Pedosphäre» (701-0501-00L; R.
Kretzschmar).

W  2 credits 2P A. Widmer, R. Kretzschmar

Abstract The excursion in the area of Davos illustrates how climatic and edaphic factors shape the distribution of alpine plants. Visits of multiple
sites on different bedrocks in the subalpine and alpine elevational belts reveal connections between climatic conditions, soil formation and
vegetation development.

Objective The students
- understand how parent rock, topography, climate, and vegetation influence soil forming processes and resulting soil properties (e.g.
nutrients, water) in the Alps.
- understand, how climatic and edaphic factors affect the occurrence and distribution of alpine plants.
- are familiar with characteristic plant communities on acidic, basic and ultramafic bedrock in the subalpine and alpine elevational belts.
- know characteristic plant species and plant communities of the subalpine and alpine elevational belts in the Alps.

Content 4-day excursion in the area of Davos with visits of sites on different bedrock (dolomite, gneiss/mica schist, amphibolite, serpentinite) in the
subalpine and alpine elevational belts.
Structure, development and characteristics of the soils and of their effects on the vegetation; characteristic plant species and communities
on different soil types.

Lecture notes A guide to the excursion will be made available.
Literature Landolt E. 2003: Unsere Alpenflora. 7.Aufl., SAC-Verlag.
Prerequisites /
notice

Please note that this course will be taught in German.

701-0364-00L Flora and Vegetation of the Alps
Zur dieser Vorlesung gehört eine 4-tägige Exkursion (max.
24 Plätze) nach Davos. Für eine Teilnahme an der
Exkursion muss die Lehrveranstaltung «Böden und
Vegetation der Alpen» (Nr. 701-0362-00) separat belegt
werden.

W  1 credit 1V A. Widmer

Abstract This course provides an introduction to the flora and vegetation of the Alps. This includes the climatic conditions at different elevations, the
origin of Alpine plants, centers of diversity, ecological requirements and adaptations to prevailing environmental conditions, as well as
characteristic plant communities at different altitudes and soil types.
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Objective The students
- understand how climatic and edaphic factors affect the occurrence and distribution of alpine plants
- know characteristic plant species of the subalpine and alpine elevational belts in the Alps
- are familiar with characteristic plant communities on acidic, basic and ultramafic soils in the subalpine and alpine elevational belts.

Content Climatic conditions at different elevations in the Alps; origin and distribution patterns; centers of diversity; ecological requirements and
adaptations to prevailing environmental conditions; altitudinal belts; characteristic plant communities on different bedrock (dolomite, acidic
and basic silicates, serpentine).

Lecture notes Course material will be provided.
Literature Landolt E. 2003: Unsere Alpenflora. 7.Aufl., SAC-Verlag.
Prerequisites /
notice

Solid background in systematic botany and successful participation in the course "Systematic Biology: Plants" (Nr. 701-0360-00). It is
further recommended that students have also participated in the block course "Plant Diversity" (Nr. 701-2314-00L), or alternatively the two
courses "Plant Diversity: Colline/Montane" (701-0314-00L) and "Plant Diversity: Subalpine/Alpine" (701-0314-01L).

Notice:
The 4-day excursion “Soils and Vegetation of the Alps” (Nr. 701-0362-00) belongs to this lecture course. The excursion takes place in
Davos from Wednesday 1 July to Saturday 4 July 2020.

Please note that this course will be taught in German.

701-1412-01L Research in Animal Ecology W  3 credits 3P R. Zingg
Abstract Get to know the different stages of a research project by carrying out an own project in behavioural ecology.
Objective Get to know the different stages of a research project by carrying out an own project in behavioural ecology.
Content In the frame of a teamwork observations on zoo animals are used to go through the different stages of a research project, from the

formulation of the question to the collection of data.
Lecture notes no script
Prerequisites /
notice

The observations are done on zoo animals.

701-1425-00L Genetic Diversity: Analysis
Number of participants limited to 12.

Selection of the students: order of registration.

W  2 credits 2G J.-C. Walser, N. Zemp

Abstract This course provides training in genomic data analysis for more advanced students (master, doctoral or post-doctoral level). The format is a
one week block-course. It will cover different aspects of genomic data analysis with the focus on next (and third) generation sequencing.

Objective The learning target is to teach students the most important skill set to analyse high throughput molecular sequence data.
Content For more information about the format please visit the course website at https://www.gdc-

docs.ethz.ch/GeneticDiversityAnalysis/GDA20/site/
Lecture notes Lecture notes and exercise will be made available during the course.
Prerequisites /
notice

Course Website: https://www.gdc-docs.ethz.ch/GeneticDiversityAnalysis/GDA20/site/

701-1428-00L Animal Migration and Research in Field Ornithology
Number of participants limited to 30.

Target groups are: MSc Biology and MSc Environmental
Sciences.

W  2 credits 3P F. B. Korner-Nievergelt, S. Bauer

Abstract This course introduces students to ornithological field methods with a focus on bird migration. Participants experience bird migration by
visiting a ringing station in the Alps and participating in ongoing research activities. They learn about the morphology, physiology,
energetics, behavior and evolution of bird migration through short lectures, small field research projects and data analysis.

Objective Students will be able to:
- explain the functions of bird migration and its implications for population and dynamics and ecological communities
- appreciate the biological and evolutionary determinants of bird migration
- identify the more common European migrating bird species
- choose the appropriate ornithological field methods for a given scientific question
-  interpret information from different data sources (e.g. observations, mark-recapture, data loggers, tracking methods, blood samples,
genetics) and evaluate their representativeness and accuracy

Content Theoretical inputs:
- Morphological and physiological adaptation to flight 
- Life cycle of birds (breeding, post-fledging, molting, migration, staging)
- Ecology and evolution of bird migration
- Physiology and energetics of flight
- Migration strategies and orientation
Practicals:
- Introduction of field methods: counting and identifying migrating birds, bird catching and marking, morphological and physiological
measurements in live birds. 
- Short research projects in small groups. Students analyse data sets provided by the Swiss Ornithological Institute, or they can formulate
their own questions and collect new data. Data is analyzed, interpreted, and results are presented orally.

Literature Field guides to bird identification, and measuring birds will be used (book list will be provided beforehand and a few copies provided during
the course)
A list of recommended books and articles on theoretical and practical aspects of field ornithology will be provided.
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Prerequisites /
notice

General ecological concepts
Basics in statistical data analyses and working with R
Reading one of the following articles before the course: 
Cresswell, K. A., W. H. Satterthwaite, and G. A. Sword. 2011. Understanding the evolution of migration through empirical examples. Pages
7-16 in E. J. Milner-Gulland, J. M. Fryxell, and A. R. E. Sinclair, editors. Animal Migration, a Synthesis. Oxford University Press, New York.
Shuter, J. L., A. C. Broderick, D. J. Agnew, N. Jonzén, B. J. Godley, E. J. Milner-Gulland, and S. Thirgood. 2011. Conservation and
management of migratory species. Pages 172-206 in E. J. Milner-Gulland, J. M. Fryxell, and A. R. E. Sinclair, editors. Animal Migration, a
Synthesis. University Press, Oxford.
Jenni, L., and M. Kéry. 2003. Timing of autumn bird migration under climate change: advances in long-distance migrants, delays in short-
distance migrants. Proceedings of the Royal Society of London - Series B: Biological Sciences 270:1467-1471.
Komenda-Zehnder, S., L. Jenni, and F. Liechti. 2010. Do bird captures reflect migration intensity? - Trapping numbers on an Alpine pass
compared with radar counts. Journal of Avian Biology 41:434-444.
The participants are requested to write a short (max 400 words) summary of one of the above articles before the start of the course and
bring three questions they would like to have answered during the course.


Basic accommodation (dormitories); no shopping opportunity, lunch must be taken for the whole week; 2 h hikes per day. Costs per
participant are around 250 CHF, plus the travel to Champéry.
http://www.vogelwarte.ch/de/projekte/vogelzug/langfristige-ueberwachung-des-vogelzuges-auf-dem-col-de-bretolet.html

701-1432-00L Vegetation Ecology Lab
Does not take place this semester.

W  2 credits 3G A. C. Risch

Abstract Course during five consecutive days in the Engiadina valley, Switzerland: Introduction to the ecology of the Swiss National Park.
Discussion of current field studies in the Park and the surroundings. 2.5 days for field assessments and measurements in groups, analyses
and presentation of results.

Objective Get to know basics in experimental and sampling design in respect to the assessment of population and vegetation data. In the workshop,
students learn about the data assessment, the adequate data processing and analysis, as well as about the scientific reporting.

Prerequisites /
notice

The course fee of approximately CHF 150 has to be paid by the participants. The fee has to be transferred by April 10, 2020 - information
about the account will be sent to the persons registered after the registration period is over. The number of participants is limited to a
maximum of 14.

Accomodation: Hotel Bär & Post, Zernez.

 Laboratory and Field Expertise
Number Title Type ECTS Hours Lecturers

551-0216-00L Field Course in Mycology
Number of participants limited to 8.

W  3 credits 3.5P A. Leuchtmann

Abstract Field excursions with collecting of fungi, and study of collections in the course room. Main focus are small fungi (ascomycetes): you will
receive insight into the diversity of fungi and an introduction to species identification. Furthermore, the ecology and function of fungi in
selected habitats will be discussed, and selected examples of edible and poisonous mushrooms shown.

Objective Extended knowledge in taxonomy and systematics of fungi, in particular Ascomycetes. Participants know about ecological functions of
fungi as mutualists, saprobes or parasites of plants in various ecosystems.

Content Einführung ins Reich der Pilze, Merkmale der Pilze und Überblick über deren systematische Gliederung. Exkursionen zum Sammeln von
Ascomyceten in ausgewählten Lebensräumen. Kennenlernen von notwendigen Sammel- und Präparationstechniken, Einführung in die
Ökologie und Funktion der Pilze, Untersuchung und Bestimmen von Pilzen mit optischen Hilfsmitteln im Kursraum, Einblick in
Formenvielfalt ausgewählter Pilzgruppen (Ascomyecten), Beispiele von Gift- und Speisepilzen.

Lecture notes Kursunterlagen werden abgegeben
Literature Spezialliteratur für die Bestimmung der Familien, Gattungen und Arten der mitteleuropäischen Mykoflora.
Prerequisites /
notice

Der Kurs ist auf maximal 8 Teilnehmende beschränkt. Schriftliche Anmeldung erforderlich. Das Kursgeld von Fr. 180.- muss von den
Kursteilnehmern übernommen werden. Vor dem Kurs (Freitag 21. Aug. 2020) findet eine halbtägige Einführung in Zürich statt, die von allen
Teilnehmenden besucht werden muss.

 Term Paper and Seminar
Number Title Type ECTS Hours Lecturers

701-1461-00L Ecology and Evolution: Seminar
Direct continuation of course unit 701-1460-00L "Ecology
and Evolution: Term Paper" of the previous semester
(HS).

W  3 credits 6S T. Städler, J. Alexander,
S. Bonhoeffer, T. Crowther, A. Hall,
J. Jokela, J. Payne, G. Velicer,
A. Widmer

Abstract The organization and functioning of academic research as well as academic publishing are introduced and applied: students critically
review two term papers written by their student colleagues. Based on the reviews, the authors of the papers write reply letters and revise
their own term papers. They finally present their topic during an in-house "mini-conference" with a talk.

Objective  Students become familiar with the academic peer-review and publishing process
 They learn to evaluate the quality of a manuscript and formulate constructive criticism
 They learn to deal with criticism of their own work (by their student peers)
 They practise oral presentations and discussions in English

Content The organization and functioning of academic research as well as academic publishing are introduced and applied: students critically
review two term papers written by their student colleagues. Based on the reviews, the authors of the papers write reply letters and revise
their own term papers. They finally present their topic during an in-house "mini-conference" with a talk.

Lecture notes none
Prerequisites /
notice

Direct continuation of "Ecology and Evolution: Term Paper" of the previous semester

 Electives
Number Title Type ECTS Hours Lecturers

701-0290-01L Seminar in Microbial Evolution and Ecology (FS) Z  0 credits 2S S. Bonhoeffer
Abstract Seminar of the Institute of Integrative Biology.
Objective Seminar of the Institute of Integrative Biology

701-1414-00L Evolutionary Biology: Field Course
Does not take place this semester.
Number of participants limited to 12.


W  3 credits 3P J. Jokela
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That’s why students have to apply for the course by
sending a short half-page motivation letter (why do you
want to take the course, why does it fit well into your study
plans) to rosina.beer@eawag.ch and
bettina.dubach@eawag.ch (latest by 22nd of July).
Registration for the course will be finale with the payment
of the course costs until 4th of August (CHF 200.-,
information on how to pay will follow after enrolment has
been accepted)

Abstract Field course:
Students develop a scientific question of their choice to a field project, collect the data to address the question, and report their results in a
presentation and write a scientific report.

Objective This field course aims at developing research skills in Population and Evolutionary Biology. 

Students carry out small research projects in groups and relate their observations to concepts. They develop a scientific question of their
choice to a field project, collect the data to address the question, analyse the results and present their results in a seminar and write a
scientific report.

Content Field course:
Course takes place in Ces (Ticino) beginning of September (31.08. - 04.09.2020). Students work in small groups. Course supervisors
provide materials and tutoring during the project development. Basic skills of ecology, taxonomy and statistics are needed.

Lecture notes None
Literature Will be distributed
Prerequisites /
notice

Registration for the course will be finale with the payment of the course costs until 4th of August (CHF 200.-, information on how to pay will
follow after enrollment has been accepted)
-- Number of participants is limited. Course in two languages  (German / English)

751-5110-00L Insects in Agroecosystems W  2 credits 2V C. De Moraes, M. Fenske,
D. Lucas Gomes Marques Barbosa

Abstract This class will focus on insect-plant interactions in agroecosystems, and how the unique man-made agricultural community effects insect
populations leading to pest outbreaks.   Key concepts in pest prediction and management will be discussed from an ecological perspective.

Objective At the end of this course, students will understand what biotic and abiotic factors contribute to pest outbreaks, why some modern pest
management techniques have failed over time, and the trade-offs associated with the use of different pest control methods. Our approach
will allow students to apply their knowledge to a variety of pest management situations. Additionally, students will learn about current
research goals in agroecology and how these goals are being addressed by scientists engaged in agricultural research.

Content The focus of this course will be on understanding how the ecologies of agricultural systems differ from natural ecosystems, and how these
difference affect the population dynamics of insect pests and natural enemies.  Each section of the course is centered around a basic
ecological, biological or engineering theme such as host shift, physiological time, or sampling techniques.  Different management
techniques will be discussed, as well as the ecological basis behind why these techniques work and why they sometimes fail.  The role of
insects in spreading economically important plant diseases will also be discussed. Recent advances in research will also be addressed
throughout the course and reinforced with periodic readings of primary literature.

Lecture notes Provided to students through ILIAS
Literature Selected required readings (peer reviewed literature, selected book chapters).

751-5118-00L Global Change Biology W  2 credits 2G H. Bugmann, M. Gharun, B. Stocker
Abstract This course focuses on the impacts of global change on  forests and agro-ecosystems that will strongly affect  sustainable resource use

across the 21st century.
Objective Students will understand how global change, ecosystem processes, land use practices, politics, and society interact, and that it is critical to

act responsibly and work as an agricultural or environmental scientist in the future. 

Students will better understand the impacts of global change on ecosystems at a range of spatial and temporal scales, be able to
synthesize knowledge from various disciplines in the context of global change issues, and be able to evaluate management options for
sustainable resource use, climate mitigation and adaptation options. 

Students will learn to present scientific information to a scientific audience by preparing an executive summary and an oral presentation to
answer a specific scientific question. Students will get extensive feedback from teachers and peers. Thereby, students will also learn how
to give constructive feedback to peers.

Content Changes in climate and land use are major issues that students will be faced with during their working life, independently of where they will
work. Thus, an advanced understanding on how global change, ecosystem processes, land use practices, politics, and society interact and
that it is critical to act responsibly and work as an agricultural or environmental scientist in the future.

Thus, during this course, the effects of global change on forests and agro-ecosystems as well as their feedbacks to the climate system will
be presented and discussed. Effects on ecosystem structure, composition, productivity and biogeochemical cycling, but also on the stability
of production systems against disturbances will be addressed. 

Up-to-date scenarios and models for coupled human-environmental systems will be discussed. The advantages and disadvantages of
different management options will be evaluated, including sustainable resource use and climate mitigation as well as adaptation.

Prerequisites /
notice

This course is based on fundamental knowledge about plant ecophysiology, soil science, and ecology in general.

701-1496-00L Applied Experimental Plant Ecology
This lecture will be offered in Spring Semester 2020 only
once. There is no option to repeat this course.
Course Enrollment only by study administration.

W  4 credits 4G D. Ramseier

Abstract Experiments close to natural situations are important for the development in the areas of nature conservation and the promotion of
ecosystem services, where near-natural ecosystems and humans benefit. In this course the students get to know different approaches in
lectures, demonstrations, excursions and, last but not least, with their own experiment.

Objective - to become familiar with various experimental approaches, the instruments and the statistical analysis, incl. their advantages and
disadvantages in the field of experimental plant ecology.
- to gain practical skills by carrying out and evaluating relevant experiments.

 Major in Environmental Systems and Policy
 Theoretical Foundations for Environmental Policy

Number Title Type ECTS Hours Lecturers

701-0758-00L Ecological Economics: Introduction with Focus on W  2 credits 2V I. Seidl
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Growth Critics
Abstract Students become acquainted with the basics / central questions / analyses of Ecological Economics. Thereby, central will be the topic of

economic growth. What are the positions of Ecological Economics in this regard? What are the theories and concepts to found this position
in general and in particular economic areas (e.g. resource consumption, efficiency, consumption, labour market, enterprises)?

Objective Become acquainted with basics and central questions of Ecological Economics (EE): e.g. 'pre-analytic vision', field of discipline,
development EE, contributions of involved disciplines such as ecology or political sciences, ecological-economic analysis of topics such as
labour market, consumption, money. Critical analysis of growth and learning about approaches to reduce growth pressures.

Content What is Ecological Economics
Field of the discipline and basics
Resource consumption, its development and measurements
Measurement of economic activity and welfare
Economic growth, growth critics and post-growth society
Consumption, Money, Enterprises, labour market and growth pressures
Starting points for a post-growth society

Lecture notes No Script. Slides and texts will be provided beforehand.
Literature Daly, H. E. / Farley, J. (2004). Ecological Economics. Principles and Applications. Washington, Island Press.

     
Seidl, I. /Zahrnt A. (2010). Postwachstumsgesellschaft, Marburg, Metropolis.

Ausgewählte wissenschaftliche Artikel.
Prerequisites /
notice

Participation in a lecture on environmental economics or otherwise basic knowledge of economics (e.g. A-Level)

701-0764-00L Crtical Reflection Upon the Economic Growth
Paradigm
Number of participants limited to 25.

Target groups: Agricultural Sciences (BSc/MSc) and
Environmental Sciences (BSc/MSc).

W  1 credit 1S I. Seidl

Abstract In this seminar we will read and discuss about three scientific papers which thoroughly and critically deal with economic growth and
environmental topics.

Objective Enhanced knowledge on ecological economics, growth critics of ecological economics, energetical-material implications of growth,
consumer criticism and growth-critical traditions of thought. Reading and reflection upon scientific textes.

Content Growth theory, growth paradigm, growth criticism, energy, entropy, neoclassics versus ecological economics, consumer theories and
consumerism.

Prerequisites /
notice

Participation in course 701-0758-00L Ecological Economics: basics and growth critisism (parallel oder former participation) or very good
basic knowledge in ecological economics or environmental economicse

701-1652-00L Environmental Behaviour and Collective Decision
Making

W  3 credits 2G R. Hansmann

Abstract Environmental Behavior and Decision-making is considered from different perspectives (psychological approaches, evolutionary biology,
game theory, and political sciences). The course is focusing ascending levels of human regulatory systems (individuals, groups,
organizations) in contexts of forest & landscape management and other environmentally relevant areas.

Objective Environmental decision-making can be analyzed from different disciplinary perspectives, and the level at which scientists analyze decision-
making depends on the context and research goals. In the course, students get acquainted with theoretical approaches from psychology
and political sciences. Theories are explained through examples of their application in different contexts of environmental behaviour,
management and planning. 

The course focuses environmental behaviour and decision-making on ascending levels of human regulatory systems: 
1)    Individual behaviour and decision-making
2)    Decision-making in small groups 
3)    Decision-making in Institutions, and organizations 
Psychological theories are frequently applied to individual behaviour and decision making and various social psychological theories focus
on small group decision making. The course shall provide a framework for the students, which enables them to identify and apply theories
that are helpful for answering certain research questions. Exercises and examples of application shall enable the students to get in depth
knowledge of certain theories, which shall enable them to apply the models and theories themselves in own research activities.

Content Decision-making is considered from different disciplinary perspectives (psychology, game theory, political sciences) and in different
contexts. The course is structured by focusing decision making on ascending levels of human regulatory systems in contexts of focusing
forest & landscape management and other environmentally relevant areas: 
1.    Individual-level models (psychological theories and modeling, communication and public campaigns, leisure activities, green spaces
and health and well-being, waste disposal and recycling behavior) 
2.    Group level models (psychological theories and modeling, group think phenomena, group techniques, decision process analyses) 
3.    Organization-level models (institutions, political science, green space and urban planning) 
 
- Psychological theory shall be taught in connection with economic/political approaches and with an orientation towards modeling of
individual behavior and group decision-making. (Approaches covered include e.g. Theory of planned behavior, Norm activation Theory,
Neutralization Theory, Rational Choice and Expected Utility models, Social Decision Schemes, DISCUSS model, Probabilistic model of
Opinion Change including Distance).
- Solution oriented approaches towards influencing environmental behavior (environmental education, communication, campaigns) and
improving group processes (Groupthink phenomena, Group Techniques) shall be covered by the course.
- Political and economic approaches on individuals, organizations and Management of Human-Environment Systems complement the
psychological view (e.g. Collective Action Theory by E. Ostrom).

Lecture notes Will be provided in the lecture.
Literature Will be provided/announced during the lecture.

363-1076-00L Diffusion of Clean Technologies W  3 credits 2G B. Girod, C. Knöri
Abstract How can the diffusion of clean technologies be accelerated?

Participants learn to apply analytic tools to understand environmental and business potentials of clean technologies. Exercises that
evaluate a clean technology selected by the student themselves deepen the theoretical knowledge gained. Students are trained to
evaluate, explain and pitch a clean technology.

Objective After completing this course: ...
1) Students are able to apply the theoretical concepts explaining the performance and diffusion of clean technologies 
2) Students can determine key drivers and barriers (economic, environmental, technological, regulatory) for the diffusion of clean
technologies
3) Students know how to quantitatively model key characteristics or dynamics of selected clean technologies
4) Students are prepared to convincingly present a selected clean technology to a business or policy audience
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Content We face a climate and sustainability crisis which requires a fundamental shift to a truly environmentally friendly economy. A key
contribution stems from an accelerated development and application of clean technologies such as technologies harnessing renewable
energies, enabling increasing energy efficiency or event resulting in negative emission. 

The goal of this course is to better understand how we can accelerate the diffusion of clean technologies. Students are enabled to answer
critical questions such as: What are barriers hindering the diffusion of a certain clean technology? How can we overcome these barriers
and drive the diffusion of clean technologies?

The lecture can be divided into four parts:
1. Input on a conceptual basis: Overview on key frameworks and theories for assessing the environmental and economic performance of
clean technologies as well as their resulting diffusion. This part will be provided as input by the lecturers and discussed in class.

2. Assessment of selected clean technologies: Students select out of a long list of clean technologies a technology to assess in more detail.
For this technology, the concepts learned in part 1 are applied. Assessments are peer-reviewed and discussed. 

3. Modeling of diffusion: Students will develop a simplified model for the diffusion of selected clean technology to better understand the
dynamics of diffusion and modeling technological behavior.  

4. Presenting clean technologies: To conclude students will learn how to pitch their technology assessment to a  business or policy
audience since this is a crucial part for enabling technology diffusion. These inspiring presentations form the basis for a final class
discussion on selected clean technologies and applied concepts. 

The list of concepts, tools and techniques applied and discussed in this lecture includes: Analytical tools to assess the environmental
performance of clean technologies (e.g. Life Cycle-Assessment); economic view on the diffusion of clean technologies; evolutionary
perspective (e.g. technological learning); decision process of adopters (e.g. status-quo bias of consumers, rebound effect); relevant
environmental policies (e.g. standards, labels, carbon pricing); modeling approaches for diffusion of clean technologies (e.g. agent-based
modeling); techniques for convincing presentations (e.g. TED-style presentation).

Lecture notes Handout and exercises will be available on electronic platform.
Literature Relevant literature will be available on electronic platform.

364-0576-00L Advanced Sustainability Economics
PhD course, open for MSc students

W  3 credits 3G L. Bretschger

Abstract The course covers current resource and sustainability economics, including ethical foundations of sustainability, intertemporal optimisation
in capital-resource economies, sustainable use of non-renewable and renewable resources, pollution dynamics, population growth, and
sectoral heterogeneity. A final part is on empirical contributions, e.g. the resource curse, energy prices, and the EKC.

Objective Understanding of the current issues and economic methods in sustainability research; ability to solve typical problems like the calculation of
the growth rate under environmental restriction with the help of appropriate model equations.

752-2121-00L Consumer Behaviour II W  2 credits 2G M. Siegrist, J. Ammann
Abstract This course examines important concepts and theories in order to describe and to explain consumer behavior. The focus is on decision

making processes, influencing consumer behavior, consumer research, and market segmentation. Selected topics are explained in some
depth.

Objective This course examines important concepts and theories in order to describe and to explain consumer behavior. The course Consumer
Behavior I provides an overview, whereas in this course selected topics are explained and discussed in some depth. The focus is on
decision making processes, influencing consumer behavior, consumer research, and market segmentation.

752-2123-00L Risk Awareness, Risk Acceptance and Trust W  3 credits 2V M. Siegrist
Abstract The course provides an overview about risk perception and acceptance of new technologies. In addition, the most important findings of the

research related to decisions under uncertainty are presented.
Objective Students know the most important theoretical approaches in the domains of risk perception and acceptance of new technologies.

Furthermore, students understand the paradigms and the research results in the domain of decision making under uncertainty.

851-0735-11L Environmental Regulation: Law and Policy
Number of participants limited to 20.

Particularly suitable for students of D-USYS

W  3 credits 1S J. van Zeben

Abstract The aim of this course is to make students with a technical scientific background aware of the legal and political context of environmental
policy in order to place technical solutions in their regulatory context.

Objective The aim of this course is to equip students with a legal and regulatory skill-set that allows them to translate their technical knowledge into a
policy brief directed at legally trained regulators.  More generally, it aims to inform students with a technical scientific background of the
legal and political context of environmental policy. The focus of the course will be on international and European issues and regulatory
frameworks - where relevant, the position of Switzerland within these international networks will also be discussed.

Content Topics covered in lectures:

(1)    Environmental Regulation
a.    Perspectives
b.    Regulatory Challenges of Environment Problems
c.    Regulatory Tools
(2)    Law: International, European and national laws
a.    International law
b.    European law
c.    National law
(3)    Policy: Case studies

Assessment:
(i) Class participation (25%): Students will be expected to contribute to class discussions and prepare short memos on class readings.
(ii) Exam (75%) consisting of two parts: 
a. Policy brief - a maximum of 2 pages (including graphs and tables);
b. Background document to the policy brief - this document sets out a more detailed and academic overview of the topic (maximum 8
pages including graphs and tables);

Lecture notes The course is taught as a small interactive seminar and significant participation is expected from the students. Participation will be capped
at 15 in order to maintain the interactive nature of the classes. All classes, readings, and assignments, are in English.  

Teaching will take place over two weeks in February and March. The exam date will be in May.

During the second week of the teaching period, students will have individual 30-minute meetings with the lecturer to discuss their project.

Literature An electronic copy of relevant readings will be provided to the students at no cost before the start of the lectures.
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Prerequisites /
notice

No specific pre-existing legal knowledge is required, however all students must have successfully completed Grundzüge des Rechts (851-
0708-00 V) or an equivalent course. 

The course is (inter)related to materials discussed in Politikwissenschaft: Grundlagen (851-0577-00 V), Ressourcen- und Umweltökonomie
(751-1551-00 V), Umweltrecht: Konzepte und Rechtsgebiete (851-0705-01 V), Rechtlicher Umgang mit natürlichen Ressourcen (701-
0743-01 V), Environmental Governance (701-1651-00 G), Policy and Economics of Ecosystem Services (701-1653-00 G), International
Environmental Politics: Part I (851-0594-00 V).

860-0022-00L Complexity and Global Systems Science
Does not take place this semester.
Number of participants limited to 64.

Prerequisites: solid mathematical skills.

Particularly suitable for students of D-ITET, D-MAVT and
ISTP

W  3 credits 2V D. Helbing

Abstract This course discusses complex techno-socio-economic systems, their counter-intuitive behaviors, and how their theoretical understanding
empowers us to solve some long-standing problems that are currently bothering the world.

Objective Participants should learn to get an overview of the state of the art in the field, to present it in a well understandable way to an
interdisciplinary scientific audience, to develop models for open problems, to analyze them, and to defend their results in response to
critical questions. In essence, participants should improve their scientific skills and learn to think scientifically about complex dynamical
systems.

Content This course starts with a discussion of the typical and often counter-intuitive features of complex dynamical systems such as self-
organization, emergence, (sudden) phase transitions at "tipping points", multi-stability, systemic instability, deterministic chaos, and
turbulence. It then discusses phenomena in networked systems such as feedback, side and cascade effects, and the problem of radical
uncertainty. The course progresses by demonstrating the relevance of these properties for understanding societal and, at times, global-
scale problems such as traffic jams, crowd disasters, breakdowns of cooperation, crime, conflict, social unrests, political revolutions,
bubbles and crashes in financial markets, epidemic spreading, and/or "tragedies of the commons" such as environmental exploitation,
overfishing, or climate change. Based on this understanding, the course points to possible ways of mitigating techno-
socio-economic-environmental problems, and what data science may contribute to their solution.

Prerequisites /
notice

Mathematical skills can be helpful

 Modeling and Statistical Analysis
Number Title Type ECTS Hours Lecturers

701-1252-00L Climate Change Uncertainty and Risk: From
Probabilistic Forecasts to Economics of Climate
Adaptation

W  3 credits 2V+1U D. N. Bresch, R. Knutti

Abstract The course introduces the concepts of predictability, probability, uncertainty and probabilistic risk modelling and their application to climate
modeling and the economics of climate adaptation.

Objective Students will acquire knowledge in uncertainty and risk quantification (probabilistic modelling) and an understanding of the economics of
climate adaptation. They will become able to construct their own uncertainty and risk assessment models (in Python), hence basic
understanding of scientific programming forms a prerequisite of the course.

Content The first part of the course covers methods to quantify uncertainty in detecting and attributing human influence on climate change and to
generate probabilistic climate change projections on global to regional scales. Model evaluation, calibration and structural error are
discussed. In the second part, quantification of risks associated with local climate impacts and the economics of different baskets of climate
adaptation options are assessed  leading to informed decisions to optimally allocate resources. Such pre-emptive risk management allows
evaluating a mix of prevention, preparation, response, recovery, and (financial) risk transfer actions, resulting in an optimal balance of
public and private contributions to risk management, aiming at a more resilient society.
The course provides an introduction to the following themes:
1) basics of probabilistic modelling and quantification of uncertainty from global climate change to local impacts of extreme events
2) methods to optimize and constrain model parameters using observations
3) risk management from identification (perception) and understanding (assessment, modelling) to actions (prevention, preparation,
response, recovery, risk transfer)
4) basics of economic evaluation, economic decision making in the presence of climate risks and pre-emptive risk management to optimally
allocate resources

Lecture notes Powerpoint slides will be made available.
Literature Many papers for in-depth study will be referred to during the lecture.
Prerequisites /
notice

Hands-on experience with probabilistic climate models and risk models will be acquired in the tutorials; hence good understanding of
scientific programming forms a prerequisite of the course, in Python (teaching language, object oriented) or similar. Basic understanding of
the climate system, e.g. as covered in the course 'Klimasysteme' is required.

Examination: graded tutorials during the semester (benotete Semesterleistung)

701-1522-00L Multi-Criteria Decision Analysis
Number of participants limited to 25.

W  3 credits 2G J. Lienert

Abstract This introduction to "Multi-Criteria Decision Analysis" (MCDA) combines prescriptive Decision Theory (MAVT, MAUT) with practical
application and computer-based decision support systems. Aspects of descriptive Decision Theory (psychology) are introduced.
Participants apply the theory to an environmental decision problem (group work).

Objective The main objective is to learn the theory of "Multi-Attribute Value Theory" (MAVT) and "Multi-Attribute Utility Theory" (MAUT) and apply it
step-by-step using an environmental decision problem. The participants learn how to structure complex decision problems and break them
down into manageable parts. An important aim is to integrate the goals and preferences of different decision makers. The participants will
practice how to elicit subjective (personal) preferences from decision makers with structured interviews. They should have an
understanding of people's limitations to decision-making, based on insights from descriptive Decision Theory. They will use formal
computer-based tools to integrate "objective / scientific" data with "subjective / personal" preferences to find consensus solutions that are
acceptable to different decision makers.
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Content GENERAL DESCRIPTION
Multi-Criteria Decision Analysis is an umbrella term for a set of methods to structure, formalize, and analyze complex decision problems
involving multiple objectives (aims, criteria), many different alternatives (options, choices), and different actors which may have conflicting
preferences. Uncertainty (e.g., of the future or of environmental data) adds to the complexity of environmental decisions. MCDA helps to
make decision problems more transparent and guides decision makers into making rational choices. Today, MCDA-methods are being
applied in many complex decision situations. This class is designed for participants interested in transdisciplinary approaches that help to
better understand real-world decision problems and that contribute to finding sustainable solutions. The course focuses on "Multi-Attribute
Value Theory" (MAVT) and "Multi-Attribute Utility Theory" (MAUT). It also gives a short introduction to behavioral Decision Theory, the
psychological field of decision-making.

STRUCTURE
The course consists of a combination of lectures, exercises in the class, exercises in small groups, reading, and one mandatory exam.
Some exercises are computer assisted, applying MCDA software. The participants will choose an environmental case study to work on in
small groups throughout the semester. Additional reading from the textbook Eisenführ et al. (2010) is required.

GRADING
There will be one written examination at the end of the course that covers the important theory (50 % of final grade). The group work
consists of two written reports (50 %).

Lecture notes No script (see below)
Literature The course is based on: Eisenführ, Franz; Weber, Martin; and Langer, Thomas (2010) Rational Decision Making. 1st edition, 447 p.,

Springer Verlag, ISBN 978-3-642-02850-2.

Additional reading material will be recommended during the course. Lecture slides will be made available for download.

Prerequisites /
notice

The course requires some understanding of (basic) mathematics. The "formal" parts are not too complicated and we will guide students
through the mathematical applications and use of software.

The course is limited to 25 participants (first come, first served).

701-1674-00L Geospatial Data Management and Analysis
Number of participants limited to 25.

Prerequisites: 701-0951-00L "GIS - Introduction into
Geoinformation Science" in autum semester or
comparable preparatory training.

W  5 credits 4G M. A. M. Niederhuber, T. Crowther

Abstract Problems encountered in forest and landscape management often have a spatial dimension. Methods of geoinformation sciences provide
support in identifying creative solutions. Students will learn to a) understand, search for, and manage different forms of geospatial data; b)
conceptualize, implement, and combine spatial analysis methods; and c) interpret the results.

Objective Understand, search for, and manage various types of geospatial data; Carry out conceptual data modelling for a spatial problem and
translate it into a tangible form within a GIS software; Conceptualize spatial problems and design a workflow that transitions from "data
processing" through "advanced spatial analysis" to "presentation of results"; Implement such a workflow in standard GIS software, verify
and validate the procedures, then present the final results.

Prerequisites /
notice

Knowledge and skills equal those of the course "GIST - Einführung in die räumliche Informationswissenschaften und Technologien"

752-2110-00L Multivariate Statistical Analysis W  3 credits 2V C. Hartmann, A. Bearth
Abstract The course starts by introducing some basic statistical concepts and methods, e.g. data exploration, the idea behind significance testing,

and the use of the statistical software SPSS. Based on these fundaments, the following analyses are discussed: regression analysis, factor
analysis and variance analysis.

Objective Students will learn to use multivariate analysis methods and to interpret their results, by means of theory and practice.
Content This course provides an introduction into the theories and practice of multivariate analysis methods that are used in the fields of food

sensory science, consumer behavior and environmental sciences. The course starts by introducing some basic statistical concepts and
methods, e.g. data exploration, the idea behind significance testing, and the use of the statistical software SPSS. Based on these
fundaments, the following analyses are discussed: regression analysis, factor analysis and variance analysis. During the course, theoretical
lectures alternate with practical sessions in which data are analyzed and their results are interpreted using SPSS.

Agenda

20.02 Introduction to the course and basic concepts of multivariate statistics in Room HG D5.2

27.02 Data handling and exploration + SPSS Introduction 

05.03  Exercise 1a+b 

12.03 Basic Statistical Tests 

19.03 Exercise 2: Basic Statistical Tests 

26.03 Regression analysis 

02.04 Exercise 3: Regression analysis 

09.04 Variance Analysis 

23.04 Exercise 4: Variance Analysis 

30.04 Reliability Analysis  

07.05 Principle Component Analysis 
     
14.05 Exercise 5: PCA and Reliability Analysis  
         
28.05 EXAM (Room will be announced)

Literature Field, A. (2013). Discovering Statistics Using SPSS (4th edition). Sage Publications. ISBN: 1-4462-4918-2 (and any other edition)
Prerequisites /
notice

This course will be given in English.
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 Policy Engagement
Number Title Type ECTS Hours Lecturers

701-1350-00L Case Studies in Environment and Health W  4 credits 2V K. McNeill, N. Borduas-Dedekind,
T. Julian

Abstract This course will focus on a few individual chemicals and pathogens from different standpoints: their basic chemistry or biology, their
environmental behavior, (eco)toxicology, and human health impacts.  The course will draw out the common points in each chemical or
pathogen's history.

Objective This course aims to illustrate how the individual properties of chemicals and pathogens along with societal pressures lead to environmental
and human health crises. The ultimate goal of the course is to identify common aspects that will improve prediction of environmental crises
before they occur.  Students are expected to participate actively in the course, which includes the critical reading of the pertinent literature
and class presentations.

Content Each class will feature the case study of a different chemical or pathogen that have had a profound effect on human health and the
environment. The instructors will present eight to ten of these and the students will present a poster on their own pollutant or pathogen in
groups of two. Students will be expected to contribute to the in class discussions and, on their selected topics, to lead the discussion.

Lecture notes Handouts will be provided as needed.
Literature Handouts will be provided as needed.

701-1502-00L Transdisciplinary Case Study
Does not take place this semester.
Number of participants limited to 25.

Students have to apply for this course by sending a two-
page motivation letter (why are you interested? what do
you want to learn? what can you contribute?) to
michael.stauffacher@usys.ethz.ch and
pius.kruetli@usys.ethz.ch (latest by 10th January 2020).

Important: for students in Agricultural Sciences, the case
study can replace the compulsory course 751-1000-00L
Interdisciplinary Project Work!

W  7 credits 15P M. Stauffacher

Abstract This course is a project-oriented and research based teaching activity organized in a real-world setting. Students work on societally
relevant problems. Sustainability issues and collaboration between science and society are key.
In 2020, the case area is Seychelles, a small developing island state in the Indian ocean.

Objective Students learn how to plan and implement their research work in interdisciplinary and intercultural teams of students. This includes:
structure ill defined problems; derive research questions; design research plans; apply qualitative and quantitative methods; work in
interdisciplinary and inter-cultural teams; organise transdisciplinary collaboration between research and people from outside academia.

Content The Seychelles is a Small Island Developing State (SIDS) in the Indian Ocean comprising some 115 islands spread over a sea area of 1.4
million km2. SIDS share some common characteristics. They are: small in size and economy; are remote and isolated from international
markets; are vulnerable against external disturbances and climate change effects. Seychelles is highly dependent on  intact nature.
Tourism and fishery are major economic pillars. Seychelles is in transformation from a developing to a developed country.

Between 2012-2015 ARUP, an international consultant, developed the Strategy Plan Seychelles 2040. The Seychelles Planning Authority
is currently working on the implementation of the strategy plan. Current major activity is land use planning.

The preparation of the case study happens in close collaboration with the Seychelles Planning Authority, major partner of the case study, to
secure that research is relevant for the local context and can have concrete impacts in the case area. Together we defined Sustainable
Land Use as umbrella theme. Topics to look at may include transport infrastructure, tourism, conservation, housing, agriculture, etc.

This is the third time that the transdisciplinary case study is organized in Seychelles. In 2016 and 2018 we were working on solid waste
management. While in 2016 the goal was to provide the 'big' picture of the Seychelles waste system, in 2018 the focus was on waste
sorting and waste treatment options, see: https://tdlab.usys.ethz.ch/teaching/tdcs/former/cs2016.html
https://tdlab.usys.ethz.ch/teaching/tdcs/former/cs2018.html



See as well the short movie here which explains what the transdisciplinary case study is
http://www.tdlab.usys.ethz.ch/teaching/tdcs.html

Prerequisites /
notice

The number of participants is limited. Students have to apply for this course by sending a two-page motivation letter. The letter should refer
to: Why are you interested? What do you want to learn? What can you contribute? The latter may include particular skills you have the
case study could benefit from. Please send the letter to michael.stauffacher@usys.ethz.ch and pius.kruetli@usys.ethz.ch (latest by January
10, 2020).

Important: for students in Agricultural Sciences, the case study can replace the compulsory course 751-1000-00L Interdisciplinary Project
Work!

701-1562-00L Cases in Environmental Policy and Decision Making
Number of participants limited to 40.

O  6 credits 4P A. Patt, E. Lieberherr, M. Morosini,
J. Wilkes-Allemann

Abstract The course will proceed through a series of case studies, modeled after those often used in business and policy teaching curricula.
Students will engage in individual and group work to practice the art of effective decision-making, recommending a course of action for the
individual and organization that is the subject of each case, gaining valuable insights into environmental policy-making.

Objective - Identify the facts, assumptions, theories, and social constructions guiding the decisions of different stakeholders to a range of
environmental and natural resource policy problems.
- Recognize key institutional and interpersonal challenges in decision-making situations.
- Design communication and decision-making processes that can work effectively in the context of stakeholder worldviews and
perspectives.
- Conduct qualitative and quantitative analysis of value to decision-makers, and communicate that in a manner that is clear and effective.
- Consider broader policy issues applicable across the cases, such as the appropriate roles of public, non-profit, and private sector
organizations, the decentralization of authority, and possible societal pathways towards sustainability.

Content The course will cover a range of environmental problem areas, include land conversion, water quality, air quality, climate change, and
energy. Across these issues, cases will force students to confront particular decisions needing to be made by individuals and organizations,
primarily in the public and non-profit sectors, but also in private sector firms.

Prerequisites /
notice

It would be desirable, but not essential, that students had already taken a course on policy analysis and modeling.

701-1653-00L Policy and Economics of Ecosystem Services W  3 credits 2G R. Garrett, A. Müller
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Abstract The course addresses ecosystem services, their value for society, the causes of their degradation, the stakeholders involved in their
provision and use, and policies to reduce their degradation. One focus is on environmental economics approaches, highlighting their
potential and limitations. During the spring of 2020 this course will focus on these issues through the case of the Brazilian Amazon.

Objective Students can describe, analyse and explain 
•    the basic concepts used to describe ecosystem services provision and management;
•    the basic social and natural science theory underlying ecosystem service degradation,
•    the role and characteristics of different key stakeholders involved in ecosystem services management, including their different value
systems;
•    the different types of policy instruments and institutional arrangements that can be used for improved ecosystem services management
and provision; and
•    empirical tools to assess the performance of various policy instruments and management systems for ecosystem services provision,
and to investigate the factors of success or failure of different policy instruments

Content Many of the world's ecosystem services are being degraded or used unsustainably, which has considerable impacts on human well-being.
Various aspects need to be taken into account to change this development, to work towards improved ecosystem services management
and to design appropriate policy instruments and institutional contexts. First, the societal value of different ecosystem services and the
trade-offs between them needs to be assessed. Second, an assessment of the causes of excessive ecosystem services degradation is
needed. Potential causes include the presence of externalities and public goods, improperly designed property rights systems, divergence
of private and social discount rates, and lack of information and knowledge. Third, we need to understand the drivers of human decision-
making in relation to ecosystem services use. Fourth, choosing an appropriate policy instrument (or a combination thereof) requires an
understanding of the relative strengths and weaknesses of different instruments, their preconditions for success and the political economy
of their implementation.
Finally, it is important to assess the actual impacts of different policy and management options. This requires a careful assessment of
appropriate baselines, of the situation after a policy or management change, and of the various stakeholder groups involved, etc. To
address all these issues, we will first work with some broad conceptual issues and theories relevant to this field and then deepen our
understanding through reading, presentations, and assignments focused on the case of the Brazilian Amazon.

Lecture notes Lecture notes, homework exercises and readings will be made available on Moodle.
Literature There is no single textbook for this class. Instead, a number of texts will be distributed and used during the lecture, and some texts for

further reading will be indicated.
Prerequisites /
notice

The course consists of a combination of lectures, homework assignments and discussions in small groups. The final grade will be based on
the homework assignments, class participation, and a group project.
A prerequisite for this course is a bachelor-level course in Environmental Economics (e.g. 363-0537-00L Resource and Environmental
Economics) or Quantitative Policy Analysis and Management. In particular, students are expected to be familiar with basic environmental
economics' concepts such as externality, public good, market failure, opportunity cost, social optimum and market equilibrium, the basic
types of policy instruments, and methods of policy analysis. Students with no background in environmental economics or policy analysis
will be expected to come up to the required standards on their own, prior to starting the class.

751-1652-00L Food Security - from the Global to the Local
Dimension
Number of participants limited to 20.
Only for Agriculture Science MSc and Environmental
Sciences MSc

Participants are selected after an application process.
Information regarding the application processes will be
given at the first information event on Feb 20th. Students
interested in the course are asked to send their application
latest on Feb 25th. Students selected will be informed
before March 1st 2020.

W  2 credits 2G M. Sonnevelt, D. Barjolle

Abstract The food system serves as a basis for the livelihood of billions of people worldwide from the small-scale farmer to the inhabitants of
megacities. Food and nutrition security, environmental health and quality, and social well-being represent key outcomes of sustainable food
systems.

Objective The main outcomes of food systems are food and nutrition security, environmental quality and health (including the protection of natural
resources and the mitigation of climate change impacts) and livelihoods and social wellbeing. This year, the course focuses on
transformation pathways to sustainable food systems. Food security is depending mainly from availability of, as well as access to, food, but
as well from quality (safety playing an important role) and stability. 
Global food and nutrition security is currently threatened by multiple pressures: climate change, with direct impacts on water (availability
and access); health of the soils; demographic changes; health of the population; conflicts and governance. 

The concept of “Food systems” is key to understand the complex framework of actions to ensure food and nutrition security of present and
future generations around the globe. Agriculture and the related farming practices, food processing, storage and distribution as well ass the
consumers themselves are some of the key elements and key actors in food systems. Others are policy makers, public administration,
research institutions, farmers, private sector and many other such as input providers or retailers. Several methods and tools have been
developed to assess the sustainability of agriculture and of food systems. Different approaches have been set-up and tested to facilitate the
transition of food systems within their given local environment towards more sustainability. Learning from practical experiences may help to
understand more the complexity but as well the pathways to improve the functioning of local food systems.

During the course, we propose to learn and discuss approaches, tools, strategies and policies, which are economically viable and which
support the transition of food systems or specific elements of them at different scale: local, national or even global. We want to address
how the barriers to adopt them could be overcome. We want to learn and discuss with international experts from FAO and IFAD ideas and
experiences about how farmers and other actors of the food system could adapt to the developments in the food system in order to achieve
global food security and reduce poverty.
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Content Achieving a transformation to sustainability is a major challenge of the world. Because adverse impacts of climate change are very likely to
worsen with time, a global transformation to sustainable food and agriculture should begin now. At the World Food Summit (WFS) in 1996
food security was defined as follows: “Food security exists when all people, at all times, have physical, social and economic access to
sufficient, safe and nutritious food which meets their dietary needs and food preferences for an active and healthy life.”

Availability, access, utilization and stability are generally recognized as the four dimensions of food security, combining (i) availability of
food at a certain time and a certain place, (ii) individuals physical and monetary accessibility, (iii) appropriate use of the food to make sure
it’s healthy and of high quality and (iv) stability of the food system, especially regarding the economic, political and environmental
conditions. The fact that the four dimensions of food security are highly interconnected and under influence of many different drivers,
makes it a highly complex issue. 

According to the 2019 FAO report on “The State of Food Security and Nutrition in the World,” the world faces an unacceptably high burden
of malnutrition. Over 820 million people do not get enough food to eat, and malnutrition is responsible for more ill health than any other
cause. At the same time, obesity has contributed to 4 million deaths globally. Worldwide, there is an urgent need to improve the way food is
produced, consumed, and wasted in order to increase sustainability.
Three main aspects will support the learning process during the course:
-    Exploring concepts, approaches and tools that are leading to any improvement of functioning of the food system, such as among others
, Sustainability assessment methods, Agroecology, Nutrition-sensitive value chain approach, Climate-smart agriculture and tools (like
SAFA framework developed by FAO), Responsible investments, Circular economy and especially food waste management, Safe food
initiative, One-Health concept, etc.;
-    Identifying and analyzing examples of cities, regions, countries which have developed their own strategies and pathways to make a
transition to a sustainable food system;
-    Reflecting about the role of policy making processes, United-Nations Agencies like FAO, the research and especially the agriculture
research, and other institutional players, the NGOs and the civil society, the consumers, the private sector and the public administrations.

Eradicating hunger and ensuring food security for all at any time is one of the key challenges of our society. The specific issues related to
“food systems” will be at focus of this course. In desk research, discussions and by listening to experts, we critically reflect and analyze
how food security can be achieved, livelihoods improved and natural resources conserved. Based on case study analysis of examples from
FAO work and others, we will discuss promising pathways to address this global challenge.

Lecture notes Books and Articles. 
We will share literature and information and expect the students to actively search for relevant information and share them with their
colleagues. 

We will share the presentations and other material available and compose a document of the material elaborated by the students during
the workshop after the event.

Prerequisites /
notice

The Lecture is held in English and is limited to 20 MSc-students from agricultural and environmental sciences. 

To prepare the course, mandatory events are planned on 20.02.2020 (17:15-19:00), 19.03.2020 (17:15-19:00) and on 02.04.2020 (17:15-
19:00). 

The main part of the course is a three-days workshop/seminar at the FAO headquarter in Rome (15.04-17.04.2020, in the week after
Easter). This workshop will be organized with the Swiss Representation to FAO, IFAD and WFP in Rome. The Representation wants to use
our course and your inputs as supporting documents to prepare for a Global Food System Summit, planned in 2021. This is a great
opportunity to learn what all happens at the multinational level in the run-up to such a conference and additionally to exchange and prepare
material together with people attending this conference. However, as a consequence, we are still discussing the content and program of
our course and are hence at the moment not able to provide more concrete information on the content. 

This is why we suggest that all people interested in the course join the first preparatory event. We will then provide more information on the
objectives, the content, desired outputs, logistics and the involvement and deliverables expected from you. Because the course is limited to
20 participants, you will also learn details about the selection process.

751-2700-00L Land Markets and Land Policy W  2 credits 2G G. M. Giuliani
Abstract In this course the students acquire knowledge on the particularities of land markets and the effects of policy interventions such as ceiling

prices and land redistributions on land markets. Special emphasis is placed on the knowledge of land market structures and on the forms of
land markets.

Objective In this course the students acquire knowledge on the particularities of land markets and the effects of policy interventions such as ceiling
prices and land redistributions on land markets. Special emphasis is placed on the knowledge of land market structures and on the forms of
land markets.

Content The first part of the course deals with the following topics: historical outline of land use; historical models of individual and collective land
regulations; Swiss land regulations and land policies; specific theoretical aspects of agricultural land markets; empirical investigations on
land property and land markets; interconnections between land policy and agricultural policy. The second part of the course focuses on
land property structures in developing countries and in transition countries. After a general systematic and theoretical introduction on land
policies and land reforms in these countries, case studies and topcis of current political relevance are discussed. This course provides
principles contributing to the evaluation of the sustainability of land use and to the establishment of sustainable land use systems.

Lecture notes Will be provided in the course.
Literature Are included in the lecture notes.

851-0735-11L Environmental Regulation: Law and Policy
Number of participants limited to 20.

Particularly suitable for students of D-USYS

W  3 credits 1S J. van Zeben

Abstract The aim of this course is to make students with a technical scientific background aware of the legal and political context of environmental
policy in order to place technical solutions in their regulatory context.

Objective The aim of this course is to equip students with a legal and regulatory skill-set that allows them to translate their technical knowledge into a
policy brief directed at legally trained regulators.  More generally, it aims to inform students with a technical scientific background of the
legal and political context of environmental policy. The focus of the course will be on international and European issues and regulatory
frameworks - where relevant, the position of Switzerland within these international networks will also be discussed.
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Content Topics covered in lectures:

(1)    Environmental Regulation
a.    Perspectives
b.    Regulatory Challenges of Environment Problems
c.    Regulatory Tools
(2)    Law: International, European and national laws
a.    International law
b.    European law
c.    National law
(3)    Policy: Case studies

Assessment:
(i) Class participation (25%): Students will be expected to contribute to class discussions and prepare short memos on class readings.
(ii) Exam (75%) consisting of two parts: 
a. Policy brief - a maximum of 2 pages (including graphs and tables);
b. Background document to the policy brief - this document sets out a more detailed and academic overview of the topic (maximum 8
pages including graphs and tables);

Lecture notes The course is taught as a small interactive seminar and significant participation is expected from the students. Participation will be capped
at 15 in order to maintain the interactive nature of the classes. All classes, readings, and assignments, are in English.  

Teaching will take place over two weeks in February and March. The exam date will be in May.

During the second week of the teaching period, students will have individual 30-minute meetings with the lecturer to discuss their project.

Literature An electronic copy of relevant readings will be provided to the students at no cost before the start of the lectures.
Prerequisites /
notice

No specific pre-existing legal knowledge is required, however all students must have successfully completed Grundzüge des Rechts (851-
0708-00 V) or an equivalent course. 

The course is (inter)related to materials discussed in Politikwissenschaft: Grundlagen (851-0577-00 V), Ressourcen- und Umweltökonomie
(751-1551-00 V), Umweltrecht: Konzepte und Rechtsgebiete (851-0705-01 V), Rechtlicher Umgang mit natürlichen Ressourcen (701-
0743-01 V), Environmental Governance (701-1651-00 G), Policy and Economics of Ecosystem Services (701-1653-00 G), International
Environmental Politics: Part I (851-0594-00 V).

860-0012-00L Cooperation and Conflict Over International Water
Resources
Number of participants limited to 40. 
STP students have priority.

This is a research seminar at the Master level. PhD
students are also welcome.

W  3 credits 2S B. Wehrli, T. Bernauer,
T. U. Siegfried

Abstract This seminar focuses on the technical, economic, and political challenges of dealing with water allocation and pollution problems in large
international river systems. It examines ways and means through which such challenges are addressed, and when and why international
efforts in this respect succeed or fail.

Objective Ability to (1) understand the causes and consequences of water scarcity and water pollution problems in large international river systems;
(2) understand ways and means of addressing such water challenges; and (3) analyse when and why international efforts in this respect
succeed or fail.

Content Based on lectures and discussion of scientific papers and reports, students acquire basic knowledge on contentious issues in managing
international water resources, on the determinants of cooperation and conflict over international water issues, and on ways and means of
mitigating conflict and promoting cooperation. Students will then, in small teams coached by the instructors, carry out research on a case of
their choice (i.e. an international river basin where riparian countries are trying to find solutions to water allocation and/or water quality
problems associated with a large dam project). They will write a brief paper and present their findings towards the end of the semester.

Lecture notes Slides and reading materials will be distributed electronically.
Literature The UN World Water Development Reports provide a broad overview of the topic: http://www.unesco.org/new/en/natural-

sciences/environment/water/wwap/
Prerequisites /
notice

The course is open to Master and PhD students from any area of ETH.

ISTP students who take this course should also register for the  course 860-0012-01L - Cooperation and conflict over international water
resources;  In-depth case study.

 Major in Forest and Landscape Management
 Natural Science Foundations

Number Title Type ECTS Hours Lecturers

701-1646-00L Carbon and Nutrient Cycling in a Changing Climate
and Land-Use

W  5 credits 3G F. Hagedorn, T. Crowther, S. Dötterl

Abstract The course covers the pools and fluxes of carbon and nutrients in forests and dynamic landscapes and how they are affected by a
changing climate and land-use. Specifically, the course explores carbon and nutrient cycling: (i) in vegetation and soils at the plot to global
scale; (ii) the role of abiotic soil properties as controls; and (iii) the effects of climate changes and land management.

Objective The students learn to identify, analyze and propose solutions for problems associated with land management and climate change on
carbon and nutrient cycling in forests and dynamic landscapes.
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Content After short thematic introductions, the students will work in small groups on the following topics: 
 
Part 1 Carbon and nutrient pools and fluxes in terrestrial ecosystems of Switzerland
o Carbon and nutrient cycles from the plot to national scale 
o Impacts of land use changes on biomass and soil carbon 
o Effects of soil warming and drought

Part 2: Rock, soil, sediment: Geomorphic cascades and soil weathering 
o Weathering and geochemistry as controls on carbon and nutrient cycles
o Feedbacks between soil development, soil transport and soil loss for carbon cycling 
o Global patterns and consequences of disturbance for soil landscapes

Part 3: Global biogeochemical cycles and climate change
o Global biogeochemical cycles and impacts on climate
o Carbon cycle feedbacks to climate change
o Changes in global nutrient balance

The students will work on specific projects which includes the evaluation and interpretation of data as well as the preparation of a
presentation either as a poster, report or a talk.

Prerequisites /
notice

Apart from a background in terrestrial ecosystems, the students must have basic knowledge in soil sciences, plant nutrition, and
biogeochemical cycles. Given that the background of the students will be very heterogeneous, the course will build on individual learning
and interactive teaching.

The format of the course is that the students work in small groups of 2 or 3 members on a small project in each of the three parts of the
course. Introductory information will be given on the first day of the course and at the beginning of each part. For structuring the project,
homework will be given from week to week. Each group will do a poster presentation (end of part 1), a short report (end of part 2) and an
oral presentation (end of part 3) on their respective subjects. Active participation at all contact hours is compulsory for all students.

701-0318-00L Ecology and Management of Forest Insects W  2 credits 2V B. Wermelinger, M. Gossner
Abstract The most relevant ecological principles of forest insects and their various functions within forest ecosystems are discussed basing on

specific examples. Emphasis is put on the ecology of the most relevant insect groups and on the management of both detrimental and
endangered species. In addition, the impact of climate change on forest insects and of alien species is discussed.

Objective This lecture has the following goals:
1) Knowledge of the general biology and ecology of the most important groups of forest insects
2) Understanding some of the important ecological principles and mechanisms of regulation
3) Understanding the ecological role of selected insect groups in the forest ecosystem
4) Knowledge of the key insect species relevant in forest and nature protection, hands-on diagnosis of infestation symptoms
5) Knowledge and assessment of methods and effects of phytosanitary measures
6) Knowledge and assessment of measures to promote endangered insect species

Content - insect-specific basics of population and community ecology
- ecological and economic significance of insects in the forest ecosystem
- biology and ecology of bark beetles, other beetles, butterflies and moths, plant wasps, aphids and scales, galling insects and ants
- significance of dead wood to insects and the forest ecosystem
- management of important insect species
- field methods in insect surveys
- significance of global change for endemic and alien insects on woody plants
- hands-on identification of infestations symptoms

Lecture notes PDFs of lecture slides
Literature Literature list included in the presentation
Prerequisites /
notice

Precognitions of general insect biology are a prerequisite.

 Ecosystem Management
Number Title Type ECTS Hours Lecturers

701-1636-01L Ecology and Management of Mountain Forests W  5 credits 3G H. Bugmann, M. Frehner
Abstract The factors that shape the structure and function of mountain forests are analysed both qualitatively and quantitatively. Limiting factors

along elevational transects are evaluated during the field days, and possible global change impacts are derived. Students will work with,
evaluate and compare modern concepts of mountain and lowland forest management.

Objective Students will be able to...
- explain the factors that shape the structure, function and dynamics of mountain forests as well as the ecosystem services that they
provide (focus on timber, protection from natural hazards, biodiversity)
- quantitatively assess these properties for mountain forests, with a focus on the interactions between gravitative natural hazards and forest
properties
- provide an overview of  the recent literature on these topics based on case studies that are discussed in class
- evaluate the likely future development paths of mountain forests resulting from their current state and future driving forces (management,
climate)
- derive specific management recommendations for mountain forests.

Content - Introduction to the quantitative and qualitative significance of mountain forests at various scales
- Analysis of the factors that specifically shape the structure, function and dynamics of mountain forests
- Quantitative explanations for the properties of mountain forests (continuum theory vs. vegetation science)
- Tree-ungulate interactions and hunting
- Management of lowland vs. mountain forests
- Modern concepts of mountain forest management (when to intervene, and how)
- Effective and cost-efficient management approaches.

Lecture notes Handouts will be provided. Additional textbooks and scientific articles will be indicated and partly used in the course.
Literature among others: Frehner et al. (2005), NaiS. BAFU, Bern
Prerequisites /
notice

Knowledge and skills equivalent to those of the courses
- Waldökologie
- Standortskunde (both taught in the BSc)
- Management of Multifunctional Forests (taught in the MSc).

The course includes six compulsory field days. For climatic reasons, these must be held in the fourth and fifth week after the end of the
semester, i.e. 24-26 June and 29 June - 01 July 2020. Additionally, there is an optional practice day on  2 July 2019 (topic: training of tree
marking in protection forests).
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701-1616-00L Growth of Trees and Forests – from Germination to
Tree Death

W  5 credits 2G A. Rigling, A. Gessler

Abstract Tree and stand growth are key processes for forest management and key indicators of tree performance and stand productivity.
Understanding of the physiological processes that steer germination, growth and mortality of trees is crucial. Moreover, knowledge on the
impact of abiotic and biotic factors is central for the understanding of forest dynamics on various spatiotemporal scales.

Objective - To understand the physiological processes that steer germination, growth and
mortality of trees.
- To evaluate the impact of abiotic and biotic factors on tree physiology and tree
growth.
- To distinguish the key processes that govern growth at the tree, stand and
forest level.
- To quantify the effects of climate, environment, disturbances and management
on tree and stand growth.
- To provide an overview of the recent literature on these topics based on case
studies / ongoing projects that are discussed in class.

Content Introduction to forest dynamics from the growth of single trees to entire forest
ecosystems. The course will provide an overview on characteristics of different
climatic zones including xeric, temperate, boreal and tropical forests. It is
structured into the following sub-topics:
1) Physiology of tree growth: Physiological processes steering tree growth from
a small seedling to old, tall trees, with a focus on i) carbon allocation from roots
to stem, branches and leaves, and ii) the hydraulic system. The effects of abiotic
and biotic forcing factors on tree physiology will be considered in detail.
2) Physiology and ecology of tree death (mortality ecology): Why and how are
trees dying? Significance of tree death for forest ecosystems, including stand
dynamics, nutrient, carbon and water cycles.
3) Growth strategies of woody plants in extreme environments: From droughtlimited
xeric sites to temperature-limited upper and northern treelines. Special
focus on the effects of disturbances on tree and forest growth. Strategies of
different (tree) species to deal with environmental extremes.
4) Forest stand dynamics: From the single tree to stand growth. Growth and
yield – growth tables and growth models. Monocultures vs. mixed forests.
Even-aged vs. structured stands, competition vs. facilitation, overyielding. Link
to forest succession, disturbances and forest management, incl. agroforestry.
5) Carbon dynamics of forests: National and global trends in tree and stand
growth. Drought-induced tree mortality versus global greening, carbon
reporting (links to T. Crowther and S. Seneviratne).

Literature Kozlowski & Pallardy (1997) Growth Control in Woody Plants. Academic Press San
Diego, pp. 641.
Pretzsch (2009) Forest Dynamics, Growth and Yield – From measurement to
model, Springer-Verlag Berlin Heidelberg, pp 670.
Larcher (1995) Physiological Plant Ecology, Springer Berlin, pp. 506.
Oliver & Larson (1996) Forest Stand Dynamics, John Wiley & Sons Inc. New York,
pp. 520.
Wohlgemuth, Jentsch, Seidl (2019) Störungsökologie, Haupt Verlag Bern, pp. 396.

Prerequisites /
notice

Knowledge and skills equivalent to those of the courses (all taught in the BSc):

701-0561-00L  Forest Ecology/ Waldökologie (autumn semester)
701-0582-00L Concepts of ForestManagement/ Waldnutzungskonzepte (spring semester), and 
701-0303-00L  Waldvegetation und Waldstandorte/ Forest Communities and their Sites

 Decision Making, Policy and Planning
Number Title Type ECTS Hours Lecturers

701-1653-00L Policy and Economics of Ecosystem Services W  3 credits 2G R. Garrett, A. Müller
Abstract The course addresses ecosystem services, their value for society, the causes of their degradation, the stakeholders involved in their

provision and use, and policies to reduce their degradation. One focus is on environmental economics approaches, highlighting their
potential and limitations. During the spring of 2020 this course will focus on these issues through the case of the Brazilian Amazon.

Objective Students can describe, analyse and explain 
•    the basic concepts used to describe ecosystem services provision and management;
•    the basic social and natural science theory underlying ecosystem service degradation,
•    the role and characteristics of different key stakeholders involved in ecosystem services management, including their different value
systems;
•    the different types of policy instruments and institutional arrangements that can be used for improved ecosystem services management
and provision; and
•    empirical tools to assess the performance of various policy instruments and management systems for ecosystem services provision,
and to investigate the factors of success or failure of different policy instruments

Content Many of the world's ecosystem services are being degraded or used unsustainably, which has considerable impacts on human well-being.
Various aspects need to be taken into account to change this development, to work towards improved ecosystem services management
and to design appropriate policy instruments and institutional contexts. First, the societal value of different ecosystem services and the
trade-offs between them needs to be assessed. Second, an assessment of the causes of excessive ecosystem services degradation is
needed. Potential causes include the presence of externalities and public goods, improperly designed property rights systems, divergence
of private and social discount rates, and lack of information and knowledge. Third, we need to understand the drivers of human decision-
making in relation to ecosystem services use. Fourth, choosing an appropriate policy instrument (or a combination thereof) requires an
understanding of the relative strengths and weaknesses of different instruments, their preconditions for success and the political economy
of their implementation.
Finally, it is important to assess the actual impacts of different policy and management options. This requires a careful assessment of
appropriate baselines, of the situation after a policy or management change, and of the various stakeholder groups involved, etc. To
address all these issues, we will first work with some broad conceptual issues and theories relevant to this field and then deepen our
understanding through reading, presentations, and assignments focused on the case of the Brazilian Amazon.

Lecture notes Lecture notes, homework exercises and readings will be made available on Moodle.
Literature There is no single textbook for this class. Instead, a number of texts will be distributed and used during the lecture, and some texts for

further reading will be indicated.
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Prerequisites /
notice

The course consists of a combination of lectures, homework assignments and discussions in small groups. The final grade will be based on
the homework assignments, class participation, and a group project.
A prerequisite for this course is a bachelor-level course in Environmental Economics (e.g. 363-0537-00L Resource and Environmental
Economics) or Quantitative Policy Analysis and Management. In particular, students are expected to be familiar with basic environmental
economics' concepts such as externality, public good, market failure, opportunity cost, social optimum and market equilibrium, the basic
types of policy instruments, and methods of policy analysis. Students with no background in environmental economics or policy analysis
will be expected to come up to the required standards on their own, prior to starting the class.

701-1654-00L Forest Economics and Environmental Valuation W  2 credits 2V R. Olschewski
Abstract Students learn theoretical concepts and apply practical techniques for the valuation environmental services. They will get to know how

these methods can support decisions regarding the optimal allocation of natural resources. Based on national and international case
studies, the students will practice what was learned in class by doing practical exercises related to such cases.

Objective The students should understand the purpose of valuing ecosystem services and the importance in policy formation. Furthermore, they
should learn, how people's preferences for ecosystem services can be elicited, and how the concept of economic value can adequately be
applied. The participants should be able to apply valuation methods, to recognize the strengths and weaknesses of each approach, and to
avoid common mistakes made in valuing ecosystem services.

Content This course combines lectures and practical exercises. It consists of analyzing the forest sector, presenting national and international
environmental problems and discussing economic approaches to solve them. Besides valuation based on market prices, indirect and direct
valuation approaches will be introduced, such as travel-cost, implicit-price and productivity-oriented methods as well as contingent
valuation and choice experiments. The theoretical background of these approaches will be explained, and their contribution to an optimal
natural resource allocation and to the design of environmental policies will be discussed. Practical exercises will be prepared by the
students at home and presented in class.

Lecture notes The lecture slides and exercises will be provided in English.
Lecture start: 24. February 2020

Literature The lecture will be based on parts of the text book: 
Bergen, V., Löwenstein, W. & Olschewski, R. (2013): Forstökonomie - Ansätze für eine vernünftige Umwelt- und Landnutzung. Vahlens
Handbücher der Wirtschafts- und Sozialwissenschaften. Vahlen Verlag, München. 477 S.

Exercises will be based on the accompanying book: 
Bergen, V., Löwenstein, W. & Olschewski, R. (2014): Übungsbuch zur Forst- und Umweltökonomie. In: Schriften zur Forst- und
Umweltökonomie, Band 39., J.D. Sauerländer's Verlag, Bad Orb. 172 S.

Prerequisites /
notice

Lecture start: 24. February 2020

103-0338-00L Project Week in Landscape Development
Number of participants limited to 24.


W  5 credits 9P S.-E. Rabe, E. Celio, A. Grêt-
Regamey

Abstract In particular, the aspects measuring, understanding and assessing of landscape-relevant land-use, requirements and developments will be
taught. Concerning the landscape development in a project area, aims will be developed and corresponding actions defined.

Objective The students are able to:
- recognize and undestand the history of land-use
- recognize and undestand the context of arrangement of a landscape
- assess a landscape in its entirety and in its single-elements
- understand and apply the concepts of the landscape approach
- prepare and provide substantiated actions

Content The course consists of 
- four theoretical inputs from internal and external speakers
- a preliminary excursion to the project area
- two exercises for preparation
- the project week and the preparation of a report

Depending on the subject area to be processed (eg. water, landscape aesthetics, natural hazards, nature conservation), different methods
are used.
This applies to both the methods of investigation of landscape-elements and characteristics as well as the methods for evaluation of
landscape-elements and characteristics.

Subjects and methods are developed and defined in the preparation to be applied in the project week. Based on the assessments actions
will be developed that are adapted to the definde question or problem in the light of a desirable development.

Lecture notes - Handouts
- Copies of selected literature

Download: http://irl.ethz.ch/de/education/vorlesungen/msc/projektwoche_landschaftsentwicklung.html

Literature Will be named in the course.
Prerequisites /
notice

Requirements are an interest in landscape-related issues and commitment to developing proposals for solutions.
Prerequisite: Knowledge and skills equivalent the course 103-0357-00 Umweltplanung

 Methods and Tools
Number Title Type ECTS Hours Lecturers

701-1674-00L Geospatial Data Management and Analysis
Number of participants limited to 25.

Prerequisites: 701-0951-00L "GIS - Introduction into
Geoinformation Science" in autum semester or
comparable preparatory training.

W  5 credits 4G M. A. M. Niederhuber, T. Crowther

Abstract Problems encountered in forest and landscape management often have a spatial dimension. Methods of geoinformation sciences provide
support in identifying creative solutions. Students will learn to a) understand, search for, and manage different forms of geospatial data; b)
conceptualize, implement, and combine spatial analysis methods; and c) interpret the results.

Objective Understand, search for, and manage various types of geospatial data; Carry out conceptual data modelling for a spatial problem and
translate it into a tangible form within a GIS software; Conceptualize spatial problems and design a workflow that transitions from "data
processing" through "advanced spatial analysis" to "presentation of results"; Implement such a workflow in standard GIS software, verify
and validate the procedures, then present the final results.

Prerequisites /
notice

Knowledge and skills equal those of the course "GIST - Einführung in die räumliche Informationswissenschaften und Technologien"

 Interdisciplinary Project
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Number Title Type ECTS Hours Lecturers

701-1692-00L Interdisciplinary Project O  5 credits 8P F. Knaus, H. Bugmann,
M. Lévesque, L. Pellissier, S. Tobias

Abstract Capstone course in which students solve complex real-world land-use problems, for which there is no single correct solution. Students
work in project teams and take the role of consultants. They integrate the knowledge acquired during their previous studies and deepen
their analysis, judgment and writing skills.

Objective The project-based learning context aims at developing and sharpening the following skills:
- to autonomously solve a real-world problem from the project assignment to the presentation of results,
- to autonomously develop a suitable approach to solve the questions of the project
- to apply, integrate and adapt knowledge and skills from different disciplines,
- to adequately use methods and tools to analyse data,
- to work in a project team and to solve possible team-conflicts.

Content Each student group is working on a case-study, which is based on a specific problem defined by cantonal authorities. Students are
searching information from literature and databases, develop appropriate approaches, gather own data, analyze (geo)data and write a
coherent report. Original plans and source documents are available in their original language. Students follow and adapt a systematic
problem solving cycle, consisting of:
- capturing and formulation of the problem, goal and scope definition
- capturing of the actual system state 
- developing a methodological approach that delivers the results required to solve the problems or questions
- evaluating possible solutions and/or scenarios
- solution proposal and recommendation to decision-makers

 Electives
 Natural Science Foundations

Number Title Type ECTS Hours Lecturers

751-5118-00L Global Change Biology W  2 credits 2G H. Bugmann, M. Gharun, B. Stocker
Abstract This course focuses on the impacts of global change on  forests and agro-ecosystems that will strongly affect  sustainable resource use

across the 21st century.
Objective Students will understand how global change, ecosystem processes, land use practices, politics, and society interact, and that it is critical to

act responsibly and work as an agricultural or environmental scientist in the future. 

Students will better understand the impacts of global change on ecosystems at a range of spatial and temporal scales, be able to
synthesize knowledge from various disciplines in the context of global change issues, and be able to evaluate management options for
sustainable resource use, climate mitigation and adaptation options. 

Students will learn to present scientific information to a scientific audience by preparing an executive summary and an oral presentation to
answer a specific scientific question. Students will get extensive feedback from teachers and peers. Thereby, students will also learn how
to give constructive feedback to peers.

Content Changes in climate and land use are major issues that students will be faced with during their working life, independently of where they will
work. Thus, an advanced understanding on how global change, ecosystem processes, land use practices, politics, and society interact and
that it is critical to act responsibly and work as an agricultural or environmental scientist in the future.

Thus, during this course, the effects of global change on forests and agro-ecosystems as well as their feedbacks to the climate system will
be presented and discussed. Effects on ecosystem structure, composition, productivity and biogeochemical cycling, but also on the stability
of production systems against disturbances will be addressed. 

Up-to-date scenarios and models for coupled human-environmental systems will be discussed. The advantages and disadvantages of
different management options will be evaluated, including sustainable resource use and climate mitigation as well as adaptation.

Prerequisites /
notice

This course is based on fundamental knowledge about plant ecophysiology, soil science, and ecology in general.

 Ecosystem Management
Number Title Type ECTS Hours Lecturers

701-1456-00L Applied Ecosystem Management (Field Course in
Serbia)

W  3 credits 4P F. Knaus

Abstract This course introduces students to a socio-ecological system that combines high depopulation rates and corruption with extraordinary
cultural and biological diversity that are at risk of loss. This system is explored with local stakeholders and in the field, analysed by a
conceptual model and measures are identified that support both conservation and development goals for the region.

Objective By visiting this course, the students are able to:
a) Use a conceptual model to analyse an unfamiliar socio-ecological system with regards to its main drivers and their interrelatedness.
b) Establish basic strategic elements of a development plan. 
c) Identify realistic measures towards sustainability respecting system-inherent limitations.
d) Apply, contextualize and integrate subject-specific knowledge on an interdisciplinary real world problem.

Content Eastern Serbia offers economic, ecological and social characteristics that are greatly distinct to the ones predominant in Central European
socio-ecological systems: Following epochs of communism and war, Eastern Serbia faces some of the highest rural depopulation rates in
Europe and consequently suffers from land abandonment. The still rich rural culture and many traditional agricultural practices are
expected to be lost if no measures are taken. At the same time, the region still holds a high biodiversity with a high number of endemic
species and many species which have long been extinct in other parts of Central Europe. These ecological values are under high threat of
being lost as a consequence of the depopulation processes.

In the course, the multiple facets of this unfamiliar socio-ecological system are investigated based on interviews with local stakeholders and
experts. In short excursions, land-use activities, biodiversity as well as cultural and touristic assets are explored. The gathered information
is used to identify the most prevalent drivers of the socio-ecological system with the help of a simple conceptual model. Based on this
model and on additional strategic analyses, goals and measures can be deduced that span the competing fields of conservation and
development and aim at developing the region towards sustainability. These measures are evaluated, elaborated and discussed with local
people. Finally, the results are summarized in a report for the local stakeholders.

Lecture notes Ivanov S. & F. Knaus 2012: Stara Planina. A brief introduction. Unpublished. 24p.
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Literature Adams W.M. et al. 2004: Biodiversity Conservation and the Eradication of Poverty. Science 306: 1146-1149.

Chan K.M.A. et al. 2007: When agendas collide: Human welfare and biological conservation. Conservation Biology 21(1): 59-68.

FOS 2009: Using Conceptual Models to Document a Situation Analysis: An FOS How-To Guide. Foundations of Success, Bethesda,
Maryland, USA. 21p.

Prerequisites /
notice

The course is limited to 14 students. Preference is given to Master students and students fulfilling the prerequisites. A mixture of students
from different Majors is sought to contribute to the integration of skills and approaches. Travels to Serbia and Bulgaria require a valid
passport. 

Prerequisites for attending this course are skills and knowledge equivalent to those taught in the following ETH courses:
-    Foundations of Ecosystem Management
-    Naturschutz und Naturschutzbiologie
-    Land Use History and Historical Ecology

701-1542-00L Transportation and Harvesting Systems of Land-Use
Does not take place this semester.

W  4 credits 2G to be announced

Abstract The learning unit (LU) enables (1) to physically delineate ground-, air- and cable-borne harvesting systems, (2) to analyze the effectiveness
of road networks, (3) to compare config. of harvesting systems, and (4) to assess environmental impacts. Assignments: (1) GIS-based
analysis of road network effectiveness, (2) feasibility limits of Equipment.

Objective - identify, quantify and assess transportation requirements of agricultural and forest production,
- review the state-of-the-art of ground-based, cable-based, and air-borne harvesting and transportation systems, and assess their physical
feasibility, economical efficiency, and ecological soundness,
- understand the adaptation of road network models to specific terrain conditions and management regimes,
- use road network and harvest layout planning as a model to analyse the trade-offs between fulfilling transportation requirements,
maximizing economical efficiency, and minimizing environmental impacts.

Content 1. Interactions between land-use activities and transportation systems.
2. Transportation systems in a world-wide perspective: [1] on-road systems, [2] off-road systems: (a) ground-based, (b) cable-based, (3)
air-borne.
3. Harvesting systems in a world-wide perspective: Essence of forest operations engineering. Functions and structure of production
systems. Principles for the design of harvesting systems. Process capabilities and limitations (trafficability, processing, handling,
identification, control)
4. Transportation models for trafficable and non-trafficable terrain conditions. Optimization of transportation models (optimal road spacing,
or optimal road density, respectively). Design and layout of road networks.
5. Analysis of ecological risks related with transportation and harvesting. Risk concept and decisive risks.

Lecture notes Lecture notes will be handed out
Literature Unfortunately, there are no up-to-date textbooks available
Prerequisites /
notice

The learning unit consists of two homework-assignments, which students have to solve, to document, and to hand in: GIS-based analysis
of a given transportation network, and derivation of network performance metrics.

701-1640-00L Selected Topics of Multifunctional Forest
Management

W  3 credits 6U M. Lévesque

Abstract This optional course builds on the course "Multifunctional Forest Management". It explains and illustrates the 3 most important
management systems, i.e. "Swiss Femelschlag", single-tree selection ("Plenterwald") and continuous-cover-forestry ("Dauerwald")
systems. In 9 full-day excursions, basic knowledge is presented, illustrated on concrete objects in the forest and put into practice.

Objective Illustrate and consolidate acquired knowledge of multifunctional forest management, especially regarding "Swiss Femelschlag system",
"Unevenaged management system (Plenterwald)" and continuous-cover-forestry ("Dauerwald") management system.

Content Swiss Femelschlag system.
Planning of multifunctional management in Swiss Femelschlag system.
Unevenaged management in spruce, fir and beech forests.
Transformation of even-aged into uneven-aged systems in spruce, fir, beech forests.
Continuous-cover-forestry system in broadleaved forets - opportunities and limits.

Lecture notes None
Lecture notes and documents will be provided

Prerequisites /
notice

Knowledge of English and German language required. Some excursions will be held in German.

 Decision Making, Policy and Planning
Number Title Type ECTS Hours Lecturers

701-0743-01L Law and Natural Resources
Number of participants limited to 32.

W  2 credits 2V N. Dajcar

Abstract This course teaches the possibilities and limits of the law in order to protect natural resources and landscapes against harm and nuisance.
The complexity of the legal situation will be discussed by analysing virtual and real law cases focused on spatial projects and planning.
Precise writing is an emportant aspect in this course.

Objective The students know the opportunities and restrictions which are given by the law when using natural resources. They have insights into the
complex environmental legal system and their application in conrete cases. The students are able to formulate typical legal questions, to
understand the argumentation of courts and to solve simple legal problems with respect to environmental problems. An important goal ist
the writing of precise written answers.

Content In this course, the aim is to gain in-depth-knowledge in forest law, law of landscape and nature protection and spatial planning law
Lecture notes everything necessary will be uploaded on moodle
Literature Griffel, A.; Raumplanungs- und Baurecht in a nutshell, Dike Verlag, 3. Auflage, Zürich/St. Gallen 2017

Griffel, A.; Umweltrecht in a nutshell, Dike Verlag, Zürich/St. Gallen 2015
Prerequisites /
notice

In this course, in-depth knowledge of forest law, landscape- and nature-protection law and spatial planning law can be gained. The
webclass consists of group work. There are written works to be done (usually in german) and presentation to be held. A good part of the
course is self study work.

103-0330-00L Landscape Aesthetics W  2 credits 2G R. Rodewald
Abstract Landscape aesthetics - Theory and practice of the sensuous cognition of landscape qualities.The lecture comprises short excursions as

well as theoretical and practical applications of landscape quality and their development goals.
Objective Becoming familiar with the concepts of landscape aesthetics and obtaining an overview of the im-portance, methods and applicability of

aesthetical landscape valuation and development.
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Content Aesthetic qualities of landscapes are difficult to measure. However, they play a big role in evaluating landscape change. In recent years
there has been a growing interest in theoretical and practical sen-sory methods that enable the assessment and understanding of
landscape perception. Practical analyses of landscapes and their development requires knowledge of the concepts of "beauty" and
"aesthetic cognition and evaluation".

Literature Bourassa, S.C. 1991. The aesthetics of landscape, London
Nohl. W. 2015. Landschaftsästhetik heute. Auf dem Wege zu einer Landschaftsästhetik des guten Lebens. Ausgewählte Aufsätze aus vier
Jahrzehnten, München
Rodewald, R., Gantenbein, K. 2016. Arkadien. Landschaften poetisch gestalten, Zürich
Welsch, W. 2016. Ästhetische Welterfahrung. Zeitgenössische Kunst zwischen Natur und Kultur, Paderborn.
Wöbse, H. H. 2002. Landschaftsästhetik, Stuttgart

Prerequisites /
notice

The lecture of Bourassa The aesthetics of landscape, 1991, will be expected.

751-2700-00L Land Markets and Land Policy W  2 credits 2G G. M. Giuliani
Abstract In this course the students acquire knowledge on the particularities of land markets and the effects of policy interventions such as ceiling

prices and land redistributions on land markets. Special emphasis is placed on the knowledge of land market structures and on the forms of
land markets.

Objective In this course the students acquire knowledge on the particularities of land markets and the effects of policy interventions such as ceiling
prices and land redistributions on land markets. Special emphasis is placed on the knowledge of land market structures and on the forms of
land markets.

Content The first part of the course deals with the following topics: historical outline of land use; historical models of individual and collective land
regulations; Swiss land regulations and land policies; specific theoretical aspects of agricultural land markets; empirical investigations on
land property and land markets; interconnections between land policy and agricultural policy. The second part of the course focuses on
land property structures in developing countries and in transition countries. After a general systematic and theoretical introduction on land
policies and land reforms in these countries, case studies and topcis of current political relevance are discussed. This course provides
principles contributing to the evaluation of the sustainability of land use and to the establishment of sustainable land use systems.

Lecture notes Will be provided in the course.
Literature Are included in the lecture notes.

851-0735-11L Environmental Regulation: Law and Policy
Number of participants limited to 20.

Particularly suitable for students of D-USYS

W  3 credits 1S J. van Zeben

Abstract The aim of this course is to make students with a technical scientific background aware of the legal and political context of environmental
policy in order to place technical solutions in their regulatory context.

Objective The aim of this course is to equip students with a legal and regulatory skill-set that allows them to translate their technical knowledge into a
policy brief directed at legally trained regulators.  More generally, it aims to inform students with a technical scientific background of the
legal and political context of environmental policy. The focus of the course will be on international and European issues and regulatory
frameworks - where relevant, the position of Switzerland within these international networks will also be discussed.

Content Topics covered in lectures:

(1)    Environmental Regulation
a.    Perspectives
b.    Regulatory Challenges of Environment Problems
c.    Regulatory Tools
(2)    Law: International, European and national laws
a.    International law
b.    European law
c.    National law
(3)    Policy: Case studies

Assessment:
(i) Class participation (25%): Students will be expected to contribute to class discussions and prepare short memos on class readings.
(ii) Exam (75%) consisting of two parts: 
a. Policy brief - a maximum of 2 pages (including graphs and tables);
b. Background document to the policy brief - this document sets out a more detailed and academic overview of the topic (maximum 8
pages including graphs and tables);

Lecture notes The course is taught as a small interactive seminar and significant participation is expected from the students. Participation will be capped
at 15 in order to maintain the interactive nature of the classes. All classes, readings, and assignments, are in English.  

Teaching will take place over two weeks in February and March. The exam date will be in May.

During the second week of the teaching period, students will have individual 30-minute meetings with the lecturer to discuss their project.

Literature An electronic copy of relevant readings will be provided to the students at no cost before the start of the lectures.
Prerequisites /
notice

No specific pre-existing legal knowledge is required, however all students must have successfully completed Grundzüge des Rechts (851-
0708-00 V) or an equivalent course. 

The course is (inter)related to materials discussed in Politikwissenschaft: Grundlagen (851-0577-00 V), Ressourcen- und Umweltökonomie
(751-1551-00 V), Umweltrecht: Konzepte und Rechtsgebiete (851-0705-01 V), Rechtlicher Umgang mit natürlichen Ressourcen (701-
0743-01 V), Environmental Governance (701-1651-00 G), Policy and Economics of Ecosystem Services (701-1653-00 G), International
Environmental Politics: Part I (851-0594-00 V).

 Major in Human Health, Nutrition and Environment
 Public Health

The module Public Health is compulsory for all students in the major Human Health, Nutrition and Environment.

Number Title Type ECTS Hours Lecturers

363-1066-00L Designing Effective Projects for Promoting
Health@Work
Number of participants limited to 30.

W  3 credits 2G G. Bauer, R. Brauchli, G. J. Jenny

Abstract The fast-changing high-performance economy is highly dependent on healthy employees – and at the same time is putting their health at
risk. Expectations of employees regarding health@work are rising. In a workshop format, students learn how to develop effective,
exemplary projects to promote good working conditions, work-life balance or healthy lifestyles in companies.
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Objective After active participation in the course, students will
•    Know the key individual, team-level, and organizational factors influencing health@work 
•    Be familiar with health-related challenges and opportunities of a changing world of work
•    Know intervention strategies for improving working conditions, work-life balance and health behaviors in companies
•    Be able to design an exemplary intervention project– based on key principles and a systematic planning cycle

Content The globalization and the digital transformation of our economy leads to fast changes in organizations and of working conditions. Work
becomes more flexible regarding time, location and employment contracts. Employees become more demanding regarding their autonomy,
the quality of working life and their work-life balance. In this dynamic context, offering standardized health promotion programs in
companies is not sufficient any more. Employers and employees need to jointly develop tailored approaches how to continuously assess
and improve health@work. Thus, we want to enable you to support companies in this process.
The course consists of four parts. The first part with four sessions provides an introduction into approaches to promote health@work. The
lectures will present and discuss these approaches using practical examples and discuss them with the students.
Session 1: Course overview; dynamic, challenging context of our economy; intervention approaches; core principles and planning steps of
a project for promoting health@work
Session 2: Promoting Health @ Work: Improving working conditions
Session 3: Promoting Health @ Work: Lifestyle interventions at work
Session 4: Promoting Health @ Work: Work-Life-Balance and Leisure crafting interventions

The second part aims to identify and sharpen the project ideas developed by students in groups of two. We offer a short version of a design
thinking workshop to help students generate innovative ideas. The pitch presentations help to focus on the essence of the own idea and to
trigger constructive feedback for improving it.
Session 5: Design thinking workshop: Find your own project idea
Session 6: Pitch: Presentations of the project idea in plenary incl. feedback

The third part has a workshop format. We introduce all students how to practically plan a health@work project. Then the two-person project
teams are assigned to four tutors. These tutors support the teams in their systematic, detailed planning of the own project idea. Particularly,
students will consider the four principles of successful health promotion projects: systematic planning, participation of stakeholders,
combined individual- and environmental-level actions, integration into company routines.
Session 7: Introduction to practical project planning in-a-nutshell 
Sessions 8-11: Tutored workshop

In the fourth part, the two-person project teams present their project plan in the plenary, discuss it with all students, and obtain feedback by
the course leader.
Sessions 12-13: Presentations & discussions of projects

Given the hands-on workshop character of this lecture, students are required to actively participate in all sessions. Besides raising
knowledge on promoting health@work, the students generally improve their project development skills. Also, as the course has students
from D-MTEC, D-HEST and D-USYS, it facilitates their transdisciplinary exchange. Transdisciplinary skills are increasingly needed for
addressing complex needs in our society.

Prerequisites /
notice

A course for students dedicated to applied learning through projects. As the whole course is designed as a hands-on workshop for the
students, active participation in all lectures is required. Class size limited to 30 students.

752-6104-00L Nutrition for Health and Development W  2 credits 2V M. B. Zimmermann
Abstract The course presents nutrition and health issues with a special focus on developing countries. Micronutrient deficiencies including

assessment and prevalence and food fortification with micronutrients.
Objective Knowing commonly used nutrition and health indicators to evaluate the nutritional status of populations. Knowing and evaluating nutritional

problems in developing countries. Understanding the problem of micronutrient deficiencies and the principles of food fortification with
micronutrients.

Content The course presents regional and global aspects and status of food security and commonly used nutrition and health indicators. Child
growth, childhood malnutrition and the interaction of nutrition and infectious diseases in developing countries. Specific nutritional problems
in emergencies. The assessment methods and the prevalence of micronutrient deficiencies at regional and global level. The principles of
food fortification with micronutrients and examples fortification programs.

Lecture notes The lecture details are available.
Literature Leathers and Foster, The world food problem, Tackling the causes of undernutrition in the third world. 3rd ed., 2004. Semba and Bloem,

Nutrition and health in developing countries, 2nd edition, Humana Press, 2008. WHO, FAO, Guidelines on food fortification with
micronutrients, WHO, 2006.

 Nutrition and Health
Number Title Type ECTS Hours Lecturers

752-1300-01L Food Toxicology W  2 credits 1V S. J. Sturla, N. Antczak
Abstract Builds on a foundation in Toxicology fundamentals to address situations and toxins relevant to Food Science, Nutrition, and Food Safety &

Quality.
Objective Course objectives are for the student to have a broad awareness of toxicant classes and toxicants relevant to food, and to know their

identities (i.e. chemical structure or biological nature), origins, relevance of human exposures, general mode of biological action, and
potential mitigation strategies.

Content Builds on a foundation in Toxicology fundamentals to address situations relevant to Food Science, Nutrition, and Food Safety & Quality.
Representative topics: Toxic Phytochemicals and Mycotoxins, Industrial Contaminants and Packaging Materials, Toxicants formed During
Food Processing, Alcohol and Tobacco.  The class is comprised of bi-weekly lectures, independent reading, and preparation of an
independent evaluation of a food-related toxin.

Literature Reading from the primary literature will be referenced in class and posted to the course website.
Prerequisites /
notice

The course "Introduction to Toxicology" (752-1300-00V) is a prerequisite for the students who want to take this course. Equivalent course
may be accepted; contact the instructor.

752-6102-00L The Role of Food and Nutrition for Disease Prevention W  3 credits 2V J. Baumgartner, M. Andersson
Abstract The course teaches the links between the diet and the etiology and progression of chronic diseases.
Objective To examine and understand the protective effects of foods and food ingredients in the maintenance of health and the prevention of chronic

disease, as well as the progression of complications of chronic diseases.
Content The course evaluates food and nutrition in relation to primary and secondary prevention of chronic diseases.
Lecture notes There is no script. Powerpoint presentations and relevant literature will be made available online to students.
Literature Obligatory course literature to be provided by the responsible lecturer and the individual invited lecturers.
Prerequisites /
notice

No compulsory prerequisites, but prior completion of Introduction to Nutritional Science (752-6001-00L) and Advanced Topics in Nutritional
Science (752-6002-00L) is strongly adviced.

752-6302-00L Physiology of Eating W  3 credits 2V W. Langhans
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Abstract Introduction to the basic knowledge necessary for an understanding of the physiology and pathology of hunger, satiety, and body weight
control, how this knowledge is generated, and how it helps improve nutritional advice for healthy people as well as nutritional guidelines for
patients.

Objective This course requires basic knowledge in physiology and is designed to build on course HE03 Selected Topics in Physiology Related to
Nutrition.   The course covers psychological and physiological determinants of food selection and amount eaten.  The aim is to introduce
the students to (a) the basic knowledge necessary for an understanding of the physiology and pathology of hunger, satiety, and body
weight control, (b) how new scientific knowledge in this area is generated, (c) how this basic knowledge helps improve nutritional advice for
healthy people as well as nutritional guidelines for patients.  Major topics are: Basic scientific concepts for the physiological study of eating
in animals and humans; the psychopharmacology of reward; endocrine and metabolic controls of eating; the neural control of eating;
psychological aspects of eating; eating behavior and energy balance; exercise, eating and body weight; popular diets and their evaluation;
epidemiology, clinical features and the treatment of psychiatric eating disorders; epidemiology, clinical features and the treatment of
obesity, including related aspects of non-insulin dependent diabetes; mechanisms of cachexia and anorexia during illness; exogenous
factors that influence eating, including pharmaceutical drugs, alcohol, coffee, etc.

Lecture notes Handouts will be provided
Literature Literature will be discussed in class

 Environment and Health
Number Title Type ECTS Hours Lecturers

701-0662-00L Environmental Impacts, Threshold Levels and Health
Effects

W  3 credits 2V C.-T. Monn, M. Brink

Abstract Environmental impacts on human health and well-being will be discussed. Concepts and methods for exposure measurements and
assessments will be shown. In the first part of the semester, air pollutants (for example for ozone, and fine particles). 
In the second part, noise, its effects and control, will be covered.

Objective - to understand the basic concepts of an exposure assessment  (air, noise)
- to know methods used in health effect research
- to know criteria and methods for setting threshold levels

Content Air Pollutants
- sources of pollutants (indoors and outdoors)
- concepts of an exposure assessment
- measurement methods for gases and particles
- health effect of pollutants (methods, most important pollutants, such as fine particles and ozone)

Noise
- Introduction to acoustics, Measurement, Hearing
- Auditory processing
- Exposure assessment of noise
- Noise effects, Exposure-effect relationships
- Basics of noise control and abatement, exposure limits
- Noise abatement policy

Lecture notes Presentations (ppt, pdf) will uploaded to a server, previous to the lecture.
Literature see references in the scripts.

701-1312-00L Advanced Ecotoxicology W  3 credits 2V R. Eggen, E. Janssen, K. Schirmer,
M. Suter

Abstract This course will take up the principles of environmental chemistry and ecotoxicology from the bachelor courses and deepen the
understanding on selected topics. Linkages will be made between i) bioavailability and effects, ii) structures of compounds and modes of
toxic action, iii) effects over various biological levels, moderated by environmental factors, iv) chemical and biological assessments

Objective - Understanding the key processes involved in fate, behavior and the bioaccumulation of (mainly) organic contaminants 
- Overview on and understanding of mechanisms of toxicity
- linking structures and characteristics of compounds with effects
- processes in hazard assessment and risk assessment
- get insight in integrative approaches in ecotoxicology

Content Units 1-3: Fate of contaminants, dynamic interactions with  the (a)biotic environment, toxikokinetics
-    physico-chemical properties
-    partitioning processes in environmental compartments
-    partitioning to biota
-    bioavailability and bioaccumulation concepts
-       partitioning in biota

Units 4-6: Toxicodynamics (effect of contaminants on biota)
-    internal concentrations; dose-response concept
-    molecular mechanisms of toxic actions - classification
-    Exercise: databases and estimation of toxicity

Unit 7-10: Toxic effects: from molecular to ecosystems
-    complex mechanisms and feedback loops
-       mixtures and multiple stressors
-    stress- and adaptive responses
-       dynamic exposures
-       confounding factors, food web interactions
-    Exercise: linking compounds with modes of toxic action

Unit 11: metal ecotoxicology

Unit 12-14: integrative approaches and case studies
-    bioassays, -omics, systems ecotoxicology, phenotypic anchoring
-    in vivo versus in vitro biotesting
-    linking chemical with biological analytics
-    bioassay-directed fractionation and identification
-       (inter) national case studies and linkage of learned with approaches in practice

Lecture notes Material will be in the form of copies of overheads, selected publications and exercise material.
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Literature R.P. Schwarzenbach, P.M. Gschwend, D.M. Imboden, Environmental Organic Chemistry, third edition, Wiley, 2005

C.J. van Leeuwen, J.L.M. Hermens (Editoren), Risk Assessment of Chemicals: An Introduction, Kluwer, 1995

Principles of ecotoxicology, CH Walker, RM Sibly, SP Hopkin, DB Peakall, fourth edition, CRC Press, 2012

Prerequisites /
notice

Required:

1. Basics in environmental chemistry

2. Basics in environmental toxicology

701-1350-00L Case Studies in Environment and Health W  4 credits 2V K. McNeill, N. Borduas-Dedekind,
T. Julian

Abstract This course will focus on a few individual chemicals and pathogens from different standpoints: their basic chemistry or biology, their
environmental behavior, (eco)toxicology, and human health impacts.  The course will draw out the common points in each chemical or
pathogen's history.

Objective This course aims to illustrate how the individual properties of chemicals and pathogens along with societal pressures lead to environmental
and human health crises. The ultimate goal of the course is to identify common aspects that will improve prediction of environmental crises
before they occur.  Students are expected to participate actively in the course, which includes the critical reading of the pertinent literature
and class presentations.

Content Each class will feature the case study of a different chemical or pathogen that have had a profound effect on human health and the
environment. The instructors will present eight to ten of these and the students will present a poster on their own pollutant or pathogen in
groups of two. Students will be expected to contribute to the in class discussions and, on their selected topics, to lead the discussion.

Lecture notes Handouts will be provided as needed.
Literature Handouts will be provided as needed.

701-1704-01L Health Impact Assessment: Concepts and Case
Studies

W  3 credits 2V M. Winkler, C. Guéladio, M. Röösli,
J. M. Utzinger

Abstract This course introduces the concept of health impact assessment (HIA) and discusses a suite of case studies in industrialised and
developing countries. HIA pursues an inter- and multidisciplinary approach, employs qualitative and quantitative methods with the
overarching goal to influence decision-making.

Objective After successful completion of the course, students should be able to:
o critically reflect on the concept of HIA and the different steps from screening to implementation and monitoring; and
o apply specific tools and methodologies for HIA of policies, programmes and projects in different social, ecological and epidemiological
settings.

Content The course will present a broad set of tools and methods for the systematic and evidence-based judgment of potential health effects
related to policies, programmes and projects. Methodological features will be introduced and applied to a variety of case studies in the
public sector (e.g. traffic-related air pollution, passive smoking and waste water management) and private sector (e.g. water resource
developments and extractive industries) all over the world.

Lecture notes Handouts will be distributed.
Literature Whenever possible, at least one peer-reviewed paper will be made available for each session.

 Infectious Diseases
Number Title Type ECTS Hours Lecturers

701-1708-00L Infectious Disease Dynamics W  4 credits 2V S. Bonhoeffer, R. D. Kouyos,
R. R. Regös, T. Stadler

Abstract This course introduces into current research on the population biology of infectious diseases. The course discusses the most important
mathematical tools and their application to relevant diseases of human, natural or managed populations.

Objective Attendees will learn about:
* the impact of important infectious pathogens and their evolution on human, natural and managed populations
* the population biological impact of interventions such as treatment or vaccination
* the impact of population structure on disease transmission

Attendees will learn how:
* the emergence spread of infectious diseases is described mathematically
* the impact of interventions can be predicted and optimized with mathematical models
* population biological models are parameterized from empirical data
* genetic information can be used to infer the population biology of the infectious disease

The course will focus on how the formal methods ("how") can be used to derive biological insights about the host-pathogen system
("about").

Content After an introduction into the history of infectious diseases and epidemiology the course will discuss basic epidemiological models and the
mathematical methods of their analysis. We will then discuss the population dynamical effects of intervention strategies such as vaccination
and treatment. In the second part of the course we will introduce into more advanced topics such as the effect of spatial population
structure, explicit contact structure, host heterogeneity, and stochasticity. In the final part of the course we will introduce basic concepts of
phylogenetic analysis in the context of infectious diseases.

Lecture notes Slides and script of the lecture will be available online.
Literature The course is not based on any of the textbooks below, but they are excellent choices as accompanying material:

* Keeling & Rohani, Modeling Infectious Diseases in Humans and Animals, Princeton Univ Press 2008
* Anderson & May, Infectious Diseases in Humans, Oxford Univ Press 1990
* Murray, Mathematical Biology, Springer 2002/3
* Nowak & May, Virus Dynamics, Oxford Univ Press 2000
* Holmes, The Evolution and Emergence of RNA Viruses, Oxford Univ Press 2009

Prerequisites /
notice

Basic knowledge of population dynamics and population genetics as well as linear algebra and analysis will be an advantage.

 Minors
 Minor in Sustainable Energy Use

Number Title Type ECTS Hours Lecturers

151-0206-00L Energy Systems and Power Engineering W  4 credits 2V+2U R. S. Abhari, A. Steinfeld
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Abstract Introductory first course for the specialization in ENERGY. The course provides an overall view of the energy field and pertinent global
problems, reviews some of the thermodynamic basics in energy conversion, and presents the state-of-the-art technology for power
generation and fuel processing.

Objective Introductory first course for the specialization in ENERGY. The course provides an overall view of the energy field and pertinent global
problems, reviews some of the thermodynamic basics in energy conversion, and presents the state-of-the-art technology for power
generation and fuel processing.

Content World primary energy resources and use: fossil fuels, renewable energies, nuclear energy; present situation, trends, and future
developments. Sustainable energy system and environmental impact of energy conversion and use: energy, economy and society. Electric
power and the electricity economy worldwide and in Switzerland; production, consumption, alternatives. The electric power distribution
system. Renewable energy and power: available techniques and their potential. Cost of electricity. Conventional power plants and their
cycles; state-of-the -art and advanced cycles. Combined cycles and cogeneration; environmental benefits. Solar thermal power generation
and solar photovoltaics. Hydrogen as energy carrier. Fuel cells: characteristics, fuel reforming and combined cycles. Nuclear power plant
technology.

Lecture notes Vorlesungsunterlagen werden verteilt

151-0928-00L CO2 Capture and Storage and the Industry of Carbon-
Based Resources

W  4 credits 3G M. Mazzotti, L. Bretschger,
N. Gruber, C. Müller, M. Repmann,
T. Schmidt, D. Sutter

Abstract Carbon-based resources (coal, oil, gas): origin, production, processing, resource economics. Climate change: science, policies. CCS
systems: CO2 capture in power/industrial plants, CO2 transport and storage. Besides technical details, economical, legal and societal
aspects are considered (e.g. electricity markets, barriers to deployment).

Objective The goal of the lecture is to introduce carbon dioxide capture and storage (CCS) systems, the technical solutions developed so far and the
current research questions. This is done in the context of the origin, production, processing and economics of carbon-based resources, and
of climate change issues. After this course, students are familiar with important technical and non-technical issues related to use of carbon
resources, climate change, and CCS as a transitional mitigation measure.

The class will be structured in 2 hours of lecture and one hour of exercises/discussion. At the end of the semester a group project is
planned.

Content Both the Swiss and the European energy system face a number of significant challenges over the coming decades. The major concerns
are the security and economy of energy supply and the reduction of greenhouse gas emissions. Fossil fuels will continue to satisfy the
largest part of the energy demand in the medium term for Europe, and they could become part of the Swiss energy portfolio due to the
planned phase out of nuclear power. Carbon capture and storage is considered an important option for the decarbonization of the power
sector and it is the only way to reduce emissions in CO2 intensive industrial plants (e.g. cement- and steel production).  
Building on the previously offered class "Carbon Dioxide Capture and Storage (CCS)", we have added two specific topics: 1) the industry of
carbon-based resources, i.e. what is upstream of the CCS value chain, and 2) the science of climate change, i.e. why and how CO2
emissions are a problem.
The course is devided into four parts:
I) The first part will be dedicated to the origin, production, and processing of conventional as well as of unconventional carbon-based
resources. 
II) The second part will comprise two lectures from experts in the field of climate change sciences and resource economics.
III) The third part will explain the technical details of CO2 capture (current and future options) as well as of CO2 storage and utilization
options, taking again also economical, legal, and sociatel aspects into consideration.
IV) The fourth part will comprise two lectures from industry experts, one with focus on electricity markets, the other on the experiences
made with CCS technologies in the industry.
Throughout the class, time will be allocated to work on a number of tasks related to the theory, individually, in groups, or in plenum.
Moreover, the students will apply the theoretical knowledge acquired during the course in a case study covering all the topics.

Lecture notes Power Point slides and distributed handouts
Literature IPCC Special Report on Global Warming of 1.5°C, 2018.

http://www.ipcc.ch/report/sr15/

IPCC AR5 Climate Change 2014: Synthesis Report, 2014. www.ipcc.ch/report/ar5/syr/

IPCC Special Report on Carbon dioxide Capture and Storage, 2005. www.ipcc.ch/activity/srccs/index.htm

The Global Status of CCS: 2014. Published by the Global CCS Institute, Nov 2014. 
http://www.globalccsinstitute.com/publications/global-status-ccs-2014

Prerequisites /
notice

External lecturers from the industry and other institutes will contribute with specialized lectures according to the schedule distributed at the
beginning of the semester.

227-0664-00L Technology and Policy of Electrical Energy Storage W  3 credits 2G V. Wood, T. Schmidt
Abstract With the global emphasis on decreasing CO2 emissions, achieving fossil fuel independence and growing the use of renewables,

developing & implementing energy storage solutions for electric mobility & grid stabilization represent a key technology & policy challenge.
This course uses lithium ion batteries as a case study to understand the interplay between technology, economics, and policy.

Objective The students will learn of the complexity involved in battery research, design, production, as well as in investment, economics and policy
making around batteries. Students from technical disciplines will gain insights into policy, while students from social science backgrounds
will gain insights into technology.

Content With the global emphasis on decreasing CO2 emissions, achieving fossil fuel independence, and integrating renewables on the electric
grid, developing and implementing energy storage solutions for electric mobility and grid stabilization represent a key technology and policy
challenge. The class will focus on lithium ion batteries since they are poised to enter a variety of markets where policy decisions will affect
their production, adoption, and usage scenarios. The course considers the interplay between technology, economics, and policy.

* intro to energy storage for electric mobility and grid-stabilization
* basics of battery operation, manufacturing, and integration
* intro to the role of policy for energy storage innovation & diffusion
* discussion of complexities involved in policy and politics of energy storage

Lecture notes Materials will be made available on the website.
Literature Materials will be made available on the website.
Prerequisites /
notice

Strong interest in energy and technology policy.

227-0730-00L Power Market II - Modeling and Strategic Positioning W  6 credits 4G D. Reichelt, G. A. Koeppel
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Abstract Options in the electricity business
Portfolio and risk management: valuation of hedging strategies, risk assessment
Hydropower optimization and hedging
Valuation of power plants with real options
Capacity markets and quota Systems 
Complex energy contracts with embedded options
Strategy and positioning for utilities

Objective The students know the main derivatives applied in the electricity business. They are able to est up hedging strategies and can evaluate
them. They habe a basic understanding of the optimization of large, complex hydro power plants, of capacity markets and of quota
systems. They know the discounted cash-flow method and real options to assess the value of power plants. The students are able to
identify the components of complex energy supply contracts and to assess the risk.

Content Options in the electricity business: option valuation with binominal trees, Black-Scholes formula, sensitivities (Greeks), implied volatility
Portfolio and risk management: delta- and gamma-neutral hedging, valuation of hedging strategies, risk assessment (case study)
Hydropower optimization and hedging
Valuation of assets (power plants, grids), DCF method, real options
Strategy and Positioning: Mini cases (group work)
Capacity markets and Quota Systems 
Application of derivatives: complex energy contracts with embedded options, development of sales-oriented products
Credit Risk Management
Electricity marketing

Lecture notes Handouts - all material in English
Prerequisites /
notice

2 day excursion, presentations of invited speakers from the industry

Moodle: https://moodle-app2.let.ethz.ch/enrol/index.php?id=12225

363-0514-00L Energy Economics and Policy
It is recommended for students to have taken a course in
introductory microeconomics. If not, they should be
familiar with microeconomics as in, for
example,"Microeconomics" by Mankiw & Taylor and the
appendices 4 and 7 of the book "Microeconomics" by
Pindyck & Rubinfeld.

W  3 credits 2G M. Filippini

Abstract An introduction to energy economics and policy that covers the following topics: energy demand, economics of energy efficiency,
investments and cost analysis, energy markets (fossil fuels,electricity and renewable energy sources), market failures and behavioral
anomalies, market-based and non-market based energy policy instruments and regulation of energy industries.

Objective The students will develop the understanding of economic principles and tools necessary to analyze energy issues and to formulate energy
policy instruments. Emphasis will be put on empirical analysis of energy demand and supply, market failures, behavioral anomalies, energy
policy instruments, investments in power plants and in energy efficiency technologies and the reform of the electric power sector.

Content The course provides an introduction to energy economics principles and policy applications. The first part of the course will introduce the
microeconomic foundation of energy demand and supply as well as market failures and behavioral anomalies. In a second part, we
introduce the concept of investment analysis (such as the NPV), in the context of energy efficient investments. In the last part, we use the
previously introduced concepts to analyze energy policies: from a government perspective, we discuss the mechanisms and implications of
market oriented and non-market oriented policy instruments as well as the regulation of energy industries.
 
Throughout the entire class, we combine the course material with insights from current research in energy economics. This combination will
enable students to understand standard scientific literature in the field of energy economics. Moreover, the class aims to show students
how to put real life situations in the energy sector in the context of insights from energy economics.

During the first part of the course a set of environmental and resource economics tools will be given to students through lectures. The
applied nature of the course is achieved by discussing several papers in a seminar. To this respect, students are required to work in groups
in order to prepare a presentation of a paper.

The evaluation policy is designed to verify the knowledge acquired by students during the course. For this purpose, a short group
presentation will be graded. At the end of the course there will be a written exam covering the topics of the course. The final grade is
obtained by averaging the presentation (20%) and the final exam (80%).

Prerequisites /
notice

It is recommended for students to have taken a course in introductory microeconomics. If not, they should be familiar with microeconomics
as in, for example, "Microeconomics" by Mankiw & Taylor and the appendices 4 and 7 of the book "Microeconomics" by Pindyck &
Rubinfeld.

529-0191-01L Electrochemical Energy Conversion and Storage
Technologies

W  4 credits 3G L. Gubler, E. Fabbri,
J. Herranz Salañer

Abstract The course provides an introduction to the principles and applications of electrochemical energy conversion (e.g. fuel cells) and storage
(e.g. batteries) technologies in the broader context of a renewable energy system.

Objective Students will discover the importance of electrochemical energy conversion and storage in energy systems of today and the future,
specifically in the framework of renewable energy scenarios. Basics and key features of electrochemical devices will be discussed, and
applications in the context of the overall energy system will be highlighted with focus on future mobility technologies and grid-scale energy
storage. Finally, the role of (electro)chemical processes in power-to-X and deep decarbonization concepts will be elaborated.

Content Overview of energy utilization: past, present and future, globally and locally; today’s and future challenges for the energy system; climate
changes; renewable energy scenarios; introduction to electrochemistry; electrochemical devices, basics and their applications: batteries,
fuel cells, electrolyzers, flow batteries, supercapacitors, chemical energy carriers: hydrogen & synthetic natural gas; electromobility; grid-
scale energy storage, power-to-gas, power-to-X and deep decarbonization, techno-economics and life cycle analysis.

Lecture notes all lecture materials will be available for download on the course website.
Literature - M. Sterner, I. Stadler (Eds.): Handbook of Energy Storage (Springer, 2019).

- C.H. Hamann, A. Hamnett, W. Vielstich; Electrochemistry, Wiley-VCH (2007).
- T.F. Fuller, J.N. Harb: Electrochemical Engineering, Wiley (2018)

Prerequisites /
notice

Basic physical chemistry background required, prior knowledge of electrochemistry basics desired.

 Minor in Global Change and Sustainability
Number Title Type ECTS Hours Lecturers

701-1653-00L Policy and Economics of Ecosystem Services W  3 credits 2G R. Garrett, A. Müller
Abstract The course addresses ecosystem services, their value for society, the causes of their degradation, the stakeholders involved in their

provision and use, and policies to reduce their degradation. One focus is on environmental economics approaches, highlighting their
potential and limitations. During the spring of 2020 this course will focus on these issues through the case of the Brazilian Amazon.
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Objective Students can describe, analyse and explain 
•    the basic concepts used to describe ecosystem services provision and management;
•    the basic social and natural science theory underlying ecosystem service degradation,
•    the role and characteristics of different key stakeholders involved in ecosystem services management, including their different value
systems;
•    the different types of policy instruments and institutional arrangements that can be used for improved ecosystem services management
and provision; and
•    empirical tools to assess the performance of various policy instruments and management systems for ecosystem services provision,
and to investigate the factors of success or failure of different policy instruments

Content Many of the world's ecosystem services are being degraded or used unsustainably, which has considerable impacts on human well-being.
Various aspects need to be taken into account to change this development, to work towards improved ecosystem services management
and to design appropriate policy instruments and institutional contexts. First, the societal value of different ecosystem services and the
trade-offs between them needs to be assessed. Second, an assessment of the causes of excessive ecosystem services degradation is
needed. Potential causes include the presence of externalities and public goods, improperly designed property rights systems, divergence
of private and social discount rates, and lack of information and knowledge. Third, we need to understand the drivers of human decision-
making in relation to ecosystem services use. Fourth, choosing an appropriate policy instrument (or a combination thereof) requires an
understanding of the relative strengths and weaknesses of different instruments, their preconditions for success and the political economy
of their implementation.
Finally, it is important to assess the actual impacts of different policy and management options. This requires a careful assessment of
appropriate baselines, of the situation after a policy or management change, and of the various stakeholder groups involved, etc. To
address all these issues, we will first work with some broad conceptual issues and theories relevant to this field and then deepen our
understanding through reading, presentations, and assignments focused on the case of the Brazilian Amazon.

Lecture notes Lecture notes, homework exercises and readings will be made available on Moodle.
Literature There is no single textbook for this class. Instead, a number of texts will be distributed and used during the lecture, and some texts for

further reading will be indicated.
Prerequisites /
notice

The course consists of a combination of lectures, homework assignments and discussions in small groups. The final grade will be based on
the homework assignments, class participation, and a group project.
A prerequisite for this course is a bachelor-level course in Environmental Economics (e.g. 363-0537-00L Resource and Environmental
Economics) or Quantitative Policy Analysis and Management. In particular, students are expected to be familiar with basic environmental
economics' concepts such as externality, public good, market failure, opportunity cost, social optimum and market equilibrium, the basic
types of policy instruments, and methods of policy analysis. Students with no background in environmental economics or policy analysis
will be expected to come up to the required standards on their own, prior to starting the class.

751-5118-00L Global Change Biology W  2 credits 2G H. Bugmann, M. Gharun, B. Stocker
Abstract This course focuses on the impacts of global change on  forests and agro-ecosystems that will strongly affect  sustainable resource use

across the 21st century.
Objective Students will understand how global change, ecosystem processes, land use practices, politics, and society interact, and that it is critical to

act responsibly and work as an agricultural or environmental scientist in the future. 

Students will better understand the impacts of global change on ecosystems at a range of spatial and temporal scales, be able to
synthesize knowledge from various disciplines in the context of global change issues, and be able to evaluate management options for
sustainable resource use, climate mitigation and adaptation options. 

Students will learn to present scientific information to a scientific audience by preparing an executive summary and an oral presentation to
answer a specific scientific question. Students will get extensive feedback from teachers and peers. Thereby, students will also learn how
to give constructive feedback to peers.

Content Changes in climate and land use are major issues that students will be faced with during their working life, independently of where they will
work. Thus, an advanced understanding on how global change, ecosystem processes, land use practices, politics, and society interact and
that it is critical to act responsibly and work as an agricultural or environmental scientist in the future.

Thus, during this course, the effects of global change on forests and agro-ecosystems as well as their feedbacks to the climate system will
be presented and discussed. Effects on ecosystem structure, composition, productivity and biogeochemical cycling, but also on the stability
of production systems against disturbances will be addressed. 

Up-to-date scenarios and models for coupled human-environmental systems will be discussed. The advantages and disadvantages of
different management options will be evaluated, including sustainable resource use and climate mitigation as well as adaptation.

Prerequisites /
notice

This course is based on fundamental knowledge about plant ecophysiology, soil science, and ecology in general.

860-0012-00L Cooperation and Conflict Over International Water
Resources
Number of participants limited to 40. 
STP students have priority.

This is a research seminar at the Master level. PhD
students are also welcome.

W  3 credits 2S B. Wehrli, T. Bernauer,
T. U. Siegfried

Abstract This seminar focuses on the technical, economic, and political challenges of dealing with water allocation and pollution problems in large
international river systems. It examines ways and means through which such challenges are addressed, and when and why international
efforts in this respect succeed or fail.

Objective Ability to (1) understand the causes and consequences of water scarcity and water pollution problems in large international river systems;
(2) understand ways and means of addressing such water challenges; and (3) analyse when and why international efforts in this respect
succeed or fail.

Content Based on lectures and discussion of scientific papers and reports, students acquire basic knowledge on contentious issues in managing
international water resources, on the determinants of cooperation and conflict over international water issues, and on ways and means of
mitigating conflict and promoting cooperation. Students will then, in small teams coached by the instructors, carry out research on a case of
their choice (i.e. an international river basin where riparian countries are trying to find solutions to water allocation and/or water quality
problems associated with a large dam project). They will write a brief paper and present their findings towards the end of the semester.

Lecture notes Slides and reading materials will be distributed electronically.
Literature The UN World Water Development Reports provide a broad overview of the topic: http://www.unesco.org/new/en/natural-

sciences/environment/water/wwap/
Prerequisites /
notice

The course is open to Master and PhD students from any area of ETH.

ISTP students who take this course should also register for the  course 860-0012-01L - Cooperation and conflict over international water
resources;  In-depth case study.

 Minor in Transdisciplinarity for Sustainable Development
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Number Title Type ECTS Hours Lecturers

701-0998-00L Environmental and Human Health Risk Assessment of
Chemicals

W  3 credits 2G M. Scheringer, B. Escher

Abstract Application of methods for chemical risk assessment for human health and the environmental according to European and Swiss regulation;
hazard and risk; exposure and effect analysis for different types of chemicals. Estimation of missing chemical properties (QSAR methods);
critical evaluation of risk assessment methods, presentation of alternative assessment methods.

Objective The students are familiar with regulatory approaches to human and environmental risk assessment of chemicals and can perform the main
steps of a regulatory risk assessment for an industrial chemical. They are aware of pitfalls and challenges and know about new approaches
to risk assessment.

Content Regulatory methods for environmental risk assessment of chemicals (industrial chemicals, pesticides, pharmaceuticals), European
regulation REACH, Swiss regulations, international approaches
-    Human vs. environmental risk assessment 
-    Classification and labelling of chemicals
-    PBT assessment (persistence, bioaccumulation, toxicity)
-    Exposure analysis: emission patterns, multimedia fate and transport models for quantifying environmental exposure, Long range
transport and persistence, predicted and measured exposure concentration for the environment and humans
-    Effect analysis: estimation of hazard potential for ecotoxicity and human health, extrapolation methods, classification of chemicals
according to modes of toxic action, predictive models (QSAR)
-    Risk assessment methods (deterministic vs. probabilistic), risk assessment vs. hazard assessment, risk management
-    uncertainty and sensitivity analyses, precautionary principle
-    Environmental Quality Assessment (water, sediment, biota), Water Framework Directive)
-    New methods in environmental risk assessment: mixtures, temporally and spatially explicit risk assessment

Lecture notes Slides of lectures, lecture notes for selected chapters and additional reading material will be made available via ILIAS. Also templates for
the exercises and the report will be made available via ILIAS.

Literature - Van Leeuwen, C.J., Vermeire, T. (Eds.) Risk Assessment of Chemicals: An Introduction. Springer, 2007 (als e-book in der ETH-Bibliothek
verfügbar).  
- Scheringer, M., Persistence and Spatial Range of Environmental Chemicals. Wiley-VCH, Weinheim, 2002.

Prerequisites /
notice

Block course: Lecture and accompanying exercise where students conduct a comprehensive risk assessment for one selected chemical
each according to the European regulation for industrial chemicals. The risk assessment will be presented in class and has to be compiled
in a written technical report (Chemical dossier) that will be graded.

The overall work load is 90 hours with 30 hours contact time (block course) and 60 hours self-study.

701-1502-00L Transdisciplinary Case Study
Does not take place this semester.
Number of participants limited to 25.

Students have to apply for this course by sending a two-
page motivation letter (why are you interested? what do
you want to learn? what can you contribute?) to
michael.stauffacher@usys.ethz.ch and
pius.kruetli@usys.ethz.ch (latest by 10th January 2020).

Important: for students in Agricultural Sciences, the case
study can replace the compulsory course 751-1000-00L
Interdisciplinary Project Work!

W  7 credits 15P M. Stauffacher

Abstract This course is a project-oriented and research based teaching activity organized in a real-world setting. Students work on societally
relevant problems. Sustainability issues and collaboration between science and society are key.
In 2020, the case area is Seychelles, a small developing island state in the Indian ocean.

Objective Students learn how to plan and implement their research work in interdisciplinary and intercultural teams of students. This includes:
structure ill defined problems; derive research questions; design research plans; apply qualitative and quantitative methods; work in
interdisciplinary and inter-cultural teams; organise transdisciplinary collaboration between research and people from outside academia.

Content The Seychelles is a Small Island Developing State (SIDS) in the Indian Ocean comprising some 115 islands spread over a sea area of 1.4
million km2. SIDS share some common characteristics. They are: small in size and economy; are remote and isolated from international
markets; are vulnerable against external disturbances and climate change effects. Seychelles is highly dependent on  intact nature.
Tourism and fishery are major economic pillars. Seychelles is in transformation from a developing to a developed country.

Between 2012-2015 ARUP, an international consultant, developed the Strategy Plan Seychelles 2040. The Seychelles Planning Authority
is currently working on the implementation of the strategy plan. Current major activity is land use planning.

The preparation of the case study happens in close collaboration with the Seychelles Planning Authority, major partner of the case study, to
secure that research is relevant for the local context and can have concrete impacts in the case area. Together we defined Sustainable
Land Use as umbrella theme. Topics to look at may include transport infrastructure, tourism, conservation, housing, agriculture, etc.

This is the third time that the transdisciplinary case study is organized in Seychelles. In 2016 and 2018 we were working on solid waste
management. While in 2016 the goal was to provide the 'big' picture of the Seychelles waste system, in 2018 the focus was on waste
sorting and waste treatment options, see: https://tdlab.usys.ethz.ch/teaching/tdcs/former/cs2016.html
https://tdlab.usys.ethz.ch/teaching/tdcs/former/cs2018.html



See as well the short movie here which explains what the transdisciplinary case study is
http://www.tdlab.usys.ethz.ch/teaching/tdcs.html

Prerequisites /
notice

The number of participants is limited. Students have to apply for this course by sending a two-page motivation letter. The letter should refer
to: Why are you interested? What do you want to learn? What can you contribute? The latter may include particular skills you have the
case study could benefit from. Please send the letter to michael.stauffacher@usys.ethz.ch and pius.kruetli@usys.ethz.ch (latest by January
10, 2020).

Important: for students in Agricultural Sciences, the case study can replace the compulsory course 751-1000-00L Interdisciplinary Project
Work!

 Minor in Life Cycle Assessment
Number Title Type ECTS Hours Lecturers

101-0588-01L Re-/Source the Built Environment W  3 credits 2S G. Habert
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Abstract The course focuses on material choice and energy strategies to limit the environmental impact of construction sector. During the course,
specific topics will be presented (construction technologies, environmental policies, social consequences of material use, etc.). The course
aims to present sustainable options to tackle the global challenge we are facing and show that "it is not too late".

Objective After the lecture series, the students are aware of the main challenges for the production and use of building materials.

They know the different technologies/propositions available, and environmental consequence of a choice.

They understand in which conditions/context one resource/technology will be more appropriate than another

Content A general presentation of the global context allows to identify the objectives that as engineer, material scientist or architect needs to
achieve to create a sustainable built environment.

The course is then conducted as a serie of guest lectures focusing on one specific aspect to tackle this global challenge and show that "it is
not too late".

The lecture series is divided as follows:
- General presentation
- Notion of resource depletion, resilience, criticality, decoupling, etc.
- Guest lectures covering different resources and proposing different option to build or maintain a sustainable built environment.

Lecture notes For each lecture slides will be provided.
Prerequisites /
notice

The lecture series will be conducted in English and is aimed at students of master's programs, particularly the departments ARCH, BAUG,
ITET, MAVT, MTEC and USYS.

No lecture will be given during Seminar week.

102-0348-00L Prospective Environmental Assessments
Prerequisite for this lecture is basic knowledge of
environmental assessment tools, such as material flow
analysis, risk assessment and life cycle assessment. 
Students without previous knowledge in these areas need
to read according textbooks prior to or at the beginning of
the lecture.

W  3 credits 2G S. Hellweg, N. Heeren, A. Spörri

Abstract This lecture deals with prospective assessments of emerging technologies as well as with the assessment of long-term environmental
impact caused by today's activities.

Objective - Understanding prospective environmental assessments, including scenario analysis techniques, prospective emission models, dynamic
MFA and LCA.
- Ability to properly plan and conduct prospective environmental assessment studies, for example on emerging technologies or on technical
processes that cause long-term environmental impacts. 
- Being aware of the uncertainties involved in prospective studies.
- Getting to know measures to prevent long-term emissions or impact in case studies
- Knowing the arguments in favor and against a temporally differentiated weighting of environmental impacts (discounting)

Content - Scenario analysis 
- Dynamic material flow analysis
- Temporal differentiation in LCA
- Systems dynamics tools
- Assessment of future and present environmental impact
- Case studies

Lecture notes Lecture slides and further documents will be made available on Moodle.

 Minor in Biogeochemistry
Number Title Type ECTS Hours Lecturers

701-1310-00L Environmental Microbiology W  3 credits 2V M. H. Schroth, M. Lever
Abstract Microorganisms catalyze a large number of reactions that are of great importance to terrestrial and aquatic environments. To improve our

understanding of the dynamics of a specific environment, it is important to gain a better understanding of microbial structures and their
functions under varying environmental conditions.

Objective Students will learn basic concepts in microbial ecology. Qualitative and quantitative concepts will be presented to assess microbial
communities and associated processes in terrestrial and aquatic environments. Microbial diversity in such ecosystems will be illustrated in
discussions of selected habitats.

Content Lectures will cover general concepts of environmental microbiology including (i) quantification of microbial processes, (ii) energy fluxes in
microbial ecosystems, (iii) application of state-of-the-art microbiological and molecular tools, and (iv) use of isotope methods for
identification of microbial structures and functions. 
Topics to illustrate the microbial diversity of terrestrial and aquatic ecosystems will include (i) interactions between microbes and
mineral/metallic solid phases, (ii) microbial carbon and nutrient cycling, (iii) microbial processes involved in the turnover of greenhouse
gases, (iv) biofilms and microbial mats, (v) bioremediation, (vi) microorganisms in extreme habitats, and (vii) microbial evolution and
astrobiology.

Lecture notes available at time of lecture - will be distributed electronically as pdf's
Literature Brock Biology of Microorganisms, Madigan M. et al., Pearson, 14th ed., 2015

701-1317-00L Global Biogeochemical Cycles and Climate W  3 credits 3G N. Gruber, M. Vogt
Abstract The human-induced emissions of carbon dioxide has led to atmospheric CO2 concentrations that Earth likely has not seen for the last 30

million years. This course aims to investigate and understand the impact of humans on Earth's biogeochemical cycles with a focus on the
carbon cycle and its interaction with the physical climate system for the past, the present, and the future.

Objective This course aims to investigate the nature of the interaction between the carbon cycles on land and in the ocean with climate and how this
interaction has evolved over time and will change in the future. Students are expected to participate actively in the course, which includes
the critical reading of the pertinent literature.

Content Topics discussed include: The anthropogenic perturbation of the global carbon cycle and climate. Response of land and oceanic
ecosystems to past and future global changes; Interactions between biogeochemical cycles on land and in the ocean; Biogeochemical
processes controlling carbon dioxide and oxygen in the ocean and atmosphere on time-scales from a few  years to a few hundred
thousand years.

Lecture notes Sarmiento & Gruber (2006), Ocean Biogeochemical Dynamics, Princeton University Press. 
Additional handouts will be provided as needed. see website: http://www.up.ethz.ch/education/biogeochem_cycles

Literature Sarmiento & Gruber (2006), Ocean Biogeochemical Dynamics, Princeton University Press, 526pp.

Original literature.
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 Minor in Physical Glaciology
Number Title Type ECTS Hours Lecturers

101-0288-00L Snow and Avalanches: Processes and Risk
Management

W  3 credits 2G J. Schweizer, S. L. Margreth

Abstract The lecture covers snow and avalanche processes in a catchment (starting zone, path and run-out zone) with a particular focus on risk
management in the context of natural hazards.

Objective - basics of snow and avalanche mechanics
- methods to model snow and avalanche processes
- interaction of snow and avalanches with structures and forest
- methods of stability evaluation and hazard assessment
- avalanche protection measures in the context of integral risk management
- basics on the design and effectiveness of protection measures

Content Introduction, snow precipitation, extreme events, snow loads; snow and snow cover properties; snow-atmosphere interaction; avalanche
formation; stability evaluation, avalanche forecasting; avalanche dynamics; avalanche impact on structures; hazard mapping; protection
measures (permanent and temporal); integral risk management.

Literature Armstrong, R.L. and Brun, E. (Editors), 2008. Snow and Climate - Physical processes, surface energy exchange and modeling. Cambridge
University Press, Cambridge, U.K., 222 pp.

BUWAL/SLF, 1984. Richtlinien zur Berücksichtigung der Lawinengefahr bei raumwirksamen Tätigkeiten. EDMZ, Bern.

Egli, T., 2005. Wegleitung Objektschutz gegen gravitative Naturgefahren, Vereinigung Kantonaler Feuerversicherungen (Hrsg.), Bern.

Fierz, C., Armstrong, R.L., Durand , Y., Etchevers, P., Greene, E., McClung, D.M., Nishimura, K., Satyawali, P.K. and Sokratov, S.A., 2009.
The International Classification for Seasonal Snow on the Ground. HP-VII Technical Documents in Hydrology, 83. UNESCO-IHP, Paris,
France, 90 pp.

Furukawa, Y. and Wettlaufer, J.S., 2007. Snow and ice crystals. Physics Today, 60(12): 70-71.

Margreth, S., 2007. Technische Richtlinie für den Lawinenverbau im Anbruchgebiet. Bundesamt für Umwelt, Bern, WSL Eidg. Institut für
Schnee- und Lawinenforschung Davos. 134 S.

McClung. D.M. and Schaerer, P. 2006. The Avalanche Handbook, 3rd ed., The Mountaineers, Seattle.
     
Mears, A.I., 1992. Snow-avalanche hazard analysis for land-use planning and engineering. 49, Colorado Geological Survey.

Schweizer, J., Bartelt, P. and van Herwijnen, A., 2015. Snow avalanches. In: W. Haeberli and C. Whiteman (Editors), Snow and Ice-
Related Hazards, Risks and Disasters. Hazards and Disaster Series. Elsevier, pp. 395-436.

Schweizer, J., Jamieson, J.B. and Schneebeli, M., 2003. Snow avalanche formation. Reviews of Geophysics, 41(4): 1016,
doi:10.1029/2002RG000123.

Shapiro, L.H., Johnson, J.B., Sturm, M. and Blaisdell, G.L., 1997. Snow mechanics - Review of the state of knowledge and applications.
Report 97-3, US Army CRREL, Hanover, NH, U.S.A.

Prerequisites /
notice

Full-day excursion (not mandatory) to Davos, hands-on experience on selected topcis, visit at WSL Institute for Snow and Avalanche
Research SLF (early March 2020)

651-1504-00L Snowcover: Physics and Modelling W  4 credits 3G M.  Schneebeli, H. Löwe
Abstract Snow is a fascinating high-temperature material and relevant for applications in glaciology, hydrology, atmospheric sciences, polar

climatology, remote sensing and natural hazards. This course introduces key concepts and underlying physical principles of snow, ranging
from individual crystals to polar ice sheets.

Objective The course aims at a cross-disciplinary overview about the phenomenology of relevant processes in the snow cover, traditional and
advanced experimental methods for snow measurements and theoretical foundations with key equations required for snow modeling.
Tutorials and short presentations will also consider the bigger picture of snow physics with respect to climatology, hydrology and earth
science.

Content The lectures will treat snow formation, crystal growth, snow microstructure, metamorphism, ice physics, snow mechanics, heat and mass
transport in the snowcover, surface energy balance, snow models, wind transport, snow chemistry, electromagnetic properties,
experimental techniques.

The tutorials include a demonstration/exercise part and a presentation part. The demonstration/exercise part consolidates key subjects of
the lecture by means of small data sets, mathematical toy models, order of magnitude estimates, image analysis and visualization, small
simulation examples, etc. The presentation part comprises short presentations (about 15 min) based on selected papers in the subject.

First practical experience with modern methods measuring snow properties can be acquired in a field excursion.

Lecture notes Lecture notes and selected publications.
Prerequisites /
notice

We strongly recommend the field excursion to Davos on Saturday, March 14, 2020, in Davos. We will demonstrate traditional and modern
field-techniques (snow profile, Near-infrared photography, SnowMicroPen) and you will have the chance to use the instruments yourself.
The excursion includes a visit of the SLF cold laboratories with the micro-tomography setup and the snowmaker.

651-4162-00L Field Course Glaciology
Priority is given to D-ERDW students. If space is available
UZH Geography and Earth System Sciences students
may attend this field course at full cost.

No registration through myStudies. The registration for
excursions and field courses goes through
http://exkursionen.erdw.ethz.ch only (registration opens
end of January 2020).

W  3 credits 6P A. Bauder, D. Farinotti, M. Werder

Abstract Introduction to investigation methods in glaciology with both theory and experimental application. The students design, plan, sample and
evaluate their individual projects, and present the results to their colleagues and the instructors.

Objective - Introduction to measurement techniques in glaciology
- Experience with realisation of measurement and data analysis
- Interpretation and presentation of results
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Content The course covers methodologies and techniques to analyse physical conditions of glaciers and their evolution.  Basic measurement
techniques of surveying, drilling as well as working with sensors and data loggers are introduced. Covered fields include topographical
setting, mass balance, glacier fluctuations, ice flow and glacier hydrology.
The course starts with an introduction toward the end of the spring semester and is followd by 8 days in August/September including
lectures at ETH and field work on Rhonegletscher.

Prerequisites /
notice

Some basic knowledge in glaciology e.g. course 651-3561-00L Kryosphäre is recommended.
This field course is organized in collaboration with the University of Hokkaido in Sapporo.

Students registering for the course confirm having read and accepted the terms and conditions for excursions and field courses of D-
ERDW https://www.ethz.ch/content/dam/ethz/special-
interest/erdw/department/dokumente/studium/exkursionen/AGB_ERDW_Exkursionen_en.pdf

 Minor in Catchment Management and Natural Hazards
Number Title Type ECTS Hours Lecturers

101-0288-00L Snow and Avalanches: Processes and Risk
Management

W  3 credits 2G J. Schweizer, S. L. Margreth

Abstract The lecture covers snow and avalanche processes in a catchment (starting zone, path and run-out zone) with a particular focus on risk
management in the context of natural hazards.

Objective - basics of snow and avalanche mechanics
- methods to model snow and avalanche processes
- interaction of snow and avalanches with structures and forest
- methods of stability evaluation and hazard assessment
- avalanche protection measures in the context of integral risk management
- basics on the design and effectiveness of protection measures

Content Introduction, snow precipitation, extreme events, snow loads; snow and snow cover properties; snow-atmosphere interaction; avalanche
formation; stability evaluation, avalanche forecasting; avalanche dynamics; avalanche impact on structures; hazard mapping; protection
measures (permanent and temporal); integral risk management.

Literature Armstrong, R.L. and Brun, E. (Editors), 2008. Snow and Climate - Physical processes, surface energy exchange and modeling. Cambridge
University Press, Cambridge, U.K., 222 pp.

BUWAL/SLF, 1984. Richtlinien zur Berücksichtigung der Lawinengefahr bei raumwirksamen Tätigkeiten. EDMZ, Bern.

Egli, T., 2005. Wegleitung Objektschutz gegen gravitative Naturgefahren, Vereinigung Kantonaler Feuerversicherungen (Hrsg.), Bern.

Fierz, C., Armstrong, R.L., Durand , Y., Etchevers, P., Greene, E., McClung, D.M., Nishimura, K., Satyawali, P.K. and Sokratov, S.A., 2009.
The International Classification for Seasonal Snow on the Ground. HP-VII Technical Documents in Hydrology, 83. UNESCO-IHP, Paris,
France, 90 pp.

Furukawa, Y. and Wettlaufer, J.S., 2007. Snow and ice crystals. Physics Today, 60(12): 70-71.

Margreth, S., 2007. Technische Richtlinie für den Lawinenverbau im Anbruchgebiet. Bundesamt für Umwelt, Bern, WSL Eidg. Institut für
Schnee- und Lawinenforschung Davos. 134 S.

McClung. D.M. and Schaerer, P. 2006. The Avalanche Handbook, 3rd ed., The Mountaineers, Seattle.
     
Mears, A.I., 1992. Snow-avalanche hazard analysis for land-use planning and engineering. 49, Colorado Geological Survey.

Schweizer, J., Bartelt, P. and van Herwijnen, A., 2015. Snow avalanches. In: W. Haeberli and C. Whiteman (Editors), Snow and Ice-
Related Hazards, Risks and Disasters. Hazards and Disaster Series. Elsevier, pp. 395-436.

Schweizer, J., Jamieson, J.B. and Schneebeli, M., 2003. Snow avalanche formation. Reviews of Geophysics, 41(4): 1016,
doi:10.1029/2002RG000123.

Shapiro, L.H., Johnson, J.B., Sturm, M. and Blaisdell, G.L., 1997. Snow mechanics - Review of the state of knowledge and applications.
Report 97-3, US Army CRREL, Hanover, NH, U.S.A.

Prerequisites /
notice

Full-day excursion (not mandatory) to Davos, hands-on experience on selected topcis, visit at WSL Institute for Snow and Avalanche
Research SLF (early March 2020)

 Minor in Operations Eng. and Manag. for Forest and Timber Industries
Number Title Type ECTS Hours Lecturers

701-1542-00L Transportation and Harvesting Systems of Land-Use
Does not take place this semester.

W  4 credits 2G to be announced

Abstract The learning unit (LU) enables (1) to physically delineate ground-, air- and cable-borne harvesting systems, (2) to analyze the effectiveness
of road networks, (3) to compare config. of harvesting systems, and (4) to assess environmental impacts. Assignments: (1) GIS-based
analysis of road network effectiveness, (2) feasibility limits of Equipment.

Objective - identify, quantify and assess transportation requirements of agricultural and forest production,
- review the state-of-the-art of ground-based, cable-based, and air-borne harvesting and transportation systems, and assess their physical
feasibility, economical efficiency, and ecological soundness,
- understand the adaptation of road network models to specific terrain conditions and management regimes,
- use road network and harvest layout planning as a model to analyse the trade-offs between fulfilling transportation requirements,
maximizing economical efficiency, and minimizing environmental impacts.

Content 1. Interactions between land-use activities and transportation systems.
2. Transportation systems in a world-wide perspective: [1] on-road systems, [2] off-road systems: (a) ground-based, (b) cable-based, (3)
air-borne.
3. Harvesting systems in a world-wide perspective: Essence of forest operations engineering. Functions and structure of production
systems. Principles for the design of harvesting systems. Process capabilities and limitations (trafficability, processing, handling,
identification, control)
4. Transportation models for trafficable and non-trafficable terrain conditions. Optimization of transportation models (optimal road spacing,
or optimal road density, respectively). Design and layout of road networks.
5. Analysis of ecological risks related with transportation and harvesting. Risk concept and decisive risks.

Lecture notes Lecture notes will be handed out
Literature Unfortunately, there are no up-to-date textbooks available
Prerequisites /
notice

The learning unit consists of two homework-assignments, which students have to solve, to document, and to hand in: GIS-based analysis
of a given transportation network, and derivation of network performance metrics.
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101-0678-00L Wood Physics & Wood Materials W  3 credits 2G I. Burgert, T. Zimmermann
Abstract Fundamental relationships between structure and properties of wood and wood based materials are conveyed. Based on the hierarchical

structure of wood, aspects of nanostructural characterization and micromechanical analysis will be covered. In view of material
developments, concepts for the assembly of advanced wood materials and cellulose-based materials will be demonstrated.

Objective At a global scale wood is one of the most important building materials. Knowledge of significant physical properties of wood, wood based
materials and advanced wood materials as well as the relationship between structure and properties are conveyed. This knowledge is
fundamental for an appropriate use of wood and wood based materials as well as for a further improvement of the reliability of wood and for
establishing new fields of application.

Content The following topics are covered:
Hierarchical structure of wood and assembly of wood-based products
Physical properties (density, wood moisture, swelling and shrinkage)
Mechanical properties at different length scales
Nanostructural characterization
Materials from nanocellulose
Wood modification and durability
Wood polymer composites
Wood hybrid materials
Wood surfaces
Functional wood materials

Lecture notes Handouts will be sent to the students by e-mail prior to each lecture.
Literature Niemz, P.: Physik des Holzes und der Holzwerkstoffe, DRW Verlag 1993

Bodig, J.; Jayne, B.A.: Mechanics of wod and wood composites. Krieger, Malabar, Florida 1993
Dunky,M.; Niemz, P.: Holzwerkstoffe und Leime. Springer, Berlin 2002
Wagenführ,A.; Scholz,F.:Taschenbuch der Holztechnik (Kapitel 1.4 und 2, P.Niemz), Hanser Verlag 2008

363-0448-00L Global Operations Strategy
Does not take place this semester.

W  3 credits 3G T. Netland

Abstract This course provides students a theoretical fundament and practical skills for strategic configuration and coordination of global production
networks and facility planning and design.

Objective Students will be able to analyze, plan, and design factory networks and single facilities.
1. Students can analyze strengths and weaknesses of a company’s global factory network.
2. Students can conduct a basic factory localization analysis and elaborate the risks involved and the limitations of the chosen method.
3. Students are familiar with key issues in managing global operations.
4. Students can analyze a global productivity improvement program.
5. Additional skills: Students acquire experience in teamwork, report writing and presentation.

Content This course deals with the configuration and coordination of global manufacturing operations.
Lecture notes See Moodle
Literature See Moodle
Prerequisites /
notice

Requirements: Preferably the course 363-0445-00L Production and Operations Management

 Minor in Soil-Plant Relations and Land Use
Number Title Type ECTS Hours Lecturers

103-0458-00L Economical Land Use
Only for MSc Students or special approval by the lecturer.

W  3 credits 2G R. Nebel

Abstract The lecture demonstrates current trends of land use, arguments for an economical handling of land and instruments as well as procedures
to implement economical land use in practice. This is considered on different planning levels, especially on the regional level. The main
focus is the introduction of a comprehensive settlement management in the light of current trends of land use.

Objective Students learn to understand backgrounds, basic principles, goals and approaches of appropriate and economical use of land as a scarce
resource. They are able to summarise in a comprehensible way the core arguments for redevelopment before new development.
Furthermore, students can illustrate how to implement economical land use in a differentiated and customised manner.

Content - settlement development and land use: facts, trends, causes and consequences
- redevelopment before new development: basic principles and strategic goals
- overviews of existing land reserves 
- formal and informal instruments and procedures
- comprehensive settlement management: implementation on municipal, regional and national level

Lecture notes The documents for the lecture are available on Moodle.
Prerequisites /
notice

Eligible only for master students, otherwise a special permisson by the lecturer is required.

751-2700-00L Land Markets and Land Policy W  2 credits 2G G. M. Giuliani
Abstract In this course the students acquire knowledge on the particularities of land markets and the effects of policy interventions such as ceiling

prices and land redistributions on land markets. Special emphasis is placed on the knowledge of land market structures and on the forms of
land markets.

Objective In this course the students acquire knowledge on the particularities of land markets and the effects of policy interventions such as ceiling
prices and land redistributions on land markets. Special emphasis is placed on the knowledge of land market structures and on the forms of
land markets.

Content The first part of the course deals with the following topics: historical outline of land use; historical models of individual and collective land
regulations; Swiss land regulations and land policies; specific theoretical aspects of agricultural land markets; empirical investigations on
land property and land markets; interconnections between land policy and agricultural policy. The second part of the course focuses on
land property structures in developing countries and in transition countries. After a general systematic and theoretical introduction on land
policies and land reforms in these countries, case studies and topcis of current political relevance are discussed. This course provides
principles contributing to the evaluation of the sustainability of land use and to the establishment of sustainable land use systems.

Lecture notes Will be provided in the course.
Literature Are included in the lecture notes.

751-3404-00L Nutrient Fluxes in Soil-Plant Systems: The Case of
Nitrogen
Only for MSc Agriculture Sciences and MSc
Environmental Sciences
Number of participants limited to 18.

Prerequisites: Successful completion of "Plant Nutrition I
(751-3401-00L)" and

W  4 credits 4G A. Oberson Dräyer, T. I. McLaren,
F. Tamburini
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" Pflanzenernährung II - Integriertes
Nährstoffmanagement (751-3402-00L) is mandatory.

Abstract The course teaches knowledge and experimental techniques to study pools and processes underlying nutrient fluxes in soil-plant systems.
Methods will be learned i) to analyze elements dynamics, ii) to determine the use efficiency by crops of nutrients added with fertilizers, iii) to
study the fate of fertilizer nutrients not taken up by the crop and iv) to estimate symbiotic N2 fixation by legumes.

Objective Using the element nitrogen (N) as model case, the student gets familiarized with techniques to assess the dynamics and availability of
nutrients in the soil-plant system and to determine the use efficiency by crops of nutrients added with fertilizers. He/she learns about the
use of stable isotope techniques for analyzing nutrient fluxes in soil-plant systems, and about the use of biochemical methods to obtain
indicators on nutrient transformations. He/she is able to evaluate critically the tools used in agricultural or environmental studies dealing
with fluxes of elements in soil-plant systems and the interpretation made of the results. Knowledge about processes and pools underlying
nutrient cycles in agro-ecosystems will be improved.
The student learns to work in the laboratory within a small team, to organize work in sub-groups, to exchange results obtained by these
sub-groups, to look for information outside of the course (e.g. in the library, in the internet), to read and analyze this information critically, to
synthesize both, the information from the literature and from the groups, and to present it in a written report and in an oral presentation.

Content This course teaches knowledge and methods to analyze the dynamics of elements in soil-plant systems and to determine the use efficiency
by crops of nutrients added with mineral and organic fertilizers. It provides knowledge about various techniques (isotopic, chemical,
biochemical) that can be used to evaluate 
i)    content of elements in fertilizers, soils and plants;
ii)     availability of elements in soils and fertilizers for plants; 
iii)     transfer of elements from a fertilizer to a crop;
iv)     symbiotic N2 fixation by legumes.
Nitrogen will be used as model case.
The course will start with the discussion of analytical results on elemental contents in an organic fertilizer (e.g. animal manure, plant
material) that has previously been labeled with the isotope 15N. To test the N efficiency of this fertilizer, a pot experiment (glasshouse
study) will be designed. It will include soils with different characteristics, two test plants and fertilization treatments including the 15N
labeled organic fertilizer and appropriate reference treatments. 
Soils will be characterized for basic chemical properties and for biochemical characteristics that are related to the N dynamics. Plants will
be harvested and analyzed for their dry matter production, their N isotope composition and for elemental contents. From the direct (15N)
labeling approach, the proportion of N in the plant derived from the added fertilizers and the percentage of added fertilizer recovered in
plant material will be calculated. The 15N analyses in the soil and in the plant material after the crop cycle will allow drawing a balance of
the added fertilizer and discussing N losses. The comparison of 15N excess in legume and non-legume test plants will demonstrate the use
of the enriched dilution method to estimate symbiotic N2 fixation by the legume. 

The experiments are discussed and carried out by the students supervised by group members (two senior scientists, PhDs, laboratory
staff). The students carry out the data analysis and report their findings in a written report and in an oral presentation.

Lecture notes Documentations will be made available during the course.
Literature Indications during the course.

 Minor in Agricultural Plant Production and Environment
Number Title Type ECTS Hours Lecturers

751-0280-00L Crops in the World Food System W  2 credits 2V A. Walter, A. Lüscher
Abstract Crops in the World Food System presents selected crop species in the context of various cropping systems in Switzerland and the tropics

and depicts mutual relations. Common principles with respect to cultivation and to importance for the World Food System will be depicted
for these showcase species.

Objective This course will foster comprehension for the origin of our food and for basic principles, possibilities and limits of its production. Selected
showcase species will help strengthening the capability of students to analyse cropping systems and to appreciate cropping systems in the
context of ecological, economical and political boundary conditions.

Successful participation in this course will enable students to
a) know the most important arable crops of Switzerland. 
b) analyse cropping systems and relations between them in a global context.
c) understand the relevance of cropping systems in the context of ecological and economic boundary conditions of the World Food System.
d) comprehend the effects of the market (domestic and export-oriented) and of ecological and political boundary conditions on the intensity
and the procedure of cultivating certain crops

Content Die Veranstaltung gliedert sich in zwei Abschnitte, die von  Dozierenden aus dem jeweiligen Fachgebiet unterrichtet werden. 

Im ersten Abschnitt von acht oder neun Doppelstunden werden vor allem zentrale Kulturpflanzen der Schweiz und angrenzender Länder
behandelt. Ein besonderer Schwerpunkt wird dabei auf Weizen gelegt. Für die wichtigsten ackerbaulichen Kulturpflanzen werden zentrale
Aspekte der Produktion, aber auch der Nutzung und Qualitätskriterien der Produkte vorgestellt. Auch Weiterentwicklungsmöglichkeiten für
Anbau und Entwicklung neuer Sorten sowie Forschungsfelder werden angesprochen. Ferner werden ausgewählte tropische Nutzpflanzen
in für sie typischen Nutzungssystemen dargestellt. Bei allen Kulturpflanzen werden folgende Themen in unterschiedlicher Intensität
behandelt: Ihre Bedeutung im Ernährungssystem, daraus gewonnene Produkte, Botanik, Oekophysiologie, Anbautechnik, Züchtung sowie
ernährungsphysiologische Aspekte.

Im zweiten Abschnitt werden die Bedeutung der Wiesen und Weiden als Landnutzungsform und das Leitbild des Schweizerischen
Futterbaus vorgestellt. Morphologische Eigenschaften und Ansprüche der wichtigsten Gräser- und Leguminosenarten zur
Raufutterproduktion im gemässigten Klima werden dargestellt. Darauf aufbauend wird beispielhaft die Bewirtschaftung intensiv und
extensiv genutzter Wiesen behandelt und aufgezeigt wie sich diese unterschiedliche Bewirtschaftung auf die botanische
Zusammensetzung und die Leistungen der Wiese auswirkt.

751-4002-00L Grassland Systems W  2 credits 2G N. Buchmann
Abstract This course focuses on grasslands globally and their respective properties. Spatial distribution, vegetation composition, soils,  management

and productivity as well as the impact of fire, invasion or over-exploitation will be discussed.
Objective The students will know important grassland systems globally as well as their ecological characteristics. They will be able to evaluate the

various impacts on yields and biogeochemical cycles in grassland systems in different climates. Furthermore, they will be able to
independently work with scientific literature, summarize scientific argumentation/Interpretation in writing and with oral presentations in
class.

Content In diesem Kurs werden Grasländer weltweit betrachtet und ihre Besonderheiten, v. a. in der Artenzusammensetzung, den Stoffumsätzen
und ihrer Bewirtschaftung, im Vergleich zu Schweizer Grasländern erarbeitet. Faktoren wie Feuer, invasive Arten, Übernutzung,
Extensivierung und Intensivierung werden besprochen. Auswirkungen von globalem Wandel, d. h., Änderungen im Klima und in der
Landnutzung, auf Grasländer und ihre Erträge sowie Auswirkungen internationaler Verträge (Kyoto-Protokoll, Biodiversitätskonvention,
Desertifikationskonvention) werden diskutiert.

Lecture notes Handouts stehen online.
Prerequisites /
notice

Dieser Kurs basiert auf den Kursen "Öko- und Ertragsphysiologie" und "Crop Science: Teil Futterbau". Er bildet die Basis für den ebenfalls
systemorientierten Kurs "Biogeochemistry and Sustainable Management" im Master.
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751-4107-01L Introduction of Production of Crops and Forage
This course is a part of the greater course 751-4107-00
Production of Crops and Forage including Aspects of
Herbology and Plant Taxonomy and is only intended for
students from relevant minors. 

This course cannot be taken by students who are NOT
registered for BSc in Agricultural Sciences.

W  2 credits 2V A. Walter, V. Klaus, A. Lüscher,
W. Richner

751-5000-00L Sustainable Agroecosystems I W  2 credits 2G J. Six, M. Hartmann, A. Hofmann,
C. Schöb

Abstract This lecture with integrated exercises and farm visit introduces the factors, processes and interactions that control the functioning of
temperate and tropical agroecosystems. Students will be guided to critically examine agricultural practices and management strategies to
increase resource use efficiency, while minimizing negative impacts on the environment and ensuring socio-economic viability.

Objective Students critically analyze concepts of sustainable agriculture.
Literature Gliessman, S.R. (2015) Agroecology: The ecology of sustainable food systems, CRC Press, 371 p.
Prerequisites /
notice

The integrated exercises allow students to put their knowledge into practice in a greenhouse experiment, the "Complex vegetable system
challenge".

751-4003-02L Current Topics in Grassland Sciences (FS) W  2 credits 2S N. Buchmann
Abstract Research results from published or on-going studies in grassland as well as forest sciences will be presented and discussed by

experienced researchers as well as Ph.D. students and graduate students. Topics will range from plant ecophysiology, biodiversity and
biogeochemical cycling to management aspects in agro- and forest ecosystems.

Objective Students will be able to understand and evaluate experimental design and data interpretation of experimental studies, be able to critically
analyze published research results, practice to present and discuss results in the public, and gain a broad knowledge of recent research
and current topics in agro- and forest ecosystem sciences.

Content Citation classics as well as most recent research results from published or on-going studies will be presented and discussed. Topics will
range from plant ecophysiology, biodiversity and biogeochemical cycling to management aspects in agro- and forest ecosystems.

Lecture notes none
Prerequisites /
notice

Useful: Attendance of the courses "Öko- und Ertragsphysiologie", "Crop Science, Part Futterbau", "Graslandsysteme" in the Bachelor or
similar courses. Language will be English.

751-4902-00L Modern Pesticides - Mode of Action, Residues and
Environmental Fate

W  2 credits 2V T. Poiger, M. E. Balmer, I. J. Bürge

Abstract The biochemical principles of the mode of action of plant protection products (PPP) are presented. Important topics are mechanisms for
selectivity, development of resistance, residue formation in crops and food safety as well as behavior in the environment.

Objective The structures and modes of action of modern pesticides (synthetical compounds, natural compounds) are presented. The structure-
activity relationships lead to considerations of actual use conditions in crops such as fungicides in viticulture, residues in edible parts of
treated plants, possible side effects and environmental fate.

Content After a short introduction on pesticide registration (administrative process as in Switzerland and EC, food safety), the biochemical
background of the mode of action of important groups of PPP active ingredients is presented. Furthermore, selectivity of pesticides,
leaching of herbicides to groundwater, accumulation of pesticides in soil, development of resistance of fungicides, formation of residues in
edible parts of the crops, and side-effects on non-target organisms shall be covered.

Lecture notes An e-script (pdf-files) is provided as download at the beginning of spring term.
Literature none

 Minor in Environmental, Resource and Food Economics
Number Title Type ECTS Hours Lecturers

751-1500-00L Development Economics W  3 credits 2V I. Günther, K. Harttgen
Abstract Introduction into basic theoretical and empirical aspects of economic development. Prescriptive theory of economic policy for poverty

reduction.
Objective The goal of this lecture is to introduce students to basic development economics and related economic and developmental contexts.
Content The course begins with a theoretical and empirical introduction to the concepts of poverty reduction and issues of combating

socioeconomic inequality. Based on this, important external and internal drivers of economic development and poverty reduction are
discussed as well as economic and development policies to overcome global poverty. In particular, the following topics are discussed:

- measurement of development, poverty and inequality, 
- growth theories
- trade and development
- education, health, population and development
- states and institutions
- fiscal,monetary- and exchange rate policies

Lecture notes None.
Literature Günther, Harttgen und Michaelowa (2020): Einführung in die Entwicklungsökonomik.
Prerequisites /
notice

Voraussetzungen: 
Grundlagenkenntisse der Mikro- und Makroökonomie. 

Besonderes:
Die Veranstaltung besteht aus einem Vorlesungsteil, aus eigener Literatur- und Recherchearbeit sowie der Bearbeitung von
Aufgabenblättern. 

Die Vorlesung basiert auf: Günther, Harttgen und Michaelowa (2019): Einführung in die Entwicklungsökonomik. Einzelne Kapitel müssen
jeweils vor den Veranstaltungen gelesen werden. In den Veranstaltungen wird das Gelesene diskutiert und angewendet. Auch werden
offene Fragen der Kapitel und Übungen besprochen.

751-1552-00L Agrarian Resource and Environmental Economics W  2 credits 2V W. Hediger
Abstract Theoretical, formal and methodological foundations for the economic analysis of actual problems of environmental and natural resource

use in agriculture and the evaluation of related policy measures (issues of optimal land and water allocation, optimal forest management,
methods of environmental valuation, economics of nature conservation, treatment of uncertainty and irreversibility).

Objective At the end of the course, the students are able to use economic principles (theory and methods) to critically analyze and discuss actual
issues and problems of agricultural resource and environmental and policy appraisal  in particular in the domain of land and water use  and
to provide a problem adequate and economically sound argumentation.

Content Principles of economic efficiency and optimal resource allocation; Valuation and use of land and water; Multifunctionality; Economics of
forestry; Environmental valuation; economics of nature conservation; Irreversibility, risk and uncertainty.
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Lecture notes no script
(Handouts to the course will be made available on Moodle, timely in advance).

Literature - Textbook: Perman, Ma, Common, Maddison, McGilvray: Natural Resource and Environmental Economics, 4th edition. Pearson, Harlow,
2011 (selected chapters).
- Distribution of complementary literature during the course.

Prerequisites /
notice

Knowledge of the basics of resource and environmental economics (LV 751-1551-00L or equivalent) is a prerequisite; principles of
microeconomics (LV 751-0901-00 or equivalent) are recommended); willingness to investigate in formal analyses is expected.

751-1555-00L Empirical Agricultural Economics W  3 credits 2G D. J. Wüpper, T. Dalhaus
Abstract This course covers quantitative methods to answer empirical research questions in agricultural economics and related disciplines. Such

questions include causes of agricultural outcomes and effects of policies. Covered: Difference-in-Difference, Regression Discontinuity
Design, Instrumental Variables, Choice Experiments, Non-linear climate impacts and more. Lectures and practical exercises.

Objective After successful completion of the course, the students understand the potential and limitations of different econometric methods to answer
their research questions. They understand the assumptions that need to be fulfilled and they know how to apply the methods. When they
see applications of the methods, they can assess the reliability of the results.

Content Regression, 
Difference-in-Difference, 
Regression Discontinuity Design, 
Instrumental Variables, 
Choice Experiments, 
Non-linear Effects,
Weather Risks and Climate Change in Agriculture, 
Weather Data handling, 
Insurance design

Literature Angrist and Pischke: Mastering Metrics
Greene: Econometric Analysis

Prerequisites /
notice

Basic knowledge in microeconomic theory, statistics, and econometric analysis is clearly helpful but not required. Experience with the
application of statistical software is advantageous too.

751-1560-00L Production, Investment and Risk Management in
Agriculture

W  3 credits 2V R. Finger

Abstract Vertiefung und Anwendung von betriebswirtschaftlichem Konzepten, Analyse- und Planungsinstrumenten sowie Aspekten des
Risikomanagements in Unternehmen der Agrar- und Ernährungswirtschaft

Objective Studenten sollen am Ende der Vorlesung i) grundlegende Unternehmensentscheide selbstständig strukturieren können, ii) verschiedene
Methoden und Instrumente auf Fragestellungen der Produktionsplanung, Investition und Finanzierung sowie der Risikoanalyse und des
Risikomanagements anwenden können, iii) über verschieden Werkzeuge zur unternehmerischen  Entscheidungsunterstützung verfügen
und dabei insbesondere die Umsetzung mit relevanter Software (z.B. Tabellenkalkulationsprogrammen) beherrschen.

Content Die Vorlesung geht auf folgende Inhalte, mit spezifischen Anwendungen im Agrar- und Ernährungssektors ein:

Produktionstheorie & Produktionsprogrammplanung
Integrierte Planung von Investition & Finanzierung 
Risikoanalyse & Risikomanagement im Unternehmen 

Die Veranstaltung kombiniert Vorlesungen, die eigenständige Aufarbeitung von Inhalten, Übungsblöcke und Anwendungen in relevanter
Software

Lecture notes Vorlesungsunterlagen werden im Laufe des Semesters zur Verfügung gestellt
Literature Musshoff, O. und Hirschauer, N. (2016). Modernes Agrarmanagement: Betriebswirtschaftliche Analyse- und Planungsverfahren. 4.

Auflage. Vahlen http://www.vahlen.de/productview.aspx?product=16441820 

Debertin, D. L. (2012). Agricultural production economics. University of Kentucky. http://uknowledge.uky.edu/agecon_textbooks/1/

751-2102-00L History of Food and Agriculture W  3 credits 2V P. Aerni
Abstract Knowledge about the history of food and agriculture is crucial to understanding the emergence of modern agriculture and public resistance

to industrial farming. The lecture discusses the evolution of agriculture and its impact on social structures, human health and the
environment from an anthropological, a cultural, a political and a technological point of view.

Objective - to become familiar with the milestones of the history of food and agriculture
- to understand innovation in agriculture as one of the major forces of change in the history of mankind
- to learn how perceptions, politics and policies in food and agriculture are shaped by social, technological and environmental change
- to be able to embed the current debate on the food crisis and climate change into a historical context
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Content This lecture starts with the Neolithic revolution and its cultural and environmental impact on humankind. In this context, it will discuss the
transition from hunter-and-gatherer societies to societies that rely more upon the domestication of nature (agriculture and pastoralism)
(Keeley 1996, Diamond 1999). 
The various forms of domestication of plants and animals and their economic, political and environmental implications for society will be
discussed using examples from different parts of the world (Stone et al.2007).
The emergence of civilization based on agrarian law will be discussed by using the example of the Roman Republic and later the Roman
Empire (Weber 1891, Love, 1996).
Subsequent innovations such as the three-field system in medieval times, the introduction of new plants and animals during the colonial
period, and scientific and technological breakthroughs in plant breeding, agricultural practices and food preservation in the 19th century
gave a major boost to agricultural productivity, food availability and agro-biodiversity. These prior developments also laid the foundation for
industrial agriculture at the beginning of the 20th century (Kingsbury 2009). The global implications resulting from change in food
preferences and agricultural innovation will be illustrated by using selected examples of innovations in food and agriculture (Braudel 2002,
Pendergast 2010). 
Public resistance to industrial agriculture manifested itself in the early 1920s with counter-movements such as biodynamic farming
(Kingsbury 2009) but also with organized lobbying groups that fought against change caused by refrigeration and cheap food (Freidberg
2009). Applying science to plant and animal breeding also caused a cultural divide in biology departments at universities between those
who changed nature (plant breeders) and those who wanted to preserve it (botanists, ecologists) (Anker 2001).
The period during and after the two World Wars changed the business of agriculture entirely. Food security became a matter of national
security and thus justified state intervention on all levels in the production of food from farm to fork. This also helps explain why the Green
Revolution was largely a public sector initiative that cared more for productivity increases on the supply side than for consumer preferences
on the demand side (Aerni 2007). After the end of the Cold War, attention shifted from the supply side to the demand side and thus from
food security to food safety. 
Food safety concerns were largely due to distrust of industrial agriculture and this led to major policy shifts in the way agricultural subsidies
and resources were allocated and how food safety was managed and monitored. While the public sector largely withdrew from investing in
productivity-related agricultural research, the private sector started to invest more. This led to the growing need to engage again in public-
private partnership, as had been the case in the 19th century. Despite the Agreement on Agriculture of the World Trade Organization,
agricultural trade remains highly restricted and the growing vertical integration of the food supply chain tends to concentrate market power
with global retailers. They have designed private standards that are meant to protect consumers from unsafe food and promote good
agricultural practices abroad, as well as ethical trade. Yet, the increasing importance of south-south trade in agriculture and the global food
crisis might again shift more power back to producers (Aerni 2009).

Lecture notes https://www.ethz.ch/content/specialinterest/gess/cis/international-relations/en/teaching/materials/history-of-food-and-agriculture.html
Literature Aerni, Philipp (2011) Food Sovereignty and its Discontents. ATDF Journal 8(1/2): 23-49.

Aerni, Philipp (2011) Do Political Attitudes Affect Consumer Choice? Evidence from a Large-Scale Field Study with Genetically Modified
Bread in Switzerland. Sustainability 3: 1555-1572.
Aerni, Philipp (2009) What is sustainable agriculture? Empirical evidence of diverging views in Switzerland and New Zealand. Ecological
Economics 68(6): 1872-1882.
Aerni, Philipp. 2007. Exploring the Linkages between Commerce, Higher Education and Human Development: A Historical Review. ATDF
Journal 4(2): 35-47.
Anker, Peder (2001) Imperial Ecology: Environmental Order in the British Empire, 1895-1945. Harvard University Press, Cambridge, MA.
Braudel, Fernand (2002) The Wheels of Commerce. Civilization and Capitalism 15th -18th, Volume II. Phoenix Press, London.
Cook, Harold (2008) Matters of Exchange: Commerce, Medicine, and Science in the Dutch Golden Age. Yale University Press, New
Haven.
Fagan, Brian (2001) The Little Ice Age: How Climate Made History. Basic Books, New York.
Morgan, Dan (1979) Merchants of Grain: The Power and Profits of the Five Giant Companies at the Center of the World's Food Supply.
iUniverse, Inc: Lincoln, NE.
Diamond, Jared (1999) Guns, Germs and Steel. Norton, New York.
Freidberg, Susanne (2009) Fresh: A Perishable History. Harvard University Press, Cambridge, MA.
Freidberg, S. (2007). Supermarkets and imperial knowledge. Cultural Geographies, 14(3): 321-342.
Kingsbury, N. (2009) Hybrid: the History and Science of Plant Breeding. University of Chicago Press, Chicago.
Love, John (1986) Max Weber and the Theory of Ancient Capitalism. History and Theory 25(2): 152-172.
Stone, Linda, Lurquin, P. F. and Cavalli-Sforza (2007) Genes, Culture, and Human Evolution: A Synthesis. Blackwell, Malden, MA.
The Economist, 2008. Hunters and Gatherers: Noble or Savage, Dec. 19th.
Keeley, Lawrence, H. (1996) War Before Civilization. Oxford University Press, Oxford.
Pendergast, M. (2010) Uncommon Grounds: The History of Coffee and how it transformed our World. Basic Books, New York.
Weber, M. (1891) Die römische Agrargeschichte in ihrer Bedeutung für das Staats- und Privatrecht. Stuttgart.

Prerequisites /
notice

The 2-hour course will be held as a series of lectures. The course materials will be available in form of an electronic Reader at the
beginning of the semester.
The class will be taught in English.
Students will be asked to give a (a) presentation (15 Minutes) or write a review paper based on a article selected from the electronic script,
and (b) they will have to pass a written test at the end of the course in order to obtain 3 credit points in the ECTS System. In the final mark
(a) will have a weight of 40% and (b) 60%.

751-2312-00L Agricultural Policy W  3 credits 2V R. Huber
Abstract In dieser Vorlesung werden die Grundlagen einer rationalen Agrarpolitik vermittelt. Anhand von aktuellen Beispielen aus der nationalen und

internationalen Agrarpolitik werden Zusammenhänge zwischen Märkten und Politikmassnahmen illustriert und wohlfahrtsökonomische
Grundlagen zur Beurteilung dieser Massnahmen vorgestellt.

Objective Die Studierenden kennen die ökonomischen und politischen Grundkonzepte der Agrarpolitik und deren konkrete Umsetzung in der
Schweiz. Sie kennen die Wirkungsweise von agrarpolitischen Massnahmen und Instrumenten, können diese kritisch beurteilen und auf
unterschiedliche Fragestellungen anwenden.

Content Einleitung und historischer Entwicklung; Ziele und Zielsysteme der Agrarpolitik; Grundzüge der Wohlfahrtstheorie;  Instrumente der
Agrarpolitik (Markt- und Preispolitik; Agrarstrukturpolitik; Agrarumweltpolitik; Agrarsozialpolitik); aktuelle Agrarpolitik in der Schweiz,
Grundzüge der neuen politischen Ökonomie

 Transdisziplinary Case Studies
Number Title Type ECTS Hours Lecturers

701-1502-00L Transdisciplinary Case Study
Does not take place this semester.
Number of participants limited to 25.

Students have to apply for this course by sending a two-
page motivation letter (why are you interested? what do
you want to learn? what can you contribute?) to
michael.stauffacher@usys.ethz.ch and
pius.kruetli@usys.ethz.ch (latest by 10th January 2020).

Important: for students in Agricultural Sciences, the case
study can replace the compulsory course 751-1000-00L

W  7 credits 15P M. Stauffacher
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Interdisciplinary Project Work!
Abstract This course is a project-oriented and research based teaching activity organized in a real-world setting. Students work on societally

relevant problems. Sustainability issues and collaboration between science and society are key.
In 2020, the case area is Seychelles, a small developing island state in the Indian ocean.

Objective Students learn how to plan and implement their research work in interdisciplinary and intercultural teams of students. This includes:
structure ill defined problems; derive research questions; design research plans; apply qualitative and quantitative methods; work in
interdisciplinary and inter-cultural teams; organise transdisciplinary collaboration between research and people from outside academia.

Content The Seychelles is a Small Island Developing State (SIDS) in the Indian Ocean comprising some 115 islands spread over a sea area of 1.4
million km2. SIDS share some common characteristics. They are: small in size and economy; are remote and isolated from international
markets; are vulnerable against external disturbances and climate change effects. Seychelles is highly dependent on  intact nature.
Tourism and fishery are major economic pillars. Seychelles is in transformation from a developing to a developed country.

Between 2012-2015 ARUP, an international consultant, developed the Strategy Plan Seychelles 2040. The Seychelles Planning Authority
is currently working on the implementation of the strategy plan. Current major activity is land use planning.

The preparation of the case study happens in close collaboration with the Seychelles Planning Authority, major partner of the case study, to
secure that research is relevant for the local context and can have concrete impacts in the case area. Together we defined Sustainable
Land Use as umbrella theme. Topics to look at may include transport infrastructure, tourism, conservation, housing, agriculture, etc.

This is the third time that the transdisciplinary case study is organized in Seychelles. In 2016 and 2018 we were working on solid waste
management. While in 2016 the goal was to provide the 'big' picture of the Seychelles waste system, in 2018 the focus was on waste
sorting and waste treatment options, see: https://tdlab.usys.ethz.ch/teaching/tdcs/former/cs2016.html
https://tdlab.usys.ethz.ch/teaching/tdcs/former/cs2018.html



See as well the short movie here which explains what the transdisciplinary case study is
http://www.tdlab.usys.ethz.ch/teaching/tdcs.html

Prerequisites /
notice

The number of participants is limited. Students have to apply for this course by sending a two-page motivation letter. The letter should refer
to: Why are you interested? What do you want to learn? What can you contribute? The latter may include particular skills you have the
case study could benefit from. Please send the letter to michael.stauffacher@usys.ethz.ch and pius.kruetli@usys.ethz.ch (latest by January
10, 2020).

Important: for students in Agricultural Sciences, the case study can replace the compulsory course 751-1000-00L Interdisciplinary Project
Work!

701-1504-00L ETH Sustainability Summer School
Does not take place this semester.
Block course: does not take place in 2020. It will probably
take place in 2021.

W  3 credits 6G

Abstract The ETH Sustainability Summer School provides young researchers with the opportunity to work on current and sustainability-related
topics in interdisciplinary and intercultural teams. Focus is given not only to teaching theoretical knowledge but also to solving specific case
studies.

Objective Within ETH Zurich's Critical Thinking Initiative (CTI), students further develop their critical thinking and communications skills including: the
capability to analyse and reflect critically, to form an independent opinion and develop a point of view, as well as to communicate, argue
and act in an effective and responsible manner.

Based on this concept, the ETH Sustainability Summer School is providing its students with the following qualifications and learning
outcomes:

- Interdisciplinary and multicultural competence: Students gain basic knowledge in scientific disciplines beyond their own and learn how to
work effectively in interdisciplinary and multicultural teams.

- Methodological competence: Students gain basic knowledge of different scientific methods beyond their selected study discipline.

- Reflection competence: Students learn to critically reflect their own way of thinking, their own research approaches, and how academia
influences and interacts with society at large.

-    Implementation skills: Students will apply creative technologies in solution finding processes to gain knowledge and prototyping-skills to
increase hands-on experience by applying knowledge in concrete cases.

This year's event on solid waste management is a collaboration between ETH Sustainability, the ETH for Development (ETH4D) Initiative
and Kwame Nkrumah University of Science and Technology (KNUST, Kumasi, Ghana), and will take place at KNUST in Kumasi, Ghana. 

To find more information and to register, visit our website: https://ethz.ch/en/the-
eth-zurich/sustainability/education/summer-and-winter-schools/ETHSustainabilitySummerSchool.html

Literature further information and registration:
https://ethz.ch/en/the-eth-zurich/sustainability/education/summer-and-winter-schools/ETHSustainabilitySummerSchool.html

Prerequisites /
notice

The Summer School 2020 is a collaboration between ETH Sustainability and the ETH for Development (ETH4D) Initiative. It provides
students and young researchers the opportunity to develop and test solutions for a real-world challenge related to solid waste together with
students from the Kwame Nkrumah University of Science and Technology (KNUST, Kumasi Ghana). Students will work in interdisciplinary
and intercultural teams. The three-week summer school will be held in Kumasi Ghana.
We will invite 20 Bachelor, Master and PhD students from ETH Zurich and 40 students from KNUST with a wide range of backgrounds and
disciplines. 

Candidates will be selected from all disciplines. Submitting a motivation letter and CV is a prerequisite for the application. Applicants will be
evaluated on their academic strength, creativity, technical-related expertise, and their dedication to contribute to solving the world's most
pressing challenges.

 Professional Internship
Number Title Type ECTS Hours Lecturers

701-1001-00L Professional Internship
Only for Environmental Sciences MSc.
Completion and enrollment for the course «Professional
Internship” is only possible after     admission
requirements and all additional requirements are fulfilled.

O  30 credits A. Funk
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Abstract In the compulsory internship outside of ETH, the students in Environmental Sciences learn about how environmental issues are handled
professionally through their own practical work and by applying the knowledge they have acquired. They will analyse complex
environmental problems on scientific, technical and social levels and develop solutions in conjunction with social actors.

Objective During the internship, students will learn how to professionally handle environmental issues from the technical-scientific, planning,
administrative, and/or advisory perspective through their own practical experiences. They should apply the knowledge acquired from their
studies. Furthermore, students will deepen their understanding in terms of development and implementation of environmental-friendly
solutions in an everyday work-routine. Through this experience, they will develop important professional competence. Moreover, the
internship will show them possible professional fields and establish valuable contacts for starting their careers in the future.

Content The professional internship is a compulsory part of the Master’s degree programme and requires that each student complete 18 weeks
outside of ETH Zurich. It can be completed in Switzerland or abroad. The students choose the position of the internship themselves. The
position needs to fulfil the aims and requirements of the compulsory internship. 

Job positions for environmental scientists are available in the following areas: environmental consulting firms, engineering and planning
offices, clean-tech companies, industrial and service companies, federal administration, administration of cantons and municipalities,
organisations and associations as well as companies operating in education, higher education, and media in relation to environmental and
sustainable themes. Generally, the internship is performed outside the realm of the university.

Lecture notes Detailed instructions and templates on the compulsory internship can be found at www.usys.ethz.ch/en/studies/environmental-
sciences/master/internship.html

Literature Application guide ETH Career Center www.ethz.ch/en/industry-and-society/career-center/for-students-and-doctoral-students.html
Prerequisites /
notice

The students look for a placement themselves. In order for an internship to be recognised as compulsory professional internship, an
internship agreement must be approved in advance by the Internship Coordinator.

Further information and support at www.usys.ethz.ch/en/studies/environmental-sciences/master/internship.html

 Master's Thesis
Number Title Type ECTS Hours Lecturers

701-1002-00L Master's Thesis
Only students who fulfill the following criteria are allowed
to begin with their Master's thesis:
a) The signed request for the Bachelor's Degree
Certicicate has been submitted or processed.
b) At least 32 CP of coursework related to the major have
been acquired.
c) All additional requirements (as stated in the admissions
decision), including any assessment repetitions, are
fulfilled. 
additional information is posted on the following webpage:
https://www.usys.ethz.ch/en/studies/environmental-
sciences/master/thesis.html

O  30 credits 64D Lecturers

Abstract The study programme is completed by a Master`s thesis. This component is designed to enable the students to explore how the course
content can be applied to an actual scientific problem. The thesis also provides an opportunity for the students to exercise initiative and to
demonstrate that they are capable of working independently and in a scientifically structured manner.

Objective This component is designed to enable the students to explore how the course content can be applied to an actual scientific problem. The
thesis also provides an opportunity for the students to exercise initiative and to demonstrate that they are capable of working independently
and in a scientifically structured manner.

 Electives
 Course Catalogue of ETH Zurich

Course Catalogue of ETH Zurich

 Additional Electives
Number Title Type ECTS Hours Lecturers

751-5127-00L The Microbiome of the Plant-Soil System: Part I W  2 credits 2G M. Hartmann
Abstract This class conveys the current knowledge and state-of-the-art methods for studying the plant-soil microbiome through a combination of

theoretical input lectures, selected case studies from ongoing research projects, and flipped classroom assignments.
Objective After the course, the participants will be able to

(1) explain how microorganisms influence and respond to changes in the plant-soil system
(2) evaluate the strengths and limitations of specific methods used in microbial ecology research
(3) critically assess current research findings in this field

Content The plant-soil microbiome is an essential component of agroecosystems, regulating crop growth, nutrient use efficiency, stress resilience,
and disease resistance. In this course, students will develop a fundamental understanding of (i) how microorganisms shape the functioning
of the plant-soil system, (ii) how ecosystem management and global changes are influencing diversity and functioning of these microbial
systems, and (iii) how the microbiome might be managed to improve sustainable agricultural production. A strong focus will be placed on
getting to know the methodological toolbox to study microbes in the environment including different next-generation DNA sequencing
applications such as metabarcoding and metagenomics. Theoretical input lectures will be combined with presentations of current research
projects. Flipped classroom assignments will be used to critically discuss research findings of specific publications or to evaluate the
strength and limitation of the specific methods.

Literature Madigan MT, Bender KS, Buckley DH, Sattley WM and Stahl DA (2019). Brock Biology of Microorganisms, 15th edition, Pearson Education
Limited.
Paul E (2014). Soil Microbiology, Ecology and Biochemistry, 4th edition, Academic Press.

Prerequisites /
notice

The participants should have some basic background in biology and a keen interested in learning and discussing how microorganisms
shape the functioning of our planet. Whereas this course unit can be taken as standalone class, it also serves as preparatory class for the
hands-on block course on microbiome analysis (The Microbiome of the Plant-Soil System: Part II).

751-5127-01L The Microbiome of the Plant-Soil System: Part II
The course 751-5127-00 The Microbiome of the Plant-Soil
System: Part I is a prerequisit of this course (for MSc
students).

PhD-students from the Plant Science Centre or from the
Life Science Zurich Graduate School should register via
the https://ethz.ch/services/en/service/courses-
continuing-education.html (> Select Plant Sciences)

W  1 credit 2P M. Hartmann
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Abstract This computer block course provides a thorough introduction to the application of next-generation sequencing techniques for analyzing
diversity of microbial communities. Using a combination of theoretical lectures and hands-on computer exercises, the participants learn the
computational steps from bioinformatic processing of sequencing reads down to the final statistical evaluations.

Objective After the course, the participants will be able to
1) understand the concept, potential and limitation of microbial NGS applications
2) know how to process raw metabarcoding data to obtain meaningful information
3) use multivariate statistical methods evaluate and visualize microbial community data 
4) make informed decisions on best practices for their own data

Prerequisites /
notice

The participants should have some background in microbial ecology and understand the basics of next-generation sequencing techniques
as a tool to study microbes in the environment. Participants that are not familiar with these topics are encouraged to take the course unit
«The Microbiome of the Plant-Soil System: Part I» as preparatory class (mandatory for master students). No programming or scripting
expertise is required, but some basic experience with using command line applications is of advantage since not all the basics can be
thoroughly covered in that short amount of time. However, some basic introduction to UNIX-based command line applications will be
provided on the first day. All hands-on exercises will be run on UNIX-environments (Linux, Mac) and participants are expected to bring their
own UNIX-based laptop (please consult your IT representative if necessary). All statistical analyses will be run in R using RStudio (any
operating system). Participants should have installed the following software packages on their computers: Miniconda, R and RStudio, all
other software tools will be installed on site using the Miniconda package manager.

 Course Units for Additional Admission Requirements
The courses below are only available for MSc students with additional admission requirements.

Number Title Type ECTS Hours Lecturers

406-0062-AAL Physics I
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  5 credits 11R A. Vaterlaus

Abstract Introduction to the concepts and tools in physics: mechanics of point-like and rigid bodies, elasticity theory, elements of hydrostatics and
hydrodynamics, periodic motion and mechanical waves.

Objective Introduction to the scientific methodology. The student should develop his/her capability to turn physical observations into mathematical
models, and to solve them.
The student should acquire an overview over the basic concepts in mechanics.

Content Book: 
Physics for Scientists and Engineers, Douglas C. Giancoli, Pearson Education (2009), ISBN: 978-0-13-157849-4

Chapters:
1, 2, 3, 4, 5, 6 (without: 6-5, 6-6, 6-8), 7, 8 (without 8-9), 9, 10 (without 10-10), 11 (without 11-7), 13 (without 13-13, 13-14), 14 (without 14-
6), 15 (without 15-3, 15-5)

Literature see "Content"

Friedhelm Kuypers
Physik für Ingenieure und Naturwissenschaftler
Band 1: Mechanik und Thermodynamik
Wiley-VCH Verlag, 2002, 544 S, ca.: Fr. 68.-

406-0063-AAL Physics II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  5 credits 11R A. Vaterlaus

Abstract Introduction to the "way of thinking" and the methodology in Physics. The Chapters treated are Magnetism, Refraction and Diffraction of
Waves, Elements of Quantum Mechanics with applications to Spectroscopy, Thermodynamics, Phase Transitions, Transport Phenomena.

Objective Introduction to the scientific methodology. The student should develop his/her capability to turn physical observations into mathematical
models, and to solve the latter.
The student should acquire an overview over the basic concepts used in the theory of heat and electricity.

Content Book: 
Physics for Scientists and Engineers, Douglas C. Giancoli, Pearson Education (2009), ISBN: 978-0-13-157849-4

Chapters:
17 (without 17-5, 17-10), 18 (without 18-5, 18-6, 18-7), 19, 20 (without 20-7, 20-8, 20-9, 20-10, 20-11), 21 (without 21-12), 23, 25 (without
25-9, 25-10), 26 (without 26-4, 26-5, 26-7), 27, 28 (without 28-4, 28-5, 28-8. 28-9, 28-10), 29 (without 29-5, 29-8), 32 (without 32-8), 33
(without 33-4, 33-5, 33-9, 33-10), 34 (without 34-4, 34-6, 34-7), 35 (without 35-2, 35-3, 35-9, 35-11, 35-12, 35-13).

Literature see "Content"

Friedhelm Kuypers
Physik für Ingenieure und Naturwissenschaftler
Band 2 Elektrizität, Optik, Wellen
Verlag Wiley-VCH, 2003, Fr. 77.-

406-0064-AAL Physics I and II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  10 credits 21R A. Vaterlaus

Abstract Concepts and tools in physics: mechanics of point-like and rigid bodies, elasticity theory, elements of hydrostatics and hydrodynamics,
periodic motion and mechanical waves.
The "way of thinking" and the methodology in Physics. Magnetism, Refraction and Diffraction of Waves, Elements of Quantum Mechanics
with applications to Spectroscopy, Thermodynamics, Phase Transitions, Transport Phenomena.

Objective Introduction to the scientific methodology. The student should develop his/her capability to turn physical observations into mathematical
models, and to solve the latter.
The student should acquire an overview over the basic concepts used in mechanics, in the theory of heat and electricity.
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Content Book: 
Physics for Scientists and Engineers, Douglas C. Giancoli, Pearson Education (2009), ISBN: 978-0-13-157849-4

Chapters:
1, 2, 3, 4, 5, 6 (without: 6-5, 6-6, 6-8), 7, 8 (without 8-9), 9, 10 (without 10-10), 11 (without 11-7), 13 (without 13-13, 13-14), 14 (without 14-
6), 15 (without 15-3, 15-5),
17 (without 17-5, 17-10), 18 (without 18-5, 18-6, 18-7), 19, 20 (without 20-7, 20-8, 20-9, 20-10, 20-11), 21 (without 21-12), 23, 25 (without
25-9, 25-10), 26 (without 26-4, 26-5, 26-7), 27, 28 (without 28-4, 28-5, 28-8. 28-9, 28-10), 29 (without 29-5, 29-8), 32 (without 32-8), 33
(without 33-4, 33-5, 33-9, 33-10), 34 (without 34-4, 34-6, 34-7), 35 (without 35-2, 35-3, 35-9, 35-11, 35-12, 35-13).

Literature see "Content"

Friedhelm Kuypers
Physik für Ingenieure und Naturwissenschaftler
Band 1: Mechanik und Thermodynamik
Wiley-VCH Verlag, 2002, 544 S, ca.: Fr. 68.-

Friedhelm Kuypers
Physik für Ingenieure und Naturwissenschaftler
Band 2 Elektrizität, Optik, Wellen
Verlag Wiley-VCH, 2003, Fr. 77.-

406-0251-AAL Mathematics I
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  6 credits 13R A. Cannas da Silva

Abstract This course covers mathematical concepts and techniques necessary to model, solve and discuss scientific problems - notably through
ordinary differential equations.

Objective Mathematics is of ever increasing importance to the Natural Sciences and Engineering. The key is the so-called mathematical modelling
cycle, i.e. the translation of problems from outside of mathematics into mathematics, the study of the mathematical problems (often with the
help of high level mathematical software packages) and the interpretation of the results in the original environment.

The goal of Mathematics I and II is to provide the mathematical foundations relevant for this paradigm. Differential equations are by far the
most important tool for modelling and are therefore a main focus of both of these courses.

Content 1. Linear Algebra and Complex Numbers:
systems of linear equations, Gauss-Jordan elimination, matrices, determinants, eigenvalues and eigenvectors, cartesian and polar forms
for complex numbers, complex powers, complex roots, fundamental theorem of algebra.

2. Single-Variable Calculus:
review of differentiation, linearisation, Taylor polynomials, maxima and minima, fundamental theorem of calculus, antiderivative, integration
methods, improper integrals.

3. Ordinary Differential Equations:
variation of parameters, separable equations, integration by substitution, systems of linear equations with constant coefficients, 1st and
higher order equations, introduction to dynamical systems.

Literature - Bretscher, O.: Linear Algebra with Applications, Pearson Prentice Hall.
- Thomas, G. B.: Thomas' Calculus, Part 1, Pearson Addison-Wesley.

406-0252-AAL Mathematics II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  7 credits 15R A. Cannas da Silva

Abstract Continuation of the topics of Mathematics I. Main focus: multivariable calculus and partial differential equations.
Objective Mathematics is of ever increasing importance to the Natural Sciences and Engineering. The key is the so-called mathematical modelling

cycle, i.e. the translation of problems from outside of mathematics into mathematics, the study of the mathematical problems (often with the
help of high level mathematical software packages) and the interpretation of the results in the original environment.

The goal of Mathematics I and II is to provide the mathematical foundations relevant for this paradigm. Differential equations are by far the
most important tool for modelling and are therefore a main focus of both of these courses.

Content - Multivariable Differential Calculus:
functions of several variables, partial differentiation, curves and surfaces in space, scalar and vector fields, gradient, curl and divergence.

- Multivariable Integral Calculus:
multiple integrals, line and surface integrals, work and flow, Gauss and Stokes theorems, applications.

- Partial Differential Equations:
separation of variables, Fourier series, heat equation, wave equation, Laplace equation, Fourier transform.

Literature - Thomas, G. B.: Thomas' Calculus, Part 2, Pearson Addison-Wesley.
- Kreyszig, E.: Advanced Engineering Mathematics, John Wiley & Sons.

406-0253-AAL Mathematics I & II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  13 credits 28R A. Cannas da Silva

Abstract Mathematics I covers mathematical concepts and techniques necessary to model, solve and discuss scientific problems - notably through
ordinary differential equations.
Main focus of Mathematics II: multivariable calculus and partial differential equations.
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Objective Mathematics is of ever increasing importance to the Natural Sciences and Engineering. The key is the so-called mathematical modelling
cycle, i.e. the translation of problems from outside of mathematics into mathematics, the study of the mathematical problems (often with the
help of high level mathematical software packages) and the interpretation of the results in the original environment.

The goal of Mathematics I and II is to provide the mathematical foundations relevant for this paradigm. Differential equations are by far the
most important tool for modelling and are therefore a main focus of both of these courses.

Content 1. Linear Algebra and Complex Numbers:
systems of linear equations, Gauss-Jordan elimination, matrices, determinants, eigenvalues and eigenvectors, cartesian and polar forms
for complex numbers, complex powers, complex roots, fundamental theorem of algebra.

2. Single-Variable Calculus:
review of differentiation, linearisation, Taylor polynomials, maxima and minima, fundamental theorem of calculus, antiderivative, integration
methods, improper integrals.

3. Ordinary Differential Equations:
variation of parameters, separable equations, integration by substitution, systems of linear equations with constant coefficients, 1st and
higher order equations, introduction to dynamical systems.

4. Multivariable Differential Calculus:
functions of several variables, partial differentiation, curves and surfaces in space, scalar and vector fields, gradient, curl and divergence.

5. Multivariable Integral Calculus:
multiple integrals, line and surface integrals, work and flow, Gauss and Stokes theorems, applications.

6. Partial Differential Equations:
separation of variables, Fourier series, heat equation, wave equation, Laplace equation, Fourier transform.

Literature - Bretscher, O.: Linear Algebra with Applications, Pearson Prentice Hall.
- Thomas, G. B.: Thomas' Calculus, Part 1, Pearson Addison-Wesley.
- Thomas, G. B.: Thomas' Calculus, Part 2, Pearson Addison-Wesley.
- Kreyszig, E.: Advanced Engineering Mathematics, John Wiley & Sons.

406-0603-AAL Stochastics (Probability and Statistics)
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  4 credits 9R M. Kalisch

Abstract Introduction to basic methods and fundamental concepts of statistics and
probability theory for non-mathematicians. The concepts are presented on
the basis of some descriptive examples. The course will be based on the
book "Statistics for research" by S. Dowdy et.al. and on the
book "Introductory Statistics with R" by P. Dalgaard.

Objective The objective of this course is to build a solid fundament in probability
and statistics. The student should understand some fundamental concepts and
be able to apply these concepts to applications in the real
world. Furthermore, the student should have a basic knowledge of the
statistical programming language "R". The main topics of the course are:
- Introduction to probability
- Common distributions
- Binomialtest
- z-Test, t-Test
- Regression

Content From "Statistics for research":
Ch 1: The Role of Statistics
Ch 2: Populations, Samples, and Probability Distributions
Ch 3: Binomial Distributions
Ch 6: Sampling Distribution of Averages
Ch 7: Normal Distributions
Ch 8: Student's t Distribution
Ch 9: Distributions of Two Variables [Regression]

From "Introductory Statistics with R":
Ch 1: Basics
Ch 2: Probability and distributions
Ch 3: Descriptive statistics and tables
Ch 4: One- and two-sample tests
Ch 5: Regression and correlation

Literature "Statistics for research" by S. Dowdy et. al. (3rd
edition); Print ISBN: 9780471267355; Online ISBN: 9780471477433; DOI:
10.1002/0471477435; 
From within the ETH, this book is freely available online under:
http://onlinelibrary.wiley.com/book/10.1002/0471477435

"Introductory Statistics with R" by Peter Dalgaard; ISBN
978-0-387-79053-4; DOI: 10.1007/978-0-387-79054-1
From within the ETH, this book is freely available online under:
http://www.springerlink.com/content/m17578/

529-2001-AAL Chemistry I and II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

All other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  9 credits 19R J. Cvengros

Abstract General Chemistry I and II: Chemical bond and molecular structure, chemical thermodynamics, chemical equilibrium, kinetics, acids and
bases, electrochemistry
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Objective Introduction to general and inorganic chemistry. Basics of the composition and the change of the material world. Introduction to the
thermodynamically controlled physico-chemical processes. Macroscopic phenomena and their explanation through atomic and molecular
properties. Using the theories to solve qualitatively and quantitatively chemical and ecologically relevant problems.

Content 1. Stoichiometry

2. Atoms and Elements (Quantum Mechanical Model of the Atom)

3. Chemical Bonding

4. Thermodynamics

5. Chemical Kinetics

6. Chemical Equilibrium (Acids and Bases, Solubility Equilibria)

7. Electrochemistry

Lecture notes Nivaldo J. Tro
Chemistry - A molecular Approach (Pearson), Chapter 1 - 18

Literature C. E. Housecroft, E. C. Constable, 'Chemistry'.

551-0001-AAL General Biology I
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R U. Sauer, O. Y. Martin, A. Widmer

Abstract Organismic biology to teach the basic principles of classical and molecular genetics, evolutionary biology and phylogeny. 
First in a series of two lectures given over two semesters for students of agricultural and food sciences, as well as of environmental
sciences.

Objective The understanding of basic principles of biology (inheritance, evolution and phylogeny) and an overview of the diversity of life.
Content The first semester focuses on the organismal biology aspects of genetics, evolution and diversity of life in the Campbell chapters 12-34.


Week 1-7 by Alex Widmer, Chapters 12-25
12 Cell biology Mitosis
13 Genetics Sexual life cycles and meiosis
14 Genetics Mendelian genetics
15 Genetics Linkage and chromosomes
20 Genetics Evolution of genomes 
21 Evolution How evolution works
22 Evolution Phylogentic reconstructions
23 Evolution Microevolution
24 Evolution Species and speciation
25 Evolution Macroevolution

Week 8-14 by Oliver Martin, Chapters 26-34
26 Diversity of Life Introdution to viruses
27 Diversity of Life Prokaryotes
28 Diversity of Life Origin & evolution of eukaryotes
29 Diversity of Life Nonvascular&seedless vascular plants
30 Diversity of Life Seed plants
31 Diversity of Life Introduction to fungi
32 Diversity of Life Overview of animal diversity
33 Diversity of Life Introduction to invertebrates
34 Diversity of Life Origin & evolution of vertebrates

Lecture notes No script
Literature Campbell et al. (2018) Biology - A Global Approach. 11th Edition (Global Edition
Prerequisites /
notice

This is a virtual self-study lecture for non-german speakers of the "Allgemeine Biology I (551-0001-00L) lecture. The exam will be written
jointly with the participants of this lecture.

Example exam questions will be discussed during the lectures, and old exam questions are kept by the various student organisations. If
necessary, please contact Prof. Uwe Sauer (sauer@ethz.ch) for details regarding the exam.

551-0003-AAL General Biology I+II
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  7 credits 13R U. Sauer, K. Bomblies, O. Y. Martin,
A. Widmer

Abstract General Biology I: Organismic biology to teach the basic principles of classical and molecular genetics, evolutionary biology and phylogeny.

General Biology II: Molecular biology approach to teach the basic principles of biochemistry, cell biology, cgenetics, evolutionary biology
and form and function of vacular plants.

Objective General Biology I: The understanding of basic principles of biology (inheritance, evolution and phylogeny) and an overview of the diversity
of life.

General Biology II: The understanding basic concepts of biology: the hierarchy of the structural levels of biological organisation, with
particular emphasis on the cell and its molecular functions, the fundamentals of metabolism and molecular genetics, as well as form and
function of vascular plants.
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Content General Biology I:
General Biology I focuses on the organismal biology aspects of genetics, evolution and diversity of life in the Campbell chapters 12-34.

Week 1-7 by Alex Widmer, Chapters 12-25
12 Cell biology Mitosis
13 Genetics Sexual life cycles and meiosis
14 Genetics Mendelian genetics
15 Genetics Linkage and chromosomes
20 Genetics Evolution of genomes
21 Evolution How evolution works
22 Evolution Phylogentic reconstructions
23 Evolution Microevolution
24 Evolution Species and speciation
25 Evolution Macroevolution

Week 8-14 by Oliver Martin, Chapters 26-34
26 Diversity of Life Introdution to viruses
27 Diversity of Life Prokaryotes
28 Diversity of Life Origin & evolution of eukaryotes
29 Diversity of Life Nonvascular&seedless vascular plants
30 Diversity of Life Seed plants
31 Diversity of Life Introduction to fungi
32 Diversity of Life Overview of animal diversity
33 Diversity of Life Introduction to invertebrates
34 Diversity of Life Origin & evolution of vertebrates

General Biology II: The structure and function of biomacromolecules; basics of metabolism; tour of the cell; membrane structure and
function; basic energetics of cellular processes; respiration, photosynthesis; cell cycle, from gene to protein; structure and growth of
vascular plants, resource acquisition and transport, soil and plant nutrition.

Specifically the following Campbell chapters will be covered:
3    Biochemistry    Chemistry of water
4    Biochemistry    Carbon: the basis of molecular diversity
5    Biochemistry    Biological macromolecules and lipids
7    Cell biology    Cell structure and function
8    Cell biology    Cell membranes
10    Cell biology    Respiration: introduction to metabolism
10    Cell biology    Cell respiration
11    Cell biology    Photosynthetic processes
16    Genetics    Nucleic acids and inheritance
17    Genetics    Expression of genes
18    Genetics    Control of gene expression
19    Genetics    DNA Technology
35    Plant structure&function    Plant Structure and Growth
36    Plant structure&function    Transport in vascular plants
37    Plant structure&function    Plant nutrition
38    Plant structure&function    Reproduction of flowering plants 
39    Plant structure&function    Plants signal and behavior

Lecture notes No script
Literature Campbell et al. (2018) Biology - A Global Approach. 11th Edition  (Global Edition)
Prerequisites /
notice

Basic general and organic chemistry


This is a virtual self-study lecture for non-German speakers of the "Allgemeine Biology I (551-0001-00L)  and "Allgemeine Biology II (551-
0002-00L) lectures. The exam will be written jointly with the participants of this lecture.

701-0023-AAL Atmosphere
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R E. Fischer, T. Peter

Abstract Basic principles of the atmosphere, physical structure and chemical composition, trace gases, atmospheric cycles, circulation, stability,
radiation, condensation, clouds, oxidation capacity and ozone layer.

Objective Understanding of basic physical and chemical processes in the atmosphere.  Understanding of mechanisms of and interactions between:
weather - climate, atmosphere - ocean - continents, troposhere - stratosphere.  Understanding of environmentally relevant structures and
processes on vastly differing scales.  Basis for the modelling of complex interrelations in the atmospehre.

Content Basic principles of the atmosphere, physical structure and chemical composition, trace gases, atmospheric cycles, circulation, stability,
radiation, condensation, clouds, oxidation capacity and ozone layer.

701-0243-AAL Biology III: Essentials of Ecology
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R J. Alexander

Abstract This course assigns reading for students needing further background for understanding ecological processes. Central problems in ecology,
including population growth and regulation, the dynamics of species interactions, the influence of spatial structure, the controls over
species invasions, and community responses to environmental change will be explored from basic and applied perspectives.
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Objective Students will understand how ecological processes operate in natural communities. They will appreciate how mathematical theory, field
experimentation, and observational studies combine to generate a predictive science of ecological processes.

Upon completing the course, students will be able to:

Understand the factors determining the outcome of species interactions in communities, and how this information informs management.

Apply theoretical knowledge on species interactions to predict the potential outcomes of novel species introductions.

Understanding the role of spatial structure in mediating population dynamics and persistence, species interactions, and patterns of species
diversity.

Use population and community models to predict the stability of interactions between predators and prey and between different
competitors.

Understand the conceptual basis of predictions concerning how ecological communities will respond to climate change.

Content Readings from a text book will focus on understanding central processes in community ecology. Topics will include demographic and
spatial structure, consumer resource interactions, food webs, competition, invasion, and the maintenance of species diversity. Each of
these more conceptual topics will be discussed in concert with their applications to the conservation and management of species and
communities in a changing world.

701-0401-AAL Hydrosphere
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R R. Kipfer, M. H. Schroth

Abstract Qualitative and quantitative understanding of the physical processes that control the terrestrial water cycle. Energy and mass exchange,
mixing and transport processes are described and the coupling of the hydrosphere with the atmosphere and the solid Earth are discussed.

Objective Qualitative and quantitative understanding of the physical processes that control the terrestrial water cycle. Energy and mass exchange,
mixing and transport processes are described and the coupling of the hydrosphere with the atmosphere and the solid Earth are discussed.

Content Topics of the course.
Physical properties of water (i.e. density and equation of state)
- global water resources
Exchange at boundaries
- energy (thermal & kinetic), gas exchange
Mixing and transport processes in open waters
- vertical stratification, large scale transport
- turbulence and mixing
- mixing and exchange processes in rivers
Groundwater and its dynamics
- ground water as part of the terrestrial water cycle
- ground water hydraulics, Darcy's law
- aquifers and their properties
- hydrochemistry and tracer
- ground water use
Case studies
- 1. Water as resource, 2. Water and climate

Literature Textbooks for self-studying.
Surface water.
'Physics and Chemistry in Lakes', ed: Lerman, A., Imboden, D.M., and Gat, J., Springer Verlag, 1995: 
Chapter 4: Imboden, D.M., and Wüest, A. 'Mixing Mechanisms in Lakes'
'Environmental Organic Chemistry', ed: Schwarzenbach, R., Imboden, D. M., and Gschwend, Ph., Willey, 2002:
Chapter 6.4: Air-Water Partitioning
Chapter 19.2: Bottleneck Boundaries

Ground water:
Fitts, C.R., 2013. Groundwater Science. 2nd ed., Academic Press, Amsterdam.


Optional additional readers.
Park, Ch., 2001, The Environment, Routledge, 2001
Fetter, C.W. 'Applied Hydrogeology', Prentice Hall, 1994 (3rd edition).

701-0501-AAL Pedosphere
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R R. Kretzschmar

Abstract Introduction to the formation and properties of soils as a function of parent rock, landscape position, climate, and soil organisms. Complex
relationships between soil forming processes, physical and chemical soil properties, soil biota, and ecological soil properties are explained
and illustrated by numerous examples.

Objective Introduction to the formation and properties of soils as a function of parent rock, landscape position, climate, and soil organisms. Complex
relationships between soil forming processes, physical and chemical soil properties, soil biota, and ecological soil properties are explained
and illustrated by numerous examples.

Content Definition of the pedosphere, soil functions, rocks as parent materials, minerals and weathering, soil organisms, soil organic matter,
physical soil properties and functions, chemical soil properties and functions, soil formation, principles of soil classification, global soil
regions, soil fertility, land use and soil degradation.

Literature - Brady N.C. and Weil, R.R. The Nature and Properties of Soils. 14th ed. Prentice Hall, 2007.

701-0721-AAL Psychology
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R M. Siegrist

Abstract This is an introductory course in psychology. This course will emphasize cognitive psychology and the psychological experiment.
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Objective Knowledge of key concepts and exemplary theories of psychology and their relation to "daily" psychology. Comprehension of relation
between theory and experiment in psychology.

Goals: Learning how psychologists are thinking, a side change from the ETH natural science perspective to psychological thinking.

Domains of psychology: 
- Psychology fields
- Concept definitions of psychology
- Theories of psychology
- Methods of psychology
- Results of psychology

Capability: 
Be able to define a psychological research question
Basics understanding of role of psychology

Comprehension:
Psychology as a science of experience and behavior of the human

Content Einführung in die psychologische Forschung und Modellbildung unter besonderer Berücksichtigung der kognitiven Psychologie und des
psychologischen Experiments. Themen sind u.a.: Wahrnehmung; Lernen und Entwicklung; Denken und Problemlösen; Kognitive
Sozialpsychologie; Risiko und Entscheidung.

701-0757-AAL Principles of Economics
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  3 credits 6R R. Schubert

Abstract This course conveys the fundamental principles of micro- and macroeconomic problems and theories. The students are empowered to
build convincing arguments in the area of political economy and to judge the respective policy measures.

Objective Students should be enabled to understand basic microeconomics and macroeconomics problems and theories. They should be able to
argue along economic principles and to judge policy measures.

Content Supply and demand behaviour of firm and households; market equilibrium and taxation; national income and indicators; inflation ;
unemployment; growth; macroeconomics policies

Literature Mankiw, N.G.: "Principles of Economics", forth edition, South-Western College/West, Mason 2006.
Prerequisites /
notice

Students who want to take an exam in this course (in order to get credit points) should contact Professor Schubert in the beginning of the
semester in which they want to take the exam (schubert@econ.gess.ethz.ch). Those who master the German language are supposed to
participate in the regular written test every January/February or August and have to Register via mystudies.

701-0071-AAL Mathematics III: Systems Analysis
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  4 credits 9R R. Knutti, H. Wernli

Abstract The objective of the systems analysis course is to deepen and illustrate the mathematical concepts on the basis of a series of very
concrete examples. Topics covered include: linear box models with one or several variables, non-linear box models with one or several
variables, time-discrete models, and continuous models in time and space.

Objective Learning and applying of concepts (models) and quantitative methods to address concrete problems of environmental relevance.
Understanding and applying the systems-analytic approach, i.e., Recognizing the core of the problem - simplification - quantitative
approach - prediction.

Content http://www.up.ethz.ch/education/systems-analysis.html
Lecture notes Overhead slides will be made available through Ilias.
Literature Imboden, D.S. and  S. Pfenninger (2013) Introduction to Systems Analysis: Mathematically Modeling Natural Systems. Berlin Heidelberg:

Springer Verlag.

http://link.springer.com/book/10.1007%2F978-3-642-30639-6

752-4001-AAL Microbiology
Enrolment ONLY for MSc students with a decree declaring
this course unit as an additional admission requirement.

Any other students (e.g. incoming exchange students,
doctoral students) CANNOT enrol for this course unit.

E-  2 credits 4R M. Ackermann

Abstract Teaching of basic knowledge in microbiology with main focus on Microbial Cell Structure and Function, Molecular Genetics, Microbial
Growth, Metabolic Diversity, Phylogeny and Taxonomy, Prokaryotic Diversity, Human-Microbe Interactions, Biotechnology.

Objective Vermittlung der Grundlagen im Fach Mikrobiologie.
Content Der Schwerpunkt liegt auf den Themen: Bakterielle Zellbiologie, Molekulare Genetik, Wachstumsphysiologie, Biochemische Diversität,

Phylogenie und Taxonomie, Prokaryotische Vielfalt, Interaktion zwischen Menschen und Mikroorganismen sowie Biotechnologie.
Lecture notes Wird von den jeweiligen Dozenten ausgegeben.
Literature Die Behandlung der Themen erfolgt auf der Basis des Lehrbuchs Brock, Biology of Microorganisms

Environmental Sciences Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate
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Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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Process Engineering Master
 Core Courses

Number Title Type ECTS Hours Lecturers

151-0116-10L High Performance Computing for Science and
Engineering (HPCSE) for Engineers II

W  4 credits 4G P. Koumoutsakos, S. M. Martin

Abstract This course focuses on programming methods and tools for parallel computing on multi and many-core architectures. Emphasis will be
placed on practical and computational aspects of Uncertainty Quantification and Propagation including the implementation of relevant
algorithms on HPC architectures.

Objective The course will teach 
- programming models and tools for multi and many-core architectures
- fundamental concepts of Uncertainty Quantification and Propagation (UQ+P) for computational models of systems in Engineering and Life
Sciences

Content High Performance Computing:
- Advanced topics in shared-memory programming
- Advanced topics in MPI
- GPU architectures and CUDA programming

Uncertainty Quantification:
- Uncertainty quantification under parametric and non-parametric modeling uncertainty
- Bayesian inference with model class assessment
- Markov Chain Monte Carlo simulation

Lecture notes https://www.cse-lab.ethz.ch/teaching/hpcse-ii_fs20/
Class notes, handouts

Literature - Class notes
- Introduction to High Performance Computing for Scientists and Engineers, G. Hager and G. Wellein
- CUDA by example, J. Sanders and E. Kandrot
- Data Analysis: A Bayesian Tutorial, D. Sivia and J. Skilling
- An introduction to Bayesian Analysis - Theory and Methods, J. Gosh, N. Delampady and S. Tapas 
- Bayesian Data Analysis, A. Gelman, J. Carlin, H. Stern, D. Dunson, A. Vehtari and D. Rubin
- Machine Learning: A Bayesian and Optimization Perspective, S. Theodorides

Prerequisites /
notice

Students must be familiar with the content of High Performance Computing for Science and Engineering I (151-0107-20L)

151-0118-00L Applied Machine Learning for Engineers
Number of participants limited to 40.

W  4 credits 3G B. Vennemann

Abstract Introduction to the most frequently used methods of machine learning, including regression, classification, dimensionality reduction and
selected topics of deep learning, including artificial neural networks, convolutional neural networks, recurrent neural networks and
autoencoders. This lecture has a strong practical focus with programming sessions. 

Objective An understanding of the various tools within the machine learning landscape. Ability to select an appropriate method and to build, train and
evaluate a model using Scikit-learn and Keras.

Content Data preprocessing, regression, classification, dimensionality reduction, artificial neural networks, convolutional neural networks, recurrent
neural networks, autoencoders.

Lecture notes Lecture notes will be distributed electronically.
Prerequisites /
notice

Basic knowledge of the Python programming language. This course is mainly targeted towards master-level students of mechanical or
process engineering.

151-0206-00L Energy Systems and Power Engineering W 4 credits 2V+2U R. S. Abhari, A. Steinfeld
Abstract Introductory first course for the specialization in ENERGY. The course provides an overall view of the energy field and pertinent global

problems, reviews some of the thermodynamic basics in energy conversion, and presents the state-of-the-art technology for power
generation and fuel processing.

Objective Introductory first course for the specialization in ENERGY. The course provides an overall view of the energy field and pertinent global
problems, reviews some of the thermodynamic basics in energy conversion, and presents the state-of-the-art technology for power
generation and fuel processing.

Content World primary energy resources and use: fossil fuels, renewable energies, nuclear energy; present situation, trends, and future
developments. Sustainable energy system and environmental impact of energy conversion and use: energy, economy and society. Electric
power and the electricity economy worldwide and in Switzerland; production, consumption, alternatives. The electric power distribution
system. Renewable energy and power: available techniques and their potential. Cost of electricity. Conventional power plants and their
cycles; state-of-the -art and advanced cycles. Combined cycles and cogeneration; environmental benefits. Solar thermal power generation
and solar photovoltaics. Hydrogen as energy carrier. Fuel cells: characteristics, fuel reforming and combined cycles. Nuclear power plant
technology.

Lecture notes Vorlesungsunterlagen werden verteilt

151-0208-00L Computational Methods for Flow, Heat and Mass
Transfer Problems

W 4 credits 4G D. W. Meyer-Massetti

Abstract Numerical methods for the solution of flow, heat & mass transfer problems are presented and illustrated by analytical & computer
exercises.

Objective Knowledge of and practical experience with discretization and solution methods for computational fluid dynamics and heat and mass
transfer problems

Content - Introduction with application examples, steps to a numerical solution
- Classification of PDEs, application examples
- Finite differences
- Finite volumes
- Method of weighted residuals, spectral methods, finite elements
- Stability analysis, consistency, convergence
- Numerical solution methods, linear solvers
The learning materials are illustrated with practical examples.

Lecture notes Slides to be completed during the lecture will be handed out.
Literature References are provided during the lecture. Notes in close agreement with the lecture material are available (in German).
Prerequisites /
notice

Basic knowledge in fluid dynamics, thermodynamics and programming (lecture: "Models, Algorithms and Data: Introduction to Computing")

151-0224-00L Fuel Synthesis Engineering W 4 credits 3V B. Bulfin
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Abstract This course will include a revision of chemical engineering fundamentals and the basics of processes modelling for fuel synthesis
technologies. Using this as a background we will then study a range of fuel production technologies, including established fossil fuel
processing and emerging renewable fuel production processes.

Objective 1) Develop an understanding of the fundamentals of chemical process engineering, including chemical thermodynamics, molecular theory
and kinetics.  
2) Learn to perform basic process modelling using some computational methods in order to analyse fuel production processes.
3) Using the fundamentals as a background, we will study a number of different fuel production processes, both conventional and emerging
technologies.

Content Theory: Chemical equilibrium thermodynamics, reaction kinetics, and catalysis. 

Processes modelling: An introduction to using cantera to model chemical processes. This part of the course includes an optional   project,
where the student will perform a basic analysis of a natural gas to methanol conversion process.

Fuel synthesis topics: Conventional fuel production including oil refinery, upgrading of coal and natural gas, and biofuel. Emerging
renewable fuel technologies including the conversion of renewable electricity to fuels via electrolysis, the conversion of heat to fuels via
thermochemical cycles, and some other speculative fuel production processes.

Lecture notes Will be available electronically.
Literature A) Physical Chemistry, 3rd edition, A. Alberty and J. Silbey,  2001

B) Chemical Reaction Engineering, 3rd Edition, Octave Levenspiel, 1999
C) Fundamentals of industrial catalytic processes, C. H. Bartholomew, R. J. Farrauto, 2011;

Prerequisites /
notice

Some previous studies in chemistry and chemical engineering are recommended, but not absolutely necessary. Experience with either
Python or Matlab is also recommended.

151-0280-00L Advanced Techniques for the Risk Analysis of
Technical Systems

W 4 credits 2V+1U G. Sansavini

Abstract The course provides advanced tools for the risk/vulnerability analysis and engineering of complex technical systems and critical
infrastructures. It covers application of modeling techniques and design management concepts for strengthening the performance and
robustness of such systems, with reference to energy, communication and transportation systems.

Objective Students will be able to model complex technical systems and critical infrastructures including their dependencies and interdependencies.
They will learn how to select and apply appropriate numerical techniques to quantify the technical risk and vulnerability in different contexts
(Monte Carlo simulation, Markov chains, complex network theory). Students will be able to evaluate which method for quantification and
propagation of the uncertainty of the vulnerability is more appropriate for various complex technical systems. At the end of the course, they
will be able to propose design improvements and protection/mitigation strategies to reduce risks and vulnerabilities of these systems.

Content Modern technical systems and critical infrastructures are complex, highly integrated and interdependent. Examples of these are highly
integrated energy supply, energy supply with high penetrations of renewable energy sources, communication, transport, and other
physically networked critical infrastructures that provide vital social services. As a result, standard risk-assessment tools are insufficient in
evaluating the levels of vulnerability, reliability, and risk. 
This course offers suitable analytical models and computational methods to tackle this issue with scientific accuracy. Students will develop
competencies which are typically requested for the formation of experts in reliability design, safety and protection of complex technical
systems and critical infrastructures.
Specific topics include: 
- Introduction to complex technical systems and critical infrastructures
- Basics of the Markov approach to system modeling for reliability and availability analysis
- Monte Carlo simulation for reliability and availability analysis
- Markov Chain Monte Carlo for applications to reliability and availability analysis
- Dependent, common cause and cascading failures
- Complex network theory for the vulnerability analysis of complex technical systems and critical infrastructures
- Basic concepts of uncertainty and sensitivity analysis in support to the analysis of the reliability and risk of complex systems under
incomplete knowledge of their behavior
Practical exercitations and computational problems will be carried out and solved both during classroom tutorials and as homework.

Lecture notes Slides and other materials will be available online
Literature The class will be largely based on the books:

- "Computational Methods For Reliability And Risk Analysis" by E. Zio, World Scientific Publishing Company
- "Vulnerable Systems" by W. Kröger and E. Zio, Springer
- additional recommendations for text books will be covered in the class

Prerequisites /
notice

Fundamentals of Probability

151-0902-00L Micro- and Nanoparticle Technology W  6 credits 2V+2U S. E. Pratsinis, M. Eggersdorfer,
A. Güntner, G. Kelesidis, K. Wegner

Abstract Introduction to fundamentals of micro- and nanoparticle synthesis and processing. Characterization of suspensions, sampling and
measuring techniques; basics of gas-solid and liquid-solid systems; fragmentation, coagulation, growth, separation, fluidization, filtration,
mixing, transport, coatings. Particle processing in manufacture of catalysts, sensors, nanocomposites and chemical commodities.

Objective Introduction to design methods of mechanical processes, scale-up laws and optimal use of materials and energy
Content Characterisation of particle suspensions and corresponding measuring techniques; basic laws of gas / solids resp. Liquid / solids systems;

unit operations of mechanical processing:
desintegration, agglomeration, screening, air classifying, sedimentation, filtration, particle separation from gas streams, mixing, pneumatic
conveying. Synthesis of unit operations to process systems in chemical industry, cement industry etc.

Lecture notes Mechanical Process Engineering I

151-0926-00L Separation Process Technology I W  4 credits 3G M. Mazzotti
Abstract Non-empirical design of gas-liquid, vapor-liquid, and liquid-liquid separation processes for ideal and non-ideal systems, based on mass

transfer phenomena and phase equilibrium. 
Objective Non-empirical design of gas-liquid, vapor-liquid, and liquid-liquid separation processes for ideal and non-ideal systems, based on mass

transfer phenomena and phase equilibrium. 
Content Methods for the non empirical design of equilibrium stage separations for ideal and non-ideal systems, based on mass transfer phenomena

and phase equilibrium. Topics: introduction to the separation process technology. Phase equilibrium: vapor/liquid and liquid/liquid. Flash
vaporization: binary and multicomponent. Equilibrium stages and multistage cascades. Gas absorption and stripping. Continuous
distillation: design methods for binary and multicomponent systems; continuous-contact equipment; azeotropic distillation, equipment for
gas-liquid operations. Liquid/liquid extraction. The lecture is supported by a web base learning tool, i.e. HyperTVT.

Lecture notes Lecture notes available
Literature Treybal "Mass-transfer operations" oder Seader/Henley "Separation process principles" oder Wankat "Equilibrium stage separations"  oder

Weiss/Militzer/Gramlich "Thermische Verfahrenstechnik"
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Prerequisites /
notice

Prerequisite: Stoffaustausch

A self-learning web-based environment is available (HyperTVT):
http://www.spl.ethz.ch/

151-0928-00L CO2 Capture and Storage and the Industry of Carbon-
Based Resources

W  4 credits 3G M. Mazzotti, L. Bretschger,
N. Gruber, C. Müller, M. Repmann,
T. Schmidt, D. Sutter

Abstract Carbon-based resources (coal, oil, gas): origin, production, processing, resource economics. Climate change: science, policies. CCS
systems: CO2 capture in power/industrial plants, CO2 transport and storage. Besides technical details, economical, legal and societal
aspects are considered (e.g. electricity markets, barriers to deployment).

Objective The goal of the lecture is to introduce carbon dioxide capture and storage (CCS) systems, the technical solutions developed so far and the
current research questions. This is done in the context of the origin, production, processing and economics of carbon-based resources, and
of climate change issues. After this course, students are familiar with important technical and non-technical issues related to use of carbon
resources, climate change, and CCS as a transitional mitigation measure.

The class will be structured in 2 hours of lecture and one hour of exercises/discussion. At the end of the semester a group project is
planned.

Content Both the Swiss and the European energy system face a number of significant challenges over the coming decades. The major concerns
are the security and economy of energy supply and the reduction of greenhouse gas emissions. Fossil fuels will continue to satisfy the
largest part of the energy demand in the medium term for Europe, and they could become part of the Swiss energy portfolio due to the
planned phase out of nuclear power. Carbon capture and storage is considered an important option for the decarbonization of the power
sector and it is the only way to reduce emissions in CO2 intensive industrial plants (e.g. cement- and steel production).  
Building on the previously offered class "Carbon Dioxide Capture and Storage (CCS)", we have added two specific topics: 1) the industry of
carbon-based resources, i.e. what is upstream of the CCS value chain, and 2) the science of climate change, i.e. why and how CO2
emissions are a problem.
The course is devided into four parts:
I) The first part will be dedicated to the origin, production, and processing of conventional as well as of unconventional carbon-based
resources. 
II) The second part will comprise two lectures from experts in the field of climate change sciences and resource economics.
III) The third part will explain the technical details of CO2 capture (current and future options) as well as of CO2 storage and utilization
options, taking again also economical, legal, and sociatel aspects into consideration.
IV) The fourth part will comprise two lectures from industry experts, one with focus on electricity markets, the other on the experiences
made with CCS technologies in the industry.
Throughout the class, time will be allocated to work on a number of tasks related to the theory, individually, in groups, or in plenum.
Moreover, the students will apply the theoretical knowledge acquired during the course in a case study covering all the topics.

Lecture notes Power Point slides and distributed handouts
Literature IPCC Special Report on Global Warming of 1.5°C, 2018.

http://www.ipcc.ch/report/sr15/

IPCC AR5 Climate Change 2014: Synthesis Report, 2014. www.ipcc.ch/report/ar5/syr/

IPCC Special Report on Carbon dioxide Capture and Storage, 2005. www.ipcc.ch/activity/srccs/index.htm

The Global Status of CCS: 2014. Published by the Global CCS Institute, Nov 2014. 
http://www.globalccsinstitute.com/publications/global-status-ccs-2014

Prerequisites /
notice

External lecturers from the industry and other institutes will contribute with specialized lectures according to the schedule distributed at the
beginning of the semester.

151-0931-00L Seminar on Particle Technology Z  0 credits 3S S. E. Pratsinis
Abstract The latest advances in particle technology are highlighted focusing on aerosol fundamentals in connection to materials processing and

nanoscale engineering. Students attend and give research presentations for the research they plan to do and at the end of the semester
they defend their results and answer questions from research scientists. Familiarize the students with the latest in this field.

Objective The goal of the seminar is to introduce and discuss newest developments in particle science and engineering. Emphasis is placed on the
oral presentation of research results, validation and comparison with existing 
data from the literature. Students learn how to organize and deliver effectively a scientific presentation and how to articulate and debate
scientific results.

Content The seminar addresses synthesis, characterization, handling and modeling of particulate systems (aerosols, suspensions etc.) for
applications in ceramics, catalysis, reinforcements, pigments, composites etc. on the examples of newest research developments. It
comprises particle - particle interactions, particle - fluid interactions and the response of the particulate system to the specific application.

Prerequisites /
notice

Voraussetzungen: Particle Technology (30-902) or Particulate Processes (151-0903-00)

151-0940-00L Modelling and Mathematical Methods in Process and
Chemical Engineering

W  4 credits 3G M. Mazzotti

Abstract Study of the non-numerical solution of systems of ordinary differential equations and first order partial differential equations, with application
to chemical kinetics, simple batch distillation, and chromatography.

Objective Study of the non-numerical solution of systems of ordinary differential equations and first order partial differential equations, with application
to chemical kinetics, simple batch distillation, and chromatography.

Content Development of mathematical models in process and chemical engineering, particularly for chemical kinetics, batch distillation, and
chromatography. Study of systems of ordinary differential equations (ODEs), their stability, and their qualitative analysis. Study of single
first order partial differential equation (PDE) in space and time, using the method of characteristics. Application of the theory of ODEs to
population dynamics, chemical kinetics (Belousov-Zhabotinsky reaction), and simple batch distillation (residue curve maps). Application of
the method of characteristic to chromatography.

Lecture notes no skript
Literature A. Varma, M. Morbidelli, "Mathematical methods in chemical engineering," Oxford University Press (1997) 

H.K. Rhee, R. Aris, N.R. Amundson, "First-order partial differential equations. Vol. 1," Dover Publications, New York (1986)
R. Aris, "Mathematical modeling: A chemical engineers perspective," Academic Press, San Diego (1999)

151-0944-00L Case Studies on Earth's Natural Resources
Does not take place this semester.

W  3 credits 3S M. Mazzotti

Abstract By working on case studies, built around everyday consumer products, and by applying engineering principles (e.g. material and energy
balances), students will gain insight into natural resources, their usage in today's society, the challenges and the opportunities ensuing from
the need to make their use long-term sustainable.
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Objective The students are supposed to gain insight about our natural resources, and how their usage and supply relate to our society and to us as
individuals. The students will analyse how the natural resources form and change, how they are extracted and used, and how we can
utilize them in a sustainable way.

Content The students will analyze processes and products in terms of their use of natural resources. The study will use everyday consumer
products as examples, will use engineering principles together with physics and chemistry fro the analysis,  and will be based on
documentation collected by the students withe the help of lecturer and assistants. Through these examples, the students will be made
familiar with issues about the circular economy and recycling. 

Lecture notes Handouts during the class.
Literature Walther, John V., "Earth's natural resources", (2014)  Jones & Bartlett Learning //  Oberle, B., Bringezu, S., Hatfield-Dodds, S., Hellweg, S.,

Schandl, H., Clement, J., "Global Resources Outlook 2019: Natural resources for the future we want - A Report of the International
Resource Panel", (2019) United Nations Environment Programme.

Prerequisites /
notice

Students must be enrolled in a MSc or doctoral program at ETH Zurich. 

151-0946-00L Macromolecular Engineering: Networks and Gels W  4 credits 4G M. Tibbitt
Abstract This course will provide an introduction to the design and physics of soft matter with a focus on polymer networks and hydrogels. The

course will integrate fundamental aspects of polymer physics, engineering of soft materials, mechanics of viscoelastic materials,
applications of networks and gels in biomedical applications including tissue engineering, 3D printing, and drug delivery.

Objective The main learning objectives of this course are: 1. Identify the key characteristics of soft matter and the properties of ideal and non-ideal
macromolecules. 2. Calculate the physical properties of polymers in solution. 3. Predict macroscale properties of polymer networks and
gels based on constituent chemical structure and topology. 4. Design networks and gels for industrial and biomedical applications. 5. Read
and evaluate research papers on recent research on networks and gels and communicate the content orally to a multidisciplinary audience.

Lecture notes Class notes and handouts.
Literature Polymer Physics by M. Rubinstein and R.H. Colby; samplings from other texts.
Prerequisites /
notice

Physics I+II, Thermodynamics I+II

151-1906-00L Multiphase Flow W  4 credits 3G H.-M. Prasser
Abstract Basics in multiphase flow systems,, mainly gas-liquid, is presented in this course. An introduction summarizes the characteristics of multi

phase flows, some theoretical models are discussed. Following we focus on pipe flow, film and bubbly/droplet flow. Finally specific
measuring methods are shown and a summary of the CFD models for multiphases is presented.

Objective This course contributes to a deep understanding of complex multiphase systems and allows to predict multiphase conditions to design
appropriate systems/apparatus. Actual examples and new developments are presented.

Content The course gives an overview on following subjects: Basics in multiphase systems, pipeflow, films, bubbles and bubble columns, droplets,
measuring techniques, multiphase flow in microsystems, numerical procedures with multiphase flows.

Lecture notes Lecturing notes are available (copy of slides or a german script) partly in english
Literature Special literature is recommended for each chapter.
Prerequisites /
notice

The course builds on the basics in fluidmechanics.

151-2016-00L Radiation Imaging for Industrial Applications W  4 credits 2V+1U H.-M. Prasser, R. Adams
Abstract The course gives an overview of the physics and practical principles of imaging techniques using ionizing radiation such as X-rays, gamma

photons, and neutrons in the context of various industrial (non-medical) challenges. This includes the interaction of radiation with matter,
parameters affecting imaging performance, source and detector technology, image processing, and tomographic techniques.

Objective Understanding of the principles and applicability of various radiation-based imaging techniques including radiography and tomography to
various industrial challenges.

Content principles of radiation imaging; physics of interaction of radiation with matter (X-ray, gamma, neutron); X-ray source physics and
technology; neutron source physics and technology; radiation detection principles; radiation detection as applied to imaging; radiography
(image quality parameters, image processing); computed tomography (image reconstruction techniques, artifacts, image processing);
overview of more exotic techniques (e.g. dual modality, fast neutrons, time of flight); general industrial applications, security applications;
special issues in dynamic imaging and example applications; PET/PEPT imaging; nuclear energy applications

Lecture notes Lecture slides will be provided, as well as references for further reading
Literature - Wang, Industrial Tomography: Systems and Applications

- Knoll, Radiation Detection and Measurement
- Kak & Slaney, Principles of Computerized Tomographic Imaging

Prerequisites /
notice

Recommended courses (not binding): 151-0163-00L Nuclear Energy Conversion, 151-2035-00L, Radiobiology and Radiation Protection,
151-0123-00L, Experimental Methods for Engineers, MATLAB skills for exercises.

227-0966-00L Quantitative Big Imaging: From Images to Statistics W 4 credits 2V+1U P. A. Kaestner, M. Stampanoni
Abstract The lecture focuses on the challenging task of extracting robust, quantitative metrics from imaging data and is intended to bridge the gap

between pure signal processing and the experimental science of imaging. The course will focus on techniques, scalability, and science-
driven analysis.

Objective 1.    Introduction of applied image processing for research science covering basic image processing, quantitative methods, and statistics.
2.    Understanding of imaging as a means to accomplish a scientific goal. 
3.    Ability to apply quantitative methods to complex 3D data to determine the validity of a hypothesis

Content Imaging is a well established field and is rapidly growing as technological improvements push the limits of resolution in space, time,
material and functional sensitivity. These improvements have meant bigger, more diverse datasets being acquired at an ever increasing
rate. With methods varying from focused ion beams to X-rays to magnetic resonance, the sources for these images are exceptionally
heterogeneous; however, the tools and techniques for processing these images and transforming them into quantitative, biologically or
materially meaningful information are similar. 
The course consists of equal parts theory and practical analysis of first synthetic and then real imaging datasets. Basic aspects of image
processing are covered such as filtering, thresholding, and morphology. From these concepts a series of tools will be developed for
analyzing arbitrary images in a very generic manner. Specifically a series of methods will be covered, e.g. characterizing shape, thickness,
tortuosity, alignment, and spatial distribution of material features like pores. From these metrics the statistics aspect of the course will be
developed where reproducibility, robustness, and sensitivity will be investigated in order to accurately determine the precision and accuracy
of these quantitative measurements. A major emphasis of the course will be scalability and the tools of the 'Big Data' trend will be
discussed and how cluster, cloud, and new high-performance large dataset techniques can be applied to analyze imaging datasets. In
addition, given the importance of multi-scale systems, a data-management and analysis approach based on modern databases will be
presented for storing complex hierarchical information in a flexible manner. Finally as a concluding project the students will apply the
learned methods on real experimental data from the latest 3D experiments taken from either their own work / research or partnered with an
experimental imaging group.
The course provides the necessary background to perform the quantitative evaluation of complicated 3D imaging data in a minimally
subjective or arbitrary manner to answer questions coming from the fields of physics, biology, medicine, material science, and
paleontology.
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Lecture notes Available online.
Literature Will be indicated during the lecture.
Prerequisites /
notice

Ideally students will have some familiarity with basic manipulation and programming in languages like Python, Matlab, or R. Interested
students who are worried about their skill level in this regard are encouraged to contact Per Anders Kaestner directly
(anders.kaestner@psi.ch).

More advanced students who are familiar with Python, C++, (or in some cases Java) will have to opportunity to develop more of their own
tools.

529-0191-01L Electrochemical Energy Conversion and Storage
Technologies

W  4 credits 3G L. Gubler, E. Fabbri,
J. Herranz Salañer

Abstract The course provides an introduction to the principles and applications of electrochemical energy conversion (e.g. fuel cells) and storage
(e.g. batteries) technologies in the broader context of a renewable energy system.

Objective Students will discover the importance of electrochemical energy conversion and storage in energy systems of today and the future,
specifically in the framework of renewable energy scenarios. Basics and key features of electrochemical devices will be discussed, and
applications in the context of the overall energy system will be highlighted with focus on future mobility technologies and grid-scale energy
storage. Finally, the role of (electro)chemical processes in power-to-X and deep decarbonization concepts will be elaborated.

Content Overview of energy utilization: past, present and future, globally and locally; today’s and future challenges for the energy system; climate
changes; renewable energy scenarios; introduction to electrochemistry; electrochemical devices, basics and their applications: batteries,
fuel cells, electrolyzers, flow batteries, supercapacitors, chemical energy carriers: hydrogen & synthetic natural gas; electromobility; grid-
scale energy storage, power-to-gas, power-to-X and deep decarbonization, techno-economics and life cycle analysis.

Lecture notes all lecture materials will be available for download on the course website.
Literature - M. Sterner, I. Stadler (Eds.): Handbook of Energy Storage (Springer, 2019).

- C.H. Hamann, A. Hamnett, W. Vielstich; Electrochemistry, Wiley-VCH (2007).
- T.F. Fuller, J.N. Harb: Electrochemical Engineering, Wiley (2018)

Prerequisites /
notice

Basic physical chemistry background required, prior knowledge of electrochemistry basics desired.

529-0633-00L Heterogeneous Reaction Engineering W  4 credits 3G J. Pérez-Ramírez, C. Mondelli
Abstract Heterogeneous Reaction Engineering equips students with tools essential for the optimal development of heterogeneous processes.

Integrating concepts from chemical engineering and chemistry, students will be introduced to the fundamental principles of heterogeneous
reactions and will develop the necessary skills for the selection and design of various types of idealized reactors.

Objective At the end of the course the students will understand the basic principles of catalyzed and uncatalyzed heterogeneous reactions. They will
know models to represent fluid-fluid and fluid-solid reactions; how to describe the kinetics of surface reactions; how to evaluate mass and
heat transfer phenomena and account for their impact on catalyst effectiveness; the principle causes of catalyst deactivation;  and reactor
systems and protocols for catalyst testing.

Content The following components are covered: 
-    Fluid-fluid and fluid-solid heterogeneous reactions.
-    Kinetics of surface reactions.
-    Mass and heat transport phenomena.
-    Catalyst effectiveness. 
-    Catalyst deactivation.
-    Strategies for catalyst testing.

These aspects are exemplified through modern examples. 
For each core topic exercises are assigned and evaluated.
The course also features an industrial lecture.

Lecture notes A dedicated script and lecture slides are available in printed form during the course.
Literature H. Scott Fogler: Elements of Chemical Reaction Engineering, Prentice Hall, New Jersey, 1992


O. Levenspiel: Chemical Reaction Engineering, 3rd edition, John Wiley & Sons, New Jersey, 1999

Further relevant sources are given during the course.

636-0111-00L Synthetic Biology I
Attention: This course was offered in previous semesters
with the number: 636-0002-00L "Synthetic Biology I".
Students that already passed course 636-0002-00L
cannot receive credits for course 636-0111-00L.

W  4 credits 3G S. Panke, J. Stelling

Abstract         Theoretical & practical introduction into the design of dynamic biological systems at different levels of abstraction, ranging from
biological fundamentals of systems design (introduction to bacterial gene regulation, elements of transcriptional & translational control,
advanced genetic engineering) to engineering design principles (standards, abstractions) mathematical modelling & systems desig

Objective         After the course, students will be able to theoretically master the biological and engineering fundamentals required for biological design
to be able to participate in the international iGEM competition (see www.igem.ethz.ch).

Content         The overall goal of the course is to familiarize the students with the potential, the requirements and the problems of designing dynamic
biological elements that are of central importance for manipulating biological systems, primarily (but not exclusively) prokaryotic systems.
Next, the students will be taken through a number of successful examples of biological design, such as toggle switches, pulse generators,
and oscillating systems, and apply the biological and engineering fundamentals to these examples, so that they get hands-on experience
on how to integrate the various disciplines on their way to designing biological systems.

Lecture notes         Handouts during classes.
Literature         Mark Ptashne, A Genetic Switch (3rd ed), Cold Spring Haror Laboratory Press

Uri Alon, An Introduction to Systems Biology, Chapman & Hall
Prerequisites /
notice

        1) Though we do not place a formal requirement for previous participation in particular courses, we expect all participants to be familiar
with a certain level of biology and of mathematics. Specifically, there will be material for self study available on
https://bsse.ethz.ch/bpl/education/lectures/synthetic-biology-i/download.html as of mid January, and everybody is expected to be fully
familiar with this material BEFORE THE CLASS BEGINS to be able to follow the different lectures. Please contact
sven.panke@bsse.ethz.ch for access to material
2) The course is also thought as a preparation for the participation in the international iGEM synthetic biology summer competition
(www.syntheticbiology.ethz.ch, http://www.igem.org). This competition is also the contents of the course Synthetic Biology II.
https://bsse.ethz.ch/bpl/education/lectures/synthetic-biology-i/download.html

 Multidisciplinary Courses
The students are free to choose individually from the Course Catalogue of ETH Zurich, ETH Lausanne and the Universities of Zurich and St. Gallen.

Course Catalogue of ETH Zurich
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 Semester Project
Number Title Type ECTS Hours Lecturers

151-1008-00L Semester Project Process Engineering
Only for Process Engineering MSc.

The subject of the Master Thesis and the choice of the
supervisor (ETH-professor) are to be approved in advance
by the tutor.

O 8 credits 18A Professors

Abstract The semester project is designed to train the students in the solution of specific engineering problems. This makes use of the technical and
social skills acquired during the master's program. Tutors propose the subject of the project, elaborate the project plan, and define the
roadmap together with their students, as well as monitor the overall execution.

Objective The semester project is designed to train the students in the solution of specific engineering problems. This makes use of the technical and
social skills acquired during the master's program. 

 Industrial Internship
Number Title Type ECTS Hours Lecturers

151-1090-00L Industrial Internship
Access to the company list and request for recognition
under www.mavt.ethz.ch/praxis.

No registration required via myStudies.

O  8 credits external organisers

Abstract The main objective of the minimum twelve-week internship is to expose Master’s students to the industrial work environment. The aim of
the Industrial Internship is to apply engineering knowledge to practical situations.

Objective The aim of the Industrial Internship is to apply engineering knowledge to practical situations.

 GESS Science in Perspective
see Science in Perspective: Type A: Enhancement of
Reflection Capability

Recommended Science in Perspective (Type B) for D-
MAVT

see Science in Perspective: Language Courses ETH/UZH

 Master's Thesis
Number Title Type ECTS Hours Lecturers

151-1005-00L Master's Thesis Process Engineering
Students who fulfill the following criteria are allowed to
begin with their Master's Thesis:
a. successful completion of the bachelor program; 
b. fulfilling of any additional requirements necessary to
gain admission to the master programme;
c. successful completion of the semester project and
industrial internship;
d. achievement of 28 ECTS in the category "Core
Courses".

The Master's Thesis must be approved in advance by the
tutor and is supervised by a professor of ETH Zurich. 
To choose a titular professor as a supervisor, please
contact the D-MAVT Student Administration. 

O 30 credits 64D Professors

Abstract Master's programs are concluded by the master's thesis. The thesis is aimed at enhancing the student's capability to work independently
toward the solution of a theoretical or applied problem. The subject of the master's thesis, as well as the project plan and roadmap, are
proposed by the tutor and further elaborated with the student.

Objective The thesis is aimed at enhancing the student's capability to work independently toward the solution of a theoretical or applied problem.

Process Engineering Master - Key for Type

O Compulsory
W+ Eligible for credits and recommended
W Eligible for credits

E- Recommended, not eligible for credits
Z Courses outside the curriculum
Dr Suitable for doctorate

Key for Hours

V lecture
G lecture with exercise
U exercise
S seminar
K colloquium

P practical/laboratory course
A independent project
D diploma thesis
R revision course / private study

ECTS European Credit Transfer and Accumulation System
  Special students and auditors need special permission from the lecturers.
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